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Introduction

The oral cavity is vulnerable to external agents, 
and some occupational exposures are associated 
with oral changes in both hard and soft tissues. 
Occupational exposure to sulfuric acid mists has 
been described in association with dental ero-
sion and ulcerative mucosal lesions 1,2,3,4, ex-
plained by the high irritant and corrosive acid 
effects that damage the enamel structure, cause 
inflammatory and immune reactions, and re-
duce the salivary pH that can also compromise 
resistance to infections in the oral cavity 5. Less 
studied is the association between inorganic acid 
exposures and periodontal lesions. A few stud-
ies have reported a positive association between 
occupational exposures to strong acids and peri-
odontal pockets or gingival bleeding 6,7 and an 
increased prevalence of gingival bleeding among 
exposed workers 7,8,9. In a previous study con-
ducted in the same factory targeted in the current 
investigation, no association was found between 
acid mists or acid gases and high changes in peri-
odontal scores, a summary indicator of overall 
periodontal health 10. 

Periodontal disease comprises a group of 
chronic inflammatory diseases that affects the 
supporting tissues of the teeth and is associated 
with gingival bleeding, periodontal pockets, red-
ness, and periodontal attachment loss (PAL) 11. 
The destructive forms of these diseases are char-
acterized by loss of tooth epithelial attachment 
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Abstract

This study investigated the hypotheses that oc-
cupational exposure to acid mists is positively 
associated with periodontal disease, assessed by 
periodontal attachment loss. The study sample 
included 530 male workers at a metal process-
ing factory. Data were obtained from interviews 
and oral examinations. Periodontal attachment 
loss was defined as ≥ 4mm at probing, in at least 
one tooth. A job exposure matrix was utilized 
for exposure evaluation. Exposure to acid mists 
was positively associated with periodontal at-
tachment loss ≥ 4mm at any time (prevalence 
ratio, PRadjusted = 2.17), past (PRadjusted = 2.11), 
and over 6 years of exposure (PRadjusted = 1.77), 
independently of age, alcohol consumption, and 
smoking, and these results were limited to work-
ers who did not use dental floss. Exposure to ac-
id mists is a potential risk factor for periodontal 
attachment loss, and further studies are needed, 
using longitudinal designs and more accurate 
exposure measures.

Periodontal Attachment Loss; Inorganic Acids; 
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Occupational exposure to acid mists and 
periodontal attachment loss

Exposição ocupacional a névoas ácidas e perda de 
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to gingival connective tissues and resorption of 
the alveolar bone that provides physical support 
to the dental structure 12. PAL corresponds to the 
distance from the cementum-enamel junction 
to the gingival sulcus or periodontal pocket 13. 
PAL has been recognized as a relevant late stage 
of periodontal disease, because it is an impor-
tant predictor of destructive forms of this fre-
quently irreversible condition 14,15. Exogenous 
agents like nicotine, alcohol 16, and lead 2 may 
cause or contribute to the occurrence of severe 
forms of periodontal destruction, such as PAL. 
No studies addressing the association between 
exposure to acid mists and PAL. The purpose of 
this study was thus to examine the hypothesis 
that occupational exposure to acid mists is a po-
tential risk factor for PAL.

Methods

This was a cross-sectional study of all active 
workers in a metal processing plant in Brazil, 
where acid agents, particularly sulfuric acid, are 
used extensively in several stages of the produc-
tion process. Since 1999, an oral health promo-
tion program has been under development by a 
nationwide institution that provides subsidized 
occupational health services to the manufactur-
ing industry in Brazil. The program’s strategy is 
based on yearly visits to an oral health care facil-
ity, located in the plant, during which the workers 
are individually interviewed to obtain sociode-
mographic, occupational, life-style, and clinical 
history. They also have a complete oral exam in-
cluding a full investigation of periodontal status. 
When recommended, dental treatment and/or 
participation in a health education program are 
made available. The study population comprises 
all active male workers and trainees who volun-
teered to participate in this oral health promo-
tion program and had at least one oral exam dur-
ing the study period, from 2000 to 2003, when an 
appropriate investigation of periodontal status 
was performed. Before this period, periodontal 
status had been evaluated using the community 
periodontal index methodology 17, which recom-
mends a partial and hierarchical exam. Because 
some workers did not attend all scheduled vis-
its, only the most recent exam was considered. 
Women were excluded because they represent a 
small proportion of workers, and most were not 
exposed to the acid substances under investiga-
tion. Edentulous individuals and wearers of fixed 
orthodontic appliances were also excluded.

