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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

degcribed in the ISO/IEC Directives, Part 1. In particular, the different approval criterianeed

Ti:t procedures used to develop this document and those intended for its further majnte
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Introduction

Agriculture is by far the biggest working sector in the world. It is estimated that 2,6 billion people or
40 % of the world's population are farmers. Agriculture is one of the most hazardous sectors in both
the developing and the developed worlds. Work-related musculoskeletal disorders (WMSDs) are the
most common work-related diseases in farmers. In Europe more than 50 % of farmers report disorders
of their lower back or limbs related to their working conditions. WMSDs are caused mainly by manual
handling, heavy physical work, awkward postures and repetitive movements. Increasing attention is
being drawn to the application of practical actions in agricultural settings to help reduce work-related
accidents and-itress—and—WMSBsin par tieutar—1S6 11226, the1560-11228-sertes aud, Trore1recenr ly,

ISO/TR 14295 are useful for this specific scope.

Experiendes in the application of these standards have been acquired in different parts of the.werld, hut
rarely in ggriculture. This document extends the scope and methods included in existing’standardg to
different dgricultural contexts (e.g. smallholdings, industrialized farms) based on emerging applicat{on
experiencs. Special attention is devoted to rendering this document accessible al§g,to non-experts.
Reference is made to easily applicable, non-commercial online tools (simple tools in spreadshedts)
that may pe useful for the purposes of this document, making possible the application of the critefria
provided here and therefore the real numerical estimate of the biomechanical‘averload risks.

The ISO [11228 series, ISO 11226 and ISO/TR 12295 establish ergoftomic recommendations for
different manual handling tasks, repetitive movements and working postures. All their parts apply
to occupdtional and non-occupational activities. The standards provide information for designgqrs,
employers, employees and others involved in work, job and productdesign, such as occupational health
and safety professionals.

ISO 1122§ series consists of the following parts, under the:general title Ergonomics — Manual handlipg:
— Part 1: Lifting and carrying;
— Part 4: Pushing and pulling;
— Part 3: Handling of low loads at high freqency.

[SO 112264 provides recommended limits for static working postures with no or minimal external force
exertion, While taking into account bedy angles and duration.

ISO/TR 12295 serves as an application guide of the ISO 11228 series and ISO 11226. It offers a simple
risk assespment methodology for small and medium enterprises and for non-professional active.

This document is intendedto be used alongside ISO/TR 12295, ISO 11226 and the ISO 11228 serieq in
the agricyltural sectop;where the risk from biomechanical work overload from repetitive movemerits,
from manjual handling-of loads, from towing and pushing carts and awkward postures is universglly
present.

In additign t6_having deeply used the standards previously mentioned, an extensive review of the
literaturtqon methods for risk assessment of biomechanical overload applied in the agricultural sett{ng
for the prevention of musculoskeletal disorders (MSDs) has been conducted, of which the most salient
data are reported.

Regarding crop production (not cattle), the assessment of biomechanical exposures at work results in
800 studies where 58 studies were selected on the basis of title and abstract. Only studies regarding
crop production and reporting on risk assessment of biomechanical exposures at work were included in
the analysis.

The design of the selected studies was mostly cross-sectional (70 %) and Asia was the world region
from where the majority of the studies came (41 %). In addition, 10 studies were carried out in South
America, 13 in North America (Canada and the USA), 10 in Europe and two in Africa. Most of the selected
studies were field studies (68 %); only 8 % were carried out in a laboratory and seven studies were
classified as surveys.

vi © IS0 2021 - All rights reserved
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Regarding the applied methods, 14 studies used direct measurements (e.g. electromyography,
accelerometer) and 12 studies used different types of questionnaires (self-compiled or filled in by an
Ergonomist).

Six studies used the RULA (Rapid Upper Limb Assessment)[43] method.

OWAS (Ovako Working Posture Analysing System)[42] was used as a risk assessment method in five
studies.

The OCRA (Occupational Repetitive Actions[21].[22]) checklist, the REBA (Rapid Entire Body Assessment)
[39] method and the QEC (Quick Exposure Check)[29] method were used in nine studies (three studies).

Mdst of the applied methods are observational and attention is drawn to the problems rélated to their

reliability, especially when the movements are fast.

se studies represent a summary of the papers published in the last decade in the agricultyre sector.
available research has shown a lack of high-quality studies (generally using statistical “prospective”
dies) to evaluate the dose-response relationship between the level of biomechanical exposure at

wdrk and the outcome (MSDs). It is necessary to consider in fact that, given the lack of results|of clinical
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dies in agriculture (due to the widespread difficulty in subjecting workers to health sur
fupational exposure limits connected with the probability of gederating MSDs in the ag
ting are not available.

e OCRA checklist method, in its multi-day cycle risk assessment version,[22] is currently
k assessment method available in literature capable of effering criteria and application eX
address multitask analysis (supported by a specific.simple tool in the form of free
readsheets for final risk calculation).

/TR 12295 had already adopted this multitask'method of exposure analysis.

inical evaluation of exposed workers, conducted in multitask studies in agriculture with
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ricultural

F the only
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thod and with other methods, are still lithited to few longitudinal studies due to great difficulty in

ying case studies subjected to health control, as there are rarely fixed-term workers, but n
isonal workers, with high turnover,without regular work contracts and underpaid. For tH
 prospective studies are difficult and very rarely can be concluded.

er all, the development of a method capable of predicting the appearance of pathologies
essment method) can be{conquered only after years of use and improvement. The devel

hore often
is reason,
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a new TR which, offering.evaluation solutions for biomechanical overload study in agricuflture, can

sti
do

Th
va

mulate many more valid epidemiological studies in the future, is therefore desirable. The
ng nothing, whileswditing for sufficient and perfect published methods, means not doing p

toncept of
revention.

e NIOSH itself,"due to the formula for calculating the lifting index (LI), changed the maxifnum limit

ue of its first-formula several times over the years, through years of application experiencg

. Recently
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e NIOSHiadded the formula for calculating the variable lifting index (VLI) for the evalluation of
nualdifting tasks of complex loads, with many different weights and geometries[201.[63], Tihe gained
berience in this type of analysis was introduced in ISO/TR 12295 and 1SO 11228-1.

For the study of working postures it is important to point out the new TACOS (Timing Assessment
Computerized Strategy for posture)[24] strategy, which adds to all the experience gained from the
RULA and REBA methods and from ISO 11226, a more adequate timing assessment (therefore not only
qualitative studies of work postures, but also studies of their real duration).

The mathematical criterion for the extension of the calculation of any risk factors for the study of
biomechanical overload, not only for the working day cycle but also for cycles different in duration (e.g.
annual cultivation cycles) was also discussed within a specifically activated writing group of experts
for the preparation of this document. The transition is indispensable for the extension of the evaluation
models already present in the specific International Standards (all used in this document) to the risk
evaluation in multitask exposition with annual turnover needed for risk studies in agriculture (see
Annex B).
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Any other risk assessment methods that include a multitask analysis procedure can adopt the criteria
here proposed, extending multitask annual exposure risk study, for instance to:

— repetitive movements (e.g. strain index, method present in ISO 11228-3);

— manual handling of loads (NIOSH formula in ISO 11228-1).
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Ergonomics — Application of ISO 11226, the ISO 11228
series and ISO/TR 12295 in the agricultural sector

Thie proposed project aims to:

1y
2)

Thlere are no normative-references in this document.

No
I1S(

the agricultural sector. This document gives information on how existing standards cap,be
glgbal sector such as agriculture where, albeit with different characteristics, biomechanical g
arelevant aspect, WMSDs are common and specific preventive actions are needed.

define the user(s) and fields for its application (including non-experts imergonomics);

provide examples of procedures for hazard identification, risk estimation or evaluatio]
reduction in different agricultural settings, through:

— more synthetic procedural schemes (main test);

series in
used in a
verload is

1 and risk

— more analytical explanations of the procedures, through mathematical models and application

examples, also with the use of specific free simple.tools, in:
— Annex A (pre-mapping with ERGOCHECK);

— Annex B (evaluation of Multitask risk of biomechanical overload on typical ag
macro-cycles, considering upperlimbs repetitive movements, manual lifting and
pushing-pulling);

— Annex C (study of awkwatd-postures with criteria derived from the actual stan
scientific literature as, TACOS method).

Normative references

Terms and definitions

terms and'definitions are listed in this document.

ricultural
carrying,

dards and

andJEC maintain terminological databases for use in standardization at the following addiresses:

SO Online browsing platform: available at https://www.iso.org/obp

[EC Electropedia: available at http://www.electropedia.org/

© IS0 2021 - All rights reserved


https://www.iso.org/obp/ui
http://www.electropedia.org/
https://standardsiso.com/api/?name=9f82dc9560fb85e3feff52641b6cd89d

ISO/TR 23476:2021(E)

4 General outline of work processes in an annual multi-task analysis in
agriculture

4.1 General structure of a multi-task analysis

Specifically, this document provides additional information to aid the user in the selection and use of
the appropriate standards. Depending upon whether specific risks are present, it is intended to help the

user to decide which standards to apply. It will include three levels of approach (Figure 1):

— First level: the “participatory approach” for pre-mapping of danger and discomfort provides

all

users| particularly those who are not experts in ergonomics, with criteria and procedures to identfify

situatfions in which they may apply the ISO 11228 series, ISO 11226 and ISO/TR 12295 in differ

ent

agrictiltural settings (key-enter and key-questions level). Only in the early analytical stage is the

oppoftunity offered to map, even if only using subjective data obtained by interviewing the work

PI'S

(throyigh the identification of groups of workers, homogeneous for exposure to occupational risks),

all th¢ occupational hazards and not just the risk of biomechanical overload.

— Second level: provides a “quick assessment method” (according to thefcriteria provided
ISO/TR 12295) for easily recognizing activities that are “definitely acceptable or definitely critic
If an pctivity is “neither definitely acceptable nor definitely critical”,.f&is necessary to compl
a detjiled risk-assessment as set out in the standards, continuing with the necessary subsequ
preventive actions.

in
il"
bte
bnt

— Third|level: refer to detailed methods for risk assessment set oGt in the relevant standards when the
quick|assessment method shows that the activity risk fallsthetween the two exposure conditigns

(definitely acceptable or definitely critical).

The abovg approaches and scopes are illustrated in the flewchart in Figure 1 and are described in {
main text|of ISO/TR 12295.

At first the user isrequired to answer a short series,of practical questions presentin the first and secq
level. It i§ emphasized that the quick-assessment method is best implemented using a participatd
approach fnvolving workers in the enterprise((homogeneous groups of workers).

This involjement is deemed to be essential for effectively setting priorities for dealing with the differ
hazard and risk conditions and, where-niecessary, identifying effective risk reduction measures.

In agriculfure evaluation it can be possible to limit the study to the first and second levels, obtain
sufficient{data about occupational risk priorities.

The analyjtical risk assessnient approach (third level) provides all users, especially those experienc
i ics, or familiar with the ISO 11228 series, with details and criteria for applying the r
assessmeht methodsiproposed in the original standards also to agriculture.

This analytical riskassessment approach is fully consistent with the methods proposed in the standaj

and does fotintroduce any changes in the criteria (mathematical model) for risk calculations, defined i

he

nd
ry

N4

nt

ng

ed
isk

ds

the existing-standards (as well expressed in ISO/TR 12295) but only adapts the proposed methodolg

gy

to the risk assessment in agriculture.

The proposed additional analyses aim to facilitate the use of the actual standards, making it possible to

extend them to risk assessment in agriculture (Annexes A, B and C).
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The first (basic level) involves a quick and overall identification of possible risk inducers through specific key enters.

This level must ensure all users, an overall simple interpretation of the workplace considering each type of risk:

vy vV Vv Vv V¥ Vv Vv ¥

MANUAL REPETITIVE POSTURE NOISE MICROCLIMATE CHEMICAL BIOLOGICAL STRESS
HANDLING MOVEMENTS LIGHTING TOOLS AND POLLUTANTS
VIBRATION OTHER
NO YE.S AGENTS

4.]
hg

In

pr
tag

v

| 4
QUICK ASSESSMENT (ONLY BIOMECHANICAL PART) \)
The subsequent level (first level) involves quick identification through quick assessment te;)&e tles of fu

—
=

risk acceptability conditions (green code) or very high risk conditions (critical code). FON en the risK
assessment may be interrupted at this level. q
/
ABSENT (GREEN CODE) CRITICAL CONDITION TO EVALUATE
RISK ASSESSMENT (GO TO THE STANDAR
If after quick assessment the workplace is neither at negligible risk ( code) nor in a clearly critical
condition, the risk has to be analytically assessed through rlsk 1s models as proposed by [SO
standards. 0
MANUAL LIFTING MANUAL CARRYING PUSHING*-PULLING UPPER LIMB REPETITIVE

1SO 11228-1 1SO 11228-1 1S0°'11228-2 MOVEMENTS

1SO 11228-3

Figure 1 — Different risk assessment levels according to ISO/TR 12295 for biomech
overload estimation

P Study of tasks distribution/over the year and search for groups of workers v
mogeneous in terms of risk exposure

.1 General

a setting such as.agriculture, before starting a risk analysis, it is necessary to defin

e generalrisk evaluation process entails a certain number of steps, beginning with:

idéntification of the macrocycle of the many different tasks;

anical

vho are

b a set of

pcedures and eriteria for estimating risk in complex situations where workers perfornp multiple
ks, variously distributed in qualitative and quantitative terms over the year (annual cycle).

amatysisof farmming tasks to dentify tasks performed -withim the periodamd obtaima g
definition of the work during each month of the year;

identification of one or more homogeneous groups.

4.2.2 Macrocycle duration

ualitative

Task rotation is when a worker alternates between two or more tasks during a certain period of time;
this situation occurs quite often in modern work organizations and, if properly designed, can represent
one of the most effective strategies for reducing the risk of biomechanical overload.

In special situations, such as in agriculture, where the worker has to perform a large number of tasks
and the tasks are distributed “asymmetrically” over the shift, risk assessments can become extremely

©lI
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complex. This is why it is necessary to carry out a thorough preliminary study of how the work is
organized. At any rate, the risk analysis process involves different steps, listed further on.

The first step consists in defining the time required to complete the task rotation schedule; this is the
macro-cycle time, which may be daily, weekly, monthly or yearly.

The types of macrocycles durations are infinite, but if there are no simplification criteria that allow us
to estimate the risk, every risk assessment stops and nobody does anything (the excuse being that the
mission is impossible).

The modal macro-cycle periods appear to be, atleast in the sectors of agriculture, building construction
and serviges, accurately representative of job cycles. In agriculture, task rotations are typically annyal,
but one cqan use annual cycles even when multiple cycles of fewer months in each year are repeated
identically (e.g. multiple harvests per year of the same product). In the construction se¢tor thé¢re
is generallly a yearly cycle for large construction sites, but a monthly cycle (modal) is mofe frequent
in smallef-scale constructions and civil renovation projects. In other sectors (e.g. logistics for retail
chains, cl¢aning services, food preparation facilities), the most common rotation scenario is monthly,
while in yfet other situations (e.g. supermarkets) tasks can be rotated on a weekly.or, occasionally, a
monthly Hasis.

In summgry, some practical suggestions are provided here for using the)predefined macro-cyle
(weekly, monthly, yearly), thus certainly simplifying subsequent evaluations:

— If several identical sub-macro-cycles are repeated over the yearyuse the annual macro-cycle.

— If several identical sub-macro-cycles (e.g. week, fortnight) are repeated within the month and if the
following months are similarly repeated, use the monthly‘macro-cycle.

Whichever macro-cycle duration is chosen, the critetia and procedures for dealing with the
biomechahical overload risk analysis are the sameX‘Given the extreme activity variability, the
recommehdation is, however, to identify and evaluate.répresentative modal scenarios.

4.2.3 Phases and tasks identification

It is not dimple to identify farming tasks, which may be very numerous and performed by differ¢nt
workers gr groups of workers. At the outset, therefore, it is necessary to:

a) identify the specific cultivation-or crop;

a) breal down the crop-growing activities into phases; all relevant tasks must be identified insjde
each phase.

The same|activity canvbe/carried out in several different ways; each operating method is intended| to
be viewed as a sepatate task and listed accordingly (e.g. pruning with manual tool or pruning wijith
pneumatig tool).

It is impojrtant to note that all the tasks performed at the farm over the year have to be evidencpd,
includinglrpreparing the soil, applying fertilizers and disinfectants and other seemingly ancillgry
activities, regardless of who performs them.

As it is so inherently difficult to identify phases and tasks in the crop growing or cultivation
process,[211.122].[125] 3 kind of universal cultivation system has been developed that will enable even
beginners to conduct a preliminary organizational analysis in an agricultural setting.

It consists of phases (soil preparation, treatment, disinfection and fertilization, planting, intermediate
processes, harvesting) that include a certain number of typical tasks broken down by type, technique
and tools (Table 1).

4 © IS0 2021 - All rights reserved
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Table 1 — Principal tasks characterizing a generic cultivation: the universal cultivation system

Preparation and
treatment of
soil, mechanical
weeding

with tractor

with animals

with manual tools

manual carrying (weight up to max. 3 kg)
manual carrying (weight 3 kg)

with manual tool and pulling or pushing

other activities, without tools, with repetitive movements of the upper limbs (with

up to max. 3 kg)

other activities, without tools, with repetitive movements of the upper limbs{with lifting up

to max. 3 kg)

outlifting

Diginfection,
disinfestation, fer-
tiljzing, chemical
we¢eding

with tractor

manual with machinery

manual with tools

with manual tools and pulling or pushing

other activities, without tools, with repetitive movements-ef the upper limbs (with
up to max. 3 kg)

other activities, without tools, with repetitive movenients of the upper limbs (with lifting up

to max. 3 kg)

outlifting

Planting

automatic with tractor

semi-automatic with tools or machinery

manual with manual tool (product weight up to max. 3 kg)
manual without tools (product weight up to max. 3 kg)
manual with manual tool (product weight over 3 kg)
manual without tools (product weight over 3 kg)

manual carrying (product'weight up to max. 3 kg)

manual carrying (product weight over 3 kg)

with manual tool and pulling or pushing

other activities, without tools, with repetitive movements of the upper limbs (with
up to max.\3.kg)

outlifting

Infermediate
fafm work'(e.g.
prjuning;binding,
thfnnihg)

prunjng with manual tools

prutiing with pneumatic or electric tools
pruning with chainsaws

manual pruning without tools

manual carrying (weight up to max. 3 kg)
manual carrying (weight 3 kg)

with manual tool and pulling or pushing

OTIeT activiTies, Without too1s, Wit TEPEtiTiVE MOVEMENTs Of TIe Upper Hmbs (Wit
up to max. 3 kg)

other activities, without tools, with repetitive movements of the upper limbs (with lifting up

to max. 3 kg)

out lifting

© IS0 2021 - All rights reserved
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Table 1 (continued)

automatic with tractor

semi-automatic with tools or machinery
manual with manual tool

manual with pneumatic or electric tools
manual without tools

Harvesting of manual carrying (weight up to max. 3 kg)

crops manual carrying (weight 3 kg)

with manual tool and pulling or pushing

other activities, without tools, with repetitive movements of the upper limbs (withoutlifting
up to max. 3 kg)

other activities, without tools, with repetitive movements of the upper limbs (with lifting pp
to max. 3 kg)

4.2.4 Identification of the different homogeneous groups

The next $tep is to assign tasks to an individual worker or group of workers’exposed to the same rigk,
to identify homogeneous groups. Since the focus of the analysis is the exposure of workers to a sef of
condition$ determined by the tasks they are assigned to perform, it is first necessary to identify whjch
homogengous group of workers are present that need to be examined:

The homageneous group of workers for risk exposure (as groups of workers homogeneous for working
risks are [being defined, not groups of people homogeneousfér other factors, such as weight, age,
culture off gender) is the group of workers that performs the same tasks, in the same workplace and
with similar durations (or time patterns) during the selected period (macro-cycle).

Note that|a homogeneous group may sometimes beffade up of just one person, if no other workers
perform the same tasks qualitatively and quantitatively.

Moreover] if two groups of workers perform the same tasks in the same workplaces but with differ¢nt
durations| or time patterns (e.g. one group,works full-time and the other works part-time) the two
groups muist be analysed separately.

For instamce, typically (as presentéd)in Table 2), a single group of workers may be assigned the Job
of actually growing a crop (tasks\miay include pruning and harvesting) (homogeneous group 1), while
other workers prepare and disinfect the soil, apply fertilizers and so on (homogeneous group 2),(as
presented in Table 3.

Homogeng¢ous groups,ofiseasonal workers can also be present, who are called to work only in the
harvesting phase (Table 4).

The assignment~of the tasks to a homogeneous group (or individual worker) even just from the
qualitative standpoint (or semiquantitative as here), is not difficult but it is absolutely essential befgre
conductinfgthe first levels of risk evaluation (key questions and quick assessment level). T

To determine the real risk exposure (risk assessment level) it is necessary to study a quantitative
description of all active tasks.

Only after this organizational analysis, can the different risk levels be assessed in terms of repetitive
movements, manual load handling, awkward postures and pushing-pulling.

Table 2 — Example of description of tasks (pruning and harvesting) performed monthly by
homogeneous group 1

Tasks Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Plowing (tractor)

Installing irrigation system
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Tasks Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Planting (manual) 40% | 10%
Planting (mechanical) 20% | 90%
Pruning large branches with
chainsaws
Pruning with manual shears 50% | 5%
MMH of large branches 40% | 30%
Pruning with manual shears 70% | 70% | 60% | 60% | 60 %
MNIH of small branches 20% | 20% | 30% | 30% | 30% N
Mgnual harvesting on ground 45% | 45% | 45% Ad
Mgnual harvesting on ladder 35% | 35% | 35% |- {Vv
MNIH of ladder 0% | 10% | 10 %\"0
Pre¢paring machine to apply ferti- o
lizgr N (l/
Drfving tractor ,(%"
Composting (manual) "\\ K
Diginfection (manual) N®,
Diginfection (tractor) (_S\\ K
Puph/pull trolley-large branches 5% 5% 5% 5% 5/0\& - 5% 5|%
Pulsh/pull trolley-small branches 5% 5% 5% 5% W 5%
PuL‘h/pull trolley-fruit boxes \\\\ 10% | 10% | 10%
0 [100% | 100% | 100 % LO%\\%? 100 % | 100 % | 100 % | 100 % | 100 % | 10P % | 100 %
\ <
Table 3 — Example of description of task s>’vorkers prepare and disinfect the soil, apply
fertilizers) performe&\@) nthly by homogeneous group
Task Jan \®b Mar | Apr | May | Jun Jul | Aug |Sep| Oct Nov | Dec
Pldqwing (tractor) 4}0(%]: 20% | 20% | 20% | 40% [ 30% [ 30% | 30% 100% | 20% | 20 %
Indtalling irrigation system ’N)
Plgnting (manual) o
Plgnting (mechanical) f.\$\ 20% | 20%
Pryining large branches with chair@"w
Pryining with manual shears O .
MNIH of large branches ’\(?
Pryining with manualzhﬁ‘@
MNIH of small brem@sv
Mdnual harvem\gan ground
Ma‘nual h@\l{lg on ladder
MNIH ofladlder 70 % | 70 % | 70 %
Pr p%@lg machine to apply fertilizer 10% | 10% | 10 % 0% | 20%
Driving tractor 40% | 40% | 40% 20% | 20%
Composting (manual) 10% | 10% | 10 % 20% | 20%
Disinfection (manual) 20% [10% | 10% | 10% | 30 %
Disinfection (tractor) 20% [ 10% [ 10% | 10% | 30 %
100 % {100 % [100% [ 100 % [ 100 % |100%|100%|100%| 0 | 100% |100%| 100 %

Table 4 — Example of description of tasks (harvesting) performed by a seasonal homogeneous

group
Tasks Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Plowing (tractor)
© IS0 2021 - All rights reserved 7
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Table 4 (continued)

Tasks Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Installing irrigation system
Planting (manual) 40% | 10%
Planting (mechanical) 20% | 90 %

Pruning large branches with
chainsaws

Pruning with manual shears 50 % 5%

MMH of large branches 40% | 30 %

Pruning with manual shears
MMH of small branches

Manual harvesting on ground 45% | 45% | 45%
Manual haryesting on ladder 35% | 35% | 35%
MMH of ladder 10% | 10% | 10%

Preparing mpachine to apply ferti-
lizer

Driving tracfor

Compostingj(manual)

Disinfection|(manual)

Disinfection|(tractor)

Push/pull trplley-large branches 5% 5%

Push/pull trplley-small branches 5%
Push/pull trplley-fruit boxes 10% | 10% | 10%
100 % | 100% | 100 %

5 Firstlevels: pre-mapping of danger and-discomfort through key questions and
quick agsessment

5.1 Foreword

One of the latest developments being\pursued by the World Health Organization (WHO) and other
internatignal organizations (ILO,J1SO), in relation to preventing work-related diseases and disorders
concerns the creation of toolkits[8L2] [17] [19] [26] [27],

The main| aim is to rapidly but accurately identify the presence of possible sources of risk, using
instrumeits that can easily’be used by accident prevention officers, occupational physicians, busingss
owners, Workers, tradéunion representatives and security services.

However, [this objéctive also reflects the criteria set forth in ISO/TR 12295 with respect to the risi of
biomechahicaleverload, as mentioned in Annex A. In Annex A, all the criteria and methods used for
the pre-mapping are presented again but in greater detail and through real examples. The presented
results havebeen obtained with specifically prepared simple tools. Against this backdrop, the “problem
of WMSDs” can be considered together with “other occupational hazards” (e.g. physical, chemical), for
the more general purposes of prevention.

