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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. 

The procedures used to develop this document and those intended for its further maintenance are 
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the 
different types of ISO documents should be noted. This document was drafted in accordance with the 
editorial rules of the ISO/IEC Directives, Part 2 (see www​.iso​.org/​directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of 
patent rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of 
any patent rights identified during the development of the document will be in the Introduction and/or 
on the ISO list of patent declarations received (see www​.iso​.org/​patents).

Any trade name used in this document is information given for the convenience of users and does not 
constitute an endorsement. 

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and 
expressions related to conformity assessment, as well as information about ISO's adherence to the 
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT), see www​.iso​.org/​
iso/​foreword​.html.

This document was prepared by Technical Committee ISO/TC 159, Ergonomics, Subcommittee SC 3, 
Anthropometry and biomechanics.

Any feedback or questions on this document should be directed to the user’s national standards body. A 
complete listing of these bodies can be found at www​.iso​.org/​members​.html.
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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 illness and WMSDs in particular. ISO 11226, the ISO 11228 series and, more recently, 
ISO/TR 12295 are useful for this specific scope.

Experiences in the application of these standards have been acquired in different parts of the world, but 
rarely in agriculture. This document extends the scope and methods included in existing standards to 
different agricultural contexts (e.g. smallholdings, industrialized farms) based on emerging application 
experiences. Special attention is devoted to rendering this document accessible also to non-experts. 
Reference is made to easily applicable, non-commercial online tools (simple tools in spreadsheets) 
that may be useful for the purposes of this document, making possible the application of the criteria 
provided here and therefore the real numerical estimate of the biomechanical overload risks.

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

ISO 11228 series consists of the following parts, under the general title Ergonomics — Manual handling:

—	 Part 1: Lifting and carrying;

—	 Part 2: Pushing and pulling;

—	 Part 3: Handling of low loads at high frequency.

ISO 11226 provides recommended limits for static working postures with no or minimal external force 
exertion, while taking into account body angles and duration.

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

This document is intended to be used alongside ISO/TR 12295, ISO 11226 and the ISO 11228 series in 
the agricultural sector, where the risk from biomechanical work overload from repetitive movements, 
from manual handling of loads, from towing and pushing carts and awkward postures is universally 
present.

In addition to having deeply used the standards previously mentioned, an extensive review of the 
literature on methods for risk assessment of biomechanical overload applied in the agricultural setting 
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.
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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)[45] 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).

Most of the applied methods are observational and attention is drawn to the problems related to their 
reliability, especially when the movements are fast.

These studies represent a summary of the papers published in the last decade in the agriculture sector. 
The available research has shown a lack of high-quality studies (generally using statistical “prospective” 
studies) to evaluate the dose-response relationship between the level of biomechanical exposure at 
work and the outcome (MSDs). It is necessary to consider in fact that, given the lack of results of clinical 
studies in agriculture (due to the widespread difficulty in subjecting workers to health surveillance), 
occupational exposure limits connected with the probability of generating MSDs in the agricultural 
setting are not available.

The OCRA checklist method, in its multi-day cycle risk assessment version,[22] is currently the only 
risk assessment method available in literature capable of offering criteria and application experiences 
to address multitask analysis (supported by a specific simple tool in the form of free download 
spreadsheets for final risk calculation).

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

Clinical evaluation of exposed workers, conducted in multitask studies in agriculture with the OCRA 
method and with other methods, are still limited to few longitudinal studies due to great difficulty in 
having case studies subjected to health control, as there are rarely fixed-term workers, but more often 
seasonal workers, with high turnover, without regular work contracts and underpaid. For this reason, 
the prospective studies are difficult and very rarely can be concluded.

After all, the development of a method capable of predicting the appearance of pathologies (real risk 
assessment method) can be conquered only after years of use and improvement. The development of 
a new TR which, offering evaluation solutions for biomechanical overload study in agriculture, can 
stimulate many more valid epidemiological studies in the future, is therefore desirable. The concept of 
doing nothing, while waiting for sufficient and perfect published methods, means not doing prevention.

The NIOSH itself, due to the formula for calculating the lifting index (LI), changed the maximum limit 
value of its first formula several times over the years, through years of application experience. Recently 
the NIOSH added the formula for calculating the variable lifting index (VLI) for the evaluation of 
manual lifting tasks of complex loads, with many different weights and geometries[20],[63]. The gained 
experience in this type of analysis was introduced in ISO/TR 12295 and ISO 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).

﻿

viii� © ISO 2021 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 23

47
6:2

02
1

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


﻿

Ergonomics — Application of ISO 11226, the ISO 11228 
series and ISO/TR 12295 in the agricultural sector

1	 Scope

This document is intended to be used alongside ISO/TR 12295, ISO 11226 and the ISO 11228 series in 
the agricultural sector. This document gives information on how existing standards can be used in a 
global sector such as agriculture where, albeit with different characteristics, biomechanical overload is 
a relevant aspect, WMSDs are common and specific preventive actions are needed.

The proposed project aims to:

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

2)	 provide examples of procedures for hazard identification, risk estimation or evaluation and risk 
reduction in different agricultural settings, through:

—	 more synthetic procedural schemes (main test);

—	 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 agricultural 
macro-cycles, considering upper limbs repetitive movements, manual lifting and carrying, 
pushing-pulling);

—	 Annex C (study of awkward postures with criteria derived from the actual standards and 
scientific literature as TACOS method).

2	 Normative references

There are no normative references in this document.

3	 Terms and definitions

No terms and definitions are listed in this document.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

—	 ISO Online browsing platform: available at https://​www​.iso​.org/​obp

—	 IEC Electropedia: available at http://​www​.electropedia​.org/​

TECHNICAL REPORT� ISO/TR 23476:2021(E)
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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 identify 
situations in which they may apply the ISO 11228 series, ISO 11226 and ISO/TR 12295 in different 
agricultural settings (key-enter and key-questions level). Only in the early analytical stage is the 
opportunity offered to map, even if only using subjective data obtained by interviewing the workers 
(through the identification of groups of workers, homogeneous for exposure to occupational risks), 
all the occupational hazards and not just the risk of biomechanical overload.

—	 Second level: provides a “quick assessment method” (according to the criteria provided in 
ISO/TR 12295) for easily recognizing activities that are “definitely acceptable or definitely critical”. 
If an activity is “neither definitely acceptable nor definitely critical”, it is necessary to complete 
a detailed risk-assessment as set out in the standards, continuing with the necessary subsequent 
preventive actions.

—	 Third level: refer to detailed methods for risk assessment set out in the relevant standards when the 
quick assessment method shows that the activity risk falls between the two exposure conditions 
(definitely acceptable or definitely critical).

The above approaches and scopes are illustrated in the flowchart in Figure 1 and are described in the 
main text of ISO/TR 12295.

At first the user is required to answer a short series of practical questions present in the first and second 
level. It is emphasized that the quick-assessment method is best implemented using a participatory 
approach involving workers in the enterprise (homogeneous groups of workers).

This involvement is deemed to be essential for effectively setting priorities for dealing with the different 
hazard and risk conditions and, where necessary, identifying effective risk reduction measures.

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

The analytical risk assessment approach (third level) provides all users, especially those experienced 
in ergonomics, or familiar with the ISO 11228 series, with details and criteria for applying the risk 
assessment methods proposed in the original standards also to agriculture.

This analytical risk assessment approach is fully consistent with the methods proposed in the standards 
and does not introduce any changes in the criteria (mathematical model) for risk calculations, defined in 
the existing standards (as well expressed in ISO/TR 12295) but only adapts the proposed methodology 
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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Figure 1 — Different risk assessment levels according to ISO/TR 12295 for biomechanical 
overload estimation

4.2	 Study of tasks distribution over the year and search for groups of workers who are 
homogeneous in terms of risk exposure

4.2.1	 General

In a setting such as agriculture, before starting a risk analysis, it is necessary to define a set of 
procedures and criteria for estimating risk in complex situations where workers perform multiple 
tasks, variously distributed in qualitative and quantitative terms over the year (annual cycle).

The general risk evaluation process entails a certain number of steps, beginning with:

a)	 identification of the macrocycle of the many different tasks;

b)	 analysis of farming tasks to identify tasks performed within the period and obtain a qualitative 
definition of the work during each month of the year;

c)	 identification of one or more homogeneous groups.

4.2.2	 Macrocycle duration

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 
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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, at least in the sectors of agriculture, building construction 
and services, accurately representative of job cycles. In agriculture, task rotations are typically annual, 
but one can 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 sector there 
is generally a yearly cycle for large construction sites, but a monthly cycle (modal) is more frequent 
in smaller-scale constructions and civil renovation projects. In other sectors (e.g. logistics for retail 
chains, cleaning services, food preparation facilities), the most common rotation scenario is monthly, 
while in yet other situations (e.g. supermarkets) tasks can be rotated on a weekly or, occasionally, a 
monthly basis.  

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

—	 If several identical sub-macro-cycles are repeated over the year, use 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 criteria and procedures for dealing with the 
biomechanical overload risk analysis are the same. Given the extreme activity variability, the 
recommendation is, however, to identify and evaluate representative modal scenarios.

4.2.3	 Phases and tasks identification

It is not simple to identify farming tasks, which may be very numerous and performed by different 
workers or groups of workers. At the outset, therefore, it is necessary to:

a)	 identify the specific cultivation or crop;

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

The same activity can be carried out in several different ways; each operating method is intended to 
be viewed as a separate task and listed accordingly (e.g. pruning with manual tool or pruning with 
pneumatic tool).

It is important to note that all the tasks performed at the farm over the year have to be evidenced, 
including preparing the soil, applying fertilizers and disinfectants and other seemingly ancillary 
activities, regardless of who performs them.

As it is so inherently difficult to identify phases and tasks in the crop growing or cultivation 
process,[21],[22],[25] a 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� © ISO 2021 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 23

47
6:2

02
1

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


﻿

ISO/TR 23476:2021(E)

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 (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)

Disinfection, 
disinfestation, fer-
tilizing, chemical 
weeding

with tractor
manual with machinery
manual with tools
with manual tools and pulling or pushing
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)

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 (without lifting 
up to max. 3 kg)

Intermediate 
farm work (e.g. 
pruning, binding, 
thinning)

pruning with manual tools
pruning 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
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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Harvesting of 
crops

automatic with tractor
semi-automatic with tools or machinery
manual with manual tool
manual with pneumatic or electric tools
manual without 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 (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)

4.2.4	 Identification of the different homogeneous groups

The next step is to assign tasks to an individual worker or group of workers exposed to the same risk, 
to identify homogeneous groups. Since the focus of the analysis is the exposure of workers to a set of 
conditions determined by the tasks they are assigned to perform, it is first necessary to identify which 
homogeneous group of workers are present that need to be examined.

The homogeneous group of workers for risk exposure (as groups of workers homogeneous for working 
risks are being defined, not groups of people homogeneous for other factors, such as weight, age, 
culture or 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 be made 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 different 
durations or time patterns (e.g. one group works full-time and the other works part-time) the two 
groups must be analysed separately.

For instance, typically (as presented in Table  2), a single group of workers may be assigned the job 
of actually growing a crop (tasks may 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.

Homogeneous groups of seasonal 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 before 
conducting the first levels of risk evaluation (key questions and quick assessment level).