Dentists in charge of the clinical examina-
tions were trained to perform standardized pro-
cedures according to the community periodontal 

index and attachment loss index proposed in the 
World Health Organization guidelines 17. The oral 
health program protocol states that periodontal 
assessment should be conducted by examining 
every surface of each tooth using a CPI probe 17. 
Therefore, distinctly from the traditional evalu-
ation procedure that recommends examining 
some index teeth17, all tooth surfaces were ex-
amined. Additionally, all periodontal conditions 
according the community periodontal index and 
attachment loss index criteria are recorded, and 
not only the more severe alterations as proposed 
by WHO 17. PAL was defined as periodontal at-
tachment level 3 4mm at probing in at least one 
site of one tooth, according to Kingman & Alban-
dar 13 who considered the presence of periodon-
tal disease as the dependent variable. Exposure 
assessment was conducted using a job exposure 
matrix with job titles on one axis and inorganic 
acids on the other. Industrial hygienists from the 
factory recorded whether exposure was likely 
to occur in each corresponding job title. In this 
study, acid mists comprise a mixture of inorganic 
acids, specifically sulfuric acid, chlorhydric acid, 
electrolytic solution of sulfuric acid and acid “wa-
ter” that expresses diluted sulfuric acid. Based on 
data from each worker’s occupational history ob-
tained from the plant log, the time spent on each 
job position identified as “exposed” was summed 
to obtain a total exposure time to acid mists. Ex-
posure-related data were analyzed using three 
different variables: history of exposure (ever and 
never exposed); experience of exposure (past, 
currently, and never exposed); duration of ex-
posure (> 6 years, ≤ 6 years, and never exposed). 
Covariates were: sociodemographic (age in years 
and education: college versus less than college); 
life style (smoking: non-smoker versus smoker/
ex-smoker), alcohol consumption (nondrinker 
versus frequent/occasional drinker), and oral 
health habits, assessed by the frequency of dental 
flossing and dental visits, both coded as frequent, 
rare/never. Oral breathing was assessed by asking 
workers whether they “frequently breath through 
the mouth” (yes/no).

Statistical methods

Unconditional logistic regression was used to 
estimate prevalence ratios for the association 
between acid mist exposure and periodontal at-
tachment loss. Statistical inference was based 
on 95% confidence intervals estimated with the 
Delta method 18. Modeling was conducted us-
ing backward procedures, starting with a com-
plete equation with all potential confounders, 
effect modifiers, and their corresponding prod-
uct terms. Confounders were covariates that 



OCCUPATIONAL EXPOSURE TO ACID MISTS AND PAL 497

Cad. Saúde Pública, Rio de Janeiro, 24(3):495-502, mar, 2008

changed the estimated association between acid 
mist exposure and PAL by at least 20%. Findings 
from previous studies and the theoretical frame-
work were also used to assess confounding. Effect 
modifiers were identified using the maximum 
likelihood ratio test. Linearity was examined for 
the variables under analysis and regression di-
agnosis performed with influence analysis. Data 
entry used Epi Info 6.03 (Centers for Disease Con-
trol and Prevention, Atlanta, USA) and statistical 
analysis used SAS 8.01 (SAS Inst., Cary, USA). The 
study protocol was reviewed and approved by 
the Institutional Review Board of the Instituto de 
Saúde Coletiva, Universidade Federal da Bahia 
[Institute of Collective Health, Federal University 
in Bahia]. Study participants signed an informed 
consent form and received information about 
their oral health status. Treatment was provided 
when indicated at no charge to workers. 