The aim here is to suggest a methodology and some simple tools (free downloadable calculation
sheets[4]) to undertake a preliminary mapping of discomfort or danger (i.e. to identify risk sources in
the work cycle), especially in small and very small businesses. The simple tool is not designed to replace
the standard risk evaluation process, but to support such a process in order to identify hazardous
situations in the workplace, to single out emerging problems that need to be submitted to a full risk
assessment, in the appropriate order of priority. The simple tool is primarily designed to be used by
employers and work safety officers, but it may also be useful for:

— medical staff conducting periodical inspections and drafting health surveillance protocols;

8 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=9f82dc9560fb85e3feff52641b6cd89d

ISO/TR 23476:2021(E)

work safety officers periodically monitoring hazardous situations in the workplace;

supervisory bodies (labour inspectors) conducting inspections in the workplace, needing
detect potentially dangerous situations requiring specific preventive interventions;

trade union representatives.

to rapidly

The procedure presented here demands a cooperative approach towards assessing and managing risk,
as it also entails interviews with workers.

In accordance with the recommendations of the WHO, three main criteria underpin the methodology:

5.]

Ple
thg
oc

Thiis step entails two levels of intervention (Figure 1)

Th
ha
or
ob
W

Qulick assessment cousists in a rapid identification of acceptable risk (using the traffic ligh

ing
pr
a)

b)

globality: a global approach towards assessing the worker's discomfort, due to either the
workplace;

simplicity: the methodology consists in an easy-to-use model for collecting data;

priority setting: the results obtained automatically via dedicated software and depicted
bar graphs will not only help to identify problems but also offer a scale/of priorities for ¢
subsequent assessments and ergonomic redesign.

2 The pre-mapping model

ase note that the pre-mapping model (presented in greater-détail in Annex A) has to be use
 interview of workers of each homogeneous group (i.e;'groups of workers exposed to
‘upational hazards).

level one: a rapid and general identification of possible risk inducers via the use of spe
enters and key questions”.

e first level is broken down into several “boxes” relating to the main types of risks, fo
hdling loads, repetitive movements\of the upper limbs, postures, noise, microclimate,

panization of work and stress. This\preliminary level ensures that anyone can simply and|
serve the workplace and respond to the expected closed-ended questions by intervig
rkers. The main highlights ofithe model are described in Annex A.

level two: quick assessment (only for studying biomechanical overload).

licated as greenavhen risk is absent, red when very high and purple when critical. Quick a
pcedure produces the following information:

if the sjtudtion is code green (green light) the quick risk assessment process can stop her
it meanhsthat there is no meaningful occupational risk;

if a critical code (purple light) is detected, then there is definitely a significant occupat

ask or the

clearly in
pnducting

d through

the same

cific “key-

- example
themicals,
generally
bwing the

[ colours),

ssessment

e because

ional risk

and immediate corrective actionis reguired:
} >

if the quick assessment finds that the risk level at the work station is neither acceptable (green
light) nor critical (purple light), and therefore the situation is intermediate (potentially code yellow
or red), then the risk assessment has to be carried out, using the analytical methods suggested by

International Standards or the accredited literature (third level).

To simplify as far as possible this kind of approach, the criteria and methodology were included in an
easy-to-use computer-based model (the first specific simple tool) for allowing users to collect data in
the correct way through close questions and to obtain an automatic evaluation of them.

The spreadsheet “EPMIES-agriERGOCHECKprecultivoENG ( )” can be downloaded free of charge from
http://www.epmresearch.org/a57 free-software-in-english.html[64],
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The compilation has to be done through the answers provided by the workers involved in each
homogeneous group, homogeneous by occupational exposure (one spreadsheet, one homogeneous
group). It is a matter of drawing information on work-related distress through their “collective
subjectivity”. The study of the results of the collective hardships provides the priorities, emerging from
the level with which the various problems were indicated, useful for the subsequent real evaluative
interventions.

Compared to the concern of not taking into account the different anthropometric parameters(3]
that characterize the different agricultural populations of the world (e.g. body weights, heights, body
structures from thin to muscular), at this stage of pre-mapping, the reported discomfort for exposure to
the varioystiskfactorsisestimmated-througtrthe study of threcottective subjectivity of the-hromogemequs
working group.

As an example, in a group of workers (homogeneous for risk exposure), both people with.small gnd
lean anthfopometric parameters and more robust workers may be present. Only the smaller-and leamer
workers report greater discomfort during the lifting of the same load, but not the morerobust workdrs.
The resulf of the collective subjective study will confirm manual material handling (MMH) as a priorjity
risk factor, based on the smaller and leaner worker.

In this why, through the subjective verification of collective distress, the éffect of anthropometric
parametel's on the work performed is taken into great consideration in detéFmining the priorities for
subsequent improvement interventions.

The results of the pre-mapping exercises carried out via “key<enters, key questions and qujck
assessments” is also summarized graphically to more comprehéensively define the “pre-mappimng”
and corrgctive action priorities. The programmed spreadsheet; described previously, generates this
summarylautomatically.

Figure 2 shows an example of a summary of the results obtained from the “pre-mapping” of homogenequs
group 1 (full-time and part-time 4 hours a day) and Figlire 3 shows the results for homogeneous grdup
2 (full-tine), whose job organizations are described-in' Table 2 and Table 3, respectively. Figures 2 anfl 3
show the final summary generated automaticallyby the software, depicting histograms for all possiple
risks. The|height of each histogram corresponds-to the percentages resulting from Formula (1).

(PLi/Ppix100xW) (1)
where:
P;; |is the score for each-risk inducer,

Py

i |is the predefited'maximum inducer score,

W |is the timevweighted percentage as a proportional time length to estimate the real risk factor
duration\in the year compared to a predefined constant. (W = 100 % when the risk factor is
present for 11 months per year, 7 h to 8 h per day, 5 or 6 working days per week).

These arelmerely descriptive scores, to be used to “rank” events from the best to the worst. The scores
do not define the risk; they are simply descriptive scales designed to help not only to identify problems
but also to set priorities for the analyses and evaluations that have to be undertaken to adopt immediate
measures to reduce risk, especially for conditions defined as “critical”.
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87 %

63 %

37 %

25%

43% @

13 %

b) Homogeneous group 1 — part-time only (4 h a day)

N

&?‘ homogeneous group 1

— Final summary of results depicting histograms for all possible risks

for
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Figure 3 — Final summary of results, depicting histograms for.all possible risks for
homogeneous group 2 (see example in Table)3)

6 Analytical study of work processes in annual multi-task analysis: description
of a typical working day for each month and quantitative task distribution over
the yea

6.1 General

To switch|from the pre-mapping of discomfortiand dangers (first and second levels) to the actual rfsk
assessmelt phase (third level) for all risks,dtis'necessary to undertake in-depth organizational studies,
utilizing ot only qualitative data but also'quantitative data.

In this clpuse all the proceduresmecessary for the evaluation of the most typical biomechanigal
overload fisks (repetitive movements and manual lifting) are explained through the use of a not rgal
but repregentative example of/agricultural cultivation, made up of few tasks (the same homogenequs
group 1 gresented in Table 2). In the Annex B, all the criteria and methods, mathematical formulas
used for the risk assessment of repetitive movements and manual lifting are presented in greafer
detail,[20] J22] [31] [32] [33]N34] [46] [47][59] [60] [1] [62] [63] also through real examples derived from

viticulture.

The resulfs presented have been obtained with specifically prepared simple tool, which is discusqed
in this clapse{In fact, considering the amount of data to be collected and written in an orderly manmper
and the npfaber of calculations to be done with the use of complex formulas, another specific simple
tool was bullt to maKke reliably easy and possible such risk assessments and overcome the inherent
difficulties mentioned: “ERGOepmVINCIlocraNIOSHpushTAeng (..)"[e4], available as a free download.

After all, IEA and WHO have been recommending for years to offer those who do prevention, not only
evaluation criteria but also simple tools to simplify the final risk evaluation.

To complete the risk assessment as level third, three phases are necessary.

6.2 Phase A - Description of a typical working day

The description of a representative typical or modal working day, representative of each month, is
required to start the analysis (Table 5). It is obvious that in farming, the net duration of a shift may
vary depending on the weather. This is why the organizational structure of a modal day (i.e. the one
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that appears most frequently during each month of the year) has to be described. The analysis records,
for example, the duration of shifts and the number and duration of pauses in order to obtain the net
duration of work (net duration of work in the shift).

Table 5 — Description of a typical working day representative of each month to study the modal
net duration of repetitive movements (homogeneous group 1)

Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Shift duration 420 | 420 | 420 | 420 | 420 | 420 | 420 | 420 | 420 | 420 | 420
No. official breaks (excluding lunch break)
No} actual breaks duration of more than 8 min 3 3 3 3 3 3 3 3 3 3 3

(eycluding lunch break)

Actual duration of the pause (excluding lunch
br¢ak)

Dufration lunch break if this is inside the shift (the
tedhnical name is "paid lunch"; to calculate the

nef time of repetitive work, its duration must be
subptracted from the shift time)

30 30 30 30 30 30 30 30 30 30 30

Shiftis held consecutively (i.e. without interrup-
tiops, for example due to a change of workplace)

If the shift is not consecutively because of breaks
forfchange of working site (or for unpaid lunch
br¢ak) mark the number of interruptions only 1 1 1 1 1 1 1 1 1 1 1
if the duration is equal to or higher than halfan
hopir

Total actual pause duration present in work-
ing time

Nop-repetitive tasks

Pufting on or taking off uniforms (protective gear) 10 10 10 10 10 10 10 10 10 10 10
Cldaning 10 10 10 10 10 10 10 10 10 10 10
Other: time to reach workstation 10 10 10 10 10 10 10 10 10 10 10
Other:

Togal minutes of non-repetitive tasks in shift 0 30 30 30 30 30 30 30 30 30 30 30
Nef repetitive working time (in minutes) 0 360 | 360 | 360 | 360 | 360 | 360 | 360 | 360 | 360 [[360 | 360

6.3 Phase B - Estimation'of total number of hours worked every month of the year

In prder to make this estimidtion, the following information is necessary (Table 6): the numbdr of hours
wdrked every month by-the entire homogeneous group for the total number of tasks. This information
is readily availableconrthe farm as it is required to calculate the cost of the active workforce.

Sirjce the aim i§te obtain the number of hours worked by each member of the homogeneous group, the
number of workers present in the whole homogeneous group has to be described. Figure 4 provides a
graphic depietion of the hourly distribution of work over the various months of the year.

In the graph (Figure 4), when the threshold of 160 h/month/worker (defined month constant)|is passed,
the rafi ifi 9 i : le shows
an uneven distribution of working hours over the various months of the year, with some months where
the hours are below the constant and others where they are above (these months often correspond to
the harvest). Harvesting requires speed and also the addition of seasonal workers is often required.

Table 6 — Estimation of number of hours worked per month and per worker in homogeneous
group 1

Total working hours per year/worker Jan Feb Mar Apr May | Jun Jul Aug | Sep Oct | Nov | Dec

No. of hours worked per month (by the
whole group or individual worker) includ- 900 | 1600 | 1920 | 1920 [ 2300 | 3800 | 3400|2080 | 1600 |1300| 900
ing any seasonal or casual workers
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Table 6 (continued)
Total working hours per year/worker Jan Feb Mar Apr May | Jun Jul Aug | Sep Oct | Nov | Dec
% reduction, considering the real shift 0 86 86 86 86 86 86 86 86 86 86 86
duration and the net duration % % % % % % % % % % % %

No. of hours spent per month/worker per-

X o 0,0 77 137 137 137 | 140 | 181 | 182 | 137 | 137 | 111 | 77
forming repetitive tasks

No. of hours worked per month/worker 920 160 160 160 164 | 211 213 160 160 | 130 | 90
% based on a constant of 40 h/week, 160 h/ 56 100 100 100 103 132 133 100 100 | 81 | 56
month, 20 days/month % % % % % % % % % % %
No. of workeJr's versus total workers 10 10 10 12 12 14 18 16 13 10 10 10
No. of seasonjal or casual workers 2 2 4 8 6 3

Total workirjg hours/worker 1698

Constant wopking hours/worker 1760

50 % N
40 % —

1
1

\ U
130 % /0——0\ N
120 % &
1
1

0% / N\, O
00 % — — N “

90 %
80 % // \
70 %
0% | 4o o

50 %
40 %
30 %
20 %
10 %
0% - - T T T
JAN FEB MAR APRR -+ MAY JUN

JUL AUG SEP OCT NOV DEC

NOTE Grey area indicates when,100/% of the constant is exceeded.

Figure 4 — Number of hoursyworked per month and per worker as a percentage of 160 h/month
constant, for-homogeneous group 1, assigned to pruning and harvesting

| =7

6.4 Phase C - Assignment of tasks to a homogeneous group (or individual worker) an
calculation of proportional tasks duration in each individual month

Before gojng/on to complete the organizational analysis of the risk-exposed worker or homogeneagus
group of workers, Table 7 lists the exposure constants to which reference is made for calculating
exposure time prevalence to various tasks and also for reconstructing “an artificial working day
representative of the whole year” (see Annex B). In agriculture, it is quite common for work schedules
to be irregular, depending on the season. It has been found useful to adopt several exposure constants
representing the typical exposure level for the industry (see Annex B).

Table 7 lists all the constants used. Although expressed in different ways, (e.g. hours, days), they all
reflect the aforementioned criteria.

Table 7 — Predefined exposure time constants

Constant hours/day 8|Constant hours/month | 160|
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Table 7 (continued)
Constant minutes/day 440|Constant days/month 20
Constant days/week 5|Constant months/year 11
Constant minutes/week (440 min * 5 days) 2 200 |Constant days/year 220
Constant weeks/month 4 |Constant hours/year 1760

To obtain a quantitative description of the active tasks it is necessary to insert the following in the
specific simple tool previously mentioned.

a)

easily.

b)
(Table 6).

Once percentage duration per month of each task has been provided,/it is possible to est
number of hours worked on each task every month (Table 8) by -matching the proport
degcriptions shown in Table 2 to the total number of hours worked per month/worker (Tah
frde spreadsheet automatically estimates this distribution, as-SHown in the example in Table |

Af

The number of hours worked each month of the year by each worker in homogeneou|

er obtaining the duration in hours of the various tasks‘performed each month, the next
obtain the critical figure enabling the final risk to be evaluated: the total number of hours w
yeqr on each task by each member of the homogeneous group, and the proportion of these hoi
both the total number of hours worked and the constant 1 760 h/year (Table 8).

Table 8 — Calculation of total hours worked, per task, in each month and per year
homogeneous group 1 (full-time) and prevalence of worked annual hours in each task versus

both the total hours.worked in a year and constant 1 760 h/year

The percentage duration per month of each task worked by the homogeneous group, The sum of
the percentages per month in the column has always to add up to 100 % (Table 2 forchonpogeneous
group 1). The proportional description of the tasks does not require extreme,\precjsion. The
employer, or the members of the homogeneous group, can usually provide the/inform

ion quite

s group 1

imate the
onal task
le 6). The
3.

step is to

orked per
ir's versus

for

Vo on a year
% of total Hours worked | | constant
Tasks Jan | Feb | Mar | Apr [(May | Jun | Jul | Aug | Sep | Oct | Nov | Dec |hours worked per year/task | | (1760 h/
per year
year)
Pldwing (tractor) 0 0 0 0 0 010 0 0 0 0 0 0,0 % 0 0,0 %
Indtalling irriga- 0|l 0oYYJdo | o|o]o]lo|lo|o|o|o]o 0,0 % 0 0,0 %
tiop system
Plgnting (manual) | 04-0 | o | o | o [o 0| 0| 0| 05209 3,6 % 61 3,5%
fcl;“)‘““g (mechan-B67 6 | o | o | o |o]o|o|o|o]26]s1 6,3 % 107 6,1%
Pryining large
branches with- 0 0 0 0 0 0 0 0 0 0 0 0 0,0 % 0 0,0 %
chjinsaws
Primiagwithman- | o | o | 0 | o | o [0 o]0 |0 |80] 7 |0 51% 87 49%
MMH of large
branches o|lo|lo|o| o|lo|lo|lo]|o|e6s]|39]o0 6,1 % 103 59 %
Pruning withman- | | g5 | 195 | 96 [ 96 |99 | 0| 0 [ 0o | 0| 0o | 0 27,4 % 466 26,5 %
ual shears
f)’[MH of small o|18| 324848 |49|0] 0ol o o o] o 11,5 % 195 11,1 %
ranches
Manualharvesting | | o | o | o | o | 0 |95|96|72| 0] 0 | 0 15,5 % 263 14,9 %
on ground
Manual harvesting
o|lo|lo|o| o |ol|74a|74|56|0]|0]0 12,0 % 204 11,6 %
on ladder
MMH of ladder ol oo |o| o |of|21]{21]16|0]| 010 3,4% 58 3,3%
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Table 8 (continued)
0,
% of total Hours worked /(::(())gsatzx‘i?r
Tasks Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | hours worked per year/task | (1760 h/
per year
year)

Preparing machine o o
to apply fertilizer 0 0 0 0 0 0|0 0 0 0 0 0 0,0% 0 0,0 %
Driving tractor 0 0 0 0 0 010 0 0 0 0 0 0,0 % 0 0,0 %
ﬁgg‘p"s““g(ma“' o|loflo|o|oflo|lo[o|o]|]o0o]oO]|oO 0,0 % 0 0,0 %
Ea‘j;“femo“tman' ojloflofof]ofloflo[o|o]o]o]o 0,0% 0 0,0%
Disinfection

0 0 0 0 0 0|0 0 0 0 0 0 0,0% 0 00 %
(tractor)
Push/pull trplley
with large bfanch- | 0 5 8 8 8 8 |0 0 0 8 7 0 3,0% 51 29 %
es
Push/pull trplley
with small bfanch- | 0 5 8 8 8 8 0 0 0 8 0 0 2,6 % 45 2,5%
es
Push/pull trplley o 0
with fruit bdxes 0 0 0 0 0 0 |21|21|16| O 0 0 3,4 % 58 3,3%

1698

7 Annual multi-task risk assessment of biomechanical overload for the upper

limbs

7.1 General

To obtain|

the final risk index using the OCRA checklist method (see References [21] and [22] dnd

ISO/TR 12295:2014, Annex B) for multi-task analysis, the following steps are necessary (the example
refers to Homogeneous group 1).

7.2 Phgse A - Analysis of each individual task using the OCRA checklist to calculate th
risk score and prepare:the tasks basic risk evaluation for each crop

intrinsic

™

To preparje the tasks basic risk evaluation for each crop, it is necessary to calculate the intrinsic rfsk

score for
performe
risk index

— 430/460 net minutes of repetitive work (modal value = 440, duration multiplier = 1);

The “intr

one 3P minaneal break and two 8 min to 10 min breaks (recovery multiplier = 1,33).

b1l the tasks present\in the crop, that means evaluating each task as if it were the only gne
by a worker all thetime (i.e. for the whole shift and the whole year). To estimate the “intrinsic
" of each task,qeference is made to a shift constant featuring:

nsic risk index of each task” is calculated by applying the OCRA checklist to all the tagks

performedin the specific crop, for both the right arm and the [eftarm. The final iIndexes are entered Into
the appropriate areas of the specific simple tool, along with all the scores for the various risk factors
(e.g. frequency, force, awkward posture of upper limbs, additional) required by the OCRA checklist

(Table 9).
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7.3 Phase B - Application of mathematical models and preliminary preparation of
“artificial working day” representative of the whole year and of every month of the same
year

Two models are proposed for calculating the final exposure risk index for the whole year and for each
month of the same year:

a) One based on the “time-weighted average”, calculation of the average value among the different
tasks, weighted by their duration.

b) The thar hacad an tha “MultiCET” hacad on tha oot avarloading tacly (calonlatad vanith racnace
T TC T U CITC IITOI T OV C T TUTTOTITS - COUIT (culc oI eo o vV Tl T ©Ip =
to its|actual duration), as the minimum exposure score that can be increased versus the scord of

the other tasks, taking their relative durations into account. The new “MultiGEI” formula(defived
directly from “multitask complex” formula, used for daily turnover (see Annex B).

These twg models have already been used for calculating the daily turnover, i.e. when the<task rotatjon
occurs within (time-weighted average) or outside (multitask complex) the 90-mintimeframe. Both
the mathdmatical models have been used and adjusted for calculating annual and monthly multi-tgsk
exposure [risk.

In order tp apply the models to annual and monthly exposure, it has been neeéssary to convert the data
relative bpth to the individual months and to the year into an “artificial working day representative’| of
each month of the year first and then of the full year, respectively.

The stepg necessary for performing this conversion, staring from data presented in Table 8 for
homogengous group 1 (detail in Annex B, also through calculation examples), are summarized|as
follows:

— activg tasks assessment (tasks actually performed bythe homogeneous group) in each month and
over the entire year;

— task duration estimates in hours relative (netduration) to each month and over the entire year;

— estimpate of proportional duration of each task versus the total net number of hours worked egch
month and over the entire year;

— evaluption of artificial day, or fictitious working day, representative of the year, by dividing the
net hpurs worked/year (“net”(means having excluded pauses, non-repetitive accessory works)
for 240 (predefined constant.number of working days per year) and multiplying the result by p0,
thus ¢pbtaining the new duration in minutes, to proportionally represent the year. 1 790 h/ye¢ar
(defalt constant of working days per year) corresponds to an “artificial day” of 480 minutes, with a
multiplier duration equal to 1. Reducing the duration of the “artificial day”, the duration multiplier
(Anngx B) becomés-proportionally less than 1. Applied then to the result of the final risk index,
it wil] reduce jt, @lways in proportion to the actual duration. In this way the risk can be reducpd,
reduding or increasing the number of hours worked in the year compared to the default constant.

Figure 5 dompares the month-by-month results (for the right limb) using the two formulas, i.e. “time-
weighted hverage” and “MultiGEI”, as obtained automatically using the specific simple tools. In ordern to
better interpret the results, the two formulas have been used also to calculate the final risk index for
each month of the year, thus displaying the final risk index trends for each month of the year.

With final risk index trends shown on a monthly basis, it is easier to comprehend the differences
between the two final risk indexes formulas obtained with “time-weighted average” and “MultiGEI".
Since the work is distributed differently over the various months of the year, the time-weighted average
formula tends to flatten the peaks, determining lower risk scores than the “MultiTask Complex” formula,
which is never lower than the highest peak, calculated for its actual duration.

If the workers on the farm are assigned to growing several crops (such as grapes and olives, or
vegetables and fruit), the organizational data will need to evaluate the intrinsic risk score typical of all
the tasks present in all the different crops cultivated over the year. It follows that a homogeneous group
will also have to be identified, as described, even if the tasks involve different crops.
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Figure 6 shows a scenario where a homogeneous group cultivates a crop for half the year but working
very few hours and at very low risk for three out of the six months. The discrepancy between the scores
obtained using the “time-weighted average” versus the “MultiGEI” is quite remarkable. The first formula
flattens the peaks for the months with low or no exposure, while the second is based on the estimated
highest risk task, considering its intrinsic duration.

Here, the interpretation of the results for the attribution of risk is problematic. In these cases, with
workers exposed to risk for only half the year, it can be difficult to attribute a disease or disorder to
occupational factors when the workers’ activities in the other half of the year are unknown.

JAN | FEB | MAR| APR | MAY| JUN | JUL | AUG | SEP\LOCT | NOV | DEC
———RIGHT| 0 | 8 | 10 | 12 | 12 | 12 | 21 | 21 /N3] 14 | 16 | 13
====LEFT | 0 [ 8 [ 10 | 12 | 12 [ 12| 21 | 21 13 | 14 | 16 | 13

a) Time-weighted average evaluation: 13,8 right-left 1%/@% homogeneous group 1 (11{months,
working full-time - \{ shift)

[ O
PN
Vi)

FEB | MAR| APR | MAY| JUN | JUL | AUG | SEP | OCT | NOV | DEC
—=—RIG 0 11 | 15| 18 | 18 | 18 | 22 | 22 | 15 | 18 | 18 | 13
= = =« [[EF 0 11| 15| 18 | 18 | 18 | 22 | 22 | 15| 18 | 18 | 13

b)(MultiGEI formul&gluation: Right 15,6 -left 15,6 in homogeneous group 1 (11 months, work-
ing full-time - 7 h/shift)

JAN | FEB | MAR| APR | MAY | JUN | JUL | AUG | SE
g RIGHT| 10 6 8 8 8 5 13 13 0 8 9 8
== == LEFT 10 6 8 8 8 5 13 13 0

c) Time-weighted average evaluation: 8,8 right in homogeneous group 2 (11 months, working
full-time - 7 h/shift)
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7
5 \\
? \/
JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC '\
g RIGHT | 12 7 9 9 8 5 13 13 0 8 12 10 (]/
memee|EFT 12 7 9 9 8 5 13 13 0 8 12 10 (]/Q

d) MultilGEI formula evaluation: Right 12,4 in homogeneous group 2 (11 months, w@@{ng fulll-
time - 7 h/shift) Oy

NOTE Considering the result of the intrinsic values of the OCRA checklist presented d e four figures, the
colours us¢d mean: white = no risk; light grey: borderline risk; medium grey: risk prese‘é\; ark grey = high rigk.

