Transboundary Transport of Air Pollutants Between Israel and the Palestinian Authority

INTRODUCTION:

Exposure to air pollutants, both gaseous and particulate, is widely considered to be a cause of  respiratory diseases, acid rain, and decreased visibility.  When air pollution is transported across political boundaries, a dimension of diplomacy and foreign policy is added to the scientific and domestic aspects of the problem.  With the increasing industrialization of the Palestinian territories, and the beginnings of separation from Israeli administration, the Palestinians will be responsible for emissions of air pollutants from the areas under their control.  The major objective of this research project is to quantify the flux of pollutants across the boundaries between Israel and the Palestinian Authority, specifically from the Gaza Strip into southern Israel, and from central Israel to the areas of Judea and Samaria.

OBJECTIVES AND GOALS:

1. To estimate the flux of air pollutants between the Gaza Strip and Israel, and the total amount of air pollutants emitted in the Strip.

2. To measure the levels of air pollution transported eastward from Israel to the areas of the Palestinian authority in Judea and Samaria.

3. To measure concentrations of air pollutants using innovative remote sensing technologies (DOAS) and test their applicability to local conditions.

4. To develop cooperation among scientific organizations in the Palestinian Authority and Israel.

IMPORTANCE OF THE RESEARCH

1. To provide data on the emissions of air pollutants from the Gaza Strip and Israel, to be included in the database for Eastern Mediterranean air quality models.

2. The results can be used as benchmark data for air pollution emitted in the area and then transported across boundaries.  These data may be admissible in any disputes over emissions and transport of pollutants.

MEASUREMENT METHODS

In the Gaza area, westerly winds occur 70% of the time under the wind regime typical of southern Israel (Dayan 1986).  A monitoring station was located in Kibbutz Alumim (31.27N 34.30E) along the eastern boundary of the Gaza Strip, and was operated during March-April 2000 and August 2000.  Baseline measurements from outside the Gaza Strip were obtained from Ashkelon Council of Cities monitoring station at the seashore town of Karmiya, just north of the Gaza Strip.  Other background values were obtained from the literature (e.g. Alper Siman-Tov, 1997).

Concentrations of NO, NOY, SO2, O3, CO were recorded at 5-minute averages, along with wind speed and direction, ambient temperature, relative humidity, atmospheric pressure, and solar radiation.  A Differential Optical Absorbance Spectrometer (DOAS) was used for additional measurements of NO2 and O3.  The height of the daily atmospheric inversion layer was calculated from a vertical temperature profile obtained using a meteorological radio-sonde balloon.

Pollutants inside the inversion layer over the West Bank were measured on seven flights conducted during May, 2000, measuring the same pollutants listed above along with GPS location data.

MODEL

The mathematical model used to calculate the contribution of emission sources in the Gaza Strip to ambient concentrations includes two equations.

(1)
CGaza =  CAlumim​  –  CSeashore
where 
 

CAlumim is the concentration measured at Alumim, downwind of Gaza.

CSeashore represents the concentrations upwind of Gaza, which are transported from Europe, North Africa, or other regions in Israel. CSeashore was obtained from the literature and from measurements as described above in the Methods section.

CGaza is the contribution of the Gaza strip to the concentrations.

(2)
FLUXi = H * L* V * Ci

where

H = height of the inversion layer

L = length of the boundary of the Gaza Strip with Israel = 50km

V = westerly vector component of wind velocity

Ci = concentration of pollutant i (CGaza from Eq. 1)

FLUXi = transboundary flux of pollutant i

RESULTS & DISCUSSION
Only the data recorded during the hours of 12:00 – 20:00 were used to evaluate the contribution of Gaza emission sources, in order to exclude the influence of pollutant recirculation.  This effect occurs when pollutants blown out to sea on the night-time easterly winds return with the westerly winds in the morning.  During the hours of 12:00 – 20:00 the emissions from the Gaza strip flowed directly to Alumim, and the offshore circulation was not a concern.  CAlumim was then averaged over those hours.  Two flux estimates were calculated: using CSeashore set equal to background values from the literature (Table 1, Col. 1), and to measurements from Karmiya (Table 1, Col. 2).  The difference between concentrations at Alumim and Karmiya (e.g. ozone, Figure 1) is attributed to emissions in the Gaza strip.  The calculated fluxes from Gaza were 2-10% of emissions from Israel, obtained from the Central Bureau of Statistics (Table 1, Col. 3-4).

Table 1:  Comparison of Pollutant Fluxes emitted in the Gaza Strip and in Israel

	Pollutant
	(1) Emissions from Gaza

ton/yra
	(2) Emissions from Gaza
ton/yr ± std dev b
	(3) Emissions from Israel

ton/yrc
	(4) Gaza Emissions as % of Israel Emissions b

	SO2
	125
	5,000 ±  4,000
	315,000
	2%

	NOX
	3,500
	12,000 ±  8,500
	355,000
	4%

	CO
	231,000
	
	432,000
	

	O3
	109,000
	60,000 ± 32,000
	600,000
	10%


a using background from literature (Alper Siman-Tov, et al., 1997)

b using background measurements from Karmiya

c using data from the Central Bureau of Statistics 

DOAS and analyzer measurements were highly correlated with each other (90% for NO2, 80% for O3).  As expected, the DOAS NO2 values were systematically slightly lower than the analyzer measurements, since the analyzer measures other nitrogen compounds, while the DOAS measures only true NO2 (Figure 2).  These results show that, for this fieldwork period, the DOAS was a reliable measurement method at least for the hours of 12:00 – 20:00, but not for the hazy morning hours.

Initial review of the concentrations measured during the May 2000 flights (Figures 3,4) shows that the concentrations of NO2 and SO2 were higher in the southern area of Judea compared with the northern area of Samaria.  This may be due to the prevailing winds during this time which transported the pollutants emitted in central Israel to the south-east.

CONCLUSIONS

1.  In the context of a regional air quality model, the emissions from the Gaza Strip under the existing conditions will not have a significant effect compared to the amounts of pollutants emitted in Israel.  This fraction may therefore be neglected for a regional model.

2.  In the context of local air quality models within Israel and the adjacent areas, the Gaza emissions may be significant and should be included.  For example, the Gaza emissions are an important source for the north-western Negev area.

3.  The concentrations of sulfur oxides are significantly lower than those of nitrogen oxides, which may indicate that the emission sources in the Gaza strip are primarily from vehicles, or from industry burning low-sulfur fuels.

4.  These results can serve as reference levels for background measurements if and when polluting industries develop in the Gaza strip.

5.  During the measurement period, the remote sensing device (DOAS) was appropriate for use in the Gaza area for the periods of onshore winds.  This instrument could be used in the Gaza region except during hazy conditions during the morning hours. 
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Figure 1:  Ozone concentrations upwind and downwind of the Gaza Strip.  The upper signal (solid circles) is from Alumim; the lower signal (+) is from Karmiya.
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Figure 2:  Comparison of NO2 measurements by DOAS and chemiluminescence analyzer (TEII)
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Figure 4: SO2 levels measured in flight











Figure 3: NOx levels measured in flight








