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Abstract

Background: Oman is heading towards heavy industrialisation with rapid establishment of new industrial parks.
One of these, the Sohar Industrial Zone (SIZ) started to operate in 2006 and includes many industries that potentially
affect local air quality and the health status of its surrounding residents. The study aim was to assess the health effects
in a population of ≥20 years old, living in the residential area around the SIZ.

Methods: Area-specific health care visits data for acute respiratory diseases (ARD), asthma, conjunctivitis and dermatitis
were obtained for the period between January 1, 2006, and December 31, 2010. Exposure was defined as distance from
the SIZ to determine high, intermediate, and control exposure zones (≤5, >5–10, and ≥20 km from the SIZ respectively).
Generalized additive models were used to model age and gender adjusted monthly health events for the selected
diseases, adjusted for age and gender-specific population smoking prevalence. The high and intermediate exposure
zones were later combined in the models because of their similarity of effects. Exposure effect modification by age,
gender and socio-economic status (SES) were examined.

Results: Living within the high and intermediate exposure zones was associated with a greater risk ratio for ARD (RR:
2.02; 95 % CI: 1.88–2.17), asthma (RR: 3.61; 95 % CI: 2.96–4.41), conjunctivitis (RR: 2.83; 95 % CI: 2.47–3.24), and dermatitis
(RR: 2.11; 95 % CI: 1.86–2.39), compared to the control exposure zone. Greater exposure effects were observed amongst
ages ≥50 years and lower SES groups.

Conclusion: This is the first study carried out in Oman to assess the link between environmental exposure and health.
These findings hope to contribute to building up evidence for environmental health and sustainable development
policy in the country.

Keywords: Environmental Exposure [N06.850.460.350], Primary Health Care [N04.590.233.727], Respiratory Tract
Infections [C08.730], Hypersensitivity [C20.543]
Background
In the last few decades, the global trend for industrial
development has migrated from developed to the less
developed countries. As estimated by the World Bank,
developing countries have more than doubled their en-
ergy production and consumption during the period
from 1990–2011 compared to the developed countries
[1]. This shift in energy production accompanied by the
lack and inefficiency of environmental health policies, has
also contributed to the geographic shift of the burden of
environmentally related morbidities and mortalities [2]. A
recent report of the World Health Organisation (WHO)
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estimates 25 % of mortalities in developing countries are
environmentally related; this estimate is 17 % in developed
countries [3].
Oman, through reforms in social and economic policies,

which took place in the 1970s, started the development of
different societal sectors including industries. The country
has recently embraced a rapid industrialization trend to
enrich its economy and decrease its dependency in fossil
fuel [4]. As a result, many industrial parks including petro-
chemical industrial complexes were started in Oman, one
of which is the Sohar Industrial Zone (SIZ). This industrial
zone was established in 2006 and consists of two main in-
dustrial regions: Sohar Industrial Port (SIP) and Sohar In-
dustrial Estate (SIE). Covering an area of 2058 hectares,
SIP contains a wide range of petrochemical industries and
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an iron smelter. An oil refinery and a polypropylene plant
started to operate in 2006, subsequently followed by two
major industries: a power company and a methanol indus-
try in 2007. A formaldehyde plant and a urea industry were
established between 2008 and 2009; an iron smelter and
an aromatics plant were appended in 2010. New expan-
sions and developments will be established soon including
more heavy industries and an airport [5]. SIE, which was
built on 2100 hectares, is situated five kilometers south-
west of SIP. Besides other complementary industries,
Sohar Aluminium which started in 2008, is the most im-
portant industry in SIE for its size of investment [6]. Such
industries potentially emit air pollutants and many envir-
onmental toxins such as sulphur dioxide (SO2), nitric ox-
ides (NOx) and volatile organic compounds (VOC) [7].
Consistent epidemiological evidence elsewhere shows

adverse health effects of air pollution, including in-
creases in morbidity and mortality from respiratory and
cardiovascular causes [8]. Several studies have also
shown that there is a link between living near industrial
complexes and occurrence of adverse health outcomes
[9–11]. SIZ is situated near a heavily populated area,
raising great concerns for community adverse health ef-
fects of its surrounding residents. Only two studies have
assessed the environmental effect of SIZ in their sur-
rounding area, suggesting adverse environmental condi-
tions [12, 13]; one of these studies was conducted before
the start of intensive industrial establishments in the
area [13]. There has been no study of the health impacts
of this industrial development, and more generally, in
other similar developments in Oman. Hence, the aim of
this study was to evaluate the acute health effects in an
adult population living near the Sohar Industrial Zone.

Methods
Health and population data
As SIZ is situated between Liwa and Sohar provinces,
health data on primary, secondary and tertiary care visits
of the local population aged ≥20 years old were obtained
from the Omani Ministry of Health (MoH). Data were
gathered from the national Al-Shifa electronic health re-
cording system from eight state health institutions in
these provinces, for the period of January 1, 2006, and
December 31, 2010. Along with Sohar city, the capital of
Sohar province, this data represented a total of 59 vil-
lages. Data from private institutions were not available
on this electronic system. The information obtained for
each patient visit included: patient’s consultation date,
unique identification number, date of birth, village,
health institution, and diagnosis determined by the
International Classification of Diseases 10Th Revision
(ICD-10 code). Ethical approval for the study was ob-
tained from the Omani MoH and Brunel University
Ethics Committee.
Based on previous evidence on the effects of air pollu-
tion on morbidity outcomes and availability of data, we
selected to study respiratory and allergic diseases.
Diseases of the respiratory system included: acute re-

