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of Thessaloniki, Greece, was answered by students and laboratory staff. On an average, only
one out of four students matched all the chemicals in the questionnaire with the respective
hazard labels; the percentage of wrong answers for chemicals included in the curriculum
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was comparable to the percentage of wrong answers for chemicals not-taught. The analysis
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of the answers indicates that the traditional teaching of safe-handling and hazard-labelling
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is inadequate, and there is a need for more effective teaching methods to improve the
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awareness of labelling and the safe handling of chemical substances.
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1.

Introduction

The vast majority of laboratories – whether chemical, biological or radiological – use chemicals that may be either
themselves hazardous, or become hazardous because of some
chemical reaction. It is necessary, therefore, to identify hazards, and assess and control potential risks, in order on the
one hand to provide a safe working environment for employees, and on the other hand to prevent any potential damage
to the wider environment.
In several countries, an ofﬁcial act – often called “Occupational Safety and Health Act” (OSHA) – has been established
to provide a guidance for employers and employees, promoting a variety of safety rules (Pine, 1993); see, for example,
the European Union Act (Commission of the European
Communities, 1992), the US Act (US Code, 1970), the Australian Act (Australasian Legal Information Institute, 1984),
the United Nations Act (International Labour Organization,
1981), among others. Some of the objectives of such acts are:
to provide a healthy, safe work environment for employees,

∗

to protect people at or near workplaces from dangers related
to the activities at work, and to ensure that expert advice is
available to those responsible for workplace (Teleki and Foldes,
1996).
Most of these documents, however, do not consider explicitly students in universities and other educational institutions
– with some exceptions, e.g., the Australian OSHA regarding
chemistry departments of Australian universities (Goodwin et
al., 1999) – although teaching and research assistants should
be considered as employees by these acts (Kaufman, 1992).
Standards for protecting students should be at least as stringent as those taken for employees, not only because of the
ethical and legal duty of universities to protect students, but
also because the students have had less training (Sills, 1998).
Besides, in the long run laboratory safety is even more important in an academic setting, since future workers are trained
there.
Laboratory safety is not simply the outcome of a strict
adherence to regulations; it is also the result of an overall
attitude and commitment (Walker, 1999; Versweyveld, 1999).
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Proper and effective education on safety issues is a crucial step
in developing this attitude.
Often, accidents occur not because of limited knowledge
but because a safety procedure becomes a routine, and individuals relax their precautions. Accidents do not happen; they are
caused. They are caused by what people do and do not. Human
attitude, resulting from the accumulation of information and
experience, which cause individuals to act in a certain manner when confronted with a particular stimulus (Oppenheim,
1992), is a major factor in accident occurrence in laboratories.
The correct attitude for handling and using chemicals in
the laboratory should be dictated by the nature of the chemical
and its potential hazards. This precautionary information is
displayed on the label of every chemical, according to the regulations of the Manufacturing Chemists Association and the
Commission of the European Union. The attitude of students,
though, depends on whether they can conceive correctly the
context of these labels and their signs, and realize the potential dangers. Misunderstanding or lack of proper knowledge
to interpret the labelling of the chemicals is a key difference
between an experienced person and a novice (Wiediger and
Hutchinson, 2002) and a signiﬁcant factor that may lead to
an accident. For this reason, many science educators explore
student misconceptions in order to help them reconstruct
their beliefs and build their scientiﬁc knowledge (Mulford and
Robinson, 2002; Thijs, 1992).
The importance of laboratory safety should be instilled in
students early, often repeated and should not be overlooked
(Allen and Breeding, 1999). The opportunity to learn is determined by the allocated learning time (Scheerens and Bosker,
1997), although it is recognized that progress is slow (Stavy,
1995) and not linear (Rudell et al., 1994). In a study conducted with pupils aged 12/13, 15/16 and a group of science
post-graduate certiﬁcate student teachers, it was shown that
learning and perception of risk factors within school laboratories were not progressive (Scott, 1998).
Therefore, one would expect that students would know
more about safety matters towards the end of their studies.
However, although laboratory safety is considered an important component of undergraduate training, few colleges and
universities offer a safety course or require it for a degree in
chemistry—about 6% of US colleges and universities, with only
1–2% requiring it for all chemistry majors a decade ago (data
cited in Senkbeil, 1994).
The purpose of this work was to investigate whether
students at the Department of Food Technology of the Technological Educational Institution, in Thessaloniki, Greece, were
capable of correctly identifying the hazards related to the
chemicals they handle in their laboratory work, and how this
knowledge is inﬂuenced by the progression of the students
through the various semesters. For this, a questionnaire was
handed to the students, as well to laboratory staff members;
the questionnaire, the analysis of the answers from the questionnaires handed in and the conclusions are presented below.