Results

There were a total of 731 workers in the plant at 
the beginning of the oral health program in 1999, 
but only 598 (82%) had at least one oral exam dur-
ing the defined study period. Women (54; 8.9%), 
edentulous individuals, and wearers of fixed 
orthodontic appliances (16; 2.7%) were excluded, 
leaving 530 workers for analysis. Table 1 shows 
that workers who had ever been exposed to acid 
mists were younger and had less schooling than 
the non-exposed. Frequent flossing, dental visits, 
and alcohol consumption were more commonly 
reported by those who had ever been exposed, 
but oral breathing was more frequent in the non-
exposed group. No difference was found in smok-
ing according to exposure status (Table 1).

Exposure to acid mists was common in the 
study population. A total of 216 workers (40.8%) 
had ever been exposed, 163 (30.8%) were cur-
rently exposed, and considering the cumulative 
exposure time, 123 (23.2%) had over 6 years of 
exposure (Table 2). Prevalence of periodontal at-
tachment loss was estimated as 25.3% (134/530) 
in the total sample. Of the workers who had ever 
been exposed to acid mists, 26.4% showed PAL, 
similar to the rate in the non-exposed group 
(24.5%), a non-statistically significant difference. 
No differences were found for PAL prevalence ac-
cording to all other exposure-related variables 
(Table 2).

Based on unconditional logistic regression, 
frequency of flossing was an effect modifier of the 
association between history of exposure to acid 
mists and PAL (maximum likelihood ratio test, 
c2 = 4.99, 1 degree of freedom, df, p = 0.025), there-
fore all results are presented separately for each 

category of this covariate. Age was identified as 
a confounding covariate. Final prevalence ratios 
were also adjusted for alcohol consumption and 
smoking based on theoretical considerations, 
since no empirical evidence of their confound-
ing effect was observed (Table 3). In the group 
of workers who did not report frequent flossing, 
individuals who had ever been exposed to acid 
mists were more likely to have PAL (PRadjusted = 
2.17; 95%CI: 1.26-3.76) as compared to non-ex-
posed workers, after adjusting for age, alcohol 
consumption, and smoking. Similarly, workers 
with past exposure to acid mists had a higher 
prevalence of PAL (PRadjusted = 2.11; 95%CI: 1.16-
3.86) than those who had never been exposed. 
More than 6 years of exposure to acid mists was 
also positively associated with PAL for adjusted 
(PRadjusted = 1.77; 95%CI: 1.04-3.00) and crude 
(PRcrude = 1.62; 95%CI: 1.02-2.55) estimates. In 
contrast, in the group of non-frequent dental 
floss users, no statistically significant differences 
were found (Table 3).

Discussion

Results from this study suggest that individu-
als exposed to inorganic acids like acid mists 
composed of mixtures of sulfuric and chlorhy-
dric acid have an increased prevalence of PAL, 
a common periodontal health problem, but this 
association was limited to the group that report-
ed non-frequent use of dental floss. Although 
PAL had not been investigated as a potential 
effect of exposure to acid mists, these results 
are consistent with other findings indicating a 
positive association between occupational ex-
posure to acid products and symptoms of peri-
odontal disease, such as gingival bleeding 7,8,9 
and periodontal pockets ≥ 4mm 6,7. However, 
no association was found between bone loss, 
another periodontal disease sign, and exposure 
to electrolytic solutions 7. None of these studies 
considered confounders or effect modifiers in 
the analysis. A previous study conducted in this 
same factory tested the hypothesis that exposure 
to acid mists was associated with periodontal 
changes using a composite indicator, the com-
munity periodontal index of treatment needs 
(CPITN), and no statistically significant differ-
ences were found, even considering several ap-
propriate covariates in the analysis 10.

