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Safety in Experiments and Laboratory Exercises
Prevention and Relief Measures for Emergency Situations

First-Aid Measures
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[.1 Safety in Experiments and Laboratory Exercises

1.1 In Pursuit of Safety

On April 1, 2004, the national universities in Japan became independent administrative institutions (IAls);
consequently, occupational safety and health in these organizations are now subject to relevant laws and
regulations including the Industrial Safety and Health Act. The purpose of the Industrial Safety and Health Act
is to ensure the safety and health of workers and promote development of comfortable work environments.

Strictly observing the Industrial Safety and Health Act and other safety and health regulations,
Kyoto Institute of Technology (KIT) has developed a safety and health management system, taking into
consideration the special environment where the diversity of tasks and activities unique to universities take
place. Implementation of this system requires the consideration and cooperation on safety and health by all
KIT members.

In aiming to be a safe and secure educational institution, KIT needs to develop a work environment that
reflects safety and health; at the same time, KIT members need to have accurate knowledge and remain
conscious of safety in order to prevent accidents.

1.2 Fundamentals of Safety in Experiments and Laboratory Exercises

Being aware that experiments and laboratory exercises involve risk of accidents, students need to perform
them carefully with sufficient planning and preparation under safety guidance by KIT’s teaching staff, while
correctly understanding objectives, principles and methods.

Basic precautions, to prevent accidents and safely perform experiments and laboratory exercises, are
summarized below.

(1) Understanding of objectives and content
Prior to performing an experiment or laboratory exercise, carefully study the instructions as well as users
manuals for laboratory equipment to become fully familiar with the content and procedures.
Be fully knowledgeable about the safe usage and possible hazards of laboratory equipment, devices, chemicals, etc.
to be used.

(2) Safe clothing
Always wear safe clothing (laboratory coat, protective goggles, etc.).

(3) Maintenance of physical fitness
Avoid excessive fatigue and/or insufficient sleep, and maintain good physical and mental fitness. Only
begin the experiment or laboratory exercise in good health.

(4) Maintenance of good environment
Always keep organized and maintain a good environment.
Clear and clean up the site when finished; report possible problems with the equipment used to the
advising teaching staff.

(5) Observation of rules
Strictly observe safe usage of laboratory equipment and devices.
Strictly observe safe disposal practices for used equipment, chemicals, etc.
Always remain conscious of other people; if needed, use mutually agreed warning signals.
Do not conduct experiments or laboratory exercises alone. This can hinder rescue and/or reporting in the
event of accident.
Consider safety issues, and develop emergency relief plans for possible accidents.

(6) Emergency relief measures
If you notice an abnormal odor or noise, immediately stop the ongoing experiment or laboratory work,
and promptly report the situation to the advising teaching staff. NEVER resume the experiment or
laboratory exercise before determining the cause.
If an accident should occur, immediately notify nearby people and seek help. NEVER attempt to handle
the situation alone.
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1.3 Emergency Reporting Route

Case of an emergency situation encountered within KIT

(Reporting) - (Reporting)
. Person Guard Station at Fire Fighting Command
involved/ Central-East Gate . .
. Center/Police Station
Finder | =-=—=—=—=———c—ccc e - - - — 4 »

* If the situation appears to pose a hazard to human life and needs to be addressed immediately, directly ask

the Fire Fighting Command Center, etc. to dispatch emergency vehicles (then notify the guard at the Central-
East Gate of the reporting).

Emergency contacts

(Within KIT)
+ Guard Station at Central-East Gate [KIT extension] 110, 119 or 7065  [Outside line] 075-724-7065
* Health Care Service Center [KIT extension] 7173 [Outside line] 075-724-7173
(Outside KIT)
* Fire Fighting Command Center [from KIT extension] 0-119 [Outside line] 119
* Police Station [from KIT extension] 0-110 [Outside line] 110

1.4 KIT Safety Management System

O
@
(€))
4)

)
(6)

(7

Safety, Health and Environment Committee: plans, discusses and implements the safety management
system.

Fire and Disaster Preparedness and Management Committee: discusses practical step and matters related
to fire and disaster prevention and preparedness.

Radiation Safety Committee: discusses management/operation of radiation facilities and prevention of
radiation hazard/damage.

Safety Management Committee for Recombinant DNA Experiments: discusses the safety of recombinant
DNA experiments, etc.

Laboratory Animal Ethics Committee: discusses the handling of animal testing.

Safety and Health Committee: investigates and discusses measures for ensuring the safety and
maintaining and promoting the health of faculty members and students.

Facility Management and Security Office, Safety and Environment: collects hazard management
information and proposes programs for promoting hazard management.
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I.2 Prevention and Relief Measures for Emergency Situations

2.1 Prevention and Relief Measures in the Event of Fire

2.1.1 Fire prevention

H Checkpoints for fire prevention

D Do not place readily combustible items near an open flame.

@ Do not leave a burning gas cooker unattended.

@ Do not refuel a burning kerosene stove.

@ Do not overload outlets. Do not place heavy items on electric cables.

(® Only smoke or dispose of cigarettes in designated smoking areas.

® Securely turn off unused main gas cocks.

(@D Become familiar with the location and usage of fire extinguishers, indoor fire hydrants, and other fire-
fighting equipment.

Prepare two or more emergency evacuation routes.

@ Do not place any objects that could be obstacles to emergency evacuation in the corridors, doorways,
staircases, etc.

Know the contents and locations of emergency kits.

B Precautions particular to laboratories

(D Do not store fire hazards such as combustible solvents in large amounts indoors. Hazardous materials
stored in 18 liter metal cans must be taken to dedicated dangerous goods storage compliant with the Fire
Service Act.

@ For experiments involving an open flame such as from a burner, be very careful about flammable
materials, wind direction, etc.

(@ After completion of an experiment, be sure to turn off any electrical equipment.

@ For each laboratory, establish an emergency evacuation route in the event of fire.

(® Always verify the locations of emergency shower equipment, fire extinguishers and indoor fire hydrants.

2.1.2 Initial response to fire

B Three major rules to follow in the event of fire

[1] Initial response to fire

* Warn other people of the fire in a loud voice. Press the fire alarm button.
* Make initial fire-fighting efforts, using nearby fire extinguishers and indoor fire hydrants.
+ If the ceiling has caught fire, give up further fire-fighting, and escape.

[2] Dial “119”
* Immediately dial “119” even for a small fire.
[3] Evacuation guidance
* Provide evacuation guidance through the public address system or in a loud voice. Put human lives first!

Bl Notification of fire to all people involved
(D Loudly shout “KAJI-DA, KAJI-DA!! (Fire, fire!!)” to warn other people. Press the fire alarm button, and
bang loudly on metal objects to attract people’s attention to the emergency situation.
@ Inform the guard in the Guard Station at the Central-East Gate.
(® The guard or person who discovered the fire should immediately dial “119” <fire>.
@ 1If an injured person is found, immediately dial “119” <rescue>.
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M Reporting

[Contact channels]
® Guard Station at Central-East Gate  KIT extension 119, 7065 Outside line 075-724-7065

® Fire Fighting Command Center from KIT extension 0-119 Outside line 119

[Dial “119” (reporting to Fire Fighting Command Center®)]
Contents of fire report
Briefly report the following information:
D Specify “fire” or “rescue/ambulance” (Kaji or Kyu Kyu)
@ Location of fire (name of university, address, campus name, building name, floor, room no.)
(3@ Specify burning objects, situation of fire (nearby flammable chemicals, if any)
@ Information about trapped or injured persons
(® Name and phone number of the reporter

<Sample reports>

. @ In case of fire

D “There is a fire.”

© “Matsugasaki, Sakyo-ku, Kyoto Institute of Technology, East (West) Campus, Building No. :
OO, Floor No. OO, Room No. OO.” A

(@ “Wooden shelves and cardboard are burning. The entire room is on fire.”

@ “Several people are trapped on the third floor. They are waiting for a rescue team.”

® “Tam OOOQO, a faculty member. My phone number is 075-724-O OO0 0O.”

: 4 When rescue/ambulance is needed

D “We need rescue.”

@ “Tam OOQOO of Kyoto Institute of Technology.”

(@ “There is an injured person on the third floor.”

@ “The victim is male, about forty years old. His right leg seems to be broken.”
(® “We request an ambulance.”

* Calls to 119 must be made in Japanese.

M Initial fire fighting

(1) It may be possible to extinguish the fire with initial fire-fighting efforts within 3 minutes after it breaks
out or before the ceiling has caught fire.

(2) Promptly assess the fire, and take immediate action. If fire-fighting is problematic, immediately escape
from the fire.

[How to use a fire extinguisher]

D Pull the safety pin up and (@ Release the hose, and aim the @ Strongly squeeze the
out with your finger. nozzle at the fire. levers together to spray.
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[How to use indoor fire hydrants]

[Fire hydrant #1 ] [ Easy-to-operate fire hydrant #1 ] [Fire hydrant #2 ]

WATER VALVE

WATER
VALVE

Hose (w/ nozzle) (two
15 m connectable
hose sections)

Easy-to-operate fire hydrant #1/ Fire hydrant #2

Fire hydrant #1 (two-man operation) (one-man operation)

(D Press the pump start button. (The pump will start to (D Open the WATER VALVE. (The pump will start to
run, and the pump status indicator lamp will flash.) run, and the pump status indicator lamp will flash.)

(@ Hold the nozzle, fully unfold the hose and brace (@ Hold the nozzle, fully uncoil the hose and brace
yourself for the high-pressure water jet. yourself for the high-pressure water jet.

(® Open the WATER VALVE to start water discharge. © Open the WATER VALVE on the nozzle to start

water discharge.

(3) Precautions for initial fire-fighting in laboratories
(D Take the cause of the fire and characteristics of the burning materials into consideration and fight the fire.
@ In the case of a fire within a fume hood, shut off the ventilation.
* If ventilation is maintained, hot air can rise upward, possibly causing another fire.
* Ventilation will help resupply oxygen needed for combustion. Be aware that ventilation often hinders
fire-fighting activities.
@ Do not try to extinguish a fire of combustible fluid with water (fire sand available in labs is effective in
controlling a large area fire).

* Because water is usually heavier than solvents, solvents will float on the water, causing the fire to
spread.

Use fire sand to fight fires involving alkali metals and organic metal materials.

Remember that there is no method for extinguishing burning potassium. Stock only minimum amounts
of potassium materials.

(©® Remember that there is no method for extinguishing self-igniting materials (materials that do not require
an oxygen supply in combustion, since their molecules contain the oxygen atoms needed for oxidation),
such as perchlorates and nitrates. Stock only minimum amounts of such materials.

@®

(4) When your clothing has caught fire
O Do not run.
@ Immediately exit to the corridor and roll on the floor to extinguish the fire.
(® Do not panic. Seek assistance from other people to extinguish the fire.

M Evacuation

(1) If you have judged that the fire cannot be extinguished, immediately evacuate to the outdoors.

(2) Precautions of evacuation

Whenever possible shut off the electric power supply/gas supply, and secure the safety of hazardous
materials.

Call out to make sure no person remains trapped.

Close the door(s). (Fire doors will automatically shut.)

For evacuation, use staircases only. NEVER use elevators.

When smoke is present, keep as low as possible. Escape with your mouth and nostrils protected with a
wet towel, etc.

Once having successfully left the scene of the fire, NEVER reenter the building.

©

® OO
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2.2 Preparation for Earthquakes

2.2.1 Earthquake countermeasures

B Checkpoints for earthquake countermeasures

(1) Permanently secure tall appliances/utensils to the floor/wall using L-brackets, etc.

(2) Apply anti-shattering film to the glass panels of doors and windows.

(3) Visualize possible fires on electric/gas appliances, etc., and accordingly develop fire prevention plans.

(4) Become familiar with the location and usage of fire extinguishers, indoor fire hydrants, and other fire-
fighting equipment.

(5) Prepare two or more emergency evacuation routes.

(6) Do not place any objects that would be obstacles to emergency evacuation in the corridors, doorways,
staircases, etc.

(7) Know the contents and locations of emergency Kkits.

2.2.2 Initial Earthquake Response

H Mental preparedness for earthquakes

(1) First, ensure your own safety.

D If you feel violent quaking, immediately seek shelter beneath a desk or table, cover your head, and
hold the legs of the desk. Three actions—seek shelter, cover, and hold—can save your life.
@ Do not go outdoors in a panic. You may run into danger.

(2) Quickly turn off source of flame and extinguish fire.

D Turn off the main gas cock.

@ Turn off any operating electric appliances.

(@ If fire breaks out, immediately extinguish it.

@ 1If fire has reached the ceiling, initial fire-fighting efforts are no longer effective. Promptly turn off the
main gas cock and electrical circuit breaker, and escape from the site.

(3) Keep away from hazardous locations.

(D Even if the quake has stopped, do not go outdoors in a panic.
@ Remember that an earthquake-proof building will not collapse immediately. Act calmly and
evacuate, being careful to avoid falling objects, fallen obstacles, etc.

(4) Obtain accurate information.

Obtain accurate information from radio or local emergency broadcasts over PA systems. Do not believe
groundless rumors.

(5) Evacuate on foot, comfortably dressed.

Wear comfortable clothes. Evacuate on foot. Avoid using cars, as this can hinder emergency vehicle use.
(6) Cooperate with people in the local community.

(D Conduct rescue activities in conjunction with local citizens. Check to see if there are trapped people
near the KIT campuses.
@ Act in an orderly fashion. Verbally interact with others, and act calmly.
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M If an earthquake occurs when you are at KIT

(1) Within 2 minutes after the occurrence of an earthquake (first, keep yourself safe)

[In lecture halls/rooms]

D Protect your head from falling objects with clothes or your personal belongings.

@ Duck beneath a desk, etc., and hold the legs of the desk to keep your balance.

@ If possible, persons near doors should open the doors to secure an exit.

@ Keep away from any structures that can fall or cause damage, such as library shelves, windows, etc.

[In corridors]

(D Window glass can fracture and walls can collapse. If possible, seek shelter in a nearby lecture room, and
duck beneath a desk.

@ If no nearby lecture room can be reached, keep away from places directly beneath fluorescent lamps and
windows, and crouch with your head protected with clothes or your personal belongings.

[In the gymnasium or at the sports ground]

(D Go to an area that is free from falling objects and crouch.

@ Ifyour location is free from falling objects, crouch there and wait until the quake subsides.

[In laboratories]

(D First, secure your personal safety. If fire prevention seems possible, turn off the main gas cock, and turn
off the power supplies to any electrical apparatuses/equipment, etc.

@ If fire has occurred, attempt to put out the fire only after the quake has subsided.

@ Ifinitial fire-fighting appears to be useless, promptly shut the door and escape from the room.

[In elevator cars]

(D Nearly all the elevators within KIT have an earthquake emergency operation system feature that stops the
cars at the nearest floor and opens the car doors when an earthquake occurs. Leave the elevator calmly.
Note, however, the elevators in the University Library, Center Hall and Student Center lack this feature.
Therefore, if you notice an earthquake while you are in an elevator in any of these buildings, press all the
floor buttons, and get off at the nearest floor.

@ 1If you are trapped in an elevator, do not panic. Use the “emergency phone (internal line)” or interphone
to contact the Guard Station at the Central-East Gate to seek help from this station or any place within
the KIT campus.

(@ Do not attempt to escape without help; wait for the elevator service company to rescue you.

(2) When a violent quake has subsided

(D Turn off the main gas cock, and unplug electric appliances from the outlets. Turn off the circuit breaker.

@ Temporarily secure objects that appear they might topple or fall.

(@ Provide first-aid care to injured persons, if any, and seck help as necessary.

@ Do not use an elevator when escaping.

B If fire breaks out, attempt initial fire-fighting

For procedures of initial fire-fighting, refer to Sec. 2.1.2 “Initial response to fire.”
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2.2.3 Disaster relief measures at home (everyday preparedness)

H Hold a disaster preparedness meeting at home
In order for all family members to be able to react without panic, it is very important that everyone’s role be
decided in advance.
(D Which area in the house is safest?
@ Inspection of first-aid kits, fire extinguishers, etc.
(® Who is responsible for evacuation of infants and elderly members?
@ Where are the evacuation sites and escape routes?
(® Who will carry what items during escape?
® How will family members communicate with each other if they have been separated? Where is their final
rendezvous point?
(D Clearly develop an action plan for each family member for both daytime and nighttime scenarios.

M Participation in disaster relief drills

Actively take part in disaster drills in the local community to become familiar with emergency disaster relief
measures and knowledge of initial fire-fighting techniques and evacuation procedures.

H Preparation of emergency Kits
(D Take only necessary belongings when escaping, and keep an emergency kit in a readily accessible
location.
@ Always keep rescue tools and equipment at hand. Know their location.

B Emergency home safety measures

Always keep the home safe to avoid fire, helping eliminate possible causes of disaster.

B Disaster relief measures in your house

(D Make sure that no object can easily fall and hit your head while you are sleeping; in particular, be careful
about television sets and bookshelves.

@ Reconsider the location of furniture. In particular, avoid unsafe pileups.

@ Secure furniture. Relocate heavy objects, glasses and earthenware to lower shelves.

@ Apply anti-shattering film to glass panels in cupboards and windows. Place anti-slip sheets beneath
tableware.

(® Reinforce lighting equipment, picture frames, clocks, and ornaments to secure them.

® Prepare fire extinguishers. Always keep the bathtub filled with water. Initial fire-fighting efforts can
prevent the spread of fire damage.

(@ Do not place packages in corridors or stairways. Secure the escape route.

Identify hazardous locations and safe places within rooms.

Bl Disaster relief measures around your house
(D Check the ground and foundation of your house for changes. Special attention will be needed for soft
ground or reclaimed land.
Check for imbalances in the structure of your house and skewing of walls.
Check for deterioration of your house.
Repair or reinforce the outer walls and roof tiles to prevent them from falling.
Know the locations of the circuit breaker, and main cocks for gas and water supply.
Secure LPG tanks with chains. Remain ready for immediate action against gas leakage, etc. after an
earthquake.
Repair and reinforce concrete block walls.
Try walking to the evacuation shelter with the emergency bag on your shoulder.

Q 0H®O
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2.3 Disaster Fire-Fighting/Disaster Relief Equipment in KIT
M Indoor fire hydrants

An indoor fire hydrant is installed in the corridor of every floor of each building. Each indoor fire
hydrant installation is comprised of a fire-fighting water supply, pressurized water feed system (pump and
motor), hose and a hydrant box for housing these components. When a fire breaks out, the pump is started,
and the hose is deployed, and then fire-fighting work is executed.

Depending on the discharge pressure, discharge rate and number of operators, indoor fire hydrants are
classified as “fire hydrant #1”, “easy-to-operate fire hydrant #1” and “fire hydrant #2.” Information on
what hydrants should be available in which type of building and maximum hose extension distances are
specified.

Clas:;fii:l;fclilgzloi‘a}:idran ; Fire hydrant #1 Easy-to-operate fire hydrant #1 | Fire hydrant #2
Discharge rate (L/min) 130 60

Discharge pressure (MPa) 0.17-0.7 0.25-0.7
Horizontal distance (m) 25 or less 15 or less
Number of operators Two or more One person

* Fire hydrants installed in KIT are fire hydrant #1 and easy-to-operate fire hydrant #1.

M Fire detectors and alarms

(1) Fire detector: Situated on the ceiling of each room, and automatically tripped by hot air
(Do not place a heat source such as a stove immediately beneath the detector.)

(2) Firealarm: A fire hydrant box (with a lit, red indicator lamp) is situated in the corridor of every floor.
Pushing the button on the upper part of the box will trigger an audible alarm.

* In the event of fire, the alarm bell will ring in the building in question and the display panel in the fire alarm
reception station within the building will show the block where the fire has broken out.
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Ml Fire extinguishers
[Types of fire extinguishers]

Powder fire extinguishers
(ABC)

These widely accessible devices mainly use ammonium phosphate to extinguish
fires. In fire-fighting operation, the pressurized gas cylinder is unsealed and the
medium is discharged. Powder fire extinguishers (ABC) are the most commonly
used, and powerfully extinguish virtually any fire type—A (ordinary), B (oil) and C
(electrical).

CO:z fire extinguishers

This type of fire extinguisher is highly effective in fighting fires on electrical
equipment/facilities, and precision machines/equipment. The fire extinguishing
medium, COz, has been compressed, liquefied and loaded in the pressure
cylinder. When discharged, the liquefied CO2 cools itself and forms dry-
ice powder owing to the latent heat of evaporation, thereby a fire will be
extinguished by the cooling effect of dry-ice powder as well as the suffocation
effect of CO:2 gas.

[Fire extinguisher type labels for applicable fire type]

Labeling for fire type

Ordinary Electrical

fire fire

Label color White Yellow Blue
Category A fire Category B fire Category C fire

Fire with burning wood, | Fire with burning Fire resulting from

Fire category paper, fiber, etc. petroleum products or short-circuiting of

other combustible liquid, | electrical equipment
semi-solid oil, etc.

Applicable fire extinguisher

Powder fire extinguisher | Powder fire extinguisher
(ABC) (ABC)
CO:2 fire extinguisher CO:2 fire extinguisher

Powder fire extinguisher
(ABC)

et i

=

Powder fire extinguisher (ABC) CO:2 fire extinguisher
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H Emergency lights

Emergency exit light

Exit route light

Indicates emergency exit.

(Green panel)

K

Shows safe exit route.
(Green arrow on white panel)

* Emergency lights are always lit.
+ Installed in staircases, windowless rooms, corridors of fire escape floors, etc.

+ Pull-switches (switches with a string) on emergency lights are for inspection purposes only.

M Fire doors

(1) All the KIT buildings are fireproof. Each building has fire compartments and is segmented so that smoke
and/or flame will not spread to the entire building. The fire doors double as partitions.
(2) Never use the space near fire doors to place or store items. An object left near a fire door will prevent
closing the door: as a result, smoke and flame will reach outside the fire compartment.
(3) Common corridors and escape stairways also provide vital escape routes. Objects in escape routes can
hinder escape or may even cause the fire to spread. Also, a package in a common corridor or escape
stairway can be a difficult obstacle when visibility is reduced by smoke or by power failure at night.

H Fire escape apparatuses/equipment

(2 sets)

East Building No.2

Type of escape apparatus/ Building Room No.
equipment
Inclined escape chute Building No. 5 310
401

Vertical escape chute

Building No. 3

S307 (Corridor)

Building No. 10

420 (Lecture hall for 1041)

Building No. 11

532 (Corridor), 333 (Corridor)

Building No. 12

319, 405 (Balcony)

(9 sets)
East Building No. 1 518
East Building No. 2 303
East Building No. 3 K302
Building No. 12 510
Slowdown Student Center 302
(3 sets)
University Library 307B
University Library 303
206

Escape ladder
(7 sets)

Research Laboratories

North Lecture Hall

201 (Lecture hall for NP21)

Seminar Room on 2nd floor (Balcony)

60th Anniversary Hall
KIT HOUSE Corridor on 2nd floor (in front of kiosk)
West Lecture Hall 202 (Lecture hall for WP22)

East Lecture Hall

Corridor on 2nd floor

Fixed escape ladder (Trap)

Building No. 10

West Balcony (2nd to 5th floor)
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[Precautions for handling the inclined escape chute/how to use this equipment]

* This equipment is provided for the purpose of escape. NEVER use it for any purposes other than emergency
escape or disaster drills.

