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Abstract
Moroccan employers have a strong responsibility for the safety and health of their employees in the workplace and for protecting
them from the risk of COVID-19 and any occupational hazards, as required by Moroccan law. As a consequence, industries,
including the agri-food sector, have put in place preventive measures to deal with this pandemic on several fronts, including the
use of hydroalcoholic products and bleach for personal and surface disinfection. These disinfection actions may eliminate or
reduce the risk of coronavirus infection, but the increased use of these products by employees could lead to serious health
problems and increase the occupational chemical risk in the event of uncontrolled exposure. In order to analyze this risk in the
dairy industry in Morocco, we have launched a qualitative and quantitative study to identify and assess the severity of chemical
risk to which its employees are exposed. This involves an analysis of the safety data sheets [MSDS] of the disinfectants used and
a health and safety survey of the users of these products, particularly for hand disinfection. This analysis showed that this
chemical risk is omnipresent and prevention measures are partially adopted. Indeed, the strengthening of health safety measures
to combat COVID-19 has significantly increased this risk, resulting in a remarkable imbalance in the assessment and manage-
ment of occupational risks in this industry. These results have led us to propose corrective and preventive measures against this
risk to interested parties and to adopt an integrated management of food and occupational health risks in a single system. This is
the use of the Risk Analysis—Critical Control Points (HACCP)-Tool for a First Risk Assessment by Activity Analysis (OPERA)
approach, which we developed and proposed in a previous study, for a simplified management of chemical risk in the food
industry, especially in small- and medium-sized enterprises.
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Introduction

In industry, employees who are subjected to excessive or re-
petitive stress most often develop health problems or reactive
behaviors, which weighs heavily on the productivity and qual-
ity of organizations’ products and services, reduced perfor-
mance, absenteeism, safety, and job instability. The con-
straints put in place by the accomplishment of the task can
be estimated in terms of workload, physical load, sound risk,
light risk, biological risk, chemical risk, etc., which signifi-
cantly influences the safety and health of workers.

Indeed, several legislative texts at the international and na-
tional levels have focused on the preservation of workers’
health and the prevention of occupational hazards. In
Europe, this is the European framework directive on safety
and health at work (directive 89/391 EEC) adopted in 1989.
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This directive requires employers to adopt appropriate mea-
sures to improve safety and health at work. It constitutes,
together with other specific directives, the basis of European
legislation in the field of safety and health (European Agency
for Safety and Health at Work 2020a).

Similarly, in Morocco, the employer is responsible for the
safety and health of its employees. Under Moroccan law, the
employer must ensure that work premises are kept in a good
state of cleanliness and present the conditions of hygiene and
sanitation necessary for the health of the employees (Official
Bulletin 2004a). In addition, employers are prohibited from
permitting their employees to use products or substances, ap-
paratus, or machinery that are recognized by the competent
authority as likely to affect their health or safety (Official
Bulletin 2004b).

At the national level, as in the rest of the world, the spread
of the COVID-19 pandemic is placing a great burden on
health care systems and damaging economies and industry.
Moroccan employers are responsible, then, for the health safe-
ty of their employees in the workplace and for preventing the
risk of COVID-19 and any occupational hazards, as stated,
above, by Moroccan law.

Since food industry employees must continue to travel to
their usual place of work, it is essential to protect their health
and safety by urgently implementing adequate measures to
prevent worker exposure to or transmission of the virus and
to reinforce food hygiene and sanitation practices (FAO/WHO
2020), as the virus responsible for COVID-19 is transmitted
from person to person through close contact or droplets; this
result was confirmed by Tran et al. (2012), Liu et al. (2020),
and Ong et al. (2020). Similarly, hand contact with a contam-
inated surface (passive vector) followed by contact with the
eyes, mouth, or nose is also an important mode of transmis-
sion of SARS-CoV-2, indicated by Xiao et al. (2020), Qiu
(2020), and Cereda et al. (2020) especially if these surfaces
are made of plastic or metal (Van Doremalen et al. 2020).

Therefore, the industries of the food-processing sector in
Morocco have put in place several measures to cope with this
pandemic such as distancing (WHO 2020), wearing masks,
and the use of disinfectants (hydroalcoholic products, soap,
and bleach) for personal and surface disinfection. Alcohol-
based disinfectants used at concentrations of 70% to 80%
significantly reduced the infectivity of enveloped viruses,
such as COVID-19, so chlorine-containing compounds would
have similarly virucidal properties (Cereda et al. 2020).

These disinfection measures would protect employees
from biohazard (COVID-19) (Cereda et al. 2020). However,
the increased use of these products by employees could lead to
serious health problems (occupational accidents and diseases)
and increase exposure to chemical risks in the workplace,
particularly in the absence of inadequacy of preventive mea-
sures (INRS 2020a, 2020b).

