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Abstract
Objective: To determine the prevalence of respiratory symptoms and illustrate the
dangerousness of the sands dust in the Artisanal carriers in the city of Lubumbashi,
Katanga province, in the Democratic Republic of the Congo (DRC). Method: In
total, 120 carriers of sand have been recruited in an exhaustive approach with 120
communal administrative officers of Lubumbashi city as control group. Respiratory symptoms were collected using a respiratory questionnaire. A multi-analysis varied with the test of logistic regression has been privileged to determine the association between the characteristics of the carriers and the respiratory symptoms. Results: The prevalence of respiratory symptoms reported in carriers of sands was
greater than that of the control group for the symptoms such as: cough in the
morning (52.5% against 6.7%), sputum in the morning (35% against 7.5%), shortness of breath after effort (18.3% against 5%), asthma (26.7% against 5%), chronic
bronchitis (12.5% against 4.2%), rhinitis (62.5% against 21.7%), conjunctivitis
(58.3% against 17.5%). After adjustment, on factors such as age and education, the
profession carrier of sands was strongly associated with the risk of developing respiratory symptoms below: spit in the morning, shortness of breath after effort,
asthma, chronic bronchitis with a p < 0.001. The Peak Expiratory Flow Rate
(PEFR) has been significantly reduced in the Carriers of sands (438.87 ± 109.02)
compared to controls (480.14 ± 70.73) (p ˂ 0.05). Conclusion: The profession carriers of sand as practiced in Lubumbashi, without means of adequate protection,
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carry a clear risk for respiratory health. It is essential to organize a specialized
education in medicine of the work which can train doctors with proven expertise
to address the enormous need for qualified personnel in this environment considered at risk of breathing.
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1. Introduction
Occupational exposure to dusts is a phenomenon well known especially in developing
countries [1] [2]. The emissions of dust are high in the careers and in the manufacturing sector of the Bricks [3]. The development of our country has led many of changes
including the evolution of the industrialization, of different means of transport and the
existence of certain trades in several sectors not in conformity with the legislation.
Rapid urbanization has led to an increase in the use of transport of the construction
materials as a consequence an environmental pollution. The environmental program of
the United Nations considers that 1.1 million people in the world breathe a polluted air
[4]. This increases the number of deaths and hospitalizations per day in the world [5],
because of its effects on human health [6] [7]. The exposure to these silica dusts is seen
especially in the mines, quarries, the shipyards of the BTP who continue to practice
unfortunately in a craft way in low-income countries. Present in any Congolese society,
the carriers of the sands are drivers of trucks or trucks that carry the sands of quarries
to the shipyards or the point of sale. During the process of loading and unloading of
sands in the trucks or carts, it emerges from the large quantities of dust and the carriers
are obliged to attend this process pollutant, often without measure of protection. Of
this fact, the carriers of sand are in daily contact of various dust, including the silica,
which is present in all the regions of the African continent [8]. Unlike other profession,
during work years a dusty environment has the risk of inhalation of particles (silica)
which may lead to different respiratory diseases [9] such as chronic bronchitis, emphysema, silicosis acute and chronic, cancer of the lung. According to Urom [10], the majority of respiratory symptoms found among workers in quarries were composed of
non-productive cough, chest pain, catarrhs and dyspnoea. There are not a lot of epidemiological studies on the respiratory health of workers exposed to mineral dusts in the
province of Katanga particularly among carriers of sands. As well, the purpose of this
work is to determine the prevalence of respiratory symptoms and to illustrate the fatal
effects of sands dust in the Artisanal carriers in the city of Lubumbashi/Katanga.
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2. Materials and Methods
2.1. Study Population
The present cross-sectional study was conducted in population of sands carriers in the
city of Lubumbashi in Katanga. The population studied, is comprised of the carriers
(Drivers of trucks and trucks of the sands) and a control group. In total, 150 carriers
who have more than one year of seniority have been recruited and among them, only
120 have participated in the investigation of where the totality of 120 carriers. The control group is composed of 120 communal administrative officers of the Lubumbashi
with more than one year of seniority with almost the same socio-economic level that
the carriers. The City of Lubumbashi is the second largest city of the Democratic Republic of the Congo the most populated after Kinshasa, its population would be around
two million inhabitants according to the latest estimates. It is the economic capital of
the DRC. It is designated as the Copperbelt capital because of the production of the
copper and is part of the Copper Belt of Africa [11]. This study was conducted in 2015
on a period of 2 months, from 1 June to 31 July 2015 in the 7 communes of Lubumbashi city. The size of the sample was a function of the number of carriers that we found
on the place of service when our descent. As well there has been a exhaustive sampling
to arrive to have all carriers of the sand of the Lubumbashi city each commune. Accordingly, the sample of our investigation was composed of 120 controls and 120 carriers
of selected sand exhaustively.