2.

Work details

An anonymous questionnaire – originally introduced in a
bulletin published by the Commission of the European Community (Commission of the European Communities, 1992)
– was distributed to students of the 1st, 3rd, 5th and 7th
semester of the Department of Food Technology at the Technological Educational Institution (TEI) of Thessaloniki, Greece
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Fig. 1 – The questionnaire distributed to the students of the
Department of Food Technology of the Technological
Educational Institution of Thessaloniki (Greece). Correct
answers: A2, B4, C3, D7, E2, F8, G4, H7, J2 and J7, K3, L4,
M2, N3, O8, P1, Q2, R1, S7, T6 and T2, U5 and U1.

(Fig. 1). The questionnaire is simple and consists of a list of
twenty chemicals and of nine precautionary signs; the signs
include not only a symbol, but also a short descriptive caption;
in this way the possibility of a wrong answer due to misunderstanding of the symbol alone is diminished. The chemicals
covered by the questionnaire are not only those encountered
in Food Technology laboratories but span a broad laboratory
practice. Therefore, this work is relevant to most chemical laboratories irrespective of whether they belong to departments
of Food Technology, Chemistry, Chemical Engineering, etc.
Students participating in the survey had to match each
chemical with one or more signs describing a possible hazard; answers were not mutually exclusive. The students were
asked to ﬁll-in the questionnaires right at the moment they
were distributed to them so there was no time for any speciﬁc
preparation or discussion with other classmates.
An important feature of this study was the distinction
between “taught” (“T”) and “not-taught” (“NT”) chemicals,
made for each individual semester. “Taught” chemicals (per
semester) were considered those that were used for bench top
work in the laboratories attended by the students up to that
semester and which had been discussed in the compulsory
safety session before the lab work. “Not-taught” chemicals
were the ones that were not used or even did not exist in the
labs up to that semester (Table 1); eleven out of twenty of the
chemicals presented in the questionnaire were taught in the
laboratory safety sessions along the semesters. The classiﬁcation of substances as “taught” or “not-taught” was based
not only on the context of the laboratory safety sessions, but
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Table 1 – Chemicals of the questionnaire; distinction
between taught (T) and not-taught (NT) chemicals and, if
applicable, semester during which the chemical was
taught
Chemicals

Symbol

Taught (T)/not-taught (NT)

G
C
D

T (in 3rd–7th semesters)
NT
NT

Ammonium hydroxide
Chlorine (Javel water)
Colloid suspension of
polychloroprene
Dichloro-diﬂuoromethane
Epoxy resin
Hydrochloric acid
Hydrogen peroxide
Lead oxide
Mercury(II) fulminate
Methyl ethyl ketone
Oils and greases
Petrol
Phenol

O

T (in 3rd–6th semesters)

L
B
N
Q
U
H
F
S
P

Soda
Sodium chloride
Sodium cyanide
Styrene
Toluene

K
T
R
E
J

Trichloroethylene
Turpentine

M
A

NT
T (in 1st–7th semesters)
T (in 6th–7th semesters)
T (in 2nd–7th semesters)
NT
T (in 3rd–7th semesters)
NT
T (in 5th–7th semesters)
T (in 2nd and 4th–6th
semesters)
T (in 3rd–7th semesters)
T (in 1st–5th semesters)
NT
NT
T (in 1st and 4th–7th
semesters)
NT
NT