Chemicals that come into contact with the human body
(through the respiratory tract, skin, or mouth) can disrupt the
body’s functioning. They can cause:

& Acute poisoning, with more or less serious effects, burns,
skin irritation, itching, convulsions, drunkenness, loss of
consciousness.

& Chronic intoxications: repeated contact with certain chem-
ical agents, even at low doses, can damage the lungs,
nerves, brain, and kidneys and cause eczema or asthma,
silicosis, cancer, and fertility disorders (INRS 2020b).

It is known that pathologies due to chemicals can appear
several months or years after exposure. In the case of occupa-
tional cancers, they may appear 10, 20, or even 40 years after
exposure (INRS 2020b).

In particular, hydroalcoholic gel, used for hand disinfection
during this pandemic, is recognized as a flammable product,
sensitive to ignition sources (flames, hot surfaces, sparks, etc.)
and may cause explosions and several health problems (INRS
2020b). The same goes for bleach, which may cause symp-
toms such as coughing, shortness of breath, tearing or burning
sensation in the eyes, and nasal discharge, especially when
mixed with hot water or an acid (Chen 2020).

Exposure to these chemicals in the workplace, with a view
to combating the COVID-19 pandemic, requires special atten-
tion and an assessment of the chemical risk incurred alongside
the risk of coronavirus.

Our study is mainly aimed at ensuring a balanced manage-
ment of occupational risks; that of COVID-19 and of the
chemical risk related to the use of hand disinfectants, particu-
larly in the food industry, as a sensitive sector requiring a good
control of the health risks of employees and food products.
This ensures a healthy and safe professional environment and
consequently a food production of good microbiological and
chemical quality.

The study is mainly based on the risk analysis and its com-
ponents, namely, risk assessment, management, and commu-
nication. It is a pragmatic approach to controlling risks. The
assessment of health hazards is deeply concerned with the
application of the precautionary principle. The essential aim
is to provide risk managers with information to enable them to
reach more objective decisions on the most appropriate mea-
sures in terms of health security and to communicate about
them (Rachidi et al. 2012).

In order to analyze the professional chemical risk in ques-
tion, we launched a qualitative and quantitative study in the
dairy industry in Morocco. It is about:

& Identifying and assessing the severity of the chemical risk
of disinfectants to which employees are exposed during
this COVID-19 pandemic;
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& Proposing corrective and preventive measures to ensure
the health safety of employees and the improvement of
working and food production conditions;

& Proposing and adopting a simplified approach to integrat-
ed assessment and management of occupational and food
risks, particularly in small- and medium-sized enterprises,
without recourse to metrological and/or bio-metrological
methods

Methodology

Our occupational risk analysis related to the exposure to
chemical risk in the dairy industry in Morocco during the
COVID-19 pandemic was based on the following steps:

Firstly, we conducted a qualitative analysis that collected
data on the disinfection products used by employees during
the COVID-19 pandemic. We then developed a chemical risk
assessment based on the MSDS of the disinfectants used.

Secondly, to convert the information collected into figures,
we conducted a health and safety survey of 90 individuals in
three industries. These individuals used hand sanitizers. This
study was conducted to describe, explain, and predict the main
factors influencing occupational safety related to exposure to
chemical risk in these industries. This survey would make it
possible to express individual and collective opinions on the
chemical risk incurred, to gather information on the exact
effects following exposure to these products, and to evaluate
knowledge and practices in terms of prevention. This will
allow an empirical observation and its connection with the
conceptual dimension of research and a vision on the domi-
nant variables to prioritize them.

It is then a matter of proposing improvement actions and
participating in the development of an integrated management
of the health risks of the food product and the operator at the
workstation for a simplified analysis of the chemical risk re-
lated to the use of disinfectants. This will be achieved by
adopting the HACCP-OPERA approach, which we have de-
veloped and proposed in a previous study (Rachidi et al.
2016a). This method is a simplified tool for chemical risk
assessment and management in the food industry, especially
small and medium enterprises, without the need for metrolog-
ical and bio-metrological methods. It brings together two ap-
proaches usually implemented separately: the HACCP ap-
proach and the OPERA method (Rachidi et al. 2016a).

The HACCP (Hazard Analysis and Critical Control Point
system: a system which identifies, evaluates, and controls
hazards which menace food’s “safety”) according to the
Codex Alimentarius version 4 (2003) (Tixier 2008). It is a
structured approach for building assurance of food safety. It
is also a compatible and complementary tool to ISO 9000.

HACCP is a harmonized and organizational method based
on internationally recognized standards and guidelines.

