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Aging
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Human factors and sustainable

Human simulation and virtual environments
Musculoskeletal disorders

Organizational design and management
Process control

Psychophysiology in ergonomics

Safety and health

Slips, trip and falls
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DI E R R A& 28 R AHRH 1R 5 [ Bildm A B HE R 2257 - PAAJRER - AR R gt
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{E BB EEIEAKRE » TMEelies] “EFEE A T ARG A LIS
WEEREERN TG LB E iy > Symposium: Prevention of Work Related
Musculoskeletal Disorders & 3B FHE ZHURMAC o (LB OCRAFMEMa R /71 » 26
BIthAAEHE A Garg $2H strain Index » ACGIH A5 _EIRGFE T3k & e R B2 B 42
HYy o SE SRR BRA 20 - (A ER B M i b A R AN R A A A Y
SRR - EE — DB o AR+ /VUHIEA R G R Bl ES — 212
[EA/WHO toolkit for WMSDs prevention * 3a& s B8 A R T A2 e Bt BUg A= SRR S E
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NA TR > DU RS baa G S 122 - I — R 55 R
HEQMNISO11226 (ANE ZE5h) ~ 11228 (N L ~ =B VEHERI(FESE) - DURAH AR %E
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“Revised Niosh Lifting Equation (RNLE)” ~ B HIHY “OCRA checklist” (S}
Mh@EhELfE J)) ~ “Psychophysical Tables by Snook and Ciriello” LRz A TAEZLEAGE
{5 “OWAS” Hil “REBA” -



19774F > SRS B S IR T — BBy R HtOvako Working Posture Analysing
System(OWAS) - R BHYREH) > WEEE ~ N0 - MRS ~ fefd - AriE T
Fhl o MR 1990 RIEEER T ET 2 haks s Wi st RIS ~ i) - ShREFrhn
RULA % ifi (Rapid Upper Limb Assessment) ~ ¥f¥7feHG 22 5 5 fe fa & 40 A7 Y NIOSH
Lifting Equation ~ $+¥f Rz ESEFFE K fa ™ N5~ 704HYStrain Index ~ $FHASFRIER T
A S, ~ Jii )T ~ EETEEETOCRAMREZF(Occupational Repetitive Action) 2Lk
200145 FHEBENE ~ M JI1F e BT fHHUACGIH HAL(Hand Activity Level)  JT4
A BIFEAEAE R R T AT ICE VLA B v e T I Rl BV B - 07 TR/ INiH P
R Bk LR BN DA -

& THETERFHE LR MM /5% - BE2(1) Acting on a step-by-step
approach - (2) Taking into account the presence of multiple influencing factors » WgXEIFHI »
CASHE 7 HATC BRIl - SN FRMERE BV F R iy ~ FMEHE L. 2
% o N[AFTHMilE B ks
(1) A Basic Step devoted to hazard identification by operative “key-enter” questions, that
can be operated also by non-experts °
(2) A First Step, (quick assessment), for identifying 3 possible conditions: acceptable;
high risk present; more detailed analysis (via tools presented at second step)
necessary. This step can be operated by non-experts with only some specific training.
(3) A Second Step, where recognized (i.e. from international standards or guidelines)
tools for risk estimation are used. This step can be operated only by persons with

some specific training.



Table 1

Key enters to the evaluation of different conditions of biomechanical overload as considered in 130 11226 and 11228 (parts 1-2-3)

THE KEY-QUESTIONS

1 I Application of ISO 11228-1

Is there manual lifting or carrying of an object of 3 kg or more present?

if NO, this standard is not relevant, go to the next Key Question regarding the other standards
If YES then go to step 2 (guick assessment)

NO

YES

2 | Application of ISO 11228-2

Is there manual whole-body pushing and pulling present?

if NO, this standard is not relevant, go to the next Key Question regarding the other standards
If YES then go to step 2 (guick assessment)

NO

YES

3 | Application of ISO 11228-3

Are there one or more repetitive tasks”' of the upper limbs in a shift?
"Wwhere the definition of repetitive task” is:
one or more tasks characterized by cydles lasting 1 hour or more per shift
or
when the same working gesiures are repeated for more than 50% of the time, lasting 1 hour or more per shit.

