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Thermometers and baumanometers frequently contain mercury, a toxic heavy metal. Inadequate management of this substance
can constitute an occupational hazard by exposing health care professionals to health risks including memory loss, psychosomatic
symptoms, fatigue, and other signs of cognitive dysfunction as reported in several studies.

Purpose: To assess Mexico’s health care professionals’ health and mercury-related knowledge and risk perception and to
explore the measurement properties of a questionnaire assessing that level of knowledge.

Materials and Methods: Mixed methodology. A quantitative, cross-sectional study was conducted to measure health care
professionals’ knowledge of mercury and to validate an instrument using a Rasch analysis in 160 professionals. A qualitative study
involving in-depth interviews was conducted to identify participants’ risk perception for mercury exposure.

Results: The total knowledge of mercury was 19.0 = 2.0 on a scale of 0 to 28 points. The scores for medical specialists were
significantly (P < .001) higher, ranging between 20.0 = 2.05 and 23.0 = 1.63. In general, the level of risk perception for mercury
exposure was low. The questionnaire presented a reasonable fit to the Rasch model (good item fit with a Bonferroni-adjusted P =
.000714). The response categories of three items were collapsed, and two pairs of items were bundled into two super items.
Conclusion: The levels of the knowledge of the health and safety risks and risk perception for mercury exposure in the Mexican
health care professionals evaluated were low. Health care professionals should receive comprehensive training in the safe use and
health risks of mercury.
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INTRODUCTION

Mercury (Hg) is a heavy metal found in nature in inorganic and
organic compounds. It is emitted into the atmosphere from
natural and anthropogenic sources in the form of elemental
mercury (Hg(0)). Precipitation deposits mercury in bodies of
water and finally in the sediment, where microbial action
transforms it into methylmercury, which is even more danger-
ous because of its ability to bioaccumulate in food chains and its

Mercury easily crosses the placental and blood-brain barriers,
causing permanent damage to the nervous system of newborns
during their development and growth. Adult nervous systems can
also be affected, as can the kidneys, and digestive, respiratory, and
immune systems. Reported signs and symptoms of mercury intox-
ication include tremors, visual and hearing disturbance, paralysis,
insomnia, emotional instability, and depression.*®

Mercury can be emitted through incineration and the elimi-
nation of solids or effluents.* In the health care sector, this metal

adverse effects on the environment and health.'” plays an important role because it is used in measuring
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instruments such as thermometers and sphygmomanometers,
in dental amalgams, vaccines (thiomersal), batteries, fluores-
cent tubes, and chemical products.’

Mercury contamination has a substantial impact on the
environment, considering that a single thermometer is enough
to pollute an 8.1-hectare lake, giving rise to health risks for the
general population.'®!!

At room temperature, mercury can turn into significant
amounts of gas, meaning that mercury spills in hospitals expose
not only health care professionals but also patients and their
families.'> Occupational exposure leads to irritability, headache,
neurobehavioral effects (memory loss, depression, behavioral
changes, and sleep and personality alterations), and muscle dis-
orders such as arthralgia in dentists or dental assistants.'*~'¢ In
nursing professionals, certain associations have been suggested
between mercury exposure and Alzheimer disease, Parkinson
disease, arthritis, negative effects on the thymus gland, and the
psychomotor development of nurses’ children.'”°

In view of these health risks, the European Union has
restricted the use of various mercury-containing products.

Beginning in the 1990s, the Health Care Without Harm
(HCWH) coalition has been working toward replacing
mercury-containing materials with mercury-free ones,
to minimize the risk of exposure and help protect health
workers, the general population, and the environment. The
HCWH organization and the World Health Organization
(WHO) have launched the Mercury-Free Healthcare Initiative
for 2020, which is part of the Minamata Convention on Mer-
cury intended to phase out mercury.**>

However, in Latin America, with the exception of some
countries in the Southern Cone, mercury-containing materials
continue to be used, and breakages of thermometers, tensiom-
eters, and other devices used in hospitals are handled inap-
propriately. Small spills are often not correctly cleaned up, and
the waste is poured into sewers or mixed with ordinary trash.**

In Mexico, there is no regulation of the use and disposal of
thermometers or other mercury-containing equipment or materials.
Although some hospitals in Mexico have exchanged mercury
thermometers for digital ones, there is still widespread use of
mercury-containing thermometers, often because health care per-
sonnel believe that mercury thermometers provide more accurate
measurements.