also on a detailed inventory of the chemicals in the laboratories of the Food Technology Department, conducted right after
the end of the questionnaire campaign. Working groups comprising students and staff members meticulously registered
not only the type of chemicals existing in the labs but also
their respective quantities. The latter information, however,
was not utilized in this study, as there is not always a direct
relation between the potential hazard of a chemical and its
quantity.
The same questionnaire was distributed to faculty members and laboratory staff in order to examine whether
instructors and assisting personnel were aware of the hazards
of the chemical products used in the laboratory. The overall size of the subject groups was 214; 1st semester: 29, 2nd
semester: 30, 3rd semester: 18, 4th semester: 41, 5th semester:
20, 6th semester: 40, 7th semester: 20, and faculty staff: 16.
The samples from all semesters were representative of the
respective populations because the percentage of students
that answered the questions varied from 43 to 83% of the
registered students in each semester. The staff response was
slightly worse, with only about 30% of the members responding to the questionnaires.
The percentages of the correct and incorrect answers for
both the taught and not-taught chemicals for all semesters
were calculated from the responses and compared to each
other. Next, it was examined how these quantities changed
with semester as students increased their acquired knowledge, expanding also their general background from other
sources. Finally, an effort was made to identify the most popular mistakes and misconceptions in labelling the chemicals
of the questionnaire.

3.

Results

Fig. 2 presents the percentages of correct responses for all
chemicals, either taught (T) or not-taught (NT), given by labo-

Fig. 2 – Correct answers for taught (T) and not-taught (NT)
chemical substances from staff members; average correct
answers for taught chemicals: 28%, average correct answers
for not-taught substances: 31%.

ratory staff members; the average of correct answers for taught
chemicals was ∼28%, while the average for not-taught chemicals was ∼31%. Overall, this leads to the general impression
that about two thirds of those of the laboratory staff members
that answered the questionnaires could not identify correctly
the potential danger/hazard characteristic of the chemical
substances proposed in the questionnaire.
The answers given by the students depend not only on
whether the chemical substances were or were not-taught,
but also upon the semester of the student. Fig. 3 shows the
global correct responses (summing up all semesters), with the
percentage range spanned for each chemical. Averaging over
all years, 20.5% of students gave correct answers for taught
substances, while 19.8% of students identiﬁed correctly the
not-taught chemicals. Petrol (chemical S) was the substance
that received by far the most correct answers from all subject
groups.
Fig. 4 gives more detailed results, focusing on the evolution of correct answers for taught and not-taught chemicals
with semesters.2 We may notice that there is a slight increase
of correct answers in most substances, for both taught and
not-taught chemicals, after the 4th semester. The highest percentage of correct answers on taught substances were given

2
It should be noted that chemicals appear at the semester when
they are ﬁrst taught and for all subsequent semesters; for example,
ammonium hydroxide (G), methyl ethyl ketone (H) and dichlorodiﬂuoro-methane (O) appear at the 3rd semester, while petrol (S)
appears at the 5th semester.
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Fig. 3 – Percentage range of correct answers through all semesters for taught (T) and not-taught (NT) chemical substances
from all students.

Fig. 4 – Percentage of correct answers given for “taught” (T)
and not-taught (NT) substances by students of all
semesters.

by students of the 7th semester, while students of the 1st and
2nd semester gave, somewhat expectedly, the least correct
answers.
Another interesting information that may be gleaned from
the questionnaire answers is the degree of misconception for
the chemicals, i.e., the signs chosen wrongly for each particular chemical: for example, for dichloro-diﬂuoro-methane
(substance “O”), which should be identiﬁed with no particular hazard (“no sign”), 4% of staff members gave the correct
answer, and the remaining 96% chose various other signs, with
23% of them choosing “no answer”.
Fig. 5 illustrates the misconceptions of staff members for
taught (T) and not-taught (NT) substances. The left-hand axis
present the “correct” signs corresponding collectively to all
chemicals of the questionnaire; the bars correspond to the
type and percentage of the erroneous safety signs chosen in
place of the correct answer.
Fig. 6 illustrates the misconceptions of students for each
particular chemical sign. The right-hand side of each graph
shows the percentage of erroneous answers for taught chemicals, and since results are cumulative for all semesters, they
are presented as ranges spanning the percentages through
semesters. Likewise, the left-hand side presents the range of
erroneous answers for not-taught chemicals. The x-axis in
Fig. 6e and f differ from the others since there was no taught
chemical that could be characterised as explosive, or nottaught chemical that could be characterised as oxidative. For
example, Fig. 6a shows that for taught chemicals that should
have been labelled as “toxic”, students chose a variety of other
signs, with a large number preferring the “no sign” label.
Regarding Fig. 5., the answers indicate that staff members
totally missed the oxidative character (sign no. 6) of sodium
chloride (“T”; not only a taught chemical, but also a widely
used one), and the explosive character (sign no. 5) of mercury(II) fulminate (“U”; not-taught), although for the latter
about 60% of the answers identiﬁed it correctly as a toxic substance. In the case of the student answers, Fig. 6, again the “no
sign” sign was chosen – wrongly – quite often.
Finally, Fig. 7 shows the student misconceptions averaged
over all semesters; the right-hand-side axis shows the signs,
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Fig. 5 – Misconceptions of staff members for (a) taught (T)
and (b) not-taught (NT) substances. The left-hand axis
presents the “correct” signs corresponding collectively to
all chemicals of the questionnaire.

