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Abstract

Background: Dust storms affect a wide range of arid or semi-arid countries every year and thus impose a threatening health risk
to the affected people whether young or old. Children are regarded as a high-risk group in public health concerns.

Objectives: The aim of this study was to evaluate the relationship between occurrence of dust storms on schoolchildren’s health
and school absenteeism.

Methods: The study was performed from October 2016 to June 2017 in Ahvaz. Fifty primary schools with 4200 pupils in total partic-
ipated in the study. Data was collected by a questionnaire.

Results: The highest number of absenteeism happened after the first dust storm with 885 absent students from a total of 3486
(25.36%), with mostly one day absence duration. The difference between absenteeism rates of boys and girls in different schools was
evaluated. The results showed a significant difference between boys and girls in both kinds of schools and amounts of absence days.
Conclusions: It can be concluded that dust storms and exposure to high levels of particulate matter can increase the frequency of
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respiratory symptoms and illnesses in schoolchildren and consequently more children cannot attend school.

1. Background

People become exposed to ambient air pollution ev-
ery day, no matter where they work or live. Moreover, the
extent of this exposure depends on many various factors
such as different kinds of air contaminant sources (station-
ary vs. mobile), topological condition, lifestyle etc. (1, 2).
But dust storms, free from many of these determining fac-
tors, affect a wide range of arid or semi-arid countries ev-
ery year and thus impose a threatening health risk to the
affected people whether young or old, living in urban or ru-
ral districts. In considering public health in different com-
munities, attention should be paid to the relation between
environmental exposure to pollutants and upcoming ad-
verse effectsand illnesses in children (3-6). Some studies re-
ported higher chance of exposure to environmental pollu-
tants in children than adults (7, 8). Children as a high-risk
group in public health concerns have specific and differ-
entbehavioral patterns beside more inhalation rate, which
increases the risk of being exposed to environmental con-
taminants such as precipitated particulate matter, which
remains after occurrence of dust storms (6). The scientific
interest regarding health effects of children’s exposure to
dust particulates especially after dust storms is a trending

field. Various researchers have reported a statistically sig-
nificant relationship between dust events and the resulted
exposure and mortality or hospitalization due to cardio-
vascular and respiratory diseases (9-15). Deserts such as the
Sahara desert in Africa, some parts of western China and
Arabian Peninsula are considered as three main sources
of mineral dust storms which are estimated to be origins
of dust storms affecting the world annually (16-18). Few
studies are conducted on the dust storms from the third
abovementioned source (19). Which reported the amount
of PM,, in Kuwait and Saudi Arabia to be up to 3000 mg/m?
(20). Ahvaz, the main city of Khuzestan province in south-
western Iran is located close to Kuwait, Iraq and Saudi Ara-
bia and thus is affected by dust storms which are origi-
nated in this part of the world. The other source of dust
storm in this part of Iran is local, mainly due to nearby
wetlands degradation as reported by Iran’s environmental
protection agency. In the last decade, several dusty days
have occurred and many people have suffered from the ad-
verse impacts. Sometimes in severe storms, the schools
were closed and the children were sent home in the pol-
luted air. These particulates affect the children’s fragile
health state and the more susceptible ones get sick and
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stay at home or even become hospitalized for some days,
and thus cannot attend their school routinely. School ab-
senteeism has been associated with children’s health is
some studies, e.g. asthma and respiratory infections are
the main causes of short-term absenteeism due to the chil-
dren’s illnesses (21-26).

2. Objectives

The aim of this study was to evaluate the relationship
between occurrence of dust storms on schoolchildren’s
health and school absenteeism.

3. Methods

This cross-sectional study was conducted from October
2016 to June 2017 in Ahvaz. Fifty primary schools (30 private
schools and 20 governmental schools) participated in the
study, ranging from 250 up to 1100 pupils in the schools, in
total, 4200 pupils (girls and boys) in first to sixth grade. A
questionnaire was designed to be sent the children’s par-
ents via social networks and was intended to be completed
after every dust storm. At the beginning, a meeting was
held with the schools principals and then with the volun-
teer parents who participated in the study. The question-
naire had four parts; the first part included demographic
information of the child (age, gender, weight, height, and
grade). The second part items included the child health
status, respiratory disease symptoms such as cough, fever,
asthma history, shortness of breath, headache, rhinorrhea,
vomiting, sneezing and fatigue. The third part contained
a question regarding a physician visit (yes or no) and last
part asked about school absenteeism (none, one day, two
days, three and more). The questionnaire was credited via
expert certification. The data was analyzed for descriptive
and analytical statistics (t-test, ANOVA), with SPSS software
version 17. P value was considered at < 0.05.

