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Abstract

The present study determined the prevalence of work-in-
duced respiratory symptoms among Sudanese extrusion
workers in an aluminum (Al) extrusion plant where the health
effects of exposure duration, S-Al, and U-Al concentrations
were evaluated. A total of 109 workers were enrolled in our
study. Ambient Al fumes was estimated using a flame atom-
ic absorption spectrophotometer (Varian, Spectr AA-250).
The respiratory symptoms were reported according to the
American Thoracic Society (ATS) Adult Respiratory criteria
(Questionnaire (ATS-DLD-78). Results of the study showed
concentrations of total airborne Al fumes and Aluminum ox-
ide (ALO,) ranging from 3.08 to 7.12 mg/m? (5.05 + 1.29)
and 0.11 to 3.06 mg/m? (1.28 + 0.89) respectively. Higher
frequencies of respiratory complains were detected among
exposed group.
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Introduction

Aluminum (Al) is a widespread metal considered as
the third most common element in the earth’s crust
naturally released to the environment from weather-
ing rocks and volcanic activity. Some human activities
such as mining also result in the release of Al to the en-
vironment. Aluminum levels in environmental media
vary widely depending on location and sampling site. In
general, background levels of Al in the atmosphere are
low, typically ranging from about 0.005 to 0.18 ug/m?3.

Much higher levels are routinely observed in urban and
industrial locations [1].

Aluminum has been traditionally regarded as non-tox-
ic metal that induces pathological changes only in specific
conditions such as long-term dialysis due to renal failure or
occupational exposure to Al dust, fumes and its oxides [2].

Occupational exposure to Al occurs during refining
of the primary metal and in secondary industries that
use Al products. Several studies have reported adverse
respiratory tract effects in employees working in Al in-
dustry. Abramson, et al. and Kilburn provided evidence
suggesting that chronic exposure to Al may cause occu-
pational asthma [3,4]. Additionally, asthmatic reaction
was noted following a bronchial provocation test in Al
foundry worker and in Al welder [5,6]. Wheezing, dys-
pnea, or impaired lung function have been reported in
potroom workers. However, this has not been consis-
tently viewed across studies and possibly exposure to
other compounds may have contributed to observed
effects [1].

Réllin and her co-workers reported that the presence
of Al in blood serum (S-Al) and urine samples (U-Al) of
people working in Al factories is a sign of Al absorption
[7]. To assess occupational exposure of workers, mea-
surement of Al concentrations in serum and urine is rec-
ommended.

In Sudan, research in environmental and occupation-
al health is generally very limited demonstrated by in-
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sufficient data concerning levels of Al in human biologi- Omdurman Islamic University Faculty of Basic Medical
cal samples in addition to lack of studies in assessment  Sciences (ERC-OIUFBMS).
of health impact of Al fumes in Al factories workers.
This study aims to estimate the incidence of respirato-
ry health complains among workers in an Al extrusion A flame atomic absorption spectrophotometer (Vari-
plant. an, Spectr AA - 250) was used for measuring Al con-
. centrations on the filters. Air samples were taken from
Materials and Methods workspaces (1 sample per shift). Time-Weighted Aver-
Study design and population age (TWA) Al concentrations were continuously collect-
ed from the workers’ breathing zone. Sampling covered
at least 7 hours of an 8 h work shift. The amounts of
Al fumes were determined gravimetrically and the air-
borne Al fumes concentrations were calculated as an
average of sampled air volumes. Personal air samples
were collected using Casella personal sampler pump
model AFC123 equipped with a 0.8 um pore size mem-
brane filter with a 37 mm diameter cellulose membrane
filters (Sartorius 11304). Average pump airflow rate
during collection was 2 L/min. Samples were collected
from extrusion, anodizing, powder coating, electro-col-
oring, polishing, brushing, and wrapping-in addition to
assembly of truck drivers area as a control. After nonde-
structive analysis, filters were dissolved in concentrated
HNO, with the National Institute for Occupational Safe-
ty and Health (NIOSH) protocols [11].

