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Abstract

Background: Exfoliated nasal mucosa cells were studied among morticians exposed to formaldehyde in 
Benin City, Nigeria. 
Materials and Methods: 50 subjects were divided into five groups A,B,C,D and E according to their 
duration (in years) of exposure with 10 subjects in each group. Group A served as control with nil exposure 
while groups B,C,D and E served as the test groups with 0-5 years, 6-10 years, 11-20 years, and > 20years 
exposures respectively. Anthropometric parameters of subjects were measured and cytology of exfoliated 
nasal epithelia cells was done. Statistical analysis was done using GraphPad prism version 5.0 and p<0.05 
was considered as statistically significant.  
Results: Results showed infiltration of chronic inflammatory cells and progressive increase in nuclear-
cytoplasmic ratio (N-C ratio) with exposure duration.
Conclusion: It was therefore concluded that exposure to formaldehyde for a prolonged period could have 
cytotoxic effect on the respiratory tract among morticians.

Keywords: formaldehyde, cytology, nasal mucosa, exfoliated, morticians

Introduction
The possible health hazards of formaldehyde has been studied by several researchers and there are claims 

1,2,3,4with respect to its cytotoxicity, genotoxicity and carcinogenicity . The International Agency for 
5Research on Cancer has reported that exposure to formaldehyde can induce cancer in humans . 

Formaldehyde is also classified by the Japan Society for Occupational Health as a substance that is 
6considered to cause cancer in humans . Individuals that are more at risk to formaldehyde exposure include 

Anatomists, Histologists, Pathologists and Morticians owing to the fact that they work in anatomy 
laboratories, histopathology laboratories and mortuaries where the relative atmospheric level is quite 

7,8 9,10,11high . The possible genotoxic effects of formaldehyde has also been reported by some researchers . In 
12,13the work of Shaham et al. and Ye et al.  they reported increased sister chromatid exchange in the 

13lymphocytes of occupationally exposed humans. Ye et al.  reported increase in the frequency of 
14micronuclei in the nasal mucosa while Burgaz et al.  reported increase in frequency of micronuclei in the 

buccal mucosa. Also, increase in frequency of micronuclei was reported in peripheral lymphocyte cells by 

266

Department of Physiology, School of Basic Medical Sciences, College of Medical Sciences, University of 
Benin, Benin City, Nigeria

Dr. Ebojele FO
Department of Physiology, School of Basic Medical Sciences, 
College of Medical Sciences, University of Benin, Benin City, 
Nigeria.

frederick.ebojele@uniben.edu

Corresponding Author: 

DOI: 10.61386/imj.v18i2.664

15 16Orsiere et al. . Shaham et al.  reported DNA protein 
cross links in white blood cells of humans. 

17Hauptman et al.  has reported increase in the 
incidence of leukemia among pathologists and 
embalmers. However, some other researchers appear 
to have a contrary opinion with regard to possible 
genotoxic effect of formaldehyde following 

18occupational exposure. Ying et al.  reported that 
they did not observe any increase in sister chromatid 
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exchange following exposure of anatomy students to 
19

formaldehyde. Also, Schlink et al.  did not find any 
evidence of DNA damage neither 
did they observe any change in 
DNA repair activity. It is against 
this back drop that this present 
study seek to investigate the effect 
of formaldehyde exposure on 
exfoliated nasal epithelia cells 
among morticians in Benin City, 
Nigeria.

Materials and Methods
Occupationally exposed morticians between the ages 
of 20 and 60 years across some selected mortuaries in 
Benin City, Edo State were recruited for this study. 
Subjects were apparently healthy, non-smokers, and 
had no history of cardiopulmonary disease or recent 
abdominal or chest surgery. Informed consent was 
obtained from the subjects who participated in the 
study while ethical approval was obtained from the 
College Research Ethics Committee, University of 
Benin as well as from the Edo State Hospital 
Management Board before commencement of the 
work. Subjects were divided into five groups 
(A,B,C,D and E) according to their duration (in 
years) of exposure to formaldehyde with ten subjects 
in each group. Group A served as control (non-
morticians) while groups B,C,D and E served as the 
test group. Group B consisted of morticians with 0-5 
years exposure, Group C consisted of morticians 
with 6-10 years exposure, Group D consisted of 
morticians with 11-20 years exposure and Group E 
consisted of morticians with more than 20 years 
exposure. Their anthropometric parameters were 
measured and exfoliated nasal epithelia cells were 
collected from subjects using nasal swab which was 
placed in a cytopreservative immediately after 
collection. Thereafter, they were smeared on a glass 

20slide and stained by the Papanicolaou method . The 
slides were eventually examined under light 
microscope at a magnification of x400. Statistical 
analysis on the anthropometric parameter was done 
using GraphPad prism version 5.0 (GraphPad 
Software, San Diego, California). Results was 
presented as Mean ± SEM. Analysis of Variance was 
used to compare the means of test and control values 
while post hoc test was done using Student Newman 
Keul’s test and a p-value of less than 0.05 was 
considered as statistically significant.