4. Results

Of the study population, 3486 participants (83%) com-
pleted and retuned the questionnaire after each dust
storm. Table 1 represents descriptive statistics of the
schoolchildren. Results of comparison between groups
showed no significant difference.

Table 2 shows detailed information on schoolchildren
absenteeism after occurrence of fifteen dust storms from
October 2016 to June 2017. The highest number of absen-
teeism happened after the first dust storm with 885 ab-
sent students from a total of 3486 (25.36%). With mostly

one day absence duration. Table 3 presents total absen-
teeism reported after fifteen dust storms in school days.
The t-test was performed in order to evaluate the differ-
ence between absenteeism rates of boys and girls in differ-
ent schools. The results showed a significant difference be-
tween boys and girls in both kinds of schools (P < 0.05).
In addition, one way ANOVA test revealed that number
of absence days was significantly different between four
groups (P < 0.05). Figure 1 illustrates the frequency of
symptoms in schoolchildren as reported by parents after
dust storms. The most frequent symptoms for both boys
and girls were cough with 85% and 94%, respectively. Also,
20% and 23% of girls and boys had a background history
of asthma. Further statistical analysis showed that these
children had longer absence duration with more frequent
respiratory symptoms. Physician visit was reported after
each dust storm by parents of at least one-third of chil-
dren. In each dust storm, PM;, concentration was 10 times
or higher above standard level (150 pg/m?).

5. Discussion

The question of whether dust storms have a notable
adverse impact on public health of the affected areas, es-
pecially on children is a trending field of study. The aim
of this study was to evaluate the relationship between oc-
currence of dust storms on schoolchildren’s health and
school absenteeism. In other words, to describe the symp-
toms and problems children suffer from after dust storms
in one of the most polluted cities of Iran, in event of these
storms, the particulate concentration were at least 10 fold
of the standard level and the situations were regarded as
extremely unhealthy. In a few similar studies, the reported
concentration of PM,, fraction of dust events was much
lower than this study (9, 10, 20). However, they reported
a significant increase a respiratory disease and cardiovas-
cular disease and mortality (9, 10, 20). Absenteeism due
to exposure to high concentrations of particulate matter
in the air was found to be a major problem which can af-
fect children school performance. The fact that exposure
to dust affects the children’s health to a level that they be-
come ill and cannot attend school routinely is an emerg-
ing concern for their parents. In some cases these concerns
have made the parents send the child to school even with
respiratory symptoms and fever so that the child would be
able to participate in school classes and again the child per-
formance will suffer. School absenteeism due to unhealthy
environmental conditions was evaluated in some studies
which mainly considered school building conditions and
its effects on children’s health and school attendance (1, 21,
23-26). It should be noted that in these studies the air pollu-
tant concentrations was below the standard level or mod-
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Table 1. Descriptive Statistics of Schoolchildren®

Governmental Schools

Private Schools

Variables PValue
Girls (N=936) Boys (N=900) Girls (N =815) Boys (N =835)
Age,y 97+38 9.6 £4.2 95136 9.7+ 41 0.543
Weight, kg 225+14.8 23.2416.2 234151 24+14.2 0.713
Height,cm 18.2 £ 22.2 120.1 £ 233 18.2 £ 21.9 121.4 4241 0.840
Values are expressed as mean =+ SD.
Table 2. Absenteeism Rates in Fifteen Dust Storms
Occurrence of Dust Storm
P Total
1 2 3 4 5 6 7 8 9 10 n 12 13 14 15
Governmental School
Girls,N=936
none 745 844 900 790 850 880 921 936 930 900 936 936 922 918 833 13241
lday 143 53 21 104 65 56 6 o 6 27 0 0 0 18 78 577
2days 40 32 7 30 21 0 0 0 0 9 0 0 10 0 10 159
2 3 days 8 7 8 12 0 0 9 o 0 0 0 0 4 0 15 63
Boys,N=900
none 775 846 890 878 876 890 900 900 897 900 889 900 890 890 867 13188
1 day 96 44 10 18 24 10 0 ) 2 0 n 0 10 8 20 253
2 days 19 7 [ 4 0 0 0 o 1 0 0 0 0 2 9 42
> 3days 10 3 o o o 0 o 0 o o 0 o 0 o 4 17
Private School
Girls, N =815
none 548 734 770 790 800 795 815 812 800 815 810 813 799 801 783 11685
1day 189 48 35 20 12 9 0 3 15 [ 5 2 16 10 3 377
2 days 56 23 6 5 3 6 0 ) 0 0 0 0 0 4 12 115
> 3days 22 10 4 o 0 5 o 0 o 0 0 0 0 o 7 48
Boys, N =835
none 533 755 790 800 800 806 830 835 820 835 818 835 801 810 786 11854
1day 202 53 36 25 23 24 5 0 3 0 15 0 23 15 35 469
2days 84 22 8 10 12 0 0 o 2 [ 0 0 1 5 8 162
> 3days 16 5 1 ] 0 3 0 0 ] o 2 0 0 [ 6 33
Table 3. Total Absenteeism Reported After 15 Dust Storms in School Days
Variables Number of Absenteeism PValue?
1Day 2 Days > 3Days
Governmental schools 0.001
Girls 577 159 63
Boys 253 42 17
Private schools 0.003
Girls 377 15 48
Boys 469 162 33
P value® 0.021 0.001 0.034

