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Abstract: “Sick building syndrome” (SBS) refers to a condition where people working in a building
experience a constellation of non-specific mucosal, skin, and general symptoms that are temporally
related to their occupancy in the particular building and which usually disappear once the duration of
work is over and they leave the confines of the building. Formaldehyde is a volatile organic compound
which has been substantially implicated in its genesis in numerous studies. The gross anatomy dissection
hall in medical colleges provides a space where there is considerable amount of formaldehyde
emission from the formalin-embalmed cadavers. Added to this are factors such as crowding,
humidity and psychosocial demands of the new lifestyle. The present article intends to review the
current understanding of this entity and provide insight into whether it is possible that medical students,
teachers and staff could actually be suffering from sick building syndrome in the time spent in the
dissection hall.[D D Natl J Integr Res Med, 2020; 11(4):66-71]
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Introduction: The first exposure to dissection hall
is one of the most profound experiences of a
doctor’s life. Apart from providing a hands-on
experience of the basics of anatomy, it is also the
place where a budding doctor first comes across
the dead. But it is a matter of common
experience that medical students experience
myriads of symptoms in the premises of the
dissection hall, some of which have been linked
to an entity called the “sick building syndrome”.

The term “sick building syndrome” (SBS) , also
known as sick house syndrome (SHS) refers to a
condition where people working in a building
experience mucosal, skin, and general symptoms
that are temporally related to their occupancy in
the particular building. The symptoms usually
disappear once the duration of work is over and
they leave the confines of the building"*?. No
specific illness can be attributed as a cause of
these except for the time spent in the building. It
has been recognized as an occupational health
issue by the National Institute of Occupational
Safety and Health (NIOSH)*. The idea of Sick
Building Syndrome was first floated in the 1970’s
as a generic term for a number of non-allergic
reactions related to indoor air quality problems.

These years also saw the gradual advent and
rising use of air-conditioning systems, increased
insulation, building wraps, modern interiors and
décor, etc all of which somehow made modern
buildings seemingly packed and suffocative. From
an occupational perspective, Sick Building
Syndrome eventually reduces the proficiency and

productivity of the persons spending working
hours in the building. According to estimates of
the Environmental Protection Agency, SBS has
been linked to 10% to 25% of all buildings in the
United States’.

Research articles and works on effects of
formaldehyde on medical students and
instructors was searched on data bases like
Google Scholar, Pub Med, Cochrane Library and
Medscape using search engines from 1980
onwards. The search was done with various
words and combinations like formaldehyde,
formalin, health effects, physical reactions,
mucosal effects, sick building syndrome, sick
house syndrome, medical students, instructors,
staff, etc. The types of articles studied for this
review were original research, review papers,
letters to the editor, guidelines, gazette
notifications, chapters from books, policy
documents from international agencies, etc. The
salient features and inferences have been
summarized in the form of narrative review in
the present article.

Sick Building Syndrome: A working group of the
World Health Organization has defined sick
building syndrome as a constellation of various
non-specific symptoms such as eye, skin and
upper airway irritation, headache and fatigue®. It
refers to the acute sickness or discomfort that
appears to be linked to time spent in a building’.
Broadly, health problems associated with
occupancy in buildings can divided into sick-
building syndrome and building-related illness.
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The former is characterised by non-specific
features are of mucosal irritation like redness,
itchiness and watering of eyes, stuffy or blocked
nose, dryness of throat, lethargy, headache, etc.
In building-related illness, there are specific
symptoms attributable to a diagnosable illness’.

The etiological factors of this entity include
chemical agents like volatile organic compounds
(VOCs) like formaldehyde, dust, mechanical
ventilation systems and air conditioning,
microbiological agents (like bacteria, fungi,
pollen, dust mites and viruses) and physical
properties of building occupancy like lighting,
humidity, temperature, noise, vibration and
crowding®*?.  Psychological factors like job
demands, dissatisfaction, inter-personal relation-
ships, etc have also been attributed to exert a
causative influence by some authors™. A set of
criteria have been used to designate features as
Sick Building Syndrome in various studies'*. They
are:
e Symptoms aggravate when staying at the
room or building.
e Symptoms either immediately or gradually
disappear after leaving the room or building
e Symptoms recur when returning to the room
or building.
e Symptoms disappear when the room is
ventilated or cleaned.

Formaldehyde (HCHO) is an aldehyde which is
produced by the oxidation of methyl alcohol. At
room temperature, it exists as a gas which has
noxious and irritating properties and a strong
pungent odour. *° It is one of the volatile organic
compounds strongly implicated in the genesis of
sick building syndrome by numerous authors. It is
released to the air from many home products like
latex paint, fingernail hardener, and fingernail
polish, plywood and particle board, as well as
furniture and cabinets made from them, fiber-
glass products, new carpets, decorative lami-
nates, etc*>*'*". The World Health Organization
has also linked formaldehyde with causation of
sick building syndrome®.