In 2013, the Commission for Environmental Cooperation
determined the health care sector’s contribution to mercury
contamination in Mexico, by considering two main sources:
dental amalgams and thermometers. This risk assessment esti-
mated that more than 4.5 tons of mercury is released annually
into the environment through amalgam residues, and approx-
imately 2.4 tons originates from thermometers.*

In 2014, the year with the highest use of mercury thermometers
by public institutions to date, 1,143,682 thermometers were used.
At an institutional level, the Mexican Social Security Institute was
in first place in 2015 for using 833,404 thermometers, followed by
the Institute for Social Security and Services of State Workers with
122,005.2* Although the thermometers are still being used, there
are no reports on whether the management of broken thermom-
eters is adequate. In addition, most published studies on occupa-
tional exposure to mercury in Mexico and Latin America have
been conducted in miners, not in health professionals.

As a result of the above, in 2000, the United Nations Envi-
ronment Program (UNEP-6) highlighted the need to under-

www.jcehp.org

stand and quantify human behavior in relation to exposure to
mercury releases.

Mercury use presents a significant risk to health profes-
sionals, patients, and the environment, and although steps have
been taken to reduce these risks, the use of mercury-containing
instruments in Mexico is still widespread. The assessment of
occupational exposure to mercury using biomarkers continues
to be expensive in this country. However, given the existing
evidence on health effects, it was considered important to create
a knowledge assessment tool to support professional training
and to influence the appropriate management and risk reduc-
tion for health professionals.

There is little evidence that shows the awareness and knowl-
edge of the HCP on the effects of being exposed to mercury and
the procedures needed to remove and inactivate given substance.
Solely, three existing studies were identified, one in India, another
in Croatia, and one in Sri Lanka; all of them show the lack of
knowledge and awareness and the inadequate management of
mercury.”*® There is a lack of research on this topic in Latin
American. The previous reasons justify this research; the purpose
of this study was to assess this population’s mercury-related
knowledge and risk perception by exploring the measurement
properties of an instrument designed to determine the said level of
knowledge using the Rasch method.

MATERIALS AND METHODS

A mixed methods study research of an explicative sequence type
was conducted, where the quantitative study is privileged. In the
second phase, a qualitative research was directed to produce
data for clarification of the original findings.*”

Quantitative Methodology
A cross-sectional study was designed to collect questionnaire
data on health care professionals’ knowledge of mercury.

Study Population

Of 480 health professionals working in a secondary hospital at
ISSEMyM, we randomly selected and surveyed 30% of the
personnel, including nurses (134), doctors (20), and chemists
(6). We included health care professionals who were active, on
any work shift, during the study period who gave their informed
consent to participate in the study.

Measures
The data were collected with an instrument that consists of two
sections:

1. Sociodemographic and professional data (10 questions)
2. Knowledge of mercury (16 questions with categorical
answers: 70, I do not know, and yes).

The questionnaire was designed after a literature review and
later piloted and standardized by the research group investi-
gating health, work, and environment in Mexico (see Appendix
A, Supplemental Digital Content 1, http:/links.lww.com/
JCEHP/A145). Content validity was assessed by experts in
the area of environmental health. This was followed by the
application of a pilot in five states across Mexico to improve the
clarity and comprehensibility of the questionnaire statements.
The internal validity was appropriate (Cronbach a = 0.72).
Construct validity was not assessed in this phase.
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Psychometric Analysis of the Questionnaire

The measurement properties of the questionnaire were assessed
according to the Rasch model, assuming a single underlying
construct (mercury knowledge). A particular advantage of the
Rasch model is that items and persons can be calibrated sepa-
rately along a latent variable. In this case, for example, the
calibration of the individual reflects the participants’ level of
mercury knowledge and the calibration of the items indicates
the level of knowledge of mercury that this represents. Another
advantageous property is the model’s specific objectivity,
meaning that the measurements do not depend on the condi-
tions under which they have been obtained. That s, in this case,
the difference between two people regarding their level of
knowledge of mercury is independent of the items that were
used to estimate the measurement. Likewise, the estimates of the
items are not influenced by the distribution of the sample.?®

The following criteria was taken into account®” in the Rasch
analysis:*°

Examination of the thresholds: The scoring hierarchy was
examined in the response categories, in which the items with
disordered thresholds were rescored to improve the overall fit to
the model.