?t-test: to compare between boys and girls at each groups.
®ANOVA test.

erately higher than the standard level. According to the
findings of the present study, absence days of one day du-
ration were the most frequent; 18% of schoolchildren were
absent. On average five percent of children were absent,
this finding is similar to Simons et al. who assessed the rela-
tionship between school building conditions and student
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absenteeism in Upstate New York (1).

The most common diseases and symptoms during
dust storm days were respiratory conditions. This finding
is supported by Pan et al. who also reported higher fre-
quency of respiratory diseases and symptoms after stormy
days (27). The present study is unique in Iran, even though
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Figure 1. Frequency of symptoms in schoolchildren after dust storms

this country faces the problem of dust storms for at least
ten years. This study is valuable regarding the fact that par-
ent participation made it possible to gather the data. On
the other hand, this study had some limitations. Lack of na-
tional data banks on school absenteeism records and poor
school building conditions can be noted among many.

5.1. Conclusions

It can be concluded that dust storms and expo-
sure to high levels of particulate matter can increase
the frequency of respiratory symptoms and illnesses in
schoolchildren and consequently, more children cannot
attend school. It is suggested to evaluate the economic im-
pacts of occurrence dust storms in the affected areas.

Acknowledgments

The authors appreciate the honest participation of
schoolchildren’s parents and principals.

Footnotes

Authors’ Contribution: Concept, study design, data col-
lection, and manuscript writing: Leila Ebrahimi Ghavam
Abadi; concept, study design, data analysis, manuscript

writing and correction: Abbas Mohammadi; manuscript
revised: Behzad Fouladi Dehaghi.

Ethical Considerations: The participants in this study
gave voluntary informed consent to participate in this re-
search.

Funding/Support: The authors have not received any
funding to conduct this study.

References

1. Salthammer T, Uhde E, Schripp T, Schieweck A, Morawska L, Maza-
heri M, et al. Children’s well-being at schools: Impact of cli-
matic conditions and air pollution. Environ Int. 2016;94:196-210. doi:
10.1016/j.envint.2016.05.009. [PubMed: 27258661].

2. Lelieveld |, Evans JS, Fnais M, Giannadaki D, Pozzer A. The contribu-
tion of outdoor air pollution sources to premature mortality on a
global scale. Nature. 2015;525(7569):367-71. doi: 10.1038/nature15371.
[PubMed: 26381985].

3. Al-Daghri NM, Alokail MS, Abd-Alrahman SH, Draz HM, Yakout SM,
Clerici M. Polycyclic aromatic hydrocarbon exposure and pediatric
asthma in children: A case-control study. Environ Health. 2013;12:1.
doi: 10.1186/1476-069X-12-1. [PubMed: 23286340]. [PubMed Central:
PM(3621697].

4. Suk WA, Murray K, Avakian MD. Environmental hazards to chil-
dren’s health in the modern world. Mutat Res. 2003;544(2-3):235-42.
[PubMed: 14644325].

5. Suk WA, Ruchirawat KM, Balakrishnan K, Berger M, Carpenter
D, Damstra T, et al. Environmental threats to children’s health
in Southeast Asia and the Western Pacific. Environ Health Per-
spect. 2003;111(10):1340-7. doi: 10.1289/ehp.6059. [PubMed: 12896856].
[PubMed Central: PMC1241616].