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 %            

MMH of small branches   20 % 20 % 30 % 30 % 30 %            

Manual harvesting on ground             45 % 45 % 45 %      

Manual harvesting on ladder             35 % 35 % 35 %      

MMH of ladder             10 % 10 % 10 %      

Preparing machine to apply ferti-
lizer                        

Driving tractor                        

Composting (manual)                        

Disinfection (manual)                        

Disinfection (tractor)                        

Push/pull trolley-large branches   5 % 5 % 5 % 5 % 5 %       5 % 5 %  

Push/pull trolley-small branches   5 % 5 % 5 % 5 % 5 %       5 %    

Push/pull trolley-fruit boxes             10 % 10 % 10 %      

  0 100 % 100 % 100 % 100 % 100 % 100 % 100 % 100 % 100 % 100 % 100 %

Table 3 — Example of description of tasks (workers prepare and disinfect the soil, apply 
fertilizers) performed monthly by homogeneous group 

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

Plowing (tractor) 40 % 20 % 20 % 20 % 40 % 30 % 30 % 30 %   100 % 20 %  20 %

Installing irrigation system 20 %                      

Planting (manual)  

Planting (mechanical)   20 % 20 %

Pruning large branches with chainsaws  

Pruning with manual shears  

MMH of large branches

Pruning with manual shears  

MMH of small branches  

Manual harvesting on ground  

Manual harvesting on ladder  

MMH of ladder           70 % 70 % 70 %        

Preparing machine to apply fertilizer   10 % 10 % 10 %             20 % 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)            

﻿
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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 harvesting on ladder 35 % 35 % 35 %      

MMH of ladder 10 % 10 % 10 %      

Preparing machine to apply ferti-
lizer            

Driving tractor            

Composting (manual)            

Disinfection (manual)            

Disinfection (tractor)            

Push/pull trolley-large branches       5 % 5 %  

Push/pull trolley-small branches       5 %    

Push/pull trolley-fruit boxes             10 % 10 % 10 %      

  100 % 100 % 100 %

5	 First levels: pre-mapping of danger and discomfort through key questions and 
quick assessment

5.1	 Foreword

One of the latest developments being pursued by the World Health Organization (WHO) and other 
international organizations (ILO, ISO), in relation to preventing work-related diseases and disorders 
concerns the creation of toolkits[8],[9],[17],[19],[26],[27].

The main aim is to rapidly but accurately identify the presence of possible sources of risk, using 
instruments that can easily be used by accident prevention officers, occupational physicians, business 
owners, workers, trade union representatives and security services.

However, this objective also reflects the criteria set forth in ISO/TR 12295 with respect to the risk of 
biomechanical overload, 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 have been 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[64]) 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;

﻿

Table 4 (continued)

8� © ISO 2021 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 23

47
6:2

02
1

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 to rapidly 
detect potentially dangerous situations requiring specific preventive interventions;

—	 trade union representatives.

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:

—	 globality: a global approach towards assessing the worker's discomfort, due to either the task or 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 clearly in 
bar graphs will not only help to identify problems but also offer a scale of priorities for conducting 
subsequent assessments and ergonomic redesign.

5.2	 The pre-mapping model

Please note that the pre-mapping model (presented in greater detail in Annex A) has to be used through 
the interview of workers of each homogeneous group (i.e. groups of workers exposed to the same 
occupational hazards).

This step entails two levels of intervention (Figure 1):

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

The first level is broken down into several “boxes” relating to the main types of risks, for example 
handling loads, repetitive movements of the upper limbs, postures, noise, microclimate, chemicals, 
organization of work and stress. This preliminary level ensures that anyone can simply and generally 
observe the workplace and respond to the expected closed-ended questions by interviewing the 
workers. The main highlights of the model are described in Annex A.

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

Quick assessment consists in a rapid identification of acceptable risk (using the traffic light colours), 
indicated as green when risk is absent, red when very high and purple when critical. Quick assessment 
procedure produces the following information:

a)	 if the situation is code green (green light) the quick risk assessment process can stop here because 
it means that there is no meaningful occupational risk;

b)	 if a critical code (purple light) is detected, then there is definitely a significant occupational risk 
and immediate corrective action is required;

c)	 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[35] 
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 various risk factors is estimated through the study of the collective subjectivity of the homogeneous 
working group.

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

In this way, through the subjective verification of collective distress, the effect of anthropometric 
parameters on the work performed is taken into great consideration in determining the priorities for 
subsequent improvement interventions.

The results of the pre-mapping exercises carried out via “key-enters, key questions and quick 
assessments” is also summarized graphically to more comprehensively define the “pre-mapping” 
and corrective action priorities. The programmed spreadsheet, described previously, generates this 
summary automatically.

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

(PLi/PMi×100×W)	 (1)

where:

  PLi is the score for each risk inducer,

  PMi is the predefined maximum inducer score,

  W is the time-weighted 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 are merely 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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a)   Homogeneous group 1 — full-time (data from Table 2)

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

Figure 2 — Final summary of results depicting histograms for all possible risks for 
homogeneous group 1

﻿
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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 year

6.1	 General

To switch from the pre-mapping of discomfort and dangers (first and second levels) to the actual risk 
assessment phase (third level) for all risks, it is necessary to undertake in-depth organizational studies, 
utilizing not only qualitative data but also quantitative data.

In this clause all the procedures necessary for the evaluation of the most typical biomechanical 
overload risks (repetitive movements and manual lifting) are explained through the use of a not real 
but representative example of agricultural cultivation, made up of few tasks (the same homogeneous 
group 1 presented 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 greater 
detail,[20],[22],[31],[32],[33],[34],[46],[47][59],[60],[61],[62],[63] also through real examples derived from 
viticulture.

The results presented have been obtained with specifically prepared simple tool, which is discussed 
in this clause. In fact, considering the amount of data to be collected and written in an orderly manner 
and the number of calculations to be done with the use of complex formulas, another specific simple 
tool was built to make reliably easy and possible such risk assessments and overcome the inherent 
difficulties mentioned: “ERGOepmVINCIocraNIOSHpushTAeng (..)”[64], 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 
(excluding lunch break)   3 3 3 3 3 3 3 3 3 3 3

Actual duration of the pause (excluding lunch 
break)   30 30 30 30 30 30 30 30 30 30 30

Duration lunch break if this is inside the shift (the 
technical name is "paid lunch"; to calculate the 
net time of repetitive work, its duration must be 
subtracted from the shift time)

                       

Shift is held consecutively (i.e. without interrup-
tions, for example due to a change of workplace)                        

If the shift is not consecutively because of breaks 
for change of working site (or for unpaid lunch 
break) mark the number of interruptions only 
if the duration is equal to or higher than half an 
hour

  1 1 1 1 1 1 1 1 1 1 1

Total actual pause duration present in work-
ing time 0 30 30 30 30 30 30 30 30 30 30 30

Non-repetitive tasks

Putting on or taking off uniforms (protective gear)   10 10 10 10 10 10 10 10 10 10 10

Cleaning   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:                        

Total minutes of non-repetitive tasks in shift 0 30 30 30 30 30 30 30 30 30 30 30

Net 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 order to make this estimation, the following information is necessary (Table 6): the number of hours 
worked every month by the entire homogeneous group for the total number of tasks. This information 
is readily available on the farm as it is required to calculate the cost of the active workforce.

Since the aim is to 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 depiction 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 ratios enter the critical zone (100 % of the constant is exceeded: grey colour). The example 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-
ing any seasonal or casual workers

900 1 600 1 920 1 920 2 300 3 800 3 400 2 080 1 600 1 300 900
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Total working hours per year/worker Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

% reduction, considering the real shift 
duration and the net duration

0

%

86

%

86

%

86

%

86

%

86

%

86

%

86

%

86

%

86

%

86

%

86

%

No. of hours spent per month/worker per-
forming repetitive tasks 0,0 77 137 137 137 140 181 182 137 137 111 77

No. of hours worked per month/worker 90 160 160 160 164 211 213 160 160 130 90

% based on a constant of 40 h/week, 160 h/
month, 20 days/month

56

%

100

%

100

%

100

%

103

%

132

%

133

%

100

%

100

%

81

%

56

%

No. of workers versus total workers 10 10 10 12 12 14 18 16 13 10 10 10

No. of seasonal or casual workers 2 2 4 8 6 3

Total working hours/worker 1 698    

Constant working hours/worker 1 760

 

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

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

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

Before going on to complete the organizational analysis of the risk-exposed worker or homogeneous 
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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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 1 760

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

a)	 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 for homogeneous 
group 1). The proportional description of the tasks does not require extreme precision. The 
employer, or the members of the homogeneous group, can usually provide the information quite 
easily.

b)	 The number of hours worked each month of the year by each worker in homogeneous group 1 
(Table 6).

Once percentage duration per month of each task has been provided, it is possible to estimate the 
number of hours worked on each task every month (Table  8) by matching the proportional task 
descriptions shown in Table 2 to the total number of hours worked per month/worker (Table 6). The 
free spreadsheet automatically estimates this distribution, as shown in the example in Table 8.

After obtaining the duration in hours of the various tasks performed each month, the next step is to 
obtain the critical figure enabling the final risk to be evaluated: the total number of hours worked per 
year on each task by each member of the homogeneous group, and the proportion of these hours versus 
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, for 
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

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

hours worked 
per year

Hours worked 
per year/task

% on a year 
constant  
(1 760 h/ 

year)

Plowing (tractor) 0 0 0 0 0 0 0 0 0 0 0 0 0,0 % 0 0,0 %

Installing irriga-
tion system 0 0 0 0 0 0 0 0 0 0 0 0 0,0 % 0 0,0 %

Planting (manual) 0 0 0 0 0 0 0 0 0 0 52 9 3,6 % 61 3,5 %

Planting (mechan-
ical) 0 0 0 0 0 0 0 0 0 0 26 81 6,3 % 107 6,1 %

Pruning large 
branches with 
chainsaws

0 0 0 0 0 0 0 0 0 0 0 0 0,0 % 0 0,0 %

Pruning with man-
ual shears 0 0 0 0 0 0 0 0 0 80 7 0 5,1 % 87 4,9 %

MMH of large 
branches 0 0 0 0 0 0 0 0 0 64 39 0 6,1 % 103 5,9 %

Pruning with man-
ual shears 0 63 112 96 96 99 0 0 0 0 0 0 27,4 % 466 26,5 %

MMH of small 
branches 0 18 32 48 48 49 0 0 0 0 0 0 11,5 % 195 11,1 %

Manual harvesting 
on ground 0 0 0 0 0 0 95 96 72 0 0 0 15,5 % 263 14,9 %

Manual harvesting 
on ladder 0 0 0 0 0 0 74 74 56 0 0 0 12,0 % 204 11,6 %

MMH of ladder 0 0 0 0 0 0 21 21 16 0 0 0 3,4 % 58 3,3 %

﻿

Table 7 (continued)

© ISO 2021 – All rights reserved� 15

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 23

47
6:2

02
1

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


﻿

ISO/TR 23476:2021(E)

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

hours worked 
per year

Hours worked 
per year/task

% on a year 
constant  
(1 760 h/ 

year)

Preparing machine 
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 0 0 0 0 0 0 0 0,0 % 0 0,0 %

Composting (man-
ual) 0 0 0 0 0 0 0 0 0 0 0 0 0,0 % 0 0,0 %

Disinfection (man-
ual) 0 0 0 0 0 0 0 0 0 0 0 0 0,0 % 0 0,0 %

Disinfection 
(tractor) 0 0 0 0 0 0 0 0 0 0 0 0 0,0 % 0 0,0 %

Push/pull trolley 
with large branch-
es

0 5 8 8 8 8 0 0 0 8 7 0 3,0 % 51 2,9 %

Push/pull trolley 
with small branch-
es

0 5 8 8 8 8 0 0 0 8 0 0 2,6 % 45 2,5 %

Push/pull trolley 
with fruit boxes 0 0 0 0 0 0 21 21 16 0 0 0 3,4 % 58 3,3 %

  1 698  

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

7.2	 Phase A – Analysis of each individual task using the OCRA checklist to calculate the 
intrinsic risk score and prepare the tasks basic risk evaluation for each crop

To prepare the tasks basic risk evaluation for each crop, it is necessary to calculate the intrinsic risk 
score for all the tasks present in the crop, that means evaluating each task as if it were the only one 
performed by a worker all the time (i.e. for the whole shift and the whole year). To estimate the “intrinsic 
risk index” of each task, reference is made to a shift constant featuring:

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

—	 one 30 min meal break and two 8 min to 10 min breaks (recovery multiplier = 1,33).

The “intrinsic risk index of each task” is calculated by applying the OCRA checklist to all the tasks 
performed in the specific crop, for both the right arm and the left arm. The final indexes 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 other based on the “MultiGEI” based on the most overloading task (calculated with respect 
to its actual duration), as the minimum exposure score that can be increased versus the score of 
the other tasks, taking their relative durations into account. The new “MultiGEI” formula derived 
directly from “multitask complex” formula, used for daily turnover (see Annex B).

These two models have already been used for calculating the daily turnover, i.e. when the task rotation 
occurs within (time-weighted average) or outside (multitask complex) the 90-min timeframe. Both 
the mathematical models have been used and adjusted for calculating annual and monthly multi-task 
exposure risk.

