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TECHNICAL PAPER

Contribution of dust storms to PM levels in an urban arid environment
Helena Krasnov,' Itzhak Katra,'* Petros Koutrakis,> and Michael D. Friger3

'Department of Geography and Environmental Development, Ben-Gurion University of the Negev, Beer-Sheva, Israel

“Department of Environmental Health, Harvard School of Public Health, Harvard University, Boston, MA, USA
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Quantitative information on the contribution of dust storms to atmospheric PM;, (particulate matter with an aerodynamic
diameter <10 um) levels is still lacking, especially in urban environments with close proximity to dust sources. The main objective of
this study was to quantify the contribution of dust storms to PM;, concentrations in a desert urban center, the city of Beer-Sheva,
Negev, Israel, during the period of 2001-2012. Toward this end, a background value based on the “dust-free” season was used as a
threshold value to identify potentially “dust days.” Subsequently, the net contribution of dust storms to PM;, was assessed. During
the study period, daily PM, concentrations ranged from 6 to over 2000 ug/m’. In each year, over 10% of the daily concentrations
exceeded the calculated threshold (BV,) of 71 ug/m’. An average daily net contribution of dust to PM of 122 ug/m’ was calculated
for the entire study period based on this background value. Furthermore, a dust storm intensity parameter (A1) was used to analyze
several storms with very high PM,, contributions (hourly averages of 1000—5197 pg/m3). This analysis revealed that the strongest
storms occurred mainly in the last 3 yr of the study. Finally, these findings indicate that this arid urban environment experiences high
PM; levels whose origin lies in both local and regional dust events.

Implications:  The findings indicate that over time, the urban arid environment experiences high PM; levels whose origin
lies in local and regional dust events. It was noticed that the strongest storms have occurred mainly in the last 3 yr. It is believed that
environmental changes such as global warming and desertification may lead to an increased air pollution and risk exposure to human

health.

Introduction

Numerous studies have reported high concentrations of ambi-
ent particulate matter (PM) during dust events in different parts
of the world (e.g., Dayan et al., 1991; Gertler et al., 1995;
Rodriguez et al., 2001; Kallos et al., 2006; Escudero et al.,
2007; Kogak et al., 2007a; Mitsakou et al., 2008; Contini et al.,
2010; Alolayan et al., 2013). More importantly, several studies
have found excess in mortality and morbidity during dust storm
episodes (e.g., Chen et al., 2004; Gyan et al., 2005; Perez et al.,
2008; Neophytou et al., 2013).

Due to the proximity of Israel to the global dust belt, which
extends from West Africa to the Arabian Desert, dust events can
increase daily PM;y (PM with an aerodynamic diameter <10
wm) levels in the center of Israel (Tel Aviv) to as high as 2100
pg/m? (Ganor et al., 2009; Kalderon-Asael et al., 2009), which is
significantly above all air quality standards. The Negev region in
southern Israel is frequently impacted by dust storms (Dayan
et al., 1991; Erell and Tsoar, 1999; Offer et al., 2008; Ganor
et al., 2010). Hourly average PM;, concentrations can reach
4200 pg/m’ during storms in the northern Negev (Offer and
Azmon, 1994). The intense dust storms in the Negev are

associated with specific synoptic systems. In the winter, cold
low-pressure systems with the Cyprus Low are most prevalent
(Alpert et al., 1990b). The Red Sea Trough (RST) is the most
common system in the autumn (Kahana et al., 2002), whereas
high- and warm low-pressure systems, Sharav Low, are frequent
in the spring (Alpert and Ziv, 1989). The summer period is
considered as a dust-free season (Ganor et al., 2010) due to the
influence of the quasi-stationary Persian Trough (PT) system
(Alpert et al., 1982, 1990a; Dayan et al., 1988). Dust particles
reach the southeastern Mediterranean by two main trajectories:
one from the west (North Africa—Sinai—Negev) and the second
from east (Arabian Desert-Negev) (Dayan et al., 1991; Ganor
and Foner, 1996; Israclevich et al., 2002; Ganor et al., 2010),
with dust particles having somewhat different mineralogical and
chemical compositions (Kalderon-Asael et al., 2009; Ganor
et al., 2009).