spiratory diseases (ARD) defined as upper (ICD-10: J0-
J06), other acute lower respiratory infections (ICD-10:
J20-J22), and pneumonia (ICD-10: J12-J18); and asthma
(ICD-10: J45 and J46). Allergic diseases included disor-
ders of the conjunctiva (ICD-10: H10-H13), and derma-
titis - including eczema (ICD-10: L20-L30 and ICD-10:
L50-L54, respectively). Due to the small number of visits
for cardiovascular diseases, stroke and chronic obstruct-
ive pulmonary disease, data were insufficient for the ana-
lysis. The low number of these diseases, which mostly
affect the ≥60 years old age group, potentially reflects
the fact that the Omani population is young, with only
4.3 % of the population aged over 60 years [14].
Demographic data for area-specific population by age

and gender, educational and occupational statuses were
obtained from the Omani national census of 2010. The
area-specific population was used as an offset for the
models. Education and occupational status were used
to construct the socio-economic status (SES) indicators
for each village. Age and gender-specific smoking preva-
lence data were derived from a study done by Al Riyami
et al. [15], and the Global Youth Tobacco Survey (GYTS-
Oman) [16]. Meteorological data such as daily wind speed,
wind prevailing direction and temperature were obtained
from the Omani Department of Meteorology for the
period of January 1, 2006, and December 31, 2010.

Definition of the events
To assess health effects of living in proximity to SIZ,
two case definitions were used for each of the selected
diseases: incidence (new) and follow-up cases. Previous
epidemiological studies examining respiratory morbidity
in adults define a new case and duration of ARD differ-
ently. While some studies defined the new event as a pa-
tient coming after one disease-free day [17], others
defined this duration as 3 days [18], one week [19] and
1 month [20]. Several published studies considered a
new asthmatic attack as an attack occurring after 1 year
from the previous one [21]. However, Eisner et al. de-
fined this period as one-month free attack in studying
the effects of passive smoking on adult asthma [22]. Pre-
vious clinical and epidemiological definitions of a new
case of allergic disease vary from 10 days [23] up to
1 year [24]. Using this previous epidemiological evi-
dence, we defined a new case as any unique patient visit
occurring 1 month after the first visit, including this first
visit, for all disease definitions. The use of the one-
month lag between visits to define new cases in our
study also ensured sufficient number of events to im-
prove the study efficiency, and decrease the possibility of
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counting follow-up visits as new events. Follow-up visits
were defined as any patient’s visit occurring within the
one-month period, between two new events.

Exposure classification
Due to lack of air pollution monitoring or measurements
in the area, we employed a proximity method to classify
the exposure of the villages around SIZ. Villages were
classified according to their distance from the source of
pollution. The oil refinery was used as a landmark
source from which to estimate the distance, determined
by this industry being the main source of exposure in
SIZ and its early operation date. The proximity ap-
proach is widely used in many influential environmen-
tal epidemiology studies [10, 11, 25–29]. In addition,
this method is used frequently in many environmental
investigation studies such as in the environmental im-
pact assessment and environmental justice studies [30].
For example, the United States Environmental Protection
Agency (US EPA) has used this approach in its environ-
mental risk assessment framework [31].
To determine the most appropriate definition of the

minimum distance for exposure, we used previously
published evidence. In several epidemiologic studies, the
designation of the minimum proximity distance for ex-
posure classification was mostly arbitrary [26, 32, 33].
However, one study defined the distance depending on
residents’ odor complaints [27], while others defined it
by using environmental sampling [34, 35]. The threshold
distance used in the studies assessing the effects of
petrochemical industrial complex ranged from 3 km [10]
to 20 km [11], whereas two studies used a 20 km dis-
tance for the metal smelters [27, 32]. We also reviewed
several examples of international housing policies, which
determined the minimal safe distance for residences
from such industrial areas as >2 km (Additional file 1).
Based on the above discussion and to increase the

power of the study, an incremental distance of 5 km
from the refinery was chosen to determine exposure
zones. We defined four exposure zones: high, for those liv-
ing within ≤5 km; intermediate, living within >5–10 km;
and control exposure zone, as living ≥20 km from the
refinery. No villages were located between 10 and
20 km from the refinery; hence, this distance was not
represented in the analyses. This study only included
data from state health institutions, likely contributing
to relatively smaller number of cases from Sohar city.
The latest statistics from MoH revealed that out of the
fifty-one private health clinics found in the studied
area, 48 (94 %) of these clinics are located in Sohar city,
including 20 medium size health complexes and two
private hospitals [36]. In contrast, the three remaining
private clinics, which were located in other zones,
comprised of only one medium sized and two small
private clinics. Hence, to ensure minimal contribution
of selection bias, Sohar city was excluded from the ana-
lyses (Fig. 1).
To validate the proximity approach-based exposure

classification, we constructed monthly wind roses of the
area for the entire study period. The wind pointed to the
west in the summer and in September, to the northeast,
and towards the seaside in November and in winter, and
had no major direction in spring and in October (Fig. 1).
This indicated a possible similarity in the pollutant pat-
terns between the high and intermediate exposure zones
during the summer and the month of September.
Also, to verify our exposure classification distances, we