In order to apply the models to annual and monthly exposure, it has been necessary to convert the data 
relative both 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 steps necessary for performing this conversion, staring from data presented in Table  8 for 
homogeneous group 1 (detail in Annex  B, also through calculation examples), are summarized as 
follows:

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

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

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

—	 evaluation of artificial day, or fictitious working day, representative of the year, by dividing the 
net hours worked/year (“net” means having excluded pauses, non-repetitive accessory works) 
for 220 (predefined constant number of working days per year) and multiplying the result by 60, 
thus obtaining the new duration in minutes, to proportionally represent the year. 1  790  h/year 
(default 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 
(Annex  B) becomes proportionally less than 1. Applied then to the result of the final risk index, 
it will reduce it, always in proportion to the actual duration. In this way the risk can be reduced, 
reducing or increasing the number of hours worked in the year compared to the default constant.

Figure 5 compares the month-by-month results (for the right limb) using the two formulas, i.e. “time-
weighted average” and “MultiGEI”, as obtained automatically using the specific simple tools. In order 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.

a) Time-weighted average evaluation: 13,8 right-left 13,8 in homogeneous group 1 (11 months, 
working full-time – 7 h/shift)

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

c) Time-weighted average evaluation: 8,8 right in homogeneous group 2 (11 months, working 
full-time – 7 h/shift)
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d) MultiGEI formula evaluation: Right 12,4 in homogeneous group 2 (11 months, working full-
time – 7 h/shift)

NOTE	 Considering the result of the intrinsic values of the OCRA checklist presented in the four figures, the 
colours used mean: white = no risk; light grey: borderline risk; medium grey: risk present; dark grey = high risk.

Figure 5 — Exposure index scores (for homogeneous group 1 in Table 2 and for homogeneous 
group 2 in Table 3, full-time) plotted by month over the whole year, using both the 

recommended formula

In agriculture, scenarios such as the one depicted in Figure 6 (homogeneous group 3) are anything but 
rare. Work may be organized in many different ways with respect to annual exposure; here are a few 
examples:

a)	 workers exposed to risk for only one or two months a year during harvesting of a specific crop (e.g. 
fruit in summer); worker employed by only one farm;

b)	 workers exposed to risk during the summer months during harvesting of several crops (e.g. 
different fruits) for one employer but on several farms;

c)	 workers exposed to risk practically all year round, working on more than one crop (e.g. grapes and 
fruit), for many small holdings (pruning work).
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Distribution of hours/shift/worker 
performing different tasks each 

month of the year
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Plowing (tractor) 0 0 0 0 0 0 0 0 0 0 0 0
Installing irrigation system 0 0 0 0 0 0 0 0 0 0
Planting (manual) 0 0 0 0 0 0 0 0 0 0 64
Planting (mechanical) 0 0 0 0 0 0 0 0 0 0 32
Pruning large branches with chainsaws 42 42 36 96 0 0 0 0 0 32 16 0
Pruning with manual shears 18 18 24 64 0 0 0 0 0 128 48 0

% hours worked per month/worker 
based on a constant of 160 h/month  

OCRA checklist: final exposure index for the whole 
year obtained using the two formulae:

— Time-weighted average: 6,4(right)
— MultiGEI: 13,1(right) 

Figure 6 — Homogeneous group 3 (6 months, working full-time – 7 h/shift) does the 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.

The 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 
and discussing the problem at hand.

The use of the OCRA checklist for analysing the risk of biomechanical overload of the upper limbs in 
farm work may still seems very complex or at least time-consuming.

Arguably, 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 observed that 
when the same techniques 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 farm work, i.e. 
featuring uniform variables, which can be pre-set following an initial evaluation.

Going forward, efforts are being made to develop a basic software for a specific cultivation with all the 
specific intrinsic risk values of each task as pre-set data. To assess risk for a homogeneous group (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 ([28],[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]–[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.

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

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

8.2	 Analysing 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 workplaces 
at risk of biomechanical overload are ISO 11228-1, ISO 11228-2, ISO 11228-3 and ISO 11226.

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

—	 analyse all the risk factors present, including organizational factors; a multifactorial analysis is 
strictly necessary;

—	 consider the results of epidemiological studies (i.e. analysis and distribution of damage caused to 
exposed 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 method for studying manual load lifting (see References [18], [20] and [49] and ISO 11228-1), 
both extensively validated in the literature and suggested by the specific International Standards, 
ultimately reach a final risk assessment through a multifactorial approach that includes investigating 
organizational aspects (frequency and duration), awkward postures, subjective force and other factors. 
Awkward postures are therefore included in both these evaluation techniques as one of several risk 
factors

8.3	 Analysing spinal working postures without manual load lifting and lower limb 
postures (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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—	 the duration of each task;

—	 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 
task.

The aim of the method proposed here is not to decide which posture should be analysed; extensive use 
is in fact made of the ones currently featured in the literature and in current standards. The purpose 
is rather to suggest how to time them correctly even in very complex scenarios, where workers are 
exposed to multiple tasks and work cycles lasting longer than one day.

Since the data management activities and risk score calculations are so complex, a specific simple tool 
(in this case the same spreadsheets before presented for repetitive movements, in which a specific 
sheet is dedicated to the study of postures) have been developed to gather, condense and automatically 
process the data.

This “posture sheet”, present in this simple tool, helps in implementing the strategy for calculating risk 
associated with exposure to awkward postures, i.e. the TACOS model[23],[24].

8.4	 The TACOS method: contents and criteria for back and lower limb posture analysis

As for the other topics in this clause, the methodological details for this topic are collected in Annex C, 
dedicated to the analysis of working postures.

Figure  7 lists the main postures to study, broken down by main segment, and the specific scores 
assigned. The postures chosen for this analysis are those used in various methods reported in the 
literature and in International Standards; they have only been simplified or regrouped to ensure a clear 
understanding.

As to the criteria adopted for assigning scores, note that the exposure scores simply rank postures from 
the least to the most uncomfortable (generally from “neutral” to the most awkward). The risk scores 
are assigned starting from the most comfortable posture (e.g. seated upright, reclining against a back 
rest) as follows:

—	 score 0,5 when the worker spends 1/3 of the time (approximately 20 % to 40 %);

—	 score 1,5 when the worker spends half the time (approximately 40 % to 60 %);

—	 score 3 when the worker spends 3/3 of the time (approximately 60 % to 100 %).

As the discomfort caused by the posture increases, the scores increase accordingly, starting from a 
duration of 1/3 of the time. The other scores start from this figure, which is then doubled or tripled. 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 duration of postures in each task can be readily measured with the help of pie charts depicting 
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 postures, 
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 colour (from green to violet), indicating the different degrees of awkwardness, also as a 
function of 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 degrees of awkwardness, as a function of the 
duration of the posture

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

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

Returning to the example of homogeneous group 1, whose organizational data are shown in Table 2 and 
Table 8, the procedure entails the use of the specific sheet present as a simple tool (the same spreadsheet 
for studying all different risk factors that determine the biomechanical overload as postures, manual 
handling, pushing/pulling), “ERGOepmVINCIocraNIOSHpushTAeng (…)”[64].

In order to study biomechanical overload of the upper limbs as a whole, rather than examining only 
awkward postures, it is necessary to apply a method that investigates all related risk factors responsible 
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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Figure 8 — Summary of awkward postures as intrinsic values for the upper limbs, obtained 
using the OCRA checklist method (homogeneous group 1 full-time)

Considering the risk scores for each individual risk factor, it is clear that the contribution of the posture 
factor to the final task score is about 50 %. As always, these studies featuring multi-task exposure start 
from an assessment of the intrinsic risk of each task (as if the duration of the task corresponds to the 
duration of a standard shift, defined as a constant).

In Figure 9, the intrinsic values obtained for each task present in the cultivation and (sign in white line) 
carried out in the year by homogeneous group 1 are provided.

Since a task may be characterized by a single posture or multiple postures, it is important to check 
them considering also their specific duration in the task. In each single task, the single posture present 
(if there is only one) represents 100 % of duration. If there are many of them, the sum of the % duration 
of all the postures has to be always be equal to 100 % (except when there are uncomfortable postures of 
the head and pedals are used, because they are added to the other postures, without being alternatives 
to them).

The intrinsic postural score is generated for each task as the sum (horizontal line) of the corresponding 
scores for each postural risk score associated with that specific task. With the intrinsic risk scores and 
the duration of each task for each year, the same models as for the OCRA checklist multitask analysis 
can be used to estimate the risk indexes for the spine and lower limbs, i.e. both the “time-weighted 
average” and the “multi-task complex”.

As final results, the risk scores related to the study of the spine and lower limbs are evaluated, both as 
a whole (applying the “time-weighted average” and the “multi-task complex” formulae) broken down by 
the four main body areas (Tables 11 to 13): spine standing, spine sitting, lower limbs, head-neck.

Figure 10 shows the proportional distribution of the different postures of the spine and lower limbs 
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 % worked hours based 
on a constant

Plowing (tractor) 0    
Installing irrigation system 0    
Planting (manual) 52 18,0 3,0 %
Planting (mechanical) 92 8,0 5,2 %
Pruning large branches with chainsaws 0    
Pruning with manual shears 74 13,9 4,2 %
MMH of large branches 88 13,9 5,0 %
Pruning with manual shears 399 13,9 22,7 %
MMH of small branches 167 13,9 9,5 %
Manual harvesting on ground 225 13,9 12,8 %
Manual harvesting on ladder 175 17,0 9,9 %
MMH of ladder 50 13,0 3 %
Preparing machine to apply fertilizer 0    
Driving tractor 0    
Composting (manual) 0    
Disinfection (manual) 0    
Disinfection (tractor) 0    
Push/pull trolley with large branches 44 10,0 2 %
Push/pull trolley with small branches 38 10,0 2 %
Push/pull trolley with fruit boxes 50 10,0 3 %

 Table 12 — Awkward postures total final exposure scores

MultiGEI 
annual score

Time-weighted average 
annual score

15 11

 Table 13 — Awkward postures final exposure scores subdivided by district

Head and neck
Spine in stand-

ing
position

Spine in sitting
posture

Legs

37 % 79 % 5 % 20 %
2,5 10,0 0,5 3,9

NOTE   The sum of the percentages for scores subdivided by district can be higher 
than 100 %, as some postures can involve different body areas at the same time 
(such as the head-neck).
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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.

Figure 11 — Proportional distribution of different awkward postures of the spine and lower 
limbs that are “absolutely inadequate” according to ISO 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) 11,9 (upper limb right 
side)

Table 15 — Results of the risk assessment for TACOS for body areas in homogeneous group 1, 
part-time

Head and neck Spine in standing posi-
tion

Spine in sitting posture Legs

37,8 % 71,8 % 4,4 % 22,1 %
0,7 2,6 0,1 1,2

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

MultiGEI
annual score

Time-weighted average 
annual score

10,5 5,3
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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.

Starting from the consideration that all the tasks that characterize a cultivation are “repetitive 
for the upper extremities” ("change of clothing", "travel to reach the place of work" and "occasional 
maintenance" are all considered to be non-repetitive work), the same repetitive tasks may also involve 
manual handling of loads (as the operators lift and carry using the upper limbs).

Therefore, a task is not only “repetitive for the upper limbs”, only “with load handling”, only “involving 
incongruous postures” or only with “pulling and pushing”. The evaluation criteria of the risk of 
biomechanical overload involves rather the criterion of “... and... and… and...” not “... or... or... or...”.

The definition of repetitive movements and manual lifting or carrying comes from the presence of 
positive answers to the specific “key-questions” according to ISO/TR 12295.

From Table  2 and Table  8 only the manual lifting tasks have extrapolated, by setting them alone in 
Table 17 and 18, keeping their durations first in per cent and then 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 over the whole year (357 hours only) and, in the 
same year, the % duration of the total hours dedicated to MMH versus the constant 1 760 h worked per 
year. 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, the 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 in ISO 11228-1 and ISO/TR 12295[20],[59]–[63].

The manual load lifting work may be characterized as “mono task, composite task, variable task”. There 
are 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 same tasks for 
several days, with tasks alternating mainly with the change of season.