Result

Table 1: Anthropometric parameters of morticians exposed to 
formaldehyde in Benin City, Nigeria.

Figure I - Cytology of nasal epithelia cells with 
nil exposure showing A, enucleated superficial 
squamous cells, B, nucleated superficial cells, C, 
clean background (x 400).

Figure II - Cytology of nasal epithelia cells with 
0-5 years exposure showing A, superficial cells 
with mildly increased nuclear-cytoplasmic (N-
C) ratio, B, obscured by debris and inflammatory 
cells (x 400).
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Discussion
Although some researchers have maintained that 
formaldehyde has no genotoxic effect following 

18,19occupational exposure  other researchers still 
uphold the claim that formaldehyde has health 
hazards with respect to cytotoxicity and genotoxicity 

4,12,14and that it is possibly carcinogenic . This view is 
upheld by the International Agency for Research on 

5
Cancer  as well as the Japan Society for Occupational 
Health6. Result of cytology of exfoliated nasal 
epithelial cells of morticians in this present study 
were quite remarkable (Figures II-V). There were 
evidence of copious inflammation as revealed by the 
presence of inflammatory cells and there were also 
changes in size and shape of nucleus tending towards 
pleomorphism. Overall, there was an increased N-C 
ratio, particularly evident in the intermediate and 
parabasal cells as the duration of exposure 
progressively increased. These increase in N-C ratio 
are signs of dysplasia which is also of significance in 
cancer studies. Some other studies carried out on the 
histology of the airways in wistar rats following 
chronic exposure to formaldehyde had reported 
marked increase in inflammatory activities, 
epithelial ulceration and severe cilia damage which 
are indications of deleterious effect of formaldehyde 

21in the airways from animal studies . This present 
study seem to agree with the researchers that upheld 
the claim that formaldehyde has cytotoxic effects in 
humans. However, further research on genotoxic 
effect of formaldehyde among morticians in Benin 
City, Nigeria may be required in order to ascertain 
possible genotoxicity.

Conclusion
Following the observations from this study there is a 
need for close monitoring of formaldehyde exposure 
as well as periodic health screening among 
morticians. 

References

1. US Environmental Protection Agency. 
Integrated Risk Information System (IRIS) on 
Formaldehyde. National Office of Research and 
Development, Washington DC, USA. 1999.

2. Thomas R, Allen B, Nong A. A method to 
integrate benchmark dose estimates with 
genomic data to assess the functional effects of 
chemical exposure. Toxicol Sci 2007; 98(1): 

Figure IV - Cytology of nasal epithelia cells with 
11-20 years exposure showing A, intermediate 
cells with increased N-C ratio, B, superficial 
cells, and C, parabasal cells ,all obscurred by D, 
inflammatory cells and debris (x 400).

Figure V - Cytology of nasal epithelia cells with 
>20 years exposure showing  A, enucleated 
superficial cells, B, intermediate cells and C, 
parabasal cells with increased N-C ratio,  all 
obscurred by D, inflammatory cells and debris (x 
400).

Figure III - Cytology of nasal epithelia cells with 
6-10 years exposure showing A, superficial cells 
obscured by inflammatory cells and debris, B, 
intermediate cell with mildly increased N-C ratio 
(x 400).



Ebojele FO et al Assessment of exfoliated nasal mucosa cells among morticians...

www.ibommedicaljournal.org 269Ibom Med. J. Vol.18 No.2. April-June, 2025

240-248.
3. Costa S, Coelho P, Costa C. Genotoxic damage in 

pathology anatomy laboratory workers exposed 
to formaldehyde. Toxicology 2008; 252: 40-48.

4. Gomaa M.S, Elmesallamy G.E, Sameer M.M. 
Evaluation of genotoxic effects of formaldehyde 
in adult albino rats and its implication in case of 
human exposure. Life Science Journal 2012; 
9(4): 3085-3093.