that should be chosen, and the left-hand-side axis shows the
type of misconception and its global (all semesters) average.
For example, in the case of taught chemicals that could be
labelled as “oxidative”, students chose a different labelling,
most often the “no sign” one. For some unknown reason, the
“no sign” label was chosen wrongly mostly for taught chemicals; in the case of not-taught chemicals, students tended to
think of them either mostly as “toxic” or “dangerous to the
environment”.

4.

Discussion

The results show clearly that, roughly, only one student out of
four matched the chemicals with the respective correct labels,
either for taught or not-taught products. This implies that the
other three were practically not aware of the dangers they
were exposed to, when they used these chemicals in the every
day laboratory practice.
Considering in particular the taught products (T), the analysis of the questionnaire answers leads to some essential
considerations:
• Teaching methods were not successful: Safety regulations were
taught at an introductory session of every lab course;
therefore, students could underestimate their importance,
considering them only as secondary information, while
they focused on the laboratory work itself. The curriculum included also a mandatory autonomous module on
Safety at Work (6th semester); however, this spanned a
broad range of safety matters and only brieﬂy discussed
the dangers from the misuse of chemicals. It is obvious
that an additional autonomous course dealing directly with
chemicals handling could be useful in developing skills

and attitudes for working with chemicals in a safe and
responsible way. The design of the course should emphasize
on direct hands-on approach with demonstrations, experiments and see-what-happens strategies, since it is well
known that active participation is better than just hearing or reading about science. Whatever teaching method is
employed it is necessary to carefully assess afterwards its
impact in increasing the awareness of students.
• No qualiﬁed personnel in the lab: Although the staff sample
was comparatively small and perhaps not fully representative of the people working in the laboratories, the very
low percentage of correct answers from staff members was
a source of concern. One may be tempted to argue that the
hesitation of many staff members to participate in the campaign revealed, at least in part, a lack of self-conﬁdence or
even an inability to provide the right answers. Of course,
teachers and staff were not expected to know everything!
Moreover, there is a good chance that some of the chemicals in the questionnaire may not have been used at all
at their individual working posts. Nevertheless, a laboratory instructor or assistant would be expected to have a
solid background on safety issues extending well beyond
the speciﬁc needs of his laboratory work. Another possibility
for the wrong answers may be that sometimes they might
have underestimated the dangers due to every day routine.
Regular re-training and workshops might prove useful for
laboratory personnel to improve and maintain their competence and attitude on safety matters.
• Routine of everyday practice: Precautions may have been adequately taught once, but might have faded out as time went
by. As a result, people may follow procedures without really
thinking of potential dangers. A regular repetition of safety
regulations and respective precautions would be imperative in such a case. Since repetition is often tedious and it
is uncertain to what degree it leads to an over-skill (Clerc,
1996), new approaches assuring the retention by employees
of critical information could be implemented; the involvement of people in safety procedures, e.g., labelling, and/or
completion of Job Safety Assessment Forms might be an
interesting option (King, 1998).
• Ineffective labeling: Students may not have recognized the
exact meaning of the signs and the captions describing the
danger of the chemicals. For example, the responses show
that the students were unable to fully distinguish the difference between “explosive” (no. 5) and “ﬂammable” (no.
7) and between “corrosive” (no. 3) and “oxidative” (no. 6);
also, students seemed also confused regarding the words
“irritating”, “corrosive” and “toxic”. Further research should
examine whether students understand linguistic differences between the labels. It is true that some of the labels
are rather vague, as for example no. 8 (“no sign”), while
others partially overlap or include several dangers, e.g.,
“harmful” (no. 2), “dangerous to the environment” (no. 9)
and “toxic” (no. 1). In any case, dangers should be more
speciﬁcally and clearly described on the labels.
For both taught and not-taught chemicals, the percentage
of wrong answers was about the same. This could be simply because the students answered mostly by luck rather by
knowledge, or that the sources of their knowledge were not
the institution sessions but external ones. More research is
required to evaluate how students respond to different sources
of knowledge and particularly that acquired in the laboratories
of the institution.
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Fig. 6 – Range of misconceptions about taught and not-taught chemical substances (students, all semesters): (a) toxic; (b)
harmful; (c) corrosive; (d) irritating; (e) explosive; (f) oxidative; (g) ﬂammable; (h) no sign. The right-hand side of the ﬁgures
refers to “taught” chemicals, whereas the left-hand side refers to not-taught ones.