(D First, take off the chute storage cover.

To remove the storage cover:
1) Hold the grip on the upper cover, and lift the cover.
2) Hold the grip on the front panel, and slightly lift it to remove the panel.

First, verify that no one is on the ground below the window. Then, drop the
sandbag to the ground (this sandbag is located at the end of the leader rope on the
top of the stored escape chute) so that the leader rope can provide a guideline for
the entire chute. At this point, release the tie-belt on the chute.

—
® Lower the entire chute.

Verify that no one is on the ground below the window. Then, lower the chute,
with the exit end attached to the leader rope falling first. The chute will
automatically descend by its own weight.

At this time, be careful that the chute itself does not catch on metal mounts or
your body.

Allow the full length of the chute to fall, and only then lift the metal entrance
gate forward and swing it up. At this time, do not stand in front of the gate, but
handle it from the side.

When the leading end of the chute has reached the ground, persons on the ground
should attach the hooks at the end of the guy ropes stowed in a pocket of the
chute to the two (right and left) lower anchor rings to secure the chute.

Make sure that the ground at the exit is unobstructed and the chute itself and
entrance gate are correctly deployed. Only then, begin descending. When entering
the entrance gate, take a feet-first posture, sit on the frame of the entrance gate,
hold the ropes at the top of the gate, and then enter the chute while hanging from
the ropes.

Then, release your hands from the ropes, and you will descend through the chute.

(D Posture during descent.

While descending, raise your hands and straighten your legs in a closed position.
Note that depending on your footwear (shoes and stockings), the speed of descent
can vary.

Landing.

At the exit, NEVER stand up before both feet have firmly reached the ground.
At the exit, come out straight forward. Avoid a sideways exit whenever possible.
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[Precautions for handling the vertical escape chute/how to use this equipment]

* This equipment is provided for the purpose of escape. NEVER use it for any purposes other than emergency
escape or disaster drill.

(D First, take off the chute storage cover.

To remove the storage cover:
1) Hold the grip on the upper cover, and lift the cover.
2) Hold the grip on the front panel, and slightly lift it to remove the panel.

First, verify that no one is on the ground below the window. Then, drop the
sandbag to the ground (this sandbag is located at the end of the leader rope on the
top of the stored escape chute) so that the leader rope can provide a guideline for
the entire chute. At this point, release the tie-belt on the chute.

—
® Lower the entire chute.

Verify that no one is on the ground below the window. Then, lower the chute,
with the exit end attached to the leader rope falling first. The chute will
automatically descend by its own weight.

At this time, be careful that the chute itself does not catch on metal mounts or
your body.

Allow the full length of the chute to fall, and only then lift the metal entrance
gate forward and swing it up. At this time, do not stand in front of the gate, but
handle it from the side.

Make sure that the ground at the exit is unobstructed and the chute itself and
entrance gate are correctly deployed. Only then, begin descending. When entering
the entrance gate, take a feet-first posture, sit on the frame of the entrance gate,
hold the ropes at the top of the gate, and then enter the chute while hanging from
the ropes.

Then, release your hands from the ropes, and you will descend through the chute.

(© Posture during descent.

While descending, raise your hands and straighten your legs in a closed position.
o i Note that depending on your footwear (shoes and stockings), the speed of descent
‘ﬁ‘:: can vary.

(@ Landing.

When you have landed on the exit end of the chute, come out of the exit from a
sitting position on the mat.
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l Special gas fire extinguishing equipment

(1) This type of equipment is mainly located in electrical rooms, boiler rooms, computer rooms, library
stacks, and any location that is subject to the legal standard.

(2) The START switch is in a red box at the doorway of the room.

(3) The fire extinguishing equipment is started manually. Once the gas release switch is turned on,
immediately escape from the site.

(4) Once the START switch is pressed, a message on safe escape routes will be broadcast through the PA
system and a siren will sound: then, 30 to 60 seconds later, the gas will be released.

[Locations within KIT] (all halon-gas fire-extinguishing equipment)
Main Equipment Room and Media Room in Center for Information Science, and Repository at 3rd floor
of Museum and Archives.

H Indoor hazardous materials storage sheds

Groups of hazardous materials stored
* Group 4 Hazardous materials

-3
=5
®
i

s
T
ZE
z2
x5
w3
FE

o

(2) Hazardous Materials Storage Shed No. 2 (south of Building No. 2 North Wing)

]

%/ L _ i

Groups of hazardous materials stored
* Group 1 Hazardous materials
* Group 2 Hazardous materials
* Group 3 Hazardous materials
* Group 4 Hazardous materials
* Group 5 Hazardous materials
* Group 6 Hazardous materials

(3) Limitied-Quantity Hazardous Materials Handling Facility at Building No.12,4th floor
(4) Limitied-Quantity Hazardous Materials Handling Facility at Building No.12,5th floor
(5) Limitied-Quantity Hazardous Materials Handling Facility at Building No.14,1st floor
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I.3 First-Aid Measures
3.1 General First-Aid for Physical Injury or Sudden Illness

If an accident or medical crisis occurs within KIT, do not panic. Assess the situation, provide appropriate
first-aid assistance, and execute appropriate emergency or rescue measures. If any of the following situations
arise, immediately call an ambulance. In situations other than those listed below, call for an ambulance when
in doubt.

(D The patient has respiratory arrest and/or disturbance of consciousness.

@ The patient has chest pain (difficulty breathing, squeezing pain in chest, oppressive feeling in chest).

(3 The patient has headache. (The patient has violently hit his/her head and vomited, or has nausea.) (The
patient has sharp pain.)

@ The patient has stomachache. (The patient has sharp pain.)

(® The patient has a convulsion.

© The patient has massive bleeding.

(D The patient has burns (serious, extensive).

The patient has heat stroke (inability to walk unaided).

@ The patient has acute alcoholism.

3.2 Emergency First Response (EFR)

Emergency First Response (EFR) can be defined as a group of emergency resuscitation methods undertaken
by ordinary citizens (CPR, AED, and hemostasis).

Cardiopulmonary Resuscitation (CPR) is a medical treatment for a patient experiencing disturbance
of consciousness, respiratory arrest, cardiac arrest, or similar problems, in which the patient’s airway is
immediately secured, and artificial respiration and heart massage are provided to assist respiration and blood
circulation so as to save the patient’s life. (If cardiac massage is performed properly, artificial respiration may
be omitted.) An Automated External Defibrillator (AED) is medical equipment that sends an electrical shock
to a heart that has a spasm and is no longer functioning as a blood pump (ventricular fibrillation), in order to
help restore its ordinary rhythm. KIT has a total of 8 AED installations (see Table I-3.1). Many human lives
have been saved through use of AED and provision of first-aid measures.

Table I-3.1 Locations of AED Installations

No. Name of campus, etc. Building Iifsizﬁzgo(f
@ Matsugasaki (West Campus) Building No. 12 Entrance Hall
@) Matsugasaki (West Campus) Building No. 8 Entrance Hall
® Matsugasaki (West Campus) Building No. 3 Entrance Hall
@ Matsugasaki (East Campus) Guard Station at Central-East Gate Guardhouse
® Matsugasaki (East Campus) Health Care Service Center Lobby

® Saga Gakudo Kaikan Entrance Hall
@ Fukuchiyama Building B Entrance Hall
Yoshida KIT International House Lobby
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3.3 First-Aid Measures

A first-aid measure is essentially a temporary action undertaken by an ordinary citizen before the patient
has medical attention by a specialist doctor or an ambulance arrives at the scene.

Wounds (cut, stab)

(1) Clean the wound carefully with running water, and remove the foreign bodies.

(2) In the case of massive bleeding, emergency bleeding control is required. Apply direct pressure to stop
the flow of blood by pressing a piece of clean gauze or a handkerchief on the wound. Press hard enough
to stop the bleeding. If the bleeding does not stop, then apply a tourniquet to the wound (for wounds on
limbs only).

Burns

(1) First, determine burn depth, and check if the skin is reddish (first degree), the skin has blisters or ruptured
blisters (second degree), or the skin is whitish (third degree); if the burn severity falls within the following
categories, immediately call an ambulance and seek medical attention from a specialist:

a) Second degree burn, more than 30% of body surface area
b) Third degree burn, more than 10% of body surface area
¢) Burn in the face: third degree burn or nostril hairs have been scorched or phlegm is blackish.

(2) In the case of a relatively light burn, immediately cool with clean running water for 30 minutes or longer
until no more pain is felt. To cool the face or body, use a wet towel or ice-bag.

Chemical injuries
(1) If a chemical enters the eye, rinse in a basin filled with clean water for 15 minutes or longer. NEVER rub
the eye, and immediately seek medical attention.

(2) If the skin has touched a chemical, rinse with plenty of running water for 30 minutes or longer. If the
victim has been splashed with a chemical, immediately wash it away with running water (shower, etc).

(3) Ifachemical is swallowed, immediately rinse the mouth out with water and have the victim drink a large
amount of water. Do not induce vomiting. Contact the Health Care Service Center right away.

Frostbite

Keep the affected area immersed in warm water until the peripheral circulation is restored and the sense of
touch is revived. Begin with lukewarm water and gradually increase the temperature. Then, cover the area
with a piece of clean cloth.

Gas poisoning
(1) First, shut off the main gas cock at the site, move the victim to a well-ventilated room, loosen his/her
clothing, and allow him/her to rest and keep him/her warm.

(2) In an emergency, fully open the windows and doors to secure safety, and only then attempt to rescue the
victim.
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Part II Experiments

Precautions for Experiments and Laboratory Exercises in
Electric/Electronic Fields

Precautions for Laboratory Experiments in Mechanical
Engineering and Machine Shop Practice

Precautions for Experiments and Laboratory Exercises in
Chemistry

Precautions for Biological Experiments

General Precautions for Experiments Involving Lasers/UV
Irradiation

General Precautions for High-Pressure or Vacuum Experiments,

and High-Temperature or Cryogenic Experiments
Management and Handling of High-Pressure Gases
Handling of Radioactive Isotopes and X-ray Generators
KIT’s Waste Disposal Practices
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IT. 1 Precautions for Experiments and Laboratory Exercises in
Electric/Electronic Fields

Electricity provides an important tool that is one of the most commonly used by students in electronic
system engineering courses as well as all students specializing in science and engineering, and is also a subject
for research and study.

There are a variety of problems about electrical safety in university laboratories. This trend is increasingly
apparent as the scope of research fields has recently been expanding and diversifying. A particular hazard
that can have the most severe and sudden effects in experiments and laboratory exercises is an electric shock
resulting from contact with electricity. Also, there are potential hazards of fire and/or explosion caused by
electrical sparks or electric current, and mechanical accidents triggered by operation of rotary mechanisms
such as electrical motors or generators. Furthermore, recently, still other challenges are emerging, examples of
which include injury of eyes and skin by laser beams, UV rays or microwaves; health problems resulting from
electromagnetic noise from OA equipment; and health hazards caused by a variety of chemicals and gases
used in semiconductor manufacturing.

This chapter begins with information about electric shocks, which are accidents unique to electricity and
can have the most severe and tragic outcomes, so as to promote people’s awareness of electric shocks, by
providing an overview, first-aid measures, causes and countermeasures for this problem.

1.1 General Precautions for Preventing Electrical Equipment Accidents

Electrical equipment in laboratories has safety features such as automatically shutting off the power to a
failed machine. However, when not correctly operated, electrical equipment in a laboratory can trigger failure
of equipment in other locations. General precautions for preventing accidents in laboratories are summarized
below:

a) Switches on the switchboard in each laboratory are marked with the rated current of its fuse. NEVER
use a fuse whose rating exceeds the marked rated current.

b) When a lot of apparatuses are connected to a common current source, the total of the rated current
values of all the connected instruments should not exceed the rated current of the fuse on the power

supply.
¢) Check the allowable current for wiring and devices such as power strips in each laboratory. Do not
connect an electric machine or electrical apparatus that needs current greater than the allowable level.

d) Provide each electrical appliance with an independent switch. Be sure to label each fused switch with
the current value.

e) Protect electrical equipment and wiring so that they are not directly stepped on or kicked.
f) Use heat-resistant cables for electrical apparatuses that generate heat from electric energy.
g) Do not use a cable with broken sheath or an aged cable.

h) Electrical connections of PVC (polyvinyl chloride) wire should be soldered. Cover the connection
with insulating tape so that the wire in use is free from hazards of short-circuit and ground fault.

i) Make sure that electrical equipment and wiring are not damaged by chemical solutions or gas.
j)  Whenever possible, do not lay cables on the floor or in a steamy place.

k) When using any electric machine, do not operate its switches before becoming fully familiar with their
usage.

1) For electrical equipment having a GND terminal, be sure to install a GND line. NEVER connect
the GND line to a gas piping. Whenever possible, connect the GND line to the GND terminal in the
switchboard box.

m) When an experiment is finished and you are exiting the laboratory, be sure to turn off the main power
switch. Remember, however, in the case of power failure, especially power failures at night, be sure to
turn off the main power switch if you give up on continuing the experiment and leave the laboratory.

n) To avoid accidents resulting from an electric machine falling off a desk, install it stably, and do not
place it near the edge of the desk.
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1.2 Electric Shocks

1.2.1 Prevention of electric shock
Whenever possible, do not reach into the interior of any running electric machine or electrical apparatus.
Generally, the following precautions are necessary in order to prevent electric shock:
a) To avoid electric shock, do not operate in a wet location, or with wet hands. Additionally, to prevent
electrical continuity to your body, wear rubber gloves and boots in order to attain better electrical
insulation.

b) Operate a high-voltage machine or apparatus with two or more persons. Post a “DANGER! High-
Voltage” signboard to prevent inadvertent approach by other people.

c) Even after the power supply is shut off, a machine may still retain electricity in, for example, a
capacitor. Therefore, use an electrical multitester to be sure that electricity has been fully discharged,
and only then touch the machine or apparatus.

1.2.2 Response to electric shock

The severity of an electric shock (injury) on the human body can greatly vary depending on the magnitude
of voltage and current, frequency, duration and path of current (see Tables II-1.1, and 1.2). If someone receives
an electric shock, immediately seek medical attention regardless of whether the victim has apparent injury
such as an electric burn.

If you find a victim of an electric shock, do as follows:

a) Turn off the power, or remove the electric wire or machine that is the source of electric shock from the

victim.
(For this purpose, use dry wooden or bamboo sticks, or wear rubber gloves or equivalent.)

b) Move the victim to a nearby comfortable place, or into a room air-conditioned to a comfortable

temperature, loosen the victim’s clothing to make the victim’s entire body comfortable.

¢) Immediately contact a doctor to seek medical attention.

Table I1-1.1 Effects of electric shock depending on voltage levels

Direct contact scenario Approach scenario
Voltage Effects on human body Voltage Max. approachable
safe clearance
Humans can only withstand 10 V/m at 3kV 15cm
10V maximum in potential gradient, if entire
human body is immersed in water. 6 15
20 Max. safe limit with wet hands. 10 20
30 Max. safe limit with dry hands. 20 30
50 Max. limit that does not pose human life 30 45
hazard.
100 - 200 Sudden increase in magnitude of danger. 60 75
209 Vvor Danger to human life. 100 115
higher
Approx. To be pulled toward the electrically charged
140 160
3000 V area.
10 kV or Life may be saved as the human body is 270 300

higher violently repelled.
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Table I1-1.2 Effects of electric shock depending on current levels

Current level Effects on human body

1 mA Can be perceived
5SmA Fairly great pain.

10 mA Unbearable pain.

20 mA Contraction of muscles. The victim cannot escape from the electric shock circuit by his/

her physical effort alone.
50 mA Difficulty in respiration: considerable risk.
100 mA Usually fatal.

1.3 Electricity and Fire

1.3.1 Causes of fire

The scope of electrical accidents that can cause a laboratory fire is limited to the following cases:
a) If current in excess of the maximum allowable current flows into an electric wire or apparatus,
overheating can occur and may cause the wire covering or nearby combustible items to ignite.

b) When a short-circuit takes place across neighboring wires and overcurrent flows, the current flow is
cut off by the fuse or circuit breaker. However, sparks resulting from a short-circuit can ignite nearby
combustible items.

c) Heat generated from poor continuity at a connection of electric wires can trigger a fire. For example,
screwed-down wiring connections, once overheated, can develop poor continuity, and as the
expansion-contraction cycle resulting from the heating-cooling cycle is repeated, continuity at the
connection can further deteriorate.

These faults seem not to occur as long as the precautions described in Sec. 1.1 are strictly observed.
Nevertheless, these faults tend to occur when a laboratory remains unattended for a long time, for example,
at night. Therefore, students and researchers must strictly observe fundamental good practices such as turning
off the main power supply when leaving their laboratories.

1.3.2 Precautions for fire-fighting activities

When a fire is triggered by electric fault, if the power supply has not yet been shut down, water (a good
electrical conductor) cannot be used for fire extinguishing, unlike an ordinary fire. To fight an electric fire, use
a powder fire extinguisher (ABC) or CO: fire extinguisher, etc.

1.4 Electricity and Explosions

In a place that contains a hazardous atmosphere of a combustible gas-air mixture or flammable vapor-air
mixture, or in an area where explosives or gunpowder is present, electric sparks and heat can be an ignition
source that triggers fire.

In addition, recent progress in polymer science has led to wider use of materials of greater electric
insulation quality. Consequently, static electricity has been increasing, and sparks from discharge of static
electricity can become the above-mentioned ignition source. If this type of hazard is present, consider
appropriate countermeasures, for example, changing the insulating material for shielding a charged object
with a conductive material, grounding to decrease the amount of charge, and use of a static eliminator.

Furthermore, remember that even when a normally functioning switch is used to open an electric circuit,
that switch may generate a spark or arc that may ignite or set fire a nearby combustible item. Therefore, be
careful about types of switches and locations where the switches are installed: when necessary, only use
“explosion-proof” switches and other apparatuses.
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IT. 2 Precautions for Laboratory Experiments in Mechanical

2.1

2)

h)

2.2

b)

©)

d)
e)

g)

h)

),
k)
D

Engineering and Machine Shop Practice

General Precautions in Mechanical Engineering Laboratory and Machine
Shop Practice

During a laboratory experiment or practice, strictly follow the instructions and guidance of the
instructor.

During a laboratory experiment or practice, wear appropriate work clothing whenever possible.
Wear shoes to ensure safety. Do not work while wearing slippers or sandals.

During work involving operation of a machine, do not wear gloves unless absolutely necessary. To
avoid being caught in a running machine, wear tight clothing; and wear a cap whenever possible.

When necessary, wear personal protective equipment including protective goggles.

Keep the laboratory or machine shop organized and clean. This is necessary for ensuring safety as well
as improving efficiency in work.

During experiments that involve wiring work and use of electrical energy, be very careful to avoid
electric shock. An electric shock even at lower voltage can damage other apparatuses, cause injury, or,
even worse, may lead to electrocution; therefore, be extremely careful to avoid electric shock. (See
Sec. 1.2.)

Handle an apparatus containing mercury very carefully so as not to damage it. Always handle mercury
over a deep tray filled with water. If mercury has spilt, carefully inspect the area, and remove the spill
with a syringe or dropper. For disposal of recovered mercury, seek advice from the person responsible
for management of the laboratory.

Do not drain waste lubricant or washing oil into a dike or sewage. Temporarily store such waste in the
laboratory, and request KIT Center for Environmental Science to dispose of the waste at regular intervals.

Handling of Mechanical Equipment
As a rule, do not directly touch a running mechanical component. Do not be careless with even a small
motor or machine while it is running.

Even when the switch has been turned off, do not touch the movable parts with your hand before the
machine has come to a full stop.

Be sure to cover a moving machine component within the laboratory or a similar component with
which a passer-by can come into contact.

Be very careful even with a machine that is turned off since another person may switch it on.

Be sure to stop a machine before starting work that involves direct contact with the machine, such as
check, adjustment, inspection, and relubrication.

When power blackout occurs, be sure to turn off the switches.

When operating machines, strictly execute three actions—inspection, signaling and start. Also, when
stopping machines, execute three actions—signaling, stop and check.

When pointing at the motion or structure of a machine, NEVER use your finger; instead, use a pointing
rod, etc.

When a machine is equipped with a safety device, fully understand how to use the apparatus.
Hazardous machines should have two or more safety devices. Do not operate any machine whose
safety feature has failed.

For safe handling of machines, it is desirable to develop standard operations, and accordingly
implement training programs.

Before operating an unfamiliar machine, first become familiar with its operating instructions.

When not physically fit, do not handle machines.
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2.3 Machining Processes and Material Tests

2.3.1 General precautions

a)

b)
¢)

d)
e)

f)

g

h)

Be fully familiar with usage of the machine and cutting tools in advance, for example, through
instruction from an experienced operator.

Follow the instructions and guidance of the supervisor or experienced operator.

Always be aware of possible hazards arising from the material type and shape of the workpiece as well
as the operating method.

If leaving the machine during a machining process, be sure to stop the machine.

Remove chips, etc. with an iron bar, steel brush, or other appropriate utensils. Do not remove chips
with your bare hand.

If the machine has stopped owing to jammed chips or its own failure, be sure to turn off its power
switch. Only then, carefully inspect it.

Securely install a workpiece to the appropriate location of each machine. A workpiece not securely
installed can often cause severe accidents.

Welding (arc, gas) may be done only by an authorized or experienced person.

2.3.2 Machine tools

a) Turning machine (lathe)

(M
2
(€)
“)
)
(6)

(7

Mount a workpiece to the chuck, making sure it is not eccentric, and firmly tighten the chuck.
Securely install the cutting tool to the correct location so that it will not loosen.

To prevent chips from coming into contact with eyes, wear protective goggles.

Remove the handle and tools for mounting the cutting tool, and only then turn on the power switch.
Avoid excessively high infeed speed, feed speed, or cutting speed.

Before taking measurements of the workpiece being machined and cleaning the cutting tool during
the machining operation, be sure to stop the machine.

Immediately after the cutting operation, chips are still fairly hot. Do not directly touch them with
your bare hand.

b) Shaping machine

(M
@)

3)
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©)

Do not place a cutting tool, blank workpiece, products, etc. on the machine (vice, etc.).

Before the shaping operation, make sure there is no obstacle within the operating stroke range of
the ram.

Before adjusting the stroke length and cutting tool, be sure to stop the machine.
Keep the exposed portion of the tool as short as possible, and securely install the blank workpiece.

During the shaping operation, do not stand in the feed direction of the ram. Do not reach toward the
cut face.

¢) Milling machine
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Do not place a cutting tool, blank workpiece, products, factory cloth, etc. on the machine table.
When cutting a material whose chips tend to fly, enclose the cutter or wear protective goggles.
Avoid loose cuffs. Loose clothing can be caught by the running cutter.

Feed oil to the cutter from directly above it.

During the milling operation, do not directly touch the chips.

