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Abstract

Introduction. Aluminium foundry for kitchen utensils production is a major employer in Kano State, Nigeria. We hypothesized
that significant occupational hazard such as presence of respiratory symptoms and impairment in lung function might be preva-
lent among the workers. The study assessed respiratory symptoms and lung function in foundry workers.

Methods. The cross-sectional survey involved 83 male foundry workers and applied the convenience sampling method.
Respiratory symptoms were evaluated with the American Thoracic Society (ATS-DLD-78) questionnaire. Lung function was
assessed by using an MSO4 spirometer. The data obtained were summarized by descriptive statistics. Spearman rank order
correlation and chi-square were determined between the variables of interest (p < 0.05).

Results. The participants’ mean age was 24.8 + 6.7 years, with 10—19 years of exposure in the majority (43; 51.8%). The preva-
lence of respiratory symptoms was as follows: phlegm: 69.9%, cough: 33.7%, chest pain: 27.7%, wheeze: 16.9%, haemoptysis:
4.8%. Lung function (FVC: 0.000; FEV1: 0.000) was significantly lower than normative. The association between occupational
exposure duration and respiratory symptoms was significant for phlegm production (p = 0.008), wheeze (p = 0.008), and chest
pain (p = 0.01). Lung function showed no significant association with exposure duration (p = 0.71 for FVC and p = 0.45 for FEV,).
Weak negative relationship existed between respiratory symptoms and lung function; phlegm, chest pain, and haemoptysis
presented a weak positive relationship.

Conclusions. Respiratory symptoms and impaired lung function are common among foundry workers in Kano State. Expo-
sure duration was a determinant of some respiratory symptoms.
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Introduction

Foundry workers are exposed to numerous emissions in
their workplaces that are associated with damaging effects
on health, such as respiratory diseases from potential inha-
lation [1, 2]. This risk is usually a consequence of exposure to
different agents like aluminium dust, sulphur dioxide, nitro-
gen oxides, silica from molten iron, fumes, gases/smokes,
and other toxic substances associated with moulding in the
foundry industry. Workers are therefore at an increased risk
of impaired lung function from chronic exposure to dust
and fumes [3, 4]. This is a disturbing trend as suggested by
the fact that respiratory symptoms are the most common
cause of visiting a general practitioner [5].

Foundry workers primarily deal with various kinds of met-
als that emit different types of chemicals and gases, which
can dangerously impair lung function and predispose to vari-
ous respiratory conditions [6]. The diseases caused by metallic
dust or fumes exposure depend on such factors as the nature
of the metal, its physicochemical form, as well as the condi-
tion and amount of exposure. Unlike workers of foundries in
developed countries, those in developing countries may be at
risk of being more exposed to various harmful substances
as a result of continuous use of local practices [7, 8]. More-
over, local foundry workers in most developing countries
lack adequate protective gears.

In aluminium foundries, the pot room air is composed of
dust which mostly contains alumins, aluminium trifluoride, and
cryolite, as well as minor amounts of such metals as nickel,

chromium, and vanadium [9]. All these elements are poten-
tially harmful to the bronchial tree of the respiratory system.
While aluminium is not considered a highly toxic substance,
studies have opined that occupational exposure of workers
in primary aluminium industry is an important cause of re-
spiratory cancers [10]. Shortness of breath, cough, wheeze,
coughing up blood, fever, and chest pain are known symp-
toms associated with foundry [11].

Health risks related to working in the foundry industry in-
clude exposure to molten metal fume (foundry fume), heat
and spray mists, and some from dusts produced by casting
sand, fettlings, and kiln linings, which contain silica dust, known
as respirable crystalline silica [12]. All these are similar to
health risk exposure among African foundry workers in Kano
State, Nigeria. There are a large number of local aluminium
foundry workers there, contributing significantly to the econo-
my of the state. Most of these foundry industries housed all
operations within one building, including aluminium melting,
pouring of molten aluminium into moulds, shaking out casts
from moulds, and grinding of irregularities from casts. All
these steps further add to the exposure of foundry workers
to emission of dust, gases, and other toxic substances.
Despite the health risk of aluminium exposure in individuals
whose primary occupation is local foundry, occupation-re-
lated health status has not been reported to a large extent
among workers in Africa and important respiratory outcomes
are likely to be revealed, adding to the fact that most of the
workers wear no protective devices at work. To determine
whether or not respiratory symptoms are a source of concern
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among these workers in Kano city, this survey of the work-
force was undertaken to describe the prevalence of respi-
ratory symptoms and lung function disorders and to further
determine the relationship between the duration of occupa-
tion-related exposure and these respiratory outcomes.

