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Abstract: Formaldehyde is an organic compound with the formula CH2O and it is the simplest aldehyde, with 

systematic name methanol. The aim of this investigation was to sensitize embalming laboratory users of the 

impending danger associated with overexposure to forty percent (40%) formaldehyde vapour (the active 

component of embalming fluid) on the lungs. Twenty adult male albino rats were used for this investigation. The 

animals were divided into five (A, B, C, D, and E) groups. Animals in group B, C, D and E were respectively 

exposed to forty percent( 40%) formaldehyde for ten(10), fifteen(15), twenty(20) and twenty five(25) days while 

animals in group A which serve as control group were not exposed to forty percent (40%) formaldehyde at all. 

At different stages of the experiment, the animals in each of the group were decapacitated and the thoracic cage 

cut open to expose the lungs. The lung tissue was processed for light microscopic investigation adopting the 

Haematoxylin and Eosin (H and E) staining procedure. The histopathological observation in this study showed 

that exposure to forty percent (40%) formaldehyde induced changes in the histology of the lungs. The observed 
changes were duration dependent. So forty percent (40%) formaldehyde may be able to have greater marked 

effect at a prolonged exposure. These findings suggests that forty percent (40%) formaldehyde vapour may be 

remarkably toxic on the rat lung tissue and advocate for precautionary measure for human handlers while 

handling this chemical especially in the histopathology unit for fixation and embalming purposes. 
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I. Introduction 
Embalming is the process of disinfecting, preserving and restoring a deceased human body to a more 

lifelike appearance and this process modifies tissue constituents in such a way that the tissue architecture will be 

retained (Metcalf et al., 1991). However, there are different ways of carrying out embalmment but the most 
common is the adoption of chemical Solutions and this was first practiced by the Americans by the use of 

chemical arterial embalming as early as 1980’s (Günther, et al., 2002). The most commonly used chemical 

solution is formalin and the active chemical of choice in most of the embalming laboratories is formaldehyde 

with the embalming fluid being prepared by mixing some percentage of formaldehyde with different other 

chemicals (Weast, 1981). Moreover, the mixture formula of this fluid varies depending on the laboratory and 

some other factors such as the size of organ, oedema and stage of decomposition (Weast, 1981). Though, 

formaldehyde is also been utilized by chemical industries such as those involved in manufacturing of resins, 

paper, pharmaceuticals, leather goods, and other products (ANICNA 2007). Interestingly, formaldehyde is water 

soluble and as such readily absorbed through the lungs and gastrointestinal tracts and to a much lower extent 

through the skin (Cary and Sullivan 1992). Formaldehyde is an organic compound with the formula CH2O and 

it is the simplest aldehyde, with systematic name methanol. Formaldehyde is a colourless gas with a 
characteristic pungent odour with important precursor to many other chemical compounds, especially for 

polymers. In 2005, annual world production of formaldehyde was estimated to be 23 million tonnes (50 billion 

pounds) (Günther, et al. 2002). Commercial solutions of formaldehyde in water, commonly called formalin, 

were formerly used as disinfectants and for preservation of biological specimens. Formaldehyde is more 

complicated than many simple carbon compounds because it adopts different forms. Formaldehyde is a gas at 

room temperature, but the gas readily converts to a variety of derivatives, which are often used in industry in 

place of the gas. When dissolved in water, formaldehyde combines with water to form methanediol or 

methylene glycol H2C(OH)2. The diol also exists in equilibrium with a series of oligomers (short polymers), 

depending on the concentration and temperature. 
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AIMS AND OBJECTIVES 
This work is aimed at sensitizing embalmers of the impending danger that may occur when 

overexposed to 40% formaldehyde which constitute the bulk of all the embalming fluids bearing it in mind the 
health implication that can emanate from laboratory chemicals.  

This investigation is therefore aimed at creating awareness to embalming laboratories and by extension 

to other chemical industries who hardly do without the use of formaldehyde of the impending danger of 

prolonged exposure, thus reducing the health risk associated with formaldeh 

 

SIGNIFICANCE OF STUDY 
In view of its widespread use, toxicity and volatility, exposure to formaldehyde is a significant 

consideration for human health. 