Air sampling

A cross-sectional study was conducted in an alumi-
num extrusion plant established in 1997 for Al industri-
al purposes and other applications. The plant occupies
6500 m? lot consisting of extrusion line, anodizing unit,
powder coating unit, electro-coloring, polishing, brush-
ing, and wrapping unit. Production started in March
2000 with annual capacity of 3000 tons [8]. At the time
of this study, the plant had 115 male employees out of
which 109 were randomly selected and interviewed.
Blood and urine specimens were separately collected
from each employee and properly labeled. The 109
workers segregate into 66 workers (Test Group) from
the production department and 43 workers (Control
Group) from management department, laboratory
technicians, quality control, and truck drivers. Due to
the nature of their work, members of the Test group
were found more exposed to higher concentrations of  Biological fluids analysis
Al fumes and exhibited respiratory health problems. The
average working hours for the Test Group was about 8
hours. During this period, they were in direct exposure
to Al fumes. Members of the Control Group did not ex-
hibit any respiratory problems and were not found to
experience significant exposure to Al fumes.

A Perkin-EImer Model 4100L atomic absorption
spectrometer with Zeeman-Effect background correc-
tion equipped with a Transversely Heated Graphite At-
omizer (THGA) was used for detecting Al in serum and
urine. The instrument settings and furnace programs for
analysis of Al in serum and urine have been described by

A questionnaire was used to collect sociodemograph-  Réllin, et al. [7].
ic characteristics, workplace exposure information, occu-
pational history, medical history (current illnesses, health
complains, work-related health complains, use of Al con-
taining medications such as Acetaminophen, Aluminum
hydroxide, Aspirin and Alginic acid and family medical
history) and their personal lifestyle (smoking, exercise
and personal hygiene). The questions on the medical his-
tory of respiratory symptoms and smoking habits were  Statistical analysis
adapted from the American Thoracic Society (ATS) Adult
Respiratory Questionnaire (ATSDLD-78) [9]. Classification
of respiratory chronic symptoms was referenced from
the guidelines by Robin, et al. and the Modified Medical
Research Council (MMRC) dyspnoea scale [10]. Smoking
status was classified into three categories, non-smok-
ers, ex-smokers and current smokers. Ex-smokers were
defined as those who quit smoking, at least, one month
before conducting the questionnaire survey.

Blood and urine specimens were obtained from
workers in non-fasting state before start of their work
shift, wearing their street clothes. Samples were collect-
ed under fumes free conditions. Specimens were frozen
and stored at -20 °C until analyzed, in accordance with
accepted procedures outlined in a previous study [7].

Analysis of data was performed using Statistical
Package for the Social Sciences (SPSS) software program
version 15. Statistical methods were applied including
descriptive statistics (mean, standard deviation, fre-
quency distribution, and cross tabulation), significance
tests (T-test for quantitative data and Chi-square for
categorical data), and logistic regression analysis for
evaluating the associations between respiratory symp-
toms and study groups (exposed and unexposed), and

Written informed consent (thumbprint in the case of  correlations between different variables using Pear-
illiterate candidates) was obtained from all participants. son’s correlation. A 95% confidence interval (two-sided)
The consent form stipulates that the participant has was used as the limit of significance.
the right to opt out at any time from the study and that
collected data may possibly be published. The consent
form was approved by the Ethics Review Committee of The questionnaire was completed by 109 partici-
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Table 1: Sociodemographic characteristics and the concentrations of S-Al & U-Al (ug/L) of studied workers according to pattern

of exposure.
Characteristics Type of exposure p-Value'
Exposed group (N = 66) Unexposed group (N = 43)
2Age (years) (Mean + SD) 33.59 +9.50 33.83+10.12 0.898
2Duration of work (months) (mean + SD) 41.16 £ 15.79 38.02 +12.72 0.255
'Educational level No. (%)
- llliterate and read and write 9 (13.6) 5(11.6)
=  Primary and preparatory (5-13 years) 14 (21.2) 10 (23.3) 0.936
=  Secondary and university (14-22 years) 43 (65.2) 28 (65.1)
'Residence No. (%)
- Urban 51 (77.3) 33 (76.7) 0.949
- Rural 15 (22.7) 10 (23.3)
'Personal hygiene No. (%)
- Good 56 (84.8) 34 (79.1) 0.437
- Bad 10 (15.2) 9(20.9)
"History of respiratory diseases No. (%)
- Hasn't a history of respiratory diseases 28 (42.4) 33 (76.7) 0.40
= Has a history of respiratory diseases 38 (57.6) 10 (23.3) ’
'Smoking habit No. (%)
= Currently smoker 15 (22.7) 8 (18.6)
= Ex-smoker 13 (19.7) 8 (18.6) 0.842
= Non-smoker 38 (57.6) 27 (62.8)
2S-Al (pg/L) (mean + SD) 5.50 + 1.48 1.03£0.23 0.01”
2U-Al (ug/L) (mean £ SD) 97.85+7.76 16.73 £ 3.96 0.01”