Formaldehyde Exposure In Dissection Hall:

Source Of Exposure: Embalming Fluid: One of the
key scenarios where the exposure to formal-
dehyde occurs because of its considerable
presence in the ambient atmosphere is the gross
anatomy dissection hall in medical colleges. It is
the place where a medical student learns about

the basics of the body’s structure by scrupulous
dissection of cadavers. These cadavers are
embalmed with the help of embalming fluids
which chemically is a composite mixture of
various substances acting as fixatives, presser-
vatives, germicides, buffers, wetting agents,
anticoagulants, dyes, perfuming agents, etc*".

Formalin, which is a 37% by weight or 40% by
volume aqueous solution of formaldehyde, is
used as the preservative in these fluids. ** The
formalin concentrations in arterial fluid and
cavity fluid are 10% and 60% respectively. While
keeping a provision for spillage, approximately 10
litres of arterial fluid are needed for an adult
body weighing 65-75 kg*. In addition, formalin is
also the main preservative used in the tank
(immersion) fluids where the cadaver and their
parts are stored after the dissection class.
Formalin on vaporization yields formaldehyde.
Therefore, with substantial amount of formal-
dehyde prevailing in the ambient atmosphere, a
condition similar to the classically described sick
building syndrome is very much plausible.

The teachers, students and staff of the dissection
hall spend a considerable part of their daily time
in the premises of the dissection hall. In India,
medical students usually have dissection classes
for 2 hours every day for 6 days per week
throughout the first year.

Formaldehyde vapours emitted from the
cadavers therefore result in substantial exposure-
rates of medical students and their teachers®*,
The exposure to medical students occurs over a
period of one year, whereas to the teachers and
staff, there is a persistent and cumulative
exposure over years of their service.

In a study conducted at Alexandria Faculty of
Medicine on the effects of formal-dehyde on the
staff working in the department, the researchers
found that skin symptoms (68.8%), ocular
irritation (68.8%) and nausea (18.8%) were
substantially present among them, apart from
problems such as anaemia and menstrual
disturbances among the female staff”. Apart
from this, two factors, i.e. crowding of the
students around a cadaver and psychosocial
demands of the new lifestyle of a medical
student could also be contributing to a certain
extent because both crowding and psychological
demands of the work have been attributed as
causative factors of Sick Building Syndrome.
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Exposure Limits: The concentration of formal-
dehyde is generally expressed in terms of parts
per million (ppm). 1ppm of formaldehyde vapour
is equivalent to 1.248mg/m>%. Various exposure
limits have been proposed by international

Ceiling Limit: A limit that should not be exceeded
even instantaneously at any time during the work
day.

Short-Term Exposure Level (STEL):The concen-
tration to which employees can be continuously
exposed for 15 min without any adverse health
effects.

agencies to restrict the occupational exposure of
formalin within scientifically reasonable limits.
Some of the terminologies used in this context
are:

Time-Weighted Average Concentration (TWAC):
An 8-h (working-day or 40 h work-week) average
concentration under which it is believed that
nearly all the employees may be repeatedly
exposed to throughout their lifework without any
adverse health effects. The standards recommen-
ded by the premier global organizations are
shown below in Table 1*%. The NIOSH stan-
dards are the most scientifically acknowledged
recommendations®.

Table 1: Standards Of Global Organizations

Sr Organization Type | Concentration (ppm)
No.
1 | Occupational Safety And Health Administration (USA-OSHA) TWAC 0.75
STEL 0.2
2 | American Conference Of Governmental Industrial Hygienists Ceiling 0.3
(USA-ACGIH)
3 | National Institute For Occupational Safety And Health (USA-NIOSH) | Ceiling 0.1 (0.12 mg/m3)
TWAC | 0.016 (0.02 mg/m3)

Symptoms consistent with sick building syndrome
have been reported with ambient concentrations
of 0.1-0.5 ppm*. Some studies which employed
sampling of air have reported that formalin
concentrations in air of gross anatomy
laboratories were sometimes higher than the
safe exposure limits>'. This explains why medical
students suffer from various mucosal irritation
symptoms during the dissection hours.

Factors Influencing Formaldehyde Emission: The
exact chemical composition of embalming fluids
varies to some extent as it depends on factors
such as age, weight and fat content of the
cadaver and humidity and refrigeration facilities
available. Skin is one of the protective factors
against formaldehyde release. And it has been
reported that levels rise dramatically just after
the skin is incised. It has also been proposed that
subcutaneous adipose tissue, especially of the
thoracoabdominal region, is one of the important
emitting sources in embalmed cadavers. Few
authors have also observed some differences in
emission between male and female cadavers.