 

II. Material And Methods 
Animals 

Twenty adult male albino rats weighing 60-200g were fed with standard pellet diet (vital feeds 

produced by Grand cereals limited Km1 7, Zawan round about, Jos, Plateau State, Nigeria) and were provided 

with clean water. Animals were housed under a controlled room temperature of about 25-28oC and photo-

periodicity of 12h day/ 12h night. All animals were treated in accordance with the guide for the care and use of 

Laboratory Animals prepared (Ochei and Kolhatkar 2000). 

 

Experimental design 
The animals were assigned into five groups (A , B , C , D , and E) with group A serving as the control 

group and groups B-E serving as the experimental groups. The control group (group A ; n=4) were not exposed 
to fourty (40%) formaldehyde at all. The exposure of the treated animals was done by soaking cotton wool in 

formaldehyde (40% formaldehyde at room temperature) and placed in an enclose (designed) wire gauze within 

the animal cage, thus exposing the animals to the vapour. Animals in group B (n=4) were exposed for ten (10) 

days to forty (40%) formaldehyde vapour. In another group (group C ; n=4) the rats were exposed for fifteen 

(15) days to forty (40%) formaldehyde vapour. Animals in group D (n=4) were exposed for twenty (20)days to 

fourty40%formaldehyde vapour while those in group E (n=4) were given the same treatment for twenty-five(25) 

days. All animals were fed with pellitisized diet and clean water throughout the experimental period. The 

animals were de-capacitated at the expiration of the treatment for each of the groups. Subsequently, the thoracic 

cage was cut open and the lungs excised. 

The tissues were fixed with 10% formal saline and owing to the fact that the lungs were floating, the 

container was plugged with cotton wool so as to immerse the whole of the lung in the fixative. 
10% normal saline  

NaCl 9g 

40% formaldehyde 10ml 

Distilled water 90ml 

And it was then processed to light microscopic investigation. 

 

TISSUE PROCESSING AND SECTIONING 
The tissues were processed using processing schedule. The fixed plastic cassette tissues in 10% 

formalin were automatically processed by passing them through different grades of alcohol as follows: 

 

70% alcohol 2hrs 

80% alcohol 2hrs 

90% alcohol 2hrs 

90% alcohol 2hrs 

95% alcohol 2hrs 

Absolute 2hrs 

Xylene 1 2hrs 

Xylene II 2hrs 

 

Molten paraffin wax 1 2hrs 
Molten paraffin Wax II 2hrs 

 

After the last timing, the tissues were removed from their plastic cassettes and placed at the centre of 

the metallic tissue mould and then filled with molten paraffin wax. They were also left to solidify after which 

they were now placed in the refrigerator at 5
o
C for 15 minutes. After the blocks were cool in the refrigerator for 

the time stated above (15 minutes), the blocks were then removed from the metallic case using a knife and after 
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which the paraffin wax at the side of the blocks were removed. 

The blocks were then trimmed and cut serially at 3µm on a rotary microtome. The sections were 

floated in water bath at 55oC and picked up by the use of a clean frosted end slides. The frosted end slides were 
now placed on the hot plate for 40 minutes for adequate attachment of the sections on the slides after which the 

sections were de-waxed, hydrated, air dried and stored in a slide box ready for staining process. 

 

The lung tissue sections for general tissue structure were stained by Haematoxylin plus Eosin technique. 

 

1. The sections were dewaxed in 3 changes of xylene   5 minutes 

2. The sections were hydrated through descending grades of alcohol (absolute, 95%, 80% and 70%). 

3. The sections were stained in Harris haematoxylin 5 minutes 

4. The sections were rinsed in running tap-water to remove excess stain 

5. The sections were differentiated in 1% acid alcohol 3 seconds 

6. The sections were blued in running tap water 10 minutes 
7. The sections were counterstained with 1% eosin 1 minute 

8. Sections were finally rinsed in water, dehydrated in ascending grades of alcohol (70%, 80, 95% and 

absolute)  

9. The sections were cleared in xylene, air-dried and mounted with dibuthylphthalate propylene xylene (DPX).  

The slides were examined under a light microscope and photomicrographs were taken. 