2.2. Methods
The study analyzed the data: socio-anthropometric, respiratory symptoms and respiratory function using a questionnaire, physical examination. The workers have been
consulted on their place of respective work. The information obtained concerning the
health of sands carriers and controls have been collected on a respiratory health questionnaire including a general questionnaire on the sociodemographic characteristics
(age, sex, educational level, alcohol, smoking habits, occupational history, seniority at
work and exposures outside work), a questionnaire of the International Union Against
Tuberculosis and Respiratory Diseases (IUATLD) Bronchial Symptoms (1986) [12], a
questionnaire on the allergic rhinitis [13]. In addition, chronic bronchitis was defined
according to the criteria of the WHO as a cough and sputum chronicles occurring at
least three months per year for at least two years. We have considered as asthmatic, any
subject having of paroxysmal crises of dyspnoea sibilante, of repeated episodes of
wheezing in the chest or a spasmodic cough with respiratory discomfort to repetition.
Of rhinitis have been defined on the basis of a quantitative score SFAR (Score for allergic rhinitis) [13]. The Ocular pruritus, redness of the eyes and the watery symptoms
were sought to define the conjunctivitis. The weight was measured by means of a balance calibrated and verified, and the size was also measured with a spacer. The recording of the blood pressure by means of an electronic device (OMRON Hem8402) was
carried out at the left arm argued to the height of the heart. The topic is being rested for
at least 15 minutes in a seated position.
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2.3. Approval of the Ethics Committee
The informed consent of sands carriers was obtained from the latter. Our study has received the approval of the ethics committee of the University of Lubumbashi for its
conduct.

2.4. Data Analyzes
All analyzes were performed using the SPSS software 21.0 (SPSS Inc., Chicago, IT,
USA). The statistical study was based on the analysis of the variance and the test “T” of
the student for the comparison of the averages and proportions. For the qualitative variables, it was based on the study of Chi square with or without correction of Yates. The
threshold of significance chosen corresponded to a p value < 0.05. On the other side, to
determine the association between the characteristics of the carriers of sand and respiratory symptoms reported, a multi analysis varied with the test of logistic regression
was advantaged. The model had estimated the strength of the Association by a report of
prevalence (OR) and its 95% confidence interval (C.I.95%). The threshold of significance chosen corresponds to a value of p < 0.05.

3. Results
3.1. Anthropometric Characteristics and Socio-Demographic
of Carriers
Table 1 shows that the study sample is composed of 120 carriers of sands and 120 conTable 1. Sociodemographic parameters.
Characteristics of Subjects

Sands carriers
(n = 120)

Controls
(n = 120)

Anthropometric parameters, clinical,
demographic, and those related to the work

Average +/− DS

Average +/− DS

Age (years)

33.67 ± 8.55

32.63 ± 7.90

BMI (kg/cm2)