The increasing frequency of dust storms in the southeastern
Mediterranean (Ganor et al., 2010) over the past few decades has
led to growing concern regarding the levels of PM,. However,
quantitative information on the contribution of dust storms to
atmospheric PMy is still lacking, especially in urban environ-
ments that are proximal to dust sources. Only a few methods
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have been developed to estimate the dust contribution. Escudero
et al. (2007) determined the daily contribution in Spain based on
statistical treatment of PM time-series data recorded at regional
background sites. Ganor et al (2009) employed in Tel Aviv
(center of Israel) an automatic algorithm with three threshold
criteria: the half-hour PM, average is higher than 100 pg/m?;
this level is maintained for at least 3 hr; and the maximum hourly
concentration recorded is above 180 wg/m’. As shown by Viana
et al. (2010), Ganor et al.’s method might not be directly applic-
able to areas where the maximum PM;, hourly values recorded
are relatively low.

Because there is only a single monitoring PM station in the
Negev, the method of Escudero et al. (2007) is not applicable.
Due to the low contribution of anthropogenic PM in the Negev
and frequent dust storms compared with nonarid areas (Ganor
et al., 2009), a new method is required to determine dust thresh-
olds and net contribution to PM levels. The main objective of this
study was to analyze PM;, atmospheric concentrations in a
desert urban center (the city of Beer-Sheva, Negev region of
Israel) over the past decade, with the aim to quantify the con-
tribution of dust storms to the particle levels.

Data Analysis
Data set

PM,, data for the period 2001-2012 were obtained from the
monitoring station of the Ministry of Environmental Protection
(http://www.sviva.gov.il) within the framework of the National Air
Monitoring System. The data were recorded every 5 min by a
dichotomous ambient particulate monitor (Thermo Scientific
1405-DF; Thermo Fisher Scientific Inc.) that provides a contin-
uous direct mass measurement of particle mass utilizing two
tapered element oscillating microbalances (TEOMs). Data on
PM, ;5 are available only from May 2012. Finally, daily concentra-
tions were estimated by averaging hourly mean concentrations.

Background value

A background value (BV) was calculated solely on the basis
of the summer time, which is a “dust-free” season in the study
area (Dayan, 2008; Ganor et al., 2010). Although the universal
summer season in the northern hemisphere lasts from 22 June to
21 September (American Meteorological Society [AMS], 2001),
the summer time in this study was limited to the months of July
and August in order to exclude dust events that may occur at the
beginning and/or the end of the summer. The BV was deter-
mined for 12-hr periods from 6 a.m. to 6 p.m. (since the majority
of natural dust storms take place mainly during the daytime)
based on a curve-area calculation as shown below.

For a time-series curve of hourly PM;,, the area under the
curve (AUC) based on concentration values is defined as follows:

tn

e(t1 ty) = J A(t)dt (1)

4]

where A(%) is the hourly AUC between two specific hours #; and
t,and €(ty, t,;) is the daily AUC during the time period ¢; to ¢, (¢;

and ¢, are times at the beginning and the end of the observations,
respectively; n = 12). This estimate may be expressed in the
following form:

1y n

€<f17tn)=J A(t)dt = ZW )

where / is the height (distance between the parallel sides), which
equals 1, as the distance represents 1 hr, and b; and b, are the
lengths of the parallel sides, i.e., the PM;, concentration per
hour. Because 4 = 1, we obtained

a (bl + bz)
e(ti,tn) = ;f 3)

By dividing the € by 12, average PM, concentration values
can be obtained. The €(t; , f;;) area was calculated for each day of
the summer period during the 12-yr period covered by the study.
An average value was constructed for each year (BV,po; to
BV,12). No significant differences (P > 0.05) were found
among the summers, thus a total value for the entire period
(BV) was derived. However, the threshold (BV,) for the classi-
fication between potentially “dust days” and non-dust days dur-
ing the dust seasons was determined as 2 standard deviations
above the average BV to reduce errors. Accordingly, a day with
PM; that is higher than BV, will be considered potentially as a
“dust day.”