Do not reach toward a cutting tool by hand over the running milling spindle (arbor).

Remember that chips can readily cut into hands and fingers. Do not remove chips from the
workpiece in process with fingers when viewing the scribed line on the workpiece. Use a brush for
this purpose.

Be extremely careful during rapid feed (feed will continue even after rapid feed has been
terminated).

Before taking measurements of the workpiece, be sure to stop rotation of the cutting tool.
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d) Grinding machine (grinder)
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Before using a grinding wheel, make sure that the clearance between the grinding wheel and spindle guide
always remains within 3 mm. Before adjusting the spindle guide, allow the grinding wheel to fully stop.
Always use protective glasses or wear protective goggles.

Do not utilize the side face of a straight grinding wheel (a grinding wheel is vulnerable when a
heavy load acts on its side).

Only an authorized person can replace a grinding wheel. (Before using a grinding wheel for actual
grinding operation, verify its soundness through hammer test, balance test, and 3-minute test run.)
Turn on the power switch of the machine. Only after the machine has fully accelerated, begin the
grinding operation.

During the grinding operation, do not stand in front of the running grinding wheel.

Do not hold a heavy item by hand for grinding. Instead, use a portable grinder, whenever possible.
Always keep the grinding wheel in good condition through dressing and truing. (A grinding wheel
of non-normal shape can fracture.)

When grinding a very small or thin blank workpiece, be extremely careful (the workpiece can be
kicked away).

e) Drilling machine
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Do not touch the running main spindle and drill or look at them from a very short distance.

Securely mount the blank workpiece; be sure to avoid unsafe installation. Before installing or removing a
blank workpiece, be sure to fully stop the main spindle. Remember that during drilling or when the drill
is removed from the workpiece after drilling, the workpiece can rotate, possibly posing an injury hazard.
Remember that a thin sheet workpiece or copper alloy workpiece can be easily rotated by the running drill.
(When drilling a hole in a thin sheet workpiece, place a piece of wooden board on the drilling table, and place
the workpiece, and then make a hole that penetrates the workpiece and reaches into the wooden board.)

After completion of installation or removal of a drill, be sure to draw off the chuck handle.

During the drilling operation, do not pick up chips with your bare hand, and instead use a steel
brush or chip removal stick.

To avoid damage to the drill, such as fracture, execute the drilling operation while optimizing cutting
conditions, quality and sharpness of the drill cutting edges, and how secure the workpiece is mounted.
Run the drilling machine at a speed suitable for the size of drill used.

f) Bandsawing machine

(M

Turn on the power switch, and then gradually increase the bandsaw blade speed. When the sawing
operation is complete, gradually reduce the bandsaw blade speed, and then stop the machine. (NOTE:
The machine is equipped with a variable speed-change system; therefore, do not attempt to change
speed while the machine is at a standstill.)

(2) Correct loosening of the bandsaw, intervals of bandsaw holders on the surface table, make other

3)

“)
)

(6)
)

adjustments, and only then start the sawing operation.

When any abnormality (fracture of bandsaw, chipped blade, jammed bandsaw, etc.) occurs,
immediately turn off the power supply to the machine, and report the situation to a supervisor.

Do not apply oil to the bandsaw.

Do not cut a round bar, because the operator and/or workpiece can be caught by the moving
bandsaw.

Do not cut an extremely small arc pattern; be careful not to twist a workpiece too much.
Before starting a cut-off operation, check the indication on the display at the top of the machine for
material type, cutting speed, and infeed pattern. Only then, start the cutting operation.

g) High speed cut-off grinding machine
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Correctly install the blank workpiece in the vice, and be sure to fully tighten the vice.

Turn on the power switch, and allow the machine to reach the operating speed. Only then, begin the
cutting operation.

Do not unload the workpiece while the cutting grinding wheel is still revolving.

During cutting, do not apply excessive downward force to the handle.

Immediately after the cutting operation, the cut-off material is still hot owing to friction heat.
Handle it very carefully.

During cutting, be careful of sparks. Do not stand in front of or behind the running wheel (to avoid
injury from fragments).

When cutting to obtain thin products, the cutting grinding wheel can be skewed and fractured.
Gently apply force to the workpiece.
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h) Abrasive cut-off machine

(M
2

3)
“)

Securely install a blank workpiece, etc. to the vice, and check that the vice has been fully tightened.
Turn on the power switch. Allow the cutting grinding wheel to fully reach the operating speed,
then check that the grinding wheel is free from imbalance or abnormal noise. Only then, begin the
cutting operation.

Execute cutting while monitoring the cut meter (application of excessive force can cause the cutting
grinding wheel to fracture).

Only use a cutting grinding wheel suitable for the material of the workpiece.

i) Machining center

()
2

3)
4)

)
(6)

™)

Only one fully trained operator should operate the machine. If a particular task needs two or more
persons, keep signaling to each other to ensure safety.

Before operating the machine, make sure that there is no person or interfering object on or around
the moving parts.

Keep all the doors closed while the machine is running.

NEVER operate the machine with safety devices removed (including protective covers, and
interlock feature).

While the machine is running, NEVER touch or approach the moving parts.

During automatic operation, do not touch any switch or button unless an emergency situation
occurs.

When a machining cycle is complete, and the operator wishes to exchange the workpieces, be sure
that the CYCLE START indicator lamp is turned off and the PROGRAM END indicator lamp is lit.
Only then, exchange the machined workpiece for a blank workpiece.

j) Laser processing machine

(M

2
3)

4)
®)
(6
7

®)

Before operating a laser processing machine, carefully study “II.5 General Precautions for
Experiments Involving Lasers/UV Irradiation” in this SAFETY GUIDE.

Regarding the material of workpieces, the machine supervisor should be consulted.

Only one fully trained operator should operate the machine. If a particular task needs two or more
persons, keep signaling to each other to ensure safety.

Before operating the machine, make sure that the exhaust system is operating.

Always wear protective goggles.

Before operating the machine, make sure that there is no person or interfering object within the
safety fence.

While the machine is operating, NEVER enter the area guarded by the safety fence. NEVER touch
the workpiece.

No person other than the supervisor is allowed to disassemble or adjust the optical components.

2.3.3 Press machine

a) Shearing machine

(1
2

(€)
4)

)

One operator has to operate the machine. A co-operator (if any) has to stand clear of the machine at
least 1 m away.

Do not load a workpiece before turning on the power switch. Start the cutting operation only after
the machine has fully reached the operating speed.

During shearing operation, NEVER reach within the guard by hand.

When unloading the sheared material, turn off the power switch, allow the machine to come to a
full stop. Only then, unload the product.

The maximum allowable thickness of a blank workpiece can vary, depending on the material.
Before operating the machine, consult the supervisor for technical assistance.

b) High speed hot press

(M

2

While the press is operating, NEVER reach between the compression tools by hand. If it is
absolutely necessary to reach between the compression tools by hand, be sure to turn off the power
switch, and then allow the machine to fully stop. Only then, insert a chock (or equivalent wooden
piece) between the upper and lower tools, and then conduct troubleshooting.

There may be workpieces that are difficult to handle. Examples of such workpieces include a blank
workpiece whose height is large relative to its diameter (prone to buckle) or a brittle, very fracture-
prone material. When compressing this type of workpiece, provide a protective cover to contain
possible splinters.
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2.5

(3) Avoid rapid change in the load on the workpiece.

(4) Avoid localized concentric load on any portion of the compression tool.

(5) For high speed application, provide a protective cover.

(6) Before operating a heater, make sure that the power terminals for the heater are reliably insulated.

Rolling mill
(1) NEVER reach between the running rolls by hand.
(2) Do not touch a specimen being rolled by hand. Use an appropriate tool as necessary.

Material testing machine
While the machine is running, NEVER reach between the compression tools by hand. If it is absolutely
necessary to reach between the compression tools by hand, be sure to turn off the power switch, and
then allow the machine to fully stop.
There may be workpieces that are difficult to handle. Examples of such workpieces include a blank
workpiece whose height is large relative to its diameter (prone to buckle) or a brittle, very fracture-
prone material. When compressing this type of workpiece, provide a protective cover to contain
possible splinters.
Avoid rapid change in the load on the workpiece.
Avoid localized concentric load on any portion of the compression tool.
When a material testing machine is used to perform a structural test where violent fracture is
expected, such as in a buckling test for a long column, perform the test under guidance of a supervisor
experienced in this type of experiment.
Crane
Only a crane operator who has completed a special training course for crane operation may operate the
crane.
Sling work must be performed by a person certified for sling work or by an assistant for sling work
under the instructions of the certificate holder.
Welding (Arc Welding)
Keep a fire extinguisher always at hand to be able to extinguish fire immediately. Make sure that there
is no readily ignitable item near the place of welding. (Do not place a combustible or flammable item
near the place of welding.)
Maintain ventilation during welding.
For other welding methods such as acetylene gas welding, contact the supervisor (authorized welder)
for technical guidance.
Welding generates powerful UV radiation. Always wear a welding protective mask, welding leather
gloves, etc. to protect your face and hands.
Burns can result owing to spatter and flying slag. For this reason, wear a welding apron, welding
sleeves, and welding spats, in addition to welding leather gloves.
Do not needlessly touch the workpiece or pick up objects (burns can often result from contact with an
item that does not appear to be hot).
Earthquake-Proof Measures for Machine Tools, etc.

In the event of earthquake, heavy, tall machines such as machine tools (turning machine, milling machine,
shaping machine, gear cutting machine, grinding machine, contouring machine, etc.), material testing machines
(tension tester, universal tester, etc.), metal forming machines (press, shearing machine, rolling mill, etc.),
electric discharge machine and laser processing machine can overturn; or, even if not overturning, they may be

jolted

up and down and around. Therefore, machine installation systems simply consisting of vibration damping

pads for supporting machines are not insufficient. These heavy machines need to be securely fixed to the floor
with anchor bolts.
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IT. 3 Precautions for Experiments and Laboratory Exercises in
Chemistry

3.1 General Important Matters in Experiments

3.1.1 General precautions in experiments

D Keep the laboratory well-organized.

@ Always keep storage cabinets, reagent bottles, laboratory instruments, your hands, etc. clean.

(@ Provide the storage cabinets with anti-overturning and bottle-falling prevention measures.

@ When performing chemical experiments, always wear safe clothing (laboratory coat, protective goggles,
etc.). Also, wear safe, comfortable footwear that covers the entire foot and allows the wearer to walk
safely.

(® NEVER eat or drink within the laboratory.

® Do not use glassware whose edge is chipped or cracked.

(@ Do not touch a chemical or inhale the vapor of a chemical.

Perform experiments on the smallest possible scale in order to minimize the amount of chemicals
handled.

© Strictly follow the instructions of your advisor, and do not take risks. In particular, avoid experimenting
alone at night.

Regardless of the type and amount, waste liquid occurring from any experiment has to be disposed of
appropriately; follow the instructions of the advisor (see Sec. 3.3 “Disposal of Laboratory Chemicals”™).

@ If you detect an abnormal odor and/or noise during an experiment or laboratory exercise, immediately
interrupt the experiment or laboratory exercise, and investigate the cause. Also report the situation to the
advisor to seek instructions.

3.1.2 First-aid care for accidents with chemicals

The responses described below are merely first-aid. After first-aid care, immediately seek medical attention.
(1) Eye contact
+ Immediately rinse with plenty of clean running water for at least 15 minutes.
+ Alkali substances, in particular, can strongly corrode eyeballs; immediately rinse the eyes for at least
30 minutes.

(2) Skin contact
* Immediately remove the contaminated clothing, shoes, etc., and rinse the adhering or contacted area of
the skin with plenty of water.
+ Alkali substances, in particular, can dissolve protein and corrode deeply; immediately rinse for at least
30 minutes.
+ Acid or alkali substances often remain in skin folds or between hairs. Neutralize an acid substance with
mild alkali solution, and an alkali substance with 2 to 3% acetic acid or lemon juice.
(3) Intoxication resulting from inhalation of toxic gas
+ If the victim has headache or dizziness, immediately move the victim to a location with fresh air.
+ Warn nearby people that toxic gas is present.
+ If the victim has collapsed from gas poisoning, immediately move the victim to a location with fresh air.
Wrap the victim with a blanket or similar item, and allow the victim to rest. Do not allow the victim to
swallow his/her vomit.

(4) When swallowed
+ Immediately have the victim rinse his/her mouth with water, and have him/her drink large amounts of
water.
* Do not force the victim to vomit.
« If the victim is unconscious, do not orally administer anything.
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3.2 Handling of Laboratory Chemicals

In principle, all chemicals handled in the laboratory, except for pharmaceuticals and sample kit products,
must be registered as stock, with the Chemical Registration Information System (hereinafter referred to
as "KITCRIS") when they are obtained. In addition, whenever there is a change in their use, disposal,
or management, that altered inventory must be registered with KITCRIS, and accurately managed by
conducting an inventory at least once a year. For management procedures of chemical substances, have a
Japanese speaker refer to the document on the Environmental and Safety Management System (Volume 2)>
Procedures for Chemical Substance Management (pages 20-25), and the website of the Safety, Health and
Environment Committee> See: Chemical Substance Management.

+ Environmental Safety Management System manual. Vol. 2
http://www.ems.kit.ac.jp/05/ESMS_02.pdf

+ Safety, Health and Environment Committee website > Chemical Substance Management
http://www.cis.kit.ac.jp/~shisetsu/anzen/03.html

(KIT personnel access only. The information above is only available in Japanese.)

Table 11-3.1 Classifications and Handling Methods of Hazardous Chemical Substances

Hazard . Type of hazard and possible .
o Typical substances P . P Recommended handling
classification severity of outcome
. . Store in a sealed container to avoid direct
Metal potassium, metal sodium, AR
. e . . Lo contact with air, isolated from other
.. | alkyl aluminum, alkyl lithium, white Material that, when coming into . .
Pyrophoric . . L hazardous chemicals. Store sodium or
phosphorous, alkali metals and alkali contact with air or water, can A :
Water- . S . potassium in petroleum, white phosphorus
. earth metals, organic metal compounds, | ignite, or generate combustible : .
reactive : : : in water. When handling a reagent, use an
metal hydrides, organic phosphides, gas. C S .
: : appropriate instrument to avoid direct skin
silane, diborane
contact.
The material can catch fire at ordinary
Methane, acetylene, propane, hydrogen, temperature if there is an ignition source;
carbon disulfide, benzene, toluene, . . therefore, avoid coming in contact with
: g Combustible gas, or material -
xylene, ethylamine, pyridine, ethyl e flames. Accidental leakage of gas or
Flammable whose flash point is lower than .
acetate, acetone, methanol, ethanol, 30°C vapor can pose a hazard of gas explosion.
hexane, petroleum, gasoline, diethyl ’ When transferring from a larger container
ether to a smaller container, do it in the shade
outdoors.
Phosphorus sulfide, red phosphorus, Material that, if ignited in normal DO. not allow to come into contact with an
. . . . oxidizing agent. Metal powder can react
Combustible | sulfur, iron powder, metal powder, environments, can continually . o : .
. with water or acid; avoid contact with
magnesium combust. .
water or acid.
Nitroglycol, trinitrobenzene, picric Material tha't can degrqde without Avoid strong impacts and friction. Strictly
. : . . external assist, generating heat . .
. acid, sodium azide, benzoyl peroxide, h avoid open flame or heating. Handle only
Explosive - (one molecule includes both fuel !
acetylene compounds, ethylene oxide, component and oxidizing aent the smallest possible amount. Do not store
hydrogen peroxide P a8 or handle large amounts of material.
component).
Potassium chlorate, perchloric acid, Material that, upon heating and/or Avoid mixing or contact with a highly
: . . . . . reductive substance or any organic
Oxidative barium peroxide, sodium sulfite, oxygen, | impact, is decomposed, releasing substance (mixing hazard). Do not mix
potassium permanganate, hydrogen oxygen, possibly helping other P ng o .
. ! . oxidizing salt with strong acid. Avoid strong
peroxide combustible materials to burn. . P .
impacts, friction and heating.
Material that, when mixed with
Stronel Sulfuric acid, nitric acid, chlorosulfuric | organic substances or reducing
aci d;gcy acid, hydrogen fluoride, chloroacetic substances, can generate heat and/ | Contain in a glass bottle, tightly sealed.
acid, formic acid or ignite; when mixed with strong
acidic substances, can explode.
. . Material that, when coming into . .
Aqueous ammonia, potassium . Eye contact will cause severe pain, or even
. . A contact with the human body, . -
. permanganate, silver nitrate, salicylic P loss of sight. Do not directly touch. In
Corrosive . . : can strongly irritate and damage - S0 .
acid, cresol, halogen, amines, sodium he vietim’s ski d/ case of contact with clothing, immediately
hydroxid the victim’s skin and/or mucous h loth
ydroxide change clothes.
membranes.
Do not inhale gas or vapor. Toxic material
Ha.logen, mercury,_anlllr}e, berylllum Material whose oral lethal dose may be qbsorbed through squ; therefore,
. oxide, ethylene oxide, nicotine, . - do not directly touch. If handling of large
Toxic - - is less than 50 mg (poisonous L .
calcogenide, arsenic compounds, substance) amounts of material is necessary, do it
beryllium only in a fume hood. After completion of
handling, thoroughly wash your hands.
Lead chromate, lead oxide, lead acetate, | Material whose oral lethal dose DO. not mhal_e , touch or 1nt_ake orally. Acute
. . : poisoning will occur only if a person
H cadmium bromide, trichloroethylene, ranges from 50 mg or greater, .
azardous PR - consumes large amounts of material at one
toluene, pentachlorophenol, picric acid, | to less than 300 mg (deleterious . .
time. However, prolonged intake can lead
xylene, aldehydes substance) . SO
to chronic poisoning.
. . . - Material that includes nuclides that, Avoid handling or storage of large amounts
Radioacti Thorium oxide, uranyl nitrate, uranium S . of material in order to prevent intake of
adioactive . : . . upon radioactive disintegration, - . -
fluoride, uranium, uranium oxide PR o powder through direct contact with skin or
can release ionizing radiation. oral intake
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3.2.1 Hazardous materials (combustible substances)

Many organic reagents are combustible. In addition, certain inorganic substances are combustible and/
or oxidative and can trigger combustion of other compounds. These organic and inorganic substances
are classified as hazardous materials, and their permissible amounts for storage and handling methods
are regulated by the Fire Service Law of Japan. The Fire Service Law classifies the hazardous materials
(combustible substances) into Groups 1 through 6 according to their appearance and characteristics (see Table
I1-3.2). These hazardous materials need to be stored separately by group. In KIT, they are stored in Hazardous
Materials Storage Shed No. 1 located south of Building No. 12 and Hazardous Materials Storage Shed No. 2
south of Building No. 2 North Wing, each group being stored in a separate room; these hazardous materials
may be handled only in the presence of an authorized person (hazardous materials engineer).

General precautions concerning hazardous materials are summarized below:

(D Laboratory chemicals used in experiments are often inflammable or ignitable; make sure that there is no
open flame near any laboratory chemicals.

@ Remember that once a laboratory chemical catches fire, there is little, if any, chance of extinguishing the
fire. If any laboratory chemical starts burning, move nearby combustible materials to a safe place, then
use a fire extinguisher to prevent further intensification of the fire and allow the fire to go out by itself.

@ Strictly avoid mixing a Group 1 or 6 oxide with an organic substance; otherwise, explosion will occur.

@ Be extremely careful with Group 2 or 3 spontaneously combustible substances, not only in handling but
also with regard to disposal.

(® Particular caution is necessary when handling diethyl ether because this substance has a low boiling
point and readily catches fire (easily ignited by burners, stoves, cigarettes, electric switches, etc.).

©® NEVER apply sudden heating or shock to any Group 5 explosive material. Remember that a metal
instrument can promote decomposition of peroxides.

(@ Organic waste liquid is also a hazardous material. Remain very careful in storing this type of waste.
Table 1I-3.2 Fire Service Law classifications and handling methods for hazardous materials

Group 1 Oxidizing solids Chlorates, perchl(?rates, inorganic peroxides, chlorites, bromates, nitrates, iodates,
permanganates, dichromates, etc.
Group2 | Combustible solids Inflammable solids n.wludmg phosphorus sulfide, red phosphorus, sulfur, iron powder, metal
powder, and magnesium
Spontaneously
Group 3 combustible substances | Potassium, sodium, alkyl aluminum, alkyl lithium, white phosphorous, alkali metals and
P and water-reactive | alkali earth metals, organic metal compounds, metal hydrides, organic phosphides, etc.
substances
Special Diethyl ether cher m.aterlals whose 1oiash point at 1 atm
. is not higher than 100°C, or whose flash
inflammable Petroleum ether . N . .- .
. . point is -20°C or below with a boiling point
materials Carbon disulfide 5
of 40°C or below.
Class 1 Acetone Other materials whose flash point at 1 atm
troleums Benzene is lower than 21°C
pe Ethyl acetate ’
Methanol Other saturated monovalent alcohols whose
Aleohols Ethanol rbon number is in the range of 1 to 3
Group 4 | Inflammable liquids 2-propanol carbon number s erange ot 2o
Class 2 Kerosene. light oil Other materials whose flash point at 1 atm is
petroleums 18 not lower than 21°C and lower than 70°C.
Class 3 Heavy oil Other materials whose flash point at 1 atm is
petroleums Creosote oil not lower than 70°C and lower than 200°C.
Class 4 Gear oil Other materials whose flash point is not
petroleums Cylinder oil lower than 200°C and lower than 250°C.
Oils extracted from | Shirashime oil (refined
animals and plants canola oil), etc.
Self-reactive Organic peroxides, nitrates, nitro compounds, nitroso compounds, azo compounds, diazo
Group 5 . .
substances compounds, hydrazine derivatives, etc.
Group 6 | Oxidizing liquids | Perchloric acid, hydrogen peroxide, nitric acid, etc.
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3.2.2 Poisonous and deleterious substances (harmful materials)

Poisonous and deleterious substances

Poisonous and deleterious substances are substances designated by the Poisonous and Deleterious
Substances Control Law (hereinafter referred to as “the Law”), and are, among commonly marketed useful
chemical substances, those highly likely to cause health hazards owing to acute toxicity and needing particular
caution in handling.

(1) Poisonous substances

Sodium cyanide, mercury, tetraalkyl lead, selenium, arsenic, hydrogen fluoride, sodium azide,
2-mercaptoethanol, ally alcohol, phosgene, etc.
Oral toxicity judgment criterion: Lethal dose is 50 mg per kg body weight or less.

(2) Deleterious substances

Acrylonitrile, ammonia, hydrogen chloride, chloroform, sulfuric acid, methanol, toluene, ethyl acetate,
formaldehyde, etc.
Oral toxicity judgment criterion: Lethal dose is 50 to 300 mg per kg body weight.

Poisonous and deleterious substances management method

Poisonous and deleterious substances must be appropriately managed in accordance with the Law and “KIT
Poisonous and Deleterious Substances Management Procedure.” Detailed management procedure is described
below:

Poisonous and deleterious substances management system

Superintending Poisonous and Deleterious Substances Administrator (Superintending Administrator):
Chair of the Safety, Health and Environment Committee

Shall superintend entire management of poisonous and deleterious substances used in KIT, and shall
manage whole tasks of the Management Administrator and the Usage Administrator.