Subjects and methods

This cross-sectional study involved subjects recruited by
convenience sampling. The study population comprised only
workers of the aluminium foundry located within Kano, Ni-
geria.

Inclusion criteria:

— being a full-time foundry worker and having signed an
informed consent to participate in the study;

— not currently being on medication for a respiratory
disease.

Exclusion criteria:

— visible chest deformities and/or self-reported chronic
cardio-respiratory disorders.

The sample size for the study was estimated to be 100
foundry workers from Kano city. The sample size estimate
was determined by using the following formula:

n=N/1+NxE?

where: n — sample size, N — total estimated population = 200,
E —error tolerance = 5%. Thus: n=200/1 + 200 (0.05) = 133.

Respiratory symptoms assessment

The American Thoracic Society Division of Lung Diseases
(ATS-DLD-78) questionnaire was used to ascertain the prev-
alence of respiratory symptoms among the participants. This
instrument is widely applied in the assessment of respiratory
symptoms, and it has been proven to present good psycho-
metric properties and to be a useful adjunct in screening
respiratory problems [13].

In this study, questions relevant to the research aims were
extracted and administered to the participants. The questions
were translated into the Hausa language and back-trans-
lated into English. The participants who could not read and
write were interviewed instead by research assistants with
a good understanding of both English and the local dialects;
they used a translated version of the questionnaire.

Lung function assessment

The participants’ lung function was evaluated in accor-
dance with the recommendations of the American Thoracic
Society / European Respiratory Society [14] with the aid of
a micro-computerized spirometer (a micro plus spirometer
MSO4, USA). The procedure was carefully explained to all
participants prior to actual measurements. Each subject
started the procedure only after it was fully understood. The
measurement was performed in a sitting position on a stool.
The participants were asked to take the deepest breath pos-
sible (total lung capacity), place the mouthpiece (disposable)
of the spirometer in their mouth, and in one continuous breath
blow via the mouthpiece of the spirometer as hard and as
quickly as possible (with maximum effort) till they exhaled the
air from their lungs. The procedure was repeated 3 times
for each participant to obtain the forced vital capacity (FVC)
and forced expiratory volume in the 1t second (FEV,) (in I/min).
The best of the 3 results with less than 5% variation from
another was taken into consideration for analysis.

The recorded values obtained from the foundry workers
were compared with the standard predicted normative val-
ues for the spirometer (MSO4). Age, sex, and height were
used as a basis for comparison to determine the difference
in pulmonary function.

Data analysis

The obtained data were reported by using both descrip-
tive and inferential statistics. The results were summarized
as mean, standard deviation, frequency, and percentages.
Independent samples t-test was applied to compare the lung
function of the foundry workers with the normative values.
Pearson product-moment correlation served to assess the
relationship between the duration of occupation-related ex-
posure and lung function values. Spearman rho correlation
coefficient was used to find the relationship between respi-
ratory symptoms and lung function. All analyses were per-
formed with the Statistical Package for the Social Sciences
(SPSS) version 16 for Windows. Alpha probability was con-
sidered significant at the level of < 0.05.

Ethical approval

The research related to human use has complied with all
the relevant national regulations and institutional policies,
has followed the tenets of the Declaration of Helsinki, and has
been approved by the Hospital Management Board, Kano
State.

Informed consent
Informed consent has been obtained from all individuals
included in this study.

Results

The study involved 83 male foundry workers. The age
range of the participants was 14—47 (mean: 24.8 + 6.7) years.
Their average weight, height, and body mass index equalled
55.38 + 11.01 kg, 1.65 +£ 0.10 m, and 20.2 + 2.87 (kg/m?),
respectively. The results of the study also indicated that 72.3%
(60) of the participants were non-smokers. Out of the 23
participants who reported to be smokers, 73.9% smoked
1-5 packs per week. The duration of exposure in the study
ranged between 2 and 33 years.

