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ABSTRACT: Formalin (aqueous formaldehyde solution) is ubiquitously employed in
anatomy laboratories worldwide as a cadaveric preservative. Despite its practical utility,
formalin poses substantial health hazards to medical students, faculty, and laboratory
personnel through inhalation, dermal contact, and ocular exposure. Even at low
concentrations of 0.1-2.7 ppm, formaldehyde causes significant mucous membrane
irritation, with higher exposures associated with pulmonary edema, sensitization, and
carcinogenesis [1,2,3]. The International Agency for Research on Cancer (IARC) and the
U.S. National Institute for Occupational Safety and Health (NIOSH) classify formaldehyde
as a probable human carcinogen, with no established safe threshold. This article reviews
the physicochemical properties of formalin, documents observed health effects in anatomy
dissection settings, outlines evidence-based modern preventive strategies including
engineering controls, personal protective equipment (PPE), and administrative measures,
and proposes an integrated approach incorporating validated Ayurvedic therapies —
including Yashtimadhu (licorice), Anu Taila nasal oil, Nasyam therapy, and rasayana herbs
— as adjunctive protective strategies [11,14,15,21]. The synthesis presented here aims to
inform institutional policy and provide a holistic framework for minimizing occupational
formalin-related morbidity in anatomy laboratory settings.
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1.

INTRODUCTION

Gross anatomy dissection remains a cornerstone of medical education, providing students with
irreplaceable three-dimensional insight into human morphology. The preservation of cadavers for
this purpose has historically relied on formalin — an aqueous solution of formaldehyde — owing
to its potent antimicrobial and cross-linking properties. However, routine exposure to formalin in
enclosed laboratory environments generates vapors that are now firmly established as hazardous
to human health.

Studies investigating formaldehyde exposure in gross anatomy laboratories have documented
vapour concentrations frequently exceeding recommended occupational exposure limits, with
individual breathing-zone samples ranging from 0.43 to 2.01 ppm [1,2]. Students and staff in
such environments report a spectrum of acute and chronic symptoms, and epidemiological
evidence increasingly implicates long-term formaldehyde exposure in the development of
nasopharyngeal cancer and leukaemia [3].

Despite the availability of modern engineering controls and PPE, compliance and infrastructure
limitations — particularly in low- and middle-income countries — mean that many anatomy
departments continue to expose trainees to unsafe formalin levels. There is thus a compelling
need for cost-effective, complementary strategies. India's traditional system of medicine,
Ayurveda, offers a rich pharmacopoeia of herbs and therapies documented for respiratory
protection and immune modulation [11,17,19,20]. This review integrates modern occupational
safety evidence with relevant Ayurvedic interventions to propose a dual-track preventive
framework applicable to anatomy laboratories worldwide.

2. Properties of Formalin

2.1 Chemical and Physical Nature

Formalin is a 30-50% aqueous solution of formaldehyde (HCHO), stabilized with 10-15%
methanol to prevent polymerization [9]. Formaldehyde itself is a colorless, flammable gas at
room temperature with a characteristically pungent, suffocating odor detectable below 1 ppm. It
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has a molecular weight of 30.03 g/mol and a boiling point of —19°C, meaning it exists as a vapor
under standard laboratory conditions. Formaldehyde is heavier than air (vapor density 1.04
relative to air), causing vapors to accumulate at low-lying areas and floor levels in poorly
ventilated rooms [2].

The compound is highly soluble in water and is readily absorbed by the respiratory mucosa, skin,
and ocular surfaces. In anatomy laboratories, cadaveric embalming fluids typically contain
formaldehyde at concentrations of approximately 3%, though commercial solutions as dilute as
0.625% have been documented in NIOSH health hazard evaluations [1]. Alternative preservation

METHODS

— including Thiel embalming and phenoxyethanol-based solutions — have been proposed to
reduce occupational formaldehyde exposure while preserving tissue quality adequate for
dissection [9,10].

2.2 Carcinogenic and Mutagenic Properties

Formaldehyde is classified as a Group 1 human carcinogen by the IARC and as a probable
occupational carcinogen by NIOSH. Animal studies have demonstrated squamous cell carcinoma
of the nasal passages in rats following inhalation exposure, and epidemiological investigations
have linked chronic occupational exposure to elevated risks of nasopharyngeal cancer and
myeloid leukaemia in humans [3]. Formaldehyde is genotoxic and mutagenic in multiple in vitro
test systems, inducing DNA-protein cross-links, strand breaks, and chromosomal aberrations.
Critically, no safe threshold of exposure for carcinogenic effects has been established, and
NIOSH accordingly recommends reducing exposures to the lowest feasible level at all times.