Figure 3 — Exposure index scores (for homogeneous group 1 in Iagﬁ and for homogeneous
group 2 in Table 3, full-time) plotted by month over the w](el year, using both the
recommended formula QQ

N

In agriculfure, scenarios such as the one depicted in Figure 6 tﬂb}mogeneous group 3) are anything lput

rare. Work may be organized in many different ways wittt@spect to annual exposure; here are a fpw
N

examples
N

a) workers exposed to risk for only one or two mo%lgé a year during harvesting of a specific crop (¢.g.
fruit {n summer); worker employed by only 9@3 arm;

b) worké¢rs exposed to risk during the SL@‘T‘HBI‘ months during harvesting of several crops (¢.g.
different fruits) for one employer but @%everal farms;

c¢) workers exposed to risk practica%all year round, working on more than one crop (e.g. grapes and
fruit){ for many small holding&)@ ning work).
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Distribution of hours/shift/worker
performing different tasks each |Jan|Feb|Mar|Apr| May | Jun | Jul | Aug | Sep | Oct | Nov | Dec
month of the year
Plowing (tractor) 00|00} O 0 0 0 0 0 0 0 0
Installing irrigation system 00| O 0 0 0 0 0 0 0
Planting (manual) 0oy0j0/|O0 0 0 0 0 0 0 64
Planting (mechanical) 0ojo|0] O 0 0 0 0 0 0 32
Pruning large branches with chainsaws| 42 | 42 | 36 | 96 0 0 0 0 0 32 | 16 0
Prumimg with mmanuat stears 8T8 72464 Y 0 Y 0 60— 12818 0
% hours worked per month/worker
based on a constant of 160 h/month
140 %
140 %
1o %
140 %
}1832 R OCRA checklist: final exposure index for[the whole
do % /\ / \\ year obtained using/the two formulae:
oo /\ [\
do % / A\ / \
g % / \ / \ — Time-weighted average: 6,4(right)
40 % +———-7oH%
0% \ / \— |— MultiGEI: 13,1(right)
10%
10 \ / \
0% I U S
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Figure 6 — Homogeneous group 3 (6 months,working full-time - 7 h/shift) does thd same
farming activities of homogeneous group 1, but working only 6 months with 3 months with very
low exposure and 3-months with high exposure.

Thie aim of the approach described in this subclause is not to determine the causes and effects of many
common musculoskeletal diseases’and disorders, but rather to offer assessment options for tackling
anfl discussing the problem at hand.

Thie use of the OCRA checklist for analysing the risk of biomechanical overload of the uppefr limbs in
fafm work may still seemswery complex or at least time-consuming.

Arpguably, many farming activities need monitoring all year round in order to analyse and evaluate each
individual task, and”often the number of tasks is extremely high. However, it has been obsg¢rved that
when the same‘téehniques are used for the same crops, the tasks are always the same, and [thus have
the¢ same intrinsic OCRA checklist scores. Hence, it is possible to speak of finite variable farn] work, i.e.
fedturing uniform variables, which can be pre-set following an initial evaluation.

Gojingforward, efforts are being made to develop a basic software for a specific cultivation wfith all the
specific intrinsic risk values of each task as pre-set data. To assess risk for a homogeneous grgup (many
cultivations need the same tasks), the appraiser has only to enter the farm-specific organizational data.

8 Annual multi-task risk assessment for working postures

8.1 The meaning of postural tolerance

The earliest posture analysis methods ([281.[36].[42].[54]) were those suggesting a global approach towards
analysing working postures. Most of the methods for working posture analysis do a satisfactory job of
identifying and describing which postures to assess and how to work out the final scores, but rarely do
they provide enough practical examples, especially in evaluating risk in complex multi-task activities,
with complex rotation between tasks during the year.
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None of the methods deliver a seamless transition from description to assessment[10]1-[16].[24],[30].[36]-
[41],[43],[48],[51]-[53].[55]-[58], A meaningful contribution towards developing assessment methods will
only be made when significant certainties are reported in the evaluation of postural tolerance. What
criteria underpin posture evaluation and tolerance analysis? First, there needs to be a consensus that
what is being assessed is not the posture itself but how it is tolerated within a specific time, space and
operating environment. Hence, the question is: what postures can be defined as tolerable?

The assumption put forward here is that for postures to be tolerable, they must not:

— cause discomfort in the short term;

— cause|MSDs or diseases in the long term.

discomfort describes a feeling of fatigue, pain or both in a joint or ligament that-develgps
within the¢ space of minutes, hours or days. However, with regards to this first requirement;preventing
incapacitdting injury is not sufficient: complete wellbeing and comfort must be ensured at all times.

There car] be no doubt, theoretically or otherwise, regarding the second requirement: postures myist
not generate specific diseases or disorders.

8.2 Anglysing the tolerability of working postures for the spine when performing
manual lifting tasks, and for the upper limbs when performing repetitive movements
and manual lifting: specific International Standards

The specific International Standards applied to the ergonomics of designing and redesigning workplages
at risk of iomechanical overload are ISO 11228-1, ISO 11228-2, S0 11228-3 and ISO 11226.

The standards tell us that in order to study biomechanical6verload, and consequently the tolerabillity
of workinf postures (i.e. short- and long-term risk analysis), it is necessary to:

— analype all the risk factors present, including-organizational factors; a multifactorial analysiy is
strict]y necessary;

— considler the results of epidemiological.sfudies (i.e. analysis and distribution of damage caused| to
expoded versus non-exposed workers) to first validate and then interpret the resulting scores.

The OCRA method for studying repetitive movements (see Reference [49] and ISO 11228-3), and the
NIOSH mgthod for studying manual-load lifting (see References [18], [20] and [49] and ISO 1122811),
both extensively validated in the-literature and suggested by the specific International Standargds,
ultimately reach a final risk@ssessment through a multifactorial approach that includes investigating
organizatjonal aspects (frequéency and duration), awkward postures, subjective force and other factgrs.
Awkward| postures are{hérefore included in both these evaluation techniques as one of several rfsk
factors

8.3 Anglysingspinal working postures without manual load lifting and lower limb
postureq (primarily static)

The OCRA and NIOSH methods cannot cover every aspect of biomechanical overload due to awkward
postures; there are many jobs that do not entail lifting loads but still cause biomechanical overload of
the spine and lower limbs, primarily due to awkward static postures. Examples include agricultural
workers, kindergarten teachers, physiotherapists, building site workers and archaeologists.

It is emphasized that the reconstruction of the type and also the duration of exposure to postural
risk factors is essential for being able to judge tolerability levels. In fact, before analysing posture it is
necessary to analyse the tasks involved and how the work is organized.

Reconstructing the work of a homogeneous group of workers (or also of an individual worker) requires
knowing (as already described for the study of the biomechanical overload of the upper limbs):

— what kind of task(s) are performed within the cycle (daily, weekly, monthly or yearly);
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— what postures are adopted during each task and the duration of each of the selected postures.

Although in the literature it is not difficult to single out which postures require evaluating, there are
major shortcomings regarding:

criteria for adjusting final scores based on task duration (job risk score);

criteria for adjusting scores for the various postures characterizing each individual task (intrinsic
task score), also according to the mutual different duration of each of the postures present in each
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ure 7 lists the main postures to study, broken down by main segment, and the speci
igned. The postures chosen for this analysis are those used in various methods repor
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to the criteria adopted for assigning scores, note that the exposure scores simply rank post
 least to the most uncomfortable (generally from “neutral” to the most awkward). The r|
b assigned starting from-the most comfortable posture (e.g. seated upright, reclining agai
t) as follows:

score 0,5 whenthe worker spends 1/3 of the time (approximately 20 % to 40 %);
score 1,5when the worker spends half the time (approximately 40 % to 60 %);
scores3*when the worker spends 3/3 of the time (approximately 60 % to 100 %).

the discomfort caused by the posture increases, the scores increase accordingly, starti
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l The TACOS method: contents and criteria for back and lower limb posture analysis

) Annex C,

fic scores
ted in the

brature and in International Standards; they have only been simplified or regrouped to enstyire a clear

ures from
isk scores
hst a back

ng from a

du

o £1. /2 £l Ao Tl 4] 4 L dloa £ losalas 4] | lolodd 4
dlIUIT'UT 170 UI'UIIT LT, TIIT ULHTT STUTTS SUAI' U ITUILIT UIIS TISUL'T, WITITIT IS LIITIT UUUUICTU UT U

ipled. The

more tiring postures receive a score even if they are adopted for short periods (approximately 1/10 of
the time). Scores range from 0,5 (lowest score for comfortable positions lasting up to 1/3 of the time) to
14 (most awkward positions lasting the whole time).

In other words, these descriptive exposure indexes (as in all the other methods found in the literature)
are adjusted on the basis of the awkwardness and duration of the task: they cannot yet be regarded
as risk indexes based on which future health issues can be predicted (no method of assessing risk
from exposure to awkward posture, present in the literature, is in fact able to predict the likelihood of
illness).
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As an overall approach towards identifying and describing postures and posture duration, the following
general rules were followed:

postures are not identified and described for each area of the body to aggregate subsequently as
proposed in other ergonomic methods (e.g. RULA, REBA, OWAS);

overall postures for different body segments (e.g. standing, sitting, squatting postures) have been
defined using sketches and simple descriptions;

postures have to be identified by task, and each task will thus be defined by the posture(s)
characterizing it;

the dyiration of postures in each task can be readily measured with the help of pie charts depict{ng
different risk scores in function of the different durations; stopwatches are seldom required:

The figures help to group postures into five main categories: standing postures, sitting posturjes,
postures primarily involving the lower limbs, complex (mixed) postures involving many parts of the

body, and|postures involving the cervical spine.

Since the [maximum score is 14, a series of five categories has been arbitrarily defined, each with a
different polour (from green to violet), indicating the different degrees of ‘awkwardness, also a$ a

function qf the duration of the posture (Table 10).

This approach is adopted intrinsically for each posture and for the final outcome of the total task

analysis.

Table 10[— Definition of risk areas, with different degree's'of awkwardness, as a function of the

duration of the posture

Zone TACOS values Risk classification
Green up to 1,5 Optimal
Green 1,6to02,2 Acceptable
Yellow 2,3t03,5 Borderline or very slight
Red-low 3,6 to 4,5 Slight
Red-medigim 4.6 t09,0 Medium
Red high more than 9,0 High

8.5 Posture analysis of amulti-task job performed on a full-time or part-time basis with

yearly job rotation

Returning to the exaniple of homogeneous group 1, whose organizational data are shown in Table 2 gnd
Table 8, the procedux€ entails the use of the specific sheet present as a simple tool (the same spreadsheet
for studying all différent risk factors that determine the biomechanical overload as postures, manfial

handling,

In order d anicalo bs asa-whe ather than-examining
awkward postures, itis necessary to apply a method that investigates all related risk factors responsible

pushirig/pulling), “ERGOepmVINClocraNIOSHpushTAeng (...)"[64],

hly

for biomechanical overload. The OCRA method[21].[22].[49] for example, does just that.

The OCRA system analyses awkward postures as one of a range of risk factors. It looks at the main joint
segments of both the left arm and the right arm, defining the awkward postures and assigning different
scores, based on the region of the limb involved and the duration of the posture (Figure 8).
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Figure 7 — Main postures analysed using the TACOS method, indicating pre-aggregated body
postures and specific scores based on duration
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8 — Summary of awkward postures as intrinsic values for the upper limbs, obtained
using the OCRA checklist method (homogeneous group 1-full-time)

he final task score is about 50 %. As always, these studies featuring multi-task exposure st
ssessment of the intrinsic risk of each task (as if the duration of the task corresponds to {
f a standard shift, defined as a constant).

D, the intrinsic values obtained for each task presefit in the cultivation and (sign in white li
tin the year by homogeneous group 1 are provided.

sk may be characterized by a single posture or multiple postures, it is important to che
idering also their specific duration in the task. In each single task, the single posture pres
only one) represents 100 % of duration: If there are many of them, the sum of the % durat
ostures has to be always be equalt6-100 % (except when there are uncomfortable postures
nd pedals are used, because they are added to the other postures, without being alternatiy

sic postural score is generated for each task as the sum (horizontal line) of the correspond
each postural risk sceré-associated with that specific task. With the intrinsic risk scores a
on of each task for-each year, the same models as for the OCRA checklist multitask analy
ed to estimate the'risk indexes for the spine and lower limbs, i.e. both the “time-weight
nd the “multisask complex”.

sults, the-risk scores related to the study of the spine and lower limbs are evaluated, both

ainybody areas (Tables 11 to 13): spine standing, spine sitting, lower limbs, head-neck.

Figure 10

hg the risk scores for each individual risk factor, it is clear that the contribution of the posture

hrt
he

he)

ck
bnt
on

of
res

ng
nd
Sis
ed

as
by

shows the prnpnrﬁnnnl distribution of the different postures of the spine and lower lin

bs

in their entirety and Figure 11, extracted in summary from Figure 10, shows the awkward postures,
indicate as absolutely inadequate according to ISO 11226.
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NOTE For estimation of exposure index, when a task is characterized by many postures, the sum, on
horizontal lines, of the percentage duration has to always be equal to 100 %, except when there are awkward
postures of the head and pedals are used.

Figure 9 — The estimation of intrinsic postural exposure indexes is obtained by signing with
“X” the pre-timed scores (on horizontal lines) for each posture characterizing the task
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Table 11 — Intrinsic awkward postures scores for each task performed by homogeneous

group 1
Tasks Net worked hours Final scores % W(:)rlll{g(::(l)lr(l);gsnlt)ased

Plowing (tractor) 0

Installing irrigation system 0

Planting (manual) 52 18,0 3,0%
Planting (mechanical) 92 8,0 52%
Pruning lrge branches with chainsaws 0

Pruning wjith manual shears 74 13,9 4,2%
MMH of lajrge branches 88 13,9 50 %
Pruning with manual shears 399 13,9 22,7%
MMH of sthall branches 167 13,9 9,5 %
Manual hdrvesting on ground 225 13,9 12,8 %
Manual hdqrvesting on ladder 175 17,0 9,9 %
MMH of ladder 50 13,0 3%
Preparingmachine to apply fertilizer 0

Driving trpctor 0

Composting (manual) 0

Disinfectipn (manual) 0

Disinfectipn (tractor) 0

Push/pullftrolley with large branches 44 10,0 2%
Push/pullftrolley with small branches 38 10,0 2%
Push/pullftrolley with fruit boxes 50 10,0 3%

Table 12 — Awkward postures total final exposure scores

MultiGE}
annual score

Time-weighted average
annual score

15

11

Spine in stand-

Spine in sitting

Headand neck Ing Legs
position posture
37 % 79 % 5% 20 %
2,5 10,0 0,5 3,9

NOTE Tl

Table 13 — Awkward postures final exposure scores subdivided by district

28

£l i £, S A | L. dictaial Laliiale
NOFE—Fhestrofthepereentagesforseoressubdividedby-districteanbehigher
than 100 %, as some postures can involve different body areas at the same time
(such as the head-neck).
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P H %
osture ours | quration
}J’::' Kneeling, squatting or sitting on the heels 0 0%
X\t/grkt;)élelsag;iing(fg(l)g& step, extension ladder, 253 15% | ———
_ ), g
Lumbar tract fully flexed (trunk flexed >60°)
?g&o and/or trunk twisted 26 2% |
s Lumbar tract semi-flexed with work area at
.. approx. knee height with the trunk bent 312 18 % _—\
} between 30° and 60° '@ S
ot NV
' Back in extension with upper limbs over the _ @ B
height of the head 311 18% \ R
'1;[’ Standing with back straight (<20° of trunk NN ;
£ bent): pushing, pulling or transporting 113 7% (1IN O
} (using medium-high force) L
s Standing with back flexed (>20° to 30° of the o &
/uﬂf trunk bent). Pushing, pulling or transporting 91 5% (Il
} (applying medium-high force) My
. Standing with back straight (<20 ° of the trunk CHT
i NN
33 bent), with or without support of foot stool 286 17 % <
! h-. and/or using pedal >
PP Alternating standing (or using a sit/stand stool)
J} Al and sitting, with back fully supported at all 0 0%
L L times
Seated, back fully supported 0 0%
o ) Seated, back not supported (with or without
h back rest): lumbar spine cifotized and/or 0 0%
-J[_ flexed forward and/or twisted
0 a Seated on low seat, back not supported-(with
( ﬁ{ or without back rest): lumbar spine cifotized 83 5% (I
and/or flexed forward and/or twisted
l_-l Use of pedal with one or two e&;geated 0 0 %
|'"|'1r ) and/or standing: excludingvehicles driving) 0
2 Driving with back fully. supported and using
E\p a pedal 0 0%
‘__[}3 Use of high stool 0 0%
I @ Use ofhigh stool with lumbar 0 0%
‘D spine flexed forward and/or twisted 0
A 3 Knée supported on a work plan with trunk
J .~ Mbending between 30° and 60° (or abdomen 0 0%
ﬂ leaning against a front support)
aT Transporting objects (weight>15 kg) on head 0 0%
) and/or neck and/or shoulders 0
(35357 | Head /neck: flexions and/or inclinations > 30°,
ﬁ; i ﬁ mainly static, and/or frequent rotations 627 37% (I
U and/or extensions
NOTE When the lumbar tract is cifotized this means that its normal curve of lordosi straightens or reverses,

causing an increase in overload.

Figure 10 — Proportional distribution of different postures of the spine and lower limbs in
homogeneous group 1, full-time
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Tables 14 to 16 summarize the results of the risk assessment for both upper and lower limbs. Given the
shorter exposure (homogeneous group 1 working part-time, 3 h/day), the risk indexes are lower than
those shown previously for homogeneous group 1 working full-time.

%
Posture Hours .
duration
. 0
ﬁ_ [, | Kneeling, squatting or sitting on the heels 0 0%
Mt
Work on ladders (rope, step, extension ladder, 253 15% |
! etc.), trees or scaffolding
D) | Lumbar tract fully flexed (trunk flexed >60°) 0 »\‘\'
% E'[ and/or trunk twisted 26 2% |- \\\. L2
- -] 1-‘\ sl
I 'q ) Back in extension with upper limbs over the Co .
Dot b 311 | 18% ﬁ
T Transporting objects (weight>15 kg) on head 0 0% ; “\Q
) and/or neck and/or shoulders 0 3 \'\‘\‘}W
0§ | Seated, back not supported (with or without \‘\ 9
{ back rest): lumbar spine cifotized and/or 0 0% S ‘\\\)
I flexed forward and/or twisted W)
o Standing with back flexed (>20° to 30° of the R
f“k# trunk bent), pushing, pulling or transporting 91 5% ﬂ
) (applying medium-high force) A
r;'; Seated on low seat, back not supported (with or .
{ | without back rest): lumbar spine cifotized 83 5 %
M | | and/or flexed forward and/or twisted

Figure L1 — Proportional distribution of different awkward postures of the spine and lower
limbs that are “absolutely inadequate” accordingto 1SO 11226, in homogeneous group 1, full
time

Table 14 — Results of the risk assessment for OCRA checklist in homogeneous group 1, part

time
Time-weighted average MultiGEI
9,1 (upper limb right side) o (upr;?;elimb et

Table 15 — Results ofthe risk assessment for TACOS for body areas in homogeneous group 1,

part-time
Headl and neck Spine in standing posi- | Spine in sitting posture Legs
tion
37,8 % 71,8 % 4,4 % 22,1%

0-7

2L

0.1

1.

U7

50

U7 T

T,z

Table 16 — Results of the risk assessment for global TACOS in homogeneous group 1, part-time

30

MultiGEI

annual score

Time-weighted average
annual score

10,5

53
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9 Annual multi-task risk assessment of manual material handling (MMH) and
carrying

In order to study the annual exposure risk for manual lifting of loads, it is necessary, as for all the other
biomechanical risk factors mentioned, to start from the quantitative organizational studies already set
out in Clause 6.

For this topic, also, the methodological details are collected in Annex B, dedicated to the analysis of
repetitive movements and manual lifting, through the use of many applicative examples.

the upper extremities” ("change of clothing", "travel to reach the place of work" and“¢ccasional
mdintenance” are all considered to be non-repetitive work), the same repetitive tasks may“also involve
mgnual handling of loads (as the operators lift and carry using the upper limbs).

Thierefore, a task is not only “repetitive for the upper limbs”, only “with load handling”, only {involving
indongruous postures” or only with “pulling and pushing”. The evaluation eriteria of the risk of

”

bigmechanical overload involves rather the criterion of “... and... and... and,{not “... or... or... o}....”.

Thie definition of repetitive movements and manual lifting or carrying‘comes from the presence of
pogpitive answers to the specific “key-questions” according to ISO/TR12295.

From Table 2 and Table 8 only the manual lifting tasks haveextrapolated, by setting them alone in
Table 17 and 18, keeping their durations first in per cent and¢hen in minutes.

Tables 17 and 18 show only tasks featuring MMH, specifically their duration in % and in hours of work
for] each month of the year, the total duration of work 6ver the whole year (357 hours only) 4nd, in the
same year, the % duration of the total hours dedicated’to MMH versus the constant 1 760 h worked per
yeqr. The set of tasks with manual lifting accounts for only 20 % of all tasks performed during the year.

Applying the same criteria as for other hazards that can cause biomechanical overload, th¢ intrinsic
risk score for manual load lifting (the intrinsic LI) for each task is evaluated and presented in Table 19,
using the calculation techniques defined irr ISO 11228-1 and ISO/TR 12295[20].[59]-[63],

The manual load lifting work may Be characterized as “mono task, composite task, variable tagk”. There
ar¢ no task rotations (sequential tasks) typical of assembly lines or workbenches with up to four tasks
rotated every few hours in the-shift, since agricultural workers generally perform the samg tasks for
seyeral days, with tasks alternating mainly with the change of season.

For this reason, to caleulate the intrinsic risk indexes (due to manual lifting in agriculture) forl each task
présent in a crop, itis\mportant to stress again that the frequency/duration multiplier must he used for
lorjg periods, i.e.over 2 h (see ISO/TR 12295 and References [20] and [63]).
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Table 17 — Example of quantitative description of pruning and harvesting tasks with manual
load lifting per month for homogeneous group 1 (full-time)

Tasks Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Plowing (tractor)

Installing irrigation
system

Planting (manual)

Planting (mechanical)

Pruning large branches
with chainsdws

Pruning with manual

shears (\Q
MMH of large branches 40% | @;‘%y

<t

B . 4 7
Pruning with manual b \
shears

MMH of small branches 20% | 20% | 30% | 30% | 30% N2

Manual haryesting on 6(’

ground A
Manual harvesting on \%\J
ladder N

N3
MMH of laddler 10% | 10% | 10%

Preparing mpchine to <>‘<
apply fertiliger

Driving tracfor \\\
A

Composting manual) N

-

‘663

Disinfection|(manual) N

Disinfection|(tractor) ~$

Push/pull trplley with A’\‘C
large branchles

Push/pull trplley with 1
small brancles . (-\k

Push/pull trplley with fruit C)\\'
boxes

Table 1§ — Net duration of tas@glhours] with MMH performed by homogeneous group 1 (full-
O time) over the year

] o
\‘D lf)o?rtsa/l Net % onh
Tasks Jan Feb< Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec K hours/ | year cqn-
year with
Q_ MMH year/task| stan

Plowing (traftor) (\Y\v
Installing irtiga- v§

tion system P
-

Planting (mgndal) [

=

Planting (mel-
chanical)

Pruning large
branches with
chainsaws

Pruning with
manual shears

MMH of large
branches

64 39 0 28,9 % 88 (103) 59 %

Pruning with
manual shears

MMH of small
branches

0 18 32 48 48 49 54,8% | 167 (195) 11,1 %
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Table 18 (continued)

% total
hours/
year with
MMH

Net % on a
hours/ | year con-
year/task| stant

Tasks Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec

Manual harvest-
ing on ground

Manual harvest-
ing on ladder

MMH of ladder 21 21 16 0 0 0 16,4 % 50 (58) 3,3%

Pr¢parimg ma-
chine to fertilizer n'\

i v
Drjving tractor r\VQ

\d
.

Composting

(mpnual) X /\Q)
Diginfection (b\)‘
(mpnual) Q/

Didinfection i
(trpctor) 6
Puph/pull trolley OJ\
with large \,)
brgnches 5\

Puph/pull trolley Q -
Q)

smfall branches

7

Puph/pull trolley e

fryit boxes \\\
0 18 32 48 48 49 21 2’1‘5\ 6 64 39 0 100% |306 (357 20 %
\ <}

L

[able 19 — Intrinsic risk indexes of tasks sh’manual load lifting for homogeneous group 1
calculated conside&' different genders and ages

Etive tasks Dlder and
Tapks N J‘:\' Adult males | Adult females ogllld?;?:;es younger
KX for MMH young females
Pldwing (tractor) C)\
Ingtalling irrigation system \’ .
Ple‘nting (manual) ('\\\
o
Plelnting (mechanical) C)
Pryining large branches wit}},c§aws
Pryining with manual sh?al‘&:)
4
MNIH of large brang\@ 1,5 1,9 1,9 2,5
Pryining with manudl shears
MNIH of smalibisinches 1,0 1,3 1,3 1,7

Mdnual h(@‘ting on ground

Ma‘nyaj}a}vesting on ladder
M et adder

Preparing machine to apply fertilizer

Driving tractor

Composting (manual)

Disinfection (manual)

Disinfection (tractor)

Push/pull trolley with large branches

Push/pull trolley with small branches

Push/pull trolley with fruit boxes

NOTE Considering the result of the intrinsic values of the NIOSH method, the colours used mean: white = no risk; light grey: borderline risk; medium grey:
risk present; dark grey = high risk.
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Once the intrinsic risk scores, hours and percentage duration of each task have been calculated, both
within each month of the year and over the whole year, it is possible, by calculating the artificial
working days representative of each month and of the whole year, to calculate the final risk indexes. In
the examples in Tables 17 and 18, the “artificial working day representative of the year” for manual load
lifting is obtained from Formula (2).