Sugata Y et al’’ observed that even though
statistically non-significant, female cadavers
released higher levels of formaldehyde vapour

than male cadavers in each stage of dissection.
Takayanagi et al in their study reported that
formaldehyde levels at the height of breathing

zone in the room was 0.50 ppm after
decortication of the ventral trunk, 2.00 ppm after
decortication of the superficial muscles of the
dorsal trunk, 2.64 ppm after digestive tract, 3.04
pm after posterior abdominal wall and 1.92 ppm
after decortication of the upper and lower
extremities during the process of dissection®.
Also, when the whole hall is taken into
consideration, the concentrations near dissecting
tables during dissection sessions were under-
standably higher than at a distance away®. Levels
in the immediate vicinity of the cadaver were
found to be about double those in dissection
room air in a study®'.

Health Effects Of Exposure: The existing pool of
research literature about the effect of formalin
on human physiology is replete with reports of
medical students suffering from various physical
symptoms like burning sensation in eyes,
lacrimation, headache, nausea, irritation of
airways, and dermatitis®®. As formalin vaporizes
at room temperature, mucosal surfaces like the
eyes and nose and respiratory tract are the
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critical targets of its effects. The fundamental
physiological basis of all these diverse effects lies
in its high reactivity. The oxygen atom of
aldehyde group of formaldehyde is highly
electronegative. This can react easily with
nucleophilic sites on cell membranes and in body
tissues such as the amino groups in protein and
DNA, forming cross-links between protein and
DNA in vivo. ¥ The high reactivity also produces
tissue inflammation either due to chemical injury
to the cells or allergenic mechanism. In fact,
formaldehyde is a known agent of chemical
hypersensitivitygs. Reactive oxygen species and
free-radical mediated oxidative stress*® are also
factors that contribute to the detrimental effects
at the cellular level.

The irritant effect of formaldehyde on tissues®
can be elucidated by all these probable
mechanisms ultimately causing stimulation of
branches of the trigeminal nerve. In eyes, it could
also possibly excite mast cells and causes release
of inflammatory mediators like histamine,
serotonin, etc which result in redness, irritation
and lacrimation. It has also been proposed that
most likely, near 100% absorption of
formaldehyde vapour occurs from the upper
respiratory tract, making the irritant effects on
nasal mucosa and throat a natural consequence
of the process’’. Formaldehyde, being water
soluble, is proposed to get dissolved in the
moisture of the mucosa of the respiratory tract
and then incite degenerative, inflammatory and
hyperplastic changes in the mucosa®.

Studies have also reported that the mucociliary
clearance of the epithelial lining of upper
respiratory tract, paranasal sinuses, etc is delayed
due to exposure to formaldehyde®. Therefore
inflammatory changes in the mucosa in the
setting of a delayed ciliary clearance especially in
the sinuses could contribute to experience of
stuffiness and headache. Symptoms of mucosal
irritation in  conjunction with headache,
discomfort, etc which are consistent with sick
building syndrome have been reported by Akbar-
Khanzadeh F et al**, Elshaer NSM et al®®, Jain SR
et al*®, Patil GV et al*®, Yadav A et al** Kundu S &
Gangrade P*', Dhar DK et al* and Oniyje FM et
al” in their studies investigating the effects of
formaldehyde on first year medical students.
Some authors have even reported neuro-
behavioral changes upon chronic exposure to
formaldehyde manifested as prolonged audio-
visual reaction time**.

Conclusion: Research has yielded that ventilation
and thermal comfort and humidity are the critical
steps by which quality of the working
environment  can be improved. Quite
understably, inadequate ventilation amplifies the
effect of volatile compounds and particulate
matter. Thermal discomfort and humidity has
been associated with stuffiness, headache and
dizziness. The occurrence of symptoms of sick
building syndrome can thus be reduced by
targeting these two elements. With regard to
ventilation, it has been recommended that fresh
air flow rate should be 15 litres per second (Ips)
per person in building rooms that are occupied by
people performing work tasks. It has been
suggested that the most comfortable
temperature inside a building is between 20 and
23°C in winter and 20-25°C in summer with
relative humidity of 40-60%>>*. This can be
ensured in the dissection hall by proper air
conditioning, exhaust and ventilation facilities.

We should also make focussed efforts to reduce
exposure to formaldehyde by practicing simple
steps like use of masks, goggles and avoiding
unnecessary spillage of formalin within the
dissection hall. Options like modifying the
conventional process of embalming are also
being explored by use of accessory chemicals or
alternative embalming fluids.

Studies have also reported a reduction in the
ambient concentration of formaldehyde with the
use of a specially-engineered local ventilation
apparatus which comprised of a grid type of hood
with a downward suction that can be attached to
ordinary dissection tables and connected to the
ventilation duct. A significant decrease in the
occurrence of symptoms was also observed. *
Measures like this therefore can therefore reduce
the general discomfort and aversion of the
medical students and improve the performance
of the students and preserve the proficiency of
the teachers and staff in the long run.
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