1f NO, this standard is not relevant, go to the other Key Question regarding the other standands
If YES then go to step 2 (guick assessment)

MO

YES

4 Application of ISO 11226

Are there static or awkward working postures of the HEAD/NECK, TRUNK and/or UPPER AND LOWER LIMES
maintained for more than 4 seconds consecutively and repeated for a significant part of the working time?
For example:
- HEADYNECK (neck bent back/forwarm/sideways, twisted)
= TRUNK (trunk bent forwardisidewa s/, bent back with no support, twisted)
- UPPER LIMBS [ hand(s) at or above head, elbow(s) at or above shoulder, elbowshand(s) behind the body, hand(s) turned
with paims completely up or down, extreme e/bow fisxon-extension, wnst bent forwarddback/sideways)
- LOWER LIMBS (squafting or kneeling) maintained for more than 4 seconds consecutively and repeated for a significant part
of the working time

ifNO, this standard is not relevant
If YES then go to step 2 (guick assessment)

NO

YES

Table 2

(Quick assessment for manual lifting activities: check of an acceptable condition (green area)

LIFTING: QUICK ASSESSMENT : ACCEPTABLE CONDITION

Asymmetry (e.g. body rotation, trunk twisting) is absent

Load is maintained close to the body

3TOSK
9 Load vertical displacement is between hips and shoulders

Maximum permissible frequency: less than 5 lifts per minute

NO

YES

NO

YES

NO

YES

NO

YES

Asymmetry (e.g. body rotation, trunk twisting) is absent
Load is maintained close to the body

Load vertical displacement is between hips and shoulder
Maximum permissible frequency: less than 1 lift per minute

51TO 10 Kg

NO

YES

NO

YES

NO

YES

NO

YES

MORE THAN 10 Kg Loads more than 10 kg are not present

NO

YES

If all the listed conditions are YES, the examined task is ACCEPTABLE and it is no necessary to continue the risk evaluation

If one is NO, APPLY THE STANDARD: ISO 112281




Table 3

Quick assessment for manual liftmg activities: check of a surely “critical” condition (“very™ red arca)

LIFTING AND CARRYING-QUICK ASSESSMENT : CRITICAL CONDITION (CRITICAL CODES).
If only one of the following conditions is present, risk has to be considered as HIGH and it is necessary to proceed with task re-

design
CRITICAL CONDITION: presence of lay-out and frequency conditions exceeding the maximum suggested
Hands at the beginning/end of the manual liting, higher than 175 cm or
VERTICAL LOCATION lower than 0 cm. YES
VERTICAL The vertical distance between the origin and the destination of the lifted ob- YES
DISPLACEMENT jectis more than 175 cm
The horizontal distance between the lifted object and the body center of
HORIZONTAL DISTANCE gravity (medium point between the ankles) is more than &3 cm YES
ASYMMETRY Asymmetry angle (upper body rotation) more than 135" degrees YES
More than 15 lifts per min in SHORT DURATION {manual handling lasting no
maore than 60 min. consecutively in the shift, followed by at least 60 minutes YES
of break-light task)
FREQUENCY More than 12 lifts per min in MEDIUM DURATION (manual handling lasting
ne more than 120 min consecutively in the shift, followed by at least 30 min- YES
utes of break--light task)
More than 8 lift/min in LONG DURATION (manual handling lasting more than YES
120 min consecutively in the shift)
CRITICAL CONDITION: presence of loads exceeding following limits
Males (18-45 years) 25KG YES
Females (18-45 years) 20KG YES
Males (<18 o =45 years) 20KG YES
Females (<18 o =45 years) 15KG YES

If only one answer is YES a critical situation is present.
Proceed with assessment with 1SO 11228-1 for identifying urgent corrective actions

Table 5

Mam methods for second level, suggested mn this proposal for “risk estimation”, as derived from different mternational standard.

