i)

Ergonomics risk assessment  — The
roles of the Ergonomist and
Occupational Hygienist

Andrew Todd

Department of Human Kinetics and Ergonomics
Rhodes University
Grahamstown

SOUTH AFRICA

RHODES UNIVERSITY
-

SAIOH, 17-18 August 2011 [1] Where leaders learn



Why is ergonomics important? @

ACost of occupational health and safety
problems remain substantial

Alndustrially developed countries?

AUnited States : 1.2 million cases of injury
(5 700 fatalities) in 2006

AUnited Kingdom : 400 000 injuries = 36
million working days lost

Bottom Line: Injuries reduce productivity
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Why is ergonomics important? @

ACost of occupational health and safety problems
remain substantial

Alndustrially developing counties?

AStatistics more difficult to find

ASA Department of Labour: 886 511 workers

compensation claims costing 2 070 million
rand
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Why is ergonomics important? @

Aln South Africa not only is cost of injuries
significant, but productivity Is low:

AHigh unemployment : up by 2.3% in 2009
to 24.5% (Statistics SA)

Therefore firms should be:

Aimplementing  effective strategies to cut
costs and improve productivity

Asearching for resources and tools to
Improve productivity and provide
employment opportunities
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Why is ergonomics important? @

AA useful resource to:
Aimprove working conditions
Areduce occupational injuries

Aimprove productivity

IS the Introduction of sound ergonomics
principles in the working environment
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Definition of Ergonomics @

International Ergonomics  Association  (IEA)
definition (2000 ):

Ergonomics s  the scientific discipline
concerned with the fundamental
understanding of Interactions  among

humans and other elements of a system,
and the profession that applies theory,
principles, data and methods to design In
order to optimize human well-being and
overall system performance
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What is Ergonomics? @
As a Science

« Study of human capabilities and limitations
and other characteristics for purpose of
developing human -system Interface
technology/guidelines

 Apply human -system Interface
technology/guidelines to a variety of work -
place related tasks.
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What is Ergonomics? @

Physical ergonomics is concerned
with human anatomical,
anthropometric, physiological and
biomechanical characteristics as
they relate to physical activity .
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What is Ergonomics? @

Cognitive ergonomics is concerned
with mental processes, such as
perception, memory, reasoning and
motor  response, as they affect
Interactions among humans  and
other elements of a system .
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What is Ergonomics? @

Organizational ergonomics is concerned
with the optimization of sociotechnical

systems, Including their organizational
structures, policies and processes .
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Goal of Ergonomics? @

Optimise

e the user -interface,

 the work organisation and

e the work environment

to achieve optimum human -machine integration

(Hendrick, 1996 )
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Goal of Ergonomics?

Devices which are easier and safer to use

Fewer accidents, injuries and errors in the
workplace

Minimisation of unnecessary effort
Mental

Physical

Intrinsically happier, desirable workplace
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Ergonomics in South Africa @

AWhere to now? - The challenges facing the
South African ergonomist

AEconomics — Western versus third world?
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Ergonomics in South Africa
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Ergonomics in South Africa @

AThe South African Context :

APart third world, part western world :
Asocially,
Aeconomically and

Aindustrially

AViljoen and Christie — Quadruple burden of
disease Iin South Africa
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Ergonomics in South Africa

AThe South African Context :

HMales OFemales

Cardiovascular disease
Inf / para excl HMVAIDS

Malignant neoplasms
Intentional injuries
Unintentional injuries
Perinatal conditions
Respiratory disease
Respiratory infections
Diabetes mellitus

Diseases of digestive system

Genito-urinary diseases

Mervous system disorders
Mutritional deficiencies
Congenital abnormalities
Endocrine and metabolic
Matemal conditions
Mental disorders

Benign neoplasms

Cot death

Musculo-skeletal diseases
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Ergonomics in South Africa
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Ergonomics in South Africa
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Ergonomics in South Africa
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Ergonomics in South Africa
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Ergonomics in South Africa @

AThe South African Context :

A The challenge for the SA ergonomist
AComplex array of work environments
But also
ASocio -economic status

AHealth status

ANo such thing as universal solutions

AErgonomics intervention strategies need to
be highly contextualized
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Chronic Fatigue @

