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The impact of sandstorm dust events affects local air quality and public health. These issues are becoming
of greater concern in Saudi Arabia. There is a significant lack of research on airborne endotoxin exposure
and analysis in the Middle East countries and no coherent body of research exists focusing on sandstorm
dust in worldwide. In this study, we used a novel design of an aluminum foil plate (AFP) electrostatic dust
cloth (EDC) for the passive air sampling of sandstorm dust. A total of 38 sandstorm dust samples were
collected during sandstorm episodes occurring between January and April 2020 in both indoor (7 days,
n = 20) and outdoor environments (24 h, n = 18). After exposure, and following an extraction procedure,
bacterial endotoxin levels were measured using the Limulus Amoebocyte Lysate (LAL) gel clot method.
The study highlights that the airborne endotoxin level observed was between 10 and 200 EU/m2 in both
indoor and outdoor environments, during a sandstorm event. Agricultural activities and farmhouses
observed higher airborne endotoxin levels. In general, increased endotoxin levels were related to the
severity of the sandstorms. Given that the observed values were high as per existing guidelines for res-
piratory health, we recommend the setting an occupational airborne exposure limit for bacterial endo-
toxin. This is the first report and further studies across various sandstorm-hit regions will need to be
undertaken, together with various sampling methods, in order to assess for seasonal and geographic
trends.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Sandstorms, also called dust storms, occur frequently and peri-
odically under the strong winds which blow the dust across the dry
deserts around the globe, especially in the Middle East countries.
Sandstorm episodes in the Kingdom of Saudi Arabia are seasonal,
with the majority of atmospheric transport happening within the
February to May months (Griffin, 2007). According to the World
Health Organization, dust storms contribute to poor air quality to
the extent that sandstorms are attributed to the deaths of around
7 million people every year. The impact of dust events on local
air quality and public health is becoming of greater concern in
Saudi Arabia following the occurrence of more frequent and severe
sandstorms in recent years (Ayoub Meo et al., 2013).

Dusts of sandstorms contain many microbial allergens includ-
ing endotoxins. Endotoxins are lipopolysaccharides (LPS) naturally
present within the outer membrane of Gram-negative bacteria and
they are ubiquitous indoor bio-contaminants, with potent
immune-stimulatory and proinflammatory properties that con-
tribute to the development and severity of asthma and other respi-
ratory symptoms (Shamsollahi et al., 2019; Thorne et al., 2005).
Although the study of dust storm material has attracted many
researchers worldwide (Behzad et al., 2018; Kim and Chung,
2010; Kwaasi et al., 1998; Vijayakumar et al., 2017), only limited
studies have evaluated the effects of endotoxins on human health
and such studies have been limited to endotoxin loads in house
dust, collected from floors and beds by vacuuming, as a surrogate
for exposure to airborne endotoxins (Dassonville et al., 2008;
Gehring et al., 2004; Wickens et al., 2003). These studies have
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drawn an association between exposure to endotoxin in dust and a
role in aggravating asthma in adults and children, and airflow
obstruction (Lai et al., 2012; Rizzo et al., 1997). The concentrations
of indoor airborne endotoxins are affected by factors within living
environments other than house generated dust and endotoxin that
have infiltrated from the outdoor air. Hence analyzing endotoxins
from the dust generated from sandstorm is highly significant
because allergic responses such as asthma, allergic rhinitis, hyper-
sensitivity pneumonitis are the most common medical problems
reported in Saudi Arabia and these conditions have a relationship
with exposure to endotoxin and dust (Mendy et al., 2020; Pascoe
et al., 2020) and the conditions are predominantly associated with
inhalation exposure to sandstorm dust particles (Ayoub Meo et al.,
2013). Even though researchers understand the health hazard by
exposure of sandstorm dust, there have been no studies conducted,
until this one, into the endotoxin levels recorded in dust storm
samples.