METHODS FOR SIMPLE RISK ESTIMATION (SECOND LEVEL) DERIVED BY INTERNATIONAL STANDARDS

AND SUGGESTED AS PREFERRED IN PRESENT PROPOSAL

Manual Manual Repetitive Movements and Working
Lifting Pushing and Pulling Exertions Postures
(Upper limbs)
. . . OowAS
Re;:f{f;‘.ﬁ::’?ghfig;"g Psychophysical Tables by OCRA Checklist
Snook and Ciriello REBA
From 150 11228-1 and EN From ISO 11228-2 From 150 11228-3 and EN From 150 11226, 11228-3 and
1005-2 1005-5 EN 10054
Use also recent updates regard- Use also updates of Psycho- Use also recent updates regard- Use the preferred methods and
ing variable and sequential ffting physical Data. ing rotations between muitipls recommendations from 150 11226
tasks repetitive tasks. and EN 1005-4
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55 T 2 BT AEIJOWAS ~ NIOSH lifting equation 4§ » Z&r{i{fiff] T OCRAMIZFAE B E G
PEBNERRMEETNT © 38— Bl R E BAT 22 N BLLRANERE » BRI E— 1 -
OCRA Index FfZi M
OCRA Index %55 T.— K BN TRl Bh{F . B8 (Ae ) B I (Arp)
W el FHEAZANE (L) - PEE NS e PUESSR - AR RS/ N
1~ R T2 ~ /R2. 183 9 R RIS » HE L JRaMSDs fee 35 il B DABH
ORI RIRRKE ~ Rk~ B AL ERLE » kORI - AL
Ry ilfg o WSS E AR IR

OCRA index = ¢
Arp

FLrf OCRA Index : _EJMSDs fe 8 il b FE A
Ae © L THAEN < BB
Arp © ERCETTHEENE L R B

(D Ae * 3 LAESE R Fr > B — (6 AEEE] > DUSEIEERE & Ji 2
B2 55 TIEM T ZBATEhE - Sirgh(E < P B E R B G AR SO E
#53£77 [Colombini D, Occhipinti E, Grieco A. Risk Assessment and management of
repetitive movements and exertions of upper limbs. Kidlington: ELSEVIER SCIENCE Ltd;
2002. p. 43-110.] » DTG TARRE] < B ERE - Sl AR e
FRAR B S TR EI] 2 B P E X LR IR > A5 55 TR T80 ST TRy
IR RH > Sl B55 T—RE BRI TR ZIFIR (BLAL © ) » ATl BRSE
& - HEHER S LIEEILE Ae > Rt R/PIME » (ERAERIERER -

(2) Arp * FHEAAI@FTR > Hrp CF AEARFFEBERIPETER 30 KB E/ sy
Ffi ~ Fpi DMESEREGEORHER P St A2 R S el (S 288 < sk okt > Kl
{RALEE ~ W)t LEFILFE 33T (electromyography, EMG) . 5 5 - 1 5% 741 i B

(Amplitude Probability Distribution Function, APDF)Zf 50 147 #50F1 R /Bl
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Jer A2 APDF 25 10 K226 90 A3 ER22 5435 © Fai NEBIZSS
TAESEERE TP S O AR AT E R e HE AT - ARE) ~ W TE
PRS- BLRRERF I EE8 TIREMLZ LR (ER225K8% © DI ZHIDI# TIE
SiFssaik  ACERR 2 H IR IR - BEAHRHAC SR Z ARG > HIILL—K 7 /INKf 40
srgEat  Pr RAERAERA - 55 TAE 1/INEF - JEIRIE 10 5348 > AR5ELILEIR
HI - ARBEA TG A — Kb AR B SR R 2 ARSI - 51555 L Bk
IR > (RS54  Fd QL. Di [HIERZ2 5K -

Arp = Zn:[CFx(FfiprixFai)x DilxFrxFd ..... (2)
i=1

n * BRI AHEL

CF : {9 B E LA X —H

Ffi ; Fpi : Fai © A/NMRO~TZBIFUGREL > (REBLZ RN R E B T
FHAE RS - HTIRRE ~ RSB e & N 1

Di © fE—Kt > #E B TR IR MR RS Z IR (B AL 99)

Fr : RUNMMRO~1LZ HIRUREL, (RELZ R/ NIERAERE R — R (P A L
LA R ELZ IRF I (BT © /INK)

Fd @ A/TR0.5 ~ 2Z[HAIRE, FRECR/NIR IR R — R (ID LLE
IS TR RS L ARAIRFTA] (CBRAZ - 5)

STEHTEA/WHOR 5 1SS - AR IEAE AT — Ry - Ain R R 2L sk

DI

1.