Desert-dust-derived PM;,

The next step was to examine whether all classified “dust
days” were associated with dust events. Observed synoptic sys-
tems were reviewed for all these days, considering several sys-
tems that are typical to dust events (Dayan et al., 2008; Ganor
et al, 2010). Back trajectories were retrieved using the
HYSPLIT (Hybrid Single-Particle Lagrangian Integrated
Trajectory) model (Draxler and Rolph, 2003) for three different
altitudes (500, 1000, and 1500 m above ground level [AGL]). In
addition, we compared the PM;, concentrations of the “dust
days” in Beer-Sheva with those in Tel Aviv on the same dates,
assuming that during regional storms the dust is also transported
to the center of Israel with a trend of decreasing concentrations
(Ganor and Foner, 2001). Tel Aviv PM, o data were obtained from
the Israel Ministry of Environmental Protection and from the
work of Ganor et al. (2010).

In order to assess the net contribution (NC) of the dust in the
“dust days” to the daily PM, concentrations, the BV, value was
subtracted from the PM( concentration of each dusty day during
the dust period. The NC values over time were classified based
on percentile thresholds 10th, 25th, 50th, and 75th to classify
dust storm levels, as “low,” “medium,” “high,” and “severely
high,” respectively. NC values of the strongest dust storms that
occurred during the study period (2001-2012) were examined in
detail. To compare between different storms, we used a para-
meter that represents storm intensity (A;) The A; value was
calculated on an hourly basis as the area under the storm curve,
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which takes into account the concentration values and the storm
duration.

Results and Discussion

The daily (24-hr) average PM, values in Beer-Sheva ranged
from 6 to 2568 wg/m’ (Figure 1). Annual averages (2001-2012)
ranged from 43 to 77 pg/m’, with no increasing trend. These
levels are significantly higher than the World Health
Organization (WHO) guideline (20 pg/m®) and other PM;,
levels observed across the Mediterranean basin (Querol et al.,
2009). The calculated background values of the “dust-free”
seasons (BV,001 to BVy,) ranged from 27 to 61 }Lg/m3, with
an average BV value of 42 pg/m>. Considering 2 standard
deviations above, the determined threshold (BV;) used to clas-
sify between potentially “dust days” and non-dust days during
the dust seasons was 71 wg/m’.

During the study period, daily PM;, concentrations exceeded
the BV, for over 10% of the days (538 out of a total of 4384). In
all the summer “dust-free” seasons together (2001-2012), the
PM,, was above the BV on 34 days, with a peak value of 99 g/
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Figure 1. Distribution of daily PM;, averages in Beer-Sheva during the study
period 2001-2012. Observations of PM;, from the monitoring station were
available for 97% of the days across the period. Calculated background values
for the “dust-free” summer seasons (BV,g01 to BV,1,) are presented in a dashed
line on the secondary y-axis (right side) along with the average value (BV).

m® (in one day of summer 2002). These 34 summer days were
not counted as a part of the total 538 days, as they were not
associated synoptically with dust storms. A detailed examination
of the synoptic conditions over time revealed that all 538 identi-
fied days were influenced by one of the major synoptic systems
that are associated with dust storm events in this region. The
dominant system was found to be the Cyprus (cold) Low, fol-
lowed by the Sharav Low and Red Sea Trough. The role of the
Cyprus Low system in leading dust storms was also described by
Dayan et al. (2007) in a climatic study in Beer-Sheva during
1967-2003. The comparison of the PM;, concentrations
recorded in Beer-Sheva during the identified dust days with
those of Tel Aviv at the same dates showed a similar pattern of
PM,, changes (Figure 2). The relatively low correlation of the
two time series (43%) is explained by nonconstant trend of
increasing PM; level in Beer-Sheva and Tel Aviv due to dust
storms. In addition, more dust events occurred in Beer-Sheva
during that time compared with Tel Aviv. This indicates local
dust storms, as was confirmed also by the HYSPLIT models.
Note, for example, the three-peak storm in Beer-Sheva compared
with a one-peak storm in Tel Aviv at the same date (rectangle in
Figure 2). Since all the days with PM,;(>71 pg/m® were found to
be associated with dust events, a constant anthropogenic con-
tribution to PM can be assessed from the background values of
the “dust-free” seasons (34 wg/m® in average for the whole
studied period).