Jundishapur ] Health Sci. 2019; 11(2):e79879.


http://dx.doi.org/10.1016/j.envint.2016.05.009
http://www.ncbi.nlm.nih.gov/pubmed/27258661
http://dx.doi.org/10.1038/nature15371
http://www.ncbi.nlm.nih.gov/pubmed/26381985
http://dx.doi.org/10.1186/1476-069X-12-1
http://www.ncbi.nlm.nih.gov/pubmed/23286340
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3621697
http://www.ncbi.nlm.nih.gov/pubmed/14644325
http://dx.doi.org/10.1289/ehp.6059
http://www.ncbi.nlm.nih.gov/pubmed/12896856
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1241616
http://jjhsci.com

Ebrahimi Ghavam Abadi L et al.

10.

1.

14.

16.

17.

. Ibrahimi Ghavam Abadi L, Fouladi Dehaghi B, Boazar M. Bioassay of

environmental exposure of children to polycyclic aromatic hydrocar-
bons using 1-hydroxypyrene. Jundishapur | Health Sci. 2015;7(2). doi:
10.5812/jjhs.7(2)2015.28162.

. Ruchirawat M, Navasumrit P, Settachan D, Tuntaviroon ], Buthbum-

rung N, Sharma S. Measurement of genotoxic air pollutant expo-
sures in street vendors and school children in and near Bangkok. Toxi-
col ApplPharmacol.2005;206(2):207-14.doi: 10.1016/j.taap.2004.11.025.
[PubMed: 15967210].

. Schwartz J. Air pollution and children’s health. Pediatrics. 2004;113(4

Suppl):1037-43. [PubMed: 15060197].

. Kwon H]J, Cho SH, Chun Y, Lagarde F, Pershagen G. Effects of the

Asian dust events on daily mortality in Seoul, Korea. Environ Res.
2002;90(1):1-5. [PubMed: 12359184].

Meng Z, Lu B. Dust events as a risk factor for daily hospitalization for
respiratory and cardiovascular diseases in Minqin, China. Atmos Env-
iron.2007;41(33):7048-58. doi: 10.1016/j.atmosenv.2007.05.006.

Perez L, Tobias A, Querol X, Kunzli N, Pey |, Alastuey A, et al.
Coarse particles from Saharan dust and daily mortality. Epidemiology.
2008;19(6):800-7. [PubMed: 18938653].

. Chan CC, Chuang K], Chen WJ, Chang WT, Lee CT, Peng CM. Increas-

ing cardiopulmonary emergency visits by long-range transported
Asian dust storms in Taiwan. Environ Res. 2008;106(3):393-400. doi:
10.1016/j.envres.2007.09.006. [PubMed: 17959168].

. Brunekreef B, Forsberg B. Epidemiological evidence of effects of

coarse airborne particles on health. Eur Respir J. 2005;26(2):309-18.
doi: 10.1183/09031936.05.00001805. [PubMed: 16055881].

Pope CA 3rd, Dockery DW. Health effects of fine particulate air pollu-
tion: Lines that connect. ] Air Waste Manag Assoc. 2006;56(6):709-42.
[PubMed: 16805397].

. World Health Organization. Air quality guidelines: Global update 2005.

Copenhagen: World Health Organization; 2006.

Wang X, Huang |, Ji M, Higuchi K. Variability of East Asia dust events
and their long-term trend. Atmos Environ. 2008;42(13):3156-65. doi:
10.1016/j.atmosenv.2007.07.046.

Zhang XX, Shi PJ, Liu LY, Tang Y, Cao HW, Zhang XN, et al. Ambient TSP
concentration and dustfall in major cities of China: Spatial distribu-

Jundishapur ] Health Sci. 2019; 11(2):€79879.

18.

20.

21

22.

23.

24.

25.

26.

27.

tion and temporal variability. Atmos Environ. 2010;44(13):1641-8. doi:
10.1016/j.atmosenv.2010.01.035.

Goudie AS, Middleton NJ. Saharan dust storms: Nature and con-
sequences. Earth Sci Rev. 2001;56(1-4):179-204. doi: 10.1016/s0012-
8252(01)00067-8.

. Leon JF, Legrand M. Mineral dust sources in the surroundings

of the north Indian Ocean. Geophysical Res Let. 2003;30(6). doi:
10.1029/2002g1016690.