Biomechanica! Physiological

Psychological
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Ergonomics in South Africa

Rl g g =
A J " ;/‘:v. PV~ 5
g3 L :
g i |
e v" -l ‘ I | L
H “mg l‘ i | e/ [
i
“1 :
J H)\ ‘
g Y

0 '"*
(IR,

Study of heat stress in
automotive industry

Hospital
ergonomics RHODES UNIVERSITY

Where leaders learn

(

SAIOH, 17-18 August 2011 [23]



Ergonomics in South Africa

Forestry Harvesting Military Research

Where leaders learn
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Ergonomics in South Africa

Poor
.| working
- 7 environment

Non - optimal
usability of
machines
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What or Who is an Ergonomist? @

Ergonomists contribute to the design and
evaluation of tasks, jobs, products, environments
and systems in order to make them compatible
with the needs, abilities and limitations of people .

IEA 2000
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What or Who is an Ergonomist? @

Prime responsiblilities

AEnhance worker well -being
Almprove productivity

How?

e identify problem areas

e prioritize needs

e analyse incompat ibility
o offer low cost intervention strategies
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What or Who is an Ergonomist?
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What or Who is an Ergonomist?
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Ergonomics Risk Assessment @

Various levels of analysis:
« (General assessment:
» Scientifically validated checklists

e Observation, elementary measurements and
worker enquiry

e Qutcome:
* Three -level classification of risk
* No risk
* Risk not excluded, requires further analysis
e Likely risk, intervention needed
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Ergonomics Risk Assessment @

Examples of General risk assessment tools:
* RULA
o Upper limb assessment tool

« REBA
e Entire body assessment tool

 NIOSH
e Lifting tasks assessment tool
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Ergonomics Risk Assessment

RULA and REBA:
 RULA
e Survey method for WRULDs

* Biomechanical and postural loading
assessment

* Neck, trunk and upper limbs focus
 Reliability studies conducted

« REBA
e Same principles as RULA
* Whole body assessment
« Dynamic or static

SAIOH, 17-18 August 2011 [32]

L B
\=/
*

RHODES UNIVERSITY
Wohere leaders learn



Ergonomics Risk Assessment

RULA Emﬂh’j"ﬂe Assessment Workssheet e 1 RULAT & survay maihod foe S irvarhipatior of sark-rmie fad uapar dmb discrhars, MoAlanney B Corfelt, Aoalad Emovomicy 109, J4I), 91-9F

A, Arm and Wrist Analysis
Step 1: Locate Upper Arm Position:

H L] 42 i Ly 42

Step la- Adpet. .

If shonldar is maised: +1

If uppar amm & abduced: +1
If a5 supported or pamon is leaning: -1

SCORES

Table A: WriEt F'crl:-ture S-xire
'12'12'12'12

1 |12l 2|2|2)3) 332

1 2 |2|2|2|2)F|33|2
3 |2|3|2|2]|F|3|4|4

1 213 3|3|2|£|4]|4

2 2 |3|3|3|3|F|4|4|4
3 |2|4|4|4|4)2|E5]E

1 A3 4|4|4|L]| 5|8

3 2 |2|4]14]4|4)4|E5]E
3 |44]4]4]4)5])5]=

1 |4]4]4f4|4]5]|5]=

4 2 |4]|4]|4|4]|4|5]|5]|5
2 |4]|4]|4]|5]|5|5|6|E

1 HBEBEEE R

5 2 |E|E|IE|E|E|T|T|T
3 |E|EIE|T|TI|IT|T|E

1 |TI7|T|7| 7|96

i ] 2 |EBE|E|E|E|E|9|9|%
0 - - D T R R
Table C:  re, trunl:a'idiu:ue |
1|1 z2]a|z|a]|s]|¢s
§22134155
g:l x| 2]alalals]s
4| z|a3laflal=z]els
EE:-H-!EETF
w822 ]=]=]c]7]7
A HEOEOEREHE
S HEBOHEHEREE