➢ The HACCP implementation is based on 7 principles:

1 Hazard analysis (causes, preventive measures)

2 Identification of critical control points (CCP)

3 Establishment of target values and tolerances for each CCP (critical
limits)

4 Establishment of a monitoring system for each CCP

5 Establishment of corrective actions

6 Verification

7 Establishment of documentation

➢ The OPERA method (Tool for the First Assessment Analysis Risk by
Activities) (Burgundy FrancheComte, 2008). TheOPERAmethod is a
preliminary evaluation tool of chemical risks that can be completed by
a metrology. It assesses the risks in health and safety at work and fire
by taking into account the actual business operators. It allows an
overall assessment of chemical risks to the position and/or prioritiza-
tion of different work phases. It helps to prioritize the axis of action to
helping the definition of preventive measures to be implemented.
Moreover, this method allows a predictive risk assessment in case of
process choise modification for a same product or of product modifi-
cation.

➢ The OPERA-HACCP approach, which we propose, is based on 12
steps including 7 principles (Rachidi et al. 2016a):

1 Constitution of the teamHACCP-OPERA: It is essential that the host of
the HACCP-OPERA team sets up a working group bringing together
the various stakeholders, occupational health service, medical profes-
sion…

2 Inventory and description of products, personnel, and environment
work: This is the most important step; it consists the following:

2.1 To identify and collect data on all chemicals used, generated, or stored
in workstations, and classify and view their properties. Also, expired or
unused products for some time will be removed by procedures that
respect the environment;

2.2 To describe the personnel, workstations, and collective and personal
protective equipment.

3 Determination of the intended use of the products: identifying the
intended use of the product, where it draws up the conditions of storage
and use of the products by the operator;

4 Establishment of the list of operations: The list of operations shall be
established and the team should investigate the possibilities of risk
exposure, accidents, and incidents, based on statistics of diseases and
injuries and their analyses;

5 Confirmation of the list of operations instantly;

6 Analysis of dangers and preventive measures (principle 1):

6.1 Hazard identification: The list of operations shall be established, and
the team should investigate the possibilities of risk exposure, accidents,
and incidents, based on statistics of diseases and injuries and their
analyses;

6.2 Identification of possible damage;

6.3 Identification of preventive measures: identifying preventive
measures to eliminate the risk or reduce its occurrence to an acceptable
level.
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Determination of Critical Control Points
(CCPs) for the control method by the OPERA
(principle 2):

7.1 Assessment of the severity of chemical risk: This is to
assess the severity of the risk of chemical substances from
the equation “GR = [(A / B) + C] * D” of the OPERA method
(according to Cram Burgundy Franche Comte);

7.2 Identification and evaluation of critical points (CCPs)
are often difficult to assess with the HACCP only: The sever-
ity of the risks of chemicals, evaluated and selected by the
OPERA method, therefore allows identifying and estimating
the critical points based on the factor D.

1. Determining the critical exposure limits for each critical
point (principle 3): Critical limits correspond to the ex-
treme values acceptable with respect to operator safety;

2. Setting up a system for monitoring risk exposure for each
CCP (principle 4): Critical limits correspond to the ex-
treme values acceptable with respect to operator safety;

3. Establishment of a corrective action plan (principle 5):
Corrective actions are predetermined action by the multi-
disciplinary team and should be applied immediately
when the monitoring system reveals a deviation indicating
loss or lack of control of a critical point;

4. Application of the verification procedures (principle 6):
This step is to define activities of follow-up to verify that
the HACCP-OPERA system is suitable and working
properly;

5. Record: the single document (principle 7): The employer
can record the results of the risk assessment; it has the
choice of the method deemed most appropriate to their
needs.

The HACCP-OPERA chemical risk assessment that we
have proposed is based mainly on the quotation of R-phrases.
These R-phrases have now become H-phrases according to
the CLP Regulation (meaning “Classification, Labelling,
Packaging”), which has progressively replaced the pre-
existing European system and repealed it completely on
June 1, 2015 (except for special provisions) (INRS 2020c).
In this case, we are called upon, then, to update the HACCP-
OPERA method according to the new hazard statements H,
using the correspondence between the two designations H and
R to evaluate the chemical risk in question (Guichard et al.
2011).

Results and discussion

Concern about the impacts of chemicals on health and the
environment is widespread. They can greatly impede progress
and the achievement of development goals. In this context,

several directives and legislative texts have been created to
protect the health and safety of workers against risks related
to chemical agents at work, citing as non-exhaustive the
European Directive 98/24 / EC - risks related to chemical
agents at work and Regulation (EC) no. 1272/2008
concerning the classification, labeling, and packaging of sub-
stances and mixtures (European Agency for Safety and Health
at Work 2020b).

In the same sense, Morocco has introduced an important
legislative (Official Bulletin 2004a; b) and normative arsenal
that allows for a healthy assessment and management of
chemicals, which could help reduce the financial burden,
health problems, and pollution levels posed by the unsustain-
able management of these chemicals. According to the
Moroccan standard NM 03.2.100, a certain number of dan-
gerous products are listed according to the risk they represent
(toxic, flammable ...). Also, a system of classification, pack-
aging, and labeling of dangerous preparations is presented by
the NM 03.2.101. NM 03.2.103 gives instructions for the
preparation and drafting of a safety data sheet for chemicals
(Department of Surveillance and Risk Prevention, Ministry of
Energy, Mines, Water and Environment, Morocco 2013).