5. IARC monographs on the evaluation of 
carcinogenic risks to humans. Vol. 88. 
Formaldehyde, 2-butoxyethanol and 1-tert-
butoxypropan-2-ol. Geneva, Switzerland: 
International Agency for Research on Cancer 
2006; 273:39-93. 

6. Naya M, Nakanishi J. Risk assessment of 
formaldehyde for the general population in 
Japan. Regul Toxicol Pharmacol 2005; 43: 232-
248.

7. Celik H.H, Sargon M.F, Celik M.H, Uslu S.S, 
Celik T.H. A review of the health effects of 
formaldehyde toxicity. Journal of Morphology 
2001; 9: 49-52.

8. Ebojele F, Iyawe V. Formaldehyde air levels in 
some hospital mortuaries in Benin City. J Anat 
Sci 2022; 13(1): 2-5.

9. Ohisuka R, Shutoh Y, Fujie H. Rat strain 
difference in histology and expression of Th1 and 
Th2 related cytokines in nasal mucosa after short 
term formaldehyde inhalation. Exp Toxicol 
Pathol 2003; 54(4): 287-291.   

10. Bonassi S, Fenech M, Lando C, Lin Y.P, Ceppi 
M, Chang W.P, Holland N, Bono R, Vincenti M, 
Schiliro T. N-methylenvaline in a group of 
s u b j e c t s  o c c u p a t i o n a l l y  e x p o s e d  t o  
formaldehyde. Toxicol Lett 2006; 161(1): 10–17.

11. Speit G, Schmid O, Frohler-Keller M. 
Assessment of local genotoxic effects of 
formaldehyde in humans measured by the 
micronucleus test with exfoliated buccal mucosa 
cells. Mutat Res 2007; 627(2): 129-135. 

12. Shaham J, Gurvich R, Kaufman Z. Sister 
chromatid exchange in pathology staff 
occupationally exposed to formaldehyde. Mutat 
Res 2002; 514(1-2): 115-123. 

13. Ye X, Yan W, Xie H. Cytogenetic analysis of 
nasal mucosa cells and lymphocytes from high-
level long-term formaldehyde exposed workers 
and low-level short-term exposed waiters. Mutat 
Res 2005; 588(1): 22-27. 

14. Burgaz S, Erdem O, Cakmak G. Cytogenetic 
analysis of buccal cells from shoe-workers and 
pathology and anatomy laboratory workers 
exposed to n-hexane, toluene, methyl ethyl 
ketone and formaldehyde. Biomarkers 2002; 
7(2):151–161. 

15. Orsière T, Sari-Minodier I, Iarmarcovai G, Botta 
A. Genotoxic risk assessment of pathology and 
anatomy laboratory workers exposed to 
formaldehyde by use of personal air sampling 
and analysis of DNA damage in peripheral 
lymphocytes. Mutat Res 2006; 605: 30–41.

16. Shaham J, Bomstein Y, Meltzer A. DNA-protein 
crosslinks, a biomarker of exposure to 
formaldehyde-in vitro and in vivo studies. 
Carcinogenesis 1996; 17: 121-125. 

17. Hauptmann M, Stewart P.A, Lubin J.H. 
Morta l i ty  f rom lymphohematopoie t ic  
malignancies and brain cancer among 
embalmers exposed to formaldehyde. J Natl 
Cancer Inst 2009; 101: 1696-1708.

18. Ying C.J, Ye X.L, Xie H. Lymphocyte subsets 
and sister-chromatid exchanges in the students 
exposed to formaldehyde vapor. Biomed 
Environ Sci 1999; 12(2): 88-94. 

19. Schlink K, Janssen K, Nitzsche S. Activity of O6-
methylguanine DNA methyltransferase in 
mononuclear blood cells of formaldehyde-
exposed medical students. Arch Toxicol 1999; 
72(1): 15-21. 

20. Carson F.L, Christa H. Histotechnology: A Self-
Instructional Text. 3rd ed. Chicago, Ill.: 
American Society of Clinical Pathologists 2009; 
Pp 361-363. 

21. Ebojele F, Iyawe V. Histology of the airways 
following chronic exposure to formaldehyde in 
Wistar Rats.  J Anat Sci  2022; 13(1): 96-100.


	Page 1
	Page 2
	Page 3
	Page 4