The research also revealed that respiratory symptoms
were prevalent among the participants. Symptoms such as
dyspnoea, cough, wheeze, haemoptysis, and phlegm were
recorded. The highest reported respiratory symptom prev-
alence was for phlegm (69.9%), followed by cough (33.7%),
while the least reported symptom was haemoptysis (4.8%),
as illustrated in Table 1.

The duration of occupation (in years) varied among the
participants. The same referred to the use of protective
gears. Overall, 51.8% of the study subjects had spent 10-19
years in the foundry. Those who had spent less than 10 years
accounted for 26.5%. A total of 18.1% had spent 20-29
years, while only 3 participants (3.6%) reported having spent
more than 30 years in the foundry industry. A large propor-
tion of the subjects did not use protective gears: 97.6% and
57.8% for face mask and hand gloves, respectively (Table 2).

Table 3 shows the lung function assessment of the par-
ticipants against the normative/predicted values. The results
indicated that the lung function parameters of the study sub-
jects were significantly lower compared with the normative
values (p < 0.05).
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Table 1. Respiratory symptoms among the participants

Variable n (%) Prevalence

Dyspnoea
Yes 13 (15.7) 15.7%
No 70 (84.3)

Cough
Yes 28 (33.7) 33.7%
No 55 (66.3)

Haemoptysis
Yes 4 (4.8) 4.8%
No 79 (95.2)

Wheeze
Yes 14 (16.9) 16.9%
No 69 (83.1)

Phlegm
Yes 58 (69.9) 69.9%
No 25 (30.1)

Chest pain
Yes 23 (27.7) 27.7%
No 60 (72.3)

Table 2. Characteristics and occupational exposure
of the participants

Variables X+ SD n (%)

Age (years) 248 +6.72

Height (m) 1.65+0.10

Weight (kg) 55.28 £ 11.01

BMI (m/kg?) 20.2 +2.87

Occupational exposure
10-19 years 43 (51.8)
20-29 years 15 (18.1)
=30 years 3(3.6)

Face mask
Yes 2(2.4)
No 81 (97.6)

BMI — body mass index

Table 3. Lung function comparisons between
the study participants and normative values

Variable n X+ SD t P

Mean FVC (study participants) [83|2.761 +0.77

—-16.67 | 0.000*
Mean FVC (normative data) 83(4.317 + 0.65

Mean FEV, (study participants) |83 |2.349 + 0.69

—17.43 {0.000*
Mean FEV, (normative data) 833.659 +0.52

FEV, — forced expiratory volume in 1¢t second, FVC — forced vital
capacity, t — t-test critical value, SD — standard deviation

* significant at 0.05 alpha level

A weak negative relationship was found between the re-
ported respiratory symptoms and the lung function. Only
phlegm production and chest pain demonstrated a weak
positive relationship with FVC, while haemoptysis, phlegm
production, and chest pain showed a weak positive corre-
lation with FEV, (Table 4).

Table 4. Relationship between lung function
and respiratory symptoms

Variables r P

FVC (I/min)
Dyspnoea -0.024 0.832
Cough -0.063 0.573
Haemoptysis -0.259 0.018*
Wheeze -0.015 0.890
Phlegm 0.089 0.422
Chest pain 0.026 0.812

FEV, (I/min)
Dyspnoea -0.077 0.491
Cough -1.121 0.277
Haemoptysis 0.163 0.140
Wheeze -0.076 0.493
Phlegm 0.030 0.788
Chest pain 0.101 0.363

FEV, — forced expiratory volume in 1%t second,
FVC — forced vital capacity, r — relationship
* significant at p < 0.05

Table 5 presents the association between occupational
exposure duration (in years) and the respiratory symptoms
and lung function. A significant association existed for phlegm
production (p = 0.008), wheeze (p = 0.008), and chest pain
(p = 0.01). Lung function variables showed no significant
association with exposure duration (FVC: p = 0.71; FEV,:
p =0.45).