Conceptual framework for development of a toolkit for prevention of work-related
musculoskeletal disorders

Categorizing job physical exposures using simple methods

A toolkit for MSDs prevention - WHO and IEA context

A simple tool for preliminary hazard identification and quick assessment in craftwork and

9



small/medium enterprises (SME)

5. Hazard identification and pre-map with a simple specific tool: synthesis of application
experience in handicrafts in various productive sectors

6. New tools in Germany: development and appliance of the first two KIM ("lifting, holding
and carrying" and "pulling and pushing") and practical use of these methods

7. Evaluation of objectivity, reliability and criterion validity of the Key Indicator Method for
Manual Handling Operations (KIM-MHO), draft 2007

8. HARM overview and its application: some practical examples

9. New risk assessment tools in The Netherlands

=~ IBERREEE R FHRRER 3L (STF: Slip ~ Trip and Fall)

BRI TP R R Z R REEN

B AR A EIE— {18l S0 B B EE Y 2% L BT > Ak S 2 At - &
AT 2R TR R R i T - #SHE T DS T EIAHB S, © IS e R
B Rl R R SR N EL A [ B RS A TP v~ BRI A AR 3 2E > 1B
RV AR T A SO ISR UMEr © BRIERRE IR - GERH TR
Ry ] DU B BT 2SS0 - SR B D IERT I EI /Rl - 2RiM > BIBEEREE % - AIARA
AR LIRS IR - BEFEsEBE TR - AT AN TRSE -
S TR E RS o W CARENSREE - B AN T B > SRAT R = B
DRIEFHI5 IR e 5 -
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ARET s HAR S 2 2 LB RS2 FT(NIOSH, Japan) ISR A B3R —Fam
“Fundamental study on relationship between human injury probability due to fall and the fall
height”  HEA T RIS ELEG] - Hrfr70%FUEA 2550t - Bz Re

GE 2 HIM (brain contusion or brain hemorrhage) -

1501) gy
s <Muain Injury Part>

| e
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=
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Main injury region of fatalities due to falling
(Labor accident statistics in JAPAN)

An analytical result investigated by forensics experts on
cause of victim’s death in an emergency hospital in JAPAN

Patients who died after | Patients who died before
they arrived at hospital they arrived at hospital
- . 40
['otal Patients 105 . D
{hey all have head injury)
Head injury 54/105(51.4%) -
Cervical injury 4/105 ( 3.8%) -
Head and Cervical injury 317105 (29.5%) 32/40 (80.0%)
Other region injury 16/105(15.2%) -

e MY T EUE e e B - SHASSZ E A o AR S T eI A R
Hl > ZAGEICHTIAL I REMERE IS - 5 W RE S e R BRI AT HERA T
fife o BUAIT - SEMEZIRPEEEE D o MR AT DU SR Z sERIZEBI - SMEZHRAILD
PR ET « BZFFE LU 28 A 300mmty 5 - (B TEE AT 3t 1 OK N fiy i
3 Be—Ju R R LIS RSMERT 2 54T -
EANGRAUA] - ik oR B o E M7 A PRV ER A BB IR B BRIt ~ i PR
S Y (temporary facilities) > G411 [EADGERE (scaffolds or guardrails) PLFHPLER

W o BRI T A IR A R R R S M B HE 32 4R
LAk BAEI RS -

ARG A BASTRGR 5L » KRB TGk ~ SRR BRF M SS » A R

(1) Effect of shoe type on descending a curb
(2) Measuring step geometry using the Nose-to-Nose method: Validity and repeatability
(3) Assessment of slip resistance under footwear materials, tread designs, floor

contamination, and floor inclination conditions (47X #$5%)
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(4) Review of walking hazards for railroad workers

(5) Stair safety: bottom of flight illusion

(6) The stochastic distribution of vailable coefficient of friction on quarry tiles for human
locomotion

(7) The development of a universal approach to testing of walkway slip resistance in the U.S.

(8) Effect of walking surface perturbation training on slip propensity and local dynamic

stability

FRAEAERTER T S A o R - b~ BERR G [ e
T BRI AR T R EE NYIEE - EA A RS L B

AR SR o BB el ELU N EHER ~ Fr s R TG /G

JCLARER" BRI - shfRbsEss T2e et » WinE S ERA L i s - H

T EMEEAE S "R SR ARKTEYT R CRERE” ? RAEEE S I

72t o ARZXMETErER Liberty Mutual Research Institute for Safety * Wen-Ruey Changfif
AR BE AR - A RSk R

Evaluation of a comprehensive slip, trip and fall prevention programme for hospital
employees