This study focuses on the identification and evaluation of
the chemical risk due to the use of hand sanitizers in the dairy
industry in Morocco during the COVID-19 pandemic. It first
focused on diagnosis and analysis of the toxicological infor-
mation and data provided on the MSDSs of the disinfectants
used in these workplaces (Table 1). These sheets are based on
European regulations, which are correlated with Moroccan
regulations.

The results of this first analysis of the MSDSs (Table 1)
showed that bleach can cause serious health problems if ex-
posure is not appropriate and the safety instructions and direc-
tions for use are not followed. Similarly, the use of a
hydroalcoholic hand gel can lead to significant health risks if
exposure exceeds tolerable limits and if individual and collec-
tive preventive measures are not used or are insufficient.

In order to gather data on the exact health effects due to
exposure to these disinfectants and to assess perceptions and
practices in terms of prevention, we conducted a health and
safety survey in the industries in question. Out of 90 em-
ployees surveyed, 40 responded to our questionnaire (Annex
2).

This study showed that 100% of the survey participants
used alcohol-based hand disinfection gel during the COVID-
19 pandemic (Fig. 1).

It also revealed that a significant 60% (Fig. 2) also used
bleach for hand disinfection, due to a lack of commercially
available alcohol-based hand sanitizing gels during this peri-
od. For fear of the severity of the coronavirus, the employees
of the dairy industries in question preferred to use the two
disinfectants studied, hydroalcoholic gel and bleach, as disin-
fectants are more powerful and quickly used than soap.
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However, the use of bleach is indicated only for disinfec-
tion and cleaning of surfaces according to the data presented
on the MSDSs. This can certainly increase exposure to the
health risks of this product and aggravate its effects on the
health of employees, especially in the absence or inadequacy
of collective and individual protective equipment.

In the same sense, the assessment of the health and psycho-
logical effects caused by the use of the hydroalcoholic disin-
fectant for hand disinfection during the COVID-19 pandemic,
for a period of 4 months, showed that this product caused
serious health problems for its users. Out of 38 people who
answered this question, 18 employees reported the appearance

of dermatological problems, and 4 people exposed to this risk
reported the presence of psychological discomfort related to
stress, fear, and discomfort. In addition to respiratory discom-
fort reported by 3 employees, 13 survey respondents reported
the occurrence of other health problems (Fig. 3).

Compared to the use of bleach, 16 users of this product
reported the appearance of dermatological problems (eczema,
allergies...). Respiratory problems were also reported by 6
people, in addition to eye problems reported by 5 employees
and two felt psychological discomfort: fear, stress, discomfort.
Similarly, 12 employees reported other health effects caused
by the disinfectant (Fig. 4).

Table 1 Analysis of MSDSs for
disinfectants: bleach and
hydroalcoholic gel

Disinfectant product Principal symptoms and effects

ACE—classic products for washing and cleaning

Mixed: sodium hypochlorite, sodium carbonate, and
sodium hydroxide

Compliant with Regulation (EC) no. 1907/2006
(REACH) with its amendment Regulation (EU)
2015/830

▪ Principal symptoms and effects, severe and delayed
symptoms/injuries after inhalation: coughing.
Sneezing

▪ Symptoms/injuries after contact with the skin: red-
ness. Swelling. Dryness. Itching

▪ Symptoms/injuries after eye contact: intense pain.
Redness. Swelling. Blurred vision

▪ Symptoms/injuries after ingestion: irritation of the
oral or gastrointestinal mucous membranes. Nausea.
Vomiting. Excessive secretion. Diarrhea

▪ Causes skin irritation and severe eye irritation

Hydroalcoholic hand gel: biocidal product.

Mixed: ethanol (700 mg/g or 755 ml/l—CAS No.
64-17-5) in the presence of thickening, moisturiz-
ing and emollient agents, and water. Without per-
fume or dye.

Safety Data Sheet (Regulation (EC) no. 1907/2006 -
REACH)

▪ Fire risk

▪ Very large inhalation can cause nausea and irritation
of the mucous membranes

▪ The presentation of the product associated with its
frequency of use can generate intolerance
phenomena in reactive individuals

▪May cause reversible effects on the eyes, such as eye
irritation which is fully reversible within a 21-day
observation period

▪ Splashes in the eyes can cause irritation and reversible
damage

▪ Serious eye damage/eye irritation: ethyl alcohol
(CAS: 64-17-5) causes severe eye irritation

Fig. 1 Number of staff using
alcohol-based hand sanitizers for
hand disinfection during the
COVID-19 pandemic
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These negative effects on people’s physical and psycholog-
ical health can be increased, especially among people at risk
such as the elderly and women, who represent 20% of those
surveyed (Fig. 5).