 

III. Results 
It was observed that the rats were having eye irritation and they became aggressive on the first three to 

four days of exposure and also their fur changes from white to yellow as exposure goes on. Eye and nose 
irritation were also observed including nasal secretion. After about nine to ten days the aggressiveness reduced. 

 

Histological Findings Group 

A: Control 
Plates 1-3 below, shows micrographs from control lung sections with normal pulmonary cytoarchitecture. 

Micrographs obtained from the control lung sections showed normal pulmonary cytoarchitecture as presented by 

plates 1a – 1c. 

 

 
Plate 1a: Lung section (H + E X 400) showing normal picture. 

 

 
Plate 1b: Lung section (H + E X 400) showing normal picture. 
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Plate 1c: Lung section (H + E X 400) showing normal picture. 

 

Group B: test 
Micrographs obtained from the group B test rats (10 days ) lung sections showed distortions in 

pulmonary cytoarchitecture which includes alveolar wall disruptions, alveolar hemorrhage/Edema, 
inflammatory cell infiltration, foamy macrophages accumulation, bronchiolar epithelia degeneration, pulmonary 

fibrosis with thickened alveolar walls, enlarged alveolar walls and type II pneumocytes hyperplasia. 

 

Summary: 

Acute Interstitial Inflammation (Pneumonitis) 

Pulmonary fibrosis 

Acute Lung Injury 

Micrographs obtained from the test B lung sections showed changes in pulmonary cytoarchitecture as presented 

by plates 2a -2d. 

 

 
Plate 2a: Lung section (H + E X 400) showing alveolar wall disruptions. 

 

 
Plate 2b: Lung section (H + E X 400) showing alveolar haemorrhage/Edema. 
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Plate 2c: Lung section (H + E X 400) showing inflammatory cell infiltration. 

 

 
Plate 2d: Lung section (H + E X 400) showing bronchiolar epithelia degeneration 

 

Group C: test 
Micrographs obtained from the group C test rats (15 days ) lung sections showed prominent foamy 

macrophages accumulation, presence of purulent exudates in the bronchioles, alveolar wall disruptions, alveolar 

hemorrhage/Edema, inflammatory cell infiltration, hyaline membrane formation, bronchiolar epithelia 

degeneration, pulmonary fibrosis with thickened alveolar walls, enlarged alveolar walls and type II 

pneumocytes hyperplasia. 

 

Summary: 
Acute Purulent bronchitis 

Acute lung injury 

Micrographs obtained from the test C lung sections showed changes in pulmonary cytoarchitecture as presented 
by plates 3a – 3d. degeneration 

 

 
Plate 3a: Lung section (H + E X 400) showing presence of purulent exudates in the bronchioles 
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Plate 3b: Lung section (H + E X 400) showing alveolar wall disruptions 

 

 
Plate 3c: Lung section (H + E X 400) showing inflammatory cell infiltration 

 

 
Plate 3d: Lung section (H + E X 400) showing hyaline membrane formation 

 

Group D: test 
Micrographs obtained from the group D test rats (20 days ) lung sections showed prominent foamy 

macrophages accumulation, presence of purulent exudates in the bronchioles, alveolar wall disruptions, alveolar 

hemorrhage/Edema, inflammatory cell infiltration, cellular pyknosis, hyaline membrane formation, bronchiolar 

epithelia degeneration, pulmonary fibrosis with thickened alveolar walls, enlarged alveolar walls and Type II 

pneumocytes hyperplasia. 
 

Summary: 



The Effect of Formaldehyde Vapour on the Lungs of Rabbits 

www.iosrjournals.org                                                    89 | Page 

Chronic Lung Injury 

Micrographs obtained from the test D lung sections showed changes in pulmonary cytoarchitecture as 

presented by plates 4a – 4d. 
 

 
Plate 4a: Lung section (H + E X 400) showing presence of purulent exudates on the bronchiole. 

 

 
 

 
Plate 4c: Lung section (H + E X 400) showing inflammatory cell infiltration 
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Plate 4d: Lung section (H + E X 400) showing hyaline membrane formation 

 

Group E:test 
Micrographs obtained from the group E test rats (25 days ) lung sections showed prominent foamy 

macrophages accumulation, presence of purulent exudates in the bronchioles, alveolar wall disruptions, alveolar 

hemorrhage/Edema, inflammatory cell infiltration, cellular pyknosis, hyaline membrane formation, bronchiolar 

epithelia degeneration, pulmonary fibrosis with thickened alveolar walls, enlarged alveolar walls and type II 

pneumocytes hyperplasia. 