Mde:HMy/ CDy X 60 (2)
where

M¢,q | 1s the “artificial working day” in manual lifting in minutes; q/r\

Hyy | is worked hours per year with manual lifting; (]/Q

o°

Cpy is the number of worked days per year (constant). ‘bb/‘\
Assuming Hy;, is equal to 360 hours per year, My, 4 is 84 min. (l/
Consideripg “an artificial working day representative of the year” duration of 8 @lﬁ“ﬂ the corresponding
duration multiplier is 0,5. The procedure and formulae [Formula (B.6)] e same ones used for
calculating exposure to repetitive movements and awkward postures of th\\%lne (without load lifting)
and lower]limbs.
Figure 12[shows examples of manual load lifting risk assessme Q@wmogeneous group 1, full-timme,
where manual handling is present but only in some tasks of th p and not performed for the whple
shift (Tables 17 and 18). The only model used to calculate thly and annual risk indexes is the

“MultiGEI[. In fact, the NIOSH method never employs computational models that use the “time-weighted
average”. $\
O
A JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
male N4 00 | 04] 05/ 07| 07| 07| 1,1 1,1| 1,1| 1,0| 0,8] 04
female-older/youfiger male 00 | 04| 06| 08| 08| 08| 1,3] 1,3] 1,3] 1,2] 0,9] 04
older/youn@g}bmale 0,0 06/ 08 1,1| 1,1 1,1| 1,8] 1,8 1,8| 1,6| 1,3 | 0(
=4
a) NIOSH manual lifting index: distribution of exposure indexes in different months of the year
obtained using the MultiGEI formula for homogeneous group 1, full-time
1,1 ADULT MALE (19-45 years old )
1,4 ADULT FEMALE (19-45 years old )
1,4 YOUNGER AND OLDER MALE (>45 years old )
1,9 YOUNGER AND OLDER FEMALE (<19years old )

34
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b) NIOSH manual lifting indexes for the total year and for gender and age, in homogeneous

group 1/full-time, using the multiGEI formula

k; light grey: borderline risk; medium grey: risk present; dark grey = high risk.

Considering the result of the intrinsic values of NIOSH method, the colours used mean: white = no

Figure 12 — MMC final exposure indexes for gender and age (relative to the homogeneous

groups No. 1 full-time.

10 Annual multi-task risk assessment of pushing and pulling

In jorder to study the annual exposure risk for manual pushing and pulling it is necessaty, a§ for other
fadtors, to start again from the quantitative organizational studies already set out’in €lause §.

Taking Table 2 and Table 8 as a starting point for identifying the tasks pefformed during the year,
on|y tasks, as for the tasks with MMH, involving pushing and/or pulling até-activated (defined by the
presence of positive “key-questions”, according to ISO/TR 12295).

Tables 20 and 21 show examples of tasks featuring pushing and/or pulling, their net duration in hours
for] each month of the year, the total duration of the work over thehole year and, in the samg year, the
pefcentage duration of the total hours dedicated to pushing and/or pulling versus the constajnt 1 760 h
wdrked per year.

Applying the same criteria as for other hazards, thatmay cause biomechanical overload] for each
tagk intrinsic risk scores are calculated using the calculation techniques defined in ISO 11228-2 and
ISQ/TR 12295. Again, the intrinsic risk indexes hayéto be calculated for each task as if that thsk lasted
for] the entire shift (Table 22).

Onfce the intrinsic risk scores, hours and -pércentage duration of each task have been dalculated,
both within each month of the year and @ver the whole year, it is possible to calculate risk indexes by
calculating “artificial working days representative of each month and of the year”.

Table 20 — Percentage duration of pruning and harvesting tasks with pushing
and/or pulling per month for homogeneous group 1 - full-time

Tapks Jan Feb Mar Apr May Jun Jul Aug Sep Oct Npv Dec
Pldwing (tractor)

Ingtalling irrigation systent

Plgnting (manual)

Plgnting (mechanical)

Pryining largedranches with

chjinsaws

Pryining with manual shears

MNIH oflarge branches

Pruning with manual shears

MMH of small branches

Manual harvesting on ground

Manual harvesting on ladder

MMH of ladder

Preparing machine to apply

fertilizer

Driving tractor

Composting (manual)

Disinfection (manual)

Disinfection (tractor)
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Table 20 (continued)
Tasks Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Push/pull trolley with large o o o o o o o
branches 5% 5% 5% 5% 5% 5% 5%
ll:;lasrl:éll)zsll trolley with small 59 59 50 50 50 50,
Push/pull trolley with fruit
boxes 10% | 10% | 10%
and/or pulling per month for homogeneous group 1 - full-time q'\
-l Vi
% of total | Hours ’D/)
hours per perq | /70 on4
Tasks Jan | Feb | Mar | Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec ear at Qj ‘year cop-
YoM P,CYW K| stant
Plowing (traftor) 0% (]/'6 % 0%
Installing irfiga- Q‘ ) o o
tion system 0{& 0% 0%
Planting (mgnual) O )o 0% 0%
. 7/
Planting (m4g- o o o
chanical) (%\ 0% 0% 0%
v
Pruning largde \
branches with Q;< 0% 0% 0%
chainsaws Q
. . N
Pruning with \
manual shealrs As\o 0% 0% 0%
\&
MMH of largp N
branches \\\Q 0% 0% 0%
Pruning wit N
runing with . P 0 0, 0,
manual shealrs A\Q) 0% 0% 0%
P
Manual haryest R
Manual harvest- \‘ 0% 0% 0%
ing on ground C)
Manual harvlest- ‘. 0 0 0
ing on ladde f\@\ 0% 0% 0%
MMH of ladder avy 0% 0% 0%
Preparing O N
machine to gpply a 0% 0% 0%
fertilizer f.\g
Driving tracfor <"S'J 0% 0% 0%
: N
Composting <<' 0% 0% 0%
(manual) N
— - N/
Disinfection| é 0 0, 0
(manual) 4 V 0% 0% 0%
Disinfecti N
isinfection 0 o o
(tractor) 0% 0% 0%
Push/pull trol-
ley with large 5 8 8 8 8 8 7 33% 51 3%
branches
Push/pull trol-
ley with small 5 8 8 8 8 8 29 % 45 3%
branches
Push/pull trol-
ley with fruit 21 21 16 38% 58 3%
boxes
Total 9 16 16 16 16 21 21 16 16 7 100 % 154 9%

This procedure is the same one used for calculating exposure to repetitive movements, awkward
postures of the spine (without load lifting) and lower limbs and MMH [Formula (B.6)].
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Figure 19 shows the final risk assessment for pushing and/or pulling in homogeneous group 1 full-time.
In the graph, for clarity problems, the following values are shown (separately for males and females):
the worst peak value obtained between pulling and pushing (if both are present) and the worst
maintenance value obtained between pulling and pushing (if both are present). To determine monthly
and annual risk indexes only the “MultGEI” model is used, as for repetitive movements, awkward

postures and MMH.

Table 22 — Intrinsic exposure indexes from pushing and/or pulling for homogeneous group 1

full-time risk

bokes

risk present; dark grey = high risk.

NOITE Considering the result of the intrinsic values of the NIOSH method, the colour

L\$

Pushing Pulling The ;’;’lf;f; € :;'ﬁ?:gpull-
m m m m ?\Q v m
Active tasks Mainte- Mainte- q?' v Mainte-
Tasks £ Peak values nance Peak values nance l"\a values nance
or MMH
values values b( values
Diginfection (manual) q/')
Diginfection (tractor) ,(Q‘
. N
Pujsh/pull trolley with large X 1,0 0,85 O\ 1,00 0,85
branches b
Pulsh/pull trolley with small X
branches
Puth/pull trolley with fruit X
0

: white = no risk; light grey: borderline risk;

medium grey:

N

- r " = ‘

-
'3:5(....

2

! “a
e impm
Q 05 T 7
oK '
2 ™

R JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NPV | DEC
plck male & 0,0 02| 04| 04| 04| 04| o8] 08] 08| 04| [02] 00
njaitenance male\”™ 0,0 02| 03] 03 03] 03] o7] 07] 07] 03] Jo2] 0,0
plck female <) 0,0 03] 06| 06| 06] 06| 12] 12] 1,2[ 06] [03] 0,0
njaitenancefemale 0,0 03] 05[] 05 05| 05 1,1 1,1 1,11 05[] [03] 0,0

a

Y\
)%%hing/pulling exposure indices: distribution of exposure indexes in different months of
; btaired-usime-teMattiGEHf trfort I,["H-'Ee

0,26 Peak-male

0,23 Maintenance-male
0,39 Peak-female

0,35 Maintenance-female

b) Pushing/pulling exposure indexes for the total year and for gender and age, in homogeneous
group 1, full-time, using the MultiGEI formula
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NOTE Considering the result of the intrinsic values of pushing/pulling exposure assessment method, the
colours used mean: white = no risk; light grey: borderline risk; medium grey: risk present; dark grey = high risk.

Figure 19 — Pushing/pulling exposure indexes (relative to homogeneous group 1
full-time) calculated using the MultiGEImodel for each month of the year and the whole year

11 Manual material carrying (MMC) risk assessment

on:

— the mlost representative modal day of the year and its frequency of occurrence, in per éent, during
the ydar;

— the wprst day of the year and its frequency of occurrence, in per cent, during the year;
— the edsiest day of the year and its frequency of occurrence, in per cent, during the year.
To undertpke this analysis, ISO 11228-1 is used.

In more complex cases, it can be sufficient to use the “quick assessment” for both carrying and pushing/
pulling, ag presented in Annex A and in ISO/TR 12295.

12 Conglusions

This document discusses the complex procedures for addressing biomechanical overload in agriculture,
which include analysing the risk of:

a) repetjtive upper limb movements, includingsdwkward posture of upper limbs;
b) manufl handling of loads and carrying (ineluding awkward posture of spine during manual lifting);
¢) pushipg and pulling;

d) awkward postures in sitting andstanding position for lower limbs and spine.

Criteria ajnd measurement methods already included in International Standards for biomechanigal
studies (SO 11228-1, 1SO-11228-2 and ISO 11228-3) and static working postures (ISO 11226 gnd
ISO/TR 12295) have been,proposed and adapted to agricultural work with exposure to multiple tasks
which may change qualitatively and quantitatively over the course of the year (annual cycle).

Considerihg the athount of data to be collected and written up and the amount of calculations to be dope,
with the Use of.-complex formulas, to make reliably easy and therefore possible such risk assessments,
two free downloadable simple tools (worksheets) were created, one for global pre-mapping of danger
and discomfort and the second to enable the real risk evaluation of biomechanical overload (repetit
movements of the upper limbs, manual load lifting and carrying, awkward posture, pushing pulling)[©4]
to overcome the inherent difficulties mentioned above. The IEA (International Ergonomics Association)
and WHO (Word Health Organization) have been recommending for years that those who do prevention
are offered not only evaluation methods but also simple tools to make them easily applicable.

Given the complexity of risk assessments, the suggestion is to start with a simple qualitative analysis
(using the approach that employs “key-questions and quick assessments”) not only for biomechanical
risk factors but for all risks, so as to undertake a sort of global risk pre-mapping exercise, and in this
preliminary stage of the risk analysis highlight the presence of any discomfort and danger and suggest
which priorities have to be addressed by more precise risk assessments.
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The two simple tools for dealing with this initial stage of the analysis, free to download, are:
— EPMIES-agriERGOCHECKprecultivoENG;

— EPMIES-multiyearERGOCHECKpremapENGI[64],

Figures and examples in this document derive from the two worksheets.

In all situations where it is not possible to complete the evaluation phase for real risk (e.g. no experience
in ergonomics field, small businesses), pre-mapping at least generates one document itself sufficient to
indicate the presence of potential risk factors and the priority with which they can be addressed. The
evaluation can stop at this first step.

Thiis document also suggests how to conduct the assessment of real risk, illustrating ‘th¢ relevant
principles and criteria and offering in the annexes examples of applications. It also provides strategies
foi] applying risk calculation methods (OCRA multitask for repetitive movements; NIOSH f¢r manual
vafiable load handling and TACOS for studying and timing awkward postures™ef the spine pnd lower
linpbs in multitask analysis and pushing/pulling).

Thie simple tool to conduct the assessment of real risk, free to download,.is:

ERGOepmVINClocraNIOSHpushTAeng (..)[64].
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Annex A
(informative)

Initial identification and preliminary assessment (pre-mapping)
of potential risks: criteria and presentation of a specific simple
tool that allows its application

A.1 Aim

The fact that farm workers often carry out numerous activities on different days or in different months
of the yedr makes risk assessments extremely complex (see References [8], [9], [17], [19], [26] and
[27] and ISO/TR 12295). This is why it is crucial to conduct an in-depth prelimindry analysis on hpw
agricultugal work is organized.

The purpgse is to report exposure which, in agricultural settings, tends to vary in duration at different
times of the year and therefore to be associated with different risk factors. Without this informatipn,
risk levelq can clearly be regarded as identical regardless of whether workers are exposed to full-timne,
part-timelor seasonal work.

Given the[complexity of organizational studies in agriculture; aysimple yet specialized digital tool has
been devdloped to help operators pre-map the discomfort and dangers involved in farm work. This tpol
is illustrated in this annex.

Two simple spreadsheets models, free to download, are availablel64];

— EPMIES-agriERGOCHECKprecultivoENG: thistmodel (no.1) is a universal cultivation model, alreddy
brokdn down into macro-phases and tasKsi-that can be adapted to many crops and is the easier of
the two to use; this is the model used jimall the examples in this clause;

— EPMIES-multiyearERGOCHECKpremapENG: this model (no.2) uses the same calculation structureg of
mode] no.1 but the macro-phases.and tasks are blank. It may be used not only in agriculture but afso
other|working sectors in whichmany different tasks are performed at different times throughgut
the ygar (e.g. building construction).

The main|focus is on the fitstmodel.

A.2 General presinapping model for agriculture - A facilitated organizational
analysis

A.2.1 General

The general organizational process underlying a pre-mapping analysis, or an actual exposure risk
assessment, requires a step-by-step approach. First of all, the various tasks involved in the crop growing
or cultivation process have to be identified from the qualitative and quantitative standpoint. Next, the
distribution of tasks throughout the year is analysed. Lastly, the tasks are matched to the workers and
the workers are divided into homogeneous groups. This complex study, including the pre-mapping part,
is illustrated in the following subclauses.

A.2.2 Phase 1 - Identification of tasks involved in cultivation

As it is so inherently difficult to identify macro-phases, phases and tasks in the crop growing or
cultivation process,[211-[241[26].[27] 3 kind of universal cultivation system has been developed that
enables even beginners to conduct a preliminary organizational analysis in an agricultural setting.
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It consists of macro-phases (soil preparation, treatment, disinfection and fertilization, planting,
intermediate processes, harvesting) that include a certain number of typical tasks broken down by
type, technique and tool(s) used or load(s) lifted (Table A.1).

Table A.1 — Principal tasks characterizing a generic cultivation activity

with tractor

with animals

with manual tools

Preparation and TaUat carTying twerght up to max—3kg)

treatment of manual carrying (weight 3 kg)
soll, mechanical

weeding

with manual tool and pulling or pushing

other activities, without tools, with repetitive movements of the upperlimbs (witHout lifting
up to max. 3 kg)

other activities, without tools, with repetitive movements of the upper limbs (with lifting up
to max. 3 kg)

with tractor

manual with machinery

Dikinfection, manual with tools

disinfestation, fer- | with manual tools and pulling or pushing
tiljzing, chemical

weeding

other activities, without tools, with repetitive'miovements of the upper limbs (witHout lifting
up to max. 3 kg)

other activities, without tools, with repetitive movements of the upper limbs (with lifting up
to max. 3 kg)

automatic with tractor

semi-automatic with tools and/or machinery

manual with manual tools (jproduct weight up to max. 3 kg)

manual without tools{product weight up to max. 3 kg)

manual with mantial*tools (product weight over 3 kg)

Planting manual without tools (product weight over 3 kg)

manual carrying (product weight up to max. 3 kg)

manual earrying (product weight over 3 kg)

with.nmanual tools and pulling or pushing

other activities, without tools, with repetitive movements of the upper limbs (witHout lifting
up to max. 3 kg)

pruning with manual tools

pruning with pneumatic/electric tools

pruning with chainsaws

manual pruning without tools

Intermediate
farm work (e.g.
pruning, binding, |manual carrying (weight 3 kg)

thinning) with manual tool and pulling/ pushing

manual carrying (weight up to max. 3 kg)

other activities, without tools, with repetitive movements of the upper limbs (without lifting
up to max. 3 kg)

other activities, without tools, with repetitive movements of the upper limbs (with lifting up
to max. 3 kg)
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Table A.1 (continued)

Harvestin
crops

automatic with tractor

semi-automatic with tools and/or machinery

manual with manual tools

manual with pneumatic/electric tools

manual without tools

g of manual carrying (weight up to max. 3 kg)

manual carrying (weight 3 kg)

with manual tools and pulling or pushing

up to max. 3 kg)

other activities, without tools, with repetitive movements of the upper limbs (withoutlifting

other activities, without tools, with repetitive movements of the upper limbs (with lifting
to max. 3 kg)

A.2.3 Pl

The first
analysis t
homogeng

The next

the homo
workers,
sometime
quantitati

For instar
crop (task
fertilizers

When us
homogeng

Having op
for each W
performe

Subseque
by the ho
various t
quantitati
column) n
the propo

nase 2 - Identification of a homogeneous group
spreadsheet model mentioned in A.1 (no.1) requires the completien of an organizatio

ous groups.

step is to assign tasks to individual workers or groups ofyworkers exposed to the same ri

ve standpoint).

ce, typically, a single group of workers may'be assigned the job of actually growing a cert
s can include pruning, harvesting), while other workers prepare and disinfect the soil, ap
and so on.

ous group assigned to cultivating’one or more crops during the year.

ened the predefined univengsal cultivation document page, first of all it is necessary to wr

] that month).

ust always equal 100 %. The percentages need not be perfectly accurate; they only descr
'tion of time spent each month performing a certain task.

hal

hat is presented on spreadsheet page 1 (1-organization) and begins with the identification of

beneous group. When tasks of the same type and duration are assigned to the same grouy of
i homogeneous group can be spoken of in terms of risk-exposure. A homogeneous group may
S comprise one person, if no other workers perforfn the same task (from the qualitative and

hin
bly

ing “EPMIES-agriERGOCHECKprecultivoENG(..)’a new file has to be creatde for e3ch

te,

rorked month, the number of hours worked per person in that month (including all the tagks

tly an “X” has td“be'placed in the appropriate box to activate the tasks (in columns) perfornied
mogeneous group, in each month of the year, for subsequent analytical quantification. The
hsks performied during different months of the year are thus recorded qualitatively gnd
vely (inpercentages). The sum of the percentages indicated for each month (at the end of each

be

Table A.2

performs

Shows an example of a form I1lled out for the homogeneous group 1 of full-time workers at
a large farm that grows top-quality wine grapes. This homogeneous group of about 10 male workers

many tasks that are variously distributed throughout the year.

To report the quantitative data required to define exposure durations, it is necessary to enter the
number of hours worked by each worker each month. As the group is homogeneous, all the members of

the group

work the same number of hours.

Table A.2 shows also how the total number of hours worked per month can vary considerably.
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A.2.4 Phase 3 - Definition of duration multipliers for adjusting the different risk scores
based on their specific duration

The software (no.1) then converts the total number of hours worked per month, using the specific
tasks duration percentages, into tasks duration hours, with respect to the default constants of 160 h/

month, which corresponds to 8 working hours per day (430 min to 480 min), 5 days a week, 4 weeks a
monthl21]-[24],[26],[27].

Therefore, if the percentage is 100 % that means that the number of hours worked that month is the
same as the constant. If the percentage is higher or lower, it means that exposure to work-related risk is

i tatt fcoriteria for
n.

)
culating variations in risk levels (or priorities) as a function of changes in exposure durati
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The graph in Figure A.1 shows the percentage of hours worked per month (by homogeneous group 1
in the example depicted in Table A.2), obtained by dividing the number of hours/month/workers by
160 h/month constant. The curves in the red area (here in grey) indicate levels above the constant; the
number of hours worked per month is also not evenly distributed - it rises during the harvest season.

It is now possible to assign these duration percentages, on a month-by-month basis, to certain risk
factors where the total number of hours worked coincides with the duration of exposure to that
particular risk factor. Repetitive movements, awkward postures, lighting, micro-climate, UV radiation
from outdoor work and biological pollutants are almost always present and inherently linked to farm
work.

In Figure|A.1, the graph indicates the duration in hours worked in the “artificial working day”."This
calculatioh converts the total duration of hours worked/year into a single day by compaq?g he
constants} In the calculation, 100 % means that the year is equivalent to an artificial 430 m in
per day (duration multiplier = 1, for the duration factor, as per the OCRA checklist method e number
of hours wWorked per year in the example amounts to 1 710 (which is very close to the ant 1 760[h/

year). 9V

160 160 160 160
FEB MAR APR MAY JUN JUL
0% 100% | 100% | 100% | 100%| 100% | 100%| 100 %

% HOURS WORKED/MONTH/WORKER VERSUS CONSTANT 160
HOURS/MONTH

150 %
140 %

130 % B W
120 % w5 |EZ
110 % 5253
100 % ez |28
90 % s g %E
80 % / s 5 |25
70 % / =Z3 |88
60 % / g
50 % 1

40 % 1 oS

30 % ~

20 % / o

0% | A\

0% l T T T T T \)\ T T

JAN FEB MAR APR MAY ]U]\@LUL AUG SEP OCT NOV DEC

ok

NOTE The grey area in theé.) h indicates that the constant has been exceeded.

Figure A.1 — Graph pl ?mg the monthly distribution of tasks with durations indicated in per
ce&\ rsus a constant 160 h/month for homogeneous group 1

¥

Dividing this’{h e of 1 710 min by 220 working days/year and multiplying the result by 60, the number
of minutes% e “artificial working day representing the time worked” in the year can be calculated:
466 min intHis nvnmp]n

Based on the data shown in Table A.3 (illustrating the duration multipliers used to adjust the risk
indexes as a function of task duration, as per the OCRA checklist), it can be seen that the multiplier
corresponding to 466 min is equal to 1, therefore the risk calculated for this situation is unchanged: the
“artificial working day” has a duration of 421 min to 480 min.
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Table A.3 — Duration multipliers for adjusting exposure indexes as a function of task duration

Duration multipliers used for the OCRA checklist
Net time Net time
) Duration multiplier ] Duration multiplier
min min
0-1,86 0,007 241-300 0,85

1,87-3,74 0,018 301-360 0,925

3,75-74 0,05 361-421 0,95

7.5-1499 0.1 421-480 1

15-29,99 0,2 481-539 1,2

30-59,99 0,35 540-599 1,5

60-120 0,5 600-659 2

121-180 0,65 660-719 2,8

181-240 0,75 720 4
When considering tasks that involve lifting loads weighing 3 kg or more, it is essential t¢ examine
the¢ actual duration of such tasks throughout the year, which is undeubtedly lower than th¢ duration
atributed to the aforementioned potential risk factors (because npt\all the tasks listed involye manual
lodd lifting).
Thiese critical data are easy to obtain (in order to avoid ovefestimating exposure) by placing an “X” in
the¢ form against tasks featuring the characteristics indicated here: the hours of exposure aut¢matically
appear for each individual task along with the total for¢each month.
The estimated percentages are then calculated with respect to the constant 160 hours ger month
(Table A.4).
If [the software “EPMIES-agriERGOCHECKprecultivoENG” with predefined tasks for |universal
cultivation is used, the tasks entailing nianual lifting are already activated, but can be modified if
nefessary.

Tal
ye

Tal

pu
tas
de

Tal
vil
vil

Tal

bles A.5, A.6 and A.7 show the resiilts of the search for exposure duration data, for each md
hr, for the remaining risk factors.

ble A.5 shows exposureduration data for each month of the year for manually carrying and
ling (the names of the-pre-entered tasks emphasize the existence of these jobs). Here, too, {
ks are present, theg-appear already activated in the software with an “X” in the appropriat
bcribed for TableAM).

ble A.6 shows-€xposure duration data for each month of the year for noise and vibrat

rating toels. The attribution of possible risk due to noise is applied to all tasks involving
ratingtools, as well as for tasks that involve driving farm vehicles.

us

nth of the

pushing/
vhen such
e place (as

ions from
the use of

1 with the
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Table A.5 — Calculation of sum of hours worked/month/year (with durations indicated in %

versus a constant 160 h/month) only for tasks that involve (a) the manual carrying of loads
equal to or more than 3 kg and (b) pushing/pulling

a) Duration of tasks that involve carrying

o | 16 | 64 | 64 | 24 | o | o | o | o [ 20 | 10 | 15

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0% 10% 40% 40% 15 % 0% 0% 0% 0% 13 % 6 % 9 %

b) Duration of tasks that involve pushing/pulling

0 [[4 [ 32 | 56 | 8 | 0 | 8 | 4 | 20 | 0 | 5 | 20

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Ded

0% 30 % 20 % 35% 5% 0% 5% 25% 13 % 0% 3% 139

Table [A.6 — Calculation of sum of hours worked/month/year (with durationsindicated in
% verpus a constant 160 h/month) only for tasks that involve (a) noise and.(b) upper limb
vibrations

a) Duration of tasks in noisy environment

o | o6 | 48 | 24 | 112 | 16 | o | o | 140 160 | 15 | 1§

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  De

T3

0% b0 % 30 % 15 % 70 % 10 % 0% 0% 88 % 100 % 9% 99

b) Duration of tasks performed with vibrations affecting the upper arms

o [ | 48 | 8 | 16 | 16 | o |<d | 140 | 160 | 10 | 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  De

0% b0 % 30 % 5% 10 % 10 % 0% 0% 88 % 100 % 6% 09

Table A.7 — Calculation of sum of hours worked/month/year (with durations indicated in ¢

versus g4 constant 160 h/month) only for tasks that involve (a) the use of tools, machinery and

(b) whele-body vibrations

a) Duration of tasks performed with tools and equipment or parts of machines

0 144 96 96 136 160 160 200 200 180 90 35

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov De

0% | 99% | 60% | 60%~-85% | 100 % 100 % 125 % 125 % 113% | 56% | 229

b) Durdtion of tasks performed with equipment - tractors, farm machinery (whole body vibrations)

0 96 48 8 16 16 0 0 140 160 10 0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov De
0% | 3% 0-% 10% | 65% 0% 0% 0% 0% 0% 6 % 99

As described.in Figure A.1, the graphs in Figures A.2 and A.3 depict the distribution ofworklng hours

per‘centa e o tha xroi oo o e factore Tic aocyzto caonboaz b ool Jdoasobi o A f Ao o

££ or's

a3
estTofrtRe-—vVarouSs s ractorS—1tiS CaSy tUSCTTIOV CrrC poTteTItar Ut actoTt Ul CXPpPOSTUTc—aIrTT

considerably in relation to the various risk factors and months of the year.

