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Abstract

Formaldehyde emitted from the cadavers in Gross Anatomy Laboratory may fluctuate leading to a variation in
exposure level of the participants during practice. This study aimed to evaluate the variation of formaldehyde levels and to
determine the relationship between area and personal exposure concentration. Formaldehyde levels were measured in six
sampling areas repeatedly during three types of study sessions; thoracic, abdominal, and brain and nerve study session.
The highest formaldehyde level of area sampling (0.712 ppm) was found during the abdominal study session. Even though,
formaldehyde levels were inconsistent but there were no statistical differences of areal formaldehyde concentrations among
the sampling areas and the types of study sessions (p>0.05). Personal samplings were conducted concurrently with 15
students. Average formaldehyde levels of the 15 students ranged from 0.317 to 0.912 ppm. Personal formaldehyde concen-
trations in the different types of study sessions were statistically different (p<0.05). The relationship between personal and
area formaldehyde concentrations of these 15 participants indicated that the correlation coefficients ranged from -0.529
to 0.600 with an average of 0.377. This result suggested there was a limitation in using area concentration to estimate per-

sonal exposure levels.
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1. Introduction

Formaldehyde (FA) is an antiseptic substance
used in embalming fluid to preserve the cadavers. It is
conceivable that during practice in Gross Anatomy
Laboratory, the participants may be exposed to
formaldehyde emitted from the cadavers. Many
studies indicated that there were adverse health effects
for both students and instructors due to their exposure
to formaldehyde (Park et al., 2006; Mathur et al., 2007,
Wei et al., 2007). Formaldehyde can cause irritation
with tissues that it comes in contact with. Short-term
exposure to airborne formaldehyde at concentrations
ranging from 0.4 to 3 ppm can cause irritation to one’s
eyes, nose, and throat, as well as the upper respiratory
tract (ATSDR, 1999). The minimal risk levels (MRLs)
of formaldehyde for acute exposure, intermediate ex-
posure, and chronic exposure are 0.04, 0.03, and 0.008
ppm respectively (ATSDR, 1999). Even though there
is no definite relationship between formaldehyde and
nasopharyngeal cancer found in long term exposure,
formaldehyde has been classified as a class Bl
carcinogen and its inhalation unit risk is 1.3E-5 per
ug/cu.m (US. EPA, 2005). It means that there is an
excess carcinogen case of 13 cases in one million
exposed to 1 pg/cu.m. The OSHA Permissible Expo-

sure Limit (PEL) for an 8-hr time-weighted average
exposure of formaldehyde is 0.75 ppm (TWA) and for
Short-Term Exposure Limit (STEL) is 2 ppm, whereas a
Recommended Exposure Level (REL-TWA) of
formaldehyde proposed by NIOSH is 0.016 ppm and
for a 15 minute-exposure is 0.1 ppm (NIOSH, 2007).
Formaldehyde concentrations in the gross anatomy
laboratory ranged between 0.05-3 ppm, which
frequently exceeded the exposure limit level (Wantke
et al., 2000; Kunugita et al., 2004; Shiraishi, 2006).
However, exposure to airborne formaldehyde depends
on many contributing factors, not only formaldehyde
concentration but also exposure duration, ventilation, as
well as task and posture of the participants. Fluctuations
of formaldehyde concentrations were found in many
studies. Thongsri and Petkasem (2007) demonstrated
that formaldehyde concentrations of the front room and
those of the back room were different. Oosthuizen (1998)
stated that formaldehyde concentrations, ranging from
0.19 to 2.29 ppm, fluctuated considerably depending
on the stage of dissection process. A variation of
formaldehyde concentrations among the sessions and
area were also reported (Shiraishi, 2006; Tanaka et al.,
2003). Furthermore, personal exposure concentrations
were also inconsistent and actually higher than the
indoor concentrations (Ohmichi et al., 2006; Ohmichi
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etal., 2006; Costa et al., 2008). Ryan et al. (2003) found
that the averages of personal exposure concentra-
tions and area concentrations were 0.21 and 0.16 ppm
respectively. In addition, the excessive exposure levels
occurring during dissection were presumably due to
short distances between formaldehyde source and the
participants’ noses.

The objectives of this study were to examine the
variation of formaldehyde levels that might be influ-
enced by the area within the laboratory and/or types
of study sessions, and to determine the relationship
between areal formaldehyde and personal exposure
concentrations.

2. Materials and Methods
2.1. Site of the study

This study was part of the research entitled
“formaldehyde concentrations in indoor air and the
breathing zone of medical students and instructors and
clinical symptoms during gross anatomy laboratory”
at the Faculty of Medicine, Thammasat University.
The result on formaldehyde concentration and clinical
symptom was presented in a separate published article,
not depicted in this report. However, the methodology
specified here represented the objectives of this study.
The study was performed at the Faculty of Medicine of
Thammasat University during a gross anatomy course.
The gross anatomy room was approximately 30 m x
10 m x 2.8 m. Windows along three sides of the room
were open during practice. Electrical fans, placed on the
entrance side, were used to ventilate the room
throughout the period of session. There were 20
cadavers on the dissection tables arranged across the
room as shown in Fig. 1. Embalming fluid consisted
of approximately 3.6% w/w of formaldehyde and 0.2%
w/w of phenol.