'Chi Square Test: “significant at P < 0.05, “significant at P < 0.01, "significant at P < 0.001;

2T-test: 'significant at P < 0.05, “significant at P < 0.01, "significan
concentrations.

tat P < 0.001, S-Al: Serum Aluminum; U-Al: Urinary Aluminum

Table 2: Frequency of health complains in the Exposed and Unexposed groups.

Exposed group Unexposed group
Health complaints (N = 66) (N=43)

n % n %
Asthma 16 24.24 2 4.65
Cough 25 37.87 2 4.65
Morning cough with sputum 19 28.78 2 4.65
Phlegm 4 6.06 0 0
Chronic phlegm 5 7.57 0 0
Wheeze 8 12.12 0 0
Respiratory problems (asthma, coughing) caused by current work 7 10.60 2 4.65

pants (exposed: 66; unexposed: 43). Sociodemographic
data of studied groups shown in Table 1, where there
was no significant difference between exposed and un-
exposed workers with regards to sociodemographic pa-
rameters.

The airborne Al concentrations of total Al fume and
AlLO, ranged from 3.08 to 7.12 mg/m?(5.05 + 1.29) and
from 0.11 to 3.06 mg/m?3(1.28 + 0.89) respectively. The
highest air ALLO, concentrations were found at the work-
place of workers responsible for extrusion and powder
coating lines (2.30 + 0.28). These concentrations were
found above the TLV-TWA of aluminum metal and insol-
uble compounds (1 mg/m3) [12].

The mean concentrations of S-Al and U-Al samples
are summarized in Table 1. Statistical analysis showed
significant difference between exposed and unexposed
group (P < 0.001). Significant positive correlation was
found between duration of exposure and S-Al (r =0.735,

Elmajzoup et al. Int J Respir Pulm Med 2018, 5:080

P < 0.01). Additionally, significant positive correlation
was shown between the duration of exposure and U-Al
(r=0.596, P <0.01).

Prevalence of work-induced asthma, cough, morning
cough with sputum, phlegm, chronic phlegm, wheeze
and respiratory problems (asthma, coughing) caused by
current work were higher in the exposed group (24.24%,
37.87%, 28.78%, 6.06, 7.57, 12.12% and 10.60% respec-
tively) compared to the unexposed group (4.65%, 4.65,
4.65, 0.00%, 0.00%, 4.65% and 4.65% respectively) (Ta-
ble 2).

Logistic regression analysis was carried out to com-
pare association between study groups and chronic re-
spiratory symptoms adjusted for age, duration of work
and Al concentrations in biological samples (blood and
urine). The production workers were about seven times
more likely to have asthma (OR: 6.56; 95% Cl: 1.43-
30.20; P < 0.007) compared with unexposed workers.
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Table 3: Regression analysis between respiratory problems adjusted with age, duration of work and S-Al/U-Al concentrations.

Respiratory symptoms

OR (95% C.1.) AOR (95% C.1.)

Asthma

6.56 (1.43-30.20)™ 6.58 (1.45-30.26)™

Chronic cough

12.50 (2.78-56.24)" 12.51 (2.79-56.34)"

Morning cough with sputum

8.29 (1.82-37.74)™ 7.69 (1.68-35.12)™

(
Phlegm 1.95 (1.30-2.91) 1.91 (1.26-2.90)
Chronic phlegm 2.43 (0.48-12.30) 2.43 (0.43-10.10)
Wheeze 4.39 (0.89-21.61) 2.24 (0.41-12.17)

Respiratory problems (asthma, coughing) caused by current work

6.21 (2.89-13.36) 6.00 (2.78-12.94)

"Significant at P < 0.05, “significant at P < 0.01, "'significant at P < 0.001, OR: Odd Ratio; AOR: Adjusted Odd Ratio; S-Al: Serum
Aluminum; U-Al: Urinary Aluminum concentrations.

Table 4: Comparison of exposure duration in the exposed group between subjects without and with symptoms.