Additionally, endotoxin level thresholds and associated respira-
tory ailments are reported in many workplaces, especially those
set up for the purposes of laboratory animal handling, waste man-
agement, and fiberglass manufacturing (Freitas et al., 2016;
Newton et al., 2017). Based on this, the Health Council of the
Netherlands has suggested that an occupational health limit for
airborne endotoxin be set for the general public (Ministerie van
Volksgezondheid, 2010). However, there are currently no exposure
limits for endotoxin in the Saudi Arabia and other Middle East
countries, which also have a different environmental context. Thus,
it is an important need to analyze to endotoxin levels in the envi-
ronmental samples in frequent sandstorm hit regions. One reason
for the paucity of data is due to insufficient knowledge in relation
to sandstorm dust sample collection and analysis for endotoxin.
Hence, an easy method of sample collection and analysis is also
required.

Based on the above information, this study outlines the devel-
opment of a passive air-sampling device to collect airborne endo-
toxin from sandstorm dust and presents the analysis of sampled
for endotoxin levels collected from various indoor and outdoor
environments. In addition, the paper recommends some airborne
endotoxin levels for sandstorm dust and presents some precau-
tionary measures to reduce exposure.
2. Materials and methods

2.1. Study location

The study location was Al Zulfi city, located in Riyadh province
in the Central desert region of Saudi Arabia. The city it lies in the
northern-central region of the Najd and to the south of the Samnan
Valley. The city is surrounded by sand dunes to its north and west,
which are known locally as the Al-Thoyr sands (Fig. 1); thus, there
is a high possibility of frequent sandstorm episodes. Sandstorm
dust samples were collected between January and April 2020 using
a novel passive airborne endotoxin sampling device.
2.2. Sampling device

A novel passive sampling device was developed using alu-
minum foil plate (AFP) container. Briefly, a single electrostatic dust
cloth (EDC) (Swiffer, 26.5 � 20.3 cm) prepared and placed into a
round shape aluminum container (inner diameter 15.3 cm, outer
diameter 17.3). The outer lid opening area exposed to the environ-
ment was (0.023 m2) (Fig. 2). The device was double wrapped with
aluminum foil and subjected to 8 h at 200 �C for depyrogenation
(Sandle, 2011). After depyrogenation, the AFP-EDC device placed
in clean zip-lock polypropylene bag with label.
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2.3. Sampling locations– Outdoor samples

Sampling devices were prepared and planned for collection
proactively with assistance from the Al Zulfi metrological predic-
tion report. During sandstorm episodes the AFP-EDC device was
exposed horizontally with fixed by 3 M adhesive tape (3 M, USA),
the sample was collected at a height of 1.5-meters above the
ground level. The total duration of exposure was a minimum of
24 h. Outdoor samples were collected from the residential area
and educational institute campus at the College of Science Al-
Zulfi, Majmaah University. In this study, we refer to sand and dust
storms using the definitions provided by the World Meteorological
Organization (WMO). The classifications for dust storms are:
denoted + (strong), 2+ (severe) and 3+ (extreme) (Querol et al.,
2019).

2.4. Indoor samples

Airborne endotoxin from indoor samples were collected at sim-
ilar heights of 1.5 m using customized AFP-EDC device. The sam-
pling duration was 7 days and samples were collected from the
homes, bedrooms, kids’ playrooms and working offices, student
laboratories at the College of Science Al-Zulfi. Another set of sam-
ples were taken from indoor environment of horse stable at Al-
Zulfi, Saudi Arabia, which is considered as animal handling envi-
ronment and hence a potential worst-case environment.

2.5. Endotoxin analysis

Endotoxin extraction from the EDC device was undertaken
using a method described by Thorne et al. (2005). However, a mod-
ification was required to the Thorne method; briefly, after sam-
pling dust loaded into the EDC, the dust was measured and the
weight difference recorded. After weighing, each single EDC was
cut into 6 pieces and soaked in 40 ml of endotoxin-free water with
0.05% Tween 20. The content was agitated (125 agitations/minute)
for 1 h at 37 �C. From the extract, 2 ml was extracted and cen-
trifuged at 1000g for 1 h. The supernatant was collected and stored
at –20 �C until the endotoxin analysis was performed.