KBS LA 200735 FE S TRE S G & # B il B G5 122% -
Az AR R A R B [o)— = BE Y STRE T TIRHRA G & L #8 F R Fy35 2/FTE(full-
time equivalents) » HAM{THERI1520.2 » BEGESTREM G E M3 4 K L HABZE R = H
75% ° &Pt S (healthcare industry)2 THIAF I T3E & > AT UILRHIUSTRZEM: - NIEE
fEfS1 & - NIOSHEHLiberty Mutual Research Institute 5 {/EEf T—IH 1052 » DUTME
“comprehensive STF prevention program” HJFEXL © $£1996-19994F 35 LLBE R STRA il {E
SRR IS 1.66(1/100FTE » T{TTIHT $2(2003-2005)F30.76/F/100FTE » L34t - 7t
FEI R B R it V5 YL (water water, fluid, slippery, greasy and slick spots )iV {2l @ ‘&5
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SRR 5 T 224 % o Bt R R R I S FREa AR I = R
Food services, transport/emergency medical service and housekeeping staffZ5 » 35 LY

TAEANETEBILLBIL LR S - RN S S A b thLLRek -

M BN ES TR AT - Ja—at S

(1) Analysis of injury records to identify common causes of STFs,

(2) On-site hazard assessments,

(3) Changes to housekeeping procedures and products,

(4) Introduction of STF preventive products and procedures,

(5) General awareness campaigns, programmes for external ice and snow removal,

(6) Flooring changes and voluntary use of slip-resistant footwear for certain employee

subgroups

Listing of the main strategies of the slips, trips and falls (STF) prevention
programme implemented at the study hospitals.

Keep floors clean and dry

Encourage workers to clean up, cover and/or report floor contaminants promptly.
Install wall mounted spill pads or paper towel holders conveniently throughout the
hospital to provide easy access to cleaning materials.

Advertise the phone/pager numbers to call for housekeeping through emails, posters
and general awareness campaigns.

Install wall-mounted wet floor signs throughout the hospital to provide easy access to

products to cover/identify a spill.
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® Provide walk-off mats, paper towel holders, trashcans and umbrella bags near entrances
to minimise wet floors.
Provide cups, paper towel holders and trashcans (waste bins) near water fountains.
Place water-absorbent walk-off mats with bevelled edges at hospital entrances. The
mats should be large enough for multiple steps to fall on the mat and wide enough to
cover the entire doorway. Ideally, the soles of shoes should not be depositing ice or
water on the floor when they step off the mat. Consider use of these mats in areas where
employees may be continually exposed to wet conditions.

® Use appropriate methods for cleaning and degreasing kitchen floors; choose appropriate
cleaning product for the conditions; mix cleaning products according to manufacturer’s
directions.
Redirect drains away from walkways with high pedestrian traffic.
Check that pipes are correctly aligned with the drain they are emptying into.

Unclog drains, particularly in kitchens, regularly.

Prevent entry into areas that are contaminated

®  Use barrier signs that block off areas (tension rod with hanging sign across doorways,
tall cones with chains, hallway barriers).

® Install pop-up tent-style warning signs in wall-mounted tubes in easy accessible
locations.

® Use taller, more noticeable STF signage (48 tall wet floor signs, flashing lights on top of
signs, pop-up tent style signs).

® Promptly remove wet floor signs after the floor is dry to avoid habituation.
Completely block off area during floor waxing or stripping; place door-stopper barrier to

prevent wax from overflowing into adjacent areas during waxing.

Use slip-resistant shoes

® A voluntary slip-resistant shoe programme was implemented, primarily for food service

15



workers and housekeeping staff, and included ice cleats for home health nurses.

Keep walkways clear of objects and reduce clutter

Provide adequate lighting in all work areas including outdoor stairwells and parking garages

Secure loose cords, wires and tubing .

® Use cord bundlers and cord containers to secure cords under desks and computers and
around medical and kitchen equipment.

® Cover cords on floor with a bevelled protective cover.

® Organise operating rooms so that equipment cords are not stretched across walkways.

® Consider retractable cord holders on phones in patient rooms and nursing stations.

Eliminate outdoor surface irregularities

® Consider eliminating wheel-stops in parking areas.

® Patch, fill or slope cracks, holes or changes in level in walkways and parking areas that
are greater than 0.5’.

® (reate visual cues; highlight changes in kerb or walkway elevation with yellow warning
paint.

Eliminate indoor surface irregularities

® Replace or re-stretch loose or buckled carpeting.

® Replace mats that are curled or ripped; secure edges with carpet tape.

® Remove, patch underneath and replace indented or blistered tile.

® Consider replacing smooth flooring materials with rougher surfaces with a higher

coefficient of friction.