. . Exposure duration (months) in the exposed group (Mean * SD) .
Respiratory chronic symptoms Without symptoms With symptoms p-Value
Asthma 39.92 + 15.59 45.06 + 16.27 0.260
Chronic cough 37.68 + 15.56 46.88 + 14.74 0.021
Morning cough with sputum 39.85 + 16.03 44 .42 +15.10 0.291
Phlegm 41.11 £ 15.64 42.00 £ 20.78 0.914
Chronic phlegm 41.75 £ 16.76 34.00 + 16.12 0.295
Wheeze 41.21£15.26 40.88 + 20.49 0.956
Respiratory problems (asthma, coughing) 30.49 + 15.63 55.29 + 8.99 0.011°
caused by current work

T-test: 'significant at P < 0.05, " significant at P < 0.01, ™ significant at P < 0.001.

Table 5: Comparison of S-Al concentrations in the exposed group between subjects without and with symptoms.

. . S-Al concentrations (ug/l) in the exposed group (Mean * SD) .
Respiratory chronic symptoms Without symptoms With symptoms p-Value
Asthma 5.30+1.48 6.15 £+ 1.36 0.044
Chronic cough 5.05 + 1.41 6.24 £ 1.31 0.001™
Morning cough with sputum 5.33+1.51 5.93 +1.37 0.137
Phlegm 5.48 £ 1.50 5.85+1.24 0.633
Chronic phlegm 5.55+1.50 498 +1.24 0.415
Wheeze 5.45+1.47 5.87 +1.80 0.465
Respiratory problems (asthma, coughing) 5.32 + 1.46 7.06 + 0.29 0.003"
caused by current work

T-test: "significant at P < 0.05, “significant at P < 0.01, “significant at P < 0.001.

The adjusted OR was slightly increased and was signifi-
cant (AOR: 6.58; 95% Cl: 1.45-30.26; P < 0.016). The con-
centrations of Al in biological samples (blood and urine)
of participants, age, and duration of work were signifi-
cant predictors (P < 0.001 each) for asthma. Similarly,
members of the exposed group were almost thirteen
times more likely to suffer a chronic cough (OR: 12.50;
95% Cl: 2.78-56.24; P < 0.001) in comparison to unex-
posed participants. When adjusted, it was still almost
thirteen times more (AOR: 12.51; 95% Cl: 2.79-56.34; P
< 0.001). Duration of work was a significant predictor (P
< 0.001) for a chronic cough. Also, exposed participants
were eight times more likely to experience a morning
cough with sputum (OR: 8.29; 95% Cl: 1.82-37.74; P <
0.002) compared with unexposed. On adjustment, AOR
slightly decreased but remained significant (OR: 7.69;
95% Cl: 1.68-35.12; P < 0.009) indicating age and dura-
tion of work were significant predictors (P < 0.001).

Logistic regression analysis compared the associa-
tion between work-related health complaints (respi-
ratory problems) and type of work performed by each
member of the study group. Exposed workers were two

Kuranga et al. Int J Respir Pulm Med 2018, 5:079

times more likely to contract work-induced respiratory
problems (asthma, coughing) caused by current work
(OR:2.43;95% Cl: 0.48-12.30; P < 0.029) compared with
unexposed workers. However, after adjustment, no as-
sociation found. Additionally, no association was found
between Al plant workers and other respiratory symp-
toms (phlegm, wheeze, and wheezing with dyspnoea)
even after adjustment (Table 3).

Comparison between Al exposure duration and re-
spiratory chronic symptoms revealed statistical signifi-
cance for a cough (P < 0.021) and respiratory problems
(asthma, coughing) caused by current work (P < 0.011)
(Table 4).

The association between S-Al concentrations and re-
spiratory chronic symptoms showed a statistically sig-
nificant difference for work-induced asthma (P < 0.044),
cough (P < 0.001), and respiratory problems (asthma,
coughing) caused by current work (P < 0.003). There
were no statistically significant associations between
S-Al concentrations and one another characteristics of
respiratory complaints (Table 5).
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Table 6: Comparison of U-Al concentrations in the exposed group between subjects without and with symptoms.