Regarding the performance of students in relation to their
semester, the results show that students of the last three
semesters (5th–7th) performed slightly better than those of
earlier semesters (1st–3rd), implying that there exists a cumulative effect of study time on the knowledge acquired by
students. Students seem to learn to think and to generate
rules based on earlier knowledge and previous experience.
Another possible explanation for the improved performance

of students during the late semesters might be that as they
grow older they become more mature and committed to their
study. They gradually become more determined and attentive
to lessons, realizing that soon they are going to start working professionally and they should eventually become more
responsible.
Although students of the last three semesters gave more
correct answers for most substances, this improvement was
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Fig. 7 – Average misconceptions of students about the various chemical substances in the questionnaire (average of all
semesters).

not linearly dependent with semesters. This observation conforms to the views of psychologists and educators that the
learning progress is not always monotonic; the pertinent study
conducted by Scott (1998) is in accordance with the present
results.
Regarding the itemized (per chemical) performance of students, the most correct answers were given for petrol (“S”),
which is a chemical encountered frequently in every day life.
This demonstrates that long-lasting knowledge on safety matters may be also largely acquired outside school, perhaps
through the repeated exposure and personal experience. On
the other hand, even though some chemicals, e.g., dichloro-

diﬂuoro-methane (“O”) and sodium chloride (“T”) were taught
at the 3rd and 1st semester, respectively, largely they were
not matched properly. An explanation for dichloro-diﬂuoromethane (“O”) might be that the correct matching was the “no
sign” label, which was vague in meaning and students might
just not know how to interpret it. Regarding sodium chloride
(“T”), since it is a well-known chemical, we may assume that
students did not have sufﬁcient acquaintance with it in the
lab and so they were mislead by their personal experience of
it as an edible food substance.
The misuse of the “no sign” label indicates that questionnaire responders probably did not know the correct answer
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at all, rather than being puzzled about labels with similar or
comparable meanings; in other words, students most likely
assigned the “no sign” label to all dangers that were not considered adequately described by the other labels. It should be
mentioned here that the questionnaire did not offer the option
“I do not know, I cannot answer”; such an option might have
led some respondents to choose the “no sign” label, when they
simply did not know the correct answer.

5.

Conclusions

Appropriate labelling of a chemical substance is important,
because it notiﬁes its user how to handle it in a safe way.
A study was conducted among students and laboratory staff
members in the Department of Food Technology of the
Technological Education Institution (in Thessaloniki, Greece)
related to the labelling of a series of chemicals, encountered
in the laboratory, depending upon their type of hazard.
The analysis of the questionnaires revealed that, overall, the vast majority either of students or laboratory staff
members were unable to label correctly the chemicals, being
essentially unaware of the chemical hazards in the laboratory.
Furthermore, the low percentage of correct responses reveals
the need for better or alternative teaching and regular practice,
and also that an assessment of what is taught and whether it
has been learned or not should be done after teaching.
Possible ways of taking care of this inability and enhancing
personal and personnel awareness of the hazards involved in
dealing with chemicals could be:
• the personal involvement of people, especially students, in
labelling and storing chemicals, using appropriate data risk
sheets to identify and analyze the possible dangers; this
would allow them to revise the useful information;
• staff members could make use of the misconceptions
revealed by the questionnaires, to seek more effective
means to instruct students about hazard labelling;
• traditional classroom teaching might not be as effective
as necessary to attract and maintain the attention of students; more lively activities, like hands-on demonstrations
or simulated-accident drills could be a more efﬁcient way
of making students recognize correctly chemical hazard
labelling;
• above all, it is essential that, after any such activity, students and laboratory staff members should be prompted to
discuss these exercises and evaluate their results.
We should not forget that the saying “what I hear I forget,
what I see I remember, what I practice I understand” may be
the key for educators for a successful outcome of their efforts.
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