2.2. Measurement of formaldehyde concentration

Air sampling and analysis for formaldehyde
followed the method of NIOSH number 2541 (NIOSH,
2003). Active sampling pumps with a flow rate of
100 ml/min were used to draw air into solid sorbent
tube containing 10% (2-hydroxymethyl piperidine on
XAD-2). Then the sorbent tubes were analyzed by
gas chromatography with a flame ionization detector
(GC-FID).

Formaldehyde concentrations were evaluated in
three types of anatomy sessions; 1) thoracic study
session in September 2) abdominal study session in
November and 3) brain and nerve study session in
December. Laboratory sessions were operated for three
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hours each day. Sampling was conducted twice for
each session so that the measurements were made on
six separate days with the sampling period of 3 hours
throughout the entire session.

In the room, six area sampling points, named as
Al to A6, were determined by setting air sampling
instruments 1.5 m above the floor and 2 m apart from
the dissection tables. These sampling points were
divided into 2 sides, the left and the right side. The left
side was near the entrance consisting of Al, A3 and
A5 while the right side was near windows consisting
of A2, A4 and A6 (Fig. 1).

Each dissection table was assigned to 6-7
students for practicing. Approximately 140 students
and instructors were in the laboratory each day. A total
of 15 students, practicing at tables no 2, 3, 5, 6, 7, 8,
9, 10, 11, 13 15, 16, 17, 19, and 20, participated in
personal samplings. Air sampling pumps were attached
to the students during in the laboratory. The solid
sorbent tube was worn on the collar of the student gown
near the breathing zone. All 15 students were sampled
repeatedly for 6 days. Both area and personal sampling
were conducted concurrently within each day. Total
of 126 samples were obtained in the study; 36 of area
samples and 90 of personal samples.

2.3. Data analysis

For data analysis reasons, formaldehyde
concentration of 0.0005 ppm (half of the detection
limit) was assigned for samples with FA concentrations
lower than the detection limit (33 samples out of total
126 samples). Formaldehyde concentrations, both
area sampling and personal sampling were described
and were then analyzed for differences among groups
by parametric and non-parametric analytical methods
at p-value of 0.05. The relationship between area and
personal sampling concentrations was determined by
Pearson’s Correlation test. The statistical package, SPSS
(Windows version), was used for data analysis.

3. Results and Discussion

Table 1 showed the areal formaldehyde
concentrations in the gross anatomy room. The highest
level of areal FA concentration was 0.712 ppm found
in an abdominal study session while the lowest levels,
less than the detection limit (0.001 ppm) of the method,
were found in all three types of study sessions. The
averages of FA concentrations of A1 to A6 were 0.519,
0.253, 0.330,0.418, 0.229, and 0.68 ppm respectively.
Variations of FA concentrations of each sampling point
were relatively high as depicted by its standard deviation
value. Consequently, FA concentrations among these
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Figure 1. Layout of gross anatomy laboratory

six sampling points were not significantly different
(Oneway ANOVA; p-value = 0.205). However, areal
FA concentrations of this study were comparable to
other studies which reported that FA concentrations
ranged from 0.23-1.03 ppm and in a range of
0.11-0.33 ppm respectively (Ohmichi et al., 2006;
Wantke et al., 2000). The National Institute of
Occupational Safety and Health (NIOSH, 2007) set
a ceiling recommended exposure level for FA (REL-C)
at 0.1 ppm while of the American Conference of
Governmental Industrial Hygienists (ACGIH, 2012) set
a ceiling limit (TLV-C) at 0.3 ppm, meaning that FA
concentration, at any particular time, should not
exceed these limit. According to the results, the
maximum levels and the overall area average of
FA concentrations were higher than the limits.
Moreover, 24 out of the 36 measurements also exceeded
TLV-C of 0.3 ppm. The result pointed out that
mitigation measures to reduce risk from exposure to
formaldehyde were needed.