Fit statistics: The item/person fit was evaluated to evaluate
the fit to the model, expecting residual estimates between =2.5
and nonstatistical significance. A correction by multiple com-
parisons for the estimates of statistical significance (with a base
probability =0.01) was performed.

Local dependence: This occurs when the answers given to the
items examined depend not only on the individual’s level of
knowledge about mercury but also on his or her responses to
other items. Correlations greater than 0.3 indicated local
dependence between the items evaluated.

Unidimensionality: This was explored by comparing subsets of
items determined by the factor loadings on the first residual from
the principal component analysis (PCA) using a paired # test, to
determine whether the person estimates derived from these subsets
are significantly different. A percentage of significant # tests of less
than 5% was needed to achieve strict unidimensionality.*'=*

The estimates reported after conducting the Rasch analysis
constitute the logit unit of measurement, given that the Rasch
model is a log odds model. The differences between the raw
scores of the level of knowledge of mercury stratified by the
variables of interest such as the profession, sex, and age of the
participants were evaluated. The Rasch analysis was performed
using RUMM2030 software.*

Knowledge Analysis

The data were recorded in duplicate to avoid errors. The pri-
mary outcomes were the knowledge estimates from the Rasch
analysis described above. The data are expressed as means *
SD. For the assessment of group differences, nonparametric
tests were used. A P < .05 was considered statistically signifi-
cant. These statistical analyses were performed using Stata 14.0
software (StataCorp).>*

Qualitative Methodology

A sample of 30 participants was collected through convenience
sampling. The sample was made up of HCP (nurses, doctor, and
chemists) and decision makers, all with an average of 10 years
working in the hospital. Of these, 15 were women and 15 were
men (ages 35-40).
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Data Collection Technique

A semistructured interview was designed from the following
categories: knowledge of mercury, regulatory policies, and risk
perception (see Appendix B, Supplemental Digital Content 2,
http:/links.lww.com/JCEHP/A146).

Qualitative Data Analysis
Data were collected through interviews and reviewed to obtain
an overview of the materials. Verbal data were transcribed to
the text and classified according to categories. We identified the
units of analysis, then openly coded the units, and then assigned
them a category and a code through axial coding; that is, we
grouped categories into topics and patterns, related the cate-
gories, and exemplified the patterns and relationships with units
of analysis and developed explanations.?>*¢

Finally, ATLAS.ti 737 software was used to recover the text
from the codes and analyze the content of that text.

Joint Analysis of the Information

In accordance to the sequential explanatory strategy of the
mixed study used, after performing both phases (quantitative—
qualitative), the interpretation of the conjoint results was con-
ducted, for which an integral analysis method from both results
based on the theoretical references took place and for which a
triangulation of the information according to the information
source and the informants.

Ethical Review and Informed Consent

This study was submitted for review and approval by the hos-
pital’s ethics and research committee, and informed consent
was obtained from all participants.

RESULTS

The quantitative study sample comprised 160 professionals,
of whom 80% were women and 20% were men; 75% (134)
were nursing staff, 25% (20) were doctors, and 4% (6) were
chemists (Table 1). The median age was 33.5 years (inter-
quartile range: 24-58 years), and the average number of years
of seniority was eight.