For each risk factor there is now an estimated duration in the “artificial working day representative of

the year exposure”, and with its relative duration multiplier.

This value is of the utmost importance because it is used to modify the weight of each individual risk

factor versus its actual duration, procedure necessary for determining priorities between them.

“EPMIES-agriERGOCHECKprecultivoEN” automatically calculates the duration multiplier and applies it

to the various risk factors, depending on its duration in the year.

50 © IS0 2021 - All rights reserved


https://standardsiso.com/api/?name=9f82dc9560fb85e3feff52641b6cd89d

ISO/TR 23476:2021(E)

This is only possible if the data entered for organizational analysis in model no.1 (page 1 of the
spreadsheat: 1-organization) indicates the number of hours worked/month and the duration in
percentages of the various tasks performed by the homogeneous group each month.

A.3 Similarities and differences between “EPMIESagriERGOCHECKprecultivoEN”
and the classic “ERGOCHECK” model

A.3.1 Results of the first part regarding key-enters for biomechanical overload and key-
questions regarding other risk factors

Halving entered all the necessary organizational data (i.e. tasks and task durations for e3

of
au
in
[2]
Ea
my

Fo
thg
log

The data regarding the estimated duration, in this subglatise, appear automatically due to

en

Thie data derives from the first worksheet indicatingthe relevant organizational data. It can be

thai
Fid
all
sp
by

At
us
se

the year) into the first worksheet of the “EPMIES-agriERGOCHECKprecultivoEN” progra
fomatically generated the specific duration multipliers for each risk factor, it is figw poss
Lhe various parts as per the classic “ERGOCHECK model” (see ISO/TR 12295 and reference

]).

ch risk factor present appears automatically in percentage terms per.month, and thd

" the example analysed earlier and depicted in Table A.2 (homogeneous group 1), Figure A 4

d transporting pushing/pulling.

rers” that were marked, as presence in percentage, each'month of the year.

it the various risk factors are present at very different levels throughout the year.

ure A.5 shows all the preliminary key-enters required to record the presence of awkward
that needs to be done is to place an “X®indicating which awkward postures are observe
ecific worksheet is used to describe‘the type and duration of the main awkward postures
the homogeneous group.

this point the various partstof-the worksheet are completed for each individual risk fac
hal way. Figures A.6 and A</"sum up the overall results. Although the duration multiplier
1, it nonetheless automatically modifies the risk score, depending on the relevant “danger

ch month
mme, and
ible to fill
5 [26] and

duration

Itipliers automatically adjust the risk scores for the various factors based on their actual duration.

L indicates

 “key-enters” for biomechanical overload, due to repetitive mavements, manual load lifting, manual

the “key-

observed

postures;
d. A more
reported

tor, in the
cannot be
level”.
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JAN FEB MAR | APR MAY | JUN JUL AUG SEP OoCT NOV DEC

0% |100%]| 100%| 100 %| 100 %| 100 %| 100%| 125%| 125%| 125%| 63% | 31%

e

N\
\
N
N
N
Y

y A
y A
Y A
y A
y A
Y A
y A
J
v A

JUL AUG SEP _OCT NOV DEC

JAN FEB MAR APR MAY JUN

‘1:\
a) Risk factors for which exposure equates to the total hours worked/year: worked }f@rs/
year =1 710 (100 %) ,\(b

JAN FEB MAR APR MAY | JUN | JUL | AUG | SEP oCT NOV DEC{L(L
N
0% | 40% 50 % 50 % 25% | 5% | 0% | 0% | 0% 13% 9% ‘\

30 7
70 Va\.
60 )
20 DY
20 — N N
30 y - N RO Y
20 y 4 N QN
10 y 4 . PN
0 2 —_— e — :

T T T T .y
JAN FEB MAR APR MAY JUN JUL AUG @EP OCT __NOV__ DEC

b) Duration of tasks that involve manual lifting g’}’bad: worked hours/year = 322 (50 %)

+ ¢

MAR
«%
0% 10%| 40% | 40% | 15%1.50% 0% 0% 0% 13 % 6 % 9%

90 % ('"

80 %

70 % ,\V

60 % )

50 % \S/

20 % C

30 % AN y 4 b §

2000 |- 4 Ny

T0opAa) Ny, ——
~ >

0 %, T T T T T T T
Q~ JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

c) Du n of tasks that involve carrying: worked hours/year = 213 (35 %)
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JAN FEB MAR | APR MAY | JUN JUL AUG SEP OCT NOV DEC
0% 30% | 20%| 35% 5% 0% 5% 25% | 13% 0% 3% 13 %

30 % PN

) o — i

L S ~— N

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Q(l/
d) Duration of tasks that involve pushing/pulling: worked hours/year =%. (50 Po)
Figure A.2 — Percentage of hours worked/month versus the|constant

JAN FEB MAR APR MAY JUN JUL AUG SEPg 0 NOV DEC
0% 60% | 30%| 15% | 70% | 10% 0% 0% 88@\100% 9% 9 %
150 %
140 %
130 %
120 %
110 %
100 %

90 %

0% N /\

00 7 7 \

30 % A

ZOZ,O,M

e~ AN =

JAN FEB MAR APR~MAY JUN JUL AUG SEP OCT NOV DEC
\J
a) Duration of tasks in n.oé&environment: worked hours/year = 626 (65 %)
140 160 | 10
JAN | FEB | "MAR | APR MAY | JUN | JUL | AUG| SEP | oOCT NOV DEC
0% 60%\ 0% 5% 10% | 10%| 0% | 0% | 88%| 100% 6% 0%
. . . . . urs/

year = 494 (65 %)
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160 160

90 I 96 96 136 200 200 180 90 ‘ 35
JAN FEB MAR | APR MAY JUN JUL AUG SEP oCT NOV DEC
0% | 90% | 60% | 60% | 85% | 100%| 100%| 125%| 125%| 113%| 56% | 22%
150 %
1409
1309
1209
1109
19056
30 96 ’l\\ ~ \\
70 % y 4 N > A N
g% 7 N
50 % / N
40% 7 N
30 % 7 N
20 % y A
10% y i
% - - - - - - - - - -
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

c) Duratijon of tasks performed with tools and equipment or parts of machines - work
year = 494 (65 % %) .

ur

Q).
A

0 96 48 8 16 16 0 0 140 160 10 0 | (b
JAN | FEB | MAR| APR | MAY | JUN | JuL | AuG | SEP | ocT | Nov | DEC (L
0% 30 % 0% 10 % 65 % 0% 0% 0% 0 % 0% 6 % 9"a<
»
150 %
120 %
130 %
120 %
110 %
100 %
90 %
60 % Ar
50 % /\
109 7/—\
30% N y 4 \
20%
20% 7 > 4 \
00— N ‘ : ‘
JAN  FEB MAR APR MAY JUN JUL AUG “SBP OCT NOV DEC

<
d) Duratiion of tasks performed with equipment - tra{@rs, farm machinery (whole body vibr
tions): worked hours/y%@r =1497 (95 %)

4\

8

Figure A.3 — Percentage of h({ﬁ‘soworked/month versus the constant

)

Biomechanieal overload - key enters

a) Biomechfnical overload of upper limbs in repe@sta{sks

N

Are
theil
time}

here repetitive tasks? The task is
duration, or the task is perform
The term “repetitive” does nOt' mean presence of risk.

ized in cycles, regardless of

ith the same actions for over 50 % of

YES

NO

[~ APR
100 %

JUN
100 %

100 % 100 %

nual handling - lifting

100 %

125 %

125 %

DEC

125 % 63 %

ing objects weighing 3 kg or more? (If the
re is no need to continue the investigation)

JUL

50 % 50 % 25 % 0 %

ical overload from manual handling - carrying

5%

¢) Biomech:

0 %

—*

Doe TIZIMETITOTE UTam 3 KE? YES X

| (If the objects weigh less, there is no need to continue the investigation). NO
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
0 % 10 % 40 % 40 % 15 % 0 % 0 % 0 % 0 % 13 % 6 % 9 %

d). Biomechanical overload from manual pushing and pulling

| Does the task involve whole-body pushing or pulling of loads? EES X
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
0% 30 % AR 35% 5% 0% 5% 25% 13 % 0% 3% 13 %

Figure A.4 — “Key-enters” for biomechanical overload: presence (in %) for each month of the

year
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Biomechanical overload from awkward postures - trunk and lower limbs

Are there static or awkward working postures of the HEAD/NECK, TRUNK and/or UPPER AND LOWER
LIMBS that are held for more than 4 seconds consecutively and repeated for a significant proportion of | YES X
the working time?

In practice, postures are generally in awkward (mark "NO") when the work is performed:
- sitting with the back well supported, when there is sufficient leg room, and the subject can stand up NO
(change position) at least every hour;

EXAMPLES NO YES

Head/neck (neck bent back/forward/sideways, twisted) X

0% 100 % 100 % 100 % 100 % 100 % 100 % 125 % 1125% 125 %

@

General lighting: assessment of visual effort required at work /\0

Sufficient
Poor : Fowa féw hours a day X
¢ ay
i “\[For a few hours a day X
) (74 | All day
Artificial lighting: needed but unavailable N\~
)
Localized lighting. assessment of visual effort re&\ire at work
Sufficient ,-,“‘ X
K\ For a few hours a day
el A\ All day

— For a few hours a day
Excessive: \'O All day

Needed but unavailable \|~
Work surfaces: assessme@@}ual effort required at work

¢ Matte
Work surfaces C) Bright and shiny
- ; Matte X
Surface of ob@mﬁ processed Bright and shiny

JAN FEB(|\MAR | APR MAY | JUN JUL AUG SEP OCT NOV | DEC
100% 100% 100 %

a) Key-%@iions for identifying indoor (or outdoor) lighting problems
Gf}ived noise level

e task calls for verbal communications with co-workers

"noise level is not bothersome

noise level bothers a little, but it is possible to talk to co-workers

50 noise level is maddening, making it difficult to talk to co-workers

noise level is very high, making it impossible to talk to co-workers

% the task does not call for verbal communications with co-workers

Figure A.5 — “Key-enters” for a preliminary definit'q{ﬁsof awkward postures

63 %

)
-\’\» @ N . . . .
Trunk (trunk bent forward/sideways/, back bent with no support, twisted) X | Go straight to work
ﬁ%;po btures for
- Upper limbs (hand(s) at or above head level, elbow(s) at or above shoulder level, ( kand lower
R elbow/hand(s) behind the body, hand(s) turned with palms completely facing up XQj \limbs or|to work
l or down, extreme elbow flexion-extension, wrist bent forward/back/sideways) \ sheet
Lower limbs (squatting or kneeling) position held for more than 4 seconds ‘ DS( repetitivie-mov
consecutively and repeated for a significant proportion of the working time (]b for uppe limbs
jaN| FEB | MAR| APR | may| jun | juL AUG sep | ocr Nov| | DEC

noise level is not bothersome

noise level bothers a little, but it is possible to talk to co-workers

noise level is maddening, making it difficult to talk to co-workers X

noise level is very high, making it impossible to talk to co-workers

jan feb mar apr may jun jul aug sep oct nov dec
%

0% 88 % 100 % 9 9%

b) Key-questions for identifying hazards due to the presence of noise

© IS0 2021 - All rights reserved
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N
d) Key-questions for identifying problems arising from thfg\hse of equipment, machinery and

a) Key-

Indoor or outdoor work
Acceptable all year | |
Indoor work
Only in summer
\4 3
i All year
Very cold: Only in winter
All year

Outdoor work with exposure to the elements

Only in summer

Only in winter

All year

sep
17K 04 ‘ 17K 04
e ——

1NN 0/

10N 0/

1NN 0/

10N 0L

198 0/

10N 0/ ‘
e

1NN 0/ ‘
S ————

£2 0L ‘
a— s

c) Key-questions for identifying microclimate problems

adequate and kept in good condition or not used % .
heavy X /\
noisy X b&
requires strength b
not operating properly /DX V
cumbersome and/or hard to grasp \:‘
not fit for specific use and/or technologically backward /\\ »
frequent overheating ~ )
requires excessive attention \‘O
may produce lesions (cuts, scrapes, blisters, burns......) ’1\ N X
requires use of body parts as equipment with consequent lesions (calluses, scrapes, }xts,‘eﬁ:.) X
N
jan feb mar apr may jun jul aug seph, \ oct nov dec

0% 90 %

60 % 60 % 85 % 100% 100 % 56 % 22 %

parts of machin@
b
N

Figure A.6 — “Key-questions&’@i‘ the study of risk factors
xO
&
e | |
Task calls for the use ofvibratingfaok\

.

I No exposure to vibrations

Occasionally N

Power screwdrivers at le@% of the time
Grinders/cutters/poli@\at least 1/3 of the time

X
Jackhammers for at@t 1/3 of the time
jan feb piaL apr may jun jul aug sep oct nov dec

10 % 10 % 0 % 0 %

88 %

100 % 6 %

entifying upper limb problems related to vibrations (use of vibrating
tools)

?ﬁvl No exposure to whole body vibrations | |

Task involves driving:

Uccasionally

Most of the time driving cars, motorcycles, vans

Most of the time driving trucks, buses

Most of the time driving tractors, farm vehicles, scrapers, diggers

feb
30 %

jan apr sep oct

0 %

or

b) Key-questions for identifying whole body problems related to vibrations (driving trucks or

56

other vehicles)
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No biological or other pollutants present

present

dust: specify type .
significant presence

present

fumes: specify type .
significant presence

present

unpleasant odours: specify type .
significant presence

present X

chemicals: specify type

significant presence go to work sheet pollutants

present X

biological pollutants

significant presence go to work sheet biological

feb
00 %

jan
0 %

mar
00 %

apr
00 %

may
00 %

jun
00 %

jul aug sep oct nov dec

c) Key-enters for identifying problems associated with biological or other pollutg

Exposure to UV radiation and/or weather

indoor work

occasional outdoor work

outdoor work for a significant proportion of the year (1/3) or welding
work with low risk exposure to UV radiation

outdoor work for more than half the year (2/3) or welding work with
medium risk exposure to UV radiation

outdoor work nearly all year (3/3) or welding work with high risk
exposure to UV radiation

0 %

100%  100% 100% 100% 100%  100%

125% @ 125% 125% @ 63% @ 31%

nts

A.
ugper limbs

d) Key-questions for identifying outdoor work-related problems - UV radiation

Figure A.7 — Key-questions for the study of risk factors

8.2 Results concerning the /quick assessment” for biomechanical overload ofthe

Although the “quick assessment” part of the worksheets is completed in the same way as the classic
“ERGOCHECK” model,[2Z] alV of the completed worksheets are presented here for use as exefcises and

for learning to use the-tool later on.

Figures A.8, A9, A.0and A.11 show the results of this initial assessment in the upper limb analysis. As
the working conditions feature neither a total absence of risk (code green) nor a critical envjironment,
th¢ part calling for a more accurate description of the activities performed by the uppef limbs is

activated (Figure A.10).

Biomechanical overload due to repetitive movements

gestures performed over 50% of the time. The term does not indicate the presence of risk.
Summary of repetitive work net duration on a representative average day

Total shift average duration (in Total repetitive working

. 480 . RO 440
minutes) time (in minutes)
Description of non-repetitive tasks, their duration, and timing of breaks - total duration

supply | 10 1,0
cleaning
other | 10

Total duration of non-repetitive work per shift (in minutes) 20
Breaks (average): total duration per shift (in minutes): including meal break only if included in the shift 20
Number of breaks (including meal break) lasting at least 8 minutes 3

Yes

Figure A.8 — “Quick assessment” for biomechanical overload of the upper limbs:
estimation of the net duration of repetitive work and pauses
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Acceptable conditions
If all conditions are described and replies are all "Yes", the risk level is acceptable for repetitive work and it is not necessary to continue the
risk evaluation. NB. Please answer all questions by placing an "X" only in the blank spaces

Are one or both upper limbs used less than 50 % of the total duration of the repetitive task(s)? No | X Yes

Are both elbows held below shoulder level almost 90 % of the total duration of the repetitive task(s)? No | X Yes

Is moderate or no force required (perceived effort = max 3 or 4 on CR-10 Borg scale) by the operator for no more than 1 hour during No | X Yes

the repetitive task(s) and are there are no force peaks (perceived effort = 5 or more on CR-10 Borg scale)?

Are there breaks (including meal break) lasting at least 8 minutes every 2 hours and is the repetitive task performed less than 8 No Yes X
hours a day?

Critical conditions

If at least one of the following conditions is present (YES), risk must be considered as CRITICAL and task re-design is URGENTLY REQUIRED.
NB. Please answer all the questions by placing an "X" only in the blank spaces

Are technical actions performed with a single limb so fast that they cannot be counted by simple direct observation? No | X Yes
Are one or bofh arms used to perform the task with elbow(s) at shoulder level for half or more than the total repetitive working time? | No | X Yes |
Isa “pinch” gllip (or any type of grasp using the finger tips) held for more than 80 % of the repetitive working time? No | X Yeﬂ'
Is peak force fpplied (perceived effort =5 or more on the CR-10 Borg scale) for 10 % or more of the total repetitive working time? No | X A@ 1%
Is there only ¢ne break (including meal break) in a shift of 6-8 hours, or does the total repetitive working time exceed 8 hours in the No | x Q.'( ;s,
shift? Alch e

"y

jgure A.9 — “Quick assessment” for biomechanical overload of the uppﬁ%lmbs:
check for the presence of acceptable or critical conditio

a)
Are there other risk factors to be considered when neither critical conditions nor accept@l}!ﬁ)ndltlons are present?
Frequency ¢
High frequgncy technical actions performed with the dominant hand o
Slow (no m¢re than 1 action every 2 seconds) < No | X Yes
Medium (n¢ more than 1 action per second) or holding an object in the hands most of the time” \ ™ No Yes X
High (more|than 1 action per second): difficult to count actions O No | X Yes
Sh Are the arms used with the elbow a \§der level from one
oulder %\‘e No | x Yes
third to half of the total repetl working time?
Is a “pinch” grip (or any rasp using the finger tips)
fand used from half to 80 ‘V~<§he repetitive working time? No ves X
U@\of force
Is peak force (perceived effort = 5 or more on the CR-10 Borg scale) applied from 1 % to 9 % of the time? No | X Yes
Is moderatq force (perceived effort = max 3 or 4 on the CR-10 Bo‘ere) required by the operator? No Yes X
Indicate thq fraction of time (1/3, 2/3, 3/3 of the shift) duringﬁkfch moderate force is used: Duration of moderate force 2/3 of tim

o
Figure Al10 — “Quick assessment” for biomechanical overload of the upper limbs: risk analygis
in the abs of acceptable or critical conditions

\% Biomechanical overload of upper limbs in repetitive tasks
o2

hmary of pre-as nt It is necessary to conduct a risk assessment.
intervention ptierities To consider within brief period.

S
a

==

Figufe K % “Quick assessment” for biomechanical overload of the upper limbs: final
evaluation with corrective actions in order of priority

A.3.3 Results concerning the “quick assessment” for manual load lifting

Figures A.12, A.13 and A.14 show the results of this second assessment of biomechanical overload due
to manual load lifting. No critical conditions emerge (but risk is not absent); the lifting is extensively
reported, with loads occasionally weighing as much as 10 kg (but not exceeding critical weights).

A.3.4 Results concerning the “quick assessment” for manual carrying and pushing/
pulling loads

Figure A.15 shows the results for manual load carrying; no critical conditions appear.
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A.16, A.17, and A.18 show the data for manual pushing and pulling and the final outcome of the overall
manual load handling analysis. Again, no critical conditions emerge, although there are some issues.

Additional organisational and environmental risk factors to be considered
Is the working environment unsuitable for manual lifting and carrying?
There are extreme (low or high) temperatures No X Yes
Floors are slippery, uneven or unstable No Yes X
There is insufficient space for lifting and carrying No X Yes
Are the objects unsuitable for manual lifting and carrying?
The size of the object reduces the operator’s view and hinders movement No Yes X
The centre of gravity of the load is not stable (e.g.: liquids, loose items inside a container) No Yes X
The object has sharp edges, rough surfaces or protrusions No X Yes
CJIILGLL Sul {L‘lLl’;b [zeasmuviv) LUIL‘I Ul tUuU :IUL IV‘U X ‘I'C
Djoes the work involve manual lifting or carrying for more than 8 hours a day? [ No [ X | [Ixep |

Higure A.12 — “Quick assessment” for manual load lifting: preliminary factor'analysis for the
object to be lifted and the working environment

Critical conditions

If only one of the following conditions is present (YES), the risk must be considered high and the task must be immediately re-ilesigned

Thsk lay-out and frequency
Veertical location The hand location at the beginning/end of the lift is higher than 175 cm ohlower than Ocm No | X Yes
Vlrtical displacement The vertical distance between the origin and the destination of the lif}e&object is more than 175cm| No | X Yes
Horizontal distance The horizontal distance between the body and load is greater thaﬁjuh'é’rm reach No | X Yes
Asymmetry Extreme body twisting without moving the feet (\‘ No | X Yes
equal to or higher than 15 times/min with short duration@M) min) No | X Yes
Frequency equal to or higher than 12 times/min with medium dur\a(io}‘(max 120 min) No | X Yes
equal to or higher than 8 times/min with long dura&i&ﬂ%?/er 120 min) No | X Yes
Lpads exceed the following limits
njen (18-45 years) 25KG No | X Yes
women (18-45 years) ) %20 KG No | X Yes
njen (<18 or >45 years) XN 20KG No | X Yes
women (<18 or >45 years) @ 15KG No | X Yes

@Cceptable conditions
If NO LOADS >10 KG and all the following conditions are present, and if all replies are "YES" (lifting with both hand$) in every

Wweight category (<10KG), the risk level is a é} ble for manual load lifting. However, additional factors must also e checked
(see al(5 . NB. Please place an "X" only in white boxes.

Lpads weigh between 3 and 5 kg No Yes | X
No aszsm%gy (e.g. body rotation, trunk twisting) No | X Yes

3t05kg Load istheld close to the body No Yes [ X

Load vertical displacement is between hips and shoulders No Yes | X
Maxinium frequency: less than 5 lifts per minute No | X Yes

Lpads weigh between 5 and +0'kg No Yes | X
No asymmetry (e.g. body rotation, trunk twisting) No | X Yes

5 to 10 kg Load is held close to the body No Yes [ X

Load vertical displacement is between hips and shoulders No Yes [ X
Maximum frequency: less than 5 lifts per minute No | X Yes

Lpads weigh mrer€ than 10 kg No Yes | X

or critical conditions

F1gure A.13 — “Quick assessment” for manual load lifting: check for the presence of adceptable
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Characteristics and frequency of certain loads (over 10kg)

Loads weigh between 10 and 15 kg No Yes X
No asymmetry (e.g. body rotation, trunk twisting) No Yes X

10,5 to 15 kg Load is held close to the body No X Yes

’ Loadvertical displacement is between hips and shoulders No X Yes

Maximum frequency: less than 1 lift every 5 minutes No X Yes
Loads weigh between 15 and 25 kg No Yes X
No asymmetry (e.g. body rotation, trunk twisting) No Yes X

Load is held close to the body No X Yes

1551 t025kg Load vertical displacement is between hips and shoulders No X Yes

Maximum frequency: less than 1 lift every 5 minutes No X Yes

Figure AJ14 — “Quick assessment” for manual load lifting: exposure analysis for loads weighing

more than 10 kg
Conditions of manual carrying
Represgntat ve period of carrying in a 200 min
shift (min)
No. of objjects exceeding 3kg carried Weight of objects| Cumulative dil\s/ltz);ce 4m-10m
in a shift carried mass (kg) N
100 10 1000
30 25 750
0
0
Cumulative Mass (total load carried in a shift)) = 1750 Does not exceed the limit
Estimated cumulative mass for each hour = 525 Does not exceéd the limit
Estimated cumulative mass for each minute = 8,8 Does not exGeedthe limit
Carrying is performed under unfavourable environmental conditions or loads are lifted\from/to low No Yes X
levels, e.g. Helow knee level, or with arms raised above shoulder level

Figure A{15 — “Quick assessment” for carrying manual load: comparison between transporté¢d
cumulative mass and recomnrended cumulative mass

Biomechanical’6verload due to manual pushing and pulling

Perceiyed effort (obtained via worker interviews using the CR-10 Borg scale): | 3 -moderato
Additional prganizational and enviromental risk factors to be considered
Is the working environment unsuitable for pushing or pulling?