2.3 Sensitization Properties

Formalin is a potent chemical sensitizer. Repeated low-level exposure can induce IgE-mediated
sensitization, following which even sub-threshold concentrations — well below 0.5 ppm — may
trigger rhinitis, urticaria, asthma, and anaphylactoid reactions in sensitized individuals [3,6].
This sensitization phenotype is of particular concern in medical students, who face cumulative
exposure across multiple dissection sessions over an academic year. Once sensitized, continued
exposure perpetuates allergic disease and may necessitate removal from the laboratory
environment.
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3. Observed Health Effects in Anatomy
Laboratory Settings

3.1 Respiratory and Mucous Membrane Effects

The respiratory tract is the primary target organ for formaldehyde toxicity. Inhalation of formalin
vapors at concentrations as low as 0.1 ppm causes irritation of the nasal mucosa, pharynx, and
larynx, manifesting as burning of the eyes, sneezing, nasal congestion, and coughing. At 0.3-2.7
ppm, sleep disturbance and worsening of pre-existing respiratory conditions have been
documented [3]. Cross-sectional studies conducted among medical students attending gross
anatomy dissection sessions have confirmed high prevalence rates of nasal discharge, throat
irritation, watery eyes, and headache within the first weeks of cadaver exposure [4,5].

At higher concentrations of 10-20 ppm, more severe manifestations including chest tightness,
palpitations, and bronchospasm are reported. Concentrations exceeding 50 ppm carry risk of
pulmonary edema and chemical pneumonitis — life-threatening complications that necessitate
emergency airway management. In susceptible individuals, particularly those with a history of
atopy, even moderate vapor levels may precipitate acute asthma exacerbations [3,4].

3.2 Dermatological and Ocular Effects

Skin contact with formalin solution causes both irritant contact dermatitis and, with repeated
exposure, allergic contact dermatitis. The latter is immunologically mediated (Type IV
hypersensitivity) and may persist or worsen despite reduced exposure intensity. Clinical features
include erythema, pruritus, vesiculation, and fissuring of the hands and forearms — the most
frequently affected sites in dissection laboratory workers [6,7]. Ocular exposure

RESULTS

in conjunctival irritation, excessive lacrimation, and — at high concentrations — corneal
epithelial damage. Ayurvedic literature additionally documents the potential of topical
formulations containing ingredients such as turmeric and neem for alleviating dermatitis
associated with chemical sensitizers, though their specific efficacy against formalin-induced skin
reactions requires formal clinical study [18].
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3.3 Allergic and Immunological Responses

A study assessing allergic responses among first-year medical students documented a significant
incidence of formaldehyde-specific sensitization by the end of the first dissection semester, with
skin prick testing and spirometry revealing both sensitization and subclinical bronchial
hyperresponsiveness in a proportion of students [6]. These findings are concerning given that
medical students represent a young, predominantly healthy cohort at the outset of a career
involving potential lifelong formaldehyde exposure in clinical and research settings.
Immunological studies further indicate that formaldehyde-hapten conjugates formed upon
protein binding may serve as neoantigens driving chronic allergic disease.

3.4 Systemic and Carcinogenic Risks

Systemic absorption of formaldehyde is generally limited by rapid metabolization via the formate
pathway; however, inhalation of high concentrations causes systemic toxicity including metabolic
acidosis and cardiovascular collapse. Ingestion — though unlikely in the laboratory context — is
immediately life-threatening, with as little as 30 mL of a 37% solution reported as potentially
fatal through corrosive gastrointestinal injury and multi-organ failure. Long-term low-level
inhalation is epidemiologically associated with increased risk of leukaemia, nasal sinus cancer,
and — in embalmers and anatomy professionals — elevated all-cause cancer mortality [3]. These
carcinogenic risks underscore the imperative for robust exposure control across all anatomy
dissection environments.

4. Modern Preventive Measures

The hierarchy of controls — elimination/substitution, engineering controls, administrative
controls, and PPE — provides the evidence-based framework for managing occupational
formaldehyde exposure in anatomy laboratories [7,8].

4.1 Engineering Controls

Engineering controls represent the highest-order and most effective approach to formaldehyde
hazard reduction. Key measures include:

. General ventilation: NIOSH recommends a minimum of 5-12 air changes per hour of
fresh, unrecirculated air in gross anatomy laboratories, with some autopsy facility guidelines
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specifying up to 12 ACH [2,7].

. Local exhaust ventilation (LEV): Downdraft dissection tables with integrated exhaust
have been demonstrated to significantly reduce cadaveric formaldehyde vapor levels at the
breathing zone of students and demonstrators [2].

. Substitution: Use of alternative embalming fluids — including Thiel solution,
phenoxyethanol-based preservatives, and glycerol-based formulations — can substantially reduce
formaldehyde content while maintaining acceptable cadaveric quality for dissection. Reviews
confirm the viability of these alternatives as lower-toxicity options [9,10].