The (1-day) average NC for all dust days in Beer-Sheva
(2001-2012) ranged from 1 to 2643 wg/m’, with an average
value of 122 pﬂg/m3 (n = 538), which is about 3.5 times higher
than the BV (42 pg/m?). In order to estimate the percent annual
NC, a weight ratio based on the annual average PM;, (ranged
from 43 to 77 pg/m’ during 2001-2012) and that of the non-dust
days was calculated as follow: (1) subtract the PM,, average of
the non-dust days from the annual average PM; to retrieve the
weight of the dust; (2) deviation of this value by the annual PM;,
average provides the NC in percentage. We found that percent
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Figure 2. Association between higher PM, concentrations (>BV,) identified in Beer-Sheva and those observed in Tel Aviv at the same dates during 2001-2012. An
example of differences in the dust intensity of simultaneous peaks is given in the rectangular.
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annual NC to PM, of dust storms in Beer-Sheva ranged from
22% to 52%. The results of Ganor et al. (2009) in Tel Aviv for the
years 1995-2006 suggested lower percent annual net contribu-
tions (9.4-29.5%). The NC derived for the dust days were
grouped based on percentile thresholds (10th, 25th, 50th, and
75th) from the distribution of the daily PM,, values >71 pg/m®
of the research period (n = 2650) (Table 1). This makes it
possible to classify dust storm events according to their levels:
“low” 264 pg/m’; “medium” 661 wg/m>; “high” 1322 pg/m’;
and “severely high” 1983 pg/m®. Goossens and Offer (1995)
suggest a threshold of 200 pg/m® as a criterion to define dust
storms in the northern Negev desert, which corresponds to the
“low” level of this study. However, they did not suggest a further
classification. Other PM,, classifications in Israel have been
related to PM;, pollution (anthropogenic and nonanthropo-
genic), with the addition of the background values to the total
concentration in each level. Ganor et al. (2009) grouped PM,,
concentrations in Tel Aviv into four pollution levels “low” 540
pg/m?; “medium” 35-65 wg/m’; “high” 65-150 pg/m’; and
“very high” 100-3000 pg/m’. For our data set, 12% of the
total days exceeded the NC of 300 wg/m® (“low” level), 5%
>700 pg/m’, 2.5% >1000 wg/m>, and 0.6% (about 24 days)
>2000 pg/m>. Ganor et al. (2009) attributed 3% of the cases in
Tel Aviv to the “very high” class (100-3000 wg/m?), whereas in
Beer-Sheva 3.1% of cases had values above 1000 wg/m?>.

The method presented here was also used to assess the ratio of
NC to PMq during strong storms (“high”; “severely high”). In
such events, PM;, can reach high hourly concentrations over
several consecutive hours. Six storms are presented in Figure 3.
Daily (24-hr average) contributions above 1000 wg/m> were
found in three of them (one in 2009 and two in 2010). In all
storms, maximum PM;, hourly values exceeded 2000 pwg/m’,
and in May 2010 the PM, concentrations exceeded 4000 pLg/m3
(Figure 3d). The storm of February 2012 showed a daily con-
centration of 680 Mg/m3, but the maximum hourly PM;, con-
centration reached more than 5000 wg/m> (Figure 3f). Although
the most extreme PM value (5197 pg/m?) was recorded in the
storm of 2012 (Figure 3f), which lasted (on and off) for 52 hr, the
calculated storm intensity, based on the A; parameter, showed
that the strongest dust storm had occurred in December 2010
(Figure 3e). Its long duration of 61 h (almost 3 days) with high
PM,, values (maximum of 3873 pg/m?) resulted in the highest
A; value. Thus the most intense storm does not always have the
highest 1-hr maximum PM;, concentration. Finally, five of the
six storm events occurred during the past 3 yr, showing further
evidence of the increasing trend of desert dust storms in the
southeastern Mediterranean during the past few decades
(Ganor et al., 2010).