The detection of endotoxin levels in dust samples was per-
formed using the gel-clot Limulus Amoebocyte lysate (LAL) assay
method, in which endotoxin detected by forming the clotting reac-
tion between LPS and LAL (Endosafe, Charles River, USA). All sam-
ples were equilibrated to room temperature and diluted with
endotoxin-free water (EndoSafe, Charles River, USA). Firstly, the
endotoxin test was standardized by performing the ‘inhibition /
enhancement test’ and adjusting the pH of the extracts (the con-
cern with inhibition is that endotoxin recovery could be less than
expected; and with enhancement, that the level of endotoxin
quoted is artificially high). All the samples were processed at a
pH range between 6.0 and 8.0, as required by the assay. The testing
methodology was followed as per the method outlined by the Uni-
ted States Pharmacopoeial Convention chapter <85> ‘‘Bacterial
Endotoxin Test” (USP, 2012) and CEN standard EN 14031: 2003
‘‘Workplace atmospheres. Determination of airborne endotoxins”.

The detectable endotoxin limit was calculated based on formula
(Eq.1) for the Maximum Valid Dilution (MVD). Where:

MVD ¼ Endotoxin limitðEUmLÞ
k

ð1Þ

Samples were tested in the presence of both positive and nega-
tive controls. A quadruplicate test was performed for each dilution.
The minimum sample dilution, prepared with water dilution was
1:16, and the maximum dilution performed was 1:12800. At first,
a 10-fold dilution series was prepared, followed by a two-fold dilu-
tion series. The amount of endotoxin in a sample was expressed in



Fig. 1. Map of the study area Al-Zulfi city, Saudi Arabia.

Fig. 2. A customized novel device of ‘Aluminum foil plate (AFP) – electrostatic dust cloth (EDC) for passive air sampling of airborne endotoxin (a) EDC not wrapped with
aluminum foil (b) Wrapped AFP-EDC device ready for depyrogenation.
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endotoxin units EU/m2. The lysate sensitivity for the minimum
endotoxin detection limit was 0.03125 EU/ml. A standard curve
test was performed whenever a new lot of control standard endo-
toxin (CSE) and LAL reagent was received.
2.6. Statistical analysis

The significance of the observed endotoxin levels of various
tested samples were compared using Student’s t test; here a p
value less than 0.05 was considered as statistically significant.
3. Results

During the study period, 38 sandstorm dust sample sets were
collected. These consisted of 20 samples from the indoor environ-
ments of homes, educational institutes such as a staff office room,
student’s laboratories, and a farmhouse and stable. Another 18
samples were collected from the outdoor environment including
residential areas, outside the entry of the college gate, agricultural
areas in desert region and the outside of horse stable.
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3.1. Airborne endotoxin levels in indoor samples

Regarding the indoor samples, the range of endotoxin levels
observed in staff office was 2.5–12.5 EU/m2. However, in the
indoor environment of the research laboratories, samples exposed
near windows showed a slightly lower range of 2.5–10 EU/m2. In
contrast, the samples collected from the homes showed higher
levels, in the range of 5–50 EU/m2. For each sampling time the
number of sandstorms and their severity were compared. This
showed that the increased severity of sandstorm dust directly
related to higher endotoxin levels. In the home, the site recording
the highest levels was in bedrooms near to windows, where the
collected samples showed a maximum of 50 EU/m2. Similarly,
samples were collected from the farmhouses, which were in close
proximity to agricultural farm areas, showing between 20 and 50
EU/m2. The highest levels of endotoxin observed was �200 EU/
m2, from samples collected from a horse stable (Table 1).
3.2. Airborne endotoxin levels in outdoor sandstorm dust samples

In the outdoor samples, all samples were exposed for 24 h. The
endotoxin levels observed near the residential areas and the educa-
tional institute area were between 20 and 100 EU/m2. Some very



Table 1
Airborne endotoxin levels in indoor samples (sampling duration 7 days).

