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i Outline

= Hazards in the work place
= Safety rights and obligation
= Occupational accidents

= Hazard communication

= Lab waste management

= Conclusion
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Personal Background

= Ph.D., University of Michigan at Ann Arbor, U.S.A.

= Award
= CIEE The Best Paper, Excellent Paper Awards (2009 ~ 2010 ~ 2012 ~ 2013)

= NCHU Outstanding Academic-industrial Coop Research, Excellent Advisor, Teaching Awards
(2008-now)

= NSC Outstanding Innovation (2007)
= Government Scholarship: Sole grantee in Environmental Engineering in year 2000.

= Professional qualification
= PE, Environmental Engineering (1989) and Industrial Safety Engineering (1997)
= CPA, ISO 14000 (1996, Naville & Clark)
= CPA, ISO 9000 (1997, Mercedes-Benz)
= Professional Expertise
= Bioremediation of contaminated soils and groundwater (11 years)
= Environmental microbiology and nanobiotechnology (11 years)
= Integrated quality, environmental, safety, and health management ( 5 year)



i Preface

= Story of DuPont

= Accidents In other countries

= LPG explosion in Mexico

= Mythyl-isocyante release in Bhopal, India
= Accidents In Talwan

= FG electronics

= LPG explosion in Kaohsiung
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i Physical hazards

= Temperature and humidity
= Abnormal air pressure

= Noise

= Vibration

= Radiation



i Temperature and Humidity

= Response to high temperature and high
humidity
= Wet Bulb Globe Temperature (WBGT)

= Measurement
= Black bulb thermometer
= Dry bulb thermometer
= Natural wet bulb thermometer

s BRITEF 1L FFERE (Working Hour
Standards for High Temperature Operation
Workers)



Temperature measurement
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i Working hour standards

Heavy

E O PEIT A RER L B Conti- 75% work | 50% work | 25% work
Ratio of work to rest 25% rest | 50% rest | 75% rest
nuous

AT

Light 30.6 31.4 32.2 33.0
FETESER
4 #c i (Time PR 1T
weighted WBGT, | Medium | 280 29.4 31.d 326
)

¥ 1%

. 25.9 27.9 30.0 32.1




= Human listening capability:
20~20000Hz, ~4000Hz most sensitive,
speaking at 500~2000Hz

= Sound wave -> Ear drum -> bones ->
fluid -> energy -> sensory cells
generate voltage -> nerve -> brain

= Auditory sensory cell damage usually Is
permanent



i Noise (2)

= A weighted (A # £ ). Simulating human ear response to noises.
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Noise (3)
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i N Olse (4) Allowed exposure A weighted
period (hr) sound pressure (dB)
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i Vibration

= Usually for workers in construction, mining,
power generating, petroleum refining, etc.

= Long time exposure may result in lower
packache, sciatic nerve aching, spinal system
degeneration, intervertebral disk herniation,
periphery circulatory dysfunction, muscle and
bone damage, like white finger disease, and
carpal tunnel syndrome.




i Lighting

= Light cells and light meter

= Some workers need better lighting condition
= Precision operation
= Watch repairing

= Microscopic observation of semi-conducting device,
biological samples, etc.

= Embroidering or knitting
= Optical lenses processing and checking

R ITE S 1 AL RE 3K 25 2 Protection
standards for precision operation worker’s
visual function



i Radiation

= lonizing radiation
= o~ [~y ~ Xrays and neutron rays
= Blood cell generation and reproduction
= Anemia, leukemia and other cancers
= Non-ionizing radiation
= IR ~ UV ~ Microwave ~ LASER
v P Rcataract

% 95" 3% keratitis % b t
2 % R&skin cancer % bum

¥-v & % protein condensation



Chemical Hazards

s Hazards associated with chemicals

s Possible Hazards
= ToxXicity

Carcinogenous
Reproductive toxicity
Developmental toxicity
Neurotoxicity
Immunotoxicity