Poisonous and Deleterious Substances Management Administrator (Management Administrator): Chair of
the Program that uses poisonous or deleterious substances

Shall supervise tasks of the Usage Administrator.

Poisonous and Deleterious Substances Usage Administrator (Usage Administrator): Appointed by the
Superintending Administrator based on recommendation of the Management Administrator

Must appropriately manage poisonous and deleterious substances used in the concerted laboratory on
the basis of instructions from the Management Administrator.

Users: People who use poisonous and deleterious substances at KIT

Must appropriately manage and use poisonous and deleterious substances on the basis of guidance and
instructions of the Usage Administrator.

Precautions for poisonous and deleterious substances

(D Discriminate poisonous and deleterious substances from ordinary laboratory chemicals and store them
in safe storage cabinets that are strong in structure made of metal or a similarly strong material and can
be padlocked.

@ Safely keep any poisonous or deleterious substance in a substance-specific safe storage cabinet.

(@ For safekeeping a poisonous or deleterious substance, implement measures necessary for preventing

ignition or generation of poisonous gas owing to mixing or contact.

@ Padlock the storage cabinet to prevent theft or loss of a poisonous or deleterious substance: the
Management Administrator or Usage Administrator shall store the key in a designated location and
strictly safekeep it.

Do not duplicate the key to the storage cabinet.

® @

Secure the storage cabinet to the floor or other fixed surface, and implement measures to prevent
turnover or falling of containers for poisonous or deleterious substances.

(D When having obtained, used, disposed of, or assumed responsibility for a poisonous or deleterious
substance, register this fact with the Chemical Registration Information System (KITCRIS).
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©)

Register any poisonous substance in both KITCRIS and “Poisonous Substance Reception & Release
Record.”

Common deleterious substances (deleterious substances such as solvents used for common purposes in
education and research, in particular, those substances separately designated by KIT, considering safety,
etc. in using the substances in question) may be controlled on the basis of the number of bottles.

Inventory all poisonous substances at least once a year, recording the numbers of each and reporting
them to both KITCRIS and “Reception & Release Records.”

Post the signs designated by Law on the poisonous and deleterious substances storage cabinets—
“Non-Medical Poisonous Substance” (white characters against red background) and “Non-Medical
Deleterious Substance” (red characters against white background).

Immediately transfer the responsibility of management for poisonous and deleterious substances whose
further use is not expected, or dispose of such substances.

Procedures for using poisonous substances

®©@ & ® © 06

Before using a poisonous substance, ask the Usage Administrator for permission.

The Usage Administrator must unlock the storage cabinet, and hand over the container of the required
reagent to the user.

Immediately after handing over the reagent container, the Usage Administrator shall padlock the storage
cabinet, and keep the cabinet padlocked during weighing.

After weighing the substance, the user shall return the reagent container in the presence of the Usage
Administrator.

The usage administrator shall record use in the Chemical Registration Information System (KITCRIS)
and enter it in the “Reception and Release Record” stamping the document with his/her seal.

After returning the reagent container, the Usage Administrator shall promptly padlock the storage
cabinet.

Dealing with accidents

o)
&)

3.23

When splashing, leakage or spillage of a poisonous or deleterious substance occurs, take all appropriate
countermeasures to prevent damage.

In case of theft, loss, splashing, leakage or spillage of a poisonous or deleterious substance, the Usage
Administrator shall promptly report the fact to the Management Administrator. Upon reception of
the report, the Management Administrator shall promptly report the problem to the Superintending
Administrator.

Pollutants

Pollutants can significantly affect human health and the environment. Their emissions are controlled by
law. The Basic Environment Law of Japan specifies the environmental quality standard according to which
emission standards of individual pollutants are stipulated by relevant law.

The main controlled substances related to chemical experiments are listed below:

)

2

Controlled substances in wastewater: cadmium, cyanide, lead, hexavalent chromium, arsenic,
organic phosphorous, mercury, halogenated hydrocarbons (trihalomethane, carbon tetrachloride,
dichloromethane, etc.)

In the event these controlled substances are mistakenly poured down the drain, stop all use of the sink
in question, contact the Center for Environmental Science and follow their instructions.

Controlled substances in air: malodorous substances (ammonia, methyl sulfide, hydrogen sulfide,
methyl mercaptan, methyl disulfide, propionic acid, etc.), ozone depleting substances (specified
chlorofluorocarbons: CCIsF, CHCIF, etc., specified halons: CBrCIF2, CBrFs, etc., chlorinated
compounds: carbon tetrachloride, 1,1,1-trichloroethane)
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3.2.4 Precautions for experiments and for using high-caution chemicals

Spontaneous combustion/explosion

@

When coming into contact with air, metal potassium can readily ignite. Even when handled in inert
gas, peroxide will occur on the surface of metal potassium owing to a trace amount of oxygen, and this
peroxide will become a source of explosion. Therefore, once an amount of metal potassium has been
taken from a bottle, fully use up the amount: NEVER return the remnant to the bottle.

When coming into contact with water, metal sodium will ignite. Decompose metal sodium by adding
small portions into ethanol in a fume hood: remember that hydrogen gas will occur as a result of
decomposition.

Metal potassium/sodium can react with halide and explode: NEVER use the substance to desiccate
chloroform or methylene chloride.

Ethers such as ether and tetrahydrofuran include a trace amount of peroxide resulting from oxidation
with oxygen in air. Therefore, distillation of these substances needs to be executed within a flow of inert
gas, and care should be exercised to allow a considerable amount of distillation residue liquid to remain
in order to prevent concentration of peroxides. In particular, when a solvent purification process is
repeated, peroxides may accumulate in the residual liquid, and this situation can lead to higher possibility
of explosion and should be strictly avoided.

Vapor of ether can easily catch fire. The vapor is heavier than air, and therefore it may flow a long
distance along a laboratory testing bench or the laboratory floor, and can then catch fire or explode.

When a combustible organic solvent is distilled with a mantle heater: if distillation is continued until
no residual liquid remains, the temperature within the flask will gradually rise and eventually reach to a
point near 1000°C, and the glass will melt. The flash point of ordinary organic solvents will not pose this
problem.

Peroxides will readily explode. For example, solid benzoyl peroxide explodes when heated to 80°C.
When coming into contact with a metal instrument such as a spatula, a peroxide can explode. When a
bottle containing peroxide falls onto the floor, or if the threads on the bottle’s mouth are contaminated
with a reagent and the cap is fastened, the peroxide can explode.

Add polymerization inhibitor to chain polymerization-capable monomer, and store this monomer
substance at a low temperature, and execute distillation for purification in the presence of polymerization
inhibitor. If this precaution is not strictly observed, this type of monomer can undergo polymerization
during distillation and will explode. When desiccant is also used during distillation of polymer, and
depending on the combination of polymerization inhibitor and desiccant, the polymerization inhibitor
can react with the desiccant, and the polymerization inhibitor can lose its inhibition capability. Therefore,
carefully select the polymerization inhibitor and desiccant.

When rinsing glassware, the final rinsing step is often done with acetone to accelerate drying. However,
when glassware with a lot of acetone remaining is dried in a dryer (in particular, when ventilation in the
dryer is insufficient), explosion may occur within the dryer.

Toxicity

o)

Whenever possible, avoid using hazardous compounds such as mercury, cadmium, cyanide, hexavalent
chromium, lead, arsenic, copper, zinec, beryllium, selenium, osmium, etc. If use of such compounds is
unavoidable, implement the best possible measures to ensure your own safety and avoid pollution of
nearby environments.

Alkylating agents, which are often used as cationic polymerization initiators, include many substances
that may alkylate nucleic acid within DNA, inducing mutation. Monomers featuring high anionic
polymerizability (acrylonitrile) are also alkylating agents, and therefore are chemical mutagens. Handle
various alkylating agents and high-polymerizability anionic monomers with utmost care even when their
toxicity is unknown.

Benzene and chloroform are organic solvents commonly used for reaction and extraction. However,
because of their relatively high toxicity, if possible, use toluene and methylene chloride in place of
benzene and chloroform, respectively. Note, however, that methylene chloride has a low boiling point,
and therefore requires caution and equipment to help avoid contamination of the drain system during
vacuum concentration process.
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Injury
(D Do not use your mouth to pipette a liquid other than a diluted aqueous solution.
@ Nitric acid can deeply penetrate the skin. In case of skin contact, thoroughly wash it away.

(® The human body can withstand acid to a certain extent, but it is vulnerable to alkali. Eye contact with
ammonia, which is a weak alkali, can cause permanent loss of eye sight.

Disposal/recovery

(D If a highly reactive reagent is discarded without treatment into a liquid waste tank, an unexpected reaction
may take place within the tank, possibly causing unexpected damage. Therefore, unneeded reactive
reagents should be subjected to appropriate treatment before disposal. For example, add reactive reagents
such as acid chloride, acid anhydride or sulfinyl chloride in small amounts to 2N sodium hydroxide while
stirring to decompose it.

@ Chloroform is decomposed by light and generates toxic phosgene. To help solve this problem, chloroform
containing 0.5% ethanol as a stabilizing agent is commercially available. When recovering and reusing
chloroform, remember that this ethanol portion will be lost during a series of recovery operations
including distillation and liquid separation.
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3.3 Disposal of Laboratory Chemicals

3.3.1 General precautions for disposal of laboratory chemicals

(D In compliance with laws and regulations, to protect the environment and prevent accidents, do not dump
wastes that contain hazardous materials such as mercury into laboratory sinks, disposal receptacles or
other waste disposal containers.

(@ When washing exprimental equipment or instruments, be sure to collect the first and second washing
effluents as liquid waste. Be especially careful when handling substances defined as hazardous under the
Water Pollution Control Law.

(@ Dispose of laboratory wastewater and waste according to the following safe processing flow chart. Take
precautions to prevent explosions or generation of toxic gases during storage. Store liquid waste in
dedicated plastic containers and solid waste in containers or plastic bags in the laboratory respectively.

@ Apply to the Center for Environmental Science for disposal of liquid waste, mercury-containing
wastes, and inorganic solid-wastes. Apply to the Facility Management and Security Office (Safety and
Environment Section) for disposal of reagent waste.

Classification flowchart for liquid waste and solid waste

START
Mercury-containin
Solid or liquid? | == Solid —} Contains mercury? | === Yes —> vs)lastes g
Metal mercury, mercury
| amalgam, instruments
* Solids resulting from containing mercury, etc.
Liquid filtration are classified
as solid wastes. Inorganic
l No > solid wastes
Contains organic Yes > Organic Storage according to
substances? liquid waste | classifications in Table 11-3.3

No > Inorganic Storage according to
liquid waste | classifications in Table 11-3.4

3.3.2 Procedure for liquid waste disposal

At our college, the Center for Environmental Science is in charge of operations related to the treatment
of laboratory liquid waste. Liquid waste is divided into organic and inorganic liquid waste, each of which is
collected multiple times a year. Apply in advance and bring liquid waste to the center during each designated
period.

* liquid waste treatment

Our college had previously disposed of liquid waste at its on-campus facilities. However, it began
outsourcing treatment of organic liquid waste in 2017 and inorganic liquid waste in 2023. Even with
outsourced disporsal, it is necessary to manage liquid waste according to the "Waste Disposal and Public
Cleaning Law." Responsibility lies with the lab producing the waste. The discharger must specify the
composition of the liquid waste, and perform necessary pretreatment and analysis for discharge.

* Processing steps

Liquid Waste collected by outside operators is incinerated after the processes of "cyanide decomposition
treatment," "coagulation sedimentation treatment," "oil-water separation treatment," and "neutralization
treatment," depending on the classification of the liquid waste, and is finally landfilled at "the controlled final
disposal site".
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3.3.3 Classification of liquid waste

Classifications for storing liquid waste are as summarized in Tables 11-3.3 and I1-3.4.

Table 11-3.3 Classifications of organic liquid waste

processing category component

Combustible organic liquid waste (Harmful) |Combustible liquid waste containing any of the “17 harmful substances” *

Combustible organic liquid waste Combustible liquid waste containing no designated toxic substances

Incombustible organic liquid waste (Harmful) [Incombustible liquid waste containing any of the “17 harmful substances.”

Incombustible organic liquid waste Incombustible liquid waste containing no toxic substances

Highly halogenated organic liquid waste Liquid waste containing a large amount of chlorine-based solvent such as

chloroform
Oils Mineral oils and animal oils such as heavy oil and machine oil
Photographic effluent Photographic developing solution, fixing solution

Organic liquid waste containing substances which may cause precipitation

Non mixable liquid waste . . .
or promote polymerization reactions when mixed.

* “17 harmful substances” are as follows.

(1)Trichloroethylene (2)Tetrachloroethylene (3)Dichloromethane (4)Carbon Tetrachloride (5)1,2-dichloroethane
(6)1,1-Dichloroethylene (7)cis-1,2-Dichloroethylene (8)1,1,1-Trichloroethane (9) 1,1,2-Trichloroethane (10)Benzene
(11)1,3-Dichloropropene (12)1,4-Dioxane (13)Thiuram (14)Simazin (15)Thiobencarb (16)Selenium (17)Chloroform**
**Although it does not fall under the hazardous substance of the Waste Management and Public Cleansing Act, but the
material handled as purchase quality in the processing process

<Caution > Organic liquid waste containing toxic substances such as sodium azide and/or organic arsenic compounds
requires detoxification treatment. Be sure to contact the Center for Environmental Science before registering in the online
liquid waste treatment application system.

Table 11-3.4 Classifications of inorganic liquid waste

I Waste liquid containing mercury

II Waste liquid containing Cyanide (should be adjusted to alkaline)

Il Waste liquid containing hazardous metals (Cr,Pb,Se,Cd,As)

IV Waste liquid containing general heavy metals (excluding light metals)

V Inorganic acid

VI Inorganic alkali

Inorganic liquid waste is classified into categories I through VI according to their contents, and further sorted according
to pH.

[Precautions for waste liquid storage ]

(DStore organic liquid waste in 10L and inorganic liquid waste in 20L dedicated plastic containers. Clearly label all
storage containers with their specified processing category. When removing the materials, use the polyethylene
containers designated by Center for environmental science.

(@When adding liquid waste to a storage container, add it gradually checking for heat generation, foaming, deterioration
and other issues.

(3Storage containers should be placed in a well ventilated area to prevent health hazards. Be sure to close storage container
lids when the container is not in use.

(DTake measure to prevent storage containers from being overturned. Place them on a tray so that any leakage will not
penetrate the floor. Do not store waste in aisles or outdoors.

(®Confirm that there is no leakage due to container deterioration before handling and discharging the liquid waste.

69



3.4 7 A& B O

KT AIBEGIIN TN ARE72 2 & B2 OB M E DO TR E A ER T 5 Z LR Tx,
FBERAR LR EONAZBETX LW IHIMMOEM TITELNHNEE LA LT
5 Z DBl E OFEEBRBIEITD & L VPR ERBEICBO T RIICHEH ST\ 5,

3.4.1 HEARRSREE

HITADEHET HEBHEELMEIZIEFICNZETHY . LrbENRT- L X0 RN WD
WDHEHBIRERD, FEEHTADBEI LN KREWED, AL TREETHZ LN
< BbD, NTAODMEWRELZ 7T AF v 7 DFNEHELIZLDERII-3.5 1T LT,

FU-35 HITAETTRAF v 7 OHEE

JEAETRE  (kg/em?®) S8R (kg/em®)
HS % ~ 9,000 400 ~ 600
S5 RF s 800 ~ 2,000 200 ~ 1,200

COENPLRTEND LIS, HTREITTAF v 71l UCE LIS, 5l & 25<
N, BT AT LY ETHE, 0T INDOE, #iF 5 EZIFELRLITE &M
FIRFZE X, BN UXICHEERRAZEB 25 2 LI/l -> TV D, WA T AW
LEZNHAVEY RO EZ—ICTEEMT, HTAERH T AEYL L&Y AYET
HEMT, WTNOEAELEDOHSZRS I LN BE-REDF, HT7 A0 ZOMWE
ZRMLTWLDTHD, AT A, HTAE, A7 AEEA Ny 735 & EIT@EFITLT
TN, ZNHREBR LG EEIICZOWEZH>TOZ ETH D,

3.4.2 fitEE

REWIZ2 T T ADIREREMAZRU-36 127 LT, U AT ATHEERMELS . AL -
SMENZ B2 D, BIZITHRBA LT b D ZKFIZANTEH LTHEINRON, KU 7rAiR
H T ALY =TT ANIREIEREN R E N =DIZEnTLE 9,

F#U-3.6 HT7ADIEERHNE
WAL (°C) ESENTIRE (°C) FUEAERRE (X 107emC ™)

V=TT A 200 450 ~ 500 92
R AT A 820 750 ~ 1,100 33
VBT TA 1,580 1,750 ~ 1,800 5.6

T AL, T AEELH T AEEMELE LTHERT 203, 77 AEZMET HERIC
I<ENDZERHDH, L0blF, BONBEIZS -BEERH D E, TOENBHRTE 20
<HBUWHNEWNEDTEH, EIbHENTLE Y, ZHUuE, TI7AEFBYRENRRY LK< 2D
END . B OIBENEE S UEIE L CHLNEEDIBVZIEN B, BEIZE] SEL L, £ Ok
BRLLTENRTCLEIDTHD, —FH, HBECY RV ETEHEE DT T TIE L THEN
2N, AR E TSNS L GITHRT D, ABOT Z A L6 T AEONBEDEHIZILTE
BELTWS,

T AFBRENEL . 2O EIZEOW D DE IR ERIBEZENS D EHNTLE I,

70



3.4 Handling of Glassware

Because of its easy workability, glass can be used to manufacture various laboratory instruments of
complex shape. Also, its transparency allows the inside of instruments to be readily monitored, which is a
unique advantage not available from other materials. Thus, glassware is commonly used not only in ordinary
organic experimental activities but also in other chemical experimental activities.

3.4.1 Mechanical strength

The most outstanding characteristic of glass is its brittleness. Splinters of broken glass form “shell” shapes,
and since glass is fairly hard, glass splinters often cause injury. Table II-3.5 summarizes comparison of the
material strength of glass with that of plastic.

Table II-3.5 Comparison between glass and plastic

Compressive strength . B
(ke/om?) Tensile strength (kg/cm”)
Glass —-9,000 400 — 600
Plastic 800 — 2,000 200 - 1,200

As shown in the table, compared to plastic, glass is resistant to pressure, but not pulling. The reason that
glass can break easily when bent is that it is both pressed and pulled while bending, and the pulled portion
soon exceeds its strength margin. Plate glass is cut by scoring it with a diamond cutter, while glass tubes and
glass rods are cut by scoring with a file or the like. In either case the scored line is pulled while being opened
to utilize this characteristic of glass. Plate glass, glass tubes and glass rods are generally stored upright, due to
experiential knowledge of this characteristic.

3.4.2 Heat resistance

Table 11-3.6 summarizes temperature characteristics of typically used glasses. Silica glass features a low
linear expansion coefficient, and can withstand rapid cooling and heating. For example, if red-hot silica
glassware is immersed in water for rapid cooling, it will not break. In contrast, borosilicate glass or soda glass
will break under the same conditions, due to its greater linear expansion coefficient.

Table 1I-3.6 Temperature characteristics of glass

Softening point Optimum working Coefficient of linear expansion
°O) temperature (°C) (X 107emC ™)
Soda glass 200 450 - 500 92
Borosilicate glass 820 750 — 1,100 33
Silica glass 1,580 1,750 — 1,800 5.6

In glass work, glass tubes and glass rods are used as starting materials. During heating, glass tubes often break.
In particular, a glass tube whose inner wall has a scratch (even when it is very small and cannot be detected by
the eye) will break in this location. This is because the thermal conduction of glass is not very good, and when the
outer surface of a glass tube is heated and begins to expand, thermal expansion of the inner wall is slower; thereby
a greater pull force occurs between the outer surface and inner wall, and the glass tube breaks. On the other
hand, if a scratch is intentionally formed with a file or the like on the outer surface of a glass tube, and the glass
tube is heated, it does not break, and the scratch will disappear when the glass tube reaches the softening point.
Professional glass workers are very careful about scratches on the inner walls of glass tubes.

Characterized by poor thermal conduction and high brittleness, glass can break when exposed to a large local
thermal difference.

In particular, special care should be exercised with thick glass material. Beakers, flasks and test tubes that are
used to heat liquids have thin walls in order to avoid this problem, at a cost of lower mechanical strength.

Therefore, when putting a solid into a beaker, flask, test tube or the like, it is necessary to allow it to
slide down in the tilted glassware so that the solid does not directly fall and exert impact on the glassware.
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Additionally, when rinsing such glassware, be very careful not to exert a violent force or impact on a local
point.

There have been cases of people cutting their hands when rinsing a beaker, but beakers are cylindrical
objects and will not readily break as long as they are gently gripped.

3.4.3 Corrosion resistance

Glassware can be used for almost any acid; however, it is corroded by hydrofluoric acid. Glassware is
also gradually corroded by aqueous solutions of strong alkali. Utilizing this characteristic, hydrofluoric acid
may be used to intentionally corrode glassware to etch characters and graduation lines. The glass-corrosion
capability of hydrofluoric acid may be conveniently used in other applications. For instance, when dirt is stuck
to the inside of test tube and cannot be easily removed, if dilute hydrofluoric acid is poured into the test tube
and allowed to stand for a while, the dirt can be fully removed. A glass surface treated with dilute hydrofluoric
acid is very smooth, and does not become cloudy.

3.4.4 Glass work

Glass working skill of a certain level is useful in the laboratory. Inability to bend or stretch a glass tube is
very problematic in the laboratory. However, highly advanced glass working skill will necessitate dexterity
and long years of training; therefore, it is sufficient for chemists to be capable of the basic glass work needed
for routine laboratory activities and have basic knowledge of how highly delicate glassware is produced.

It goes without saying that glass tubes and rods should be maintained in clean conditions; it is also
recommended that glass tubes and rods be thoroughly rinsed with water before glass work. Be very careful
not to scratch the inner wall of a glass tube, as described previously. Rinsing with water prior to glass work
has some effects on the workmanship of the final glassware; therefore, do not omit water rinsing.

It also goes without saying that combustible materials must be kept away from a location where glass work
is performed. Furthermore, always remove glass debris from the glass workshop. At the same time, remember
that identifying the heated part of glassware is difficult; therefore, care should be exercised to identify the
heated part.

3.4.5 Summary

Possible accidents associated with glassware can be avoided by becoming familiar with the characteristics
of glass described above and accordingly handling glassware. Important considerations about handling of
glassware are summarized below. Remember that the considerations given below are merely important points,
and students are always required to handle laboratory glassware with utmost care.

(D Before use, carefully inspect the glassware. Do not use glassware with cracks or scratches.

@ By burning with a burner, round off sharp edges on the cut faces of glass tubes and rods being subjected
to glass work, or on broken glassware. Do not adopt an easier technique such as rounding-off of edges by
filing.