Conclusion

An analysis of PM;, concentration data was performed for an
urban arid environment that is located at the margin of the global
dust belt. The method presented in this study to quantify the
contribution of dust storms to PM levels using a single monitor-
ing station and adjusted threshold criteria could be applicable to
other areas with a limited number of stations as well as to
situations with lower PM,, concentrations and less intense dust

Table 1. Classification of the net contribution (NC) of dust storms to daily PMj levels (pg/m?) in each year

2001-2002 2002-2003 2003-2004 2004-2005 2005-2006 2006-2007 2007-2008 2008-2009 2009-2010 2010-2011 2011-2012 Classification

Percentile

114 “Low “

241
604
1209
1813

264
661
1322
1983

125
313
627
940

71 29

111
278
556

32
81

194
486
973
1460

136
340
680
1020

10th percentile

“Medium “
13 High 13
“Severely

high”

286
572
858

74
149
223

179
358
537

65

25th percentile

162
243

129

50th percentile

834

193

75th percentile

Notes: Thresholds were determined by the percentile class weight (for the entire period 2001-2012): “Low” (10th percentile, 264 p.g/m?), “Medium” (25th percentile, 661 wg/m?), “High” (50th percentile, 1322 p.g/m*),

and “Severely high” (75th percentile, 1983 pg/m?).
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Figure 3. High net contribution (NC) to PM levels (hourly averages) during strong dust storms recorded in the northern Negev. The value (Ai) represents the storm’s
intensity. Air mass trajectories (HY SPLIT) during each storm (presented at the right side) associated with typical synoptic systems in the east Mediterranean: Cyprus

Low (a, b, e, ), Sharav Low (c), and Red Sea Trough (d).

events. The results on hourly and daily time scales indicate that
frequently Beer-Sheva experiences high PM concentrations,
which originate mostly from desert dust storms. In addition, a
background value of 42 pg/m’ (that is higher than the WHO
guideline) was calculated for the “dust-free” season.
Calculations yielded net daily dust storm contributions of 1—
2643 pg/m’, with an annual average of 122 pg/m® during the
study period. The contribution of dust storm events to PM;, can
reach hourly averages of 1000-5197 wg/m>. These findings
suggest that dust storms in the southeastern Mediterranean are
amajor source of high PM . Using the intensity parameter Ai, it
was noticed that the strongest storms have occurred mainly in the
last 3 yr. It is believed that environmental changes such as global
warming and desertification may lead to an increased impact of
dust storm events.

Funding

The research was supported by the Environment and Health
Fund (no. RGA1004).

References

Alolayan, M.A., K.W. Brown, J.S. Evans, W.S. Bouhamra, and P. Koutrakis.
2013. Source apportionment of fine particles in Kuwait City. Sci. Total
Environ. 448: 14-25. doi:10.1016/j.scitotenv.2012.11.090

Alpert, P, R. Abramsky, and B.U. Neeman. 1990a. The prevailing summer
synoptic system in Israel—Subtropical high, not Persian trough. Israel
J. Earth Sci. 39: 93-102.

Alpert, P., A. Cohen, E. Doron, and J. Neumann. 1982. A model simulation of the
summer circulation from the Eastern Mediterranean past Lake Kinneret in the
Jordan Valley. Mon. Wea. Rev. 110: 994-1006. doi:10.1175/1520-0493
(1982)110<0994:AMSOTS>2.0.CO;2

Alpert, P, B.U. Neeman, and Y. Shay-El. 1990b. Climatological analysis of
Mediterranean cyclones using ECMWF data. Tellus Ser: A Dyn. Meteorol.
Oceanogr. 42: 65-77. doi:10.1034/j.1600-0870.1990.00007.x

Alpert, P, and B. Ziv. 1989. The Sharav cyclone—Observations and some
theoretical considerations. J. Geophys. Res. 94: 18495-18514. doi:10.1029/
JD094iD15p18495

American Meteorological Society. 2001. Statement on seasonal to interannual
climate prediction (adopted by AMS Council 14 January 2001). Bull. Am.
Meteorol. Soc. 82:701. doi:10.1175/1520-0477(2001)082<0701:
ASSTIC>2.3.CO;2

Chen, Y.S., PC. Sheen, E.R. Chen, Y.K. Liu, TN. Wu, and C.Y. Yang. 2004.
Effects of Asian dust storm events on daily mortality in Taipei, Taiwan.
Environ. Res. 95: 151-155. doi:10.1016/j.envres.2003.08.008



Downloaded by [Northeastern University] at 18:36 17 December 2014

94 Krasnov et al. / Journal of the Air & Waste Management Association 64 (2014) 8§9—-94

Contini, D., A. Genga, D. Cesari, M. Siciliano, A. Donateo, and M.R. Guascito.
Characterisation and source apportionment of PM;, in an urban background
site in Lecce. Atmos. Res. 95: 40-54.