. . U-Al concentrations (ug/l) in the exposed group (Mean * SD) .
Respiratory chronic symptoms Without symptoms With symptoms p-Value
Asthma 96.98 + 7.64 100.88 + 7.57 0.073
Chronic cough 95.03 + 5.64 102.48 + 8.62 0.001™
Morning cough with sputum 97.19+7.87 99.48 +7.43 0.282
Phlegm 97.86 £ 7.71 97.65+9.72 0.957
Chronic phlegm 97.98 £ 7.90 96.23 £+ 6.15 0.630
Wheeze 97.42 £ 7.60 100.95 + 8.74 0.231
Respiratory problems (asthma, coughing) 97.01 +7.33 104.90 + 8.26 001"
caused by current work

T-test: "significant at P < 0.05, "significant at P < 0.01, “significant at P < 0.001.

Table 7: Comparison of Al,O, concentrations in the air at workstations in the exposed group between subjects without and with

symptoms.
Respiratory chronic AL O, concentrations (mg/m°) in the exposed group (Mean * SD) .
: . p-Value
symptoms Without symptoms With symptoms
Asthma 1.12+0.81 1.80 £ 0.90 0.006™
Chronic cough 0.99+0.78 1.77 £ 0.82 0.001™
Morning cough with sputum 1.14 £ 0.83 1.64 £ 0.91 0.033
Phlegm 1.27 £ 0.85 1.35+ 1.47 0.882
Chronic phlegm 1.32+0.88 0.82+0.80 0.220
Wheeze 1.21+£0.85 1.84 £ 0.86 0.054
Respiratory problems (asthma, coughing) 115 +0.79 243+076 0.001™
caused by current work

T-test: "significant at P < 0.05, “significant at P < 0.01, "significant at P < 0.001.

Association between U-Al concentrations and chronic bronchitis. Despite enhanced safety measures
work-induced respiratory chronic symptoms revealed such as partial protection of production lines and auto-
statistically higher significance for cough (P < 0.001), mation of manual work, preventive measures are prob-
wheezing with dyspnoea (P < 0.018), and respiratory ably more effective in avoiding respiratory disorders in
problems (asthma, coughing) caused by current-work Al plants workers.

(P < 0.01). Other respiratory chronic symptoms did not
show statistically significant difference when compared
to U-Al concentrations (Table 6).

Comparison of health complains results in a group of
extrusion workers revealed in our study and data in the
literature is rather difficult due to use of different meth-

Comparison between current exposure to Al,O, con-  ods for assessing occupational exposure and sometimes
centrations and respiratory chronic symptoms showed combined exposure.
statistically significant difference for worked-induced
asthma (P < 0.006), cough (P < 0.001), morning cough
with sputum (P < 0.033), and respiratory problems
(asthma, coughing) (P < 0.001). Conversely, the differ-
ences in the other respiratory chronic symptoms were
insignificant (Table 7).

Logistic regression analysis was carried out to com-
pare associations between study members and respira-
tory symptoms. In our current study, respiratory symp-
toms: Asthma, cough, and morning cough had signifi-
cantly higher prevalence in exposed workers compared
with unexposed workers. These findings were found con-

The associations between the total Al airborne sjstent with a study conducted in the Netherlands [14].
concentrations and work-induced respiratory chronic

symptoms revealed statistical significant difference for
asthma (P < 0.007), cough (P < 0.001), morning cough
with sputum (P < 0.018), wheeze (P < 0.042), and respi-
ratory problems (asthma, coughing) caused by current
work (P < 0.003), while, the phlegm and chronic phlegm
symptoms showed insignificant differences.

The results of this study showed that concentrations
of Al in biological samples (blood and urine) of produc-
tion workers were significantly higher than the unex-
posed workers. Significant relationships were also ob-
served between blood Al and urinary Al concentrations
with the number of respiratory symptoms in the group
that was continuously exposed to Al fumes for more
Discussion than 8 h/day. Additionally, significant positive correla-
tion was found between the duration of exposure and
Al in biological samples of extrusion workers (blood and
urine). This result is in contrast with a cross-sectional
study performed in an Al factory in Seydisehir, Turkey,
which revealed negative correlation with both exposure
time and serum Al [15].