4.2 Administrative Controls

Administrative controls supplement engineering measures and include: formalized staff training
programs on formalin hazards and safe handling procedures; limitation of individual dissection
session duration and rotation of personnel in high-exposure tasks; pre-laboratory rinsing of
cadavers with water to reduce surface formaldehyde concentration; scheduling of body cavity
dissection (associated with higher vapor release) with adequate recovery intervals;
implementation of a written Formaldehyde Exposure Control Plan as mandated by OSHA for
workplaces with exposures at or above 0.1 ppm [7,8]; and establishment of biological and air
monitoring programs to track exposure trends. Medical surveillance — including periodic
respiratory function testing, skin examinations, and symptom questionnaires — should be offered
to all regularly exposed personnel.

4.3 Personal Protective Equipment (PPE)

When engineering and administrative controls cannot fully eliminate residual exposure risk,
appropriate PPE is mandatory. OSHA and NIOSH specify the following minimum requirements
for formalin handling in anatomy laboratories [7,8]:

. Gloves: Butyl rubber, neoprene, or nitrile gloves are recommended. Latex and polyvinyl
chloride (PVC) gloves provide inadequate protection and must not be substituted.

. Eye and face protection: Chemical splash goggles or full face shields are required during
direct handling of formalin solutions and during procedures likely to generate aerosols.

. Respiratory protection: Where vapour concentrations exceed the NIOSH REL of 0.016
ppm, half-face or full-face respirators with formaldehyde/organic vapor cartridges should be
employed. At concentrations above 20 ppm (IDLH), supplied-air or self-contained breathing
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apparatus is required.

4.4 Exposure Monitoring and Occupational Limits

Periodic personal breathing-zone air monitoring using validated

METHODS

(NIOSH

METHODS

3500/2016) is fundamental to ensuring that implemented controls achieve and maintain
exposures below regulatory limits. OSHA's permissible exposure limit (PEL) is 0.75 ppm as an 8-
hour TWA, with a 2 ppm short-term exposure limit (STEL). The NIOSH REL is far more stringent
at 0.016 ppm (8-h TWA) reflecting carcinogenic risk, with a 15-minute ceiling of 0.1 ppm. The
IDLH is 20 ppm [7,8]. Given that many anatomy laboratories in published studies exceed the
NIOSH REL, institutions are strongly encouraged to target exposures as close to zero as
technologically achievable.

5. Ayurvedic Integration for Holistic
Protection

While modern engineering and PPE-based controls address the primary occupational hazard,
Ayurveda — the ancient Indian system of medicine — offers a complementary pharmacological
and therapeutic framework targeting respiratory resilience, mucosal integrity, immune
modulation, and detoxification. The following Ayurvedic interventions are supported by
traditional textual references and, where available, emerging pharmacological evidence. It must
be emphasized that these measures supplement — and must never replace — CDC/NIOSH-
recommended primary controls.

5.1 Yashtimadhu (Glycyrrhiza glabra — Licorice Root)

Yashtimadhu (licorice root) is one of the most extensively documented herbs in the Ayurvedic
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pharmacopoeia for upper respiratory protection. Its active constituents — glycyrrhizin, liquiritin,
and isoliquiritin — have demonstrated anti-inflammatory, antioxidant, antiviral, and expectorant
properties in experimental models [21]. Classical Ayurvedic texts describe Yashtimadhu as a
kanthashodhana (throat-cleansing) and kasahara (antitussive) drug, with particular utility in
pharyngitis, tonsillitis, and allergic cough — symptoms consistent with formalin-induced mucous
membrane irritation [11,12,13]. In the context of anatomy laboratory exposure, Yashtimadhu
Ghanvati (tablet formulation) or decoction taken before and after dissection sessions may offer
mucoprotective and anti-inflammatory benefit to the upper airway. Its immunomodulatory
properties may additionally attenuate the sensitization process triggered by repeated
formaldehyde exposure.

5.2 Anu Taila and Nasya (Nasal Oil Therapy)

Anu Taila is a classical Ayurvedic polyherbal nasal oil formulation documented for the
management of sinusitis, nasal allergy, and upper respiratory inflammation [14]. Administered
via Nasyam — the Ayurvedic para-nasal instillation of medicated oils — it is believed to form a
protective lipid coating on the nasal mucosa, potentially reducing direct formaldehyde-mucosal
contact and attenuating local inflammatory responses [15]. Nasyam is classified in Ayurveda as
one of the Panchakarma (five detoxification procedures) and is specifically indicated for diseases
of the head, neck, and upper respiratory tract. Pre-dissection nasal oil application could
theoretically serve as a low-cost mucosal barrier measure, though rigorous clinical trials in the
context of chemical exposure are yet to be conducted.