 

Summary: 
Chronic Lung Injury 

Micrographs obtained from the test E lung sections showed changes in pulmonary cytoarchitecture as presented 

by plates 5a – 5c. 

Plate 5a: Lung section (H + E X 400) showing alveolar wall disruptions 

 

 
Plate 5b: Lung section (H + E X 400) showing inflammatory cell infiltration 
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Plate 5c: Lung section (H + E X 400) showing bronchiolar epithelia degeneration 

 

General Comment 
Exposure to formalin induced changes in the histology of the lungs. The observed changes were 

duration dependent. 

 

IV. Discussion 
The observed dose-duration dependent changes in the cytoarchitecture of the lungs suggest that 

formaldehyde is toxic to the pulmonary cells. On the other hand, the observed histological alterations in the 

pulmonary epithelium ranged from acute interstitial inflammation (pnuemonitis), pulmonary fibrosis, acute 

purulent bronchitis, acute lung injury and chronic lung injury; similar to that reported by Kamta et al (1996). 

Similarly, the studies of Woutersen et al. (1989) revealed nasal lesions of respiratory epithelium and yellowing 

of the fur. The lesions consisted rhinitis squamous metaplasia and basal cell/psuedoepithelial hyperplasia which 

is in agreement with the observations revealed in my studies which include yellowing of the fur and also nasal 

lesions in the respiratory epithelium. Rusch et al (1983) showed squamous metaplasia and basal cell metaplasia 

in the nasal epithelia of rats exposed to formaldehyde which also tarries with the lesions and metaplasia 

observed in my study. A multispecies study by Salem and Cullumbine reported that formaldehyde exposure 

resulted in delayed lethality which do not agree with the result of my findings which showed damages to the 
lungs tissue which I believe will hasten the death of the exposed animals. 

In small human studies, exposure to formaldehyde has resulted in eye and upper respiratory tract 

irritation (Weber- tschopp et al., 1977; Kulle et al., 1987) which was also observed in the eye and the upper 

respiratory tract of the animals in my study. The eye irritation was confirmed by the presence of tears (watery 

eyes) in the eyes of the exposed animals and also presence of nasal secretions in the nostrils of the exposed 

animals confirmed upper respiratory tract irritation. 

 

V. Conclusion 
The result of the light microscopic investigation of the effect of formaldehyde vapour on the lungs 

suggests that the formaldehyde is highly toxic at fourty percent (40%). This toxicity is highly pronounced in 

animals exposed to fourty percent (40%) formaldehyde vapour for higher number of days. The histopathological 

observation in this study showed a great deal of alteration in the cytoarchitecture of the epithelium of the lungs 

of the treated animals. These alterations may affect the functional capacity of the lungs. The mechanism by 

which forty percent (40%) formaldehyde brought about the ulceration of alveoli was by excarvation of the 

surface epithelium andsupporting tissues of the alveoli wall. The type II pneumocytes so destroyed with the 

other epithelial cells in the lungs of the treated animals will diminish the secretion of surfactant which reduces 

surface tension within the alveoli preventing alveolar collapse during respiration. This will in turn, reduce the 

easy flow of air from the terminal bronchioles in to the alveoli thus reducing the alveoli ventilation. 

Furthermore, owing to the yellowing of the fur by formaldehyde vapour permit me to say that formaldehyde 

vapour might have an effect on the skin. 

 

VI. Recommendation 
The histopathological examinations of the lungs of rats inhaling fourty percent (40%) formaldehyde 

has shown that formaldehyde being one of the active chemicals in the embalming fluid and in some chemical 

industries is highly toxic and detrimental to human health. This has further corroborated other investigations. I 

therefore advocate that more effort should be geared at replacing formaldehyde with less toxic chemical and 
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also sensitize embalming laboratory users to be cautious of the impending danger associated with formaldehyde 

vapour. It is also been recommend that formaldehyde users should wear protective clothing and nose mask when 

handling this chemical. 
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