Due to its high heat and electrical conductivity, light
weight and corrosion resistance, Al is widely used in
cooking utensils, containers, buildings, airplanes, trains,
electric wires and foils [13]. Al has variable toxic effects
on the respiratory tract such as pulmonary fibrosis,
pulmonary alveolitis, alveolar proteinosis, asthma and
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In our study, Al,O, concentrations in the workplace  cations were not reported by any member of the study
were found higher than the TLV-TWA of aluminum met-  group.
al and insoluble compounds (1 mg/m?3) according to AC-
GIH [12], but they were less than (5 mg/m?3) according to
NOISH [16] and (Cal/OSHA) [17]. These findings coincide Aluminum is hazardous to both of workers and the
with another previous study of airborne Al exposure in  community. Based on our findings, workers who are
metal inert gas (MIG) welding and grinding shipyard continuously exposed to Al fumes and pollutants for
workers in Finland (the welding fumes contained ALO,).  more than 8 h/day, had a higher significant association
The study found that the mean 8 h TWA concentrations  between biological (serum/urine) Al concentrations and
measured inside the welding helmet ranged from 0.2to  pulmonary complains compared with unexposed work-
10.0 mg/m? for total dust and from 0.008 to 2.4 mg/m®  ers. Our findings also showed significant associations
for Al. When no respiratory protection was used, total  petween respiratory symptoms and Al,O, concentra-
dust and Al breathing zone air levels were 1.2-13.6 mg/  tions in different workstations. These results suggest
m?and 0.3-6.1 mg/m?, respectively [18]. protective measures are needed, particularly among

A comparison between Al exposure duration time  workgroups with higher exposures or higher prevalence
and respiratory chronic symptoms revealed statistically ~ of respiratory symptoms. Accordingly, it is recommend-
higher significant difference for a cough and respiratory ed that current control measures should be enhanced
work-induced problems (asthma, coughing) caused by such as coolant management program and engineering
current work. Whereas, the other health complaints control through installation of local exhaust ventilation
were not significant. Furthermore, the association be- to improve indoor air quality of the plant production
tween current exposure to Al,O, concentrations and  site.
respiratory chronic symptoms showed statistically sig-
nificant difference for work induced asthma, cough,
morning cough with sputum, and respiratory problems
(asthma, coughing) caused by current work. However,
the associations between total Al airborne concentra-
tions and respiratory chronic symptoms also revealed
statistically significant difference for work-induced
asthma, cough, morning cough with sputum, wheeze,
and respiratory problems (asthma, coughing) caused by
current work. These findings might be attributed to in-
halation of Al fumes and other irritant occupational pol- At the community level, voluntary organizations,
lutants especially fluorides [19,20] through potentiating  special interest groups, and non-government organi-
oxidative and inflammatory stress leading to functional  zations should be promoted to educate plant workers,
disturbance of lung epithelium [21]. their employers and the general public on the necessi-
ty of industrial hygiene practice. Further investigations
in health hazards of Al industry will help promulgate
the need for greater intervention. All workers deserve
workplace environment free from extreme health haz-
ards and unsafe conditions.

Conclusions

It is also recommended that work hours per shift
should be reduced in order to avoid over exposure.
We also recommend providing Personal Protective
Equipment (PPE) to the workers. Mandatory subclinical
screening, especially spirometric examination should
be integral to the preventive examinations protocol in
Al-exposed workers. Finally, workers should be given
optimal vacation time to help minimize work-induced Al
exposure.

Results similar to ours were obtained by Chan-Yeung
and his colleagues [22], who investigated the prevalence
of respiratory symptoms among 1510 employees in an
aluminum smelter in British Columbia. The research-
ers found increased prevalence of a cough (22.6% vs.
14.0%) and wheeze (17.1% vs. 10.5%) in high-exposure  conflict of Interest
group compared with reference group. Comparative-
ly, a cross-sectional study of 316 workers conducted in
Machining Industry in Selangor, Malaysia by Liaw, et al.
[23], concluded that significantly higher prevalence of Acknowledgements
daily cough (19.6% vs. 10.6%) and morning cough with
sputum (3.6% vs. 0.0%) were associated with occupa-
tional exposure to Metalworking Fluid (MWF) aerosol
among exposed group compared to unexposed group.
Another study performed by Ljiljana [24] on 215 po-
troom workers from the aluminum factory in Podgori-
ca, Montenegro showed that potroom workers mostly
complained of breathlessness associated with the work-  References
place (56.7%) or weather changes (rain, cold, wind, and 1. ATSDR. Toxicological profile for aluminum (2008) U.S
humidity) (41.9%) and of dyspnoea when climbing stairs . Departn.1ent for Health and Human Services. Public Hea-lth.

(51.2%), but only 22.3% reported using medication to Service Agency for Toxic Substances and Disease Regis-
treat these episodes. In our study, Al containing medi- try.
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