carried out dispersion modeling using limited emission
data for SO2. SO2 emission data were obtainable for the
oil refinery for only the first 15 days of June 2008. To run
the dispersion model, two main sets of data were needed:
the SO2 emission data, obtained from AbdulWahab et al.
[37], and meteorological data produced using the high-
resolution Meteorological Mesoscale Model (MM5) and
terrain data [38]. Dispersion model predicted SO2 concen-
tration showed a relative two to four times change for dis-
tances from 5 to 10 km, supporting our 5 km incremental
distances used to define exposure zones.
Statistical analysis
Monthly health care visits were modeled using a gener-
alized additive model (GAM) in R software. Modeling
diagnostics, including Akaike’s Information Criterion,
over-dispersion, and influence graphs suggested the use
of a negative binomial distribution to count for data
over-dispersion. Time, as month number, was defined as
a continuous variable and smoothing functions were ap-
plied to capture underlying non-linear seasonal and
longer-term trends of the selected diseases. Positive
autocorrelation was detected in the data and was con-
trolled by an autocorrelation structure of order 1
(corAR1). Exposure zones (with control zone as a refer-
ence), age category (≥20–49, ≥50 years old) and gender
were all coded as factors in the model. The logarithm of
gender and age group-specific population data were
added as an offset in the model.
Smoking was not equally distributed in the study

population. Latest statistics in Oman show that the average
smoking prevalence amongst males was 13 %; this was
only 0.8 % amongst the females [15, 16]. Because of the
large difference of smoking prevalence between gender
groups in our study population, smoking was con-
trolled for in the analyses. Other potential confounders
including daily temperature, season, and individual
year, were statistically tested and found not to change
the exposure-response estimate by more than 10 %,
thus not considered further. The use of time smoothing



Fig. 1 Exposure classification of the study area*. * The prevailing wind direction is illustrated by wind roses with the corresponding direction. The
approximate location of the villages is illustrated. SIP: Sohar Industrial port; SIE: Sohar Industrial Estate. Villages are only located north to SIE
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function in the model potentially controlled for other
time-varying confounders.
Risk ratios (RR) for the different exposure zones were cal-

culated as [exp(β1)] and the 95 % confidence interval (CI)
levels were calculated using the formula: exp (β1±1.96 X SE).
All statistical analyses were conducted using R soft-

ware version 3.1.2. Modeling was carried out using the
GAM function (mgcv and MASS).
Because of the similarities of the RR between the high

and intermediate exposure zones, we carried out further
analysis combining these two exposure zones. The feasi-
bility of this combination was also suggested by the simi-
lar distributions of pollutant dispersion observed by
wind roses and dispersion model.
Sensitivity analysis
To ensure that our models were capturing exposure ef-
fects, we carried out additional analyses for follow-up
visits of ARD, asthma, all musculoskeletal diseases (MS),
and gastrointestinal diseases (GID). The latter two
diseases are not evidenced to be affected by air pollution.
Monthly follow-up visits of MS and GID were modeled
using the same model structure as for other disease defi-
nitions, but with the total exposure zone population as
an offset due to lack of age and gender-specific informa-
tion for these groups.
We assessed for effect modification by gender, and cat-

egories of age and indices of SES. Models were stratified
by gender, and age in two categories: ≥20–49 and ≥50 years
old. Indices of SES were available for all the villages in the
study. We used the percentages of the population with ‘no
education’, ‘high education’ and ‘employment’ in each vil-
lage to determine SES. The ‘high education’ percentage
was defined as the proportion of individuals in each village
that had received a bachelor degree and above. Two levels
of SES were then defined by stratifying the ‘no education’,
‘high education’ and ‘employment’ proportion distribu-
tions across all villages into two equal strata: ≤, and >50 %.
Results
During the study period, the total number of visits for
the selected diseases was 74,047. The total population-
at-risk was 27,688 (Table 1). Table 1 also shows the
greater number of males in the population of age



Table 1 Descriptive characteristics of the studied population including the total population-at-risk in the exposure zones and the
total number of monthly events, classified by age group and gender

Study population Age Category Gender Exposure Zone

High Intermediate Control

Total population at risk (%)a ≥20–49 years F 3239 (26.7) 3159 (35.2) 2076 (31.5)

M 7607 (62.7) 4498 (50.2) 3233 (49.0)

≥50 years F 576 (4.7) 598 (6.7) 616 (9.3)

M 705 (5.8) 712 (7.9) 669 (10.1)

Socio-economic indicatorsb Mean ‘no education’% (SD) 66.8 (21.3) 52.9 (4.5) 47.6 (9.7)

Mean ‘high educationc ’% (SD) 1.7 (2.3) 3.8 (2.4) 10.4 (13.7)

Mean ‘employment’% (SD) 83.4 (10.2) 76.4 (3.1) 67.7 (11.3)

ARDd monthly visits (%) ≥20–49 years F 11,814 (42.9) 8892 (40.5) 3595 (39.3)

M 9980 (36.3) 9116 (41.5) 3354 (36.7)

≥50 years F 2830 (10.3) 1802 (8.2) 1160 (12.7)

M 2889 (10.5) 2146 (9.8) 1035 (11.3)

Conjunctivitis monthly visits (%) ≥20–49 years F 869 (30.5) 840 (32.7) 275 (31.8)

M 981 (34.5) 974 (37.9) 256 (29.6)

≥50 years F 415 (14.6) 314 (12.2) 155 (17.9)

M 581 (20.4) 439 (17.1) 179 (20.7)

Dermatitis monthly visits (%) ≥20–49 years F 1105 (39.0) 665 (31.0) 404 (41.5)

M 963 (34.0) 965 (45.0) 260 (26.7)

≥50 years F 333 (11.8) 196 (9.1) 118 (12.1)

M 433 (15.3) 320 (14.9) 191 (19.6)

Asthma monthly visits (%) ≥20–49 years F 461 (33.9) 502 (35.2) 106 (25.4)

