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Abstract
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Background: Implementing safety procedures and precautions minimize the risk of exposure to toxic chemicals
and costs of a consequence of a hazardous work environment. Therefore, the aim of this study is to measure the
perception of safety standards implementation at different laboratories at the Kingdom of Saudi Arabia.

Methods: A cross-sectional study use questionnaire consists of 25 questions. A total of 73 employees,
researchers, and students participate in questionnaires distributed in Riyadh, Dammam and Abha cities on 2016,

Results: The majority of participants is male, living in Riyadh, married and has an education higher than
secondary school. The age of participants is 28 + 5 years.

Conclusion: The study shows variations in the implementation of security measures and standards at
laboratories in three different cities in Saudi Arabia. The Large-scale longitudinal study is recommended for next
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Introduction

The Laboratory is the most precise place where researchers,
technicians, and students use to accomplish experiments with various
functions: clinical tests, histopathological assessments, toxicological
screen, and even for veterinary purposes. Implementing safety
procedures and precautions might minimize the risk of exposure to
toxic chemicals, and costs of the consequence of a hazardous work
environment. Chemical laboratories are dangerous workplaces where
they contain enormous hazardous materials. The hazardous substances
include flammable, carcinogens, mutagens and radioactive agents.
Formerly, several chemical substances used in the laboratories labeled
as safe have been recently labeled as dangerous for long-term exposure.
A long list of hazardous substances updated regularly with animal
experimental research studies such as metal, inorganic compounds,
and organic solvents [1]. Such risky substances have negative impacts
on workers' health including teratogenic effects on fetal brain
development [1].

Various laboratory processes are related to lethal diseases such as
nitric oxide synthase as well as carbon monoxide is generating heme
oxygen reactions which are associated with Sarcolemma of skeletal
muscle fibers receptors of mammalian with unknown molecular
mechanism [2].

Four employees were killed and 32 injured in a small chemical
business; multi-hundred-gallon reactors known as T2 laboratory, as a

result of chemical interaction explosion. The investigations of United
States Chemical Safety Board (CSB) revealed that there was
uncertainty in the safety process. The CSB suggested that proper
recognition of the consequences of a chemical process is a crucial key
to determine the risk [3].

In 2010, a student had lost three fingers, burned face and hand, and
injured eye at chemistry and biochemistry departments at Texas Tech
University. The chemical safety board determined deficiencies in safety
measurements as a cause of the accident. The occupational safety
hazard was not assessed properly due to the lack of proper incident
documentation [4]. Moreover, due to the lack of safety precautions, the
undergraduates were at an increased risk of asphyxiation; as a result of
working in the Yale University laboratory machine shop in 2011 [5].

European Chemical Agency (ECHA) recommends the use of Safety
Data Sheets (SDS) to assure adequate safety information and
application of proper precaution of hazardous substances during
supply chain, storage, and transportation [6].

A recent study published in the Middle East region, Iraq at Al-
Nahrain University shows that the laboratories never designed based
on international standards; almost seven major safety defects emerged
within two years post-establishment [7]. Other published studies at the
same University, raised the significance of maintenance of the
neglected fume cupboard, and the importance of preserving proper
ventilation at the undergraduate chemistry laboratories to reduce the
accidents [8,9].
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In Saudi Arabia, the safety term is almost always associated with
road traffic accidents, [10] hospital infections [11,12] and rarely with
the working environment [13,14]. In 1998, a survey conducted in
Eastern Provence of Saudi Arabia; safety precautions had been found
more in large projects as compared to small ones [13]. The aim of this
study is to measure the laboratory members' perception of safety
standards implementation at different laboratories in the Kingdom of
Saudi Arabia.

Methods

Study design setting and subjects

A cross-sectional study uses a questionnaire consists of 25 questions
adapted from Guidelines for the Development and Application of
Health, Safety and Environmental Management Systems [15]
American Chemical Society Safety Audit/Inspection Manual and
American Chemical Society Security Vulnerability Checklist for
Academic and Small Chemical Laboratory Facilities [16].

A pilot study conducted by interviewing 12 participants; shows
acceptable Cronbach alpha with moderate internal consistency
(a=0.751>0.7) [17]. Based on the accepted range of corrected item-
total correlations (0.30 to 0.70) for a good scale [18] five statements are
omitted from the original questionnaire as shown in Table 1.

Statements Corrected Item-Total
Correlation

Work 0.197

Safety knowledge -0.062

Apply safety 0.183

| think everybody has safety responsibility 0.023

There is safeguards techniques applied to insist| 0.041

lab accidents prevention

Tablel: Corrected item-total correlations for omitted statements.

The questionnaire was modified to have only 20 declarations and
questions, among them, five statements are related to demographic
data. The other fifteen questions are designed using the Likert scale
with five level scale items (strongly agree, agree, neutral, disagree, and
strongly disagree). The Arabic translation of questionnaire was
validated with expert translators and researchers before and after pilot
study.