The health consequences detected as a result of the use of
these disinfectants are mainly explained by the failure to com-
ply with the safety instructions indicated in the MSDSs, par-
ticularly the frequency of use, given that 93% of these people
use these products several times a day, exceptionally during
this pandemic, for fear of contaminating COVID-19 (Fig. 6).

A determining factor in occupational health safety is the
adoption of individual and collective preventive measures
during hand disinfection. Indeed, the survey showed that this
factor is partially not adopted by the employees, which may
increase the exposure to chemical risk, knowing that only 35%
of the employees wear protective glasses, 62.5% use protec-
tive masks, and 27.5% wear safety gloves during the disinfec-
tion operation (Fig. 7). Compared to collective prevention,
only 10% of employees disinfect their hands under the fume
hood and 27.5% use these products in a ventilated space, and
25% of them reported not adopting any preventive measures
(Fig. 7). This may be due to insufficient monitoring and
follow-up actions and/or awareness sessions on the subject.
In this study, we found that only 47.5% of the employees
participating in the survey had received awareness and train-
ing sessions on the prevention of health risks related to the use
of disinfectants (Fig. 7).

It therefore appears that this unforeseen and critical situa-
tion of the COVID-19 pandemic and the strengthening of

health security measures to fight against this virus has signif-
icantly provoked the emergence of a new risk that is not usu-
ally taken as an intolerable risk in the periodic occupational
risk analysis in these companies. The emergence of this new
risk may be due mainly to the inadequacy of the procedures
for identifying and assessing these risks with the new pandem-
ic situation. It may also be due to employee resistance to
change caused by this health crisis and the failure to comply
exactly with employment and safety instructions, which has
led to unbalanced management of occupational risks in these
workplaces.

This new requirement would require a joint effort between
company managers and employees to ensure a more secure
workspace. Managers can reassess new occupational risks
such as the chemical risk of the disinfectants used, which is
the subject of our study, and strengthen prevention and con-
tinuous control actions, while emphasizing awareness, train-
ing, and support. It is the role of employees to apply and
respect these safety instructions and to adapt to new working
conditions.

Indeed, good occupational risk management requires the
separation of functions in risk analysis activities if the risk
assessment process is to retain its full scientific value and
avoid pressures that would undermine the objectivity and
credibility of the conclusions. However, frequent interaction
between those responsible for risk management and those re-
sponsible for risk assessment within the company is essential
for effective risk management decisions to be made (WHO
2002).

Fig. 2 Percentage of staff using
bleach for hand disinfection
during the COVID-19 pandemic

Fig. 3 Assessment of the health
and psychological problems
caused by the use of
hydroalcoholic disinfectants for
hand disinfection during the
COVID-19 pandemic
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In Morocco, a significant number of dairy firms have a
HACCP quality assurance system for the management of food
safety risks (Rachidi and Latrache 2020), including the dairy
industries which are the subject of our study. In order to adapt
to all these constraints in a concern of development and adap-
tation, it is essential to adopt an integrated risk management
system, which is a voluntary approach undertaken by the man-
agement of the company which would group together the
management of food quality and occupational safety in a sin-
gle system. This allows productivity gains, optimization of
resources (risk analysis, training of actors, management of
indicators, management review, etc.), coherence (united and
dependent systems), and reduction of the risk of conflicts in
the management of the company and consequently enhance-
ment of the company’s image (Mathieu et al. 2003).

In the case of our study, we propose, then, to integrate the
chemical risk management method into the HACCP system
already installed in these companies. It is a question of
adopting an approach that we have developed and proposed
in a study published in 2016 (Rachidi et al. 2016a) with its
example of application in an agro-food industry in Morocco
(Rachidi et al. 2016b): it is the HACCP-OPERA approach.
This new approach is a simplified method of assessment and
management of chemical risk in the company; it brings togeth-
er two approaches usually implemented separately: the
HACCP approach and the OPERA method. This coupling
of the two approaches makes it possible to integrate the

occupational health and safety management system into the
internationally recognized HACCP system.

In effect, the adoption of the principles of the HACCP-
OPERA approach for the analysis of the chemical risk related
to the use of hand disinfectants during the COVID-19 pan-
demic in the dairy industries, the subject of our study, allowed
us to identify chemicals labeled with safety data sheets and
toxicological data sheets. These data were used to determine
their hazards and potential harm, which we had already iden-
tified at the beginning of the study (see Table 1). The various
information collected during the inventory will also be used to
draw up safety data sheets at the workstations.