Dayan, U., J. Heffter, J. Miller, and G. Gutman. 1991. Dust intrusion events into
the Mediterranean basin. J. Appl. Meteorol. 30: 1185-1199. doi:10.1175/
1520-0450(1991)030<1185:DIEITM>2.0.CO;2

Dayan, U., R. Shenhav, and M. Graber. 1988. The spatial temporal behavior of the
mixed layer in Israel. J. Appl. Meteorol. 27: 1382—1394. doi:10.1175/1520-
0450(1988)027<1382: TSATBO>2.0.CO;2

Dayan, U., B. Ziv, T. Shooba, and Y. Enzel. 2008. Suspended dust over south-
eastern Mediterranean and its relation to atmospheric circulations. /nf.
J. Climatol. 28: 915-924. doi:10.1002/joc.1587

Draxler, R.R., and G.D. Rolph. 2003. HYSPLIT (HYbrid Single-Particle
Lagrangian Integrated Trajectory) model. Accessed via NOAA ARL
READY Web site http://www.arl.noaa.gov/ready/hysplit4.html. (accessed
February 29, 2013). NOAA Air Resources Laboratory, Silver Spring, MD.

Erell, E., and H. Tsoar. 1999. Spatial variations in the aeolian deposition of
dust—The effect of a city: A case study in Be’er-Sheva, Israel. Atmos.
Environ. 33: 4049-4055. doi:10.1016/S1352-2310(99)00146-6

Escudero, M., X. Querol, J. Pey, A. Alastuey, N. Pérez, F. Ferreira, S. Alonso, S.
Rodriguez, and E. Cuevas. 2007. A methodology for the quantification of the
net African dust load in air quality monitoring networks. Atmos. Environ. 41:
5516-5524. doi:10.1016/j.atmosenv.2007.04.047

Ganor, E., and H.A. Foner. 1996. The mineralogical and chemical properties and
the behavior of acolian Saharan dust over Israel. In The Impact of Desert Dust
across the Mediterraneane, eds. S. Guerzoni and R. Chester, 163—-172.
Norwell, MA: Kluwer Academic Press.

Ganor, E., and H.A. Foner. 2001. Mineral dust concentrations, deposition fluxes
and deposition velocities in dust episodes over Israel. J. Geophys. Res. 106:
18431-18437. doi:10.1029/2000JD900535

Ganor, E., A. Stupp, and P. Alpert. 2009. A method to determine the effect of
mineral dust aerosols on air quality. Atmos. Environ. 43: 5463-5468.
doi:10.1016/j.atmosenv

Ganor, E., I. Osetinsky, A. Stupp, and P. Alpert. 2010. Increasing trend of African
dust, over 49 years, in the eastern Mediterranean. J. Geophys. Res. 115:
D07201. doi:10.1029/2009JD012500

Gertler, A.W., D.A. Lowenthal, and W.G. Coulombe. 1995. PM, source appor-
tionment study in Bullhead City, Arizona. J. Air Waste Manage. Assoc. 45:
75-82.

Goossens, D., and Z.Y. Offer. 1995. Comparisons of day-time and night-time dust
accumulation in a desert region. J. Arid Environ. 31: 253-281. doi:10.1016/
S0140-1963(05)80032-1

Gyan, K., W.S.L. Henry, A. Laloo, C. Lames-Ebanke, and R. McKay, 2005.
African dust clouds are associated with increased paediatric asthma accident
and emergency admissions on the Caribbean island of Trinidad. /nt.
J. Biometeorol. 49: 371-376. doi:10.1007/s00484-005-0257-3

Israelevich, PL., Z. Levin, J.H. Joseph, and E. Ganor. 2002. Desert aerosol
transport in the Mediterranean region as inferred from the TOMS aerosol
index. J. Geophys. Res. 107(D21):4572. doi:10.1029/ 2001JD00201 1