For this reason, to calculate the intrinsic risk indexes (due to manual lifting in agriculture) for each task 
present in a crop, it is important to stress again that the frequency/duration multiplier must be used for 
long 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 chainsaws

Pruning with manual 
shears

MMH of large branches 40 % 30 %

Pruning with manual 
shears

MMH of small branches 20 % 20 % 30 % 30 % 30 %

Manual harvesting on 
ground

Manual harvesting on 
ladder

MMH of ladder 10 % 10 % 10 %

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

Table 18 — Net duration of tasks (hours) with MMH performed by homogeneous group 1 (full-
time) over the year

Tasks Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
% total 
hours/

year with 
MMH

Net 
hours/

year/task

% on a 
year con-

stant

Plowing (tractor)

Installing irriga-
tion system

Planting (manual)

Planting (me-
chanical)

Pruning large 
branches with 
chainsaws

Pruning with 
manual shears

MMH of large 
branches 64 39 0 28,9 % 88 (103) 5,9 %

Pruning with 
manual shears

MMH of small 
branches 0 18 32 48 48 49 54,8 % 167 (195) 11,1 %
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Tasks Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
% total 
hours/

year with 
MMH

Net 
hours/

year/task

% on a 
year con-

stant

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 %

Preparing ma-
chine to fertilizer

Driving tractor

Composting 
(manual)

Disinfection 
(manual)

Disinfection 
(tractor)

Push/pull trolley 
with large 
branches

Push/pull trolley 
small branches

Push/pull trolley 
fruit boxes

  0 18 32 48 48 49 21 21 16 64 39 0 100 % 306 (357) 20 %

Table 19 — Intrinsic risk indexes of tasks with manual load lifting for homogeneous group 1 
calculated considering different genders and ages

Tasks
Active tasks

for MMH
Adult males Adult females Older and 

younger males
Older and 
younger 
females

Plowing (tractor)          

Installing irrigation system          

Planting (manual)          

Planting (mechanical)          

Pruning large branches with chainsaws          

Pruning with manual shears          

MMH of large branches X 1,5 1,9 1,9 2,5

Pruning with manual shears          

MMH of small branches X 1,0 1,3 1,3 1,7

Manual harvesting on ground          

Manual harvesting on ladder          

MMH of ladder X 3,0 3,8 3,8 5,0

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).

Mfwd=HMy/ CDy × 60	 (2)

where

  Mfwd is the “artificial working day” in manual lifting in minutes;

  HMy is worked hours per year with manual lifting;

  CDy is the number of worked days per year (constant).

Assuming HMy is equal to 360 hours per year, Mfwd is 84 min.

Considering “an artificial working day representative of the year” duration of 84 min, the corresponding 
duration multiplier is 0,5. The procedure and formulae [Formula  (B.6)] are the same ones used for 
calculating exposure to repetitive movements and awkward postures of the spine (without load lifting) 
and lower limbs.

Figure 12 shows examples of manual load lifting risk assessment in homogeneous group 1, full-time, 
where manual handling is present but only in some tasks of the crop and not performed for the whole 
shift (Tables  17 and 18). The only model used to calculate monthly and annual risk indexes is the 
“MultiGEI”. In fact, the NIOSH method never employs computational models that use the “time-weighted 
average”.

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
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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

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.

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 order to study the annual exposure risk for manual pushing and pulling it is necessary, as for other 
factors, to start again from the quantitative organizational studies already set out in Clause 6.

Taking Table  2 and Table  8 as a starting point for identifying the tasks performed during the year, 
only tasks, as for the tasks with MMH, involving pushing and/or pulling are 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 the whole year and, in the same year, the 
percentage duration of the total hours dedicated to pushing and/or pulling versus the constant 1 760 h 
worked per year.

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

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 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

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 
chainsaws                        

Pruning with manual shears                        

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

Push/pull trolley with large 
branches   5 % 5 % 5 % 5 % 5 %       5 % 5 %  

Push/pull trolley with small 
branches   5 % 5 % 5 % 5 % 5 %       5 %    

Push/pull trolley with fruit 
boxes             10 % 10 % 10 %      

 Table 21 — Duration in hours of pruning and harvesting tasks with pushing  
and/or pulling per month for homogeneous group 1 – full-time

Tasks Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
% of total 
hours per 

year at 
MMH

Hours 
per 

year 
per task

% on a 
year con-

stant

Plowing (tractor) 0 % 0 % 0 %

Installing irriga-
tion system 0 % 0 % 0 %

Planting (manual) 0 % 0 % 0 %

Planting (me-
chanical) 0 % 0 % 0 %

Pruning large 
branches with 
chainsaws

0 % 0 % 0 %

Pruning with 
manual shears 0 % 0 % 0 %

MMH of large 
branches 0 % 0 % 0 %

Pruning with 
manual shears 0 % 0 % 0 %

MMH of small 
branches 0 % 0 % 0 %

Manual harvest-
ing on ground 0 % 0 % 0 %

Manual harvest-
ing on ladder 0 % 0 % 0 %

MMH of ladder 0 % 0 % 0 %

Preparing 
machine to apply 
fertilizer

0 % 0 % 0 %

Driving tractor 0 % 0 % 0 %

Composting 
(manual) 0 % 0 % 0 %

Disinfection 
(manual) 0 % 0 % 0 %

Disinfection 
(tractor) 0 % 0 % 0 %

Push/pull trol-
ley with large 
branches

5 8 8 8 8 8 7 33 % 51 3 %

Push/pull trol-
ley with small 
branches

5 8 8 8 8 8 29 % 45 3 %

Push/pull trol-
ley with fruit 
boxes

21 21 16 38 % 58 3 %

 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

Pushing Pulling The worst between pull-
ing and pushing

m m m m m m

Tasks Active tasks 
for MMH Peak values

Mainte-
nance 
values

Peak values
Mainte-
nance 
values

Peak values
Mainte-
nance 
values

Disinfection (manual)              

Disinfection (tractor)              

Push/pull trolley with large 
branches X 1,0 0,85     1,00 0,85

Push/pull trolley with small 
branches X 1,2 1,1 1,4 1,0 1,4 1,1

Push/pull trolley with fruit 
boxes X 2,1 1,7 2,2 2,0 2,2 2,0

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.

 

a) Pushing/pulling exposure indices: distribution of exposure indexes in different months of 
the year obtained using the MultiGEI formula for homogeneous group 1, full-time

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

For this risk factor, as there are no computational models that can be applied to multi-tasking at cycles 
other than daily, it may be sufficient to identify a homogeneous group and then evaluate it for risk based 
on:

—	 the most representative modal day of the year and its frequency of occurrence, in per cent, during 
the year;

—	 the worst day of the year and its frequency of occurrence, in per cent, during the year;

—	 the easiest day of the year and its frequency of occurrence, in per cent, during the year.

To undertake 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, as presented in Annex A and in ISO/TR 12295.

12	 Conclusions

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

a)	 repetitive upper limb movements, including awkward posture of upper limbs;

b)	 manual handling of loads and carrying (including awkward posture of spine during manual lifting);

c)	 pushing and pulling;

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

Criteria and measurement methods already included in International Standards for biomechanical 
studies (ISO 11228-1, ISO 11228-2 and ISO 11228-3) and static working postures (ISO 11226 and 
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).

Considering the amount of data to be collected and written up and the amount of calculations to be done, 
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 (repetitive 
movements of the upper limbs, manual load lifting and carrying, awkward posture, pushing pulling)[64] 
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-multiyearERGOCHECKpremapENG[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.

This document also suggests how to conduct the assessment of real risk, illustrating the relevant 
principles and criteria and offering in the annexes examples of applications. It also provides strategies 
for applying risk calculation methods (OCRA multitask for repetitive movements, NIOSH for manual 
variable load handling and TACOS for studying and timing awkward postures of the spine and lower 
limbs in multitask analysis and pushing/pulling).

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

ERGOepmVINCIocraNIOSHpushTAeng (..)[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 year 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 preliminary analysis on how 
agricultural work is organized.

The purpose 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 information, 
risk levels can clearly be regarded as identical regardless of whether workers are exposed to full-time, 
part-time or seasonal work.

Given the complexity of organizational studies in agriculture, a simple yet specialized digital tool has 
been developed to help operators pre-map the discomfort and dangers involved in farm work. This tool 
is illustrated in this annex.

Two simple spreadsheets models, free to download, are available[64]:

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

—	 EPMIES-multiyearERGOCHECKpremapENG: this model (no.2) uses the same calculation structure of 
model no.1 but the macro-phases and tasks are blank. It may be used not only in agriculture but also 
other working sectors in which many different tasks are performed at different times throughout 
the year (e.g. building construction).

The main focus is on the first model.

A.2	 General pre-mapping 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,[21]–[24],[26],[27] a 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

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 (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)

Disinfection, 
disinfestation, fer-
tilizing, chemical 
weeding

with tractor
manual with machinery
manual with tools
with manual tools and pulling or pushing
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)

Planting

automatic with tractor
semi-automatic with tools and/or machinery
manual with manual tools (product weight up to max. 3 kg)
manual without tools (product weight up to max. 3 kg)
manual with manual tools (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 tools and pulling or pushing
other activities, without tools, with repetitive movements of the upper limbs (without lifting 
up to max. 3 kg)

Intermediate 
farm work (e.g. 
pruning, binding, 
thinning)

pruning with manual tools
pruning with pneumatic/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/ pushing
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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Harvesting of 
crops

automatic with tractor
semi-automatic with tools and/or machinery
manual with manual tools
manual with pneumatic/electric tools
manual without tools
manual carrying (weight up to max. 3 kg)
manual carrying (weight 3 kg)
with manual tools and pulling or pushing
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)

A.2.3	 Phase 2 – Identification of a homogeneous group

The first spreadsheet model mentioned in A.1 (no.1) requires the completion of an organizational 
analysis that is presented on spreadsheet page 1 (1-organization) and begins with the identification of 
homogeneous groups.

The next step is to assign tasks to individual workers or groups of workers exposed to the same risk: 
the homogeneous group. When tasks of the same type and duration are assigned to the same group of 
workers, a homogeneous group can be spoken of in terms of risk exposure. A homogeneous group may 
sometimes comprise one person, if no other workers perform the same task (from the qualitative and 
quantitative standpoint).

For instance, typically, a single group of workers may be assigned the job of actually growing a certain 
crop (tasks can include pruning, harvesting), while other workers prepare and disinfect the soil, apply 
fertilizers and so on.

When using “EPMIES-agriERGOCHECKprecultivoENG(..)”a new file has to be creatde for each 
homogeneous group assigned to cultivating one or more crops during the year.

Having opened the predefined universal cultivation document page, first of all it is necessary to write, 
for each worked month, the number of hours worked per person in that month (including all the tasks 
performed that month).

Subsequently an “X” has to be placed in the appropriate box to activate the tasks (in columns) performed 
by the homogeneous group, in each month of the year, for subsequent analytical quantification. The 
various tasks performed during different months of the year are thus recorded qualitatively and 
quantitatively (in percentages). The sum of the percentages indicated for each month (at the end of each 
column) must always equal 100 %. The percentages need not be perfectly accurate; they only describe 
the proportion of time spent each month performing a certain task.

Table A.2 shows an example of a form filled 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 
performs 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.

﻿

Table A.1 (continued)

42� © ISO 2021 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 23

47
6:2

02
1

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


﻿

ISO/TR 23476:2021(E)

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 
month[21]–[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 
proportionally greater or lesser; deviations from the exposure constants become the basic criteria for 
calculating variations in risk levels (or priorities) as a function of changes in exposure duration.
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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 
calculation converts the total duration of hours worked/year into a single day by comparing the 
constants. In the calculation, 100 % means that the year is equivalent to an artificial 430 min to 80 min 
per day (duration multiplier = 1, for the duration factor, as per the OCRA checklist method). The number 
of hours worked per year in the example amounts to 1 710 (which is very close to the constant 1 760 h/
year).

NOTE	 The grey area in the graph indicates that the constant has been exceeded.

Figure A.1 — Graph plotting the monthly distribution of tasks with durations indicated in per 
cent versus a constant 160 h/month for homogeneous group 1

Dividing this figure of 1 710 min by 220 working days/year and multiplying the result by 60, the number 
of minutes in the “artificial working day representing the time worked” in the year can be calculated: 
466 min in this example.

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 

min
Duration multiplier

Net time 
min

Duration multiplier

0–1,86 0,007 241–300 0,85
1,87–3,74 0,018 301–360 0,925
3,75–7,4 0,05 361–421 0,95

7,5–14,99 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 to examine 
the actual duration of such tasks throughout the year, which is undoubtedly lower than the duration 
attributed to the aforementioned potential risk factors (because not all the tasks listed involve manual 
load lifting).