-
Step 1: Ln-:mLmerAmPﬂﬁon:_
S~ i
(+3 + I — T —n
i, £ . T e
i 1 1£'_ﬂ"} (s
e ( T
s bl Liwer Arm
I"'l_ i Add+1 LowT
Step 22 .ﬁm—:...
If nithar arm i woricng across midline or ot fo side of body- Add =1
Step 3: Locate Wrist Position: _ e
------- — - i
1 2 CROTEES A adaa
Step Ja- Adjeat...
If wirdst i bant from midling: Add +1
.. . ‘Wns Soore
Step 4: Wrist Twist:
T wrist s twisbed in rmid-range: +1 |
I wirist is af or near and of ramge: +2 W Twist
Soore
Step 52 Look-up Fosiure Score im Table A:
?Eimmml—*mlocnmm T |
Step 62 Add Muosde Use Score
If poshure mamby static {is. hald--10 mimes),
Or if action repeated occurs 44X par pmrie: +1 Whmcie lse Boore

Step 7 Add ForceTLoad Score +
1 load <= 4 4 Tbs {Exermmistent): +

Kload 4.4t 22 s (Irtecmittent): <1

I load 4.4 to 22 T (siatic or +2
Emﬁm“hmmﬂTMm +3

Step §: Find Fow in Table C
Add vangs from steps 5-7 to obtain
Wirist and Arm Score. Find row in Table C.

Wit & Arm Scon

Scoring: (final score from Table C)

Lor 2 = acceptable posture
Tor4 = further inwessgation, change may be rsaded
Sor 6= further imestigation, change soon

¥ = irvestigate and implement dhange

Final Scora

B. Neck, Trunk and Leg Analysis

Step.ﬂ':lmu.‘iukl’mﬁn!:

M 7 ﬂjfj“‘”'" 3

h :| b o
S Gy
N I 2 .
Step G Adjmst. Nedk Score

IFmock is twisted: +1
Fmack is side bamding: +1

Steplll: Locate Irthosiiul'

H 2 .,II _If ,. N s
ﬁ.ﬁ- o M +

Step 10 -1.&_|'na: E
Fmmuok is twied: +1
ok is wide bending: +1

runk Scone

e || | |

| | |
| | |

|
8
L
']

Step 11: Look-up Posture Score in Table B:

Using vahes froos sheps 211 abowe,

locate soore in Table B +
Step 13: Add Muscle Use Score

Eposture pinly st (Le hald= 10 mimes),

Or if action mpeated ocours +X per mimae: +1 I;
Step 14: Add Force aad Score +

Elkad = 4.4 lbs (ieecmiteat): H)

Iiload 4.4 by 22 Fos (imiwomsitan): +1
Fload 44 to 12 Tk (static or repeated): +2

£ miore tham 22 Ths or repeated or shocks: <3

Step 15: Find Column in Table C
Add values froes steps 12-14 to obeain
Neck, Trimk amd Leg Scome. Find Coluem in Table C.

E rll'il!
Seare

Task pamea:

Peviswer,

Dhate:

oy By Practeny ERponcimics

This oo i stk sifficud wavmamy. The Jaubhor bas providisT ME ioof 3< 2 Sinpie mares e aopldng e concenis provided’ n RUEA |

SAIOH, 17-18 August 2011 [33]

i M N Cormuligg L

¥/

rarkerferposman.com (B8] #41657 YYEQ [ INIVERSITY

Where leaders learn



Ergonomics Risk Assessment

REBA Employee Assessment Worksheet
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Ergonomics Risk Assessment @

RULA and REBA:
e Positives:
e Quick
e Easy
* Reliable
« Commonly used

* Negatives:
* Only identifies risk
e Does not identify why
* No solutions offered

‘”‘” RHODES UNIVERSITY
SAIOH, 17-18 August 2011 [35] v Where leaders learn



Ergonomics Risk Assessment

NIOSH revised equation:

.,\] H9- ¢ = NIOSH_RLE_50 [Compatibility Mode] - Microsoft Excel o - ——— - =
o
—/ Home Insert Page Layout Formulas Data Review View Acrobat - 2 X
. = . X L e Aute - A&
& Cut sl e el =i Wrap Text 5,:.; ) ) = i E AutoSum 'JF ‘ﬁ
pte 3o ? o o0l ¢ lt:'J | Format Cell || Inseit D - Sorte Find &
aste B I U By~ A g M [ | s Conditional  Forma Ce nser Sort & Fin
= Format painter ||| B £ ][l ! i (BR[| ing + a5 Table - Styles - | 2Ceart  Figer- Select-
Clipboard {E] Font Alignment Number Styles Cells Editing
N _ x
Q Security Warning Macros have been disabled. Options...