M 246 (18.1) 271 (19.0) 122 (29.3)

≥50 years F 223 (16.4) 216 (15.1) 98 (23.5)

M 430 (31.6) 437 (30.6) 91 (21.8)
aPercentage to the total counts in the exposure zone. bShowing the mean percentage of SES category for the villages of each exposure zone with the standard
deviation. cHigh education: individuals with bachelor degree and above. dAcute respiratory Diseases
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groups ≥20–49 years old. This was more evident in the
high exposure zone. However, for each exposure zone,
the proportion of the event counts for males and fe-
males were comparable. A noticeable small percentage
of event counts occurred in the ≥50 year old group in
all exposure zones, except for asthma.
Figure 2 shows the monthly event counts of ARD,

asthma, conjunctivitis, and dermatitis with clear seasonal
variability. For ARD, more monthly event counts were
noted in autumn and winter, whereas for dermatitis and
conjunctivitis these events were higher in spring and
summer.
In Table 2, associations for all disease events and ex-

posure definitions are presented. The results show
around two folds greater effects for all diseases in the
high and intermediate exposure zones when compared
to the control exposure zone. This similarity in the
trend suggested the feasibility of combining the two
zones into one exposure zone of ≤10 km radius from
the refinery.
Table 3 shows the RR in the combined exposure zone
when compared to the control zone, overall and stratified
by gender and age groups. Positive associations were
found for all selected diseases in the combined exposure
zone. Stratifying the data by age category showed around
30 % change in the effects amongst ages ≥50 years, com-
pared to the ≥20–49 years old age group for ARD and
asthma. We found no differences in the effects by gender.
Table 4 shows the results of exposure-ARD visits as-

sociations by categories of SES indices. A 30 % greater
effect was observed for villages with lower proportions
of ‘high education’ and ‘employment’.
Results of the model analyses for associations of the

monthly follow-ups for ARD, asthma, MS and GID are
given in Table 5. Excess risk was observed for follow-up
frequencies in the combined exposure zones when com-
pared to the control zone for ARD and asthma. These
effects were comparable to the associations for ‘new
events’. We did not observe any association between ex-
posure and MS and GID follow-up counts.



Fig. 2 Monthly event counts of acute respiratory diseases, asthma, conjunctivitis and dermatitis*. *Monthly events for each selected cause were
summed for all exposure zones and plotted against the date of visit
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Discussion
This study was carried out to examine the acute health
impacts in adults living near a major industrial park in
Oman. After adjusting for age, gender, time trend and
smoking prevalence, findings suggested that living closer
to the industrial park increased the risk of health care
visits from acute respiratory tract diseases, asthma, con-
junctivitis and dermatitis two to three folds when
Table 2 Multivariate Analysisa of acute respiratory diseases,
asthma, conjunctivitis and dermatitis incidenceb. Comparison
between the high and intermediate exposure groups

Studied disease High Exposure
Zone RR (95 % CI)

Intermediate
Exposure Zone
RR (95 % CI)

ARD 2.30 (2.11–2.52) 1.83 (1.67–2.00)

Asthma 3.46 (2.80–4.29) 3.76 (3.04–4.66)

Conjunctivitis 2.92 (2.52–3.38) 2.50 (2.15–2.89)

Dermatitis 2.27 (1.97–2.62) 1.75 (1.52–2.03)
aAdjusted for time trend and smoking prevalence
bAge and gender standardized according to census population figures
for 2010
RR, risk ratio; CI, confidence interval; ARD, acute respiratory diseases
compared to the control zone. The use of non-
parametric time-series models allowed for the adjust-
ment of temporal changes such as seasonal, long, and
short-term variations of events in the classified area.
In our study, we did not have any air quality data for the

study area or any information on the actual emissions of
the industries that would enable us to construct full disper-
sion models. This led us to use the proximity to source
method to classify exposure for the population living
around SIZ. The proximity approach has been utilized fre-
quently in many influential epidemiological and public
health studies, particularly in the assessment of health ef-
fects around petrochemical industrial complexes [10, 11]
and heavy metal smelters [32, 39]. In addition, the approach
has been used by governmental environmental protection
bodies in their policies, such as the US EPA [31] and the
United Kingdom’s Health and Safety Executive [40].
Because this method is easy, quick and economic, it is used
frequently to assess health effects from industrial chemical
spillages [41] and environmental justice studies [42].
The combination of the two exposure zones into one

zone of ≤10 km suggested the widespread health effects



Table 3 Multivariate Analysisa of acute respiratory diseases,
asthma, conjunctivitis and dermatitis incidenceb. Results are also
stratified by age category and gender

Stratification Combinedc RR (95 % CI)

ARD

Overall 2.01 (1.87–2.17)

Males 1.86 (1.70–2.05)

Females 2.02 (1.84–2.21)

≥20–49 years 1.75 (1.61–1.90)

≥50 years 2.27 (2.07–2.49)

Asthma

Overall 3.60 (2.95–4.40)

Males 2.47 (2.01–3.04)

Females 2.85 (2.34–3.46)

≥20–49 years 1.93 (1.58–2.35)

≥50 years 3.73 (3.01–4.63)

Conjunctivitis

Overall 2.82 (2.46–3.23)

Males 2.49 (2.17–2.87)

Females 2.37 (2.05–2.73)

≥20–49 years 2.22 (1.95–2.52)

≥50 years 2.73 (2.34–3.18)

Dermatitis

Overall 2.09 (1.84–2.38)

Males 2.06 (1.78–2.39)

Females 1.79 (1.55–2.08)

≥20–49 years 1.78 (1.55–2.04)

