
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 B1 
carcinogen and its inhalation unit risk is 1.3E-5 per 
µg/cu.m (US. EPA, 2005). It means that there is an 
excess carcinogen case of 13 cases in one million 
exposed to 1 µg/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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Abstract

The aim of the present study was to standardize and to assess the predictive value of the cytogenetic analysis
by Micronucleus (MN) test in fish erythrocytes as a biomarker for marine environmental contamination. Micronucleus
frequency baseline in erythrocytes was evaluated in and genotoxic potential of a common chemical was determined
in fish experimentally exposed in aquarium under controlled conditions. Fish (Therapon jaruba) were exposed for 96
hrs to a single heavy metal (mercuric chloride). Chromosomal damage was determined as micronuclei frequency in
fish erythrocytes. Significant increase in MN frequency was observed in erythrocytes of fish exposed to mercuric
chloride. Concentration of 0.25 ppm induced the highest MN frequency (2.95 micronucleated cells/1000 cells compared
to 1 MNcell/1000 cells in control animals). The study revealed that micronucleus test, as an index of cumulative
exposure, appears to be a sensitive model to evaluate genotoxic compounds in fish under controlled conditions.
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1. Introduction

In India, about 200 tons of mercury and its
compounds are introduced into the environment
annually as effluents from industries (Saffi, 1981).
Mercuric chloride has been used in agriculture as a
fungicide, in medicine as a topical antiseptic and
disinfectant, and in chemistry as an intermediate in
the production of other mercury compounds. The
contamination of aquatic ecosystems by heavy
metals and pesticides has gained increasing attention
in recent decades. Chronic exposure to and
accumulation of these chemicals in aquatic biota
can result in tissue burdens that produce adverse
effects not only in the directly exposed organisms,
but also in human beings.

Fish provides a suitable model for monitoring
aquatic genotoxicity and wastewater quality
because of its ability to metabolize xenobiotics and
accumulated pollutants. A micronucleus assay has
been used successfully in several species (De Flora,
et al., 1993, Al-Sabti and Metcalfe, 1995). The
micronucleus (MN) test has been developed
together with DNA-unwinding assays as
perspective methods for mass monitoring of
clastogenicity and genotoxicity in fish and mussels
(Dailianis et al., 2003).

The MN tests have been successfully used as
a measure of genotoxic stress in fish, under both

laboratory and field conditions. In 2006 Soumendra
et al., made an attempt to detect genetic biomarkers
in two fish species, Labeo bata and Oreochromis
mossambica, by MN and binucleate (BN)
erythrocytes in the gill and kidney erythrocytes
exposed to thermal power plant discharge at
Titagarh Thermal Power Plant, Kolkata, India.

The present study was conducted to determine
the acute genotoxicity of the heavy metal compound
HgCl2 in static systems. Mercuric chloride is toxic,
solvable in water hence it can penetrate the aquatic
animals. Mutagenic studies with native fish species
represent an important effort in determining the
potential effects of toxic agents. This study was
carried out to evaluate the use of the micronucleus
test (MN) for the estimation of aquatic pollution
using marine edible fish under lab conditions.

2. Materials and methods

2.1. Sample Collection

The fish species selected for the present study
was collected from Pudhumadam coast of Gulf of
Mannar, Southeast Coast of India. Therapon
jarbua belongs to the order Perciformes of the
family Theraponidae. The fish species, Therapon
jarbua (6-6.3 cm in length and 4-4.25 g in weight)
was selected for the detection of genotoxic effect
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et al., 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 

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 
A1 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 A1, 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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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. 

 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 
= 0.640). 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 

Figure 1. Layout of gross anatomy laboratory

Table 1. FA concentration of each area sampling points

Area
FA concentrations (ppm)

N Minimum Maximum Average ± SD Median

A1 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

Figure 1. Layout of gross anatomy laboratory

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 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

Area 
FA concentrations (ppm) 

N Minimum Maximum Average ± SD Median 
A1 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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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 

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 = 0.640). 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 which may affect the variation of FA in 
the laboratory. 

Figure 2. Area FA concentrations classified by side and study sessions 

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 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 concentration, 
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). 

Figure 2. Area FA concentrations classified by side and study sessions

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 

Figure 3. Distributions of personal concentrations of 15 studentsFigure 3. Distributions of personal concentrations of 15 students

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 
concentrations. Since, there were two negative correlation coefficients, the average of correlation coefficient 
increased 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 exposure 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. 

Table 2. Correlation coefficients between personal and area FA concentrations of 15 students 
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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 
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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.

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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