(@ When inserting a length of glass tube into a rubber or cork stopper, the glass tube often breaks, causing
injury. Drill a hole in a cork stopper after compressing it with a cork press. For either a cork or rubber
stopper, first make a hole whose diameter is somewhat smaller than the outside diameter of the glass
tube, and then carefully file the surface of the hole with a fine file to enlarge the hole while keeping
its surface smooth. Before inserting the glass tube into the hole in the stopper, dampen the glass tube
with water or alcohol for lubrication. When beginning insertion, hold the tube as near as possible to the
leading end, and while turning the stopper, gradually insert the glass tube. Be very careful not to apply
a strong force that could break the glass tube. If the fit is too tight, slightly enlarge the hole. If the hole
is perfectly round, air tightness will be achieved without inserting the glass tube with a strong force.
Try to insert the glass tube, and then slightly enlarge the hole—repeat this trial and error process until a
satisfactory result is reached. When finally inserting the glass tube, cover the glass tube and stopper with
a hand towel or the like to avoid injury, even though the possibility may be slight.
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@ 1If a rubber stopper or tube has stuck to the glassware and cannot be removed, cut up the rubber stopper
or tube using a sharp knife.

(® Do not use an Erlenmeyer flask or other flat bottom flask in a vacuum experiment.

® Use a thermometer only for temperature measurement, and do not use it as a stirrer rod.

(@ Do not suddenly apply a high temperature heat to laboratory glassware.

3.5 Handling of Dust

Dust needs to be handled by implementing appropriate measures to avoid health hazards arising from
intake of dust into the human body, as well as dust explosions.

3.5.1 Preventive measures to avoid health hazards arising from intake of dust

Prolonged activities in locations where heavy dust (stone dust containing silicic acid, dust of polishing
sand, dust from polishing powder for ceramic ware) can cause sickness such as silicosis. Wear a respirator
that fits the face well and is appropriate for the particle size and concentration of the dust type. To protect
eyes against dust and fine chips, wear protective goggles. Note that possible carcinogenicity by carbon
nanotubes (CNT) has recently been reported. To prevent cancer, a laboratory handling CNT shall designate a
CNT handling location, such as within a fume hood, in order to prevent scattering of CNT to nearby areas.

3.5.2 Preventive measures to avoid dust explosions

When combustible solid particles are floating in air and the concentration of the particles falls within an
appropriate range, and if energy from an ignition source such as a spark or open flame is applied to the air,
the particles will burn, and in certain cases explode violently. This phenomenon is known as dust explosion.

Combustible solids that can trigger dust explosion are not necessarily special substances; they can be
particles suspended in air including organic powder such as coal powder (coal dust), plastic powder, flour
powder, or milk powder as well as inorganic powder such as sulfur powder, aluminum powder, magnesium
powder, calcium silicon powder, or titanium powder.

To prevent dust explosion, it is of course necessary to prevent production of dust; also, it is recommended
to collect and remove generated dust so as to minimize suspension of the dust in air. It is also possible to mix
a suspension of incombustible fine particles into suspended dust so as to prevent explosion.

When powder is transported by air flow, triboelectricity occurs between particles or between the particles
and inner wall of the transportation pipe owing to friction, and the resultant buildup of an electric charge
can cause a discharge phenomenon. The resultant spark can ignite a dust explosion, and therefore should be
strictly avoided.
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3.6 Case Studies of Accidents

3.6.1 Accidents arising from lack of correct knowledge about the characteristics of reagents

and substances as well as chemical reactions

When diluting concentrated sulfuric acid, water was poured into the sulfuric acid. As a result, bumping
occurred, causing a chemical burn.

While perchlorate was being desiccated by heating under reduced pressure, an explosion took place.
During an attempt to purify organic peroxide with a silica gel column, an explosion took place.

Amine oxide was synthesized by oxidation in methanol in the presence of hydrogen peroxide. In an
attempt to decompose a small amount of leftover hydrogen peroxide, using platinum powder, an amount of
platinum powder was added to this portion of hydrogen peroxide, and then the methanol began burning.
After Raney nickel reduction in water-ethanol, the filter paper with filtered-off Raney nickel was discarded
into a laboratory dustbin. After a fairly long time elapsed, the filter paper ignited. When desiccated, Raney
nickel will ignite.

During a reduction experiment with hydrogenated aluminum lithium, when it was put into a flask and
then ether was poured in, ignition took place. Ether has to be poured into the flask prior to hydrogenated
aluminum lithium.

A metal spatula was placed near organic lithium reagent, and ignition took place.

A calcium chloride tube was situated at the top end of a flask/reflux condenser that was desiccating ether
using metal sodium, the calcium chloride deliquesced and water droplets almost entered the flask/reflux
condenser.

After using a trap that was cooled with liquid nitrogen, the trap was allowed to stand immersed in liquid
nitrogen with both its openings remaining open. When the liquid nitrogen outside the trap fully evaporated,
the portion of liquid oxygen remaining in the trap violently evaporated. On this occasion, the then
solidified organic solvent within the trap accidentally blocked both openings of the trap; consequently, the
trap exploded.

During distillation of tetrahydrofuran, the residue became too small, and an explosion resulted.

A small amount of sodium peroxide was put onto a sheet of paper, then an attempt was made to wrap the
substance. Consequently, the substance ignited owing to friction.

Dilute sulfuric acid was added to potassium permanganate to generate oxygen. Then, as a result of
excessively rapid heating, an explosion took place.

Metal sodium decomposed with methanol was discarded in water. Because of insufficient decomposition,
the substance ignited and burned.

While acetyl peroxide was weighed using a spatula, the substance ignited.

3.6.2 Accidents arising from careless acts or poor organization in laboratories

°

The label on a container was misidentified. Consequently, magnesium perchlorate was mistakenly used
as desiccant for the solvent rather than magnesium sulfate, the correct desiccant, resulting in a large
explosion.

A mortar was used for grinding potassium chlorate. Without thorough rinsing, the same mortar was used to
grind a combustible material, leading to explosion.

Metal sodium was treated with ethanol. Treatment appeared to be complete, and water was added. Then
the substance ignited and exploded.

Damage to the water pipe of a Dimroth condenser was not detected. When the condenser was used to
desiccate solvent using sodium, an accident resulted.

Ether extract of reaction mixture was desiccated with magnesium sulfate and was filtered; and then
magnesium sulfate was drained away in the laboratory sink. Consequently, heat generated from reaction
between magnesium sulfate and water caused the residual ether in magnesium sulfate to violently
evaporate, and it was ignited by the pilot flame of the instant water heater.

During transportation, a cylinder accidentally overturned, breaking a flask that contained ether and sodium,
and the ether ignited.
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* While cleaning a laboratory table with a cloth, a length of glass capillary left on the table penetrated the
cloth and pierced the hand.

* Oil spilt from a heating oil bath onto the floor was not thoroughly removed. Consequently, a person slipped
and fell.

» A person fell when he/she stepped on a rubber vacuum tube that had been carelessly left on the floor.

* During a combustion test for liquid waste treatment, the liquid waste was transferred from a container for
combustible solvent to an evaporating dish. Then the container was left nearby, and the evaporating dish
was ignited. Consequently, the container caught fire.

* While liquid waste consisting of a mixture of perchlorate and organic substance was processed, the liquid
was transferred to a dry gallon bottle. Then the solvent evaporated and the vapor caught fire.

* A hook on an instrument having a ground joint was chipped and had sharp edges. Without knowing about
the sharp edges, a person rinsed the instrument and cut his/her hand.

* While being rinsed in the laboratory sink, a mercury thermometer was accidentally broken. Recovery of
the spilt mercury required great effort.

» A person accidentally stepped on potassium perchlorate spilt on the floor, and the substance ignited.

» Hot concentrated sulfuric acid was accidentally splashed onto clothing, and the clothing ignited.

» A laboratory cloth used to wipe up spilt chlorosulfuric acid was discarded together with a laboratory cloth
used to remove waste oil, and a fire resulted.

* While a flask containing a small amount of leftover ether was rinsed, the ether was ignited by the flame of
the water heater.

* While a flask containing ether solution was stored in a refrigerator, the solution exploded by electric spark
from the switch in the refrigerator.

* While ether was used, it was ignited by the flame of a burner 2 m away from it.

» Aflask was rinsed with acetone, and was going to be put into a desiccator, then the acetone exploded.

* While handling potassium cyanide, a person did not notice that fingers were contaminated with potassium
cyanide, and drank tea from a teacup. Then the person blacked out and became unconscious. Nearby
people immediately sent the victim to hospital and the victim underwent gastric lavage, and the victim’s
life was saved.

* During combustion test for liquid waste treatment, the combustible solvent still burning in an evaporating
dish was poured into a large capacity bucket containing liquid waste, and the liquid waste caught fire.

3.6.3 Accidents arising from lack of understanding of laboratory instruments, reaction
equipment and chemical engineering

» To neutralize a large amount of acidic aqueous solution in a bucket, solid sodium hydroxide was being
added. Violent reaction took place on and around the portion of sodium hydrochloride deposited on the
bottom of bucket, leading to bumping and chemical burn.

» During distillation, zeolite lost its effectiveness. Then, fresh zeolite was added, and bumping resulted.

* During distillation of toluene without a boiling stone, a boiling stone was added, bumping occurred and
toluene caught fire.

» A distillation apparatus was connected to a nitrogen balloon via a three-way cock, and distillation
was performed in the presence of nitrogen. During this process, heating was continued with the cock
erroneously shut, causing distillation in a closed system. Consequently, an explosion occurred and the
content gushed out.

» During transportation, an evacuated desiccator was accidentally dropped, and glass splinters violently flew
around, causing injury.

* While the secondary pressuring screw on the pressure regulating valve of a gas cylinder was left in the
active state, the valve of the gas cylinder was opened. Consequently, the pressure regulating valve was
broken, and the gas gushed out.

* A miniature electric heater for an oil heat bath was operated while it was immersed up to its connector, and
oil penetrated to the heating wire. Consequently the oil was decomposed and exploded.

» After completion of vacuum distillation using a mercury manometer, the pressure was restored though the
manometer was not closed. Consequently, the glass tube was broken by the inertia force of the mercury,
and mercury splashed around.

* A person judged that the chlorine gas cylinder was empty and removed the valve. Then a large amount of
chlorine gas was released, and the person was poisoned.
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IT. 4 Precautions for Biological Experiments

4.1 General Precautions for Biochemical Experiments

Before starting a biochemical experiment, study the experimental procedure. While the experiment is
in progress, always be aware of good organization of the laboratory table. After finishing the experiment,
promptly wash and stow the laboratory instruments used for further experiments.

Precautions for laboratory instruments and operation

(D Carefully handle laboratory glassware including beakers, graduated cylinders, and glass pipettes.
Promptly discard or repair damaged glassware as appropriate.

@ Handle a pipetter such as PIPETMAN gently. Unnecessary vertical motion or violent handling can lead to
incorrect reading.

(@ Before using a centrifuge, carefully study its operation manual to become fully familiar with operation of
the machine. Be particularly careful about its balance, and be aware of the upper limits of rotary speed of
rotor and tube. Be sure to prepare a tube whose material is suitable for the intended solvent.

@ When pipetting an organic solvent, toxic substance or any hazardous substance, be sure to use a safety
pipetter. When handling a hazardous reagent, wear plastic gloves.

(® When using a UV lamp, ultrasonic generator or the like, be sure to protect your eyes, skin, ears, etc.

(® When handling a specimen in liquid nitrogen or cryogenic bath, protect your hands and eyes, being
careful to avoid frostbite, etc.

Precautions for reagents

(D For general handling of reagents, see pages 54-65 of this manual.

(@ When using an unfamiliar chemical compound, investigate the properties of the compound before using
it by referring to the Merk Index or the like. Many organic solvents are combustible; handle open flames
very carefully and be sure to provide ventilation.

@ Acrylamide monomer used for gel electrophoresis is a neurotoxin and must be handled very carefully.

@ Ethidium bromide used to dye DNA is carcinogenic; be sure to wear protective gloves when handling
it. For information about its disposal, refer to Molecular Cloning, 3rd edition (Cold Spring Harbor
Laboratory Press).

(® The following substances often used in laboratories are carcinogenic:

Acridine Orange, asbestos, chloramphenicol, ethylmethane sulfonate, dimethyl nitrosamine, hydroxylamine,
4-nitrosoquinolin-oxide, benzene, benzidine, benzopyrene, mitomycin C, methylmethane sulfonate, N-methyl-
N -nitro-N-nitrosoguanidine.

® To store hazardous substances, use safe cabinets or the like so that these substances do not trigger a
secondary disaster in the event of disaster such as earthquake.

(D Label any experimental reagents prepared in the laboratory with the name of person responsible and date
of preparation.

Precautions for liquid waste of reagents and the like

D In disposing of reagents, Refer to pages 66-69 and pages 132-133 of this manual for the disposal of
reagents. Store liquid waste of combustible solvents in 10-liter PVC tanks, and apply for disposal at
regular intervals, so that an excessively large amount of such liquid waste do not remain stored.

@ Always keep the surface of laboratory table clean. Promptly remove the spilt reagent or the like. Do not
leave instruments on the laboratory table after use.

@ For disposal of laboratory wastes, be very careful to ensure the safety of people who undertake disposal,
because people without expert knowledge of the hazards of laboratory wastes may take part in disposal of
such wastes.
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4.2 General Precautions for Microbiological Experiments

Microbiological experiments are unique in that very small organisms not visible to the naked eye (microbes)
are cultivated for use in experiments; sterilization and germ-free operation are major basic techniques for
these experiments.

A wide variety of microbes are living around us, either floating or adhering to certain objects. When
performing microbiological experiments, particular microbes are handled in such environments, therefore,
rough handling or technique can lead to contamination or destruction of the microbe (experimental material),
causing the experiment to become meaningless. Even worse, such handling may allow pathogenic microbes
to float in the laboratory environment, causing environmental pollution and contagious disease. Therefore, to
be able to perform reliable microbiological experiments, it is necessary to fully understand the significance of
sterilization and learn correct sterilization techniques. In this context, strictly observe the following general
precautions:

(D Follow the guidance of the advisors, and learn correct laboratory techniques, and correct usage of
laboratory instruments and equipment. NEVER persist in crude self-taught technical policy.

@ Before starting an experiment, thoroughly wash and sterilize your hands and fingers.

@ In laboratories, always wear safe laboratory clothing. Do not wear laboratory clothing outside the
laboratories (in particular, to and from the student cafeteria, restroom, etc.).

@ Behave quietly in laboratories to minimize movement of air. Do not open the laboratory windows unless
necessary. Open the laboratory doors only when necessary.

(® Do not smoke, eat or drink in the laboratory.

©® If a test tube or petri dish with microorganisms or any other hazardous item has been broken, promptly
report to the advisor, and receive instructions about disinfection and other appropriate corrective actions.

(@ Sterilize and then dispose of culture medium and other waste after experiment; very carefully clean the
instruments (pipettes and the like) to avoid possible hazards.

After finishing the experiment, wash the test tubes and other instruments used, and return them together
with the reagents used to their original state (locations), and thoroughly clean and organize the laboratory
table.

@ When the experiment is finished, before you leave the laboratory disinfect the laboratory table and
laboratory coat, wash and disinfect your fingers and hands, and clean and organize the laboratory.

Use a microscope, sterilizer, incubator, centrifuge and other equipment according to the operating
instructions; after use, clean them so that they can be readily used for the next experiment.

@ Do not leave items that have been used in an experiment in an incubator or refrigerator for a prolonged
time.

Equipment and instruments used for microbiological experiments

@ Equipment
Dry heat sterilizer, autoclave sterilizer, incubator, constant temperature bath, centrifuge, refrigerator,
freezer, microscope, platinum loop, platinum wire, weighing instrument, test tube stand, disinfectant,
clean bench, etc.

@ Instruments (consumables)
Glassware (test tubes, flasks, petri dishes, pipettes, syringes, thin glasses for microscopic preparation,
etc.), various reagents (including culture media), papers (including weighing paper), aluminum cans,
strings, pencils, felt-tipped pens, toothpicks, cotton (cotton wool), etc.

83



4.3 BYERIZE T 5 —KIIEE

& W CHEBLMED & 5 K5 O mWIREBRIFZE 217 5 1I21E, BRpcEfl S, RHH
T L2 b IERBREE CRE SN EERBWZEATHINERH D, #- T, EREYO
AP AR, B S A LKHEMLIEFAEERICHOOFEELZL S L bl [ExY) 1Tkt
T 0B E RS, BEA~OREZ ST b2,

FERIZER L CIIARZPICHIE S vz TE BN I2EW PR OEREZHEZ 5 2, HIZK
DOEEFHEEIASTFT D2 &,

O B OFEEFEEHR (FEEORE AR, ENOEREHE., BROBESCEST O
1B, faAKk, TR, R, T ORI YY) ROMERER (KN, G0 L) 12,
HLOEEEILY Z &,

@ ERETIILTIHBRERKEEN T8, 2170, EBRKELEN LI- £ £ EBRES
ZHBEN RNk,

@ EBIIFFEH B ORI - TER LTV, ERE TRIZE DI, = odkH,
BYOBRELIEREITY Z &,

@ HHRERFPH N OBEMRTHECER R FTEND DN, BlERMEEZ—EICZL, TE5
RO B ETRE G2 R VWFHTITY L b, RBSEOBEYIRLELZ DL,

® EBO B Z PRI L, RS RRR A ITRICET 2 &, £ L TRICEIE R EZ V7 JE8R
F D, HASOEEME S SI3MAEY (FT VERZREY) 7SIk 2 Hilie ER R
~NDOBEEXMWZEZZ T L,

® B AR POEAN L GELICHEEHEICH L, ITEOFREXE2(TO 2 &, B
HEPNROONTZOELIIEEHABOHRELME, RBEEINA SR 70 & U) 72 L8 %
To92 &,

@ FFICBETHREZ T8 E2 0 #5 Ha1E, IBEHE LB ERE BT OfErR
NS BN D D,

® EBREKT LIz, HDWOITHE LB o ix, £t Rl o FREE O #5028 e
Fl, SEZEITHEE, Wa Ol B LG L, EREBIMICTE LMY EHE 5220 &
L, BMOREIEEK D Z &,

@ B ORELTEY (BEEY) 1%, HEHEOHREO L LICHEHAO 7 ) —HFITRET 572
U2 A U, BEREICHE L CIT M EFR S IR L. A OREFE L OVETR R 2 48
YT EDIRNEDITTAHI &,

O BREMSE IO T2 R SO R AT E O RS ANIEU T 5, Mk — 2 LR UE
I TRV &

@ EBRIHEH L-ERE, EE, PIESRELERL, HESTRECEETDLIZ L,

@ A ARLEFEHC L D EBRP O 7 TITEHICHBFEEOLE 21TV, LE e S EM OB N &
ZTAHZ L,

84



4.3 General Precautions for Animal Experiments

To be able to achieve highly accurate tests and research of good reproducibility using animals, it is
necessary to introduce healthy animals of known strain that have been raised in an appropriate environment.
Therefore, remain very careful in caring for laboratory animals with full understanding of their physiology,
habits and behavior, and at the same time, remain affectionate for “life” and conscious of animal welfare.

When conducting an animal experiment, obtain approval from the KIT President in accordance with the
“KIT Animal Experiment Rules”, and strictly observe the following precautions:

)

)
®

Remain very careful about animal care (temperature and humidity in the animal room, cleaning and
disinfection of the animal room, prevention of odor and noise, water supply, feeding, replacement of
bedding or cage, etc.) and healthcare (disease, disposal of fecal matter, etc.).

Always wear a clean laboratory coat within laboratories. Do not wear the laboratory coat outside
laboratories.

Perform an animal experiment in an orderly manner in accordance with the instructions from the advisor.
After finishing the experiment, immediately dispose of fecal matter, remove wastes and contaminated
items, and clean the cages.

A diversity of experimental methods ranging from simple procedures to complicated procedures are
available. Maintain the same working conditions, and choose a procedure that can minimize the pain of
animals, and take appropriate measures including warming the animals.

Clarify the objective of the experiment, and avoid waste of life whenever possible. Always consider
to supersede experimental systems involving laboratory animals with simple experimental systems
employing single cells, cultured cells, or microorganisms (model experiment, etc.).

When a laboratory animal from an external source has been introduced into a laboratory, immediately
report it to the advisor, and execute the necessary procedures. If an animal exhibits any abnormality,
immediately seek instructions from the advisor, and accordingly isolate or sacrifice the animal in question.
In particular, when handling a Living Gene-engineered animal, it is necessary to seek instructions from
both the advisor and KIT Animal Experiment Committee.

When the experiment has been completed or discontinued, try to promptly subject the animals to
euthanasia, minimizing the pain of the animals; more specifically, apply anesthetic in excess of lethal
dose, or execute cervical dislocation, skull contusion, beheading, etc.

Appropriately handle animal carcasses and fecal matter (waste) under the guidance of the advisor; for
example, store these wastes in a freezer designated for this purpose. Commission a specialist agent to
dispose of these wastes. Make sure that these wastes do not pose hazards to human health and the living
environment.

Collect hypodermic needles and syringes in a designated recovery container. NEVER discard these items
in a container for general wastes.

Thoroughly clean the laboratory table, equipment, and surgical instruments, and make sure they are
disinfected and dried.

If an injury occurs with a surgical knife or hypodermic needle, immediately disinfect and provide first-aid
care, and if necessary seck medical attention.
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4.4 Recombinant DNA Experiments

4.4.1 Objectives

This section shall specify the management and implementation procedures that are safe and do not
impact the environment in recombinant DNA experiments that are performed in KIT. “Recombinant
DNA Experiments” and “Living Gene-engineered Organisms” shall mean those defined by the “Act on
the Conservation and Sustainable Use of Biological Diversity through Regulations on the Use of Living
Gene-engineered Organisms” (Act No. 97, June 18, 2003), “Ordinance for Enforcement of the Act on the
Conservation and Sustainable Use of Biological Diversity through Regulations on the Use of Living Gene-
engineered Organisms” (Ordinance No. 1, November 21, 2003, the Ministry of Finance Japan; Ministry
of Education, Culture, Sports, Science and Technology (MEXT); Ministry of Health, Labour and Welfare;
Ministry of Agriculture, Forestry and Fisheries; Ministry of Economy, Trade and Industry; and the Ministry
of the Environment) and “The Ministerial Ordinance Providing Containment Measures to Be Taken in Type
2 Use of Living Gene-engineered Organisms for Research and Development” (Ordinance No. 1, January
29, 2004, the Ministry of Education, Culture, Sports, Science and Technology (MEXT); and the Ministry of
the Environment). Notwithstanding in KIT, only ”Organizational Experiments”, for which an appropriate
containment measure has been stipulated by an ordinance or the like, have been approved and implemented
as recombinant DNA experiments. This guidebook shall accordingly specify requirements about this type of
experiment. Other recombinant DNA experiments (Type 1 Use of Living Gene-engineered Organisms; and
Type 2 Use, in particular, “Minister Affirmed Experiments” where a necessary containment measure is not
stipulated by an ordinance or the like) require development of separate guidebook.