Description of Sociodemographic Variables

Sociodemographic Variables N %
Sex
Women 129 80
Men 31 20
Age ()
=28 37 23
29-33 43 27
34-39 38 24
=40 42 26
Profession
General physician 16 10
General nurse 34 21
Nurse specialist 59 37
Medical specialist 4 2
Licensed nurse M 26
Chemist 6 4
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Psychometric Analysis

Disordered response categories were observed in items 2 (From
my point of view, the use of mercury in health may involve risks
of toxicity), 3 (I consider the use of mercury-based equipment
risky), and 4 (The use and handling of mercury-based equip-
ment requires special care). These disordered thresholds were
observed in the response categories 0 “no” and 1 “I do not
know” that were subsequently collapsed (from 012 to 001) to
improve the fit to the model. Moreover, local dependence was
found between items 3 and 5 (I consider that exposing myself to
medical supplies and equipment with mercury is risky to my
health), as well as between items 7 (I prefer to use conventional
medical equipment to new digital equipment) and 8 (I believe
that with conventional medical equipment works better than
does digital equipment). These items were joined into a pair of
items; that is, items 3 and 5 were combined into a single item, as
were items 7 and 8. In general, the items presented adequate
adjustments to the Rasch model, except for item 16, which only
adjusted to the model after the implementation of the afore-
mentioned instrument refinement strategies. A good item fit was
therefore obtained with a Bonferroni-adjusted P =.000714 (see
Appendix C, Supplemental Digital Content 3, http:/links.lww.
com/JCEHP/A147). Finally, strict unidimensionality was
observed in the questionnaire with a percentage of 3.8% of
statistically significant ¢ tests (adequate, less than 5%). The
questionnaire presented a reasonable fit to the Rasch model
according to the evaluation of its measurement properties.

Mercury Knowledge Results

Only half (48%) of the participants knew that mercury was a
metallic and a liquid (at room temperature) element of the
periodic table. In total, 56% had no knowledge of the specific
uses of mercury, whereas 33% correctly referred to its use in
thermometers and baumanometers. Although 71% reported
that exposure to mercury is a health risk, 64% of the surveyed
personnel had no knowledge of any specific effects of mercury
on human health. Only 27% knew that exposure through
inhalation is the most dangerous, and 59% believed that their
knowledge of mercury is insufficient, and 90% received no
training in the dangers of mercury exposure.

From the respondents, 71% preferred conventional mercury-
containing thermometers over digital ones and 69% reported
that they believed that mercury-containing thermometers
worked better than digital ones. In total, 78% reported not
having received training in the handling and caring of mercury-
containing equipment.

Of the respondents, 40% responded that when a thermom-
eter broke in their work area, they sent it to municipal waste and
37% exchanged it for another. Regarding baumanometers,
64% of the staff reported that they sent these instruments to the
biomedical waste area when they deteriorated.

In the interpretation of the raw scores of the items with cat-
egorical answers, we found an average knowledge score of 19.0
+2.0(95% CI: 18-19). The raw scores range from 0 to 28, and
all the items were quantified equally, where higher scores
showed higher levels of knowledge. When evaluating the
averages stratified by sex, women presented a higher level of
knowledge than that of men, with an average score of 20.0 *
2.05. When the results were stratified by the age group, the
highest level of knowledge was observed in people aged 34 to 39
years (average score = 20.7 * 2.43). Regarding the types of
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professions evaluated, the highest level of knowledge of mer-
cury was found in medical specialists, with an average score of
23.0 = 1.63. The differences in the knowledge scores stratified
by sex, age, and occupation were statistically significant (P
<.01) (Table 2).

Results of the Qualitative Study

A subsample of 30 health care professionals was taken from the
total sample of nurses and doctors. The subsample consisted of
15 men and 15 women who had worked in the hospital for an
average of 10 years and were aged between 35 and 40 years
(Table 3).

In general, the levels of knowledge were similar both in the
interview findings as well as in the quantitative evaluation,
specifically in matters such as the lack of knowledge about what
mercury is and how it affects health. Interviews helped identify
that not everybody received training. Therefore, they do not
recognize the tools that contain mercury, causing the tools to be
directly disposed instead of doing it safely.

The informers inadequately defined mercury as “a metal that
cannot be destroyed, divided, or created”; as “a contaminant”;
and as a “substance that pollutes the natural environment.”
They were able to identify that “it is hazardous to one’s health”
but failed at explaining precisely how. The respondents
emphasized that it affects the renal and pulmonary systems, but
few knew that mercury is one of the most neurotoxic metals.