≥50 years 2.18 (1.85–2.56)
aAdjusted for time trend and smoking prevalence
bAge and gender standardized according to census population figures
for 2010
cIncluding high and intermediate exposure zones, control exposure zone
as reference
RR risk ratio; CI confidence interval; ARD acute respiratory diseases

Table 4 Multivariate Analysisa of acute respiratory diseaseb.
Classification by three SES parameters

SES classification RRc (95 % CI)

≤50 % ‘no education’ strata 1.90 (1.80–2.01)

>50 % ‘no education’ strata 2.11 (1.95–2.28)

≤50 % ‘high education’ strata 2.21 (2.06–2.38)

>50 % ‘high education’ strata 1.73 (1.63–1.84)

≤50 % ‘employment’ strata 2.33 (2.20–2.48)

>50 % ‘employment’ strata 1.62 (1.51–1.73)
aAdjusted for time trend and smoking prevalence
bAge and gender standardized according to census population figures
for 2010
cRisk ratio of combined exposure zones in reference to control exposure zone
RR risk ratio; CI confidence interval

Table 5 Multivariate Analysisa of acute respiratory diseases,
asthma, MS and GID follow-upb frequenciesc

Combinedd RR (95 % CI)

ARD 1.74 (1.52–1.98)

Asthma 2.23 (1.92–2.60)

MS 0.94 (0.86–1.02)

GID 0.94 (0.84–1.04)
aAdjusted for time trend and smoking prevalence
bFollow-ups were defined as any patient’s visit to the doctor occurring within
the defined period for the ‘new event’ definition
cCrude exposure zone population was used as the model offset according to
census population figures for 2010
dIncluding high and intermediate exposure zones, control exposure zone
as reference
RR, risk ratio; CI, confidence interval; ARD, acute respiratory diseases; MS, All
musculoskeletal diseases; GID, Gastrointestinal diseases
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of the industrial park. This extent of health effects is pos-
sibly due to the unfavorable geography of the area, also
noted in a recent meteorological study by Al-Khadouri
et al. [43]. The authors showed that the air quality in SIZ
is prone to stagnation and recirculation, with no single
episode of ventilation. These characteristics facilitate a
stagnant pollutant mass in the area that was shown, by
numerical simulation, to reach >10 km inland.
Supporting our study results, epidemiological studies

have shown that living near a petrochemical complex is
associated with around two folds increase in acute irri-
tant symptoms of the respiratory tract and eye, and
asthma [44–46]. A study in China showed that persist-
ent toxic substances from these industries have doubled
the risk of developing dermatitis in people living in
proximity [47]. According to a Brazilian study, living
near aluminium smelters has been associated with four
folds increase respiratory disease admissions [48],
whereas a Canadian study showed that living near iron
smelters has been associated with acutely declining
lung functions [49].
Petrochemical industrial complexes, like in SIZ, are

sources of SO2, NOx and VOC [7]. These gases are
shown to cause acute irritant effects of the lining of the
respiratory tracts eyes and the skin [50]. The aluminum
smelter potentially emits many hazardous chemicals to
the atmosphere such as aluminum compounds, SO2 and
fluoride compounds; iron smelters emit SO2, NOx and
heavy metals [7].
In our study, living within proximity of exposure

source showed a greater risk of ARD and asthma
amongst the ≥50 years old age group, and this finding
may suggest increased vulnerability amongst the older
age group [51]. The gender stratified exposure-disease
associations, specifically for asthma and conjunctivitis,
did not correspond to the overall RR. One explanation is
the unequal distribution of smoking prevalence amongst
these two groups in Oman [15, 16]. The effect of the un-
equal smoking prevalence between the gender groups
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was also verified after performing another modeling ex-
cluding the smoking prevalence which showed corre-
sponding gender stratified exposure-disease associations
with the overall RR (Additional file 2).
Some suggestion of unequal effects by SES group was

observed, with disadvantaged showing greater effects of
living in proximity to exposure source for events of ARD
and asthma. This is potentially due to other unfavorable
circumstances associated with disadvantaged SES such
as general health habits (smoking and alcohol drinking),
occupational and other environmental factors including
disadvantaged air quality due to living near industrial
sources [52].
To ensure that we were adequately capturing exposure

effects, we compared the follow-up frequencies of the
ARD, asthma, MS and GID. Unlike the effects in the
ARD and asthma, which showed increased risks associ-
ated with exposure, the associations for MS and GID
suggested no differences in the follow-up frequency be-
tween exposure zones. Hence, this confirmed that our
exposure assessment approach could differentiate expos-
ure effects.
The results showed that the number of young males

(≥20–49 year old) was greater compared to the young
females. This disproportionate gender distribution in the
area was also observed for the entire Omani population
pyramid, using census 2010. This phenomenon could
be explained by the high number of working male ex-
patriates in this age group as evident by the Omani
population pyramid, also supported by higher relative
proportions of young males in exposure zones com-
pared to control zone.
Few limitations of this study need discussion. First, the