4.4.2 Compatibility of KIT rules with related outside rules

(1) For recombinant DNA experiments in KIT, the “Act on the Conservation and Sustainable Use of
Biological Diversity through Regulations on the Use of Living Gene-engineered Organisms”, “Ordinance
for Enforcement of Act on the Conservation and Sustainable Use of Biological Diversity through
Regulations on the Use of Living Gene-engineered Organisms” and “The Ministerial Ordinance
Providing Containment Measures to Be Taken in Type 2 Use of Living Gene-engineered Organisms for
Research and Development” as well as the KIT-developed “KIT Management Rules for Usage of Living
Gene-engineered Organisms or the Like” shall be strictly observed.

(2) Sorted collection and disposal of laboratory wastes including liquid waste occurring from experiments or
the like shall be done according to the “EMS Experimental Site Training Textbook.”

The above-mentioned related laws, ordinances and rules shall have priority over this “3.3 Disposal of
Laboratory Chemicals”

4.4.3 Management responsibility for recombinant DNA experiments

Management of recombinant DNA experiments shall be undertaken by the Principal Investigator for each
experiment plan stipulated by “The Ministerial Ordinance Providing Containment Measures to Be Taken in
Type 2 Use of Living Gene-engineered Organisms for Research and Development” and the KIT-developed
“KIT Management Rules for Usage of Living Gene-engineered Organisms or the Like.” The Experiment
Participants shall perform a recombinant DNA experiment under the guidance of the Principal Investigator of
the experiment he/she takes part in.

4.4.4 Approval and reporting for recombinant DNA experiments

(1) When conducting a recombinant DNA experiment, the Principal Investigator shall in advance submit an
“Application Form for Approval of Recombinant DNA Experiments or the like” and related documents
to the KIT Safety Management Committee for Recombinant DNA Experiments or the Like to obtain
approval for the experiment.

(2) Upon completion of the experiment, the Principal Investigator shall promptly submit a “Report on
Recombinant DNA Experiments or the Like to the KIT President to report that the experiment is finished.
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4.4.5 Control procedures for recombinant DNA experiments

(1) Environment conservation within recombinant DNA experiment area

(D When handling experimental specimens, strictly observe the experiment implementation procedure that
meets the containment measure level of the experiment area in question.

@ Control the specimens containing Living Gene-engineered organisms or the like, remaining conscious of
provisions in the applicable ordinances or the like.

@ Inspect the facilities and equipment to be used in recombinant DNA experiments at regular intervals
or as needed in order to ensure that such facilities and equipment satisfy provisions in the applicable
ordinances or the like.

(2) Environment conservation outside recombinant DNA experiment area

(D A material containing a Living Gene-engineered organism may be transferred to a place outside the
recombinant DNA experiment area, provided that the material is contained and sealed in a leak-free
container within the recombinant DNA experiment area; the fully-sealed container is subjected to a
measure that meets the containment measure level, and the container is labeled “handle with care.”

@ Sterilize and dispose of any material containing a Living Gene-engineered organism or an item
contaminated with such a material in order to inactivate the Living Gene-engineered organism. Dispose
of the sterilized liquid waste and solid-wastes in accordance with the “Experimental Liquid-Wastes/
Solid-Wastes Control Procedure.”

(3) Emergency response

In the event of emergency situation such as fire or earthquake, follow the instructions in the emergency
response procedure. However, when an emergency situation takes place, and if any problem included in
@ of (4) below has occurred, or a Living Gene-engineered organism or the like has accidentally been
released outside the experiment area, promptly report the fact to the safety director of recombinant DNA
experiment or the like as well as to the department director, and execute necessary measures under the
instruction of the safety director or department director. Additionally, when the emergency situation is
under control, the experiment shall be resumed in compliance with “The Ministerial Ordinance Providing
Containment Measures to Be Taken in Type 2 Use of Living Gene-engineered Organisms for Research and
Development.”

(4) Training and maintenance of health

(D Prior to implementation of the experiment, the Principal Investigator shall train the Experiment Participants,
and the Experiment Participants shall try to become fully familiar with the “KIT Management Rules for
Usage of Living Gene-engineered Organisms or the Like.”

@ Receive medical check held within KIT prior to implementation of the experiment, and at intervals not
greater than one year after implementation of the experiment.

@ If any of the following problems occurs, the Principal Investigator shall promptly report the fact to the
safety director of recombinant DNA experiment or the like as well as to the department director, and
execute necessary measures under the instruction of the safety director or department director.

+ If you have accidentally swallowed or inhaled a Living Gene-engineered organism or the like.

+ The skin has been contaminated with a Living Gene-engineered organism or the like.

+ The experiment area has been heavily contaminated with a Living Gene-engineered organism or the like,
or you have been present within the contaminated experiment area.

* During or after the experiment, you have a health problem, or are experiencing serious or chronic illness.
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IT. 5 General Precautions for Experiments Involving Lasers/UV
Irradiation

5.1 Precautions for Handling Laser Equipment

5.1.1 Health hazards of lasers

Mishandling of laser equipment can lead to the following health hazards. Therefore, laser equipment needs
to be appropriately and correctly used.

(1) Eye injury (burn or detachment of retina, loss of eyesight, cataract) (See Table II-5.1.)
(2) Skin lesions (burn, pigmentation, cancer, thermal coagulation)
(3) Other (electric shock, disorder resulting from handling of dye laser)

5.1.2 Precautions for using laser equipment

(1) Precautions against eye injury

Always wear protective goggles that suit the wavelength of laser used.
Do not directly look into a laser beam.

Make sure that the optical system including mirrors is securely mounted before operating the laser
equipment.

Do not place any highly reflective object near the laser equipment.

Be sure that the height of the laser beam path is not at the eye level of people walking or working near
the laser equipment.

Whenever possible, operate the laser equipment in a well illuminated place.
Whenever possible, fully cover the laser beam path as well as the extension of the laser beam path.

Post an appropriate laser warning plate at the entrance of a laser installation or on the protective cover.

e 0 0O

Do not install the laser equipment in a direction where the laser beam can be directed to the door.

(2) Precautions against skin lesions
Do not irradiate a human body with laser beam, even through clothing.

Minimize skin exposure. When possible, wear long-sleeved clothing made of fireproof material.
Do not stand in the laser beam path or the extension of the laser beam path.

Do not place a readily combustible item (organic solvent, oil, paper, etc.) in the laser beam path.

SECECNCNGC)

Terminate the laser beam by using the special beam stopper designed for this purpose or non-
combustible shield (such as brick wall).

(3) Other precautions for use of laser equipment
(D While operating the laser equipment, signal its use to others who are unaware of it.

@ Lasers equipment operates on a high-voltage power supply. Handle the power supply very carefully to
avoid electric shock or power leakage.

@ For lasers involving hazardous gas such as halogen gas, provide an appropriate measure to address
possible gas leakage and necessary gas purging, and extremely carefully handle this type of laser
equipment (refer to II. 7 Management and Handling of High-Pressure Gases).

@ For further information about laser/UV precautions, refer to Tables I1-5.2 and 1I-5.3.
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Table II-5.1 Summary of Pathological Effects Resulting from Excessive Exposure to Optical Irradiation

Wavelength Eye symptoms Skin symptoms
UV-C
180 — 280 nm Rubedo (sunburn)
Photochemical keratitis Acceleration of skin aging
UV-B Hyperpigmentation
280 —315 nm
UV-A . .
315 — 400 nm Cataract from photochemical reaction Skin pigmentation
Reaction by light
Visible Damage to retina resulting from photochemical Skin burn
400 — 780 nm reaction or irradiation with heat
IR-A .
780 — 1400 nm Cataract, retina burn
IR-B Aqueous flare, cataract, corneal burn Skin b
14-3.0 um queou , , CO u urn
IR-C

Corneal burn only

3.0 um — I mm

Table I1-5.2 Classifications and Overview of Hazard in Laser Irradiation to Human Body

Class | Severity of hazard Overview of hazard assessment

Output of 0.39 mW or lower.

! Inherently safe Inherently safe laser under rationally predictable operating conditions.

Inherently safe if | Output of 0.39 mW or lower (wavelength: 302.5 — 4000 nm).
M there is no beam | Safe if laser beam is not observed through a lens system under predictable
focusing rational conditions.

Visible light whose output is not greater than 1 mW (wavelength: 400 —
2 Safe 700 nm).
Safe owing to eye protection by aversion response, such as blinking.

Visible light whose output is not greater than 1 mW (wavelength: 400 —
. . 700 nm).
2M S?)ffalli tﬁ)ecrzsli;no Safe if eye protection by aversion response such as blinking is possible
£ and the laser beam is not observed through a lens system. Laser irradiation
level is same as that of class 2.

Somewhat Output is not greater than five times the output of class 2 (visible light)
3R hazardous or class 1 (invisible light) (wavelength: 302.5 — 106 nm).
Direct observation into the beam is potentially hazardous.

Output is not greater than 0.5 W.
3B Fairly hazardous | Hazardous when directly viewing or touching the laser beam, or light
reflected from a mirror surface.

Highly powerful (greater than 0.5 W).

Directly viewing the laser beam, light reflected from a mirror surface or
scattered light is hazardous.

Can not only damage the skin but also cause fires.

4 Highly hazardous
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Table I1-5.3 Laser Safety Standards by Laser Equipment Class

Laser equipment class
Safety measure Contents of safety measure 2 138 | 3R [ 2M 1M
- . Selected from people who have sufficient knowledge and experience in 1
Appointment of laser equipment manager handling of laser equipment and prevention of injuries from laser beam. O1010
. . The area is separated from other areas, and is clearly marked
Control area (signboard, Authorized only) with a signboard, etc. Authorized personnel only. o0
Location of path Avoid the height of the operator’s eye level. OlO0|]O[0O]|0O
Appropriate desion and Whenever possible, minimize the length of laser path as well as the number of
Laser path upar; dirll) of o tic{il ath | bends within the path; make sure that the laser path does not interfere with the o|O|o*
g gotop P walkway within the area. Whenever possible, enclose the laser path with a cover.
. . Terminate the laser path with an appropriate diffusing reflector or o N
Appropriate termination absorbing material featuring appropriate reflectance and heat resistance. O |0 |0"0%0
] i -
5 Key control Equipment controller structure that features key-operated olo
g functions.
% Emereency ston switch Emergency stop push-button switch that can be used to olo
5 gency stop immediately stop laser emission.
& | Emergency . . . .
| stop switch, Alarm system gﬁ;me?cewces such as easily recognizable automatic alarm ololo*
etc. M
Shutter Shutter on the laser b'ear.n outlet, for protecting nearby people olo
from sudden laser emission.
Laser emission is automatically interrupted when the control
Interlock system area is open, and laser beam path guard is released. o0
Warning 1ndlc(a)$)lr; tfor laser beam Marking on the laser beam outlet. [ORROR RG]
. Control of laser equipment in a location as far as possible
Workstation from the laser path. O
Safety measure for adjusting optical | Optical system is adjusted to the minimum necessary laser ololololo
system power.
= Protective goggles Wear laser protection goggles suitable for the laser type used. | O | O |O*
E
= . -
g | Personal Work clothing with Wear work clothing with minimum skin exposure. o]0
44 | protection | minimum skin exposure
o
= Use of incombustible Wear clothing made of fire-resistant material. Do not use chemical 0
materials fiber material that melts and generates small beads when heated.
Inspection, maintenance Do start-up inspection. Inspect and adjust at regular intervals. | O | O | O | O | O
Education for safety and hygiene | Safety education for using laser equipment OlO0|]O[0O]|0O
Laser equipment manager | Name of laser equipment manager o|O|o*
. Danger, hazard, handling On readily visible points: warning message about danger and
Signs precautions hazard, and handling precautions about laser beam. 010101010
Marking of laser Signboard about laser equipment. OO0
equipment installation
w
S | Marking of high-voltage portion of . . . -
g Jaser equipment High-voltage warning plate, electric-shock preventionmeasure | O | O | O | O | O
Do not bring in dangerous items. Explosive material, flammable substances o]0
Countermeasures against poisonous | Measures provided by the Industrial Safety and Health Law olo
gas, dust, etc. of Japan.
Medical attention for a person who | Promptly seek medical attention for a person who may have ololololo
may have injury by laser beam injury by laser beam.

O mark means the safety measure is needed.
*1: The safety measure needs to be implemented for laser equipment that emits laser beam whose wavelength does not fall in the

range of 400 — 700 nm.

*2: An effective laser beam termination needs to be provided for laser equipment that is specified in Sec. 10.6 in the JIS Standard.
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5.2 Precautions for Handling of UV Light Sources

Even in the case of eye contact with UV irradiation, the victim will not immediately feel pain in his/her
eyes. Nevertheless, several hours later, his/her eyes may become bloodshot, painful and watery. Furthermore,
UV irradiation can cause injury such as skin inflammation. Therefore, certain considerations such as those
listed below are needed when handling UV sources such as mercury lamps (including a germicidal lamp) and
high-pressure Xe lamps:

(1) Do not directly irradiate skin with UV rays and do not directly look into UV rays. Be sure to wear UV
protective goggles or equivalent equipment, and contain UV rays with a thick glass or acrylic plate.

(2) When a UV light source is lit in air, ozone will be generated. Therefore, it is desirable to provide an
evacuation pipe or ozone eliminator within the UV lamp house.

(3) A light source such as a high-pressure lamp can explode when it is turned on or while it remains lit.
Therefore, operate such light sources in a purpose-specific housing (lamp house).

(4) When operating a UV microscope, be sure to install a UV protective filter.

(5) During UV irradiation, warn nearby people that the UV light source is active by using a signboard. If
necessary, prohibit entry of unauthorized personnel during UV irradiation.

5.3 Precautions for Handling Sources of Other Electromagnetic Emissions

Intense microwaves and IR rays can burn skin and damage eyes. Microwaves can also damage internal
organs, and powerful IR irradiation can cause fires. When using such power supplies and light sources, it is
necessary to provide sufficiently effective shielding measures.

97



0.6 =t - HAE, &l RIEERO —REE

6.1 mET) - BEZEEBRO—REE

EENZHWD R TIE, SRR OME - IBRINE Z S iERNEICH Y, £z, 2o
M - BRICL > CTERFRICEIRE LD D, 20D, BB OEHE, A5, #HIC
DWTHILDOEELZL I LERDH D, £7 . mEEGEOEHN 2 SMEITV, FEBRIZEE L T
X, TOEEFIEZHMICED, 220, BEIITILERS D, H2E (HE) EBRTH, k
FERBROBENR Z 5D T, BIEEREFAFEOEEN/LETH D, —RHREEEZLITIC
2115,
O FEJEOFERIEE CI1I, WHOBFESCRT TRV N OfEA7p P HEO R 2 EWICH
T 5, [EME (RWOAE) LITEOHIETHRET S,

Q@ EERER (a7 Lyh—4— 7 L—T7 4 Y) TIIELEBROEI 2 HERT 5,
T—, FEPRAE LTRRCIE, ZEREBETEZ 5L 212 L TEL,

@ FEBRIEEOCRMN T T AMOLGEIZIIFFICHEE LT W T, ERBIGATITESCEAN
WIS Z L,

@ ZfT7TAaD X, FWES DB HETOREGIIRIE T CHIE LT < #olo
LA EBRNT, IRUCEIE FTHERA LTI 5720,

® BEZEHEEHD IV Y v —7Ip EO KM 5 ARG TIE, MRHBEHTH 2 CHHE#E R OB\ Tl
ANNTHZENREFE LU,

® WHIKZVEE L 2 EZE PR IEE T, WEIKEE Ok 2 B 132 72 0 ORFE & O
BRNVETH D,

@ I AP I LB I ARG 7 IOE R E M A TE R B0,

® WIEZFIEIZRTRHITIRE Z T T bMRA T 2 &,

@ (L ESAHHERE (CVD) #EZR 813, TN ENOBEHHFICIESW T, #IEICMEV 2

PNE D, MEICEREZITHIZ L,
EEN A ZHAWDERICONWTIE, [-71 28O L,

6.2 =il - AR SRR O — xR

EIRRCKIEZH ) ERTIL, kKESLPHER EOEEICKTHIEENLETH D, £, &
BT THERELARAR T D, —RERORE LIRS, ERNC TS
HERPIHE DIFEIZ LSV TEREZITHI 2 &,

O WiEHEECIIZEEEZEH L, ZOIELZHER L T, FUPBBELZEAEZHE

ELEFEBRETE L2 LTEL,

@ mEHEEZRDH O RS, RIS A 0T A2 AREEHT S, 12T
WX & AT 5,

@ BAEIEE - s A OMF AR, W ORIOME OnEI 7 Bl L DRI+ 7
EEEHL D,

@ WIREESE ., WIRZE T ORI T A DB TIE, WriEhE i L CTuN 7 W ERE S I AR
NEEMND EWELAZEZ T, EPE (EFREIIART) - RERER 25 L CEE
W79 2 &,

® WIAEESHE, RRERLEDOINRIRIE T A ZBERETRVR D LBBREDIK TTZ2ELEED
falRtEN o 5, BRICIER L, HBICEHT 25813 BRESRH2HET LI LN
PE LV,

® Rk ZEHE LT L RX—Z —TERET I, BEEWEZVIET 5720, RO x FTH,
B DOIRPENS DREIFEEL T2 DERE T L RXR—F —NITHRT 5,

98



IT. 6 General Precautions for High-Pressure or Vacuum Experiments,
and High-Temperature or Cryogenic Experiments

6.1 General Precautions for High-Pressure or Vacuum Experiments

In experiments employing high pressure, there is always hazard of breakage or explosion of high-pressure
apparatuses, possibly leading to severe accidents. Therefore, high-pressure apparatuses have to be controlled,
maintained and used with utmost care. First, high-pressure apparatuses need to be inspected at regular
intervals, and clear-cut work procedures for experiments have to be developed and implemented carefully.
In vacuum (evacuated) experiments, similar problems can occur, and the same precautions as those for high-
pressure experiments should be paid attention. General precautions for high-pressure or vacuum experiments
are summarized below.

(D Inspect high-pressure experimental equipment at regular intervals for worn parts, looseness of lock bolts,
and other problems. Also, check gas-tightness (possible leakage) by predetermined methods.

@ For high-pressure apparatuses (such as compressors and autoclaves), check that their safety devices
function normally. Employ a remote control feature to cope with possible accidents.

(® Experimental apparatuses and vessels made of glass are particularly fragile. Before starting an
experiment, check that this glassware is free of flaws and distortion.

@ Thin-walled glass vessels having a flat bottom such as an Erlenmeyer flask can readily break under
reduced pressure, and should NEVER be used in vacuum, except for exceptional applications.

(® Large glassware such as a bell jar for vacuum evaporation should be enclosed with a protective covering
in case of breakage.

©® For a vacuum evacuation system that requires cooling water, measures and inspections are needed to
prevent break of the cooling water line.

(@ During pressurization or depressurization, do not subject the equipment to excessive force or impact.

When restoring reduced pressure to normal pressure, first lower the temperature and then gradually
increase the pressure.

© For experiments with a chemical vapor deposition (CVD) system, carefully read the operation manual of
the equipment, and carefully handle the equipment so as not to misoperate it.

For precautions about experiments involving high-pressure gases, refer to Sec. I1-7.1.

6.2 General Precautions for High-Temperature or Cryogenic Experiments

For experiments involving high temperature or extremely low temperature, special precautions need to
be taken against injuries such as burn and frostbite. In addition, during an experiment at high temperature,
caution should be paid attention to prevent fire. General precautions for high-temperature or cryogenic
experiments are summarized below. For individual application, carry out the experiment under the guidance
of supervisor or experienced personnel.

(D Incorporate safety devices into high-temperature experiment equipment, and check that the safety devices
function normally. Employ a remote control feature to cope with possible accidents.

@ When handling equipment for high-temperature experiment, wear clothing that can be readily stripped
away. Always wear dry gloves.

(3 When using cryogenic equipment or instruments, be particularly careful about possible leakage of
refrigerant, and breakage of materials owing to overcooling.

@ When cryogenic liquefied gas such as liquid oxygen and liquid nitrogen is handled, and if the human
body directly comes into contact with non-insulated piping, frostbite can result. Wear leather protective
gloves (not cotton work gloves) and protective goggles, and then carefully handle the cryogenic liquefied
gas.

(® When cryogenic liquefied gas such as liquid oxygen and liquid nitrogen is handled in a closed room, the
oxygen concentration in the room decreases, possibly leading to suffocation. Provide ventilation, and
if cryogenic liquefied gas is often used in a particular room, an oxygen concentration alarm should be
placed in the room.

(® When cryogenic liquefied gas such as liquid nitrogen is transported on an elevator, allow the elevator
car to carry only the gas cylinder in order to avoid suffocation accidents, and post a warning within the
elevator car to prevent a passenger riding from another floor in this elevator car.
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6.3 Handling and Precautions for Liquid Nitrogen

Liquefied gases such as liquid nitrogen (LN2) and liquid helium are hazardous substances since they are
cryogenic and can readily vaporize. To prevent accidents during experiments as well as waste of liquefied gas,
these substances should be carefully handled.

6.3.1 Basic characteristics of various liquefied gases

(D Nitrogen in liquefied state is colorless and transparent, and has a specific gravity of 0.81 g/cm’, boiling
point of — 195.8 °C, and melting point of —209.9 °C. Nitrogen in gaseous state is colorless, tasteless,
and odorless, and has a density of 1.25 g/L (RT), specific gravity of 0.97 (relative to air), volume ratio
relative to liquid of approximately 650 times, and is inactive and noncombustible at ordinary temperature
or lower, but can generate nitrogen oxide at higher temperature.

@ Helium in liquefied state has a specific gravity of 0.125 g/cm’ (—269.0 °C), and boiling point of — 268.9
°C. Helium in gaseous state is colorless, tasteless, and odorless, and has a density of 0.179 g/L (RT),
specific gravity of 0.14 (relative to air), volume ratio relative to liquid of approximately 700 times, and is
nonflammable.

6.3.2 Hazards of handling liquefied gases

(D Hazards of cryogenic property include frostbite, fracture of gas storage vessel owing to deteriorated
physical properties, and occurrence of fire or explosion owing to condensation of liquid oxygen.

(@ Hazards of vaporization include rupture or explosion owing to excessive pressure buildup, and
suffocation or Hypoxia (oxygen deficiency) owing to presence of a large amount of vaporized gas.

6.3.3 Basic precautions for handling liquefied gases

D Getting liquefied gas into the eye can lead to loss of vision. Wear protective goggles while handling
liquefied gas.

@ Do not allow your skin to come into contact directly with liquefied gas itself, low temperature gas
deriving from liquefied gas or a cold metal surface. If such a hazard is expected, wear dry leather gloves.

(@ Only use gas storage vessels specially designed for storing cryogenic gases. Various gas storage vessels
are available. Before using a gas storage vessel, carefully read the instruction manual.

@ Consider the size reduction, stress generation, thermal shock, etc. possibly resulting from quick cooling.
Remember that an apparatus (glassware in particular) can develop fracture when it is used first time.