These critical data are easy to obtain (in order to avoid overestimating exposure) by placing an “X” in 
the form against tasks featuring the characteristics indicated here: the hours of exposure automatically 
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 per month 
(Table A.4).

If the software “EPMIES-agriERGOCHECKprecultivoENG” with predefined tasks for universal 
cultivation is used, the tasks entailing manual lifting are already activated, but can be modified if 
necessary.

Tables A.5, A.6 and A.7 show the results of the search for exposure duration data, for each month of the 
year, for the remaining risk factors.

Table A.5 shows exposure duration data for each month of the year for manually carrying and pushing/
pulling (the names of the pre-entered tasks emphasize the existence of these jobs). Here, too, when such 
tasks are present, they appear already activated in the software with an “X” in the appropriate place (as 
described for Table A.4).

Table  A.6 shows exposure duration data for each month of the year for noise and vibrations from 
vibrating tools. The attribution of possible risk due to noise is applied to all tasks involving the use of 
vibrating tools, as well as for tasks that involve driving farm vehicles.

Table A.7 shows exposure duration data for each month of the year for risk factors associated with the 
use of inadequate equipment and machinery and exposure to whole body vibrations, again with a view 
to calculating the actual duration of exposure.
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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
0 16 64 64 24 0 0 0 0 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 48 32 56 8 0 8 40 20 0 5 20

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 % 30 % 20 % 35 % 5 % 0 % 5 % 25 % 13 % 0 % 3 % 13 %

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

vibrations

a) Duration of tasks in noisy environment
0 96 48 24 112 16 0 0 140 160 15 15

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 % 60 % 30 % 15 % 70 % 10 % 0 % 0 % 88 % 100 % 9 % 9 %

b) Duration of tasks performed with vibrations affecting the upper arms
0 96 48 8 16 16 0 0 140 160 10 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 % 60 % 30 % 5 % 10 % 10 % 0 % 0 % 88 % 100 % 6 % 0 %

Table A.7 — 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 use of tools, machinery and 

(b) whole-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 Dec
0 % 90 % 60 % 60 % 85 % 100 % 100 % 125 % 125 % 113 % 56 % 22 %

b) Duration 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 Dec
0 % 30 % 0 % 10 % 65 % 0 % 0 % 0 % 0 % 0 % 6 % 9 %

As described in Figure A.1, the graphs in Figures A.2 and A.3 depict the distribution of working hours in 
percentages for the various risk factors. It is easy to see how the potential duration of exposure differs 
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.
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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

Having entered all the necessary organizational data (i.e. tasks and task durations for each month 
of the year) into the first worksheet of the “EPMIES-agriERGOCHECKprecultivoEN” programme, and 
automatically generated the specific duration multipliers for each risk factor, it is now possible to fill 
in the various parts as per the classic “ERGOCHECK model” (see ISO/TR 12295 and references [26] and 
[27]).

Each risk factor present appears automatically in percentage terms per month, and the duration 
multipliers automatically adjust the risk scores for the various factors based on their actual duration.

For the example analysed earlier and depicted in Table A.2 (homogeneous group 1), Figure A.4 indicates 
the “key-enters” for biomechanical overload, due to repetitive movements, manual load lifting, manual 
load transporting pushing/pulling.

The data regarding the estimated duration, in this subclause, appear automatically due to the “key-
enters” that were marked, as presence in percentage, each month of the year.

The data derives from the first worksheet indicating the relevant organizational data. It can be observed 
that the various risk factors are present at very different levels throughout the year.

Figure A.5 shows all the preliminary key-enters required to record the presence of awkward postures; 
all that needs to be done is to place an “X” indicating which awkward postures are observed. A more 
specific worksheet is used to describe the type and duration of the main awkward postures reported 
by the homogeneous group.

At this point the various parts of the worksheet are completed for each individual risk factor, in the 
usual way. Figures A.6 and A.7 sum up the overall results. Although the duration multiplier cannot be 
seen, it nonetheless automatically modifies the risk score, depending on the relevant “danger level”.
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a) Risk factors for which exposure equates to the total hours worked/year: worked hours/
year = 1 710 (100 %)

b) Duration of tasks that involve manual lifting of load: worked hours/year = 322 (50 %)

c) Duration of tasks that involve carrying: worked hours/year = 213 (35 %)
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d) Duration of tasks that involve pushing/pulling: worked hours/year = 237 (50 %)

Figure A.2 — Percentage of hours worked/month versus the constant

a) Duration of tasks in noisy environment: worked hours/year = 626 (65 %)

b) Duration of tasks performed with vibrations affecting the upper arms: worked hours/
year = 494 (65 %)
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c) Duration of tasks performed with tools and equipment or parts of machines – worked hours/
year = 494 (65 % %)

d) Duration of tasks performed with equipment – tractors, farm machinery (whole body vibra-
tions): worked hours/year = 1 497 (95 %)

Figure A.3 — Percentage of hours worked/month versus the constant 

Figure A.4 — “Key-enters” for biomechanical overload: presence (in %) for each month of the 
year
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Figure A.5 — “Key-enters” for a preliminary definition of awkward postures

a) Key-questions for identifying indoor (or outdoor) lighting problems

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

d) Key-questions for identifying problems arising from the use of equipment, machinery and/or 
parts of machinery

Figure A.6 — “Key-questions” for the study of risk factors

a) Key-questions for identifying upper limb problems related to vibrations (use of vibrating 
tools)

b) Key-questions for identifying whole body problems related to vibrations (driving trucks or 
other vehicles)
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c) Key-enters for identifying problems associated with biological or other pollutants

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

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

A.3.2	 Results concerning the “quick assessment” for biomechanical overload of the 
upper limbs

Although the “quick assessment” part of the worksheets is completed in the same way as the classic 
“ERGOCHECK” model,[27] all of the completed worksheets are presented here for use as exercises and 
for learning to use the tool later on.

Figures A.8, A.9, A.10 and 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 environment, 
the part calling for a more accurate description of the activities performed by the upper limbs is 
activated (Figure A.10).

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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Figure A.9 — “Quick assessment” for biomechanical overload of the upper limbs: 
check for the presence of acceptable or critical conditions

Figure A.10 — “Quick assessment” for biomechanical overload of the upper limbs: risk analysis 
in the absence of acceptable or critical conditions

Figure A.11 — “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.

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

Figure A.13 — “Quick assessment” for manual load lifting: check for the presence of acceptable 
or critical conditions
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Figure A.14 — “Quick assessment” for manual load lifting: exposure analysis for loads weighing 
more than 10 kg

Figure A.15 — “Quick assessment” for carrying manual load: comparison between transported 
cumulative mass and recommended cumulative mass

Figure A.16 — “Quick assessment” for manual pushing/pulling: preliminary factor analysis for 
the object to be handled and the working environment
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Figure A.17 — “Quick assessment” for manual pushing/pulling: check for the presence of 
acceptable or critical conditions

Figure A.18 — “Quick assessment” for biomechanical overload due to manual load handling: 
final evaluation with corrective actions in order of priority

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

The worksheet on awkward postures must summarize – albeit roughly – all the postures adopted 
throughout the whole year (Figure A.19).
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Figure A.19 — “Quick assessment” for the study of awkward working postures

A.3.6	 Results concerning the “quick assessment” for chemical and biological pollutants

The completed worksheets are attached (Figures A.20 and A.21).

A.3.7	 Results concerning the “quick assessment” and “preliminary analysis” for work-
related stress

The workers did not report any major organizational issues or problems with coworkers (“exposure” 
factor acceptable); certain “sentinel” events or early warning signals are present, such as an increase in 
time off due to sickness or accident (Figures A.22 and A.23).
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Figure A.20 — “Quick assessment” for the study of chemical and particulate pollution

﻿

© ISO 2021 – All rights reserved� 63

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 23

47
6:2

02
1

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


﻿

ISO/TR 23476:2021(E)

Figure A.21 — “Quick assessment” for the study of exposure to biological agents
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Figure A.22 — “Quick assessment” of work-related stress: workplace/organizational settings 
reported by the homogeneous group and graphic depiction (in %) of results for individual risk 

factors

(mark with an “x” if present)

Presence 
of events

Increase 
of events 
reported 
over the 

past 3 
years

Events 
higher 

than the 
company 
average

Descriptive numerical 
data

(enter here some quantita-
tive numeric data spec-
ifying the meaning, e.g. 

number of events, rate etc., 
and the year of reference)

Work-related diseases/disorders 
caused by occupational stress cer-
tified by the physician (LEAVE THE 
BOX BLANK IF NONE)

0 0

Turnover (voluntary resignations) 0 0
Disciplinary actions 0
Medical examination requested by 
the worker X X 2 0

Sick leave X X 2 0
Occupational injuries (not ongoing) X X 2 0

a) Sentinel events (hazards) description
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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.

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 comparison between the summary of final results for the various 
homogeneous groups – conclusions

The main purpose of the “simple tool” (EPMIES-agriERGOCHECKprecultivoENG) is to avoid complex 
calculations and automatically prioritize the highly variable dangers and discomfort that farm workers 
are exposed to. The results of the analysis vary proportionally with the type, level and duration 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.

This last example allows us to argue that, while complex, an organizational analysis is not only 
important but essential, even for a preliminary exposure risk analysis. The three examples included 
in this clause prove that without a qualitative and quantitative analysis of the tasks performed by the 
workers, the same risks and the same priorities for three different homogeneous groups would appear.

An effort has been made to simplify the organizational analysis through the use of a kind of “universal 
cultivation” model that includes predefined macro-phases and tasks, and various risks are already pre-
assigned to tasks.

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

Another programme is also available for defining and determining tasks and risks from scratch (EPM
IES-multiyearERGOCHECKpremapENG) and can be applied to more specific agricultural cultivations 
(e.g. greenhouse crops) and even other industries (e.g. building construction). Its use requires first of 
all the definition of the list of tasks that characterize a given work, attributing to them which risks can 
determine.

a) Homogeneous group 1 b) Homogeneous group 2

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, c) 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

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

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, c) and for the various risk factors (from 0 % to 100 %)
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Annex B 
(informative) 

 
Criteria and mathematical models for analysing exposure to 
biomechanical overload in multitask jobs featuring complex 

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

B.1	 Introduction

In industrial manufacturing sectors, workers generally rotate between manual tasks the same way 
every day and therefore the multitask analysis may be applied to just one representative working shift.

Conversely, in other production sectors such as construction, agriculture, cleaning and retail, manual 
tasks may not be rotated only on a daily basis but over longer macro-cycles (where the most common 
are weekly, monthly, annual macro-cycles), and there may be dozens or even hundreds of rotated 
manual tasks, each with a different level of exposure and distribution pattern. This naturally makes the 
multitask analysis more complex insofar as it must factor in multiple problems over extended periods 
of time[20],[22],[44],[46],[47],[59]–[63].

Recommendations for analysing multiple manual tasks with daily rotation can be found in the literature 
and in International Standards, in particular for:

—	 lifting tasks, as an extension of the revised NIOSH lifting equation;[20],[31],[32],[62],[63]

—	 tasks characterized by repetitive movements of the upper limbs, using the OCRA method and in 
particular the OCRA checklist.[22],[32],[33],[50]

However, there are still very few recommendations for the analysis of manual tasks when rotations 
take place over longer periods (macro-cycles) (e.g. weeks, months or years).

Considering this background, the aim of this annex is to start from the existing recommendations for 
multitask analyses on a daily basis, and to define procedures, criteria and a reference framework for 
conducting a multitask analysis of manual tasks featuring complex macro-cycles (more specifically, 
the annual turnover, more typical in agriculture) presenting potential conditions of biomechanical 
overload. An example of studying a multitask risk assessment in viticulture is presented, using the 
specific simple tool[64]. The study regards both the biomechanical overload of the upper limbs (OCRA 
checklist) and the lumbar spine for manual load lifting (revised NIOSH lifting equation). To save space, 
not all results regarding awkward postures (TACOS) and pushing/pulling are presented; however, 
these are obtainable using the same simple tool.

B.2	 Daily job rotation

B.2.1	 Daily rotation of jobs featuring repetitive tasks

Reference 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 OCRA checklist is used to describe a workstation and estimate the exposure level embedded in 
the task, as if this task was the only performed by a single worker for the entire duration of the shift. 
When two or more repetitive tasks are rotated, the OCRA checklist can be used to estimate the level 
of exposure associated with combination of rotating tasks, and the duration in which the individual 
rotated tasks is performed has to be known.