use of a proximity method for exposure classification is
subject to misclassification bias. This bias arises when
there is uncertainty in the outline of the limit of expos-
ure zones, as pollutants do not respect boundaries [53].
Therefore, villages within each exposure zone may ex-
perience heterogeneity in exposure levels. However, in
our exposure classification, we used previous evidence
from epidemiological and policy studies [10, 11] which
supported the incremental distance used here. Addition-
ally, analyses of wind roses and dispersion model con-
firmed the validity of the selected distances and have
contributed to minimize this bias. Second, morbidity
data likely have a less complete representation of the
disease in a specific area, unlike the self-defining mortal-
ity data. This is because morbidity data rely on patient’s
threshold to seek medical help from the primary health
care centers; this threshold is determined by the patient,
his family, and the surrounding society’s perception and
attitude to the disease, and accessibility to health institu-
tions [54]. While more perceptive factors could not be
factored in this study, the uniform distribution of the
health institutions in the area ensured an easy access to
health care providers for the population under study.
Third, only the state-related and not the private health
institutions were considered in this study, which might
introduce a selection bias. However, the low number of
private clinics in the exposure zones, after excluding
Sohar city from the analyses, minimized the occurrence
of this bias. Last, morbidity data can be affected by the
method used to distinguish between the new cases from
the follow-ups. The definitions used in our study were
determined based on previously tested comprehensive
clinical and epidemiological definitions.
Our study is the first environmental epidemiologic

study carried out in Oman, which investigates the health
impacts of the country’s rapid industrial development.
Our findings suggest that the inevitable economic
growth and rapid industrial development of Oman
could, potentially, have adverse population health effects.
This would signify the need for a more sustainable de-
velopment in the country by implementing a powerful
environmental health system to balance this rapid devel-
opment. The necessity for an environmentally and so-
cially sustainable development is being recognised in
many rapidly developing economies around the world.
For example, China has suffered tremendously from air
pollution with an estimated 2.3 billion dollars annual
loss due to morbidities and mortalities related to air
pollution [55]. This triggered the Chinese government to
implement more policies regarding environmental health.
In 2004, the WHO has estimated that the burden of envir-
onmental diseases in Oman was about 17 % of the total
burden of diseases [56]; this estimate will likely increase in
relation to prospective planned industrial developments
and urbanization trends in the country. Hence, it is essen-
tial that future policies should consider improvements of
public and environmental health system and tracking,
along with industrial development.
Conclusion
This study suggested an increase in adverse acute health
effects in an adult population living near the newly de-
veloped Sohar industrial zone. As this is the first envir-
onmental epidemiologic study carried out in Oman, we
hope that these findings will contribute to increasing
awareness and further research on environmental health
issues. These findings will hopefully encourage the initi-
ation of preventive actions and public health interven-
tion programs in the country.
Availability of supporting data
Health data are available from the Omani Ministry of Health
only after Institutional Data Access/Ethics Committee for



Al-Wahaibi and Zeka BMC Public Health  (2015) 15:524 Page 9 of 10
researchers who meet the criteria for access to confi-
dential data.

Additional files

Additional file 1: Examples of international housing policies for the
minimum acceptable distance from industry to residential areas.

Additional file 2: A table of Multivariate Analysis of asthma and
conjunctivitis incidence adjusted for time trend but not for smoking
prevalence.

Abbreviations
ARD: Acute respiratory disease; CALPUFF: California Puff; CI: Confidence
interval; GAM: Generalized additive model; GID: Gastrointestinal diseases;
ICD-10 code: International Classification of Diseases 10th Revision;
MoH: Ministry of Health; MM5: Meteorologic Mesoscale Model; MS: All
musculoskeletal diseases; NB: negative binomial distribution; NOx: nitric
oxides; RR: Risk ratios; SES: Socio-economic status; SIE: Sohar Industrial
Estate; SIP: Sohar Industrial Port; SO2: Sulphur dioxide; SIZ: Sohar Industrial
Zone; US EPA: United States Environmental Protection Agency;
WHO: World Health Organisation..

Competing interests
The author(s) declare that they have no competing interests.

Authors’ contributions
Al-Wahaibi, A: carried out literature review, data collection, design
methodology, analysis and paper drafting. Zeka, A: supervised and made
substantial contributions to the design of the study, analysis, drafting the
paper and revising it critically. All authors read and approved the final
manuscript.

Acknowledgements
The authors wish to thank the considerable contributions from Dr Salim
Al-Wahaibi and Dr Hamad Al-Adawi for their help in health data acquisition.
The authors also wish to thank Prof. Sabah Ahmed Abdul-Wahab
Al-Sulaiman (Sultan Qaboos University, Oman) and Joseph S. Scire
(exponent®) for their assistance with the CALPUFF model.

Received: 7 March 2015 Accepted: 22 May 2015

References
1. World Development Indicators. The World Bank. 2014. http://data.

worldbank.org/sites/default/files/wdi-2014-book.pdf. Accessed 15 Jan 2014.
2. Pearce N. Traditional epidemiology, modern epidemiology, and public

health. Am J Public Health. 1996;86:678–83.
3. Prüss-Üstün A, Corvalán C: Preventing disease through healthy environments.

World Health Organization. 2006. http://www.who.int/quantifying_ehimpacts/
publications/preventingdisease/en/. Accessed 15 Sep 2014.

4. Investments Touch R0 4.6 Bn In Oman [http://main.omanobserver.om/?p=97252]
5. Sohar Port and Freezone - Overview [http://www.soharportandfreezone.com/

en/about/overview]
6. Company Profile - Sohar Aluminium [http://www.sohar-aluminium.com/en/

content/company-profile]
7. Nielsen OK: EMEP/EEA Air Pollutant Emission Inventory Guidebook. 2013

edition. Luxembourg: European Environment Agency; 2013:2036.
8. Dockery DW, Pope CA. Acute respiratory effects of particulate air pollution.

Annu Rev Public Health. 1994;15:107–32.
9. Mudu P, Terracini B, Martuzzi M: Human health in areas with industrial

contamination (Eng). Copenhagen, Denmark: WHO Regional Office for
Europe; 2014:1–380

10. Yang CY, Chang CC, Chuang HY, Ho CK, Wu TN, Chang PY. Increased risk of
preterm delivery among people living near the three oil refineries in
Taiwan. Environ Int. 2004;30:337–42.