Data collection

A total of 100 questionnaires distributed at universities and research
centers in Riyadh, Dammam, and Abha cities on 2016, May 10 to
June 5%, A pilot study conducted by using an interview methodology
for 12 participants. The pilot study performed with a sample of
researchers, lab technicians, and students at different institutions in
Riyadh city.

Additionally, 88 questionnaires distributed in three different cities.
Overall, the distributed questionnaires are 40, 30, and 30 in Riyadh,
Dammam, and Abha cities respectively. One questionnaire was
omitted due to an incomplete answer of questions; the total response
rate is 74%.

Statistical analysis plan

SPSS (IBM Corp. Released 2011. IBM SPSS Statistics for Windows,
Version 20.0. Armonk, NY: IBM Corp) was used for data analysis.
Based on confidence level 95%, sample size of 100 with a percentage of
50% chances to participate; the confidence interval is 9.8%. Descriptive
analysis used to show the perceptions of safety implementation in
laboratories among participants. Demographical data frequency is
illustrated in the chart.

Ethical consideration

All participants were informed with the study objectives and
provided answers to their queries. Voluntary participation is collected
without their affiliations or names. In the case of participants' queries
to receive the final study results, it was sent to them through E-mail.

Results

Table 2 shows demographic data for participants. The majority of
respondents is male, living in Riyadh, married and has an education
higher than secondary school. The age of participants is 28 + 5 years.

Demographic data items Total

sex Male 46 73
Female 27

Age Mean + SD 28+5 73

Living place Riyadh 37 73
Out-Riyadh 36

Marital status Married 44 73
Non-Married 29

Education Secondary school and| 7 73
below
Above Secondary school | 66

Table 2: Demographic data.

Figure 1 shows the variety of participants' age distributions.
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Figure 1: Age distribution among participants.

Table 3 shows contributor’s perception for safety implementations.
The majority of them agreed that the laboratory has safety policy and
procedure written, a presence of the emergency plan, receive required
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safety training, there are labels for identification of substances, and
there are control and prediction of risks. Moreover, a high percentage

documentation of accidents. Almost 50% do not agree that there is a
commitment to storage requirement. Mostly, the majority are not

of participants disagree with the availability of the safety evaluation satisfied with the safety implementations at the laboratory
committee, safety violations faced with punishments, and environment.
Statement S.t rongly Disagree Neutral Agree Strongly Agree
disagree
There is safety policy and procedure written 5 18 12 28 10
There is emergency plan 7 18 14 17 17
There is safety evaluation committee 8 20 10 19 16
Safety violations faced with punishment 5 18 22 15 13
| received basic training required to deal with danger 8 18 14 29 4
There is lab safety statistical data available 13 13 24 18 5
| document accidents occurs 13 23 12 19 6
There is regular maintenance for lab 8 13 27 13 12
Substances have identification labels and risk information 2 14 6 33 18
There is list for dangerous substances 8 18 13 16 18
There is financial support for safety 14 10 23 14 12
There is safety control and susceptible danger prediction 15 12 19 16 11
There is segregated specific waste containers available 17 16 9 17 14
Storage requirement for chemical substances are met 6 20 12 22 13
Overall, I'm satisfy with safety application in laboratory 12 25 12 18 6

Table 3: Participants’ perception towards Safety standards implementation at their institutions.

Discussion

The concept of safety commitment in laboratories is a fundamental
component of shelter against loss. In a cross-sectional study conducted
at the Technological Educational Institution of Thessaloniki, Greece,
investigates the ability to match hazardous label with a compatible
chemical substance. Only 25% of students enrolled in the
questionnaire were able to select the appropriate label to a chemical
substance [19]. Almost, in mismatching the labels to correspondent
chemical substances, there is no difference between chemistry
educated and non-educated students [19]. In this study, the majority of
contributors showed agreement towards the safety policy and
procedure written, a presence of the emergency plan, basic safety
training, availability of substance identification labels, and risks control
and prediction. Based on the Theory of Planned Behavior (TPB), the
reason might be explained by a behavioral intention to practice
security and safety knowledge that construct work environment [20].
However, the gender, state, and grades have no significant difference in
safety attitudes [21]. The perception of participants in this study is not
designed to measure the safety attitudes among them. To raise safety
culture in the organization, a survey showed that the student's safety
share is an excellent way to show the importance of safety application
and practice in laboratories [22].

A high percentage of participants disagreed towards the availability
of the safety evaluation committee, safety violations faced with
punishments, and documentation of accidents. Moreover, there is no

perception difference regards the commitment to storage requirements
between the participants. Overall, the majority are not satisfied with
the safety implementations at chosen laboratories.

The major limitation of this study is the cross-sectional design
which is weak to determine the causality. Additionally, the limited
period of data collection and small sample size weaken generalization
of this study. A national survey program on a large scale of laboratories
is recommended.
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