Discussion

The presented study assessed the prevalence of respi-
ratory symptoms and evaluated lung function among alu-
minium foundry workers in Kano State. This is the first at-
tempt to report on this important public health issue. All the
participants were males aged 14-47 years, implying that
foundry is an occupation dominated by males in the most
productive age range. This study also assessed the smok-
ing habit among the participants. It was to rule out bias and
increase the reliability of our findings since cigarette smok-
ing is widely known to be associated with poor lung condi-
tion, as well as respiratory symptoms [15, 16]. The smoking
habit profile of the study subjects was generally favourable;
hence, the respiratory outcomes can be reliably attributed
to foundry practices.

The study revealed that phlegm production, as well as
persistent coughing chest pain, wheeze, and dyspnoea were
common respiratory symptoms among the participants. This
is not surprising as their attitude to the use of protective gears
was generally poor and the production environment was not
well ventilated. More importantly, these findings corroborate
earlier studies among male foundry workers in Taiwan [2] and
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Table 5. Association between respiratory symptoms, lung function, and work duration

Variables 1-9 years 10-19 years 20-29 years Above 30 years X?/Fisher p
Phlegm
Yes 11 31 13 3 6.64 0.008*
No 11 12 2 0
Wheeze
Yes 0 8 3 3 6.64 0.008*
No 22 35 12 0
Chest pain
Yes 3 12 5 3 8.79 0.010*
No 19 31 10 0
Dyspnoea
Yes 0 10 3 0 7.13 0.217
No 22 33 12 3
Haemoptysis
Yes 1 3 0 0 1.32 0.528
No 21 40 5 3
Cough
Yes 7 13 5 3 5.34 0.193
No 15 30 10 0
FvVC 22 43 15 3 241.78 0.707
FEV, 22 43 15 3 266.80 0.448

* significant at p < 0.05

among iron and steel foundry workers in Canada [11] and
Turkey [17]. The fact that this has been long reported under-
scores the need for effective strategies aimed at modifying
the foundry industry in developing countries.

Another important result of our study was the significant
lowering of the participants’ lung function values compared
with the normative data. Even though we could not draw
more inference from these results in terms of ascertaining
whether they may have contributed to any obstructive or
restrictive respiratory condition, the findings corroborate an
earlier study [18]. The results remain relevant as they high-
light a possible pattern that may be of prognostic value.
Additionally, since no correlation was observed between the
duration of occupation-related exposure and lung function
values, the results are only suggestive of a possible nega-
tive impact of foundry occupation generally.

We also revealed that wheeze, phlegm, and chest pain
were significantly correlated with the occupational-related
exposure. This finding is supported by a study which reported
that chronic respiratory symptoms are majorly a consequence
of exposure to air pollutant s among foundry workers. It is
also plausible that other factors that predispose individuals to
persistent infections (bronchitis) over time, such as inhalation
of various substances, fumes, and vapours play a larger role
[18, 19].

The investigated lung function parameters showed a weak
negative correlation, though insignificant, with the duration
of occupation-related exposures. This is in agreement with
the results of studies that consistently linked long-term ex-
posure to dust and fumes from aluminium-related activities
with signs of decreased lung function [20]. Also, it is only
logical to attribute the reduction in FEV, and FVC values to
long-term exposure to harmful elements, such as gases
and fumes, in the foundry industries [21]. Nonetheless, the
weak negative relationship of the study results may be due
to the relatively small sample size and partly to the fact that
the majority of our study participants had less than 20 years
of working experience.

The relationship between the reported respiratory symp-
toms and lung function, although negative and weak in this
study (which can partly be attributed to the number of work-
ing years, which was less than 20), is a cause for concern as
there is a tendency that the continuous presence of respi-
ratory symptoms in these workers can further have a detri-
mental effect on the lung function over a longer period of
exposure.

The study highlights the need for a change in the attitude
among foundry workers in cities of developing countries
where local foundry is practised. A large-scale epidemio-
logical survey is also required. For the time being, adequate
public enlightenment campaigns can be commissioned with
a view to educating foundry workers on the need to utilize
protective gears such as face masks, gloves, and uniforms
while at work.
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