11. Bentov Y, Kordysh E, Hershkovitz R, Belmaker I, Polyakov M, Bilenko N, et al.
Major congenital malformations and residential proximity to a regional
industrial park including a national toxic waste site: an ecological study.
Environ Health. 2006;5:8.
12. Al-Shuely WM, Ibrahim ZZ, Sulaiman WN, Yaziz MI. Characterization of
beach sedimentary environments in the Batinah region, Oman. J Environ Sci
Technol. 2010;3:89–100.

13. Abdul-Wahab SA, Yaghi B. Total suspended dust and heavy metal levels
emitted from a workplace compared with nearby residential houses. Atmos
Environ. 2004;38:745–50.

14. NCSI: Population and Housing. Statistical Year Book. Muscat, Oman: National
Center for Statistics and Information (NCSI); 2013:1–17.

15. Riyami Al AA, Afifi M. Smoking in Oman: prevalence and characteristics of
smokers. East Mediterr Health J. 2004;10:600–9.

16. El-aziz SAHA, Al-Lawati JAJ, Shuaili Al ISM. Global Youth Tobacco Survey
(GYTS). Muscat, Sultanate of Oman: Ministry of Health; 2007.

17. Ostro BD, Lipsett MJ, Mann JK, Krupnick A, Harrington W. Air pollution and
respiratory morbidity among adults in Southern California. Am J Epidemiol.
1993;137:691–700.

18. Graham NM, Douglas RM, Ryan P. Stress and acute respiratory infection.
Am J Epidemiol. 1986;124:389–401.

19. Ezzati M, Kammen DM. Quantifying the effects of exposure to indoor air
pollution from biomass combustion on acute respiratory infections in
developing countries. Environ Health Perspect. 2001;109:481–8.

20. Tramuto F, Cusimano R, Cerame G, Vultaggio M, Calamusa G, Maida CM,
et al. Urban air pollution and emergency room admissions for respiratory
symptoms: a case-crossover study in Palermo, Italy. Environ Health.
2011;10:31.

21. Sama SR, Hunt PR, Cirillo CIHP, Marx A, Rosiello RA, Henneberger PK, et al.
A longitudinal study of adult-onset asthma incidence among HMO
members. Environ Health. 2003;2:10.

22. Eisner MD, Klein J, Hammond SK, Koren G, Lactao G, Iribarren C. Directly
measured second hand smoke exposure and asthma health outcomes.
Thorax. 2005;60:814–21.

23. Chang CJ, Yang HH, Chang CA, Tsai HY. Relationship between Air pollution
and outpatient visits for nonspecific conjunctivitis. Invest Ophthalmol Vis
Sci. 2012;53:429–33.

24. Susitaival P, Flyvholm MA, Meding B, Kanerva L, Lindberg M, Svensson A,
et al. Nordic occupational skin questionnaire (NOSQ-2002): a new tool for
surveying occupational skin diseases and exposure. Contact Dermatitis.
2003;49:70–76–43.

25. Briggs D. Environmental measurement and modelling: geographical
information systems. In: Nieuwenhuijsen MJ, editor. Exposure assessment in
occupational and environmental epidemiology, vol. 61. Oxford: University
Press, Incorporated; 2003.

26. Shore DL, Sandler DP, Davey FR, Mcintyre OR, Bloomfield CD. Acute-leukemia
and residential proximity to potential sources of environmental-pollutants. Arch
Environ Health. 1993;48:414–20.

27. Sarov B, Bentov Y, Kordysh E, Karakis I, Bolotin A, Hershkovitz R, et al.
Perinatal mortality and residential proximity to an industrial park. Arch
Environ Occup Health. 2008;63:17–25.

28. Elliott P, Briggs D, Morris S, de Hoogh C, Hurt C, Jensen TK, et al. Risk of
adverse birth outcomes in populations living near landfill sites. BMJ.
2001;323:363–8.

29. Wichmann FA, Müller A, Busi LE, Cianni N, Massolo L, Schlink U, et al.
Increased asthma and respiratory symptoms in children exposed to
petrochemical pollution. J Allergy Clin Immunol. 2009;123:632–8.

30. Huang YL, Batterman S: Residence location as a measure of
environmental exposure: a review of air pollution epidemiology
studies. J Expo Anal Environ Epidemiol. 2000;10:66–85.

31. U S EPA. Framework for cumulative risk assessment. DC PB: Washington; 2003.
32. Greaves WW, Rom WN, Lyon JL, Varley G, Wright DD, Chiu G. Relationship

between lung cancer and distance of residence from nonferrous smelter
stack effluent. Am J Ind Med. 1981;2:15–23.

33. Linos A, Blair A, Gibson RW, Everett G, Stephanie Van Lier M, Cantor KP,
et al. Leukemia and Non-Hodgkin’s lymphoma and residential proximity to
industrial plants. Arch Environ Health. 1991;46:70–4.

34. Polissar L, Lowry-Coble K, Kalman DA, Hughes JP, van Belle G, Covert DS,
et al. Pathways of human exposure to arsenic in a community surrounding
a copper smelter. Environ Res. 1990;53:29–47.