Interestingly, past exposure to acid mists and 
exposure of greater than 6 years were positively 
associated with PAL in the study population, 
which supports existing knowledge that this is a 
chronic although non-continuous and cumula-
tive destructive periodontal disease 16. The find-
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Table 1

Characteristics of the study population according to history of occupational acid mist exposure (n = 530), Brazil.

 Variables History of exposure

 Ever exposed Never exposed

   n = 216 % n = 314 %

 Age in years    

  21-41 128 59.3 144 45.9

  42-67 88 40.7 170 54.1

 Schooling  *    

  Less than college 175 82.9 222 71.4

  College 36 17.1 89 28.6

 Oral breathing  *    

  Yes 23 10.7 44 14.2

  No 193 89.3 267 85.8

 Frequency of dental visits *    

  Frequent 162 75.0 245 78.5

  Rarely/Never 54 25.0 67 21.5

 Frequency of dental floss use  *    

  Frequent 138 64.8 198 63.5

  Rarely/Never 75 35.2 114 36.5

 Smoking    

  Smoker/Ex-smoker 70 32.4 102 32.5

  Non-smoker 146 67.6 212 67.5

 Alcohol consumption    

  Drinker (occasional/frequent) 184 85.2 253 80.6

  Nondrinker 32 14.8 61 19.4

* Some totals differ because of missing values for schooling (eight), oral breathing (three), frequency of dental visits (two), and 

frequency of dental fl oss use (fi ve).

Table 2

Crude and adjusted prevalence ratios (PR) and their Mantel-Haenszel 95% confi dence intervals (95%CI) for the association between acid mist exposure and 

periodontal attachment loss (≥ 4mm in at least one tooth).

 Variables of acid mist exposure n Prevalence percentage PRcrude * (95%CI) PRadjusted ** (95%CI)

 History of exposure    

  Never exposed 314 24.52 1.00 - 

  Ever exposed 216 26.39 1.08 (0.80-1.45) 1.20 (0.90-1.60)

 Experience of exposure     

  Never 314 24.52 1.00 - 

  Current 163 27.61 1.13 (0.82-1.54) 1.23 (0.90-1.67)

  Past 53 22.64 0.92 (0.54-1.58) 1.07 (0.64-1.79)

 Duration of exposure     

  Never 314 24.52 1.00 - 

  ≥ 6 years  93 20.43 0.83 (0.53-1.30) 1.05 (0.69-1.60)

  > 6 years 123 30.89 1.26 (0.91-1.75) 1.30 (0.94-1.79)

* Crude prevalence ratio;

** Age-adjusted prevalence ratio.
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Table 3

Crude and adjusted prevalence ratios (PR) and 95% confi dence intervals (Delta method; 95%CI) for the association between acid mist exposure and periodontal 

attachment loss according to frequency of dental fl oss use. 

 Models Frequency of dental floss use (n = 525) *

 Rare/Never (n = 189) Frequent (n = 336)

   PR 95%CI PR 95%CI

 History of exposure    

  Model 1     

   Ever exposed 1.47 0.94-2.28 0.90 0.60-1.34

  Model 2     

   Ever exposed (adjusted for age) ** 2.17 1.26-3.74 1.08 0.70-2.28

  Model 3     

   Ever exposed (adjusted for age **, alcohol 

   consumption, smoking) 2.17 1.26-3.76 1.11 0.72-1.70

 Experience of exposure ***    

  Model 1    

   Current 1.28 0.81-2.04 1.12 0.74-1.68

   Past 1.41 0.80-2.49 0.41 0.14-1.22

  Model 2 (adjusted for age) **    

   Current  1.52 0.89-2.59 1.28 0.84-1.97

   Past  2.12 1.17-3.85 0.50 0.17-1.49

  Model 3 (adjusted for age **, alcohol 

  consumption, smoking)    