Floors flippery, unstable, uneven, slgping upward or downward or cracked/broken No Yes X
Poor lafyout makes moving loads atwkward No X Yes
High temperatures in the working area No Yes X
Do the characteristics of the object make it unsuitable for pushing or pulling?
Object [or trolley, transpallét,etc.) limits the view of the operator or hinders movement No | X Yes
Object |s unstable No Yes X
Object (pr trolley, trapspallet, etc.) has hazardous features, e.g. sharp surfaces, protrusions etc. that may cause injury | No X Yes
Wheel{ or casters worn, broken or not properly maintained No Yes X
Wheel{ or casterswunsuitable for working conditions No Yes X
Figure A-t6—Quiek-assessment—for-manual-pushing/pulling:-preliminaryfaetor-analysisfor

the object to be handled and the working environment
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Acceptable conditions

If all the following conditions are present, and if all replies are "Yes", the risk level is acceptable for pushing-pulling tasks. However, additional

factors must also be checked (see above). NB. Please place an "X" only in the white boxes.

Perceived effort (obtained via worker interviews using the CR-10 Borg scale) during pushing-pulling

task(s) indicates up to SLIGHT force exertion (perceived effort) (score 2 or less on the Borg CR-10 scale). No X Yes
Task(s) that include manual pushing and pulling last up to 8 hours a day. No X Yes
Pushing or pulling force applied to the object between hip and mid-chest level. No X Yes
Pushing-or-pulling action performed with an upright trunk (not twisted or bent). No X Yes
Hands held within shoulder width and in front of the body. No Yes

Critical conditions

If just one of conditions indicated below is present (YES), the risk must be considered high and the task must be immediately re-designed.

Perceived effort (obtained via worker interviews using the CR-10 Borg scale) indicates the use of

hfgh peak force (perceived effort) (i.e. a score of 8 or more). Ha * ‘Vﬂ

Pushing-or-pulling action performed with the trunk significantly bent or twisted. No X (\'\‘e;
Pushing-or-pulling action performed in a jerky or uncontrolled manner. No X Lyeb
Hands held either beyond shoulder width or not in front of the body. No X .q/ Yep
Hands are held higher than 150 cm or lower than 60 cm. No X, (I~ - Yep
Pushing-or-pulling action combined with vertical force components (“partial lifting”). No ,2( Yep
Thsk(s) that include manual pushing and pulling last more than 8 hours a day. No »'b\?‘ Yep

acceptable or critical conditions O

&

y

Summary of manual load handling quick asse@hent

Biomechanical overload due to load m 1lifting
Vo)

It is necessary o conduct a risk assessment.
Interventioh is urgent.
LN

Summary of pre-assessment and intervention priorities

Mechanical overload du@%anual carrying

R\

tis necessary to conduct a risk assessment.
To consider but long term.

. . . R
Summary of pre-assessment and intervention pI‘lOI‘@@

Figure A.17 — “Quick assessment” for manual pushing/pulling: c}@'k for the presence of

Summary of additional environmental factors tl@e Check the presence of few environmental problems

important for MMH |

QS
Biomechanic@rload due to manual pulling and pushing

-

N
Summary of pre-assessment intervention priorities

It is necessary to conduct a risk assessment.
To consider but long term.

o~
Summary of additional enviroamental factors that are

important for pushing gndpulling [ Presence of significant environmental problems
N4

final evaluation with corrective actions in order of priority

A.3.5 ults concerning the “quick assessment” for awkward postures

A

Figure A.18 —&lick assessment” for biomechanical overload due to manual load handling:

Thp%orksheet on awkward postures must summarize - albeit roughly - all the postures adopted

throughout the whole year (Figure A.19).
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Standing or squatting (not seated)

Nearly always upright 20 %
Frequent moderate bending 20 %
Frequent twisting 10 %
Frequent deep bending 20 %
Seated posture

Works leaning on the back rest 20 %
Works in upright position but there is no backrest

Works mostly bending forward

Frequent twisting of trunk 10 %

described duration of trunk

- P B
LOWEI 111D pusSLuIre>

Standing of squatting (not seated)

B

Use of pedal with lower limbs

No use of pedals

Standing anyd able to walk around Pa o
Standing ir] a fixed posture ﬂ\)
Kneeling of crouching (A 50 o
Sitting N\
Legs room fufficient AW 30 %
Legs room ipnsufficient or very limited fa R
Legs room fon-existent N YV

described duration oflower limb posture: JEUEA

70 %o

Vo
DN

Lower limljs used to press pedals

describéd duration of lower limb use: RS

Figure A.19 — “Quick assessment” for the study of av@rd working postures
A\

N
A.3.6 Results concerning the “quick assessment” foéawmical and biological pollutangs

N
The comp|eted worksheets are attached (Figures A.20 @&A.Zl).

\
A.3.7 Results concerning the “quick assesgnﬁnt" and “preliminary analysis” for work-

related dtress

-

The workprs did not report any major or@tzational issues or problems with coworkers (“exposufe
factor accpptable); certain “sentinel” events or early warning signals are present, such as an increasg in

time off dpe to sickness or accident res A.22 and A.23).

30 %

62
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Figure A.20 — “Quick assessment” for the study of chemical and particulate pollution
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Figure A.21 — “Quick assessment” for the study of exposure to biological agents
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and equipment
10 %

Activities/services
_/_ Workload and pace of
for reconciling work
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and family life wor
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Interpersonal
relations and Working hours
isolation
q/'\
Decision-making and . ’q/
trol Contact with h;g
inde;cnzllidence 10% SUf(fg.
Risk of robbery or frect contact.wit
. users and j
aggression comple@
2
Higure A.22 — “Quick assessment” of work-related stress: v@kplace/organizational settings
r¢ported by the homogeneous group and graphic depiction (in %) of results for indiviglual risk
factors Q
D
Presence | Increase Events Descriptive numerical
of events \ vents higher data
_ . . Q,\‘ reportt}()e d | than the (enter here some guantita-
(mark with an “x” if present) V7| overthe | company | - iue numeric data spec-
past 3 average o
\O ears ifying the mean|ng, e.g.
A C\)j: y number of events)|rate etc.,
AN and the year of rdference)
Woprk-related diseases/disorders .\" 0 0
caused by occupational stre é -
tified by the physician (L THE
BOX BLANK IF NONE)
Tyrnover (Voluntarx®'énations) 0 0
| RY . Y
Disciplinary actp@ 0
Megdical exam@(en requested by X 2 0
thie workeh?”
Sifk leave=™"~ X X 2 0
0 Cpﬁaﬁonal injuries (not ongoing) X X 2 0
<) .
HAZARDS
X MEDIUM
LOW
ABSENT
ACCEPTABLE LOW MEDIUM CRITICAL EXPOSURE
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b) Preliminary assessment stress result crossing hazard scores and exposure factors scores

NOTE Considering the result of the table: white = no risk; light grey: borderline risk; medium grey: risk
present; dark grey = high risk).

Figure A.23 — “Quick assessment” of work-related stress: workplace/organizational settings
reported by the homogeneous group (exposure factors)

A.3.8 Summary of final results

Figure A.24 shows a summary of the final results, with priorities ranked for each risk factor (from 0 %
to 100 %] in relation to homogeneous group 1 examined here.

O

r\b‘

=
(=]
S
x

95 %

80]|%

50 %

43 %

35%

25% 24 %

11%
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Figure A}24 — Summary of results with a ranking of priorities for each risk factor (from 0 % to
100 %), for homogeneous group 1

A.4 A cpmparisombetween the summary of final results for the various
homogeneous groups - conclusions

The main| purpese of the “simple tool” (EPMIES-agriERGOCHECKprecultivoENG) is to avoid complex
calculatiops-and automatically prioritize the highly variable dangers and discomfort that farm workers
are expo edto The results of the analvsis vary prnpm“rinnallv with the type level and durationl of

exposure.

Two simple examples are provided (i.e. homogeneous groups 2 and 3), for comparison with the
example of homogeneous group 1 included in the previous subclauses. The characteristics of the three
homogeneous groups can be summarized as follows:

— homogeneous group 1: works 11 months/year and performs a variety of tasks, including driving
tractors, pruning and harvesting;

— homogeneous group 2: works 3 months/year and only carries out harvesting activities (for over
8 hours a day);
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— homogeneous group 3: works 3 months/year and only carries out harvesting activities (but for
4 hours a day).

Figure A.25 summarizes and compares the results in terms of the percentage of hours worked/month
(versus a constant 160 hours worked/month) for the three different homogeneous groups. The workers
in groups 2 and 3 perform only harvesting activities; group 2 works over 8 hours a day; group 3 works
only 4 hours a day.

Figure A.26 compares the results obtained using “EPMIES-agriERGOCHECKprecultivoENG”. The
differences are clear-cut and obvious.

Thts last example allows us to argue that, while complex, an organizational analysisni§ not only
important but essential, even for a preliminary exposure risk analysis. The three examples$ included
in fhis clause prove that without a qualitative and quantitative analysis of the tasks pérfornjed by the
wdrkers, the same risks and the same priorities for three different homogeneous grotips would appear.

effort has been made to simplify the organizational analysis through the use’of a kind of funiversal
tivation” model that includes predefined macro-phases and tasks, and vagious risks are alfeady pre-
$igned to tasks.

An
cu
a

wn

Having made available this list of macro-phases and tasks, all thatCremains to be done to| complete
th¢ organizational study is to assign tasks to each homogeneous group and indicate their duration in
percentages.

Arnlother programme is also available for defining and detefrining tasks and risks from scratch (EPM

[E$-multiyearERGOCHECKpremapENG) and can be applied to more specific agricultural cyltivations
(e.g. greenhouse crops) and even other industries (e.gkbuilding construction). Its use requires first of
all{the definition of the list of tasks that characterize(@ given work, attributing to them whicH risks can
determine.
150 % 150 %
140 % N 140 %
130% . W aY 130% i 1
110% S/ \ - 110 % | \
100 % T — \ 100 % 1 \
90 % 1 \ 90 % 1 \
80 % 1 \ 80 % 1
70 n() ’ \ 70 n() '
60 n() ’ \ 60 n() ’
50 n() ’ \ 50 nU ’
Erg - N 5000 l \
30 % 1 30 % 1 \
20 % 1 20 % 1 \
10 % 1 10 % 1 \
0% T T T T T T 0% T

JAN FEB MARAPR MAYJUN JUL

AUG SEP OCT NOV DEC

a) Homegeneous group 1

b) Homogeneous group 2

JAN FEB MARAPR MAY JUN JUL AUG SEP OCT|NOV DEC

400, VA \
y A A\
II \\
10 nU T T T T T T I T T T T \ T
JAN FEB MARAPR MAY JUN JUL AUG SEP OCT NOV DEC

c) Homogeneous group 3

NOTE When 100 % of the constant duration is exceeded the line enters the grey area.

Figure A.25 — Summary of results in terms of percentage of hours worked/month (versus
constant 160 hours worked/month) for the three homogeneous groups (a, b, ¢) compared here
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a) Homogeneous group 1: works 11 months/year and performs a variety of tasks;'including
driving tractors, pruning and harvesting

N\

65 % 65 % 65 %

19 %

b) Homageneous group 2: works 3 months/year and only carries out harvesting activities (for
over 8 hours a day)
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c) Homogeneous group 3: works 3 months/year and only carries out harvesting activities (but
for 4 hours a day)

Figure A.26 — Summary of results with a ranking of priorities for each of the three different
homogeneous groups (a, b, ¢) and for the various risk factors (from 0 % to 100 %)
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Criteria and mathematical models for analysing exposure to
biomechanical overload in multitask jobs featuring complex

macro-cycles (e.g. weekly, monthly, annual turnover)

.1 Introduction

industrial manufacturing sectors, workers generally rotate between manual’tasks the

ar¢ weekly, monthly, annual macro-cycles), and there may be dozens or even hundreds
mdnual tasks, each with a different level of exposure and distribution pattern. This naturally

muy

of

Himel20],[22],[44],[46],[47],[59]-[63].

Refommendations for analysing multiple manual tasksqwith daily rotation can be found in the

an

Ho

 in International Standards, in particular for:

lifting tasks, as an extension of the revised NIOSH lifting equation;[201.[311.[32].[62].[63]

particular the OCRA checklist.[22].[32L[83].[50]

talte place over longer periods (macrod-cycles) (e.g. weeks, months or years).

Co

muy

co

thg

ov
sp
ch
no

brload. An example of studying a multitask risk assessment in viticulture is presented,

pcklist) and. thé lumbar spine for manual load lifting (revised NIOSH lifting equation). To s

thé¢se arewobtainable using the same simple tool.

B.

pame way

ery day and therefore the multitask analysis may be applied to just one representative working shift.

hversely, in other production sectors such as construction, agriculture, cleaning and retafl, manual
ks may not be rotated only on a daily basis but over longer macro-eycles (where the mosf common

bf rotated
makes the

Ititask analysis more complex insofar as it must factor in multiple problems over extendg¢d periods

literature

tasks characterized by repetitive movements of the upper limbs, using the OCRA method and in

wever, there are still very few reeemmendations for the analysis of manual tasks when| rotations

hsidering this background,ithe aim of this annex is to start from the existing recommendations for
Ititask analyses on a daily‘basis, and to define procedures, criteria and a reference framework for
nducting a multitask-analysis of manual tasks featuring complex macro-cycles (more specifically,
b annual turnover,cmore typical in agriculture) presenting potential conditions of biomechanical

using the

pcific simple t60J[¢4]. The study regards both the biomechanical overload of the upper linjbs (OCRA

gve space,

[ all resuylts regarding awkward postures (TACOS) and pushing/pulling are presented; however,

B.2.1 Daily rotation of jobs featuring repetitive tasks

Re

ference is made here to the OCRA method, in particular the OCRA checklist[22],

The OCRA method for assessing risk associated with repetitive movements of the upper limbs consists
of two tools, the OCRA checklist and the OCRA index. The tools feature different analytical details and
purposes, although both are inspired by the same conceptual model. The OCRA checklist is the simpler
of the two tools and is used for the initial screening of workstations (ISO/TR 12295); the OCRA index
is more complex and was chosen as the reference risk assessment method by International Standards
relating to high-frequency repetitive manual work (ISO 11228-3).
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The OCRA checklist consists of five parts that focus on the four main risk factors (lack of recovery
periods, frequency, force, awkward posture/stereotype) and a number of additional risk factors (e.g.
vibration, low temperatures, precision work, repeated impacts), and also factoring the net duration
of repetitive jobs on the final estimate of risk. The classic analysis proposed by the OCRA checklist
entails using pre-assigned scores (the higher the score, the higher the risk) to define the risk associated
with each of the aforementioned factors. The sum and product of the partial values generate a final
score which estimates the exposure level, featuring four different levels (green, yellow, red and purple).
The calculation procedure for reaching the final result (Figure B.1) shows how all the risk factors are
included: the lack of recovery period factor is a multiplier to be applied (recovery multiplier), along with
the duration factor (and its duration multiplier), to the sum of the scores for the other risk factors.

One OCR

of expos
rotated tq

checklist is used to describe a workstation and estimate the exposure level embedded
the task, gs if this task was the only performed by a single worker for the entire duration of the"sh
When tw¢ or more repetitive tasks are rotated, the OCRA checklist can be used to estimate, the le
e associated with combination of rotating tasks, and the duration in which,the-individ
sks is performed has to be known.

RECOVERY
MULTIPLIER
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Figure B.1 — OCRA checKklist: final score calculation procedure

hg a daily shift, two main ways ofrotating repetitive tasks can be considered:

otation is frequent, i.e. within-a period of less than 90 consecutive minutes for each t3
‘med: “time-weighted average” mathematical model is used;

otation takes place within a period of more than 90 consecutive minutes for each t3

-weighted average” model involves weighting the final individual checklist scores for {
asks under €xamination, based on the total duration of repetitive tasks in the shift and thleir
ding speeific duration in the shift (expressed in time fractions). Formula B.1 is applied:

= [(Clor* Fr)+ (Cxo% Fro)+e. (Ciepx Fro)+ (CxenX Frn)] % Diy ot
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is the final exposure index of the multitask analysis with OCRA checklist (Cy) evaluated
with time-weighted average model;

are the scores obtained from the OCRA checklists of the various tasks that the worker
performs, calculated using the recovery multiplier corresponding to the actual distri-
bution and duration of recovery periods in the shift while the duration multiplier is a
constant = 1;

represent the time fractions of duration of the various repetitive tasks versus the total
duration of repetitive work;

D

m.tot

is the total duration multiplier, relative to the net duration of all the repetiltive tasks

Thiis approach and calculation model are intended to be used when the task rotation-rate is f
instance once every 90 min or less. The approach is particularly intended to-be‘used when different

for
pr
su
thg
tas
ide

Th

(p
the

fin|

present in the shift.

pducts (or models of the same product) are processed at the same workstation during th
th cases, it can be assumed that higher risk exposure is somewhat offset:by-tower risk expo
e worker alternating between the two, within a relatively short time frame. Accordingly
ks serves to reduce risk proportionally with respect to the risk level and duration of
ntified in the turnover.

e “multitask complex” model is based on the concept of the task generating the highes

t contribution of the other tasks in relation to their intensity and duration. With this app
al result is at the least not less than the highest OCRArchecklist score, calculated using it

hirly high,

e shift. In
sure, with
/, rotating
each task

overload

pak task), according to its effective continuous durationstaken as the minimum, to whicl is added

roach, the
b effective

dufation. In this case the procedure is based on Formulae B.2 and B.3:

Crme= Cxaert + (A Cq XK) (B.2)

K =((Cx 2 max *Fr2) * (Ck 3 max * F1.3) %53 (C 1 max * Frn))/ Ck 1 max (B.3)
where

Ck.Mmc is the final riskindex of the multitask analysis OCRA checklist evaluated withjmultitask

complex nodel;

Ck1,23,4.n 1S thexepetitive tasks listed according to the score of the OCRA checklist (thsk; = the
tagsk with the highest Cy score; task, = the task with the lowest Cy score);

Ck jeff is'the score of task j, calculated considering D, ; (duration multiplier according to the
actual duration of each relevant task; in the shlft) and with the lack of recgvery time
multiplier actually present in the shift; Cy ; (¢ represents the task with the highest Cy j s

Ex Pmax is the score of task j, calculated considering D, ;.. (duration multiplier for the total
duration of all relevant tasks in the c]rnfﬂ andowith the lack of recovery time u]tlpher
actually present in the shift; Cy 1.4 represents the task with the hlghest Ck j maxs

ACxq 15 Ck 1 max ~ Ck.1 eff

Fr; is the time fraction (between 0 and 1) of each task j, except task;, with respect to the

residual repetitive working time (total repetitive working time minus working time
devoted to task;) in the shift.

Note that in the general model for computing Cy yc, the formula for calculating K (Formula B.3) was
slightly changed with respect to previous proposals in literature.l22] The updated procedure is now
aimed at avoiding an undue contribution of task 1 in determining the value of K.
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This model has to be used when the repetitive task rotation occurs more than once every 90 min, for
instance a repetitive task for the whole morning and another for the whole afternoon.

For these scenarios, the “time-weighted average” approach can in fact underestimate the actual
exposure level. This problem is particularly acute in the study of certain jobs where tasks featuring
high intrinsic risk indexes alternate with lighter tasks.

Table B.1 shows the duration multipliers to be used as a function of both the overall duration (in
minutes) of all the repetitive tasks (sum of the duration of each of the repetitive tasks present in the
shift and included in the rotation) and of the effective continuous durations of each individual task.

The multjpliers shown in Table B.1 are reliable enough for durations of between 30 minutes.and
480 minufes (the most common); durations of below 30 minutes or over 480 minutes are “extrapolat¢d”

by using Hormula (B.4):

D, =(M4x0,008) + (-2,547 x 1075 x My 2) + (2,875 x 1078 x M4 3) (B.4)
where:
D, iqduration multiplier;

M, idtask duration in minutes (evaluated for values below 30 minutés or over 480 minutes).

Table B.1 — OCRA checklist duration multipliers as a function’of the duration of repetitive
tasks in the shift(22]

Net durption of repetitive task Central value Duration multiplier
min min
<19 1,5 0,007
1,9-3,6 2,8 0,018
3,7-7,4 5,5 0,05
7,5-14 10,7 0,1
15-29 22,5 0,2
30-59 40 0,35
60-120 90 0,5
121-180 150 0,65
181-240 210 0,75
241-300 270 0,85
301-360 330 0,925
361-420 390 0,95
421-480 450 1
481-540 510 1,2
541-600 570 1,5
601-660 630 2
661-720 690 2,8

Note that when proposing the revised strain index[321-[34] jt is recommended that the D, is computed
using a formula that gives similar results, almost for the more common daily task durations (60 minutes
to 480 minutes), with some assumptions regarding very short durations (less than 3 minutes) and
durations over 480 minutes.

The two proposals for duration multiplier evaluation are synthetized, referring to the central values
(in minutes) reported in Table B.1, in Figure B.2. The values are similar for most common durations and
are slightly different for very short durations or durations over 480 minutes. In Figure B.2, the relation
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between the duration multiplier and the duration of the task in the shift is graphically reported for the
two methods.

Duration repetitive ~ o o o o - - - o o -
task (minutes 1 < L > N = =
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Figure B.2 — Duration multipliers as a function of the duration of repetitive tasks in th

B.}

Hel
pu

the OCRA checklist method and the revised strain index (RSI) method

.2 Daily manual lifting task rotations

re reference is referred to the revised NIOSH lifting equation (RNLE) method and its extg
blished in theylitérature and embedded in ISO 11228-1 and ISO TR 12295[201.[32].[59]-[63],

Thie RNLE[22hénvisages a formula that integrates organisational, weight and geometry (layout

po
Ry
Foj

sition)factors; its aim is to define the recommended weight limit (Ry,;) for a lifting act
L is¢thien compared with the weight actually lifted (L) to compute the lifting index (L;), ac
fanla B.5:

e shift in

bnsions as

and body
vity. This
rording to

Ly=L/ Ry,

where:

L, islifting index;
L  istheload weight in kg;

Ry is the recommended weight limit.

(B.5)

The Ry, is estimated to start from the maximum weight nearly all healthy workers ought to be able
to lift under optimal conditions (load constant or reference mass = 23 kg in the original proposal)
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reduced by the intervention of other relevant risks factors (multipliers or reduction factors) as reported
schematically in Table B.2.

Table B.2 — Multipliers used in the RNLE method for computing the recommended weight limit

(Rw1)
LC Load constant or refer- Maximum recommended weight under ideal lifting conditions
ence mass
VM Vertical multiplier Vertical distance of the hands from the floor at the start/end of lifting
DM Distance multiplier Vertical distance of the load between the beginning and the end of lifting ,
HM Horizontal multiplier |Horizontal distance between the load and the body at the start/end Ofliftilllg
AM Aksymmetry multiplier ?trﬁltl/l:;;:)efaiisflgsgof displacement of the load from the sagittal planelat the
CM Coupling multiplier Assessment of the quality of grip of the object (from tables)
FM KFrequency multiplier |Frequency of lifts per minute and duration scenario (fromstables)

In the styidy of manual lifting activities, four types of lifting tasks and relevant turnover can

operation

Mono

This task involves lifting objects generally of the same type and{with the same weight, with
changes in the parameters (same position of the lay-out and hody “geometry”) from one lift to {

other
mono|

Complosite task

(e.g.

Liftir; objects that are generally of the same type (and weight) but over different “geometri

hlly identified, with the following definitions and features:

task

both at the origin of the lifting and at the destination: In this case, the classic lifting ing
task (MLI)[52] calculation method can be used.

be

no
he
lex

”

ES

rasping and moving objects from or to shelves at different heights and/or different horizo

al

distapces) within the same time period. Eachiindividual geometry (i.e. each combination of vertiral

heigh

L and horizontal distance at origim,or destination) is called a “subtask”. In this case, the

“composite lifting index (CLI)” can be computed following the specific procedure. However, it lhas

been
need

Varia

This
(verti
categ
each
calcu

Sequgntial task

When

bostulated that no more than 10 to 12 subtasks can be computed in this procedure, hence {
fo introduce standardized simplifications[201.[59].[63],

ble task

refers to lifting orlowering objects of different weights and/or over different “geometri
lcal heights, horiZontal distances) within the same time period of the shift. Different wei
bries can be’identified in this case. The handling of each separate weight category oy
ndividual geometry is called a subtask. In this case the “variable lifting index (VLI)” is 1
ation methodology to usel201.[63],

he

3S"
rht
er
he

d dally shiIt mcludes several different IIting tasks (Single, composite or variable), ea ch

performed continuously for at least 30 min. Workers rotate between a series of single or composite
or variable lifting rotation (in general for no more than four or five different tasks, each job-rotation
lasting no less than 30 consecutive minutes) during a work shift. In this case, that represents the
real rotation between different lifting tasks, the “sequential lifting index (SLI)"[20] is the approach
to be used.

Asregards the analysis of single, composite and variable lifting tasks, reference is made to the literature
and the relevant manuals[201.[62],

74

© ISO 2021 - All rights reserved


https://standardsiso.com/api/?name=9f82dc9560fb85e3feff52641b6cd89d

ISO/TR 23476:2021(E)

B.3 Rotations over periods longer than a day: the macro cycle (e.g. weekly,
monthly, yearly)

B.3.1 Main elements of this procedure

Having explained how to deal with daily task rotations, the next step is to define a set of procedures and
criteria for estimating exposure in more complex situations, where workers rotate along several manual
tasks with different levels of exposure and variously distributed, in qualitative and quantitative terms,
over periods longer than a day (macro-cycles of different time). In this case organizational analysis

becomes more and more relevant.