= Fire and explosion

= Possible phases
= Solid
= Gaseous
= Vapor and liquid



‘_L Exposure and excretion (1)

= Major routes
= Inhalation (= »)
= Ingestion (& »)
= Absorption (¥ )
= Nature and intensity of chemicals’ effects
= Concentration ((k &)
= Form (2535%)
= Target organ (P =% F)
= How long (half-life) (£ % #p)



i Exposure and excretion (2)

= Absorbed chemicals
= Biological transformation (£ 4 i it)
= Bioactivation (£ ¥ fx#)
= Principal means of excretion
= Urine (3 %)
s Liver (FF5g)
= Lungs (%* %K)
= Sweat glands (less important » i+ H:jl:ﬁu EE)

= Note that Gl is not a major route (L & : % 5§ g 2%
AR P35



Exposure and excretion (3)

s Effects

Reversible and irreversible (¥ i3 &2 2 # %)

Could be acute or delayed: carcinogenesis (& 4 &
i {5)

Allergic reactions (:EsT F &)

Other factors: species and strains, age, sex, and
nutritional and hormone status. (# = %] 2 (4ot 5]
£~ F RRINE AR R KR

Physical factors: temperature, humidity, light
cycles (5% R ~BE ~ P i)

Social factors (- ¢ F]% )



Exposure and excretion (4)

TOXICOLOGY 17

Table 2.1 Approximate concentrations of various chemicals required to produce
death in 50 percent of exposed animals

LDEID
Chemical (mg/kg of body weight)
ST
A3 Ethyl alcohol 10,000 e e B e 0
giﬁﬁﬁ Sodium chloride 4,000 """""':'I"”"':"-'*:-""'u I :T -1 =1
UILERZ 2 ]
e Ferrous sulfate 1,500
B 8 MG R Morohi
S - 7 orphine s;ulfate ‘ 900
Phenobarbital sodium 150
IRFE% Picrotoxin 5
N L Strychnine sulfate 2
JEd T Nicotine 1
I A1 5 45 d-Tubocurarine 0.5
FhEg-3 Hemicholinium-3 0.2
KR Tetrodotoxin 0.10 = :
CidcRns Dioxin (TCDD) 0.001 —— -
AFEFEHZ  Botulinum toxin 0.00001

Source: C.D. Klaasen, “Principles of Toxicology,” in C.D. Klaasen, Mary O. Amdur, and J.
Doull, Casarett and Doull’s Toxicology: The Basic Science of Poisons, 3rd ed. (New York:
MacMillan Publishing Company, 1986), table 2-1, p. 12. Adapted with permission of The
McGraw-Hill Companies.



Exposure and excretion (5)

Table 2.2 Toxicity ratings

Probable lethal dose for humans

Toxicity rating Dosage For average adult

Practically nontoxic >15g/kg More than 1 quart >946ml

Slightly toxic 5-15g/kg Between 1 pint and 1 quart 473-946ml
Moderately toxic 0.5-5 g/kg Between 1 ounce and 1 pint  29.5-473ml
Very toxic 50-500 mg/kg Between 1 teaspoon and 1 ounce4,9-29.5ml
Extremely toxic 5-50 mg/kg Between 7 drops and 1 teaspoon 0.35-4.9ml
Supertoxic <5 mg/kg A taste (less than 7 drops) <0.35ml

Source: C.D. Klaasen, “Principles of Toxicology,” in C.D. Klaasen, Mary O. Amdur, and J.
Doull, Casarett and Doull’s Toxicology: The Basic Science of Poisons, 3rd ed. (New York:
Macmillan Publishing Company, 1986), table 2-2, p. 13. Adapted with permission of The
McGraw-Hill Companies.