Figure B.1 — OCRA checklist: final score calculation procedure

Considering a daily shift, two main ways of rotating repetitive tasks can be considered:

—	 task rotation is frequent, i.e. within a period of less than 90 consecutive minutes for each task 
performed: “time-weighted average” mathematical model is used;

—	 task rotation takes place within a period of more than 90 consecutive minutes for each task 
performed: “multitask complex” mathematical model is used.

The “time-weighted average” model involves weighting the final individual checklist scores for the 
different tasks under examination, based on the total duration of repetitive tasks in the shift and their 
corresponding specific duration in the shift (expressed in time fractions). Formula B.1 is applied:

CK.TWA= [(CK.1× FT.1)+ (CK.2× FT.2)+…. (CK.2× FT.2)+…. (CK.n× FT.n)] × Dm.tot	 (B.1)

where
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  CK.TWA is the final exposure index of the multitask analysis with OCRA checklist (CK) evaluated 
with time-weighted average model;

  CK.1,2,..,n 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;

  FT.1,2,.., FT.n represent the time fractions of duration of the various repetitive tasks versus the total 
duration of repetitive work;

  Dm.tot is the total duration multiplier, relative to the net duration of all the repetitive tasks 
present in the shift.

This approach and calculation model are intended to be used when the task rotation rate is fairly high, 
for instance once every 90 min or less. The approach is particularly intended to be used when different 
products (or models of the same product) are processed at the same workstation during the shift. In 
such cases, it can be assumed that higher risk exposure is somewhat offset by lower risk exposure, with 
the worker alternating between the two, within a relatively short time frame. Accordingly, rotating 
tasks serves to reduce risk proportionally with respect to the risk level and duration of each task 
identified in the turnover.

The “multitask complex” model is based on the concept of the task generating the highest overload 
(peak task), according to its effective continuous duration, taken as the minimum, to which is added 
the contribution of the other tasks in relation to their intensity and duration. With this approach, the 
final result is at the least not less than the highest OCRA checklist score, calculated using its effective 
duration. In this case the procedure is based on Formulae B.2 and B.3:

CK.MC= CK.1 eff + (∆ CK.1 ×K)	 (B.2)

K =((CK.2 max ×FT.2) + (CK.3 max × FT.3) +…+(CK n max × FT.n))/ CK 1 max	 (B.3)

where

  CK.MC is the final risk index of the multitask analysis OCRA checklist evaluated with multitask 
complex model;

  CK.1,2,3,..j..,n is the repetitive tasks listed according to the score of the OCRA checklist (task1 = the 
task with the highest CK score; taskn = the task with the lowest CK score);

  CK.j eff is the score of task j, calculated considering Dm.j (duration multiplier according to the 
actual duration of each relevant taskj in the shift) and with the lack of recovery time 
multiplier actually present in the shift; CK 1 eff represents the task with the highest CK.j eff;

  CK.j max is the score of task j, calculated considering Dm.tot (duration multiplier for the total 
duration of all relevant tasks in the shift) and with the lack of recovery time multiplier 
actually present in the shift; CK 1max represents the task with the highest CK.j max;

∆ CK.1 is CK.1 max − CK.1 eff

FTj is the time fraction (between 0 and 1) of each task j, except task1, with respect to the 
residual repetitive working time (total repetitive working time minus working time 
devoted to task1) in the shift.

Note that in the general model for computing CK.MC, the formula for calculating K (Formula B.3) was 
slightly changed with respect to previous proposals in literature.[22] 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 multipliers shown in Table  B.1 are reliable enough for durations of between 30  minutes and 
480 minutes (the most common); durations of below 30 minutes or over 480 minutes are “extrapolated” 
by using Formula (B.4):

Dm = (Md × 0,008) + (−2,547 × 10−5 × Md 2) + (2,875 × 10−8 × Md 3)	 (B.4)

where:

  Dm is duration multiplier;

  Md is task duration in minutes (evaluated for values below 30 minutes 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 duration of repetitive task
min

Central value
min

Duration multiplier

< 1,9 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[32]–[34] it is recommended that the Dm 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.

Figure B.2 — Duration multipliers as a function of the duration of repetitive tasks in the shift in 
the OCRA checklist method and the revised strain index (RSI) method

B.2.2	 Daily manual lifting task rotations

Here reference is referred to the revised NIOSH lifting equation (RNLE) method and its extensions as 
published in the literature and embedded in ISO 11228-1 and ISO TR 12295[20],[32],[59]–[63].

The RNLE[59] envisages a formula that integrates organisational, weight and geometry (layout and body 
position) factors; its aim is to define the recommended weight limit (RWL) for a lifting activity. This 
RWL is then compared with the weight actually lifted (L) to compute the lifting index (LI), according to 
Formula B.5:

LI = L/ RWL	 (B.5)

where:

  LI is lifting index;

  L is the load weight in kg;

  RWLis the recommended weight limit.

The RWL 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 
(RWL) 

LC Load constant or refer-
ence mass Maximum recommended weight under ideal lifting conditions

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 of lifting

AM Asymmetry multiplier Angular measure of displacement of the load from the sagittal plane at the 
start/end of lifting

CM Coupling multiplier Assessment of the quality of grip of the object (from tables)
FM Frequency multiplier Frequency of lifts per minute and duration scenario (from tables)

In the study of manual lifting activities, four types of lifting tasks and relevant turnover can be 
operationally identified, with the following definitions and features:

—	 Mono task

This task involves lifting objects generally of the same type and with the same weight, with no 
changes in the parameters (same position of the lay-out and body “geometry”) from one lift to the 
other both at the origin of the lifting and at the destination. In this case, the classic lifting index 
mono task (MLI)[59] calculation method can be used.

—	 Composite task

Lifting objects that are generally of the same type (and weight) but over different “geometries” 
(e.g. grasping and moving objects from or to shelves at different heights and/or different horizontal 
distances) within the same time period. Each individual geometry (i.e. each combination of vertical 
height and horizontal distance at origin or destination) is called a “subtask”. In this case, the 
“composite lifting index (CLI)” can be computed following the specific procedure. However, it has 
been postulated that no more than 10 to 12 subtasks can be computed in this procedure, hence the 
need to introduce standardized simplifications[20],[59],[63].

—	 Variable task

This refers to lifting or lowering objects of different weights and/or over different “geometries” 
(vertical heights, horizontal distances) within the same time period of the shift. Different weight 
categories can be identified in this case. The handling of each separate weight category over 
each individual geometry is called a subtask. In this case the “variable lifting index (VLI)” is the 
calculation methodology to use[20],[63].

—	 Sequential task

When a daily shift includes several different lifting tasks (single, composite or variable), each 
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.

As regards the analysis of single, composite and variable lifting tasks, reference is made to the literature 
and the relevant manuals[20],[62].
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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.

The 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 professional risks exposure) 
who perform the same rotating tasks, in the same workplace, for the same duration and in 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 corresponded 
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 
overload, for example, both from repetitive movements and from manual lifting or pushing/pulling. 
In this case for each aspect the specific intrinsic exposure value for that task has to be calculated. 
Reference is made here to the OCRA checklist for repetitive tasks and to the RNLE for manual lifting 
tasks.

—	 Reconstruction of an “artificial working day (in min)” with respect to reference “time constants” 
where this artificial day is used for representing of entire macro-cycle, regarding any duration 
presented. This study includes all the rotated tasks, with the proportional time over which the 
tasks are distributed in the period considered. For accordingly calculating the “artificial working 
day representative of the macro-cycle”, the proportional duration of each task in the macro-cycle 
is transformed in representative minutes. Practically any macro-cycle is transformed (using 
predefined constants) in a representative working day in minutes and so on the task durations in 
this new representative working day.

—	 Recalculation of the intrinsic risk value of each task (evaluated using a constant duration) considering 
now the estimated real duration of each task, using specific duration multipliers.

—	 Application of the formulas employed to analyse the daily rotations considering the individual tasks 
present in the macro-cycle in study.

Methodological details about each of these steps are provided in the following subclause. Examples of 
the procedure illustrated here are provided in B.5.

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.
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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 summary, some practical options are provided for using the predefined macrocycle (week, month, 
year), certainly able to simplify even the subsequent evaluations:

—	 Check if more identical sub-macro-cycles are repeated during the year; if so, use the annual 
macrocycle.

—	 Check 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 
biomechanical overload risk analysis are the same. Given the extreme variability, the recommendation 
is however to identify and evaluate representative modal scenarios.

B.3.3	 Identification of all the manual tasks typical of certain production present in a 
macro-cycle (job analysis) and identification of the homogeneous groups of workers

The preliminary step is to identify all the significant manual tasks performed in the macro-cycle, 
organized with rotations, characterizing a certain production. Note that it is better to have a complete 
list of all the manual tasks performed before attributing these tasks to one or more homogeneous 
groups of workers.

Since the focus of the analysis is the exposure of workers to a set of conditions determined by the tasks 
assigned to perform, it is first necessary to identify which homogeneous group of workers are present 
that need to be examined.

The homogeneous 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, culture, 
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 be made 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 different 
durations or time patterns (e.g. one group works full-time and the other works part-time) the two 
groups must be analysed separately.

B.3.4	 Analysis of the duration and sequence of all the various manual tasks performed 
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.3.5	 Analysis of biomechanical overload typical of each individual task – the intrinsic 
risk value of each task to prepare the “basic tasks list with all the intrinsic risk 
evaluation”

All the manual tasks performed by the workers have to be analysed using the appropriate method (in 
the present paper, OCRA checklist and LI-RNLE) to calculate the intrinsic risk value for each task.

Calculating the intrinsic risk value for a certain task means evaluating the task as if it is (only 
theoretically) the only one performed by the worker all the time (i.e. for the whole shift and the whole 
period).

When computing the intrinsic OCRA checklist score (CK.i), reference is made to a shift scenario featuring:

—	 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).

When computing the intrinsic LI (MLI or CLI or VLI) for lifting tasks, reference is made to a “long 
duration scenario” (more than 2 hours of consecutive manual lifting in the shift) with the corresponding 
classical frequency multiplier (by LI-RNLE).

Note that in any case it is better to have a complete analysis with the intrinsic risk scores of all the 
manual tasks performed in the macro-cycle (the basic tasks list with all the intrinsic risk evaluation), 
before studying who performs them. It is then possible to attribute the tasks specifically to each 
homogeneous group of workers (the active tasks performed by each different homogeneous group).

B.3.6	 Reconstruction of the artificial working day (or fictitious day) representative of 
macro-cycle (in term of total net duration of work and duration of each task) performed 
by each homogeneous group

Based on the analysis carried out in B.3.3, it is then possible to estimate the proportion of time that the 
homogeneous group spends on each manual task. This proportion may be calculated with reference to 
the total working time of the group in the period (macro-cycle).

However, since the total working time of the group may vary from group to group (e.g. one group may 
work full-time and another part-time), to reconstruct the “artificial working day representative 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 2 200 Days/year constant 220
Weeks/month constant 4 Hours/year constant 1 760

﻿

© ISO 2021 – All rights reserved� 77

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 23

47
6:2

02
1

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


﻿

ISO/TR 23476:2021(E)

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 —	 if the overall 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:

 
 
1 760 h really worked per year * 60/220 worked days per year constant = 480 min.

2 —	 if the overall hours worked in the year are 880 (part-time job of 4 hours per day), they correspond to a representative 
day 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 hours/month corresponds to the 

constant), they correspond to a representative day of 480 minutes (160 hours really 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 job of 4  hours per day), they correspond to a 
representative day of 240 minutes:

 
 
80 h really worked per month * 60/20 worked days per year constant = 240 min

  Representative day in a not predefined macro-cycle duration
1 —	 if the macro-cycle duration is 66 days, the constant days for that period is 44 days obtained through the following 

formula:

 
 
X:66 = 20:30 or 66 * 20/30 or 66 * 0,667 (from Table 5).