® Patch or fill cracks in walkways that are greater than 0.25’.
Highlight changes in kerb or walkway elevation with yellow warning paint.
Check stairs

® Ensure stairs and handrails are in compliance with safety codes and recommendations.

® Highlight the nosing of each step with contrasting paint or strips.

16



Prepare for ice and snow

® Provide ice cleats (or similar product) for home health and maintenance workers to put
over regular shoes.

® Distribute winter weather email warnings to all workers with email access.

® Provide bins that anyone can use to spread ice melting chemicals on icy patches outside.

General awareness campaign

® Phone and pager numbers for maintenance and housekeeping departments prominently
displayed and emailed intermittently to staff, to be used for reporting spills, slippery
conditions, ice and other STF hazards.

® STF hazard awareness campaigns that are promoted through health fairs, posters,

paycheck inserts and emails.

WIMER 2 ETE - ANERE A DA BRI S [Ha R - SRS BRI
FrigkdumiE ~ Mt 2 e G - 5.2 > AT DUET TSTRHEHE PR
a0 BT RILR MR AR ST T -

Y - EERAHRRISO EN ILO ZE NN TR GHERITER

ANETE FEIEAE #5645 (Ergonomics and Occupational Safety and Health: An ILO

Perspective By Dr. Shengli Niu Senior Specialist on Occupational Health International

Labour Organization Geneva, Switzerland) » {FLEEESIHE IR TEILA S REE - R
FUZIEA WHO it » ILO  DUKISO ENZEREERE AN E Bl Ih—a#d -

ILOfHE HEFAFER A 230355 TN SE SEHE B st - ARl R S S U H
Je#95% 190 billion US dollars. £EHE0E BEFHSS I F340 billion NOK » S5 F5£19
billion = A NAITTARAE LA [REAYAHRARE - 2 BRI RARIN R — -
A > 38 2 NN AR A 2 5 LA B i H N L — o ARG IR A5 S
%5~ AN RSB S LRUIRE ) (postural stress) AR B 1/ 565541 nT aE B U@ 1
WA EsGE - B4 ) (repeated or forceful efforts) ~ FfAE#FAEZ B (sustained static
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loading) ~ fiFFEE [N EHARZE, (anatomically non-neutral posture) ~ IRV EN{E
(accelerated movement)<535 Se [ nREMEFH WA EHE R o Finlid s il fieF K+ [N
{EIRf > EREEEEE - ZRER L EHNRH R E k] exposure-response data){R HIfEE—K
2/NFFIZEEE (25% or less of the day) L AJREAfEE o T2 RILOMIREHRHHERATL
SRS - FLHR LA E AR R AT 140% -

Table 1. Compensated costs of injuries and diseases

Costs by disease

3% 3% 8%

9%
40%

14%

]
16% L
[ Tumors M Central Nervous System
Respiratory Diseases Accidents
M Mental Disorders [ Heart Diseases

M Musculoskeletal Diseases [ | Skin Diseases

ILOWJEIfE The ILO's Response

B fE S R T AR LA S #8E > TLO {12003 Global Strategy H1EK[H#ZE
TR - iEESHE AR TRE&5ETH)S - Relevant Conventions and Recommendations :
Convention No. 127 and Recommendation No.128 - ILO Jid & Global Strategy » HHIEAS
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{E » FHDr. Wendy Macdonald (Health Sciences, La Trobe University, Melbourne, Australia)
FITERERY /NG - 28 J ] R fiiiregulations, standards and laws on ergonomics at the

workplace °

ILO FEfs LEERbiR g » AN TARMIE TS B2 T i Rl - f
HE— DB © BUF ~ JE LRI S5 T =5 A SHILO e AR TAREAHRBHIY 52 - Rl
Nl -

(1) AR TIEAHREE EE R The surveillance of ergonomics hazards needs to be

established in response to rapid and complex changes in the world of work.

(2) TAEMHERELEE N F92 Studies and investigations need to be conducted on the

occurrence of ergonomic risk factors and work organizations.

3) EFERTIMEE 7 Itis an increasing important challenge to address risk

assessment in occupational situations in which the physical work load and MSDs
develop through an interaction between the workplace, leisure time activities, and

individual factors.

4)  [AIRFEit e ORI T~ - Ergonomics is often viewed in a simplified way as it focuses
mainly on the physical aspects of work: force, repetition rate and posture. Psychosocial

factors are often misunderstood and ignored.