22.87 ± 2.66

23.23 ± 3.61

Duration of work

10.35 ± 1.77

10.3 ± 2.02

Seniority

4.8 ± 2.73

5.76 ± 3.05#

PAS

119 ± 9.99

125.9 ± 17.19#

PAD

73.33 ± 9.28

73.87 ± 12.17

DEP (L/s)

438.87 ± 109.02

480.14 ± 70.73#

Tobacco

77 (81.9)*

17 (18.1)

Alcohol

84 (83.2)*

17 (16.8)

Education
Primary-Secondary
A graduate

103 (85.8)*
17 (14.2)

61 (50.8)
59 (49.2)*

Lung Auscultation
Pathological
Normal

32 (26.67)*
88 (73.33)

1 (0.83)
119 (99.17)*

*Notes: #, the value of p less than to 0.01 for the test “t” of student; *, p value less to 0.001 for the Fisher exact test.
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trols to which the average age was 33.67 ± 8.55 and 32.63 ± 7.9 among carriers and
controls, respectively. For the carriers, the seniority was 4.8 ± 2.73 years, whereas it was
5.76 ± 3.05 years among the controls. The duration of work was of 10.35 ± 1.75
hours/day among the carriers against 10.3 ± 2.02 hours/day among the controls. The
body mass index of carriers was of 22.87 ± 2.66 against 23.23 ± 3.61 among the control
group. With respect to education, 85.8% of the carriers had a level of primary study
against 50.8% of controls. Among carriers, 83.2% were taking of alcohol against 16.8%
of controls. For the tobacco, it was found that 81.9% of carriers were smokers against
18.1% in the control group. The review of the chest has revealed that 26.67% of carriers
of sand have had a pathological lung auscultation compared to 0.83% in the control
group. The peak expiratory flow of Sand carriers was reduced in a significant way by
report to the control group (438.87 ± 109.02 against 480.14 ± 70.73) (p < 0.05).

3.2. Prevalence of Respiratory Symptoms
This Table 2 shows the prevalence of respiratory symptoms in the Carriers of sands
and the control group. The carriers have submitted a prevalence of cough in the morning of 2.63 times more, a prevalence of sputum each morning from 1.99 times more, a
prevalence of shortness of breath after effort of 1.7 times more, a prevalence of asthma
of 1.93 times more, a prevalence of chronic bronchitis of 1.57 times more, a prevalence
of rhinitis 2.29 times more, a prevalence of conjunctivitis of 2.29 times more compared
to the control group. The prevalence of wheezing was 0.74 times more among the carriers of the sands without significant difference compared to the control group.

3.3. Multi Analysis Varied with the Test of Logistic Regression
Table 3 reveals that after adjustment, there is an association between all respiratory
symptoms and the profession of sands carriers. In effect, the tobacco has been associated with the presence of sputum each morning (OR = 2.59), asthma (OR = 4.6). In
addition, alcohol has also been associated with the shortness of breath after effort (OR
= 0.28) and asthma (OR = 0.29).
Table 2. Prevalence of respiratory symptoms, with the corresponding risk, in function of the
profession.
Respiratory symptoms

carriers of Sand
N = 120 (%)

Controls
N = 120 (%)

RP IC [95%]

p

Wheezing

6 (5)

7 (5.8)

0.74 [0.39 - 1.40]

0.77

Cough In the morning

63 (52.5)

8 (6.7)

2.63 [2.09 - 3.30]

˂0.001

Sputum in the morning

42 (35.0)

9 (7.5)

1.99 [1.61 - 2.47]

˂0.001

Shortness of breath after effort

22 (18.3)

6 (5.0)

1.7 [1.33 - 2.16]

0.002

Asthma

32 (26.7)

6 (5)

1.93 [1.57 - 2.38]

<0.001

Chronic bronchitis

15 (12.5)

5 (4.2)

1.57 [1.18 - 2.09]

0.03

Rhinitis

75 (62.5)

26 (21.7)

2.29 [1.76 - 2.99]

˂0.001

Conjunctivitis

70 (58.3)

21 (17.5)