2 —	 now if the overall hours worked 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 
corresponds to 480 minutes:

 
 
352 h really worked * 60/44 worked days constant = 480 min

The proportion of time that the homogeneous group spends on each manual task in the macro-cycle 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 analysis can be more or less detailed, depending on whether the period of time considered is a 
week/month or a year. In the first case data is required day by day, in the last one “typical or 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 constant of 8 hours and pre-
established recoveries) can be corrected, considering the true duration of each task in the macro-cycle. 
Their correction occurs through the use of recovery and duration multipliers, obtained respectively 
from the organizational analysis of “typical working shift” and from the “artificial working day”.

B.3.8	 Application of the final formulas, used for daily rotations, to calculate the final 
risk index both for checklist OCRA and for NIOSH lifting index LI (MLI, CLI; VLI) and 
other risk assessment methods

B.3.8.1	 General

Starting from the consideration that almost all the manual tasks that characterize a productive 
process are “repetitive for the upper extremities” (other occasional tasks are in fact considered as non-
repetitive and excluded from consideration), it is not to be excluded that the same repetitive tasks may 
also involve manual handling of loads (where in fact the operators lift objects using the upper limbs) or 
awkward postures of the whole body (trunk and lower limbs). This implies that, in these latter cases, 
there is the need to apply both the analysis for the upper limbs and the analysis for different aspects 
of manual handling (or eventually awkward postures). The analysis follows the same general approach 
but also has slight differences when considering upper limbs repetitive movement or manual handling 
of loads, especially in the reconstruction of the corresponding artificial working day. These two aspects 
consequently are presented in the following subclauses.

B.3.8.2	 Application of the final formulas, used for daily rotations, to calculate the final risk 
index both for checklist OCRA

To calculate the final risk exposure using the models and formula presented for daily rotations it is 
necessary to convert in “artificial minutes” both the total duration of manual tasks in the observed 
macro-cycle (artificial working day for repetitive movements representative of macro-cycle) and the 
duration of each task too, with a procedure that involves recalculating the intrinsic OCRA checklist 
scores, reflecting the actual organizational conditions in the homogeneous group, through both the real 
duration 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 (Dm.tot): 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 (DmJ): 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 (FTJ): 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 essence, the same formula used, in a daily rotation, Formula (B.2), after appropriate adaptations that 
make it applicable to multitask evaluations with non-daily cycles, is used. In order to adapt the formula 
to multiday lifting tasks on a rotating schedule, it is necessary to:

—	 calculate LI 1,2,3,….n eff based on intrinsic lifting index LI of each task (MLI or CLI or VLI, see B.3.4) 
considering the respective specific duration in minutes, derived from the specific “artificial day for 
manual lifting” (representative of the total duration of the only tasks with manual lifting present in 
the macro-cycle) and apply the respective duration multipliers according to the criteria in Table B.1;

—	 calculate LI max1,2,3….n based on intrinsic lifting index considering the total duration of all lifting 
tasks in the specific “artificial day for manual lifting” and apply the duration multipliers (for the 
total duration of all lifting tasks) according to the criteria in Table B.1;

—	 extrapolate from these data LI.1 eff and LI.1 max, the worse lifting tasks, calculated respectively on the 
actual duration and on the total duration;

—	 the FT 2,3,….n eff used to calculate K consider the duration in % of each task (starting from the second 
worse manual lifting task) with respect to the total duration of all lifting tasks, less the duration of 
the first worse lifting task.

B.3.8.4	 MultiGEI: multitask general exposure index

A new general formula: “multitask general exposure index” (MultiGEI), derived by “multitask complex” 
model was created. It allows to analyse all the different aspects of biomechanical overload and calculate 
the final exposure indexes in multitask analysis, in macro-cycles, for all the different risk factors

This new approach can be summarized as a more general formula, called the “MultiGEI” that can be 
used, starting from any exposure index suggested in the literature or from International Standards, 
for analysing various aspects of biomechanical overload (awkward postures, manual load handling 
including pushing and pulling, repetitive movements and strain of the upper limbs) in multitask 
analysis in macro-cycle.

The above approach can be applied also to the revised strain index[33],[34] the TACOS method,[23],[24] 
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 = EI.1eff + (∆EI.1 × K)	 (B.6)

K = ((EI.2 max × FT.2) + (EI.3 max × FT.3) +…+(EI.j max× FTj))/ EI1 max	 (B.7)

where:
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  MultiGEI is the final risk value of the exposure index of the multiple rotating manual tasks, using 
the multitask complex approach.

  EI.1,2,3, j eff is the score of all the active tasks, calculated considering Dmj (duration multiplier accord-
ing to the effective duration of each relevant tasks in the artificial working day.

  EI.1,2,3, j max is the score of all the active tasks, calculated considering Dmtot (duration multiplier for 
the total duration of all relevant tasks in the artificial working day.

  EI.1 eff is the score of task1, the task with the highest risk score, calculated considering Dm1 
(duration multiplier according to the actual duration of task1 in the artificial working day.

  EI1 max is the score of task1, the task with the highest risk score, calculated considering Dmtot 
(duration multiplier for the total duration of all relevant tasks in the artificial working day.

  ∆ EI.1 EI1 max - EI1 eff

  FTj is the time fraction (between 0 and 1) of each task j – except task 1,  the worst task – with 
respect to total working time minus working time devoted to task1) in the artificial 
working day for that specific risk.

The calculation structure thus for OCRA method and RNLI for multiday rotations, can also be extended 
to other valuation methods however using the same duration multipliers reported in Table B.1.

It is also worth noting that in many cases, especially when repetitive task rotations take place in 
monthly and annual scenarios, analyses are generated for dozens of tasks that the homogeneous group 
performs in the period, each of which has an “artificial duration” of only few minutes. In such cases, 
and whenever there are more than 10 rotated tasks summarized in the artificial working day, it is 
recommended that tasks are grouped together with a similar final risk index score.

Given that the formula used is strongly supported by the task with a worse value, calculated with 
respect to its actual duration, having created six risk classes in which to group the analysed tasks, six 
representative tasks are displayed, each obtained from the sum of the times of the tasks present in each 
class and their representative risk. It thus become more significant also in relation to the application of 
the duration multipliers in Table B.1.

Although tasks can be grouped in various ways, grouping the results of the various tasks included in 
the artificial working day into six categories is recommended. Those six categories are determined 
according to the distribution of the individual exposure scores (EI.j max) using preferentially the 
sextile distributions as key points for grouping (or in other terms the scores corresponding to the 
16,6th, 33,3rd, 50th, 66,6th, and 83,3rd percentile of the score distribution). In any case, the original 
durations (in the artificial working day) of individual tasks are consequently grouped and accumulated 
in the six categories. Within each resulting category a representative score value is chosen; this value 
corresponds to the resulting time-weighted average score of all the tasks considered in that category.

This produces the representative score and cumulative duration of each category. With these two 
elements it is possible to apply the general Formula (B.6) to six exposure index categories, taking into 
account the duration multipliers indicated in Table B.1.

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 
supermarkets, cleaning jobs and canteens.

There is less 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 6 to 
7 months.

In light of these considerations, it can be stressed that the proposed models can be considered useful 
for estimating exposure levels to various biomechanical overload conditions, when task rotations are 
scheduled over multi-day macro-cycles.

For the time being the present evaluation approahes cannot be considered as precise models for 
estimating the risk of adverse health effects, insofar as further epidemiological studies are required to 
verify the exact association between estimated exposure levels and consequent health effects.

It must be pointed out, however, that based on current understandings, considering that usually the 
risk value 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 obtained 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 idea of which tasks, where, for how long and in what sequence a worker performs certain tasks. 
Consequently, if these aspects are complex, the analysis is necessarily complex too, but not impossible.

The procedures used to calculate the summary risks indicators presented here are undeniably difficult 
and, especially where the work entails numerous tasks, virtually impossible to manage manually. This 
is why a number of free downloadable spreadsheets have been made available and can help the user 
to collect the necessary organizational data and measure the “intrinsic” exposure level, while the final 
exposure values are generated automatically[64].

The calculations and images shown in the examples were in fact produced using these same 
spreadsheets.

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 checklist[22] and for lifting loads with 
the techniques derived from extensions of the RNLE[20] awkward postures with TACOS,[24] and other 
biomechanical risk factors like pushing-pulling.

Table B.5 — Jobs required to produce wine grapes, broken down by macro-phases, phases and 
number of tasks

Macro phases Phases Number of tasks

Vineyard maintenance

Soil preparation 1
Maintenance supporting structure vine-
yard

3

Fertilizing 2
Vineyard tilling 2
Treatments using tractor 3
Planting and uprooting vines 5
Manual irrigation, weeding and fertiliza-
tion

5

Lifting and carrying materials and tools 4
Manual pushing and pulling 3

Vine maintenance

Dry pruning 6
Mechanical pruning 1
Tying and training in dry pruning 4
Green pruning 4
Green tying 2
Thinning 4
Manual lifting and carrying branches 2

Harvest
Manual grape picking 4
Mechanical grape picking 1
Transporting baskets 6

B.5.2	 Risk assessment of repetitive movements using the OCRA checklist in annual 
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 regards to the first homogeneous group considered here, Figure  B.6 shows the hours worked 
by the whole group each month, along with a calculation of the hours worked each month/worker 
performing repetitive work (excluding breaks and any other non-repetitive and ancillary tasks present 
in the shift).

The graphs in Figure B.3 depicts the levels of the work commitment with respect to a constant 160 h/
month, indicated as 100 %.

With the final organizational information (Table  B.8) it is possible to obtain the data relative to the 
organization of the most representative shift on a monthly basis (generally the one included in the work 
contract).

Based on this data a more or less accurate distribution of breaks can be worked out, which is useful 
for calculating the recovery multipliers for calculating the OCRA checklist, month by month, and over 
the whole year, and the ratio in percentages between the gross to net duration of repetitive work, for 
calculating the duration multipliers (for repetitive work).

It is now possible to obtain the hours actually spent performing each task per month and over the whole 
year (Table B.9). The data for the whole year is important because it summarizes how many hours were 
actually spent on each task, the corresponding percentage versus the total number of hours worked, as 
well as the percentage versus the predetermined constant of 1 760 h/year.
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a) Total working hours per year/worker

b) % hours worked per month/worker based on costant of 160 hour/month

c) No. hours worked per worker/month/year

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, 

indicated as 100 %

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. 
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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):

Mfwd=P × Hy/ CDy × 60	 (B.8)

where

  Mfwd is “artificial working day” in minutes;

  Hy is worked hours per year;

  P is percentage of repetitive task duration versus total worked hours;

  CDy is percentage of repetitive task duration versus total worked hours.

Table B.10 — First homogeneous group – Intrinsic risk scores calculated with the OCRA 
checklist and recalculated using the effective duration and recovery multipliers for the 

“artificial working day representative of the year”

Tasks

OCRA checklist 
intrinsic value 
(8 hours with 

canteen and two 
breaks of 10 min)

Worked hours 
considering 
their net du-

ration

% on 
total

OCRA checklist 
intrinsic values 

re-evaluated 
considering 

their real dura-
tion

Preparation of trellises, posts, stakes and 
wires 26,60 25,27 42,8 3 % 25,27 24,01

Maintenance (replacement) of trellis and 
wire stretching: with tools 21,28 21,28 61,6 4 % 20,22 20,22

Manual hoeing 45,89 45,89 26,3 2 % 43,59 43,59
Tractor-mounted tilling driving tractor 9,31 9,31 5,3 0 % 8,84 8,84
Mechanical irrigation: driving tractor 9,31 9,31 186,3 13 % 8,84 8,84
Treatment of vines with pesticides: driving 
tractor 9,31 9,31 24,4 2 % 8,84 8,84

Cutting and bundling mother-vines 21,95 21,95 98,7 7 % 20,85 20,85
Mechanical planting: driving tractor 9,31 9,31 14,8 1 % 8,84 8,84
Mechanical planting (of seedlings into the 
ground) 9,31 14,63 49,7 3 % 8,84 13,90

Collection and manual transport of material 
or tools (weight 3 kg to 5kg) 6,65 0,00 18,7 1 % 6,32 0,00

Collection and manual transport of material 
or tools (weight 6 kg to 10kg) 9,31 0,00 14,7 1 % 8,84 0,00

Collection and manual transport of material 
or tools (weight more than 20 kg) 35,91 0,00 2,7 0 % 34,11 0,00

Tasks with manual pushing-pulling moder-
ate force 17,29 17,29 6,5 0 % 16,43 16,43

Dry pruning and removal of vine shoots 
(with manual, pneumatic and electric 
shears): low vines

22,61 8,65 278,9
20 %

21,48 8,21

Tying and dry training, cutting back: low 
vines 19,29 12,64 56,7 4 % 18,32 12,00

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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Tasks

OCRA checklist 
intrinsic value 
(8 hours with 

canteen and two 
breaks of 10 min)

Worked hours 
considering 
their net du-

ration

% on 
total

OCRA checklist 
intrinsic values 

re-evaluated 
considering 

their real dura-
tion

Green pruning (suckering, disbudding, 
stripping, leaf thinning), tying, training and 
staking: low vines

17,29 14,63 267,2
19 %

16,43 13,90

Collection and manual transport of material 
cut from vines (weight 3 kg to 5 kg) 8,65 8,65 18,3 1 % 8,21 8,21

Manual grape picking (cutting clusters):low 
vines 15,96 12,64 130,8 9 % 15,16 12,00

Manually collecting and carrying 1 or 2 bas-
kets (5 kg to 8 kg) 16,63 16,63 123,7 9 % 15,79 15,79

  RIGHT LEFT 1428 100 % RIGHT LEFT
Duration of artificial (fictitious) work-
ing day representative of the year (total 
hours/220*60)

389,5 Duration multiplier 0,95

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.