Thie key elements of this procedure are listed below:

—| Identification of the period over which the tasks are rotated: week, month, year‘or some other
representative period.

—| Identification of the homogeneous group of workers (homogeneous for préfessional risks pxposure)
who perform the same rotating tasks, in the same workplace, for the safwe-duration and inp the same
sequence. A group can be composed also by only a worker if any other does the same job.

—| Analysis of the duration and sequence of all the various, manual tasks performed by each
homogeneous group over the macro-cycle analysed.

—| Use of the methods suggested in the literature and in_the standards to assess the corifesponded
exposure index in each manual task, as if it lasted .a“whole daily shift of a predefined constant
duration: the “intrinsic risk value” of each task. Each;task can take more aspects of biomechanical

M¢

In this case for each aspect the specific intringicrexposure value for that task has to be g
Reference is made here to the OCRA checklistfor repetitive tasks and to the RNLE for man
tasks.

Reconstruction of an “artificial working day (in min)” with respect to reference “time g
where this artificial day is used for representing of entire macro-cycle, regarding any
presented. This study includes-all 'the rotated tasks, with the proportional time over
tasks are distributed in the period considered. For accordingly calculating the “artificia
day representative of theamacro-cycle”, the proportional duration of each task in the m

predefined constants).in a representative working day in minutes and so on the task du
this new representative working day.

Recalculation.ofthe intrinsicrisk value of each task (evaluated usinga constant duration) cq
now the estimated real duration of each task, using specific duration multipliers.

Applicatipn of the formulas employed to analyse the daily rotations considering the indivi
preséntin the macro-cycle in study.

theprocedureitustrated-hereare provided i B-5:

overload, for example, both from repetitive movements and from manual lifting or pushinjg/pulling.

alculated.
ual lifting

onstants”

duration
which the
1 working
hcro-cycle

is transformed in representative minutes. Practically any macro-cycle is transformed (using

rations in

nsidering

dual tasks

amples of

thedological details about each of these steps are provided in the following subclause. EX

B.3.2 Identification of the rotation period (macro-cycle) and the predefined macro cycle
periods as week, month, year

The first step is to define the period - the macro-cycle during which all the significant tasks in the
analysis are rotated.

The types of macrocycles durations certainly are infinite, but if there are no simplification criteria that
allow us to estimate the risk, every risk assessment remains unfinished and nobody does anything (the
excuse that the mission is impossible). For applicative purposes, one option is to use the predefined
macro cycle periods as week, month, year as a modal representation of the different real macro-cycle
durations.

© IS0 2021 - All rights reserved 75


https://standardsiso.com/api/?name=9f82dc9560fb85e3feff52641b6cd89d

ISO/TR 23476:2021(E)

The modal annual macro-cycle, in the agriculture and construction sectors, results in the best
representative macro-cycle. In agriculture, task rotations are typically annual but the annual cycles
can be used even when more cycles of few months in each year are repeated identically (e.g. more
harvesting per year of the same product).

In civil constructions generally a year cycle for large construction sites is present but a month cycle
(modal) is more frequently adopted for small civil renovations. In other sectors (logistics for retail
chains, cleaning services, food preparation facilities), the most common rotation scenario is monthly,
while in other situations (e.g. supermarkets) tasks may be rotated on a weekly or, occasionally, monthly
basis.

In summdry, some practical options are provided for using the predefined macrocycle (week, monlth,
year), certainly able to simplify even the subsequent evaluations:

— Checl if more identical sub-macro-cycles are repeated during the year; if so, use\the annpnal
macrgcycle.

— Checl if more identical sub-macro-cycles (e.g. one week, 15 days) are repeated within a month. If
the following months are repeated identically, use the month macro-cycle.

Whichever macro-cycle duration is chosen, the criteria and procedures~for dealing with the
biomechahical overload risk analysis are the same. Given the extreme vatiability, the recommendatjon

organized with rotations, characterizing a certain production. Note that it is better to have a complgte
list of all|the manual tasks performed before attributing these tasks to one or more homogenequs
groups of workers.

Since the focus of the analysis is the exposuregf workers to a set of conditions determined by the tagks
assigned fo perform, it is first necessary to-identify which homogeneous group of workers are pres¢nt
that need [to be examined.

The homageneous group of workers-for risk exposure (as defining groups of workers homogeneous for
working conditions and not groups of people homogeneous for other factors such as weight, age, cultulre,
gender) ig the group of workers-that performs the same tasks, in the same workplace and with similar
durations|(or time patterns)@uring the selected period (macro-cycle). Note that a homogeneous grqup
may somdtimes be made up-of just one person, if no other workers perform the same tasks qualitatively

Moreover] if two groups of workers perform the same tasks in the same workplaces but with differ¢nt
durations| or timespatterns (e.g. one group works full-time and the other works part-time) the two

by each homogeneous group over the macro-cycle

This step involves assigning the tasks performed by the homogeneous group (or individual exposed
worker) qualitatively and, most of all, quantitatively. This part of the analysis is the most difficult
one since it is needed to know how much time is spent, during the macro-cycle (week, month, year) in
performing the different tasks.

The level of detail in the analysis depends on the period examined. It regards presence and duration of
different tasks in single days for analysis of a week or months, and single months for analysing a year.
Extreme accuracy is not required when starting to define the first time-assessment, the proportional
assignment of tasks (the employer, or even the members of the homogeneous group, are able to provide
this information).
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These data allow the total number of hours worked by the homogeneous group on each task in the
macro-cycle and all the duration multipliers to be computed.

It is also necessary to define the general characteristics of the “typical working shift” (the modal shift,
see B.3.6) to obtain important information:

the proportional reduction between the total shift duration and the net duration (without breaks
and other short accessory tasks (e.g. cleaning), useful to obtain all the real tasks duration in the

macro-cycle;

the modal recovery multiplier.

B.
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ev|
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thg
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thg
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Wi
du
cla
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ma
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ho

k value of each task to prepare the “basic tasks list with all the intrinsicTisk
aluation”

 present paper, OCRA checklist and L;-RNLE) to calculate the intrinsic riSkwvalue for each ]

culating the intrinsic risk value for a certain task means evaluating the task as if {
boretically) the only one performed by the worker all the time (i.e-for the whole shift and
Fiod).

nen computing the intrinsic OCRA checklist score (C ;), refefence is made to a shift scenario
430/460 net minutes of repetitive work (modal value.= 440, duration multiplier = 1);
one 30 min meal break and two 10 min breaks (recovery multiplier = 1,33).

ten computing the intrinsic L; (MLI or CLI on VLI) for lifting tasks, reference is made
ration scenario” (more than 2 hours of conse’cutive manual lifting in the shift) with the corr¢
ssical frequency multiplier (by L;-RNLE),

te that in any case it is better to have a complete analysis with the intrinsic risk scoreg
nual tasks performed in the macro-cycle (the basic tasks list with all the intrinsic risk ey
fore studying who performs them. It is then possible to attribute the tasks specificall
mogeneous group of workexs\(the active tasks performed by each different homogeneous g

.3.6 Reconstruction ef the artificial working day (or fictitious day) representat
cro-cycle (in teym-of total net duration of work and duration of each task) perfformed

8.5 Analysis of biomechanical overload typical of each individual task - thelinkrinsic

the manual tasks performed by the workers have to be analysed using thé€)appropriate miethod (in

Ask.

t is (only
the whole

featuring:

o a “long
psponding

of all the

raluation),
y to each
roup).

ive of

e that the
ference to

roup may

ntative of

the macro-cycle”, it is necessary to estimate the proportion with respect to standard work duration
scenarios such as those typical of industry. These scenarios are called “prefixed exposure time
constants” and are detailed in Table B.3.

Table B.3 — Exposure time constants

Hours/day constant 8 Hours/month constant 160
Minutes/day constant 440 |Days/month constant 20
Days/week constant 5 Months/year constant 11
Minutes/week (440 min * 5 days) constant 2200 |Days/year constant 220
Weeks/month constant 4 Hours/year constant 1760
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Some examples of “artificial working day” calculations, in annual macro-cycles are presented in
Table B.4.

Table B.4 — Some examples of different “artificial working day” calculations, in annual macro-
cycles

Representative day in annual macro-cycles

1 |— iftheoverall hours worked in the year are 1 760 (in this case the worked hours/year corresponds to the constant),
they correspond to a representative day of 480 minutes:

1760 h really worked per year * 60/220 worked days per year constant = 480 min.

2 |— iftheoverallhoursworkedintheyearare880 (part-timejob of4 hours perday), they correspond toarepresentatjve
dfy of 240 minutes:
880 h really worked per year * 60/220 worked days per year constant = 240 min...
Representative day in monthly macro-cycles
1 |— if|the overall hours worked in the month are 160 (in this case the worked heurs/month corresponds to the
cqnstant), they correspond to a representative day of 480 minutes (160 hours.feally worked per year/20 worKed
day per month constant *60):
160 h really worked per month * 60/20 worked days per month constant = 480 min.
2 |— if|the overall hours worked in the month are 80 (part-time’sjob of 4 hours per day), they correspond t¢ a
rgpresentative day of 240 minutes:
80 h r¢ally worked per month * 60/20 worked days'per year constant = 240 min
Representative day in-anot predefined macro-cycle duration
1 |— iffthe macro-cycle duration is 66 days, the gonstant days for that period is 44 days obtained through the following

fqrmula:

X:66 =[20:30 or 66 * 20/30 or 66\*0,667 (from Table 5).

2 |— n¢w if the overall hoursWorked in this macro-cycle are 352 (44 days * 8 worked hours a day, that represents
the worked hours in 66)days of macro cycle) it corresponds to the obtained constant and the representative day
cqrresponds to 480.minutes:

352 h really'worked * 60/44 worked days constant = 480 min

The propgrtion of time that the homogeneous group spends on each manual task in the macro-cyclg is
the basis for estimating the time (in minutes) spent on each task in the artificial working day. Having
in fact reconstruct the artificial working day and having the proportion of time that the homogeneous
group spends on each manual task in the macro-cycle, it is easy to calculate the tasks duration in
artificial minutes with which the final evaluations is made, using the suitably adapted calculation
methods indicated previously for exposures with a daily rotation schedule.

B.3.7 Recalculation of intrinsic risk indicators according to the real task duration
To start with, it is necessary to define the general characteristics of the “typical working shift”:

— For the analysis of risk exposure to repetitive tasks it is necessary to estimate the overall shift
duration, the number and duration of pauses, and the duration of non-repetitive tasks in order to
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obtain the “net duration of repetitive work” (necessary for obtaining the duration multiplier) and
score for the distribution of recovery times (necessary for obtaining the recovery multiplier).

— In a multitask analysis, with a complex macro cycle, while all the tasks present (with the exception
of a few auxiliary activities, to be excluded from the net-working time), have to be considered
“repetitive” and therefore upper limbs activities to be analysed, not all such tasks also have manual
lifting of loads. To study the risk of manual lifting, these tasks have to be extrapolated, in order to
obtain the specific net duration of manual lifting and so the specific duration multiplier DM. The
same for pushing-pulling activity.

— _The ana]ymc canbe mare orless annﬂnr]’ r]npnnr]lng onwhetherthe pnrlnr‘] of time considered is a

week/month or a year. In the first case data is required day by day, in the last one “typicalfor modal”
shift can be considered representative of each month of the year.

Now all the intrinsic risk values obtained for each task (calculated on a constant4of’8 hour$ and pre-
established recoveries) can be corrected, considering the true duration of each task'in the mgcro-cycle.
Thieir correction occurs through the use of recovery and duration multipliers,-obtained regpectively
frdm the organizational analysis of “typical working shift” and from the “artificial working day”.

B.B.8 Application of the final formulas, used for daily rotations, to calculate the final
rigk index both for checklist OCRA and for NIOSH lifting index LI (MLI, CLI; VLI) and
other risk assessment methods

B.3.8.1 General

Stqrting from the consideration that almost all the*manual tasks that characterize a pgroductive
process are “repetitive for the upper extremities” (other occasional tasks are in fact considergd as non-
etitive and excluded from consideration), it is not to be excluded that the same repetitive tasks may
aldo involve manual handling of loads (where in‘fact the operators lift objects using the upper limbs) or
awlkward postures of the whole body (trunk\and lower limbs). This implies that, in these latter cases,
the¢re is the need to apply both the analysis for the upper limbs and the analysis for differept aspects
of manual handling (or eventually awkward postures). The analysis follows the same general approach
buf also has slight differences when'considering upper limbs repetitive movement or manual handling
of Joads, especially in the reconstruection of the corresponding artificial working day. These two aspects
cohsequently are presented in the following subclauses.

B.3.8.2 Application of the final formulas, used for daily rotations, to calculate the final frisk
indlex both for checklist OCRA

To|calculate the final risk exposure using the models and formula presented for daily rotdtions it is
nefessary to convert in “artificial minutes” both the total duration of manual tasks in the| observed
mdcro-cycle_(artificial working day for repetitive movements representative of macro-cycl¢) and the
dufation of\each task too, with a procedure that involves recalculating the intrinsic OCRA checklist
scqres, reflecting the actual organizational conditions in the homogeneous group, through both the real
dufation'and recovery multiplier (Table B.1).

These data allow now, to compute the final synthetic risk exposure index. In analysing repetitive tasks
with the OCRA checklist, the final synthetic exposure value can be calculated using two calculation
models: “time-weighted average” and the new “MultiGEI” derived by the “multitask complex” model
presented for used in daily rotation.

The following parameters are used for this purpose:

— Recovery multiplier: this value is derived from the organizational data describing the presence and
distribution of breaks tasks in a typical or modal working shift.

— Total duration multiplier (D,, ,,J: this value is derived from the overall duration of all the repetitive
tasks considered in the “artificial working day representative of the macro-cycle”; it is calculated
using the criteria reported in Table B.1. Different overall duration of all the manual lifting tasks and
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its specific total duration multiplier have to be calculated for tasks with manual lifting and for tasks
with pushing-pulling.

Moreover, to complete the two formulae, the following parameters can also be considered:

— Partial duration multiplier (D,,,): this value is derived from the individual duration of each single
repetitive task (and separately from tasks with manual lifting and pushing/pulling) considered in
the artificial working day; it is calculated using the criteria again in Table B.1.

— Fraction of time of each task (Fpy): this value is the proportional (in %) duration of each single task
in the artificial day for repetitive movements.

B.3.8.3 Application of the final formulas, used for daily rotations, to calculate the final risk
index for|NIOSH lifting index LI (MLI, CLI; VLI)

In essencg, the same formula used, in a daily rotation, Formula (B.2), after appropriate adaptations that
make it agplicable to multitask evaluations with non-daily cycles, is used. In order to@dapt the formpla
to multidgy lifting tasks on a rotating schedule, it is necessary to:

— calculate Ly 1 5 5, ofr based on intrinsic lifting index L; of each task (MLI'or CLI or VLI, see B.3.4)
consiglering the respective specific duration in minutes, derived from the“specific “artificial day for
manujl lifting” (representative of the total duration of the only tasks with manual lifting present in
the micro-cycle) and apply the respective duration multipliers according to the criteria in Table B.1;

— calculate Ly .41 23, based on intrinsic lifting index consideritig the total duration of all lifting
tasks|in the specific “artificial day for manual lifting” and apply the duration multipliers (for the
total fluration of all lifting tasks) according to the criteria s’ Table B.1;

— extrapolate from these data L; ; .¢rand L; 1 .., the worse lifting tasks, calculated respectively on the
actual duration and on the total duration;

— the Fj, 3  ,efrused to calculate K consider theduration in % of each task (starting from the secqnd
worse¢ manual lifting task) with respect to_the total duration of all lifting tasks, less the duratior] of
the fifst worse lifting task.

B.3.8.4 MultiGEI: multitask generaliexposure index

A new gerleral formula: “multitask general exposure index” (MultiGEI), derived by “multitask complex
model wap created. It allows toranalyse all the different aspects of biomechanical overload and calculate
the final gxposure indexes inCmultitask analysis, in macro-cycles, for all the different risk factors

This new |approach can<besummarized as a more general formula, called the “MultiGEI” that can|be
used, stafting from anyexposure index suggested in the literature or from International Standargds,
for analyging various aspects of biomechanical overload (awkward postures, manual load handling
including |pushing>and pulling, repetitive movements and strain of the upper limbs) in multitgsk
analysis ify macyo-cycle.

The above-abpreas hocox o o lind oo o dbn pagzicad crpoin 200 d00[33]034] 1 TACAC ol o d [23]124]
€ above-appreach—~€a S Heex tHe—TACooetnoe;

T OCappCt O arSU—to e T eV ISCO—STtr

methods for assessing pushing and pulling actions as summarized in ISO 11228-2, and to many other
methods that are of technical and application-related importance.

Formulae (B.6) and (B.7) are suggested:

MultiGEI = E; 1.1 + (AE; 1 x K) (B.6)
K= ((EI.Z max % FT.Z) + (EI.3 max % FT.S) +"'+(El.j max > FTj))/ EIl max (B'7)
where:
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MultiGEI  is the final risk value of the exposure index of the multiple rotating manual ta

the multitask complex approach.

Ep123,jefr isthescore ofall the active tasks, calculated considering D ,,; (duration multipli

2021(E)

sks, using

er accord-

ing to the effective duration of each relevant task; in the artificial working day.

EI'1,2,3,j max . . aps s .
the total duration of all relevant tasks in the artificial working day.

E| 1 off is the score of taskl, the task with the highest risk score, calculated consid

is the score of all the active tasks, calculated considering D, (duration multiplier for

ering D4

(duratton muitipiferaccordingto the actuat duratton of tasky M the artfictatw

is the score of task1, the task with the highest risk score, calculated conside
(duration multiplier for the total duration of all relevant tasks in the artificial wq

Ell max

AEl.l EII max'Ell eff

] is the time fraction (between 0 and 1) of each task j - excepttask ; the worstt

respect to total working time minus working time devoted to taskl) in the
working day for that specific risk.

Thie calculation structure thus for OCRA method and RNLI for multiday rotations, can also be
to pther valuation methods however using the same duration nfultipliers reported in Table B.

It
mg
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an
re

s also worth noting that in many cases, especially when repetitive task rotations tak
nthly and annual scenarios, analyses are generated foitndozens of tasks that the homogene
Fforms in the period, each of which has an “artificial duration” of only few minutes. In s
1l whenever there are more than 10 rotated tasks' summarized in the artificial working
ommended that tasks are grouped together with a similar final risk index score.

Giyen that the formula used is strongly supported by the task with a worse value, calcul
regpect to its actual duration, having created six risk classes in which to group the analysed
representative tasks are displayed, eachlobtained from the sum of the times of the tasks prese
cl
the¢ duration multipliers in Table B.1.

Al
the artificial working day into six categories is recommended. Those six categories are dg
acgording to the distribution of the individual exposure scores (E; n,,) using preferen
sextile distributions @s key points for grouping (or in other terms the scores correspond
16|6th, 33,3rd, 50th;)66,6th, and 83,3rd percentile of the score distribution). In any case, th
dufations (in the‘artificial working day) of individual tasks are consequently grouped and acq
in the six categories. Within each resulting category a representative score value is chosen;
cofresponds to the resulting time-weighted average score of all the tasks considered in that g

Thiis produces the representative score and cumulative duration of each category. With

rking day.
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rking day.
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extended
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pus group
lich cases,
day, it is
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ss and their representative risk. Itthus become more significant also in relation to the appllication of

hough tasks can be grouped-in various ways, grouping the results of the various tasks imcluded in

ptermined
tially the
ng to the
e original
umulated
this value
ategory.

These two
, taking into

B.4 Conclusions

Starting from well-established methods for measuring biomechanical overload in repetitive and/
or lifting tasks on a daily rotation schedule, the next step was to define and illustrate criteria and
procedures for examining the risk of biomechanical overload due to exposure to multiple tasks with
macro-cycle rotations of more than a day (e.g. weekly, monthly, yearly).

The “multitask complex” model is the preferred approach for calculating the overall exposure level. It
is based on the duration of the most overloading task in the macro-cycle, increased by the contribution
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of the other tasks considered. This is a particularly useful model when there is variable exposure to
different tasks and the tasks are not distributed evenly within the relevant macro-cycle.

The “time-weighted average” model remains suitable for daily rotation scenarios only when rotated
repetitive tasks are frequently or even constantly alternated, while in multi-day rotation scenarios it
will possibly still be suitable only where the rotated tasks are distributed evenly over the period under
examination in terms of their level, duration and sequence.

A great deal of experience has already been acquired applying the OCRA checklist to assess exposure

of the upper limbs to repetitive tasks, with regards not only to agriculture, but also to services such as
supermar ets, r‘]naning }'nhc and canteens

There is 1¢ss experience in assessing multi-day exposure to manual lifting work.

Admittedly, it is still difficult to gather health care surveillance data for epidemiological purposes in the
relevant sectors in order to validate the proposed models for analysing multi-day exposure.

Based on [preliminary findings (involving about 300 people in the agri-food sector) nevertheless the
“MultiGEI[ method appears to be more predictive for annual exposure schedules;covering at least § to
7 months,

In light off these considerations, it can be stressed that the proposed modelscan be considered usefful
for estimgting exposure levels to various biomechanical overload conditions, when task rotations gre
scheduled over multi-day macro-cycles.

For the time being the present evaluation approahes cannot bé considered as precise models for
estimatinf the risk of adverse health effects, insofar as furtherépidemiological studies are required to
verify the|exact association between estimated exposure levels and consequent health effects.

It must b¢ pointed out, however, that based on current\understandings, considering that usually the
risk valug obtained with the “MultiGEI” formula is higher than that obtained with the “time-weighted
average” formula, the presence of exposure risk (for-health effects) can be confirmed when already the
score obtdined with the “time-weighted average™indicates the presence of risk.

Lastly, it [appears obvious that the analyses proposed here are somewhat complex, especially|as
regards the collection of organizational data. However, exposure cannot be assessed without having
some ided of which tasks, where, forhow long and in what sequence a worker performs certain tasks.
Consequehtly, if these aspects are complex, the analysis is necessarily complex too, but not impossible.

The procgdures used to calculate the summary risks indicators presented here are undeniably diffiqult
and, espe¢ially where the work entails numerous tasks, virtually impossible to manage manually. This
is why a umber of free.dgwnloadable spreadsheets have been made available and can help the uger
to collect the necessapy organizational data and measure the “intrinsic” exposure level, while the fipal
exposure values are generated automatically[64],

The calcylationsS:and images shown in the examples were in fact produced using these same
spreadshgetss

B.5 Examples of evaluating the final risk in exposure to biomechanical overload

B.5.1 Introduction

The strictly methodological part is best illustrated with a real application that discloses the outcome of
the exposure assessment under biomechanical overload conditions that change during the course of an
entire year (the most complex scenario typical of many cultivation).

Winegrowing was studied in various parts of the year and of the world, which is why data are available
for virtually all of the tasks involved in producing wine grapes. Table B.5 provides a short list, for
reasons of space, only of the relevant macro-phases and phases. All highly specialized tasks were
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considered, also in relation to the type of vines: very low-growing, small, medium-to-tall and pergola/
trellis systems. Over 60 tasks were found.

Before starting any evaluation, it is first necessary to calculate the “intrinsic risk score” for each task
and for each different biomechanical risk factor typical of the task present in this kind of cultivation,
e.g. repetitive tasks, lifting and carrying loads, pushing and pulling, and awkward postures of back and
lower limbs. To calculate the intrinsic risk score of each task, exposure to all of the aforesaid factors,
it has to be measured as if the task lasted a whole 480-min shift with two 10-min breaks and one meal
break, i.e. the score for a pre-set constant duration. The intrinsic risk scores of each task therefore are
calculated for examining repetitive movements with the OCRA checklistl22] and for lifting loads with
thg 'Lt:Lhuiqucb derivedtfromrextensions of- the RINGEREawkward postures with TACGS,[M] and other
bigmechanical risk factors like pushing-pulling.

Thble B.5 — Jobs required to produce wine grapes, broken down by macro-phases, phases and
number of tasks

Macro phases Phases Number of t3sks

Soil preparation 1

Maintenance supporting structure vines 3
yard

Fertilizing
Vineyard tilling
Vineyard maintenance Treatments using tractor

Planting and uprooting¥ines

Ul U1 W NN

Manual irrigation, weeding and fertiliza-
tion

Lifting and carrying materials and tools

Manual pushing and pulling

Dry pruuing

Mechanical pruning

Tying and training in dry pruning
Vipe maintenance Green pruning

Green tying

Thinning

Manual lifting and carrying branches

Manual grape picking
Hgrvest Mechanical grape picking

N R BAIN AN DA R N W S

Transporting baskets

B.5.24 Risk assessment of repetitive movements using the OCRA checklist in annpal
multitask exposure

Table B.6 shows some examples of the intrinsic risk scores obtained using the OCRA checklist for
several specific wine-growing tasks, calculated for both the right and left arm.

Once these organizational data have been acquired (e.g. a list of all possible tasks which characterizes a
given cultivation) along with the relevant risk scores (i.e. intrinsic risk scores for repetitive movements
using the OCRA checklist and RNLE for manual load lifting), it is possible to actually measure complex
multi-task exposure in an annual cycle for the different biomechanical risks.