Draxler RR, Gillette DA, Kirkpatrick JS, Heller J. Estimating PM10 air
concentrations from dust storms in Iraq, Kuwait and Saudi Arabia. At-
mos Environ. 2001;35(25):4315-30. doi: 10.1016/s1352-2310(01)00159-5.
Moonie S, Sterling DA, Figgs LW, Castro M. The relationship be-
tween school absence, academic performance, and asthma status.
J Sch Health. 2008;78(3):140-8. doi: 10.1111/j.1746-1561.2007.00276.X.
[PubMed: 18307609)].

van Gent R, van Essen LE, Rovers MM, Kimpen ]L, van der Ent CK,
de Meer G. Quality of life in children with undiagnosed and diag-
nosed asthma. Eur | Pediatr. 2007;166(8):843-8. doi: 10.1007/s00431-
006-0358-y. [PubMed: 17589815].

Diette GB, Markson L, Skinner EA, Nguyen TT, Algatt-Bergstrom P, Wu
AW. Nocturnal asthma in children affects school attendance, school
performance, and parents’ work attendance. Arch Pediatr Adolesc Med.
2000;154(9):923-8. [PubMed: 10980797].

Bonilla S, Kehl S, Kwong KY, Morphew T, Kachru R, Jones CA. School ab-
senteeism in children with asthma in a Los Angeles inner city school. ]
Pediatr. 2005;147(6):802-6. doi: 10.1016(j.jpeds.2005.06.041. [PubMed:
16356435].

Mendell M], Heath GA. Do indoor pollutants and thermal condi-
tions in schools influence student performance? A critical re-

view of the literature. Indoor Air. 2005;15(1):27-52. doi: 10.1111/j.1600-
0668.2004.00320.x. [PubMed: 15660567].

Henderson T, Hill C, Norton K. The connection between missing
school and health: A review of chronic absenteeism and student
health in oregon. Upstream Public Health. 2014.

Pan XC, Liu J. Study on health effects of dust storms in China. 22nd An-
nual Conference, Climate Change and Environmental Health. Seoul, Ko-
rea. 2010. p. $26-7.


http://dx.doi.org/10.5812/jjhs.7(2)2015.28162
http://dx.doi.org/10.1016/j.taap.2004.11.025
http://www.ncbi.nlm.nih.gov/pubmed/15967210
http://www.ncbi.nlm.nih.gov/pubmed/15060197
http://www.ncbi.nlm.nih.gov/pubmed/12359184
http://dx.doi.org/10.1016/j.atmosenv.2007.05.006
http://www.ncbi.nlm.nih.gov/pubmed/18938653
http://dx.doi.org/10.1016/j.envres.2007.09.006
http://www.ncbi.nlm.nih.gov/pubmed/17959168
http://dx.doi.org/10.1183/09031936.05.00001805
http://www.ncbi.nlm.nih.gov/pubmed/16055881
http://www.ncbi.nlm.nih.gov/pubmed/16805397
http://dx.doi.org/10.1016/j.atmosenv.2007.07.046
http://dx.doi.org/10.1016/j.atmosenv.2010.01.035
http://dx.doi.org/10.1016/s0012-8252(01)00067-8
http://dx.doi.org/10.1016/s0012-8252(01)00067-8
http://dx.doi.org/10.1029/2002gl016690
http://dx.doi.org/10.1016/s1352-2310(01)00159-5
http://dx.doi.org/10.1111/j.1746-1561.2007.00276.x
http://www.ncbi.nlm.nih.gov/pubmed/18307609
http://dx.doi.org/10.1007/s00431-006-0358-y
http://dx.doi.org/10.1007/s00431-006-0358-y
http://www.ncbi.nlm.nih.gov/pubmed/17589815
http://www.ncbi.nlm.nih.gov/pubmed/10980797
http://dx.doi.org/10.1016/j.jpeds.2005.06.041
http://www.ncbi.nlm.nih.gov/pubmed/16356435
http://dx.doi.org/10.1111/j.1600-0668.2004.00320.x
http://dx.doi.org/10.1111/j.1600-0668.2004.00320.x
http://www.ncbi.nlm.nih.gov/pubmed/15660567
http://jjhsci.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	4. Results
	Table 1
	Table 2
	Table 3
	Figure 1

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Ethical Considerations: 
	Funding/Support: 

	References