2.29 [1.78 - 2.95]

˂0.001

RP: prevalence ratio, IC: Confidence interval, the values of p indicate the levels of meanings (p < 0.05: significant
difference).
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Table 3. Association between the characteristics of the carriers of sand and respiratory symptoms with the test of logistic regression with
adjustment for age and level of education.
Sputum/Morning

Shortness of breath
after effort

Asthma

Chronic bronchitis

Rhinitis

OR & IC [95%]

OR & IC [95%]

OR & IC [95%]

OR & IC [95%]

OR & IC [95%]

Age
<40
˃41

1.17 [0.44 - 3.13]
1

0.25 [0.09 - 0.68]
1

0.89 [0.30 - 2.62]
1

0.77 [0.19 - 3.13]
1

0.94 [0.41 - 2.18]
1

Duration of work
≤10
˃10

1.15 [0.57 - 2.33]
1

1.31 [0.53 - 3.21]
1

1.97 [0.86 - 4.51]
1

2.58 [0.86 - 7.69]
1

0.76 [0.42 - 1.39]
1

Age (years)
≤5
˃5

1.02 [0.51 - 2.04]
1

1.18 [0.49 - 2.85]
1

1.56 [0.69 - 3.49]
1

1.05 [0.38 - 2.86]
1

1.38 [0.76 - 2.49]
1

Tobacco
Yes
Non

2.59 [1.06 - 6.28]*
1

2.0 [0.65 - 6.17]
1

4.6 [1.69 - 14.29]#
1

2.22 [0.59 - 8.30]
1

0.94 [0.43 - 2.01]
1

Alcohol
Yes
Non

0.72 [0.29 - 1.78]
1

0.28 [0.09 - 0.87]*
1

0.29 [0.09 - 8.3]*
1

0.3 [0.08 - 1.17]
1

1.07 [0.49 - 2.35]
1

Category
Carrier
Control

6.76 [2.55 - 17.9]#
1

6.82 [2.13 - 21.9]#
1

8.48 [2.75 - 26.15]#
1

8.15 [2.19 - 30.27]#
1

6.07 [2.84 - 12.95]#
1

Education
Primaire-Secondaire
Diploma

0.53 [0.22 - 1.3]
1

0.69 [0.23 - 2.01]
1

0.74 [0.26 - 2.07]
1

0.31 [0.09 - 1]
1

0.77 [0.38 - 1.55]
1

Variable

*Notes: &, adjusted odds ratio; IC, confidence interval; *, the value of p adjusted less than 0.05; #, p Value Adjusted less than 0.001.

3.4. Correlation Test
In Table 4, a correlation has been found between each of the 2 parameters cardio-respiratory (DEP, SBP) and the profession carriers of sand. In effect, a correlation has been
found between the DEP and tobacco. The seniority has been correlated with the peak
expiratory flow rate and systolic blood pressure. Concerning alcohol and tobacco, a
correlation has been found with the diastolic blood pressure (p < 0.05).

4. Discussion
The professional environment of the Sands carriers is the same as that of the quarries of
the sands or stones characterized by the presence of a large quantity of dust containing
silica free. This study finds that 100% of workers have not of material for personal protection and do not use some means or strategies for the prevention of silico-tuberculosis and other respiratory problems in the exercise of their profession. Our finding is not
different from that fact by Aliyu [14] in the north of Nigeria and by Yadav [15] to India
in the careers of the stones. The lack of use of the materials and of the means of protection of our sands carriers could be at the bottom level of instruction. This is consistent
with the finding of Hentschel [16] which has found that most of the workers of the artisanal mining had not of education and had a level socio economic bottom.
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Table 4. Association between the characteristics of the carriers of sand and the respiratory parameter (peak flow) and the blood pressure
with the test of Pearson Correlation.
DEP

SBP

DBP

Ρ; [p-value]

Ρ; [p-value]

Ρ; [p-value]