35. Kimbrough R, LeVois M, Webb D. Survey of lead-exposure around a closed
lead smelter. Pediatrics. 1995;95:550–4.

36. Annual Health Report. Muscat: Ministry of Health. 2013. https://www.moh.
gov.om/en/web/directorate-general-of-planning/resources. Accessed 20
Jan 2014.

http://www.biomedcentral.com/content/supplementary/s12889-015-1866-3-s1.pdf
http://www.biomedcentral.com/content/supplementary/s12889-015-1866-3-s2.pdf
http://data.worldbank.org/sites/default/files/wdi-2014-book.pdf
http://data.worldbank.org/sites/default/files/wdi-2014-book.pdf
http://www.who.int/quantifying_ehimpacts/publications/preventingdisease/en/
http://www.who.int/quantifying_ehimpacts/publications/preventingdisease/en/
http://main.omanobserver.om/?p=97252
http://www.soharportandfreezone.com/en/about/overview
http://www.soharportandfreezone.com/en/about/overview
http://www.who.int/quantifying_ehimpacts/countryprofiles/en/
http://www.who.int/quantifying_ehimpacts/countryprofiles/en/
https://www.moh.gov.om/en/web/directorate-general-of-planning/resources
https://www.moh.gov.om/en/web/directorate-general-of-planning/resources


Al-Wahaibi and Zeka BMC Public Health  (2015) 15:524 Page 10 of 10
37. Abdul-Wahab SA, Ali S, Sardar S, Irfan N, Al-Damkhi A. Evaluating the
performance of an integrated CALPUFF-MM5 modeling system for
predicting SO2 emission from a refinery. Clean Techn Environ Policy.
2011;13:841–54.

38. Scire J, Zhong-Xiang W: Meteorologic Mesoscale Model (MM5). Exponent
database. 2012. http://www.exponent.com/. Accessed 20 Oct 2012.

39. Johnson KC, Pan S, Fry R, Mao Y, Canadian Cancer Registries Epidemiology
Research Group. Residential proximity to industrial plants and non-Hodgkin
lymphoma. Epidemiology. 2003;14:687–93.

40. HSE’s land use planning methodology. Health and safety Executive. 2011.
www.hse.gov.uk/landuseplanning/padhi.pdf. Accessed 10 Jan 2014.

41. Dayal H, Gupta S, Trieff N, Maierson D, Reich D. Symptom clusters in a
community with chronic exposure to chemicals in two superfund sites.
Arch Environ Health. 1995;50:108–11.

42. Perlin SA, Setzer RW, Creason J, Sexton K. Distribution of industrial air
emissions by income and race in the United States: an approach using the
toxic release inventory. Environ Sci Technol. 1995;29:69–80.

43. Al-Khadouri A, Al-Yahyai S, Charabi Y: Contribution of atmospheric processes
to the degradation of air quality: case study (Sohar Industrial Area, Oman).
Arab J Geosci. 2014;8(3):1623–33.

44. Yang C. Respiratory and irritant health effects of a population living in a
petrochemical-polluted area in Taiwan. Environ Res. 1997;74:145–9.

45. Patel S, Ramaiah Nellore MR, Sadhu HG, Kulkarni PK, Patel BD, Parikh DJ.
Effects of industrial pollution on respiratory morbidity among female
residents of India. Arch Environ Occup Health. 2008;63:87–92.

46. Rajab KE, Mohammad AM, Mustafa F. Incidence of spontaneous abortion in
Bahrain before and after the Gulf War of 1991. Int J Gynecol Obstet.
2000;68:139–44.

47. Li J, Lu Y, Shi Y, Wang T, Wang G, Luo W: Environmental pollution by
persistent toxic substances and health risk in an industrial area of China.
Journal of. 2011;23(8):1359–67.

48. Petrela J, Camara VD, Kennedy G, Bouyahi B, Zayed J. Health effects of
residential exposure to aluminum plant air pollution. Arch Environ Health.
2001;56:456–60.

49. Dales R, Kauri LM, Cakmak S, Mahmud M, Weichenthal SA, Van Ryswyk K,
et al. Acute changes in lung function associated with proximity to a steel
plant: a randomized study. Environ Int. 2013;55:15–9.

50. Patnaik P: A Comprehensive guide to the hazardous properties of chemical
substances. New York, United States: John Wiley & Sons; 2007:1–1085

51. Braun CA, Anderson CM: Pathophysiology: Functional Alterations in Human
Health. Philadelphia, United States: Lippincott Williams & Wilkins; 2007

52. Link BG, Phelan J: Social Conditions As Fundamental Causes of Disease.
J Health Soc Behav 1995.

53. Rothman KJ, Greenland S, Lash TL. Modern epidemiology. Third.
Philadelphia: Wolters Kluwer Health/Lippincott Williams & Wilkins;
2008;1:526.

54. Donaldson LJ, Scally G: Donaldsons’ Essential Public Health. Third.
Abingdon: Radcliffe Publishing; 2009

55. Alford WP, Weller RP, Hall L, Polenske KR, Shen Y, Zweig D. The human
dimensions of pollution policy implementation: Air quality in rural china.
J Contemporary China. 2002;11:495–513.

56. Country profiles of environmental burden of disease. World Health
Organisation. 2004. http://www.who.int/quantifying_ehimpacts/
countryprofiles/en/. Accessed 15 Sep 2014.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://www.exponent.com/
http://www.hse.gov.uk/landuseplanning/padhi.pdf
http://www.who.int/quantifying_ehimpacts/countryprofiles/en/
http://www.who.int/quantifying_ehimpacts/countryprofiles/en/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Health and population data
	Definition of the events

	Exposure classification
	Statistical analysis
	Sensitivity analysis


	Results
	Discussion
	Conclusion
	Availability of supporting data

	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	References