5) JETEEDIRLMESS TN EHREGEZE Few studies have examined differences in
MSDs injury rates for men and women and for unionized and non-unionized workers.
There have been reports that non-union and women workers have higher rates of MSDs.

Explanations for these phenomenon could include differences in training in safer work
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practices and in working experiences, different job assignments, age, sex in relation to

physical size and strength, health care seeking behaviour, etc.

(6) f55 [HLE i T-HBH#¢ Guidelines are needed on the major work-related risk factors that

should be eliminated or minimized such as manual handling of materials, repetitive
work, static work, segmental vibration, and poor psychosocial work environments.
Studies and evaluations on the technological and economic feasibilities of the

application of these guidelines need to be conducted.

ILO HEFTRIME AR TRl & /%< WISE (ILO) and WIND (ILO & Kawakami T, et
al., 2008) - “Work Improvements in Small Enterprises” —. WISE » £E3Z KA ~ £ 1 W
DARGEMHEST » Horp—{fE 5[ fsk5 125 “Higher Productivity and A Better Place to Work™ {8/
Hh NS SERET T R AT ST SGEE T AR EREE LSS » s iIRWISEAF2008 481 T -
WISE programme & DL/ {FRN R A F5 LA > build on local practice, focus on

achievements, link working conditions with other management goals, use learning-by doing,

encourage exchange of experience and promote workers' involvement ° “Work Improvement
in Neighbourhood Development” —. WIND » 1 BESF6 pL S8 VE2EUNGE - RR A RS2
WISE - {Efgp N TAZRE F o TLOBIUNDL K HAEE AR & 1F - AFSIEA, ICOH
and IOHAZS: » HH]REHIEILOAEIEA ~ ICOHTR g LI HAERSHYHIA] » The
Ergonomic Checkpointsig:[{ IEA and the ILO F[r|#g i H AP T » ILO1996#&1 T(ILO
& IEA, 1996) - ILO H {ij IE/FELIEA & {Ef& il —Ergonomic Checkpoints °

IEAE%E@B’{(ISO 11226 and EN 1005-4 N. J. Dellemana,b, J. Dulc a TNO Human

Factors, P.O. Box 23, 3769ZG Soesterberg, the Netherlands (nico.delleman@tno.nl) b Paris

Descartes University, UPRES Ergonomie, Laboratory of Applied Anthropology, Paris,
France ¢ RSM Erasmus University, P.O. Box 1738, 3000DR Rotterdam, the Netherlands
(jdul@rsm.nl) -
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ISO 11226 in 2000 and EN 1005-4 in 2005 35 Wi {lE5HE 3 BUT A 25 T T/F L2,
BRI - DIFARGSS TN S B8RS ~ MR - #943BKH (Buropean Union )
/325 TAE TARRESZ EANEF @Y TAFZE8S - WiAT50 %25 TAEFHE HRny B4 1 TAF -
EN 1005-4 FHIANRE IR EIR 25 THURPREZSBAEE)(F - DUlEREFE - TR
EN 1005-4 B IR FIR faha TAF LSS Mg ATii R o SR =ik

(1) ‘acceptable’ (the health risk is considered low or negligible for nearly all healthy adults.

No action is needed) °
(2) ‘conditionally acceptable’ (there exists an increased health risk for the whole or part of

the operator population; the risk shall be analyzed together with contributing risk factors,

followed as soon as possible by a reduction of the risks, i.e. redesign, or if that is not
possible, other suitable measures shall be taken, for example the provision of operator
guidelines to ensure that the use of the machine is acceptable),

(3) ‘not acceptable’ (the health risk cannot be accepted for any part of the operator

population; redesign to improve the working posture is mandatory).
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Establish the operator popu'ation

Perform a task analysis

I deniify the ergonomic data required

Evaluats at the drawing-tab's/CAD-screen

redesign 5
g Rizk assessment

not acceptable  § acceptable

Evaluate with operators

redesign :
g Risk assessment

nat acceptable acceptable

Fig. |: Flow chart illustrating the risk assessment approach
(EN 1005-4).
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L HAAEERER T "L e AnR” B 55 s NI i Ve T