Age
<40
˃41

0.04 [0.53]
1

0.04 [0.52]

−0.087[0.18]

Duration of work
≤10
˃10

−0.028 [0.67]
1

0.04 [0.51]

0.01 [0.88]

Age (years)
≤5
˃5

0.127 [0.05]
1

0.167 [0.01]

0.11 [0.08]

Tobacco
Yes
Non

0.47 [0.02]
1

0.08 [0.20]

−0.194 [0.003]

Alcohol
Yes
Non

0.173 [0.007]
1

0.08 [0.18]

−0.190 [0.003]

Category
Carrier
Control

0.219 [0.001]
1

0.069 [<0.0001]

0.025 [0.69]

Education
Primaire-Secondaire
Diplôma

0.04 [0.49]
1

0.03 [0.61]

−0.047 [0.466]

Variable

*Notes: p, correlation coefficient; PEFR, Peak Expiratory Flow; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Our study reveals that the carriers of sand handle on a daily basis, without rest, all
days during more than 10 hours of large quantities of sand without means of protection
is individual or collective. Our study has also found prevalence significantly elevated
respiratory symptoms among carriers by report to the non-exposed group. The respiratory symptoms collected by the examination revealed the presence of a large number
of complaints among carriers, and this in a meaningful way compared to the control
group, with a predominance of respiratory signs such as cough (52.5%), crisis of shortness of breath after effort (18.3%), the sputum each morning (35.0%), chronic bronchitis (12.5%), asthma (26.7%), rhinitis (62.5%), conjunctivitis (58.3%). In effect, our results are comparable to those found by other authors [17] [18] [19]. The prevalence of
shortness of breath after effort and wheezing was lower than in relation to the results of
the studies made by Abdel-Rasoul [20], Singh [21], Nurul [22] and Singh [23]. Our
survey shows a risk of chronic bronchitis manifest with a prevalence of 12.5%. This rate
is lower than that found by some authors [24] [25]. The prevalence of asthma found in
this work was to 26.7% among exposed, far exceeding that reported by Bonny [25] and
Chun-Yang [24]. Moreover, our study has registered 26.67% of respiratory abnormality
to the lung auscultation of the exposed subjects. This result is consistent with the respiratory symptoms found in this population. Currently, it is known that an exposure to
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dust cause of dermatitis and affects the health [26] of the population as well as of workers.
After adjustment for age and education in the model, our study found a strong association between the profession and respiratory symptoms such as: spit in the morning,
shortness of breath after effort, asthma, chronic bronchitis and rhinitis. In effect, the
unhealthy environment and poor conditions of work of carriers of sand could explain
this association. In our study, tobacco is strongly associated with spitting in the morning and to asthma. This is consistent with several studies which show that the use of
tobacco and/or drugs can have an aggravator effect on the respiratory pathologies of
subjects exposed to dust [27] [28]. This study involves a few weaknesses. The choice of
the control group may be questioned. Normally, the unexposed subjects should be selected in the same place of work that the exposed subjects. The effect of the inherent
healthy worker to the transverse epidemiological model constitutes a bias and another
weakness of our study. Because, it can also lead to under estimate in our study the prevalence of clinical symptoms and the importance of the occupational risk in general. It
is significant that these small businesses are known by the Congolese government to
apply the occupational medicine as well as the compliance with the standards required
in the Labor Code Congolese in the matter of exposure of occupational origin. The RD
Congo are struggling to reduce air pollution and do not have wide studies concerning
admissions to the hospital caused by atmospheric particles because the majority of the
population does not have access to the best health care. It will be essential to conduct
the cohort studies in the future.

5. Conclusion
This study reveals the poor conditions of work and the lack of protective equipment to
staff of the carriers of Congolese sands. In the majority of cases, the respiratory symptoms of carriers could be in direct relationship with their profession by report to the
control group. It is essential to develop a service of Medicine of work in order to ensure
a purely technical and medical environment considered truly at risk of breathing.
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