Sample category (n) Sampling location Sandstorm episodes (number of
occurrence)

Sandstorm dust
severity#

Endotoxin levels$

(�EU/m2)
Range of Endotoxin
levels (EU/m2)

Home (6) Bedroom - near Window
(Home 1)

1 + 50 5 to 50

Bedroom - near Window
(Home 2)

1 3+ 25

Kids room – near window
(Home 1)

1 3+ 6

Bedroom - near Window
(Home 3)

3 2+,3+ 50

Kitchen – near window
(Home 2)

1 + 5

Main hall- near window
(Home 3)

1 2+ 10

Educational institute –staff
room (4)

Staff - office room 1 3+ 12.5 2.5 to 12.5
Cub board 1 2+ 2.5
Near window 1 2+ 5
Near window 1 + 5

Educational institute –
Laboratories (3)

Students research lab 1 1 + 2.5 2.5 to 10
Students research lab 2 2 2+ 5
Research lab 3 2 3+ 10

Farmhouse (4) Bedroom – near window 2 +,2+ 25 20 to 50
Room – near agricultural
farms

2 +,3+ 50

Bedroom – near window 2 3+ 20
Farmhouse 1 3+ 50

Horse stable (3) Indoor – horse stable 1 1 2+ 100 75 – 200
Indoor – horse stable 2 2 +,2+ 200
Indoor – horse stable 3 1 + 75

#Intensity of sandstorm dust are classified as per WMO, strong +, severe 2+, extreme 3+.
$ Endotoxin levels are expressed in � and � as per gel-clot test method.
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high values were observed in samples collected from dates and
grass farming land. Samples collected fromoutside of a horse stable,
which serves as a horse riding training area, showingmore than 200
EU/m2 (Table 2). The overall mean of endotoxin levels from the res-
idential and educational institute area was 62 EU/m2 and agricul-
tural farm and horse stable recorded a mean value of 145 EU/m2.
Outdoor samples were significantly higher in terms of endotoxin
levels when compared to indoor samples (p-value 000183).

In this study, the severity of sandstorm was analyzed
with endotoxin levels and it was found that storm severity is
Table 2
Airborne endotoxin levels of outdoor samples collected (sampling duration 24 h) during s

Sample category (n) Sampling location Sandsto
severity

Residential area - Home
(7)

Home 1 – Roof top +
Home 2 – Roof top +
Home 3 – Roof top 3+
Home 4 – Roof top 3+
Home 5– Roof top +
Home 6– Roof top 3+
Home 7– Roof top 2+

Educational institute (4) Near entrance 2+
Staff - car parking area 2+
Students - car parking area 3+
Exit road 2+

Agricultural activities (5) Dates farming 3+
Grass farming 3+
Combined agriculture land 3+
Dates, lemon – mixed 2+
Farms - Agricultural +

Horse stable (2) Outside stable – near horse training area
(stable 1)

3+

Outside stable – near horse training area
(stable 2)

3+

#Intensity of sandstorm dust are classified as per WMO, strong +, severe 2+, extreme 3+
$Endotoxin levels are expressed in � and � as per gel-clot test method.
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directly proportional to increased level of airborne endotoxin
(Figs. 3 and 4).

4. Discussion

Sand and dust storm particles from Middle East-Central Asia
contains both chemicals (including quartz, other silicate minerals,
carbonates, oxides, sulphates, salts) and biological toxigenic com-
pounds (pollen spores, bacteria, fungi and viruses) (Goudie,
2014). The biological agents are capable of surviving during the
andstorm hit.

rm dust
#

Endotoxin levels$ (�EU/
m2)

Range of Endotoxin levels (EU/
m2)

30 20 to 100
25–50
100
75
50
100
20
100 75 to 100
75
100
75
> 200 50 to > 200
> 200
150–200
100
50
> 200 > 200

> 200

.



Fig. 3. Pictures illustrates severity of sandstorm hits in Al-Zulfi city; (a) no sandstorm with clear sky; (b) strong +; (c) extreme 3+.
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long-range transport of dust; they have been shown to disperse
globally and they can affect human health far from the point of ori-
gin (Behzad et al., 2018; Griffin, 2007; Kim and Chung, 2010;
Vijayakumar et al., 2017). In particular, bacterial endotoxin is a
potential biological compound within the sandstorm dust and
many studies have reported that airborne endotoxin exposure in
both indoor and outdoor workplaces has been linked to various
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health hazards (Farokhi et al., 2018; Reed and Milton, 2001;
Thorne et al., 2005). In the context of this study, although respira-
tory health issues have been increasing among the Saudi popula-
tion in recent years ostensibly due to frequent sandstorm hits,
there has not hitherto been a study conducted to analyse the air-
borne endotoxin in sandstorm dust, despite the causal relationship
between endotoxin and respiratory illness. One obstacle to this



Fig. 4. Observed endotoxin levels compared with sandstorm severity for both indoor samples and outdoor sandstorm dust samples.
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could be that dust sample collection, endotoxin extraction, and
testing methodologies for assessing airborne endotoxin from sand
dust has not yet standardised. Thus, one aim of the present study
was designed to study the endotoxin levels of sandstorm settled
dust in outdoor and indoor environment in Saudi Arabia by using
novel AFP-EDC device.