Exposure and excretion (6)

v

DDT concentration:
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10 millian times

= Biological e iy
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magnification

Copyright & Pearaon Education, Inc., publishing 8z Benjamin Sumimings.



i Toxicity study

= Acute toxicity studies (& & 42 7))

= A single or several administration of the chemical
within 24 hours

= Short-term toxicity studies (‘24 & 447 1)
= Repeated administrations, 10% life span
= 14-day and 28-day durations have been used
= Long-term toxicity studies (& # 3 457 7))
= Repeated administrations, entire life span



i Acute toxicity test

= Gaussian distribution % 274 % (F i & )

Percent responding
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i Acute toxicity study

= Cumulative percentage % # B 4 "
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Acute toxicity study
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= LD.,: Lethal dose for half of the exposed population within
a certain period of time. & # 3k 7 & &

= Synergistic and antagonistic effects (4¢ 3k £2 #14x)



Short-term and long-term

i testing

= Short-term &4y
= For more realistic situation
= Usually two or more species
= Most often rats and dogs
= Three levels of doses

= Long-term & #y
= “Acceptable intake”, “ no observed adverse effect level”
= Body weight, body size, food consumption
= Lab tests: hematological tests

= Postmortem examination: histological examinations, may
measure the size of different organs.




Outcomes & PR 2 %

= Typical
= Target organs (P # ZE )
= Effects (z%)
= Dose-effect and dose-response relationships #| &
F R T
= Maximum tolerated dose # ~ % ¥ & &

= Some may not be observed
= Reproduction (£ 7)
= Disease (7 )
= Decreased longevity (& & &)



i Endpoints

= Carcinogenesis 3k &4+
= Initiator and promoter

= Activation of mutation of oncogenes or the inactivation of
suppressor genes

= Ames test
= Reproductive toxicity # 7z 3 %
= Developmental toxicity # ¥ & &
= Embryo, fetal death, growth retardation, malformation
= Neurotoxicity # 53 %
= Cognitive, sensory, motor impairment
= Immunotoxicity % & & &
= Suppress the immune function: AIDS
= Chemical AIDS



Thalidomide tragedy

= 1957 to 1962 in UK, Canada, Germany, Japan

= USA is not affected because FDA did not approve its
usage

= Prevented morning sickness

= 12,000 babies who survived, with phocomelia
(flipper-like arms or legs)




i Standards

Threshold limit values (TLVs): permissible air borne
contaminant levels in the workplace established by
ACGIH
= Celling value
= Not to exceed at any time
= Short-term exposure limit (STEL)
= Not to exceed 15 minutes more than four times a day

= Time weighted average (TWA)
= For normal 8-hour day, 40-hour week.

= Biological exposure index (BEI)
= Example: acetone in urine, lead in blood



i Biological hazards

= Including microorganisms, parasite, insects,
animal, plants and derived products or wastes.
= Possible hazards
o Exposure routes
= Protection equipments or procedure
= Emergency preparedness

= Please consult Biotechnology Center in NCHU
= Phone: 04-2284-0450~0451



i Ergonomic hazards

= Lack of appropriate human-machine interface.

= Example

= Improper position: lower backache, muscle
damage and bone damage

= Long-term loading: spinal damage
= Highly repetitive motion: carpal tunnel syndrome

= Long-term standing: feet aching, varicosity (# %
¥ 3R)



‘L Your rights

= Labor Safety and Health Act: Article 30

= If alabor discovers that his/her enterprise is in
violation of this Law or other related safety and health
regulations, the labor may appeal this violation to the
employer, the competent authority or the appropriate
inspection agencies.

= Labor Safety and Health Act: Article 25

= The employers shall prepare, in consultation with labor
representatives, appropriate safety and health work
rules.

= After sending to inspection agencies for record keeping, the
rules shall be posted and enforced.