5.3 Rasayana Herbs for Inmune Modulation

Ayurvedic rasayana (rejuvenative) therapy encompasses a class of herbs and formulations
designed to enhance ojas (vitality and immune resilience). Several such herbs are particularly
relevant to formalin-exposed individuals:

. Turmeric (Curcuma longa): Curcumin, the principal active constituent, exhibits potent
anti-inflammatory and antioxidant properties and has been shown to modulate NF-kB-mediated
inflammatory pathways implicated in chemical-induced airway injury. Its incorporation into daily
diet or as a supplement may reduce systemic inflammatory burden in exposed individuals
[17,19].

. Tulsi (Ocimum sanctum): Sacred basil is documented in Ayurveda as a shwasahara (anti-
dyspnoeic) and immunoadaptogenic herb. Clinical and experimental studies support its
bronchodilatory and mast cell stabilizing properties, which may be beneficial in mitigating
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formaldehyde-induced bronchospasm and airway hypersensitivity [19,20].

. Ginger (Zingiber officinale): Ginger's gingerols and shogaols possess anti-inflammatory
and antihistaminic properties. In Ayurvedic practice, ginger-based decoctions are routinely
prescribed for respiratory allergies associated with pollution or chemical irritants — a context
analogous to formalin exposure [17].

5.4 Snehana (Oleation Therapy) and General
Detoxification

Snehana, or Ayurvedic oleation therapy, involves the systemic or topical application of medicated
oils or ghee to nourish body tissues, facilitate the mobilization of lipid-soluble toxins, and prepare
the body for deeper detoxification procedures (shodhana) [16]. Given that formaldehyde and its
metabolites (particularly formate) are water-soluble and rapidly excreted, classical Ayurvedic
detoxification using specific herbal decoctions and dietary modifications may support hepatic
metabolic clearance pathways. Regular Abhyanga (full-body oil massage) using sesame or
medicated oils is also advocated in Ayurveda for stress reduction, skin barrier fortification, and
general immune enhancement — all potentially beneficial for laboratory-exposed students.

5.5 Steam Inhalation and Herbal Fumigation

Herbal steam inhalation with formulations containing eucalyptus, camphor, or tulsi is a
traditional Ayurvedic recommendation for clearing upper respiratory congestion and mucosal
irritation caused by air pollutants and chemical vapors [17]. Employed post-exposure as a
decontamination ritual, steam inhalation may help clear residual formaldehyde adsorbed to nasal
and pharyngeal mucosae, while the anti-inflammatory and antimicrobial properties of dissolved
herbal constituents may reduce secondary mucosal inflammation. Similarly, Ayurvedic
approaches to strengthening mucosal immunity — including probiotics and fermented herbal
preparations — have been described as adjuncts in allergy management [20].

6. Proposed Integrated Preventive
Framework

An integrated framework for formalin exposure management in anatomy laboratories should
operate across three tiers: (1) primary institutional controls following the CDC/NIOSH/OSHA
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hierarchy of controls; (2) individual-level PPE and safe work practices; and (3) adjunctive
Ayurvedic wellness measures supporting mucosal integrity, immune function, and respiratory
resilience. This tiered approach recognizes that no single intervention is sufficient and that
comprehensive protection requires simultaneous action at organizational and individual levels.

Institutions in South Asian contexts — where both Ayurvedic expertise and infrastructure
limitations frequently coexist — are particularly well-positioned to adopt this integrated
approach. Implementation of downdraft tables and improved ventilation should remain the
priority investment; Ayurvedic adjuncts such as Yashtimadhu Ghanvati, Anu Taila nasal
application, and rasayana herbal supplementation represent low-cost, culturally acceptable, and
pharmacologically plausible additions to the standard protective protocol [11,14,21].

7.

CONCLUSION

Formalin exposure in anatomy laboratories constitutes a significant and preventable occupational
health hazard, with well-documented acute irritative, sensitizing, and long-term carcinogenic
consequences. The evidence base supporting modern engineering controls — particularly
adequate ventilation, local exhaust at the dissection site, and substitution with lower-
formaldehyde preservatives — is robust and should inform institutional policy universally. PPE
and structured administrative controls provide critical additional protection layers.

Ayurvedic integrative strategies — including Yashtimadhu for mucosal protection, Nasyam nasal
therapy for upper airway defense, and rasayana herbs for immune modulation — offer a
culturally rooted, pharmacologically plausible complement to conventional occupational safety
measures. Future research should prioritize controlled clinical trials evaluating the efficacy of
these Ayurvedic interventions in documented formaldehyde-exposed populations, with
standardized outcome measures for respiratory sensitization, inflammatory biomarkers, and
quality of life. Until such evidence accumulates, Ayurvedic measures should be transparently
positioned as adjuncts — never substitutes — to primary engineering and PPE controls,
administered under qualified medical supervision.
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