(® Do not use a gas storage vessel with poor heat insulating performance. Such gas storage vessels can lead
not only to excessive vaporization but also violent bumping.

©® Do not attempt to pump up or transfer liquefied gas in unnecessary large amounts. Execute such a
procedure systematically. Keep gas storage vessels with their content not fully depleted, in order to avoid
unnecessary vaporization during the next recharging operation.

(@ Frost or ice in a metal gas storage vessel can later cause rusting inside the gas storage vessel. Avoid this
problem whenever possible.

On a liquid helium gas storage vessel, liquefied air can drip from an area with insufficient heat insulation
performance. Do not touch this area.

@ Do not transport a gas storage vessel on an elevator. When transportation on an elevator is unavoidable,
at least two persons are needed for the transportation. One person starts the elevator car carrying only the
gas storage vessel, and the other person waits for the arrival of elevator car at the target floor to unload
the gas storage vessel. For this operation, a signboard should be posted inside the elevator car with the
message of “No passengers are allowed during this operation.”

When liquefied gas vaporizes, the volume of the gas is approximately 700 times as large as that in liquid

state. Therefore, always remain aware of possible hazards arising from pressure buildup.

Vaporization of a large amount of gas can cause the hazard of suffocation owing to decrease in oxygen

concentration in air. Usually, oxygen concentration in air stands at 21%. If oxygen concentration

decreases below 18%, people involved will suffer from oxygen deficiency; if oxygen concentration
further decreases to approximately 15%, brain activity will be significantly deteriorated and bodily
functions will be jeopardized. In the worst situation, if a person inhales air with oxygen concentration of

6% or lower, he/she will lose normal respiratory function; even one inhalation of such air can lead to loss

of consciousness, coma, unconsciousness, or loss of respiration.

S
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6.3.4 Handling open type storage vessels (Dewar vessel, etc.)

(D NEVER seal the storage vessel to shut in gas vapor.

@ A Dewar vessel features dual-wall structure for vacuum insulation. Handle it very carefully. If damaged,
violent vaporization of a large amount of gas can occur, and implosion can occur at the same time,
causing glass splinters to fly.

(@ The bottom and wall of the glass vessel are brittle, and can break by even slight contact with the content
of the vessel. Additionally, carefully transfer liquefied gas so as to avoid heat shock.

(@ When transporting a vessel with liquefied gas in it, be very careful not to allow the vessel to fall. Also, be
careful to avoid spilling liquefied gas.

(® When using a platform cart, take care to prevent the vessel from coming off or falling owing to vibration.

©® Transport the vessel very carefully. Avoid open flame.

(@ Do not carelessly look inside the vessel.

During storage, protect the vessel with a cover to prevent blocking of the opening owing to frozen
moisture and condensation of oxygen.

@ Trap-cooling using liquefied gas can cause the condensation of liquid oxygen (boiling point — 183 °C).
In an atmosphere of high oxygen concentration, the flash point and ignition point of many substances are
much lower compared with those in the normal atmosphere. Note that this situation is very hazardous
(increased flammability and increased tendency for deflagration); therefore, utmost care should be taken
to avoid the condensation of oxygen.

Also, remember that liquid oxygen can readily vaporize under ordinary pressure, and can cause a hazard
of explosion of the vessel. If liquid oxygen condensates in a trap, etc., keep the opening wide open in
order to release oxygen vapor, and allow the vessel to stand until the trapped liquid nitrogen and liquid
oxygen spontaneously evaporate. Before completion of the release of liquid nitrogen and liquid oxygen,
keep away from the apparatus as far as possible.

6.3.5 Handling cryogenic storage vessels (portable)

(D Only use a storage vessel complying with the High-Pressure Gas Safety Law of Japan. The owner must
implement self-management, such as a re-inspection of the vessel, remaining careful about the state of
use and safety of the cryogenic storage vessel.

@ All the users must be fully familiar with correct usage including functions of the valves.

@ In many cases, the cryogenic storage vessels are large capacity gas cylinders. When broken, such large
capacity gas cylinders can emit a large amount of vaporized gas. Because of structural design limitation,
the neck of the storage vessel is the most vulnerable. Do not subject the neck to shock. Do not place the
vessel sideways or turn it over.

@ A fully charged storage vessel is relatively heavy. To avoid overturning, move the storage vessel with at
least two persons. Do not roll the vessel to move it.

(® When using indoors, provide sufficiently effective ventilation.

©® Since this storage vessel is a closed type, avoid open flame near it. Do not place a heat source, flammable
or ignitable substance within 2 m of it (relevant laws and regulations).

(D Only use a pressure regulator whose specifications meet the requirements for the storage vessel. Handle
the storage vessel in an appropriate way; for example, carefully open/close the valve.

To prevent ingress of foreign matter and avoid waste of gas owing to vaporization, leave a certain level
of residual pressure rather than fully consuming the gas within the storage vessel.

6.3.6 Pumping out from the cold evaporators (CE, large storage tank)

(D KIT owns a large liquid nitrogen storage tank with capacity of four tons as a shared facility (hereinafter
simply referred to as the LN2 storage tank). Each research field (laboratory) can pump out a necessary
amount of LN2 at any time from this storage tank, provided that the research field follows the
instructions @) through (8 below:

@ A research field (laboratory) wishing to use KIT's LN2 storage tank has to obtain permission for use from
the High Pressure Gas Operation Safety Chief prior to use of this shared facility.

(@ All new LN2 storage tank users must participate in the training session of High Pressure Gas Operation
Safety.

@ Comply with the procedures in “the Liquid nitrogen pumping out procedure (for small vessels)”
instructions on the next page [6.3.7] when using the LN2 storage tank.
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The LN2 storage tank is available from 8:30 AM to 5:30 PM on weekdays.

At least two persons have to cooperate in pumping out LN2 and transportation of the storage vessel.

In pumping out LN2, be sure to wear protective goggles and leather gloves.

At every operation with the LN2 storage tank, the user must check for looseness of joints, liquid leakage
and other problems on the open/close valve and nozzle joint, and record the findings. If any abnormality
is found, immediately report it to the High Pressure Gas Operation Safety Chief or appropriate
department.

6.3.7 Liquid nitrogen pumping out procedure (for small vessels)

)

)

©

©)

@

©)

When handling liquid nitrogen, always remain careful about not only its cryogenic quality but also
hazards arising from vaporization of liquid nitrogen. For this handling work, wear protective goggles and
leather gloves, and keep in mind careful treatment. NEVER open/close any valves other than the liquid
withdrawal valve.
Before pumping out, read the amount remaining in the evaporator on the liquid level gage as a pressure
unit and enter the number into the space for “Liquid Surface/before” in the “Pump-out Log for
Management.” Additional form sheets are available at the back of each binder.
Note: When the reading drops below the "order level" line, voluntarily report this to the Procurement Section of the Accounting
Department (ext. 7078) to request an LN2 delivery tank truck. Note that delivery will be done about three days after ordering.
After requesting a delivery, hang the yellow message plate that reads “Already reported to the Procurement Department” on the
liquid level gage.
Read the internal pressure of the storage tank with the pressure gage, and enter the reading into the space
for “Pressure/before” in the “Pump-Out Log for Management.”
Use the right-side nozzle exclusively to pumping-out for small vessels. Insert the nozzle slowly into the
vessel, being careful not to exert excessive force to the metal flexible hose. (For direct connection and
filling a large storage tank, consult separately.)
Carefully open the liquid withdrawal valve to start pumping-out LN2. Until the piping and metal flexible

hose get fully chilled, gaseous nitrogen is delivered (gaseous volume = liquid volume X 650).
* Be careful about blow off and splashing of liquid nitrogen. While observing the state of released liquid nitrogen, carefully
open or close the withdrawal valve. When operating the valve, wear dry leather gloves. Direct touching of cryogenic metal
areas with bare hands, skin or wet leather gloves can result in frostbite.

Once a necessary amount of LN2 has been obtained, securely shut the liquid withdrawal valve, and
return the nozzle back to the nozzle stand slowly.

After pumping out, read the liquid level and the internal pressure, and enter the values into the space in
the “Pump-Out Log for Management.” Be certain to enter any other necessary data in the log, ex. the
amount of LN2 pumped out.

Record necessary data in the “Pump-Out Log for Each Research Field”, being fully careful not to enter
the data in a wrong research laboratory.

Before leaving the facility, confirm the liquid withdrawal valve is properly closed again.
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II. 7 Management and Handling of High-Pressure Gases
7.1 High-Pressure Gases Defined

The High Pressure Gas Safety Law of Japan categorized high-pressure gases into four groups: compressed
gases in (D and @ below, and liquefied gases in (3) and @ below (1 kg/cm?=0.098 MPa).
(D Compressed gas whose pressure at ordinary temperature or 35°C is 1 MPa or more.
@ Acetylene gas whose pressure at ordinary temperature or 15°C is 0.2 MPa or more.
@ Liquefied gas whose pressure at ordinary temperature or 35°C is 0.2 MPa or more.
@ Among liquefied gases whose pressure at 35°C exceed 0 MPa, liquefied hydrogen cyanide, liquefied
bromomethyl chloride, and any other liquefied gases specified by government ordinance.

7.2 Categories of High-Pressure Gases

High-pressure gases are categorized in accordance with the state of the gas in a gas cylinder and
characteristics of gas, and are accordingly designated. Typical categorizing schemes and resultant gas
designations are as given below:

(1) Categorization by physical state in cylinder

(D Compressed gas: Gas that remains gaseous even when compressed in a gas cylinder.
(Ex.) Hydrogen, oxygen, nitrogen, methane, monosilane, argon
@ Liquefied gas:  Gas that exists as liquid in a gas cylinder.
(Ex.) Liquid ammonia, liquid chlorine, LP gas, carbon dioxide
This category includes liquid oxygen, liquid nitrogen and liquefied natural gas
kept in cryogenic conditions.

@ Dissolved gas:  This category of gas is regarded as compressed gas by law; however, when compressed
to high pressure, it can be degraded and lead to explosion. To prevent this hazard, it is
kept in a gas cylinder dissolved in a particular solvent.

(Ex.) Acetylene (solvent: acetone)

2) Categorization by chemical characteristics including combustibility and toxici
g y g
(Remember that certain high-pressure gas types feature two or more chemical characteristics.)

(D Combustible gas:  Gas that can burn in air or oxygen gas.
(Ex.) Hydrogen, methane, ethylene, acetylene, ammonia, carbon monoxide, special
high-pressure gas, propane, butane
Remember that acetylene and certain special high-pressure gases can explode
owing to self-decomposition, even when air or oxygen is absent.
@ Oxidizing gas (combustion enhancing gas): Gas that helps other substances burn.
(Ex.) Oxygen, air, chlorine gas, nitrogen trifluoride
(® Noncombustible gas: This gas is noncombustible and does not help other substances burn.
(Ex.) Nitrogen, carbon dioxide, argon, neon, helium
@ Toxic gas: Gas whose permissible concentration (threshold limit value*) is not greater than 200 ppm.
(Ex.) Ammonia gas, chlorine gas, carbon monoxide. dinitrogen monoxide

* Threshold limit value (definition): Concentration of a poisonous gas at which an ordinary person does not
experience health hazard when he/she performs moderately hard work for 8 hours a day in an environment that
contains the poisonous gas and if this practice is continued for a prolonged period.
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(3) Others

(D Special high-pressure gases: Seven particularly hazardous gases among combustible and/or toxic gases
specified by the Security Regulation for General High-Pressure Gas.

(Monosilane, disilane, arsine, phosphine, diborane, monogermane and hydrogen selenide)

@ Special material gases: A group of gases whose chemical structure and hazards are identical to those
of special high-pressure gases.

@ Inert gases: Rare gases, as well as nitrogen, carbon dioxide and incombustible fluorocarbon.
When installing an experimental apparatus that uses a special high-pressure gas, the user has to obtain
permission from the KIT President, and has to notify the prefectural governor. Also, some handling
standards of certain special material gases (NOTE) are identical to those of special high-pressure gases
though these special material gases do not require notification of the prefectural governor.

(NOTE) Applicable special material gases: Silicon tetrafluoride, arsenic fluoride (V), phosphorus fluoride (III and V), boron
trifluoride, hydrogen telluride, stibine, nitrogen trifluoride, sulfur tetrafluoride

7.3 Management and Handling

High-pressure gas cylinders have caused many rupture accidents, claiming many casualties. Therefore,
it is necessary to handle these gas cylinders with utmost care. The important tips people handling these gas
cylinders must know are listed below. Note that these tips are not arranged in the order of importance; each one
must be always kept in mind. Additionally, the high-pressure gas cylinders used in KIT are controlled per the
“Chemical Registration Information System (KITCRIS)”, and the users of high-pressure gas cylinders have to
strictly observe the procedures stipulated by this system.

7.3.1 Handling of high-pressure gas cylinders

(1) Data stamped on gas cylinder
The shoulder of gas cylinder has to carry the stamped data described below to certify that the gas cylinder
has been found satisfactory in the inspection:
(D Symbol for name of inspector or inspecting institute, (2 name of gas, & code and ID No. of gas
cylinder, @ internal volume, & gas cylinder mass, (© year, month and date of inspection, (D pressure
applied in pressure test, ® maximum charging pressure, @ registeration mark and number of the owner
of gas cylinder.

The paint color of a gas cylinder is dependent on the gas contained, and the character and character color
indicating the name and characteristics are stipulated by rule (see Table I1-7.1).

Table II-7.1 Paint Colors of High-Pressure Gas Cylinder and Colors of Characters

Type of high- Paint color Color of characters Characters and colors for characteristics of gas
pressure gas for name of gas
Oxygen Black White
Hydrogen Red White “BX (combustible)”; white
Carbon dioxide Green White
Ammonia White Red “ X (combustible)”; red, “ 7 (toxic)”; black
Chlorine Yellow White “ %7 (toxic)”; black
Acetylene Brown White “ & (combustible)”; white
Other gases Gray White

(2) Installation and storage

(D The entrance of a storage room where the gas cylinder(s) is stowed and/or used shall post a sign that
clearly states the type of high-pressure gas used.

@ To prevent the cylinder from falling, secure it at two places, with a rope or chain. Use a purpose-built
cylinder holder, and employ a manifold and cabinet whenever possible.
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(® Avoid direct sunlight, and place the gas cylinder in a well ventilated place where the temperature does
not exceed 40°C.

@ Do not install or store both a combustible gas cylinder and oxidizing gas cylinder (for example, oxygen
and hydrogen) in the same location.

(® Use or store combustible or toxic gas in a place having a sufficiently effective ventilation system. When
discharging toxic gas, in particular, provide detoxification measures.

® Keep sufficiently large safe clearance to combustible substance, spontaneously combustible substance,
flammable substance or open flame.

(@ Keep sufficiently large safe clearance to electric lines or earth grounding wire.

Discriminate empty gas cylinders from charged gas cylinders. Promptly return an empty gas cylinder.

@ Fit a cap over the valve on an unused gas cylinder.

Do not store gas cylinders for a prolonged period. Be careful that gas cylinders do not remain uninspected
beyond the reinspection deadline.

(3) Transportation of gas cylinders

(D Use carrier wagon dedicated to this purpose.

@ For manual transportation, somewhat tilt the gas cylinder, and turn it on the edge of its bottom to move to
the intended location. NEVER carry it on shoulder or hoist by hand.

(® During transportation, keep the protective cap on the valve, and do not directly touch the valve by hand
so as to avoid damage to the valve.

(4) Cautions for use

(@ Prior to use, check the valve and piping joints for possible damage or leakage.

@ When connecting a pressure regulator to the gas cylinder, insert fresh packing.

(@ Carefully open/close the valve only by using a purpose-built handle. Excessively rapid opening of the
valve or violent opening can lead to ignition of the gas. In particular, limit turning the valve on a gas
cylinder for acetylene gas to approximately one turn.

@ While the gas is being used, keep the handle fitted over the valve.

(® After use of the gas, fully close the valve, and then fit the protective cap onto the valve.

® Do not transfer the gas from one cylinder to another cylinder.

(@ Be sure of the direction to which the compressed gas is released. Make sure there is no person on the
discharge side of the gas cylinder.

Before a gas cylinder is returned to the vendor, be sure to shut the valve and hand over a gas cylinder that
still contains some compressed gas.

@ If malfunction is sensed in the valve, immediately stop use of the gas cylinder and report it to the vendor.

7.3.2 Handling of pressure regulator and pressure gage

(1) Cautions for installation

(D When installing a pressure regulator, make sure that you are not facing the gas release port.

@ Use a pressure regulator dedicated to one gas type. NEVER use a pressure regulator that has been used
for another gas type.
Only use specified packing. In particular, for supplying oxygen, do not use packing that hardens as
temperature increases.

(@ The threading on the connection port varies depending on the gas type handled. Be fully sure to install
the correct pressure regulator to the gas cylinder.
Right-hand thread: Oxygen, nitrogen, etc. Left-hand thread: Hydrogen, combustible gas, helium

@ If the mounting thread on the cylinder valve has been deformed and it is difficult to install the pressure
regulator, do not install the regulator by excessive force.

(® To detect gas leakage, use a commercially available gas leakage checker liquid. NEVER use an open
flame.

©® Promptly replace a failed or partially damaged pressure gage. The pressure gage for oxygen must be the
oil-free type. Also, the pressure gage for combustible gas is preferably the oil-free type.
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(2) Cautions for use

(D Before opening the gas cylinder valve, return the regulator handle counterclockwise until the handle can
turn without difficulty. When opening the cylinder valve, do not stand in front of the gas release port of
the pressure regulator.

@ Do not violently open/close the cylinder valve. Carefully open the valve, observing that the pointer on
the high-pressure pressure gage slowly turns to indicate pressure buildup. When the pointer stops turning,
steadily open the valve.

(® Rapid contact with oil or grease can cause oxygen to help a combustible material violently burn. NEVER
handle the gas cylinder and/or pressure regulator for oxygen with hands or protective gloves contaminated
with oil or grease. Also, do not apply oils to the thread and other areas on the pressure regulator and
valves.

@ Do not transport a gas cylinder with a pressure regulator installed on it.

(® When operation with a gas cylinder will remain inactive for a prolonged period, close the cylinder valve,
and leave the regulator screw in loosened position.

7.4 Emergency Response

(1) Possible hazards of high-pressure gases

(D When a high-pressure gas cylinder is exposed to flame or high temperature, it can explode.

@ Gas explosion triggered by strong impact on a gas cylinder (acetylene, ethylene oxide, etc.).

@ Gas explosion resulting from leakage of combustible gas.

@ Poisoning resulting from inhalation of toxic gas. Inhalation of highly concentrated toxic gas is extremely
dangerous.

(® Oxygen deficiency arising from non-poisonous inert gas. Inhalation of a large amount of inert gas at one
time can lead to death.

(2) Emergency relief measures

(D In the above-mentioned emergency cases, or if an emergency is anticipated, act as described below. If a
faculty member is present, follow the instructions from that faculty member. If, at night for example, no
nearby assistance is available, act on your own judgment or call the Guard Station at Central-East Gate
(KIT ext. 7065).

@ If you have detected leakage of combustible and/or toxic gas, take the responsive actions described
below, provided that you do not jeopardize your own safety. Appropriate relief measures can vary
depending on the type of gas and how the gas is used. Thus, students and advisors should regularly
discuss emergency relief plans.

* Close the valves on gas cylinders.

* Turn on the ventilator fans and open the windows to promote ventilation. However, remember that if
a large amount of combustible gas has leaked, a spark resulting from switching on the ventilator can
ignite the combustible gas.

* When there is risk of direct exposure to flame, remove the gas cylinder from an open flame.

* Whenever possible, warn the people nearby about the hazard. As the situation requires, seek assistance
or evacuate.

+ Stop the use of fire, and immediately alert faculty members.

@ Keep emergency equipment such as gas masks at hand, and use them in the event of emergency.

@ Leakage of a large amount of gas owing to a damaged valve or the like, even if inert gas, can lead to
oxygen deficiency and possible death. Immediately escape, and report the situation to faculty members.

(® If there are victims, ensure their safety, and if necessary call an ambulance (call 0-119 from KIT
extension). If the emergency situation is caused by suffocating/toxic gas, act very carefully to avoid
secondary damage to rescuers.

© If the victim has inhaled a gas (in particular, toxic gas), report the problem to the KIT faculty and
promptly give the victim first-aid measures. If necessary, seek medical attention.

113



.8 JAEPERINL TR M OXHRFE A 2L E D Bl

8.1 JESHMERIN TESE D Bl

(1) BB & T o, B, v (XA . PHETRREE, EEEIXMENICERE BT S
BEIELSLOTHY | TE BT 2WENESHERIM TR (LLFRIEWH) THD,
Q) ARFITBT 5 RIOEHRANT TGHERN LR SO BRSNS D584 KOt TENKFE
aﬁixm%k%74/b T Z— BN RREE TR I X AR T D,

(3) RI OB IIAR LG RN EALE DRI R LI 82 RE 7 A Y b=k % —0D

BRI CTOLRTATRETH 5.

@ 7TAY =Tt —THYH#Z5 Rl *“Ca, "I, *P, P, ¥S, ¥Fe, °H, “C TH 5,

(5) RIZHEE D FHIX, T [HREBKEFEDOZOOHEEL LOGIM & TS REBRE
BEOTOO@EFEZK) (LLT TEFEI & TEERZN S 2500, RZEOH
MEEBIEREE L L OB SN DOVERND D,

6) TEBHIM) (X THAZE) & [HEE) O2ERS D, [HEE | 1T EBRN
FEELTRESNTZE, FIRIOZER OB T HFEEOBEEOMIME D 1 FLINIC
ZaE L7220 o7,

(7) TEEREZWT) 136 » AZE AW Z &Iz T i iuidZe 6eu,

®) 7A Y b=t —%RHTLH TR BAEE R OEBRE O RICED R T
72 B 7220,

©9) TAY b— Tﬁ/& OEFXIRAERFIZIIITED TR 21TV, H T ANy DEHIT
S EMERZIEE L, TofMh, NEISUR#EEZEHT &,

(10) B BERKIEN TIIHUEHRZ L 28X < ZRET D 72012k O ZJFANCERET 5 2 &,
® RIFHMEEDKZ TZ A7 TELSTHZ &
® RINVLODOEEiZTEXHIEITEDI L
® RI & ANDORHIZHHBMOFERITISE LT Lo~V aiEL Z &

(11) FEBRIZ K o THE U U TEBER O U YEE R BEIED 13, R RZ L, TBES
N BEEMIRE RIRICIAND Z &,

(12) FELKIL A B OBHIFIZIE, N R7 vy o XE=F—%2HNT, T, ERKORIIZ
KB REMR L, T— @mﬁ L6 B AL D G A TR R EEE S L < IXEHEE ITHE
ST IR =Nl |1 RGN

114



IT.

8 Handling of Radioactive Isotopes and X-ray Generators

8.1 Handling of Radioactive Isotopes

(M

2

3)

4)
®)

(6)

(7
®)

©

Radiation includes « -rays, j -rays, y -rays (x-rays) and neutron rays, which have the potential to directly
or indirectly ionize the air. Substances which emit isotopes, in the form of radiation, are referred to as
Radioactive Isotopes (RI) below.