Regarding the care that should be taken with mercury-
containing equipment before it is replaced by digital ones, the
health care professionals were trained but did not apply the
training. For example, when a thermometer broke, it was
exchanged for a new one; “they picked it up and kept it in the
pocket of their scrub top or lab coat,” whereas the residual Hg
“remained on the floor” was swept up by “the cleaning staff . ..
[who] remove[d] it with a dusting cloth” or was “[thrown] in
the trash.” Some informants even mentioned that “they played
with [it] on the palm of their hand” because they did not know
that the metal is toxic.

TABLE 2.

Knowledge Evaluation

Variables Knowledge score* P
Sex
Female 20.0 (2.05) <01t
Male 19.6 (2.79)
Age ()
=28 17.9 (2.05) <.01t
29-33 19.4 (2.64)
34-39 20.7 (2.34)
=40 20.6 (2.61)
Profession
General physician 20.2 (2.00) <.01f
General nurse 20.2 (2.41)
Nurse
Specialist 20.3 (2.898)
Medical specialist 23.0 (1.63)
Degree in nursing 18.1 (6.65)
Chemist 18.3 (1.80)

*The level of knowledge is given in raw scores for the interpretation of results.
TProbability (Mann—Whitney test).
FProbability (Kruskal-Wallis test).
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TABLE 3.

Description of Sociodemographic Variables: Qualitative
Methodology

Sociodemographic Variables N %
Sex
Women 15 50
Men 15 50
Age (v)
35 6 20
36 5 17
37 7 23
38 2 7
39 6 20
40 4 13
Profession
Doctor 12 40
Nurse 13 43
Decision maker 5 17

Regarding the training of the cleaning staff, the health care
professionals do not know whether the company has continu-
ous training programs because they are constantly transferred
to different working facilities.

Generally, the interviews showed that, at policy level, the
substitution of digital thermometers for mercury thermome-
ters was implemented to comply with the “Mercury-Free
Hospitals” initiative. In this process, economic limitations
were identified, so “low-quality thermometers were acquired,
which can cause more contamination through the use of
mercury-containing batteries.” The health professionals,
specifically nurses, expressed that “they did not receive
training in the use of digital thermometers.” Furthermore, in
the first week, several broke, and for this reason, “the nursing
professionals still personally purchase mercury-containing
thermometers” because they consider them accurate and
easy to use.

Regarding the risk perception for mercury exposure, health
professionals do not consider mercury spills a risk and they
expressed that “[mercury] is something that does not cause
visible damage.” They emphasize “that for years, they had used
it and never saw [anyone] affected by it.”

DISCUSSION

In this study, we found that medical specialists have greater
knowledge of mercury than do nurses and chemists. These
statistically significant differences were found not only when
the participants were stratified by profession but also when they
were stratified by sex and age.

Similar studies?>*® have quantitatively evaluated the
knowledge and use of mercury but have not evaluated risk
perception. Karam?® considers risk perception to be not only the
perception of the probability of an event occurring but also a set
of direct and indirect experiences in various situations that the
individual presents, which, together with the acquired knowl-
edge, result in an interpretation. In this study, health profes-
sionals were identified not to perceive that there is a risk
attendant on mercury exposure because of their lack of
knowledge. They were found to have no basic information
about mercury, including its definition, application in the health
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care area, exposure routes, the risks it poses to human health, or
about its proper disposal.

This lack of knowledge can lead to a greater risk for health
care professionals because a significant number of professionals
ignore exposure routes, in particular the olfactory pathway.
When there is a mercury spill, the mercury is volatilized at room
temperature, and the 80 percent that becomes vapor is inhaled,
and subsequently passes into the blood through the lungs.® The
lack of knowledge increases the risk because, as shown by the
qualitative results, the appropriate cleaning process and proper
disposal of mercury residue do not tend to be applied. Mercury
can remain in the environment for a month, contributing to
continuous exposure risk for health care professionals.