4.1. Novel design of passive air sampling device

Passive dust sample collection was conducted using electro-
static dust fall collector. This was first developed by Noss et al.
(2008) for indoor airborne endotoxin exposure. In this study, we
modified and developed a new device which contained a single
electrostatic cloth (Swiffer, Procter and Gamble, USA) positioned
in a round AFP. Previously, many researchers have attempted pas-
sive airborne dust samples collection methods using pizza box,
Petri dishes etc., (Karlsson et al., 2002; Würtz et al., 2005). These
devices have some demerits including cardboard boxes releasing
particles, being difficult to depyrogenate, and possessing collection
efficiency issues in relation to the smaller surface exposure area in
Petri dishes. Our device has overcome these issues and has the
advantage of being easy to use by the samplers; moreover, the
device can be easily depyrogenated. It is also of a low-cost, it is
straightforward to track samples using marker pen, and to fix the
device onto the sampling surfaces. The airborne dust settles onto
the AFP surface and is captured by the electrostatic properties of
Swiffer cloth. This form of capture has been previously reported
as an effective sample collection mechanism for airborne and sur-
face settled endotoxin by various authors (Adams et al., 2015; Cox
et al., 2017; Kilburg-Basnyat, 2015). The EDC test device provides
similar types of results as using active air sampler to capture endo-
toxins, bacteria and fungi (Kilburg-Basnyat, 2015). Thus, the pre-
sent study AFP-EDC device will provide a feasible, useful tool by
which to assess exposure to airborne endotoxin in home and work
environments.

4.2. Indoor samples

Analyzing endotoxin levels in indoor environment is very
important, given most people spend most of their time in an indoor
environment. Occupational studies have linked indoor concentra-
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tions of airborne endotoxin to adverse respiratory health effects
in adults, including increased bronchial hyper responsiveness, lung
function decline, and obstructive airway disease (Eduard et al.,
2009). With our study airborne endotoxin samples collected from
various indoor environments while sandstorm episodes. Firstly, 6
samples were collected from the home showing in the range of 5
to 50 EU/m2 (mean 16.3 EU/m2) Similarly, samples were collected
from the farmhouses, which are very near to agricultural farm
areas, showing 20 to 50 EU/m2. The reason why such levels were
detected was because dust could diffuse through gaps of windows
and settle closer to areas around windows. Another variation is
with the design of the home. As an example, authors from Japan
reported that indoor endotoxin concentrations were significantly
associated with the household characteristics in addition to out-
door endotoxin concentrations (Yoda et al., 2017).

There are other samples collected from the farmhouses, which
are close to agricultural farm areas, showing 20 to 50 EU/m2. Each
of the homes in this area are floored by carpets and this may be
another contributory factor to the higher levels of airborne endo-
toxin recorded. This finding is similar to a report by Mazique
et al. (2011) who found higher level of endotoxin in rooms with
carpet flooring compared with homes with wooden flooring. A
mean level of endotoxin of 33.44 EU/m2 was recorded from the
farmhouse samples. A further factor when farmhouses are com-
pared to residential areas, farmhouses are not cleaned to the same
extent, which could provide another reason for the higher levels of
endotoxin. This has been evidenced by data that shows how fre-
quent cleaning reduces indoor airborne endotoxin concentrations
(Dassonville et al., 2008; Mazique et al., 2011). Such studies indi-
cate that the variation of endotoxin levels in between houses and
rooms is due to building characteristics or living environment,
especially where the endotoxin level of settled dust is increased
by lower level of cleaning and some cases by the presence of pet
animals such as cat or dog.