AL v

5 | Revised NIOSH Lifting Equation - 1991

Revi_ ed NIOSH Lifting Equation - 1991
CLI for Multiple Task Jobs

Enter values in Yellow area. Select
Units  1-US Trad
Clear Data 1 2 - Metric

Notes Applications Guide Example 7. pg 64

|

For Composite Lifting Index (CLI),
press button.

Compute CLI

Ib and inches Weight of Load Origin Destination for Significant Control
Task Task pounds; Hand Location  Asymmetry Vert Dist Freq Coupling‘ Hand Location  Asymmetry Period
Na. Description Aver Max H [in] W [in] Al D F [lift/min] c H [in] V [in] AT P [h]
1  Example 7, Task 1 12.0 18 4 1] 16 24 Fair 1.0
2 Example 7, Task 2 12.0 16 20 0 0 24 F
3 Example 7, Task 3 12.0 16 36 0 16 24 fair
4 Example 7, Task 4 12.0 16 52 0 32 24 f
5 Example 7, Task 5 12.0 16 68 0 48 24 f
6
i
8
9
10
Notes:
H is not limited to 24 in / 60 cm Max Load: If blank, set to Average MNeed D orfand Destination data (Largest D-wvalue used)
FI is limited by 0.001 rather than zero Coupling data can be first letter or whole word, and upper or lower case.
CLI= 1.40 Destination data required for controlled placement or shifting of hands
Task If Period is blank, it is assumed to be 8 h.
Na. Limit RWL STLI FILI
1  Example 7, Task 1 Origin 181 0.66 0.59
2 Example 7, Task 2 Origin 252 048 043
3 Example 7, Task 3 Origin 2545 047 042
4  Example 7, Task 4 Origin 209 0.57 0.51
5 Example 7, Task 5 Origin 175 0.68 0.61
6
7
8 Thomas E. Bernard
9 University of South Florida
10 College of Public Health HEALTH
4 4 » | Summary -~ DetailedData DataCollectionSheet Job Data Bxamples - ¥J ——— J[- I
Ready
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Ergonomics Risk Assessment @

Revised NIOSH Lifting Equation - 1991

Load limit prediction equation revised and expanded:
L./S, compression = critical stress vector

Original biomechanical criterion of 3.4 kN compression retained
Vertical height of 75 cm for knuckle height retained
Asymmetrical lifting

Hand-container coupling

Larger range of durations and frequencies

|deal load reduces to 23 kg

Horizontal displacement increased from 15 to 25 cm

W RHODES UNIVERSITY
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Ergonomics Risk Assessment @

Revised NIOSH Lifting Equation - 1991
RWL=LC x HM x VM x DM x AM x FM x CM

Where:
RWL = Recommended weight limit

LC = Load constant = 23 kg

HM = Horizontal multiplier = (25/h)

VM = Vertical multiplier = [1-(0.003|V-75|)]
DM = Distance multiplier = [0.82 + (45/D)
AM = Asymmetric multiplier = [1-(0.0032A)]

FM = Frequency multiplier, depending on work duration, the
vertical height of the lift and lift frequency, see table 1

CM = Coupling multiplier, depending on the vertical height of
the lift and the quality of the coupling, see table 2.
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Ergonomics Risk Assessment @

Revised NIOSH Lifting Equation - 1991

Assumptions:

MMH other than lifting minimal and does not require significant
energy expenditure

Does not account for unpredicted conditions such as unexpectedly
heavy loads, slips or falls and environmental factors

No one-handed lifting, lifting while seated or kneeling, on in
constrained or restricted work space

No unstable loads

Worker/floor surface coupling provides at least 0.4 coefficient of
static friction

Same risk of injury for lifting and lowering
Not applicable to high speed motion (faster than 76 cm per second)
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Ergonomics Risk Assessment @

Limitations of Revised NIOSH Lifting Equation - 1991
Why is it difficult to define criteria for safe MMH?
Therefore NIOSH has received widespread use!