   Current  1.53 0.90-2.61 1.31 0.86-2.03

   Past  2.11 1.16-3.86 0.51 0.17-1.52

 Duration of exposure ***    

  Model 1    

   > 6 years 1.62 1.02-2.55 1.18 0.76-1.82

   ≤ 6 years 1.01 0.57-1.80 0.63 0.33-1.18

  Model 2 (adjusted for age) **    

   > 6 years  1.76 1.03-2.98 1.17 0.75-1.84

   ≤ 6 years  1.64 0.88-3.04 0.88 0.46-1.67

  Model 3 (adjusted for age **, alcohol 

  consumption, smoking)    

   > 6 years  1.77 1.04-3.00 1.22 0.78-1.93

   ≤ 6 years 1.63 0.87-3.05 0.87 0.46-1.67

* For fi ve subjects, data were missing on frequency of fl ossing. 

** Age was analyzed as a continuous variable in all models.

*** To analyze experience of exposure and duration of exposure, dummy variables were created using “never exposed” as the referent category. Other vari-

ables were coded as: frequency of dental fl oss use – 0 = frequent, 1 = rare/never; alcohol consumption – 0 = nondrinker, 1 = drinker (occasional/frequent); 

smoking – 0 = non-smoker, 1 = smoker/ex-smoker.

ings were consistent with those of Tuominen 6, 
who observed that the association between ex-
posure to inorganic acid vapors and periodontal 
pockets ≥ 4mm occurred only in workers with 
more than 16 years of employment history.

It is well known that poor oral hygiene is a 
predictor of gingivitis but not of periodontitis, 
although there is a relative consensus that gin-
givitis need to be prevented to control periodon-
titis 12. Oral hygiene status is directly related to 

the amount of dental plaque accumulated over 
the teeth and periodontal tissues 16, a precondi-
tion for the onset of periodontal disease 12. In this 
study, the synergism between the use of dental 
floss and the association between acid mist ex-
posure and PAL, besides demonstrating the rel-
evance of oral hygiene for maintaining good peri-
odontal health, also suggests that it can reduce 
the contact between periodontal structures and 
chemical agents that may enter the mouth.
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Strong inorganic acids such as sulfuric and 
chlorhydric acid, the principal components of 
acid mists, are irritant by their own and can af-
fect the skin, eyes, and mucosa 21. Therefore, 
periodontal tissues may possibly be damaged by 
acid mists, which remain in the breathing zone 1. 
Vianna et al. 1 observed that when lip sealing is 
absent, there is an increase in the association be-
tween occupational exposure to acid mists and 
ulcerative lesions of the oral mucosa. In this da-
tabase the lip sealing covariate was not available 
for the analysis, and no evidence was found that 
oral breathing, a proxy of lip sealing, was an effect 
modifier of the main association. 

The association between exposure to acid 
mists and periodontal disease may be a result 
of changes in intracellular and extracellular pH, 
which plays an important role in the control of 
cell growth and differentiation. Changes in physi-
ological pH determine genotoxic effects 5,19 which 
may be evidence of inorganic acid carcinogenic-
ity. Chronic irritation of tissues by acids is also re-
sponsible for increased frequency of infections 5, 
also found in association with salivary changes 
such as the reduction of pH 20 and buffer capacity 21, 
both related to periodontal disease. Exposure to 
sulfuric acid also leads to immune reactions such 
as a decrease in the phagocytic capacity of mac-
rophages and cytotoxic activity of tumor necrosis 
factor, and increase the number of chromosomal 
abnormalities in human lymphocytes 5; it can 
also compromise the local immune response 
produced by the saliva, as well as the systemic 
response through immunoglobulin changes 21. 
These mechanisms related to the individual de-
fense system support our study findings.