Principle 1: Analysis of dangers and preventive
measures

According to the principles of the HACCP-OPERA approach,
we evaluated the seriousness of the risks using the OPERA
method based on the equation: Gravity of risk = [(A/B) +C]*D

Fig. 4 Appreciation of the health
and psychological problems
caused by the use of bleach for
hand disinfection during the
COVID-19 pandemic

Fig. 5 Employee survey participation rates by gender Fig. 6 Hand sanitizer usage rate for hand disinfection by day

112 Environ Sci Pollut Res  (2022) 29:106–118



where A, B, and C are derived from the product label and
MSDS and D is derived from the work process (Cram from
Bourgogne Franche Comte 2008).

Knowing that the rating of factors A, B, C, and D is deter-
mined according to the following rules (Cram from
Bourgogne Franche Comte 2008):

-A-factor rating: For every R-phrase (risk phrase), there is a
rating from 3 to 10 [Quotation A [QA]] (see Table 2: R-phrase
rating). The sum of all R-phrases gives the A-factor.

-B-factor rating: The B-factor represents the reduction of
the A-factor, which can be obtained if all precautionary state-
ments on the label or the safety data sheet (S-phrases) are
respected.

*B= 2 when all precautionary statements (S-phrases) on the
label or MSDS are complied with during the relevant operat-
ing phase,

*B= 1when a single precautionary statement on the label or
MSDS is not respected, or if there is no precautionary state-
ment on the label or MSDS.

-Factor C rating: additional rating of certain R-phrases be-
cause of their hazardousness related to their carcinogenic, mu-
tagenic, or reprotoxic (CMR) potential (see Table 2: R-phrase
rating [Quotation C [QC]]).

-D-factor rating: theD-factor, rated from 0 to 5, depends on
the presence or absence of the operator in the work area and
the degree of dangerousness of the process used (see D-factor
rating in Annex 1).

This assessment is based on the R-phrases which have
become H-phrases according to the CLP Regulation (INRS
2020c) and the S-phrases which have also become P-phrases,
which have a regulatory character. They appear on the label-
ing as well as on the safety data sheets of the chemicals used
(Cram from Bourgogne Franche Comte 2008).

In the present study, we then evaluated the severity of risk
of the two disinfectants (hydroalcoholic gel and bleach) used
for hand disinfection, using the OPERAmethod, in the case of
the use of preventive equipment by employees and in the
opposite case (Table 3).

We note that the chemical risk caused by the use of bleach
for hand disinfection is serious or imminent, even with the
wearing of preventive equipment, due to the fact that this
product is not indicated for personal use. In this case, it is
essential to prohibit the use of this product for any personal
use (Table 3).

Compared to the use of hydroalcoholic disinfectant for
hand disinfection, the evaluation of this risk has shown that
this product can be used in careful compliance with safety
instructions, by adopting IPE (individual prevention equip-
ment) and also strengthening collective prevention measures,
particularly those related to the work environment, to reduce
the severity of risk to an acceptable value (Table 3).

Principle 2: Determination of critical control points for
the control

In order to control the level of safety concerning the use of the
hydroalcoholic disinfectant for hand disinfection, and to guar-
antee a safe working environment, we propose to use the
equation, D (critical point) = level of gravity of risk chosen /
[(A/2) + C], from the HACCP-OPERA method to identify the
critical points to be controlled (CP) and to determine the value
of D corresponding to suitable working conditions.

We have chosen, in our case, the low risk level (15>=GR)
(see Table 4) as the level at which the risk is not acceptable,
with the understanding that the work team has the opportunity
to choose the level of unacceptable risk appropriate to the
specific characteristics of the institution and its activities.

Fig. 7 Use of collective and
personal protective equipment
during hand disinfection
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Table 2 R-phrase ratings (Cram
from Bourgogne Franche Comte
2008)

Phrase R QA QC Phrase R QA QC Phrase R QA QC Phrase R QA QC

1 10 30 8 14/15 9 39/28 8

2 6 31 5 15/29 10 40/20 7

3 8 32 7 20/21 5 40/20/21 8

4 8 33 7 20/22 5 40/20/21/22 8

5 6 34 6 20/21/22 6 40/20/22 8

6 10 35 8 21/22 5 40/21 7

7 6 36 5 23/24 7 40/21/22 7

8 4 37 5 23/24/25 8 40/22 6

9 8 38 4 23/25 7 42/43 7

10 4 39 8 24/25 7 48/20 6

11 6 40 6 26/27 9 48/20/21 6

12 8 41 7 26/27/28 10 48/20/21/22 7

14 8 42 7 26/28 9 48/20/22 6

15 8 43 7 27/28 9 48/21 6

16 8 44 5 36/37 6 48/21/22 6

17 10 45 10 36/37/38 7 48/22 6

18 8 46 10 36/38 6 48/23 7

19 6 48 6 37/38 6 48/23/24 7

20 4 49 10 39/23 8 48/23/24/25 8

21 4 60 10 39/23/24 8 48/23/25 7

22 3 61 10 39/23/24/25 9 48/24 7

23 6 62 8 39/23/25 8 48/24/25 7

24 6 63 8 39/24 8 48/25 7

25 6 64 8 39/24/25 8 68/20 7

26 8 65 3 39/25 8 68/20/21 8

27 8 66 4 39/26 8 68/20/21/22 8

28 7 67 4 39/26/27 9 68/20/22 8

29 6 68 6 39/26/27/28 10 68/21 7

39/26/28 9 68/21/22 7

39/27 8 68/22 6

39/27/28 9

Table 3 Severity of risk of disinfectants: hydroalcoholic gel and bleach

Product R-phrases
corresponding to
H-phrases

Corresponding
quotation of the
R-phrases

Rating of A and C Value
of B

Value of D (see
factor D rating in
Annex 1)