Of the health professionals evaluated in this study, nursing
personnel had less knowledge than did medical personnel,
which coincides with the results of the study conducted by
Halder et al,** which compared the knowledge of professionals
who work in government hospitals with that of those who work
in corporations. Halder et al** reported that generally, medical
personnel have more knowledge than do nurses, and, when
comparing nursing personnel, those with the least knowledge
were those who worked in government hospitals. Although the
study was conducted in a public hospital, it cannot be asserted
that this is why the nursing personnel knew less. By contrast,
another study conducted by Senanayake and Gunawardena,*
which assessed the knowledge, attitudes, and practices related
to the handling of mercury-containing devices and the factors
associated with that knowledge among nursing personnel,
found that the level of knowledge was generally good.

Previous studies have reported that nursing centers in hos-
pitals tend to present high levels of mercury, possibly because of
the health professionals’ lack of appropriate knowledge.*' In
this qualitative study, respondents stated that they continued to
purchase mercury thermometers with their personal resources
and that there is no hospital control over these thermometers
because it is assumed that the health personnel only use the
digital thermometers supplied.

In previous studies, no differences were reported among the
types of doctors evaluated, suggesting that all had the same level
of knowledge, whereas in the current study, the medical spe-
cialists were found to have better knowledge than did general
practitioners.*®

Likewise, qualitative data showed us that there was a lack of
concern for the proper management of mercury residues and the
care that must be taken when handling the instruments that
contain it. This coincides with the findings of the study by
Senanayake and Gunawardena®® in which mercury spill man-
agement practices were found to be deficient. Training is not
necessarily associated with the adequate management of mer-
cury spills. In our study population, health professionals were
only trained on one occasion; they did not receive follow-up
training and had not received previous training during their
professional education.

A considerable percentage of health professionals are
inclined to use thermometers and sphygmomanometers that
contain mercury because they believe that they are more precise.
A study by Janev Holcer et al?® reported that nurses prefer
mercury-containing thermometers because they are accurate
and reliable, although they may be slower. According to the
study by Halder et al,>* they prefer mercury-containing ther-
mometers to digital thermometers because of their availability,
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affordability, precision, and ease of use. This indicates that the
geographical area does not matter; specifically, precision is the
reason for the preference for mercury-containing thermometers
in three studies. In this study, this information was corrobo-
rated by both qualitative and quantitative results.

Although mercury-containing devices are preferred for their
precision, studies report that mercury sphygmomanometers fail
calibration tests between one and 28 % of the time, with aneroid
sphygmomanometers failing up to 61% of the time. Regarding
thermometers, research has shown that digital thermometers
are as accurate as mercury-containing thermometers under
conditions of constant maintenance and calibration*®*?; the
same is true for aneroid sphygmomanometers.

At the same time, it is evident that little importance is given to
the occupational risks of mercury exposure in professional
education because the health care personnel were not trained
about the risks to which they are exposed in a hospital, espe-
cially in relation to mercury. Thus, when practicing their pro-
fession, these professionals do not have the necessary mercury-
management skills and they do not know the minimum level of
care needed to handle this substance. In this study, those who
knew comparatively less about mercury were people younger
than 30 years of age, although the opposite result might have
been expected, given the greater access relatively younger
people have to information through digital media. In addition,
medical and nursing degree programs at the main universities in
Mexico have learning units on health ecology, occupational
health, and environmental toxicology, in which the topics focus
on risk prevention. Thus, it is important to analyze whether
these topics are really being taught.*>=**

Regarding the validation of the instrument used in this
study, a moderate fit to the Rasch model was identified fol-
lowing the refinement strategies. In the evaluation of local
dependence, four items provided redundant information and a
strong correlation was observed between the information
related to the risk perception provided by item 3 (I believe that
the use of mercury-based equipment is risky) and item § (I
believe that exposure to medical supplies and equipment with
mercury is risky for my bealth). Similarly, item 7 (I prefer
conventional medical equipment to the new digital equip-
ment) and item 8 (I think conventional medical equipment
works better than digital equipment does) also exhibited local
dependence, suggesting that both pairs of items cover similar
content regarding conventional and digital equipment.
Therefore, it is suggested that items 3 and 5 should be com-
bined to form a single item to avoid redundant information, as
should items 7 and 8. Future studies with larger samples could
serve to confirm whether it is necessary to recode those items
that showed initial clusters in their measurement categories,
such as item 2 (from my point of view, the use of mercury in
health care involves the risk of toxicity), item 3 (I believe that
the use of mercury-based equipment is risky), and item 4 (I
believe that the use and handling of mercury-based equipment
requires special care). In addition, the inclusion of items that
measure other aspects of knowledge about mercury in health
personnel would be advisable to offer a more comprehensive
measure of this construct. However, it is recommended that
the relevant validation process should be conducted, such as
that conducted in this study, where the measurement proper-
ties of the items were improved after the application of
improvement strategies.
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Study Strengths