Handling of radioactive isotopes within KIT shall take place in accordance with the “Act on the
Regulation of Radioisotopes, etc.” and the “National University Corporation Kyoto Institute of
Technology Isotope Laboratory Radiation Hazard Prevention Rules” and related ordinances.

Without special permission of the radiation protection supervisor, RI may only be handled in the
controlled area within the Isotope Laboratory.

RI that may be handled in KIT s Isotope Laboratory are 4Ca, 121, 2P, 3P, 35S, °Fe, *H, 1C.

Persons wishing to handle RI must receive training and undergo preparation in advance. Prerequisites:
“Education and Training for Radiation Workers,” “Medical Examination for Radiation Workers”
(hereafter referred to as “Education and Training” and “Medical Examination” respectively) and KIT
Radiation Worker registration.

“Education and Training” is categorized into a “Beginner Course” and a “Refresher Course.” Radiation
workers must receive the “Refresher Course” within one year of the first day of the fiscal year following
the fiscal year of the day on which the previous "Education and Training" was provided.

Radiation Workers must undergo “Medical Examinations” every 6 months, or less.

All Isotope Laboratory users must obey the instructions of the radiation protection supervisor or other
person in charge.

Persons entering the Isotope Laboratory and/or its controlled area must complete the specified paperwork,
wear a glass dosimeter or other radiation monitor and other necessary protective gear.

(10) At all times when in the Isotope Laboratory and its areas, maintain a high awareness of the 3 fundamental

rules for avoiding radiation exposure, below.

+ Keep RI exposure time to a minimum

* Maintain the maximum possible distance from RI

+ Use radiation type-specific shielding (screens) between RI and persons in the area

(11) The nuclear species and amount of any radioactive liquid or solid waste resulting from experimentation

must be recorded and deposited in the specified waste storage receptacle.

(12) When leaving the laboratory area, use the hand-foot-clothing contamination monitor to confirm the

absence of radioactive contamination on your hands, feet and clothing. If contamination is detected,
inform the radiation protection supervisor, or other person in charge, and obey his/her instructions.
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8.2 Handling of X-Ray Generators

8.2.1 Generation of X-rays

X-rays are electromagnetic waves whose wavelength falls in a range of 0.1 to several 10 nm, and its shorter
wavelength side shifts to y-rays and its longer wavelength side shifts to UV rays.
X-rays will occur in the following situations:

(1) When a B-ray or high-speed electron beam hits a substance and is decelerated by the electric field on the
atomic nucleus, the resultant bremsstrahlung will cause X-rays of continuous wavelength distribution.
This type of X-ray is known as continuous (white) X-ray.

(2) When a B-ray or high-speed electron beam, or X-ray or y-ray hits a substance, an electron will be ejected
from an electron orbit relatively near to the atomic nucleus and an electron hole will occur. When an
electron on an outer orbit falls into this electron hole, an X-ray of a particular wavelength corresponding
with the energy difference across these two orbits will be generated. This type of X-ray is known as a
characteristic X-ray and has a wavelength unique to the element type of the target substance. For example,
when the target substance is Cu, the wavelength of the resultant Ka-ray is 0.154 nm. The characteristic
X-rays triggered by X-rays or y-rays are called fluorescent X-rays.

8.2.2 Overview of X-ray generator

Common X-ray generators consist of an X-ray tube system, high-voltage power supply, cooling system,
collimator, filter, or monochromator, and control panel. The energy spectra of generated X-rays are
governed by the material type of the target of the X-ray tube, tube voltage, filter and other factors. General
characteristics of X-rays will include the following:

(1) Radiation dose and absorption dose of X-rays increase about proportionally to the square of the tube
voltage level.

(2) Higher tube voltage will result in shorter average wavelength of continuous X-rays. If electron
acceleration voltage is taken as V (kV), then the shortest wavelength Amin (nm) of a continuous X-ray
can be defined as Amin=1.24/V.

(3) The level of tube current is not governed by the wavelength, but is proportional to the intensity of dosing.
(4) Intensity of the X-ray is inversely proportional to the square of the distance from the X-ray tube.

(5) Generally, X-ray energy spectra generated from X-ray tubes consist of overlapped spectra from
continuous X-rays and characteristic X-rays. Filters and monochromators are used to monochromatize
X-ray spectra.

8.2.3 General precautions for using X-ray generator

Examples of typical X-ray generators include X-ray irradiation equipment (for investigating biological
radiation hazards or change of industrial materials by radiation), X-ray radiographic inspection apparatuses
(for analysis of nonuniformity within subjects through difference in X-ray transmittance), fluorescent
X-ray apparatuses (for analysis of elements that constitute the specimen, by irradiating the specimen with
the continuous X-ray and analyzing the resultant fluorescent X-ray (characteristic X-ray)), electron beam
microprobe analyzer (the surface of specimen is scanned with an electron beam and the two-dimensional
distribution of constituent elements is determined on the basis of the resultant characteristic X-ray beam),
diffraction X-ray equipment (the specimen is hit with a sharp beam of characteristic X-ray or continuous X-ray
to obtain diffraction image with which the information such as atomic layout in the specimen is induced), and
electron microscopes (use of X-rays is not their objective, but nevertheless the equipment generate X-rays).
Precautions about handling of this equipment are summarized below.

(1) Before powering on the equipment or opening the emission window, ensure the safety of nearby people.

(2) Make sure that X-rays are not leaking or powerful light is not scattered from the equipment.
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(3) As necessary, wear personal protection such as protective goggles and protective clothing.
(4) Always practice personal dose monitoring using a glass badge and pocket dosimeter.
(5) Record use of the X-ray generator as specified.

(6) Be sure to receive medical check.
If overdosing occurs or is suspected, report it to the X-ray Apparatus Supervisor. Furthermore, strictly
observe the instructions in KIT’s “X-Ray Hazards Prevention Control Rules.”

8.2.4 Handling of diffraction X-ray equipment

Among those X-ray generators listed in Sec. 8.2.3, diffraction X-ray equipment poses the highest risk of
accidents, while it is very often used in KIT. Particular precautions for using this equipment are summarized
below.

(1) The intensity of scattered X-rays transmitted between the slit system and X-ray generator may be
unexpectedly high. Always check for X-ray leakage from this area, and cover this gap with a lead plate.

(2) Linear X-rays that have passed through a specimen can cause intense secondary scattering. To address
this problem, install a beam trap that features a structure to contain scattered X-rays, and always take care
to prevent displacement or deformation of this structure.

(3) When performing an experiment using a powerful X-ray generator such as a rotating anticathode X-ray
generator or a monocrystal target, it is very important to be cautious about the scattered (diffracted)
X-rays from the specimen. It is desirable that the person performing the experiment check the scattered
X-rays with a survey meter every time X-rays are generated.

(4) With a diffraction apparatus or small angle scattering apparatus that employs a monocrystal specimen,
collimation is important and takes time. During collimation, it is necessary to provide optimal
arrangement of hardware and utmost care about operation in order to protect finger tips against powerful
X-ray radiation.

* The user of diffraction X-ray equipment must notify (register) beforehand, and has to wear a film badge during operation of the
equipment. Also, an anti-X-ray cover needs to be installed to contain scattered X-rays; the X-ray generation section and optical
system should be installed within this cover.

8.2.5 Government ordinance and operation for safe handling of X-ray equipment

Article 15 of the Ordinance on Prevention of Ionizing Radiation Hazards stipulates that when the dose
equivalent rate exceeds 20 uSv/h, the X-ray equipment has to be installed within a dedicated X-ray equipment
room.

Recently marketed examples of X-ray equipment are guarded with dedicated protective covers and
their dose equivalent rate outside the cover is lower than the above-mentioned level; therefore this recent
equipment need not be installed in a dedicated room. However, due to the possibility of unexpected events,
they should not be installed in rooms where people are usually present. Also, the X-ray equipment and room
for installation need to be marked with posted signboards. Though there is no definite design, these signboards
should clearly indicate the type of X-ray equipment, rated power, etc. Additionally, it is also desirable that a
display apparatus such as “X-ray equipment ON” is provided at the entrance of room. A control area where
the weekly dose equivalent rate exceeds 300 pSv is usually restricted to within the protective cover of X-ray
equipment. However, when the control area needs to be expanded to the perimeter of the equipment, the
demarcation needs to be clearly marked with an off-limit warning tape, etc.
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IT. 9 KIT’s Waste Disposal Practices

9.1 Classification of Wastes

(1) Specially controlled industrial wastes
+ Infectious industrial wastes (instruments and hypodermic needles used for animal experiments)
* Animal carcasses
+ Waste reagents, liquid waste, hazardous solids, mercury-containing substances, etc.
+ Radioactive isotope-related wastes
+ PCB and PCB-containing equipment
+ Asbestos and asbestos-containing equipment
+ Used dry batteries, button batteries, and fluorescent tubes

(2) Industrial wastes
+ Domestic plastic wastes
+ Experimental plastic wastes
+ Recycable wastes (beverage cans, bottles, PET bottles,etc.)
* Metal scraps (metal pieces, metal products, spray cans, chemical cans, etc.)
+ Glassware wastes (reagent bottles, fragments of laboratory glassware, etc.)
* Bulky wastes (furniture, home electric appliances, etc.)

(3) Specially controlled municipal wastes
+ KIT does not generate any specially controlled municipal wastes.

(4) Municipal wastes
+ Combustible wastes (garbage, waste paper, waste wood, etc.)

9.2 Disposal Method for Specially Controlled Industrial Wastes

(1) Infectious industrial wastes (syringes and injection needles)
Stow in containers for this purpose, and request disposal during annual bulk recovery session via the
Accounting Office.

(2) Animal carcasses
Freeze and stow in the laboratory, and commission an authorized agent to dispose of them.

(3) Disposal of reagents disused
Users must apply to the Facility Management and Security Office to make a single disposal of 12 months
of acucmulated waste. In case of individual disposal, users may entrust the disposal of unnecessary
reagents to the authorized agent to dispose of them via the Accounting Office.

(4) Liquid-wastes, hazardous solids, mercury-containing substances, etc.
Users may ask the Center for Environmental Science for the disposal of the wastes.
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9.3 Locations and Operating Hours of Waste Dumps

(1) Municipal wastes and Industrial wastes, Paper
Site for waste recovery: Waste dump

Days for recovery: Monday, Wednesday, Thursday and Friday (no recovery is provided on national
holidays)
Hours for recovery: 10:00 to 12:00, and 13:00 to 15:00

(2) Bulky waste (furniture, large home electric appliances, personal computers, etc.)
Site of waste recovery: Storehouse north of Building No. 2

Days for recovery: First and third Wednesdays of every month (no recovery is provided on national
holidays)
Hours for recovery: 14:00 to 15:00

Waste Dump Storehouse north of

Building No. 2 | (Bulky wastes)
" L [T TTITT

Fig. 1 Locations of Waste Dumps in KIT

Experimental PET bottles
plastic wastes

Recoverable paper

Container
Glass bottles
Combustible
wastes
Metal cans

c
9o . .
a Domestic plastic
8 wastes
(0]
14

l Waste paper entrance l Waste entrance

Fig. 2 Stowing Areas in Waste Dump

*k About waste classification and disposal, refer to: “Waste Categories and Collection” at the end of the book.
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Locations of AEDs(Automated External Defibrillators)(as of April 2025)

Matsugasaki Campus

Building No.12

Entrance Hall

Guard Station at
Central-East Gate

Guardhouse

Dﬂ—/\\ HH\J f \:1:]

Building No.8

Entrance Hall

Saga Campus

Building No.3

Entrance Hall

Gakudo Kaikan

Entrance Hall
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Health Care
Service Center

Lobby

Locations of AED Installations

Name of TF Location of
campus, etc. Building name installation
Building No. 12 Entrance Hall
Matsugasaki
Building No. 8 Entrance Hall
(West Campus)
Building No. 3 Entrance Hall
Matsugasaki Eé‘ﬁ{gf?aﬂfgaaﬁe Guardhouse
(East Campus) Health Care
Service Center Lobby
Saga Gakudo Kaikan Entrance Hall

Fukuchiyama

Building B

Entrance Hall

Yoshida

KIT International
House

Lobby
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Instructions for Using AED
( )

Use AED in these cases!
c Open the cover i

The person...
@is unconscious,
eis not breathing,
ehas no pulse
(health professionals only),
eis 1 or more years old.
\_ J

The power will be turned ON
automatically,and you
will hear the voice prompt.

Q Attach the pads

Please stay calm and follow the voice prompt.

Remove the electrode Tear open the pouch Peel one of the pads

Expose the chest
pouch from the AED cover and remove the pads from the sheet

-

ECG analysis
will automatically
start when the
electrode pads
are attached.
Do not touch the person.
Wait for the next
Attach it to the voice prompt.
lower left side

A . . Peel the other pad
ttach it to the upper from the sheet

right of the chest

e Push the shock button

If the ECG indicates that an electric shock is needed, the button will flash on and off after charging is complete.

“Move away from Make sure
everyone is clear,
_ then press the shock button.

) (within 30 seconds).

the person. Press the
flashing light firmly”

After giving the electric shock, repeat 30 chest compressions and 2 artificial respirations,

for 2 minutes (until the next ECG analysis starts).
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Emergency First Response (EFR)

Tap the shoulder | call 11911 1. Check for Consciousness

Confirm consciousness  (EhSis Call out to the person 3 times, such as “Are you all right?”
= Tap the shoulder (around the collar bone) to stimulate pain.

2. Request Ambulance, AED

Call for help loudly, “Somebody please come!”
Ask a person nearby, “Please call for an ambulance at 119”
and “Please bring an AED.”

Call for help

@ Confirm respiration 3. Secure Airway, Confirm Respiration
h’llfet iﬂi&’%‘i‘o‘é‘é‘n%?%“é’ﬁ‘eietﬁ.é‘; Secure an airway by the head tilt/chin lift maneuver,
Feel the Look for place your ear close to the person’s mouth and nose,

— mocvr::'\ifent and check whether respiration is normal (within 5 — 10
= -3

seconds).

breath

<Confirming respiration>

(D LOOK for up and down chest movement
(@ LISTEN for the sound of breathing

Listen for the (® FEEL the breath on your cheek

sound of breathing

Do 30 chest compressions 4. Chest Compression, Artificial Respiration
fSLf&“&S'Q?Zﬁﬂ?&EQ’ﬁ%ﬁ?%” o an bom. (D Remove the clothing and firmly plant the heels of the

hing at a tempo of 100 {0 120 t inute. .
pushing ata 'empo of 155 fo 10 imes per minte palms of your hands between the nipples.

(@ Compress the breast bone 30 times in a rhythm of 100 to 120

times per minute
(with depth of compression of between 5 and 6cm,
do not press more than 6¢cm).

3 Repeat @until the AED arrives.

*Move away from the injured person.

@ Electric shock by AED 5. Use the AED when it arrives

(D Open the cover (power on).

@ Attach the electrodes (below the right collar bone and on
the left side).

3If an electric shock is needed, push the discharge button.

* Chest compression of step 4 is an emergency measure until an AED
arrives. Therefore, if there is an AED nearby or one is brought quickly,
begin to use the AED immediately.

131



2025 £ 4 ATXEThR ?%Blnﬁﬂﬁ

J?Eas%@ﬁb‘ﬁthbﬁ %aﬁﬁm

KLEPLEEALTCESN  RBHIEEDOREZH I BIAETHERATELLA)
o ZHRICBIHEER | BLREONHES IZERELLEAY-VEHTEIL

REVERS ey ezpmn. se | NBECHEBFT xa xmxmse

Ewier : B K-K-F ma @mEzn EiRiEE : 5183 7K BE @BEEEC
ez - 10:00~12:00, 13:00~15:00 Eiresr : 14:00~15:00

FEEYMODEEFE sxzorsilsErEsy oo, HOIREH ORI RELVET
KTTAFY IR EDELZEEMPUYA N ATRAHER ADT AL RRITEIE (REBHORPI LI

P I H

£ ZH BnNo VRS TEE 1
ERRECH BIE. BOTEl. BRIEHLY) «hmtms

BYHENEZL, ERRVRTELCEHLTHY

& W E |

QO#E @BLEER qv-w QRIN-IL @A

UYL ATEER
] ©V1LYY-FAk @MNH @sn. xemEs)
DHE@RBETED. GORBRRICANS
£y BREHE -ERRIEY e mmLrtorsmEREIANS
PET Ny i kb BUSAIELY. % BIRLTRICEEDS
" AT-&. ey bR, =&, £BI1-F. I »e
EEH 2T Ut ey MRYRBELSIY, AR
ZNZNOEREIGEICANS (AMENA-EL TEBAICET)
EER | T5AFYIRR. TIAFVIRE. QB e
T5AFYI¥E ENPEZ HIFEY L
EEBRAFE. TI35-A. TI39v-V e
FEET TS5 BECEYEESEANIL, BEAVRCEHLTHT
w &G BXIBMEFRILTTRPIIHICHT (F59r-LEBFSRITESBEVEORERARIETER
FwI%E ZHLTHT)
SERIvERESEn EMRBEAMIBELTCVNBR TSRS ne
= HREZIVBRCIENEELREDICRS. EAR: (EEA-FR) CEHLTHY
SRTTRERIS S L, BELAPICH] BREDIICHT
sELY
HSA-Peess | W RRLCOSERERAIANS (AR 2 AR THRBREALTE)
HSAF - BORs¥E ZNZNEAOEINEIIANS
ZD UFILAAYINYT Y-, Bith#a, NBIRE, 1V7h-M)vI ne
ZNZNERENAELANS
kﬂ:‘a jj{x%‘¢\\ kﬂﬁ%\ l\oyjy 7::!:&\

[KBICHEMER] 2 SEIBERE) [CRATS

BEEMEHES KBZHEB/AICIRATELELED

BEEAKT [ TR RN SESIER RS [BRAMEZERRZYCUCRERCTELREIN]
BERE [ERRERERTHAMUERE]  -BWE [EERCABLERT]
BB BRER BEETREREY [REANPUVI-NEERF

[BEatE] O EEVERS @ EEXRETEFMRLER (NIR7083) @ KECHERERT : MERUBR (R 7044)
@ EEYZw  REZFEFR (AR 7075) @ ZEEERR  BERFEYI- (RiR7982) © FEREe : HRARERSBRERSHFR (R 79%61)

132



Revised edition: Kyoto Institute of Technology, April 2025

Waste Categories and Collection

® Separate waste and bring it to the collection area according to the KIT regulations below.

® Use transparent colorless bags. (Kyoto city disposal bags must NOT be used at KIT.)

® Put a special sticker with your [Lab Name] or [Extension No.] on each garbage bag. You can get a
sticker at garbage dump site.

Waste Disposal Oversized items and computers
(Municipal and industrial waste, paper) . | (Furniture, large electric appliances PCs, etc.)

Collection schedule: Mon., WEd., Thu. and Fri. | collection schedule: 1 & 3rd Wednesdays
From: 1000-1200, 13:00-15:00 From: 14:00-15:00

Waste Categories

NOTE: University waste must be processed as business refuse. It is processed separately from residential waste.

3 Garbage, paper waste, etc. Don't mix recyclable paper and industrial waste.
Combustible Experimental waste (sawdust, insect carcasses, agar etc.) NO BIO-Hazard

gw waste materials allowed. Sterilize and seal in double transparent plastic bags.
(Shr .
= @®newspaper @copy machine paper @corrugated paper
53 Paper @magazines ®shredded paper ©®other recyclable paper
P (Memo paper, empty snack boxes, etc.)
@@ ®@: Tightly bundle with string  ® and ®: Collect in transparent bags.
e Empty cans and beverage bottles

Rinse and dry. Separate and place in transparent bags. Dispose of in the
respective dedicated waste bins.

Glass bottles

PET bottles: Remove the caps and labels, rinse and dry.
PET bottles Collect in transparent bags, and place in the designated box.

Recycable waste

Spray cans, compressed-gas cartridges, 18-liter metal cans,
Metal electric cables, etc. Completely empty out the gas and make a hole in the can
before placing it in the designated box.

Clean plastic Wrap from plastic containers, products, bags, etc.
waste This category is only for clean, unsoiled plastic trash.

Laboratory gloves, plastic cases
Only those not contaminated by chemicals.

Experimental @ Petri dishes, etc. contaminated by biological experiments
p|a5t|c Only items from which medium cannot be removed by high-temperature
sterilization treatment. If possible, remove agar medium and dispose of as
Do not mix with "burnable garbage" in container "@."

plastic waste. Plastic contaminated with biological residue.

@ Only items from which residue cannot be removed. If possible, remove agar
medium and dispose of as "burnable garbage", container "@"

Industrial waste

Glass and Reagent bottles Wash and dry before depositing in the designated box.
ceramics(broken (Treat waste water from the 1° and 2™ washing as experimental waste.)

and unbroken) Glass and ceramic fragments  Place in the designated box.

Other Used batteries, small electric appliances, ink cartridges, etc.

Sort by type (lithium, cadmium, etc.), and dispose of in respective collection boxes.

Oversized items | Furniture, large electric appliances, personal computers, etc.
and computers Take to the disposal site for large garbage.(Large shed north of Building 2)

ITEMS BELOW are NOT accepted at the KIT Waste Management site:

‘Fluorescent light tubes- Syringe and injection needles (sharps)-Animal carcasses [call the Accounting Office]
-Reagent waste [call the Facility Management and Security Office]
-Organic liquid waste-Inorganic liquid waste*Inorganic solid waste [call the Center for Environmental Science]

Call these extension numbers for information: @MWaste Management : Facility Management and Security Office, Facility Planning (7083) @Dump

site for oversize garbage : Financial Affairs Office, Treasury Services (7044) (3®Waste contracts etc. : Accounting Office Procurement (7075) @Laboratory

waste, etc. : Center for Environmental Science (7982) (®Disposal of unused reagents, etc. : Facility Management and Security Office Safety and Environment
(7961)
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Emergency Contact Channels

In the event of fire, water leakage, gas leakage,
accident, theft, etc.
(in case of a tripped fire alarm)

Guard Station at Central-East Gate

(KIT extension)

110,119, 7065
ousiceting 075-1 24 =706 5

Request dispatch of fire engine or ambulance (if necessary)

Fire Fighting

Ed Command Center

1 1 9 (from KIT extension 0-119)

**119” from cellular phone (no area code needed)

Content of fire report™ (example)

I . . .
:(D Address of fire, name of university, etc.
1 “Matsugasaki, Sakyo-ku, Kyoto Institute of Technology, East (West) Campus, Building No. OO,
iy  Floor No. OO, Room No. OO”
1 @ Situation of fire (location of fire, etc.), presence of injured victims
Specify what is burning and to what extent.
State whether there are flammable laboratory chemicals, water-reactive substances,
high-pressure gas cylinders, etc.
(® Name and phone number of reporter
If reporting from a land-line phone within KIT, tell “724-(KIT extension).”

* Given in Japanese
[Memo about contact channels]

Contact channel Phone No. Comments

March 2012 Kyoto Institute of Technology
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