Gravity of risk= [(A/B) + C]*D (see
Table 4 of the level of risk according
to its gravity)

(see Table 2 of R rating)

Bleach water H314 [R35]
H315 [R38],
H318 [R41],
H319 [R36],
H335 [R37]

R35= 8 R38= 4
R41= 7
R36= 5
R37= 5

In our case, all the
quotations of the
R-phrases correspond to
the A-factor, so the
C-factor is equal to 0

B= 1 The employee is
entirely in the
operating
environment, so
D is equal to 5

Gravity of risk = [(29/1) +0]*5
Gravity of risk =145 Gravity of
risk is greater than 70 so the
product presents a serious or
imminent risk.

B= 2 Gravity of risk= [(29/2) +0]*5
Gravity of risk = 72,5 Severe risk

Hydroalcoholic
disinfectant

H226 [R10],
H319 [R36]

R10=4 R36=5 B= 1 Gravity of risk= [(9/1) +0]*5Gravity
of risk =45 Risk is very high

B= 2 Gravity of risk= [(9/2) +0]*5Gravity
of risk =22.5 Medium risk
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At this stage of our HACCP-OPERA approach, the precau-
tionary advice mentioned on the label or the safety data sheet
are supposed to be respected; they are prerequisites of the
approach, in this case (B=2). The rating of factors A and C
depends on the characteristics of the chemical product used.
Consequently, it is on the basis of the GR and the factors A, B,
and C that one of the values of D (0, 1, 2, 3, 4, or 5) will be
considered as the critical point to be controlled (see “scoring
of factor D” in Annex 1) (Rachidi et al. 2016a). The determi-
nation of the critical point for the use of the water-alcoholic
disinfectant is as follows: D (critical point) = 15/ [(A/2) +C],
with A=9 [R-phrase scoring set] and C=0 (see Table 2 for R-
phrase).

So: D (critical point) = 15/ [(9/2) +0=3.33
In our case, we can choose more preventive working con-

ditions, so the D (critical point) =3 (less thanD (critical point)
calculated =3.33) is the critical point to be mastered for the use
of the hydroalcoholic hand disinfectant.

(D=3: operator in the operating environment, local venti-
lation source capture type, open cabin (see factor D rating in
the Annex 1)).

The value of factorDwas fixed by the authors of the meth-
od on the basis of their experience. There is no need to modify
them, as they are correlated with the relevance of the tool
(Cram from Bourgogne Franche Comte 2008). Indeed, one
of the values of D (0, 1, 2, 3, 4, or 5) will be considered as
the critical point to be mastered (see “rating of the factorD” in
Annex 1).

Principle 3: Determination of critical exposure limits
for each critical point

It is then a question of determining the critical limits of expo-
sure to risk, knowing that the critical limits correspond to the
extreme values acceptable in relation to operator safety. They
set the acceptability or otherwise of the level of risk. These
limits are usually determined by metrology and/or bio-metrol-
ogy. In our present study, we propose a simple formula, from
the HACCP-OPERA approach, to determine the critical limits

of each critical point, based on the equation:D (critical limit) =
< level of gravity of risk chosen/[(A/2) +C] (Rachidi et al.
2016a).

In our case,D (critical limit) = < 15/ [(9/2) +0], thereforeD
(critical limit) = < 3.33, (with A=9 rating set of R- and C-
phrases=0 (see Table 2 of rating of R-phrases)).

Therefore, the acceptable D value for operator safety must
be less or equal to 3.33. For more prevention, we can choose
D=3 (operator in the operating environment, local ventilation
source capture type, open cabin...) as the critical limit not to be
exceeded (see “D factor rating” in the Annex).

Principle 4: Setting up a system for monitoring risk
exposure for each CCP

We also propose to adopt monitoring measures, following the
principles of the HACCP-OPERA approach, such as continu-
ous monitoring of working conditions and compliance with
safety instructions, as well as the follow-up of awareness and
training actions. These measures ensure, in particular, that
critical limits are always respected and that they are also ef-
fectively controlled. They enable any deviation from the target
values to be detected quickly.