Limitations:
Chaffin and Park (1973)

Leamon (1993): i Cr i used to astablish these safe limits
seem not to make either statistical or practical sense.o

Marras et al. (1999)
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Ergonomics Risk Assessment @

NIOSH:
e Positives:
* Widespread use
e Proactive and reactive

* Negatives:
* Difficult to define various components
e Requires expertise in the area
e Can be time consuming
e 3400 N compression limit questionable
e Poor correlation with actual injury statistics
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Ergonomics Risk Assessment @

Other General tools:
e Snook and Ciriello/Liberty Mutual guidelines
e Lifting, lowering, carrying, pushing and
pulling
* Based on psychophysical responses

e WISHA
 Similar to RULA and REBA
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Ergonomics Risk Assessment @

General tools:
* Only provide an indication of level of strain

* No solutions proposed
* Poor relationship to actual injury statistics
e Misinterpretation common

Therefore more detailed assessment tools have
been developed
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Ergonomics Risk Assessment

Detailed Assessment Tools:
« 3D Static Strength Prediction Programme

30| Univ. of Michigan's 3DSSPP 4.3.7 - Untitled -10] x|
Eile Task-Trout DQisplay  3-Wiews Obligue-View Reports  About

ETE -~ BT [ ron: BEEcsie TR

N

N
/\\ Orthogonal Views

©) I

30| Untitled Task : B[] 1 | (=153

Tazk: Untitled Task

Gender: Make, Percentle: Sth
Ht [om; 177.0. Wt [Kg|: 75.2
Hand Forces [M] Left 44.5, Fight 44.5

Hand Lozation Left Fight
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B H Lateral: 20, H
Oblique View somanroemcnae. | Status Window
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Ready ¥

%y RHODES UNIVERSITY
SAIOH, 17-18 August 2011 [44] Where leaders learn




Ergonomics Risk Assessment

3D SSPP:
* Positives:
» Glves an exact figure for risks
* Proactively used in design process

» Allows for off -site/production line
assessments

 Provides more than a lower back
assessment

* Negatives:
e Static

* Some postures difficult to simulate with
mannequin
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Ergonomics Risk Assessment @

Biologically assisted models:

Do n iely on predicting which trunk muscles are
active

Monitor biological output of muscles

Time histories of force development:
3D geometric model of the trunk

McGill and Norman (1986)

Marras (2000)
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Ergonomics Risk Assessment @

Biologically assisted models:

0SU Biodynamic Moilel
Model Structure

Marras (2000)

RHODES UNIVERSITY
"

Wohere leaders learn

SAIOH, 17-18 August 2011 [47]



Ergonomics Risk Assessment

Biologically assisted models:
Importance?
Dynamic lifting conditions
Unigue loading characteristics

Loading varies according to:
Repetition
Forward bending
Lateral bending motion
Trunk moment
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Ergonomics Risk Assessment @

Who should be conducting assessments:
 The role of ESSA?
* |[EA certification
 Certified Ergonomist
o At least a Masters degree in Ergonomics
» 5 years of experience

 Why?
 Quality control
e Voodoo ergonomics
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What are the roles of the various experts? @

Prime concern health and safety of workers

General health Occupational health

Cardiovascular
Treat diseases HIV/Aids

Respiratory

L minor
Treat Injuries

major

Rehabilitation

Numerous ILO and WHO regional centers throughout IDCs
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Dichotomy of responsibilities @

Ergonomists Occupational Health personnel

|

Lifestyle health problems
Working conditions Work -related health
Worker -task interaction problems

ﬁCO*PATI BI LI TYOo

Collaborative focus on better
working conditions
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Collaborative relationship @

Ergonomists and Occupational Health Personnel

» Acknowledge different areas of
expertise

e [dentify  link between poor working
conditions and associated injuries and
diseases

» Develop educational and  training

materials specific to IDCs recogni sing
respective roles of all experts involved .

Establish a symbiotic relationship

N\

N Rinctional partnership 0

i AR
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Ensuring successful ergonomics projects @

ERGONOMIST
Management Workers

\

rade _
Unions _ Ergonomics

Fadilitation ~— Engineers
Supervisors~  Team
/ ™ Industrial

Occupational Health psychologist
Personnel

Co-opzrativieo Co-repponsibility

Safety Officer
/ y
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Summary @
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