Kahana, R., B. Ziv, Y. Enzel, and U. Dayan. 2002. Synoptic climatology of major
floods in the Negev desert, Israel. Int. J. Climatol. 22: 867-882. doi:10.1002/
joc.766

Kalderon-Asael, B., Y. Erel, A. Sandler, and U. Dayan. 2009. Mineralogical and
chemical characterization of suspended atmospheric particles over the east
Mediterranean based on synoptic-scale circulation patterns. Atmos. Environ.
43:3963-3970. doi:10.1016/j.atmosenv.2009.03.057

Kallos, G., A. Papadopoulos, P. Katsafados, and S. Nickovic. 2006. Transatlantic
Saharan dust transport: Model simulation and results. J. Geophys. Res. 111:
D09204. doi:10.1029/2005JD006207

Kogak, M., N. Mihalopoulos, and N. Kubilay 2007. Contributions of natural
sources to high PM,, and PM, 5 events in the eastern Mediterranean. Atmos.
Environ. 41: 3806-3818. doi:10.1016/j.atmosenv.2007.01.009

Neophytou, A.M., P. Yiallouros, B.A. Coull, S. Kleanthous, P. Pavlou, S.
Pashiardis, D.W. Dockery, P. Koutrakis, and F. Laden. 2013. Particulate
matter concentrations during desert dust outbreaks and daily mortality in
Nicosia, Cyprus. J Expos. Sci. Environ. Epidemiol. 23: 275-280.
doi:10.1038/jes.2013.10

Offer, Z.Y., and E. Azmon. 1994. Chemistry and mineralogy of four dust storms
in the northern Negev desert, Israel (1988-1992). Sci. Total Environ. 143:
235-243. doi:10.1016/0048-9697(94)90460-X

Offer, Z.Y., A. Zangvil, and D. Klepach. 2008. Temporal variations of airborne
particle concentration in an arid region. Environ. Monit. Assess. 146:
285-293. doi:10.1007/s10661-007-0080-x

Pérez, L., A. Tobias, X. Querol, N. Kiinzli, J. Pey, A. Alastuey, M. Viana, N.
Valero, M. Gonzalez-Cabré, and J. Sunyer. 2008. Coarse particles from
Saharan dust and daily mortality. Epidemiology 19: 800-807. doi:10.1097/
EDE.0b013e31818131cf

Querol, X., J. Pey, M. Pandolfi, A. Alastuey, M. Cusack, N. Perez, T. Moreno, M.
Viana, N. Mihalopoulos, G. Kallos, and S. Kleanthous. 2009. African dust
contributions to mean ambient PM;, mass-levels across the Mediterranean
Basin. Atmos. Environ. 43: 4266—4277. doi:10.1016/j.atmosenv.2009.06.013

Rodriguez, S., X. Querol, A. Alastney, G. Kallos, and O. Kalaliagou. 2001.
Saharan dust contributions to PM;, and TSP levels in southern and eastern
Spain. Atmos. Environ. 35: 2433-2447. doi:10.1016/S1352-2310(00)00496-9

Viana, M., P. Salvador, B. Artinano, X. Querol, A. Alastuey, J. Pey, A.J. Latz, M.
Cabanas, T. Moreno, S.G. Dos Santos, M.D. Herce, P.D. Hernandez, D.R.
Garcia, and R. Fernandez-Patier. 2010. Assessing the performance of meth-
ods to detect and quantify African dust in airborne particulates. Environ. Sci.
Technol. 44: 8814-8820. doi:10.1021/es1022625

About the Authors

Helena Krasnov is a Ph.D. student, and Itzhak Katra, Ph.D., is a researcher at
the Department of Geography and Environmental Development, Ben-Gurion
University of the Negev, Beer-Sheva, Israel.

Petros Koutrakis, Ph.D., is a professor of environmental sciences at the
Department of Environmental Health, Harvard School of Public Health,
Harvard University.

Michael D. Friger, Ph.D,, is a professor and the head of the Department of
Epidemiology, Faculty of Health Sciences, Ben-Gurion University of the Negev,
Beer-Sheva, Israel.