This study included a representative sample of health profes-
sionals working in public institutions in the State of Mexico.
Qualitative interviews were used to evaluate the risk percep-
tion, offering a contrast to findings exclusively obtained by
quantitative procedures, because the responses can be clarified,
and there are follow-up questions and answers, as well as a
better understanding of the responses.

Psychometric Analysis of the Questionnaire

This study used a questionnaire that works reasonably well as a
whole, that is, with a unidimensional measure of the knowledge
of mercury. The findings obtained using the Rasch model
demonstrate that there is clearly room for improvement in its
psychometric properties in future applications, such as the need
to rescore the response options in some items and eliminate
redundant items.

Limitations

One of the limitations of this study was its design, given that
cross-sectional studies do not allow causal inferences. Another
limitation is that this study was conducted in a single hospital
rather than comparing results among hospitals as was per-
formed in the studies in Croatia and India. Regarding the psy-
chometric analysis of the questionnaire, the people and items
were distributed in a range of —0.4 to 0.4 throughout the
evaluated continuum. However, not all domains may be fully
explored in the highest and lowest ranges of knowledge,
resulting in a suboptimal assessment of knowledge in the ranges
between —0.4 and —0.3 and 0.3 and 0.4. We recommend that
in future studies, items with highest and lowest measure levels
are added. Nevertheless, the interpretation of the scores in this
study is based on scores obtained in the range of —0.3 to 0.3,
indicating that the evaluated items measure a large part of the
construct of knowledge about mercury in health personnel. It is
also recommended that future studies should evaluate the dif-
ferential functioning of items in a large sample size stratified by
interest groups, such as sex, age, and occupation, to strengthen
the construct validity of the questionnaire.

The findings of this study cannot be widely compared with
previous findings because no similar studies were found. As
such, it serves as a guide for similar studies in hospital contexts
at especially high risk for mercury use.

Regarding research methods, each method allows to achieve
the objective; we do not identify limitations when applying. If
the qualitative methodology was used, it was to clarify the
quantitative results.

CONCLUSIONS

The research objective was achieved in identifying a low level of
knowledge about mercury and no perceived risk of mercury
exposure among health professionals, suggesting the need to
modify current practice in hospitals in Mexico.

The results of this study suggest the need of another research
phase for awareness creation, educational programs to increase
knowledge, and validation of effective interventions that help
create a clear understanding of the correct management of
mercury to reduce risks, thus, empowering medical and nursing
personnel to become agents of change on this matter between
their medical peers, patients, and general population. At the
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same time, this will help the spread of environmental health and
strengthen the roles of HCP in the management of “mercury-
free” hospitals.

The refinement strategies used based on the Rasch analysis
approach made it possible to improve the knowledge assess-
ment tool. These findings are valuable in providing a basis for
future applications of this scale, such as the prior identification
of two pairs of highly correlated items that provide similar
information and problems related to the order of response
categories in some items.

Lessons for Practice

B The establishment of a program and a constant epidemio-
logical vigilance for the control, management, and disposal of
mercury and other substances hazardous for medical staff.
The participation in the design, implementation, and evalua-
tions of the different-area integrative, as well as the multidis-
ciplinary staff of the institution is of a high importance.

B |mplementation of health educational programs to empower
the health care professionals in the decision-making process
and the modification of reactions and behavior through the
acquisition of knowledge.

B Expand the research to other institutions in the territory to
identify the knowledge and perceptions to mercury exposure,
thus insisting on the policy implementation that rules out the
use of given substance.
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