Table 1. FA concentration of each area sampling points
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In accordance with the side of the room, median FA
concentration of the left side was 0.454 ppm whereas
that of the right side was 0.421 ppm as shown in Fig.
2. Comparison of FA concentrations of the left and the
right side, the result showed that there was no statistical
difference of both sides (Mann-Whitney test; p-value
= (.640). Among three study sessions, the abdominal
study session had the highest median of area FA
concentrations of 0.526 ppm followed by the brain
and nerve study session and the thoracic study session
for the amount of 0.441 and 0.364 ppm respectively.
Nevertheless, FA concentrations among these three
study sessions were not significantly different
(Krusksal-Wallis test; p-value = 0.072). The above
results suggested that fluctuation of FA concentration
in the room may be attributed to laboratory sessions
and/or location in the laboratory. However there
might be other important contributing factors not
included into this study, such as room temperature,
air exchange rates and direction of the air flow, all of

FA concentrations (ppm)

Area
N Minimum Maximum Average + SD Median

Al 6 0.407 0.712 0.519 +0.105 0.492
A2 6 <0.001 0.577 0.253 +0.281 0.205
A3 6 <0.001 0.613 0.330+0.273 0.411
A4 6 <0.001 0.593 0.418+0.212 0.482
A5 6 <0.001 0.457 0.220 + 0.241 0.206
A6 6 <0.001 0.573 0.226 £0.261 0.157

Total 36 Average of overall area = 0.328 + 0.246, Median 0.441
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Figure 2. Area FA concentrations classified by side and study sessions

which may affect the variation of FA in the laboratory.

Fig. 3 presented the distributions of personal
concentrations of 15 students. The highest personal
FA level of 1.126 ppm was found during in abdominal
study session, whilst the lowest levels, less than 0.001
ppm, were found in all three types of study sessions. In
addition, most of them were notably found in brain and
nerve study session. The averages of personal exposure
to FA of these 15 students ranged from 0.317 to 0.912

ppm, indicating that all 15 students were exposed to
FA higher than the limits of NIOSH and ACGIH. From
the study of Ohmichi et al. (2006) personal exposure
levels ranged from 0.33 to 1.47 ppm whereas Costa
et al. (2008) evaluated the mean level of FA
exposure at 0.44 ppm (0.04-1.58 ppm). Personal
FA concentrations of this study were comparable to
those results and additionally showed that there was a
variation of personal exposure concentrations among the
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Figure 3. Distributions of personal concentrations of 15 students
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Table 2. Correlation coefficients between personal and area FA concentrations of 15 students

Person Correlation Coefficient p-value Person Correlation Coefficient p-value

1 0.025 0.962 9 0.585 0.222
2 0.362 0.481 10 0.476 0.340
3 0.570 0.238 11 -0.529 0.281
4 0.360 0.484 12 0.531 0.279
5 0.581 0.226 13 0.513 0.298
6 0.555 0.253 14 0.599 0.209
7 0.600 0.208 15 -0.150 0.792
8 0.573 0.234 Average Correlation Coefficient = 0.377

students. However, personal exposure concentrations
of these 15 students were not significantly different
(Oneway ANOVA; p-value = 0.111).

Median personal exposure levels in the abdominal,
thoracic and brain and nerve study session were 0.650,
0.485 and 0.261 ppm respectively. Personal exposure
concentrations were statistically different among these
three study sessions (Kruskal-Wallis test; p-value =
0.009). It stated that types of study sessions might
influence on personal exposure level more than those
of areal FA levels. Moreover, the overall median of FA
exposure concentration, 0.558 ppm, was statistically
higher than the overall median of areal FA concentra-
tion, 0.441 ppm (Mann Whitney Test; p-value =0.001).
This finding was agreeable with those of the earlier
studies (Ohmichi et al., 2006; Ryan et al., 2003).

The individual correlation coefficients between
personal and areal FA concentrations of 15 students
varied widely, ranging from -0.529 to 0.600 as presented
in Table 2. The overall average correlation coefficient
was 0.377 which indicated that personal formaldehyde
concentrations had a low correlation with the area con-
centrations. Since, there were two negative correlation
coefficients, the average of correlation coefficient in-
creased to 0.487 when those two values were excluded.
However, these correlation coefficients were still not
statistically significant. The reason was presumably
due to too small sample size. The result suggested that
there may be other factors influencing on personal ex-
posure level, such the distance between each student
and cadaver and/or their performance and activities in
the anatomy room as mentioned in the other studies
(Ohmichi et al., 2006; Ryan et al., 2003). Thus, using
of area concentration as surrogate of personal exposure,
especially in the health impact epidemiological study,
should be done with caution and may lead to possibly
underestimating personal exposure concentrations.
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4. Conclusion

Based on data obtained from the study, most of
the area formaldehyde concentrations of the anatomy
laboratory exceeded a ceiling limit of ACGIH. Even
though the area concentration fluctuated between
different study sessions and the area within the
laboratory, there was no significant difference. Personal
exposure concentrations were considerably higher than
area concentrations and likely to be affected by the
different types of study sessions. Since there was a
rather low relationship between area and personal
formaldehyde concentration, using area concentrations
might underestimate personal exposure levels. The
result indicated that the gross anatomy laboratory
might pose a health risk from a high exposure to
formaldehyde during practice for 3 hours. Therefore,
mitigation measures should be determined to reduce
health risks for all participants, instructors, students
and scientists.
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