FIHYTHIFIE - e BN PRI B2 G ARG - DABRRES T8 DR 3%
WSS e ] MRS BN S RN < TG - eSS IRIERAG (AR
A > AR EHILA B B ERHAR ZEBILLRAG THZ IR 2 - n] RASBHRY S ZE
(LE55 TIRH 2 EFF I » RZfrEIRE T BBV TUBREEE] SR AR
I e A B AL EC LU N ERR o RS AAT SR e [ BE S SEER AL
2% > DR A ORI (TR ER HE A A o > AR St e e — 2D A 2L -
[EA/WHO Y5k » mIDHR I ER A A G S8 e BRI 5 [Ela A ey 225 - #aas
At IR R LR B > SRR B RV EAT: -

- GRS I 2 L MR A7 (R TR B ¥ BB B B B - PRI P55 ) (temporary
facilities) > GIAIEATGER (scaffolds or guardrails) @R DAL E - HEREIIGFH
FiTi] > BAMTRE R kAT ] DI e A 7 BRI IR AR 2 B B 21 - &
LU BEER B #E -

AEFHERTHY “CGE L AR B Rl Hil s B S LaE o B
RN e R BN YIS - AT RUE LA B A i AR
KABHE" o VU1 e — LU A IER] ~ St s R S i (BT
NERRT o KR o JnsRERRESS T A > WINERESERA L B WA RS - H
& e EAE R ST ARG > R ARG RE” ? RS
2] -

I
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fifsek— WHETEBRZARIC

Assessment of slip resistance under footwear materials, tread designs, floor
contamination, and floor inclination conditions

Kai Way Li'*, Chih-Yong Chen?, Ching Chung Chen’, Liwen Liu?

e Introduction: Slip and fall incidences are common. They are not only important
environmental safety issues but also important occupational safety and health problems
(Leamon & Murphy, 1995). According to the statistics of the Council of Labor Affairs
(CLA, 2008) during 2003 to 2008, falls are one of the major causes of occupational
incidences. Starting 2003, falls increase year after year. Research on slips and falls are
essential. The purpose of this study was to study the friction at the footwear-floor interface
under different footwear materials, floor surfaces and the inclined angles of the floor.

e Method: A Brungraber Mark II slipmeter was used for friction measurements. The
standard test method for the BM II proposed by the American Society of Testing and
Materials (ASTM, 2005) was adopted. In addition, the protocol in judging a slip or non-
slip suggested by Chang (2002) was used. To conduct friction measurements on an
inclined surface, a metal rig to accommodate the Brungraber Mark II was adopted. Three
inclined angles were tested: 0° 5° and 10°. Friction measurements were conducted in
descending direction. Three contamination conditions were tested: dry, wet, and glycerol-
contaminated conditions. The footwear samples included a flat composite rubber pad, a
treaded composite rubber pad, a flat Neolite, and a treaded Neolite. The Shore-A hardness
for the composite rubber and the Neolite were 69 and 90, respectively. A ceramic floor
sample was used. The floor roughness (R,) was 11 pm. In short, the factors of the study
included footwear, contamination condition, and floor inclination angle. The dependent
variable was the coefficient of friction (COF).

e Results: The results of the analysis of variance (ANOVA) indicated that all the main
factors and all the two-way and three-way interaction effects were statistically significant
(p<0.001). For the contamination conditions, the dry floors had significantly (p<0.05)
highest mean COF (0.85) among all contamination conditions. The mean COF of the wet
condition was the next (0.44) and the glycerol condition had the lowest (0.08). For
footwear samples, the flat composite had the significant (p<0.05) highest COF (0.5), next
was the treaded Neolite (0.49), the next was the treaded composite rubber (0.43), and the
last was the flat Neolite (0.41). For the inclination angle, the overall mean COF for the 0°,
5°, and 10° were 0.48, 0.46, and 0.43, respectively. On dry floor, the mean COF for the
0°, 5°, and 10° were 0.87, 0.85, and 0.83, respectively. On wet floor, the mean COF for the
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0°, 5°, and 10° were 0.46, 0.46, and 0.40, respectively. On glycerol contaminated floor,
mean COF for the 0°, 5°, and 10° were 0.11, 0.08, and 0.04, respectively.

Discussion: The results of the study indicated that footwear sample, floor contamination
condition, and inclination condition were all significant factors affecting the COF which
could lead to different risk of slipping and falling. Selection and design of shoe sole is
important in the prevention of slipping & falling. In addition, large ramp angle could lead
to higher risk of slipping & falling. Keeping the floor dry and have a good housekeeping
are always helpful in the prevention of slipping & falling.
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