In the workplace, the concentration of endotoxin responsible
for triggering respiratory effects (including asthma) is often below
the permissible exposure limits or occupational exposure limits
(Brooks, 2013) thus, dust exposure at the workplace has to be con-
trolled for the protection of the employees. In the present study,
the range of endotoxin levels observed in a staff office was 2.5–
12.5 EU/m2. However, in the indoor environment of student



R. Vijayakumar, F. Abdulaziz Alfaiz, E.S. Al-Malki et al. Saudi Journal of Biological Sciences 28 (2021) 1257–1266
research laboratories, samples that were exposed near windows
showed lower ranges, at 2.5–10 EU/m2. On most of the days of
sampling, student activity was very limited and the maximum
occupancy was 20 students, which accounts for the lower level.
With other indoor samples, the highest levels of endotoxin
observed across all indoor samples was greater than 200 EU/m2,
which was collected from horse stable. These results have parallels
with very high concentrations of endotoxins reported (98,990 EU/
m3 and 83,640 EU/m3) inside swine and poultry buildings from
other studies (Jonges et al., 2015; Lawniczek-Walczyk et al.,
2013). Another study conducted in a horse stable reported that
geometric means of personal exposure endotoxin were 608 EU/
m3 (Samadi et al., 2009). However, high values of airborne endo-
toxin vary according to the size of farms, sampling methods,
extraction procedures and analysis.

4.3. Outdoor samples

The endotoxin levels in the outdoor sandstorm dust samples
were remarkably interesting, especially in the context of there
being no previous studies analyzing the endotoxin content of sand-
storm dust. In contrast, there are many studies available in relation
to endotoxin levels in outdoor rural, urban and school environ-
ments (Jacobs et al., 2014; Ortiz-Martínez et al., 2015; Yoda
et al., 2017). In this study, samples in outdoor environments were
exposed for 24 h (from the rooftops of residential homes) and the
endotoxin levels observed near residential area and educational
institute area ranged from 20 up to 100 EU/m2. This is compara-
tively higher than maximum ambient concentration observed from
the polluted urban environment in Beijing, from a different study,
which was recorded as 75EU/m3 (Guan et al., 2014). Hence, our
findings trigger concern that endotoxin in sandstorm dust is rela-
tively comparable to the levels of endotoxin recovered from pol-
luted urban areas. The second set of outdoor samples were
collected from dates and grass farming land; these samples
showed > 200 EU/m2. These levels are unsurprising because as soil
and vegetation of agricultural land, dust carrying these particles
already identified as potential sources of airborne endotoxin. Sim-
ilar to indoor samples collected in the agricultural activities area,
the outdoor samples collected from various farming activities
including dates, grass, lemon and combined agricultural land
showed geometric mean values of airborne endotoxin at 145.8
EU/m2 for a 24 h exposure. Many reports suggest that agricultural
activities could have a significant impact of increased endotoxin
concentration in the air (Pavilonis et al., 2013; Spaan et al.,
2006). Samples collected from outside of horse stable, which is
horse riding training area showed more than 200 EU/m2, probably
because these areas are covered with wet soil and active animal
activities. This is higher than similar study done by Freitas et al.
(2016) where it was reported that animals of housing rats, mice,
guinea pigs, rabbits or hamsters kept in exposed workplaces had
higher concentrations of endotoxin, with a median value of 34.2
EU/mg of dust.

Comparing the endotoxin levels in different environments, out-
door samples are significantly higher than indoor samples (p-value
0.000183). Our results do contrast with Yoda et al., (2017) as they
found that indoor endotoxin concentrations were higher than out-
door concentrations. In addition, they discovered that the indoor
endotoxin concentrations significantly correlated with outdoor
concentrations in relation to multiple samples. However, the ambi-
ent outdoor environment was totally different to the present study.