= The labors shall effectively obey the rules mentioned in the
preceding paragraph.



i Your obligations

o k~ 0N PE

To follow the lab SH rules

To report the improper SH measures in your lab
To follow the lab SOP

To report incidents, including near-misses

To maintain sound hygienic working habits and
safety working attitude

To maintain the tidiness of your lab and proper
use of protective equipments

To help new hires to understanding SH rules and
SOPs in your lab

To wear personal protective equipments in
accordance with the lab SH rules



i Occupational accident

= The term "occupational accident” as used in this Act shall mean any
disease, injury, disability, or death caused by buildings, equipment, raw
materials, materials, chemicals, gases, vapors, dusts, etc., in the place
of employment, or as a result of the performing on duty, or because of
other occupational causes. (LSHA:2)

Causes Victim Consequences
2E (FAE) BE (HE) EE (HFR)
1.Buildings, (—) & T & 5 A7 =
equipment, raw EEH - BE (=%t  Death
materials, Bt~ H4 ~ 1L Labor (=)#%& Disability
mater_lals, B A~ P HT ()&% Injury
chemicals, gases, P (e  Disease
vapors, dusts, etc.,
2. Operative activities — ¥ &%

3.Other occupational (= E8X ERE -
reasons



i Accidents

= Definition: Accident is that occurrence

of a sequence of events which usually
oroduces unintended injury, death, or
oroperty damage

= Domino Theory by H.W. Heinrich

Personal injury




Accident and Its causes

Potential cause

Unsafe behavior
=R 7]
PR
<% S p = B\
FRAER A F% e | Atk
T
Management & Personal 1 c Accident
decision making| factors nergy or cciden
R EEY Hazardous
materials

Unsafe conditions

RART) — > XERTF) — > FRAF — IRAT) —— 2%

Root cause Secondary
cause

Indirect cause Direct cause Consequence



iExampIes for unsafe conditions

= Improper support or protective measures
= Defective tools, facility, or utensil

= Crowded workplace

= Improper warning device

= Fire and explosion hazards

= Untidy workplace

= Strong noise

= Insufficient lighting

= Insufficient ventilation

= Radiation exposure



i Examples for unsafe behaviors

Operating a machine at improper speeds
Operating a machine without authorization
Use of defective equipment

Use of failed safety device

Without wearing PPE

Leave the device unattended or at wrong place
Standing at wrong place

Lifting up loads in improper ways

Fixing machine without turning off

Fixing machine which is still in motion
Running and playing at workplace

Taking drinks with alcoholic content
Working while on heavy medication



Prevention of occupation

i accidents

= Safe facility
= Safety test and checking
= Maintain the tidiness of workplace

= Use of personal protective equipment in the
right way




i Hazard Communication

= Increase safety awareness
= Workers'’ rights to know
= Enhance safety management

s Accordance

= Employer shall conduct exposure monitoring in
those job sites designated by the competent
authority of the central government, and shall also
label dangerous substances and hazardous
substances with necessary precautionary safety
and health warnings. (LSHA:7)

= Regulations of Hazard Communication on
Dangerous and Harmful Materials



‘L An HF accident

Exposure to 40%o Exposure to 5% HF
HF after 3 days Afer 1 week
(ulcer) (necrosis)

Exposure to HF
vapor -> rash




Accidents happened In labs

+

[1997/12— A master student mistakenly drank brominated
propylene and died (Chemical Eng. Lab)

[1998/7 — CH;SH leak -> more than 10 students hospitalized
(Atomic lab)

[11998/10 — A students was electrocuted to death (Electric
Eng. Lab)

[11999/6 -- An explosion occurred when a technician pour
waste solvent into a bucket containing waste acid.



i Definitions

17 Dangerous : explosive ~ inflammatory (% % ¥
B~ f P T £k F) - oxidant
flammable gas and others

o Harmful : carcinogenic, toxic, reproductively
toxic, corrosive, neuron toxic, sensitizers, toxic
to kidney, liver, and blood cell synthesis, and
others



i i = Labeling

= Following Chinese National Standards
(CNS)