The duration of the repetitive work performed by the first homogeneous group during the “artificial 
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 two multipliers are used to recalculate the intrinsic scores and adjust them in relation to the real 
duration and 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 and standard recovery multipliers used to obtain the intrinsic risk scores (equal to 1 and 1,33, 
respectively) and re-multiplying them by the new multipliers describing the artificial working day/
year.

Table  B.10 shows each task with the starting intrinsic risk scores on the left column of the figure 
(for both the right and left arm, for each task performed by the first homogeneous group) and the 
corresponding scores on the right column of the figure, reformulated with the two new multipliers for 
the “total duration” of the artificial day representative of the year

The values are in this example lower, since the duration of the artificial day representative of the year is 
now 389,5 min with a duration multiplier of 0,95.

This data forms the basis for calculating the final OCRA checklist score using the time-weighted average 
model [Formula (B.1)].

To use the “MultiGEI” 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

Tasks

Worked 
hours 

consider-
ing their 
net dura-

tion

% on 
total

OCRA 
checklist 
intrinsic 

values 
re-eval-

uated 
consider-
ing their 
real total 
duration

Artificial 
minutes 
for each 

task rep-
resenta-

tive of the 
hours

Corre-
sponding 
duration 

multi-
plier per 

tasks

OCRA 
check-

list ocra 
values 

calculat-
ed con-

sidering 
the actual 
duration

Preparation of trellises, posts, stakes 
and wires 42,8 3 % 25,27 12 0,100 2,7

Maintenance (replacement) of trellis 
and wire stretching: with tools 61,6 4 % 20,22 17 0,200 4,3

Manual hoeing 26,3 2 % 43,59 7 0,050 2,3
Tractor-mounted tilling driving tractor 5,3 0 % 8,84 1 0,007 0,1
Mechanical irrigation: driving tractor 186,3 13 % 8,84 51 0,350 3,3
Treatment of vines with pesticides: 
driving tractor 24,4 2 % 8,84 7 0,050 0,5

Cutting and bundling mother-vines 98,7 7 % 20,85 27 0,200 4,4
Mechanical planting: driving tractor 14,8 1 % 8,84 4 0,050 0,5
Mechanical planting (of seedlings into 
the ground) 49,7 3 % 8,84 14 0,100 0,9

Collection and manual transport of ma-
terial or tools (weight 3 kg to 5 kg) 18,7 1 % 6,32 5 0,050 0,3

Collection and manual transport of ma-
terial or tools (weight 6 kg to 10 kg) 14,7 1 % 8,84 4 0,050 0,5

Collection and manual transport of ma-
terial or tools (weight more than 20 kg) 2,7 0 % 34,11 1 0,007 0,3

Tasks with manual pushing-pulling 
moderate force 6,5 0 % 16,43 2 0,007 0,1

Dry pruning and removal of vine shoots 
(with manual, pneumatic and electric 
shears): low vines

278,9
20 %

21,48 76 0,500 11,3

Tying and dry training, cutting back: 
low vines 56,7 4 % 18,32 15 0,200 3,9

Green pruning (suckering, disbudding, 
stripping, leaf thinning), tying, training 
and staking: low vines

267,2
19 %

16,43 73 0,500 8,6

Collection and manual transport of 
material cut from vines (weight 3 kg to 
5 kg)

18,3
1 %

8,21 5 0,050 0,4

Manual grape picking (cutting clus-
ters):low vines 130,8 9 % 15,16 36 0,350 5,6

Manually collecting and carrying one or 
two baskets (5 kg to 8 kg) 123,7 9 % 15,79 34 0,350 5,8

  1 428 100 % 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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Tasks

Worked 
hours 

consider-
ing their 
net dura-

tion

% on 
total

OCRA 
checklist 
intrinsic 

values 
re-eval-

uated 
consider-
ing their 
real total 
duration

Artificial 
minutes 
for each 

task rep-
resenta-

tive of the 
hours

Corre-
sponding 
duration 

multi-
plier per 

tasks

OCRA 
check-

list ocra 
values 

calculat-
ed con-

sidering 
the actual 
duration

Duration of artificial (fictitious) work-
ing day representative of the year (total 
hours/220*60)

389,46
Duration Multiplier 0,95

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.

All the calculation elements of the “MultiGEI” [Formula (B.6)], are now available, i.e. (for the right limb):

—	 the score for the worst task (EI.1 eff), considering its actual duration = 11,3;

—	 the score for the worst task (EI1 max), considering overall duration = 43,5;

—	 the sum/product (∑P) of all the other maximum scores EI.,2,3, j max for the various tasks, except for 
the worst one, for their % duration = 14,7;

K = ∑P/ EI1 max = 0,34;

MultiGEI = EI.1 eff + (EI1 max - EI1 max) × K = 22,19

This calculation procedure was also applied to each month 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 results of the various tasks into six categories of results, using as key values the “sextile” of the 
distribution of the results (EI1 max).

Figure B.4 presents all the results. As the OCRA checklist intrinsic risk scores for each task include both 
very high and very low figures, the “time-weighted average” mathematical model proposes the lowest 
final annual exposure indices (box C: “time-weighted average” = 15,8 right). It is interesting to note the 
difference between the results of the “MultiGEI” model calculated on all the scores for the individual 
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 calculated. 
As already mentioned, this second calculation model is preferable when there is a large number of tasks 
(more than 10).

Since the worst task, calculated on the basis of its duration, is the task driving the formula, if there 
are many active tasks, it is advisable to choose the “driving task” as the worst value derived by the 
six categories, rather than the value of a single task based on its actual duration, which determines 
either an over- or an underestimation. In the example, the calculation including all the tasks leads to a 
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 
yellow zone. However, the exposure level calculated on the basis of each individual month is not to be 
overlooked, because for some the exposure level is close to the red.

For reasons of space, it is not possible to describe other homogeneous groups still working at the 
vineyard.

Some workers are also hired only one month a year for the grape harvest, and others carry out 
only maintenance work on the vines, including disinfecting and fertilizing the vineyards. Different 
groups of workers are also assigned to perform different tasks in different seasons, as is typical in 
agricultural settings. In order to accurately estimate overall exposure over longer periods, the use of 
the 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 27 % 26 1 % 15 41 % 0 0 % 19 16 % 11 3 % 18 1 %
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 0 %
9 2 % 11 23 % 8 17 % 0 0 % 0 0 % 0 0 % 0 0 %
7 2 % 0 0 % 0 0 % 19 41 % 0 0 % 0 0 % 0 0 %

Left Left Left Left Left Left Left
16 74 % 26 20 % 19 20 % 20 59 % 29 3 % 11 3 % 16 2 %
0 0 % 26 1 % 14 7 % 0 0 % 12 65 % 5 32 % 8 14 %
9 20 % 18 56 % 12 41 % 0 0 % 8 16 % 0 0 % 0 0 %
9 2 % 0 0 % 11 15 % 0 0 % 0 0 % 0 0 % 0 0 %
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 1 %

B.5.3	 Evaluation of risk associated with manual load lifting in annual multitask

In order to complete the biomechanical overload analysis, the next step involves assessing the result 
of the exposure assessment in the presence of manual load lifting. The procedure is identical to the 
detailed analysis conducted for repetitive movements.

Table B.14 shows the intrinsic lifting 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

b) MultiGEI model for sextiles: right 18,3 left 17

c) Time-weighted average: right 15,8; left 13

﻿

© ISO 2021 – All rights reserved� 97

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 23

47
6:2

02
1

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


﻿

ISO/TR 23476:2021(E)

d) Hours worked/month based on a constant

NOTE 1	 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 (a,b,c).

NOTE 2	 When 100 % of the constant is exceeded, the lines in the figures enter the grey colour (d).

Figure B.4 — Final OCRA checklist exposure index for the right and left limb, for each month of 
the year and for the whole year
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a) Second homogeneous group (6 months, working full-time 8 h/shift): MUltiGEI model: 8,4 
(right side)

b) Second homogeneous group (6 months, full-time 8 h/shift): time-weighted average: 6,1 (right 
side)

c) % hours worked/month based on a constant

NOTE 1	 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 (a,b).

NOTE 2	 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 
group of pruners and harvesters

﻿

100� © ISO 2021 – All rights reserved

STANDARDSISO.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IS
O/TR 23

47
6:2

02
1

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


﻿

ISO/TR 23476:2021(E)

Table B.14 — First homogeneous group: Intrinsic exposure scores (LI or CLI or VLI) for tasks 
with manual load lifting

List of tasks, present in viticulture, with manual lifting Adult 
males

Adult 
females

Older 
and 

younger 
males

Older 
and 

younger 
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

Manually carrying full baskets at a time (5 kg to 8 kg) 1,20 1,50 1,50 2,00

Manually 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

Manually carrying full baskets at a time (9 kg to 16 kg) 1,80 2,25 2,25 3,00

Manually 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

Manually 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

Table B.15 shows organizational data for the first homogeneous group when assigned to handling loads.

While the repetitive movements (or the biomechanical upper limbs overload) are in any case present 
in all 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 lifting tasks in 
the macro-cycle has to be taken, in parallel, into due consideration.

For this reason, it is necessary to create a specific artificial intrinsic day for the manual lifting of loads, 
representative, in this example, of the year.

The tasks present in viticulture with manual lifting are 13 (Table B.14) but the active tasks that the 
first homogeneous group actually carries out during the year, with manual lifting, are only five, with a 
total duration of 178 net hours. This value corresponds to an “artificial representative day specific for 
manual lifting” of only 48 minutes of the year, where the corresponding duration multiplier is 0,350 
(Table 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 grape 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 
monthly rotation period (macro-cycle) is converted into an artificial day.

Table  B.16 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

  Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

% of 
total 

hours 
worked 

per 
year at 
mmh

Hours 
worked 
per year 
per task

Net 
hours 

worked 
per 

year 
per task

% on 
a year 

constant  
(1 760 
work 
hours 

per year)

Collection and 
manual transport 
of material or 
tools (weight 3 kg 
to 5 kg)

    3,3 5,5 10,0 3,6             10,5 % 22,4 19 1,3 %

Collection and 
manual transport 
of material or 
tools (weight 6 kg 
to 10 kg)

        3,3 3,6 8,5 2,2         8,2 % 17,6 15 1,0 %

Collection and 
manual transport 
of material or 
tools (weight 
more than 20 kg)

1,2                 1,1   1,0 1,5 % 3,3 3 0,2 %

Collection and 
manual transport 
of material 
cut from vines 
(weight 3 kg to 
5 kg)

2,4 3,5 4,9 4,1 3,3 3,6             10,3 % 21,9 18 1,2 %

Manually carry-
ing full baskets 
at a time (5 kg to 
8 kg)

              7,9 123,7 16,9     69,5 % 148,5 124 8,4 %

Artificial working day for manual lifting = 48 min. (178/220*60): duration multiplier = 0,350 100 %   178  

 

a) NIOSH manual lifting: distribution of risk indexes in different months of the year obtained 
using the MultiGEI model
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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.

Figure B.6 — First homogeneous group: final exposure levels for manual lifting tasks broken 
down by gender and age, monthly and annual

﻿
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