Principle 5: Establishment of a corrective action plan

If the monitoring actions reveal that the critical limits are not
well respected, that D (critical limit) ˃ 3 (change in working
conditions), pre-established corrective actions must be taken.

Principles 6 and 7: Application of the verification
procedures and registration

In addition, it is important to verify the correct application of
the HACCP-OPERA procedures and to have a recording doc-
ument that allows the data from the analysis of occupational
hazards (accidents, incidents, and illnesses) to which workers
are exposed to be gathered on a single medium. This provides
a means of proof of the control exercised (Rachidi et al.
2016a).

Conclusion

Occupational risk evaluation, including chemical risk, is deep-
ly concerned by the application of the precautionary principle.
Our study provided risk managers in the dairy industry, par-
ticularly small and medium enterprises, with information and
conclusions enabling them to reach more objective decisions
on the most appropriate measures for operator health safety
and prevention of the chemical risk associated with the use of
hand sanitizers during the COVID-19 pandemic. This is to
prohibit the use of bleach by employees for hand disinfection,

Table 4 Level of risk according to its gravity (Cram from Bourgogne
Franche Comte 2008)

Gravity of risk: GR Level of risk

< 5 Very low

5 < GR < 15 Low

15 < GR < 25 Medium

25 < GR < 35 Featured

35 < GR < 50 Very large

50 < GR < 70 Danger

> 70 Severe or imminent
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regardless of the preventive measures adopted. It is also a
matter of using the hydroalcoholic gel with certain preventive
measures and well-defined working conditions, based on the
results of the application of the HACCP-OPERA method,
which makes it possible to propose an integrated approach
to the management of professional risks and food production.

This study can serve as a reference for companies to estab-
lish performance criteria and their prevention procedures for a
balanced management of professional risks, and for public
authorities to define standards. It would also allow employees
to perceive the real risk incurred through effective and perma-
nent communication.

Some examples of D-factor scoring

D=0: absence of any operator in the environment.
D=1: physical separation between the operator and the op-

eration ex:
Ventilated and closed fume cupboard.
Sealed machine without loss of product
Any device allowing the absence of total contact with the

product.
D=2: human presence in the environment, not in the oper-

ating environment, depression-type
Ventilation
Ventilated paint booth, mostly outdoor operator
Ventilated but not closed fume cupboard
Evaporations less than one-third of the MEV (mean expo-

sure value)
Inert gas that can reduce the concentration of oxygen (pres-

ent for 5%) by 1 point.
D=3: operator in the operating environment, local ventila-

tion source capture type, open cabin
Sprayed product
PE (flash point) higher than 20°C at room temperature
Operating temperature between 50 and 70°C
Atmospheric concentration (lower?) reaches the VME
Inert gas capable of lowering the concentration of oxygen

(present for 10%) by 2 points.
D=4: operator entirely in the operating environment, gen-

eral ventilation only
Sprayed product
PE above room temperature by 10° C only
Operating temperature between 70°C and 90°C
Atmospheric concentration reaches 2 TWA or TLV

(threshold limit value)
Inert gas that can reduce the concentration of oxygen (pres-

ent for 15%) by 3 points.
D=5: operator entirely in the operating room, manual op-

eration, no ventilation
Product sprayed in the open air

PE less than or equal to the ambient temperature
Operating temperature greater than or equal to 90° C
Atmospheric concentration reaches 10 TWA or the ELV
Inert gas that can lower the concentration of oxygen (pres-

ent for 20%) by 4 points or more.
Questionnaire for employees in the dairy
industries in Morocco concerning the use
of hand disinfectants during the COVID-19
pandemic

1.Genre

& Woman
& Man

2.Do you use the hydroalcoholic hand sanitizer for hand
disinfection during the COVID-19?

& Yes
& No

3.Do you use bleach for hand disinfection during the
COVID-19 period?

& Yes
& No

4.How many times a day do you use these disinfectants?

& One time
& Twice
& Several times

5.Did you notice any health and psychological problems
related to the use of the hydroalcoholic disinfectant for hand
disinfection during the COVID-19 pandemic?

& Respiratory discomfort
& Dermatological problems [eczema, allergy…]
& Eye problems
& Dizziness, memory problems …
& Gastric problems
& Psychological problems: fear, stress, discomfort …
& Other

6.Did you notice any health and psychological problems
related to the use of bleach for hand disinfection during the
COVID-19 pandemic?

& Respiratory discomfort
& Dermatological problems [eczema, allergy…]
& Eye problems
& Dizziness, memory problems …
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& Gastric problems
& Psychological problems: fear, stress, discomfort …
& Other

7.Have you adopted individual and/or collective preventive
measures during hand disinfection with the two disinfectants
used?

& Protective glasses
& Protective masks
& Protective gloves
& Hand disinfection under the hood
& Hand disinfection area is well aired
& Benefit from awareness sessions and training in occupa-

tional safety and health
& No preventive measures
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