It is now well known that PAL is the principal 
sign of destructive chronic periodontal disease, 
while gingival bleeding, periodontal pockets, 
redness, and suppuration are only acute revers-
ible manifestations 14,15. Therefore, epidemio-
logical studies have used PAL as the principal 
measure of the chronic irreversible stage of this 
disease 13,16,22. Conclusions from this study need 
to be interpreted with caution because of sev-
eral methodological limitations. The study de-
sign is not the most appropriate for assessing 
causal association, because the antecedence of 
exposure to acid mists in relation to periodontal 
disease cannot be affirmed. Definition and clas-
sification of diagnosis and severity of periodon-
tal disease pose difficulties for clinicians and re-
searchers 13, due to the multiple manifestations 
and complex etiology, where several risk factors 
have been described as playing distinct roles in 
the same individual and across different popu-
lations 23. Although clinical parameters from 
community periodontal index and attachment 

loss index 17 were used to assess periodontal dis-
ease in this study, each tooth was examined and 
all identified signs were recorded. The number 
of lost teeth was not considered in the analy-
sis, thus leading to selection bias due to dental 
survival, i.e., towards the null hypothesis. This 
is plausible, since the prevalence of periodon-
tal disease may be underestimated because only 
lesions in the remaining teeth were recorded 24. 
Nevertheless, the observed positive associations 
support the conclusion that this bias was not suf-
ficient to compromise statistical inference. Poor 
quality and missing information are common 
in secondary data like those used in this study 
and can lead to misclassification errors or selec-
tion bias. However this was not the case with this 
database, which is electronically managed and 
submitted to a rigorous quality monitoring and 
control. Exposure to acid mists was assessed us-
ing a semi-quantitative job exposure matrix, a 
method widely used in occupational epidemiol-
ogy. Although the data are of limited quality as 
compared to quantitative data, the absence of 
more sensitive and specific instruments to pro-
vide more reliable data from industrial plants 
have made them a useful resource in workplace 
research 25.

Thus, exposure to acid mists is a potential risk 
factor for periodontal disease, identified in this 
study by PAL, and further studies need to be done 
using a longitudinal design and more accurate 
exposure measures. It is also necessary to inves-
tigate the effects of the intensity of exposure to 
acid mists on periodontal structures. Our results 
show the importance of adequate oral hygiene 
for preserving periodontal health, even in the 
presence of chemical exposures such as those 
involving inorganic acids. However, since acid 
mists are also known to cause more severe health 
effects such as laryngeal cancer and neoplasm of 
the upper respiratory tract 5,19, workers’ protec-
tion against these exposures are strongly recom-
mended. In industrialized countries, acid mists 
have been subject to control for decades, and 
surprisingly, studies on their health effects have 
become rare. In developing countries, where acid 
mists are a common source of occupational ex-
posure, health programs should emphasize oral 
hygiene because of its proven protective effect 
against several oral diseases, but health profes-
sionals should be aware that acid mist control 
programs are the most appropriate intervention 
for workers’ protection.
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Resumo

Este estudo investigou a hipótese de que a exposição 
ocupacional a névoas ácidas está associada positi-
vamente à doença periodontal, avaliada através da 
perda de inserção periodontal. O estudo foi conduzido 
com 530 trabalhadores do sexo masculino de uma me-
talúrgica. Os dados foram obtidos por meio de entre-
vistas individuais e de exames clínicos odontológicos. 
A perda de inserção periodontal foi avaliada duran-
te a sondagem e definida em ≥ 4mm, em pelo menos 
um dente. Uma matriz de exposição ocupacional foi 
utilizada para avaliação da exposição. A exposição a 
névoas ácidas foi associada positivamente à perda de 
inserção periodontal ≥ 4mm para a ocorrência da ex-
posição em algum momento (RPajustada = 2,17), exposi-
ção passada (RPajustada = 2,11) e duração da exposição 
maior que seis anos (RPajustada = 1,77), independente-
mente da idade, consumo de álcool e tabagismo; estes 
resultados foram observados apenas entre os trabalha-
dores que não usavam o fio dental. A exposição a né-
voas ácidas é um fator de risco potencial para a perda 
de inserção periodontal e são necessários outros estu-
dos que utilizem desenhos longitudinais e medidas de 
exposição mais acuradas. 

Perda da Inserção Periodontal; Ácidos Inorgânicos; 
Doenças Periodontais; Exposição Ocupacional
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