= Labeling
= Rhombus shaped

s Size Is flexible and the words should be
legible




i @] = Graphic presentation
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Categories of hazardous materials
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Categories of hazardous materials
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Categories of hazardous materials

R ANC)
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Ionizing Radiation




Graphic for identification
s RNk T B

B Fr = 1 E Four intuitive tools:
1 5 ¢ color

1 % i 5. Symbol

a7 #xF Number

g ¢ < Chinese



Example: Hydrofluoric acid (HF)

Bl ot A & - 8,

LR A
LR A
pRELAL

EI
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6.1 (Primary : Corrosive)
(Secondary : Toxic)

%~ 3 & Toxic for inhaling
2 ¢ 5l4= B € ¥ 5 May cause serious burnt
3. f 1=t ek XL Irritate respiratory system
: Protective measures
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(2)#« ht Address

(3)

*{ FwnE

7 75Phone
%% F % 2§ 4 For details, please refer to MSDS



i New labeling system: GHS

= Globally Harmonized System of
Classification and Labeling of Chemicals
(GHS)

= 9 categories -> 3 categories and 27
subcategories

= All In one color format
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*HOW to label and store chemicals




Highly pressurized device and
i containers® B & X % 2 § B

= Major parts: cap, valve, and cylinder
= Valve Is the most vulnerable part

= Pay extra attention to flammable gas
(ke H,) and toxic gases (like AsH;, PH,)

= Fasten cylinders to the wall or other
proper fixtures all the time



Color identification

%@?ﬁﬁﬁ%@%%@$wﬁﬁﬁiM?’AQ@T%‘%Awgﬁﬁ
W EA R (RBRHRRR S SNREHRMEL R ) 28 AT
HA By Bdaffo r2- NP FTREIO A2 F LT o

=B RS Type %t Color
&, Oxygen
= Hydrogen
—4&{El% Carbon Dioxide

g Ammonia
£, Chlorine g
Z )k Ethylene

HArfERE R A8 Others




* Cylinder fastening
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Accidents associated with cylinders
:L KR W A S Y

BHigh pressure caused failure

eCannot hold the pressure
*Reaction between oxygen and oils
*Mixing of gases

*Over-refilled

BFire or explosion by flammable gases
BPoisoned by toxic gases
BSuffocation by inhaling inert gases



iAccident: gas mixing

= Description : On 1995.10.13, at 10:50, in chemical
plant, a contractor worker is using oxygen and ethylene
to cut metal tube and the oxygen cylinder exploded.

= Loss @ The welder died and his colleague was seriously
Injured. One worker of the chemical plant was slightly
Injured.

= Prevention : Add anti-backflow device (like a check
valve) to prevent gas from mixing.



i Accident: Fire and explosion

= Description : In 1994, a pressurized gas
vendor used motorcycle to transport a
cylinder filled with ethylene. The cylinder
exploded during the transportation.

= Loss : The worker died. Motorcycle was
destroyed.

= Prevention : Ethylene cylinder should
always be kept upright. Otherwise the
solvent to dissolve ethylene in the cylinder
may dissolve the sealant of the cylinder
valve and cause leaks.



i Accident: toxic gas leakage

= Description : 1991. 10.24. 8AM. 110 wasted chlorine
gas cylinders of the drinking water company was not
properly stored. One cylinder started to leak and mixed
with rain water. HCl was formed and corroded other
cylinders and more cylinders started to leak.

= Loss: No significant injury. The company was fined by
the EPA for NT$1,000,000.

= Prevention : Cylinders should be stored in a proper
storage facility.



i Accidents: suffocation

= Jun/18/2000 A high-tech company had a
nitrogen release accident, one person was
suffocated to death. Two other persons
found abnormal situation of nitrogen and
went to check and also died.

= Aug/14/2000 An young engineer was
suffocated to death while maintaining a CVD
Instrument. He mistakenly linked his
breathing compressed air cylinder adapter to
nitrogen cylinder.