The first step is to divide the workers into “homogeneous exposure groups” in which exposure is
classified as homogeneous when all the members perform the same tasks for the same length of time
and in the same workplace.
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Table B.7 shows the tasks performed by the first homogeneous group of 10 male workers, who work 12
months of the year preparing the vineyard, treating and pruning the vines, and harvesting the grapes.

The tasks are quantified on a monthly basis in percentages, where within each month, the sum of the
percentages must always add up to 100 %.

However, simply quantifying each task in terms of its duration within the year is not sufficient because
in the agricultural sector, the number of hours worked each month is not always the same. Much depends
on the inherent characteristics of each crop, and on the presence of “quiet” times versus extremely busy

times.

With regdrds to the first homogeneous group considered here, Figure B.6 shows the hours work
by the whole group each month, along with a calculation of the hours worked each month/worl
performing repetitive work (excluding breaks and any other non-repetitive and ancillary tasks pres
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<} Q =) = > <} - oo (=% - > (5]
Sle@ls|s|s|2|2|2|a]|s]=2]8~
No. of total hours worked per month (by - " - ~ « © " ~ ~ ©
the whole group or individual worker) including | % ° 3 = 3 ,°: N 5 S N s R
any seasonal or casual workers — — — — — — N — N — b >
% reduction considering the total duration of
Jhtiee avael e et (el el 83%|83%|83%|83%|83%|83%|83%|83%|83%|83%|83%|83%
No., total hours worked per month/worker ® N 3 x B 2 ® S S et 2 2
— — — i i i o — [\l i
No. net hqurs worked per e = < &« n < - o) oL © & o°)
3 O~ o~ < (e} (o)) o~ . o™ S 3 7
month/werker x = 28] - “ ) & S & R -t S
No. of woikers versus total workers 10 10 10 10 10 10 10 10 10 10 10 10
No., of sea‘sonal or casual workers
Total worlking hours/worker/year 1715
1760

Constant working hours/worker/year

a) Total working hours per year/worker
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NOTE When 100 % of the constant is exceeded, the lines in the figures enter the grey colour.

Figure B.3 — Determination of hours of repetitive tasks performed by each member of the first
homogeneous group during each month of the year with respect to the constant 160 h/month,

This organizational data forms the basis for constructing the “artificial working day representative
of the year”; it is used to analyse multi-task exposure when the turnover cycle is annual. Table B.10
shows the first step needed to draft the intrinsic scores used to calculate the annual exposure score.

90

indicated as 100 %
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The duration of the “artificial working day representative of the year” is calculated based on 1 428 net

hours worked/year, using Formula (B.8):

where
M;,,q 1s “artificial working day” in minutes;
H, is worked hours per year;
P is percentage of repetitive task duration versus total worked hours; Qq;\
Cp, ispercentage of repetitive task duration versus total worked hours. /\(bq/
Table B.10 — First homogeneous group - Intrinsic risk scores calculafé}?‘ with the CRA
checklist and recalculated using the effective duration and recov ultipliers for the
“artificial working day representative of the & T
O
A\ -
OCRA checKklist Q .OCR.A .heCkllSt
TR Wot( hours intringic values
intrinsic value Jao.
. considering | %on | re-evaluated
(8 hours with ] .
heir net du- | total consfdering
canteen and tw ration
breaks of 10
Tasks
Prleparation of trellises, posts, stakes and
42,8
wires 3%
Maintenance (replacement) of trellis and 616
wire stretching: with tools ’ 4%
Manual hoeing 26,3 2%
Trpctor-mounted tilling driving tractor \L\ 9,31 9,31 53 0% 8,84 8,84
Megchanical irrigation: driving tractor,_’\\o\ 9,31 9,31 186,3 13 % 8,84 8,84
Treatment of vines with pesticides: d}n}mg 9,31 9,31 244 . 8,84 8,84
tractor <\ 2%
Cytting and bundling mothe;;@gs 98,7 7 %
Mg¢chanical planting: driy«iqé‘\.jractor 14,8 1%
Megchanical planting \'e/dlings into the
49,7
grpund) _( 3 9%
Cdllection and nrahual transport of material 187
ortools (weig kg to 5kg) ! 1%
Cdllectio manual transport of material
tools ight 6 kg to 10kg) 0,00 14,7 1%
llection and manual transport of material 27
. J Q O/V
Tasks with manual pushing-pulling moder-
6,5
ate force 0%
Dry pruning and removal of vine shoots
(with manual, pneumatic and electric 278,9
shears): low vines 20 %
Tying and dry training, cutting back: low
g 56,7
vines 4%
NOTE Considering the result of the intrinsic values of OCRA checklist, the colours used mean: white = no risk; light grey:
borderline risk; medium grey: risk present; dark grey = high risk.
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Table B.10 (continued)

OCRA checKklist O CR.A c_heckllst
. .. Worked hours intrinsic values
intrinsic value . .
. considering | % on re-evaluated
(8 hours with . N
their netdu- | total considering
canteen and two . .
. ration their real dura-
breaks of 10 min) .
Tasks tion

Green pruning (suckering, disbudding,

stripping, leaf thinning), tying, training and 267,2
staking: low vines 19 %
Collection|]and manual transport of material 183
cut from vjines (weight 3 kg to 5 kg) ’ 1%
Manual grippe picking (cutting clusters):low

. 130,8
vines 9%
Manually ¢ollecting and carrying 1 or 2 bas- 1237
kets (5 kgjto 8 kg) ’ 9%

RIGHT LEFT 1428 100.% | RIGHT | LEFT

Duration ¢f artificial (fictitious) work-
ing day representative of the year (total 389,5 Durationumultiplier 0,91
hours/22(0*60)

NOTE Congidering the result of the intrinsic values of OCRA checklist, the colours@sed mean: white = no risk; light grey:
borderline fisk; medium grey: risk present; dark grey = high risk.

The duratjion of the repetitive work performed by the first homogeneous group during the “artifidial
working day representative of the year” is 389,5 min (1428/220*60), with a duration multiplier of 0[95
and an average recovery multiplier/year of 1,33 as indicated‘in Figure B.7.

These twq multipliers are used to recalculate the intrissic scores and adjust them in relation to the rgal
duration gnd distribution of recovery times for the relevant homogeneous group.

The recalculation is performed by dividing -the”intrinsic risk scores of each task by the standard
duration 4nd standard recovery multipliersiused to obtain the intrinsic risk scores (equal to 1 and 1,83,
respectiv¢ly) and re-multiplying them by the new multipliers describing the artificial working day/
year.

Table B.1Q) shows each task with-the starting intrinsic risk scores on the left column of the figyre
(for both [the right and left apm, for each task performed by the first homogeneous group) and the
corresporlding scores on thesright column of the figure, reformulated with the two new multipliers for
the “total|duration” of the artificial day representative of the year

The valuep are in this éxample lower, since the duration of the artificial day representative of the year is
now 389, min with.a’duration multiplier of 0,95.

This data forms-the basis for calculating the final OCRA checklist score using the time-weighted avergge

model [Fglrmula (B.1)].

To use the “MultiGEl” model [Formula B.6], the individual intrinsic risk scores for each individual
task have still to be recalculated versus their “actual or effective duration”. Therefore, the individual
duration of each task in the artificial working day representative of the year has to be estimated, and
consequently the corresponding duration multiplier for the “actual or effective duration”.

By applying the percentage duration of each task in the year to the duration of the fictitious working
day representative of the year (in minutes), it is possible to obtain the artificial duration in minutes of
each task in the artificial working day; with this, the corresponding duration multiplier for each task for
the effective duration can be found and thus the effective checklist risk score for each task recalculated
on the basis of its effective duration (Table B.10).
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Table B.11 — OCRA checklist scores recalculated on the basis of duration and recovery
multipliers on the “artificial day representative of the year”, for the total duration of tasks in
the shift and for their individual actual duration in the shift for right limb

OCRA | Artificial | Corre- OCRA
checklist | minutes | sponding | check-
Worked intrinsic | for each | duration | list ocra
hours values |taskrep-| multi- values
consider- % on re-eval- | resenta- | plier per | calculat-
ing their total uated |tive ofthe| tasks ed con-
net dura- consider- | hours sidering
tion ing their » the actual
real total (]/ [duration
Tasks duration qQ
Prleparation of trellises, posts, stakes 428 %)1;0 27
anld wires ’ 3% 5/‘\ ’ ’
Maintenance (replacement) of trellis
and wire stretching: with tools 61,6 4% 0,200 43
Manual hoeing 26,3 2% 0,050 2,3
Trpctor-mounted tilling driving tractor 5,3 0% 0,007 0,1
Mg¢chanical irrigation: driving tractor 186,3 13 % 8,8r{\\ 51 0,350 3,3
Treatment of vines with pesticides: 24 4 8:-’ ” 0.050 0.5
drfiving tractor ’ 2% ) ’ ’
Cytting and bundling mother-vines 98,7 7 % 27 0,200 4,4
M¢chanical planting: driving tractor 14,8 19 | 884 4 0,050 0,5
Megchanical planting (of seedlings into 497 N \g 8.84 14 0.100 09
the ground) ’ A\ 3% ’ ’ !
Cdllection and manual transport of ma- X2
terial or tools (weight 3 kg to 5 kg) 15_3\’A\ 1% 5 0,050 0,3
Cdllection and manual transport of ma- }:}7 4 0.050 0.5
terial or tools (weight 6 kgto 10 kg) .| ’ 1% ’ !
Cdllection and manual transport of nﬁ-)\‘ 27 1 0.007 0.3
tefial or tools (weight more than 20'kg) ’ 0% ’ ’
Tajsks with manual pushing-p m‘
mederate force C)QD 6,5 0% 2 0,007 01
D1y pruning and remov. vine shoots
(w{ith manual, pneum and electric 278,9 76 0,500
ati
shears): low vines/.\% 20 %
Tyling and dry tr@ining, cutting back: 567 15 0.200 39
loyv vines ’ 4 % ! ’
Grfeen prunihg (suckering, disbudding,
st 'ip[&k »leaf thinning), tying, training 267,2 73 0,500 8,6
anldstaking: low vines 19 %
C HUI./LiUH dlld umuual rdirsport Ur
material cut from vines (weight 3 kg to 18,3 5 0,050 0,4
5kg) 1%
Manual grape picking (cutting clus- 130.8 36 0.350 56
ters):low vines ’ 9% ’ ’
Manually collecting and carrying one or
two baskets (5 kg to 8 kg) 123,7 9 % 34 0,350 58
1428 100 % Right

NOTE Considering the result of the intrinsic values of OCRA checklist, the colours used mean: white = no risk; light grey:
borderline risk; medium grey: risk present; dark grey = high risk.
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Table B.11 (continued)

OCRA | Artificial | Corre- OCRA
checklist | minutes | sponding | check-
Worked intrinsic | for each | duration | list ocra
hours values |taskrep-| multi- values
consider- % on re-eval- | resenta- | plier per | calculat-
ing their total uated [tive ofthe| tasks ed con-
net dura- consider- | hours sidering
tion ing their the actual
real total duration
Tasks duration
Duration ¢f artificial (fictitious) work- Duration Multiplier 0,95
ing day representative of the year (total 389,46
hours/22(0*60)
NOTE Congidering the result of the intrinsic values of OCRA checklist, the colours used mean: white = no\risk; light grey:
borderline fisk; medium grey: risk present; dark grey = high risk.

All the calculation elements of the “MultiGEI” [Formula (B.6)], are now available, i;e{(for the right limb):
the sdore for the worst task (E}.; o¢), considering its actual duration = 11;3;
the sdore for the worst task (Ej; ,a), considering overall duration = 43;5;

the sym/product (}p) of all the other maximum scores E;. , ; ..} for the various tasks, except for
the wprst one, for their % duration = 14,7;

K=% f’/Ell max ~ 0,34;
MultiGEl = El'l eff * (Ell max - Ell max) x K=22,19

This calcylation procedure was also applied to eachnimonth of the year, and always to both the right
and left limb. Moreover, the calculation procedure-for the whole year was also carried out by grouping
the resultls of the various tasks into six categories of results, using as key values the “sextile” of the
distributipn of the results (Ej; ,.,)-

Figure B.4 presents all the results. As the OCRA checklist intrinsic risk scores for each task include bgoth
very high|and very low figures, the “time-weighted average” mathematical model proposes the lowpst
final annyal exposure indices (box C./time-weighted average” = 15,8 right). It is interesting to note the
differencq between the results-of-the “MultiGEI” model calculated on all the scores for the individyial
tasks, and those obtained when/the scores were first grouped into six categories per sextiles, within
each of which the representative value was obtained, on which the final exposure value was calculatpd.
As already mentioned, thissecond calculation model is preferable when there is a large number of tagks
(more than 10).

Since the [worst task, calculated on the basis of its duration, is the task driving the formula, if th¢re
are many|actjvie~tasks, it is advisable to choose the “driving task” as the worst value derived by f{
six categdries,»rather than the value of a single task based on its actual duration, which determi
either an bwer- or an underestimatio o example alculation including 3
significant overestimation (box A: final exposure value = 22,9 right) compared to the value calculated
for six aggregate categories of tasks (box B: final exposure value = 18,3 right). There is in fact only one
peak value but of very short duration (on the artificial day, lasting only a few minutes) which, in this
case, has an excessively powerful “driving” effect.

It is also worth noting that the OCRA checklist scores, divided into the six categories extrapolated from
the sextiles, are distributed in percentage terms in each of the six predetermined risk areas, for the
whole year and, again by sextile, in each month of the year (Table B.12).

Table B.13 and Figure B.5 show the assessment of exposure to repetitive movements of a second
homogeneous group working on the farm: a homogeneous group of 10 seasonal pruners and harvesters.
More specifically, Table B.13 shows the organization of the work carried out by these new 10 workers,
present in this new homogeneous group, both qualitatively (what tasks and when) and quantitatively
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(how many hours worked per month). This second homogeneous group in fact works only 6 months and
does only pruning and harvesting work.

Figure B.5 shows, for the second homogeneous group, the results of the analysis using the OCRA
checklist, month by month and for the whole year, for both upper limbs. The results obtained using the
different formulas are provided. It can be seen that the assessment carried out with the “time-weighted
average” formula is always much lower. Conversely, the results obtained with the “MultiGEI” classic and
with sextiles are identical (bearing in mind that there are only four tasks).

In this case, taking the shortest exposure duration, the annual “risk” level sits comfortably in the

ye

low zone. However the exnasure level calculated an the basis of each individual month i
7 g

not to be

ov

Fo
Vil

So
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erlooked, because for some the exposure level is close to the red.

" reasons of space, it is not possible to describe other homogeneous groups still)work
eyard.

me workers are also hired only one month a year for the grape harvest,”and others
y maintenance work on the vines, including disinfecting and fertilizing the vineyards,

groups of workers are also assigned to perform different tasks in different seasons, as is

ag
thg

Ficultural settings. In order to accurately estimate overall exposure over longer periods,
 aforementioned assessment criteria is therefore essential.
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Table B.12 — Percentage distribution of OCRA checklist risk scores, grouped into six levels of
exposure, for the whole year and in each month of the year

Jan Feb Mar Apr May

Right Right Right Right Right
37 5% 35 19% 29 12 % 25 11 % 28 12 %
19 63 % 23 51% 21 24 % 20 17 % 21 18 %
18 20% 21 15% 18 23 % 17 33% 16 27 %
8 10 % 17 1% 9 36 % 9 33% 9 35%
0 0% 9 12% 0 0% 0 0% 0 0 %
7 2% 9 2% 7 5% 7 7% 7 8 %

Left Left Left Left Left
22 24 % 34 19% 28 12 % 24 11% 24 21%
8 10 % 21 11% 18 2% 19 18 % 18 2%
0 0% 14 5% 12 27 % 14 25% 14 41 %
0 0% 9 12 % 9 31% 10 39 % 9 18 %
7 65 % 0 0% 8 26 % 8 4% 8 10 %

0 1% 9 53% 0 2% 0 4 % 0 8%
Jun July Aug Sep Oct Nov Dec
Right Right Right Right Right Right Right
18 69 % 26 20% 19 20% 20 59 % 36 2% 11 64 % 19 83 %
9 21 % 26 1% 15 41 % 0 0% 19 16 % 11 3% 18 19
0 0|% 21 56 % 14 7% 0 0% 14 15 % 0 0% 8 15 %
0 0|% 0 0% 14 15 % 0 0% 12 66 % 5 32% 0 09
9 2|1% 11 23% 8 17 % 0 0% 0 0% 0 0% 0 09
7 2% 0 0% 0 0% 19 41 % 0 0% 0 0% 0 09
Left Left Left Left Left Left Left

16 74 % 26 20% 19 20.% 20 59 % 29 3% 11 3% 16 29

0 01% 26 1% 14 2% 0 0% 12 65 % 5 32% 8 14 %

9 20 % 18 56 % 12 41 % 0 0% 8 16 % 0 0% 0 09

9 2% 0 0% 11 15% 0 0% 0 0% 0 0% 0 09

0 4% 11 19% 8 15% 0 0% 0 0% 0 0% 7 82 %

0 0% 0 4% 0 2% 15 41 % 7 16 % 4 64 % 0 19
B.5.3 Eyaluatiomof risk associated with manual load lifting in annual multitask
In order o complete the biomechanical overload analysis, the next step involves assessing the result
of the expjaSure assessment in the presence of manual load lifting. The procedure is identical to the

: 1 . | d 1 L D dn
detailed & Tary STS COTTaUTTCT 10T TTPTTITIVE TITOVETITCITTS:

Table B.14 shows the intrinsiclifting index scores for tasks with manual lifting (A), present in viticulture,
which are the starting point for the calculation. All tasks with manual lifting are defined according to
the “key-enters” provided by ISO/TR 12295. Every single task analysed can be a mono task, a composite
or a variable. Note that to calculate the intrinsic lifting index of each task, it is assumed to last the whole
shift and therefore has always a long duration. All the intrinsic lifting index scores are broken down by
gender and age, as recommended by ISO/TR 12295.
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a) MultiGEI model: right 22,9; left 18

42
40
38
36
34
32
30
28
26
24
22
20
18
16
14
12
10
8
6
4 <
0 JAN [ FEB | MAR] APR | MAY] JUN\JUL | AUG] SEP | ocT | NoV [ DEC
RIGHT 27 | 27 | 20 [ 18] 19 487 23| 16| 20 23 [ 9 | 18
----- LEFT | 16 | 22 | 16 | 17 Nis | 22| 14| 19| 16 | 7 | 12
N~
b) MultiGEI model\ sextiles: right 18,3 left 17

JAN | FEB | MAR| APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC
) RIGHT| 19 23 16 15 15 15 20 14 20 14 9 18
LEFT | 11 15 12 14 14 14 17 13 18 11 5 8

c) Time-weighted average: right 15,8; left 13
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d) Hours worked/month based on a constant q/'\
Q
NOTE1 [Considering the result of the intrinsic values of OCRA checklist, the colours used mea%@l‘iite =
risk; light grey: borderline risk; medium grey: risk present; dark grey = high risk (a,b,c). b/&\
NOTE 2 [When 100 % of the constant is exceeded, the lines in the figures enter the grey co (d).
Figure Bl4 — Final OCRA checklist exposure index for the right and left limb, for each month
the year and for the whole year
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When 100 % of the constant is exceeded, the lines in the figures enter the grey colour in c).

Figure B.5 — Results of the monthly and yearly exposure analysis for the second homogeneous

100

group of pruners and harvesters
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Table B.14 — First homogeneous group: Intrinsic exposure scores (LI or CLI or VLI) for tasks
with manual load lifting

Older Older
List of tasks, present in viticulture, with manual lifting ,?,Tf;g f:nﬁl:llzs yo?xl:n‘;er yo?llrll:er
males | females
Soil fertilization: unloading bags 3,0 3,8 3,8 5,0
Collection and manual transport of material or tools (weight 3 kg to 5kg) 0,85 1,06 1,06 1,42
Collection and manual transport of material or tools (weight 6 kg to 10kg) 1,00 1,25 1,25 1,67
Collection and manual transport of material or tools (weight 11 kg to 20 kg) 1.50 1.88 1.88 2,50
Collection and manual transport of material or tools (weight more than 20 kg) 2,00 2,50 2,50 3,33
Collection and manual transport of material cut from vines (weight 3 kg to 5 kg) 0,85 1,06 1,06 1,42
Collection and manual transport of material cut from vines (weight 6 kg to 8 kg) 1,20 1,50 1,50 2,00
Mdnually carrying full baskets at a time (5 kg to 8 kg) 1,20 1,50 1,50 2,00
Mdnually carrying full baskets at a time (5 kg to 8 kg) across the shoulders or on the head 1,20 1,50 1,50 2,00
Mdnually carrying full baskets at a time (9 kg to 16 kg) 180 2,25 2,25 3,00
Mdnually carrying full baskets at a time (9 kg to 16 kg) across the shoulders or on the head 1,80 2,25 2,25 3,00
Mdnually carrying full baskets at a time (more than16 kg) 2,00 2,50 2,50 3,33
Manually carrying full baskets at a time (more than16 kg) across the shoulders or on the head 2,00 2,50 2,50 3,33

Taple B.15 shows organizational data for the first homogeneousgroup when assigned to hand]ing loads.

While the repetitive movements (or the biomechanical upper limbs overload) are in any case present
in pll the task present in a cultivation (as for manual lifting, the upper limbs have to be used), the real
number of manual lifting tasks (with positive “key-enters”) and their real duration as liftinfg tasks in
the macro-cycle has to be taken, in parallel, into dué.consideration.

For this reason, it is necessary to create a specific artificial intrinsic day for the manual liftinig of loads,
representative, in this example, of the year,

Thie tasks present in viticulture with manual lifting are 13 (Table B.14) but the active taskls that the
firpt homogeneous group actually carries out during the year, with manual lifting, are only f{ve, with a
totlal duration of 178 net hours. This'value corresponds to an “artificial representative day specific for
mdnual lifting” of only 48 minutes of the year, where the corresponding duration multiplidr is 0,350
(Tqble B.15).

Figure B.6 shows the results of the assessment of exposure to manual lifting for the first homogeneous
group. The annual lifting index remains low, while in September and October (during the grap¢ harvest),
the exposure level shows significant peaks

B.5.4 Examples of task rotations in weekly/monthly macro-cycles

When turnover is weekly or monthly, the same criteria are applied for the year, i.e. the weekly or
mganthly‘rotation period (macro-cycle) is converted into an artificial day.

Table"B16 and Table B.17 illustrate the recommended structure for optimizing the collection of
organizational data relating to the relevant homogeneous group.

Table B.16 shows the structure used to collect the shift duration and daily distribution data for each day
of the week/month. These data are used to identify the net repetitive work time and thus the duration
and recovery multipliers needed to apply the “MultiGEI” model for studying the biomechanical overload
of the upper limbs.

For reasons of space, Table B.17 presents a qualitative and quantitative description for only one week of
the tasks actually carried out by the homogeneous group on each day of that week.

With this data it is possible to obtain the duration of each task in the period, whether it be weekly
or monthly, and thus to reconstruct the “artificial working day representative of the period” under
consideration.
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Figure B.7 provides an example of the result with the scores indicating exposure to repetitive work for
each day of the month, each week and for the whole month. The same kind of graph is also obtained for
manual handling of loads and pushing/pulling.

Table B.15 — Organizational data for the first homogeneous group, when assigned to manual
lifting of loads: which tasks, when they are performed, and their monthly and annual duration

% of Net % on
total Hours hours ayear
hours worked | constant

worked

Jan | Feb | Mar | Apr | May | June | July | Aug | Sept | Oct | Nov | Dec | worked her vear per (1760
per per task year
year at per task
mmh efr)
Collection and ’q;u
manual tranfport Q) :
of material gr 3355100 3,6 10,5 % 22,4 &9 1,3%
tools (weighf 3 kg (b
to 5 kg) |
V|
Collection apd Q~
manual tranpport &
of material dr 3,3 | 36 | 85| 2,2 8,2% C)\Zé 15 1,09
tools (weight 6 kg C
to 10 kg) (,\.D
Collection anpd (5\
manual trangport 4’(
of material dr 1,2 1,1 1@, 1,5% 33 3 0,2 %
tools (weigh Q
more than 2 kg) NS
Collection apd 5\\)
manual tranpport @
of material \{\
. 2413549 |41] 33| 36 B\ 10,3 % 21,9 18 1,29

cut from vings \
(weight 3 kg|to N
5kg) R
Manually cafry- )N
ing full baskpts | 791237 | 169 69,5% | 1485 124 | 849%
atatime (5 }gto c\&
8 ke) AN
Artificial woarking day for manual lifting = 48 min. (17}3}9)0*60): duration multiplier = 0,350 100 % 178

74
o e venneseneeet v
9. °

O T T T u 1

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
JAN FEB | MAR | APR | MAY | JUN JUL AUG | SEP OCT | NOV | DEC
Male 01| 01 02| 02| 05/ 03] 03] 03 11 1.2 0] 0.1
Female-older/younger male 0.2 | 0.1 03] 03] 06| 04 04 04 14| 15 0| 0.1
Older/younger female 02| 0.1 04| 04| 08 05 06| 06/ 19| 19 0] 0.1

a) NIOSH manual lifting: distribution of risk indexes in different months of the year obtained
using the MultiGEI model
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0,73 Adult male (19-45 years old )
091 Adult female (19-45 years old )
091 Younger and older male (>45 years old )
Younger and older female (<19years old )
b) First homogeneous group/full-time
NOTE Considering the result of the intrinsic values of NIOSH method, the colours used mean: white = no

risk; light grey: borderline risk; medium grey: risk present; dark grey = high risk.

down by gender and age, monthly and annual

broken
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