While there have been no previous studies examining house-
hold dust, during the last decade, occupational exposure to endo-
toxin via bioaerosol inhalation has been documented in various
environments worldwide. Furthermore, an associations with endo-
toxin levels in the air and ill-health effects have been documented
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(Liebers et al., 2020). Hence, the measurement of exposure to
endotoxin in different workplaces can contribute to understanding
these complex and multifactorial scenarios. To fully interpret the
totality of data, this requires a review of testing methods, geo-
graphical change, type of activities taking place etc. Looking at
some of these studies, airborne endotoxin concentrations were
between 10 and 300 EU/m3 in a cheese production plant in France
(Simon and Duquenne, 2014). Whereas, in a fish processing factory
airborne endotoxin levels were round to range from 3 to 92 EU/m3

(Dahlman-Höglund et al., 2016). Another interesting study was
undertaken by Straumfors et al. (2015) in high dust generated
environment of grain stores. This revealed a geometric mean for
airborne endotoxin of 662 EU/m3. Further, a report by Basinas
et al. (2017) collected 38 personal exposure measurements from
dairy farmers and reported that dairy farm workers can be exposed
to high and variable levels of inhalable dust and endotoxin (900
EU/m3) and consequently such workers may be at risk of respira-
tory disease. Similarly research into such diverse working environ-
ments as greenhouses with plants, sawmill industries, waste
composting plants, poultry farming and metalworking industries,
show comparable airborne endotoxin ranges (Dahlman-Höglund
et al., 2016; Gioffrè et al., 2018; Gutarowska et al., 2015;
Straumfors et al., 2018; Thilsing et al., 2015).
4.4. Concerning seasonal variation

Hardly any seasonal variation was found in endotoxin concen-
trations. In this study, samples were collected from January to
April, which is the end of winter in the central region of Saudi Ara-
bia and the main time of sandstorm activity. In this study location,
climates in the desert region are either cold winter or a hot sum-
mer, there is no equivalent season of autumn–winter and spring
summer. Hence, we were not able to compare full seasonal varia-
tions. However, from a report by Park et al. (2000) the lowest levels
of airborne endotoxin levels were observed in the winter. The
researchers also they reported that no seasonal influence indoors
based on floor dust samples was observed, based on tests con-
ducted in North American homes. It follows that the effect of sea-
sonal on dust endotoxin remains unclear, because there are various
contradictory reports worldwide, some of which state that air-
borne endotoxin levels are at their highest in spring and autumn,
while other reports indicate that levels are uppermost in the sum-
mer (Gehring et al., 2004; Hwang et al., 2016; Wickens et al., 2003).
4.5. Health risk to people

Concerning occupational risk to the public, many authors have
reported that inhalation exposure to dust, endotoxin, and microor-
ganisms may place the exposed subjects at risk of developing res-
piratory complaints and other health problems. For example,
Farokhi et al. (2018) reported that respiratory health effects due
to endotoxin are not only an effect of high exposure levels, since
respiratory effects are also apparent in exposure groups below
100 EU/m3. Therefore, both low exposure in the environment and
long-term effects have to be considered since development of
adverse health effects is generally not only based on the level of
airborne endotoxin exposures, but also on the duration of expo-
sure. The sandstorm dust duration varies between several hours
to several days. Thus public must be aware about a heterogeneous
mixture of bioaerosols include airborne endotoxin present in dust
and preventive measure are recommended for workers who
exposed outside dust storm since these people are at high risk to
develop allergic diseases.
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4.6. Exposure limit

Concerning the exposure limits of airborne endotoxin, the
implementation of a general health based threshold airborne endo-
toxin limit for outdoor sandstorm dust is not possible at the
moment. Endotoxin levels are on the product of various environ-
mental factors such as temperature, wind speed and severity of
dust storm so identifying a threshold limit is technically challeng-
ing. In addition, dust contains other bioaerosols, minerals and par-
ticulate matters that are very heterogeneous and differ from area
to area (Behzad et al., 2018). Furthermore, an exposure level would
need to differ for indoor and outdoor environments. Our study
results found that there is significant variation of sandstorm dust
endotoxin between residential and agricultural environments
(Farokhi et al., 2018; Liebers et al., 2020). However, setting endo-
toxin limits should become a subject of interest to governmental
institutions in order to develop guidelines to protect the public
health and safety of their inhabitants in areas prone to sandstorms.
Specific to this study, because there are no guidelines that recom-
mend maximum endotoxin exposure during dust storm, there is a
need for such measures to be developed. By way of comparison, the
Dutch Expert Committee on Occupational Safety of the Health
Council recommends a health-based occupational exposure limit
of 90 EU/m3 (Castellan et al., 1987). In a different study, based on
the occupational exposure limit, a tentative limit of 30 EU/m3