Accident prevention associated
i with gas cylinders

= Routine training and education
= Cylinder maintenance and routine check
= Using proper accessories
= Label and color identificaiton
= Proper transportation and storage
= No mix refill/recharge without disposal
= Fire and flammable management
= Anti-explosion electrics

= Pure oxygen should not be mixed with oily
materials




=

=< gl 2 -
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i Safety Data Sheet (SDS)

s Information you can find in SDS




| Where to put your MSDS




i Fire fighting

= Proper extinguisher

= Special hazard In fire fighting

= Special procedure In fire fighting
= Special protective equipment



& Fire

= Fire and explosion is a chemical
chain reaction

s Four elements
= Fuel
= OXygen
» [emperature
= Chain reaction

S
D3 J, - LS
PRI AR



‘L How to put out the fire

= Principle: Cancel one of the four elements

= Methods
= |solation : removal of the flammables
= Cooling : Reduce the temperature -
= Suffocation : isolation of oxygen from others -

= Suppression : Removal of radical to stop the chain
reaction



i Categories of fires

= Type A: Common fire

= Type B: Caused by petroleum products,
flammable olls, liquids or paints.

= Type C: Caused by electric devices or
facilities

= Type D: Cause by metal (Li, Na, K, Mg,
etc) or LNG
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5L How to use the extinguisher
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root of the fire motion all out for a certain period



i Chemical management

= Purpose
= Chemical identification and location
= Emergency response
= Exchange

= Emphasis
= Quantity control
= Record keeping
= Labeling and MSDS updating
= Routine check



Storage cabinet for the
flammables
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Personal protective equipment
(PPE)

Body part PPE
Head Safety helmet
Ear Ear plugs, ear hood
Eyes Safety google
Hands Gloves
Feet Safety boots
Body Safety clothing: Common, anti-heat, anti-cold, anti- static, insulant,

corrosion-proof

Fall Safety rope

Dust respirator

resporator )

Respiratory sys |Gas mask

Supplied air respirator

Self-contained breathing appaatus




i Breathing apparatus

Positive Negative
pressure pressure

check check



i Gloves

= Compatibility Latex Nitrile

Carbon disulfide

Carbon tetrachloride

Carburetor cleaner (typically xylene, toluene and/or acetone
Castor Ol

Chlorine (wet)

Chlorobenezene

Chloroform

0-Chloronaphthalene

Chromic acid (50% concentration)

Citric acid (10% concentration)

Clonidine hydrochloride (0.1% concentration)
Cresols

Cupric sulfate (copper suttate)

Cyanic compounds

Cyclohexane

Cyclohexanol



Waste management

Generation

|

Categorizing, labeling, and temporary storage

l

Reporting

l

l Collection

Treatment and disposal

» On-line reporting to EPA, Taiwan

|

Filing




Compatibility of lab wastes
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i Accident: Waste Explosion

= Description : waste container went exploded in a
hood in a chemical lab in a research institute.
Alkaline waste was poured into a waste solvent
container and started a chemical reaction. The
container exploded after 38 minutes.

= Loss: no injury. The hood was totally destroyed and
the ceiling was partially destroyed.

= Prevention: carry out the SH rules and compatibility
check



The exploded hood




Temporary storage

Close the cap all the time.
Can add ayalve on the cap.

Incompatible

wastes should Ant']:l
be stored ovlerl;w
separately (1.1X)

Waste labeling



i Conclusion

= Prevention of occupation accidents
need efforts from the employer,
employee, and government.

= Acquire correct SH knowledge
= Follow your lab SH rules

= Maintain good working schedules. Do
not work under exhausted physical
condition.



+

May you have a safe stay at NCHU.

CEPOSH, NCHU
Location: at the 2" floor of Hui-Sun Auditorium

Extension: 589
Website: http://safety.nchu.edu.tw/newweb/




i References

= http://laws.cla.gov.tw/Eng/Default.asp