was recommended for the general population living in the sur-
roundings of livestock farms (Farokhi et al., 2018; Liebers et al.,
2020). Setting a different level, the social economic council in the
Netherland introduced a threshold limit value of 200 EU/m3. These
variations in cut-off values show the need for further clinical based
research. Comparing these reference values, the present study
showed that median values airborne endotoxin levels in residen-
tial, educational institutes and agricultural areas were 75 and
>200 EU/m2. Airborne endotoxin increases in values based on wind
speed and intensity of sandstorm.

4.7. Recommendations and precautionary measures

In the current research findings, indoor environment endotoxin
levels range 10 to 200 EU/m2 and outdoor test limits showed a
minimum of 200 EU/m2. Hence, this study recommends, cau-
tiously, that wearing facemasks outdoors that filter dust pollutants
and the avoidance of unnecessary exposure during sandstorms can
be adopted in order to reduce the level of airborne endotoxin expo-
sure. For indoor environment, improved hygiene practices such as
frequent cleaning using a detergent and mopping the floor near
windows may decrease indoor endotoxin levels.

4.8. Limitations

There are some limitations in this study. First, the sampling
duration differs between indoor and outdoor samples. Outdoor
samples were only exposed for 24 h due to a blown dust cover
on the EDC; however indoor samples, subject to less harsh condi-
tions, were exposed for 7 days. A second limitation in this study
is that since sandstorm dust weights could not be measured with
accuracy, this means the endotoxin levels measured from the
EDC cloth can only be expressed as EU/m2. This is does not allow
a direct comparison to be made with most other studies where
data is expressed as EU/m3 based on active air sampling (BS EN
14031, 2003). However, dust samples endotoxin levels can be
expressed both EU/g and EU/m2, and this approach is generally
accepted as per previous literatures (Noss et al., 2008). A third lim-
itation is that this study could only analyze a minimum number of
samples due to the occurrence of sandstorm episodes and difficul-
ties in sample collection. Another important limitation is this study
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measured endotoxin values using the gel-clot technique, which
detects the presence of endotoxin through the clotting reaction
between LPS and lysate and concentration determined semi-
quantitatively by subsequent dilutions. This method is simplest
and least expensive and it has been used many similar studies pre-
viously (Paba et al., 2013). However, further comparative studies
using other endotoxin testing methods, such as kinetic chro-
mogenic or turbidimetric methods, may yield more precise data.

4.9. Future directions

Overall, the present study results suggest that an endotoxin
limit needs to be established for sandstorm dust with a view to
informing about public health risks. To establish a reliable limit,
similar kinds of studies are needed consisting of a large series of
samples. The collection of field data must accompany clinical stud-
ies to demonstrate the extent that the effect of airborne endotoxin
in sandstorm dust induces an allergic reaction to local communi-
ties. Besides the above scenarios, we consider that desert dust alert
and monitoring systems might be a very powerful tool for alerting
the most sensible or exposed population to air pollution to take
special measures to protect themselves from high desert dust
exposure to airborne endotoxin levels.

5. Conclusion

In conclusion, this study developed a novel method: a simple
passive air sampling device suitable for the collection of sandstorm
dust for endotoxin analysis. Using this device, the indoor and out-
door airborne endotoxin content in sandstorm dust observed in
residential areas recorded up to 100 EU/m2. More than 200 EU/
m2 were observed in agricultural farmhouses indoor and outdoor
activities. These levels are up to three times higher in ambient
air compared with the proposed threshold values, hence present-
ing a probable public health issue. It is of interest that levels of air-
borne endotoxin are directly proportional to the intensity of
sandstorm dust. This is the very first report analyses the endotoxin
level in sandstorm dust and similar kinds of studies needed, taking
a larger series of samples, collected using passive and active sam-
pling in other desert regions. Finally, this study suggests that mea-
sures need to be taken to reduce occupational exposure levels and
airborne endotoxin studies should become the norm in order to
alert the public health department through air quality monitoring
programs in desert regions.
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