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Abstract 

A permanent station has been established in the Eastern Mediterranean coast of Turkey for 
continuous monitoring of aerosols and precipitation. The station is a part of the MED-POL programme 
which includes all countries that have coasts in the Mediterranean Sea and attempts to determine the role 
of the atmospheric fluxes of pollutants on the pollution of the Mediterranean Sea. Aerosol and deposition 
samples have been collected since early 1992. Concentrations of SO«, N03, CI, Li, Pb, K, Ca, Al, As, Cd, 
Cr, Cu, Se, Zn and Na were determined by ion chromatography and atomic absorption spectrometry. Daily 
samples will be screened to select the ones which correspond to transport from Europe and will be analyzed 
for a larger number of parameters using INAA. Method development took most of the time in 1992, and 
analysis are still in progress. Available data have shown that concentrations of anthropogenic elements 
are smaller in the Eastern Mediterranean atmosphere compared to other rural sites in the Europe. 

1 . SCIENTIFIC BACKGROUND AND SCOPE OF THE PROJECT 

The long-range transport of pollutants and subsequent influence in regions far from 

source areas have been extensively documented in the literature. Acidif ication of lakes in 

the Europe and North America and the deterioration of forests in Europe are attributed to 

such long range transport of especially acid forming ions from industrial regions to rural 

areas downwind from emissions [1-6]. 

Europe, wi th its industrialized countries, is a strong source of anthropogenic 

emissions and is expected to influence areas surrounding the continent. Effects of 

emissions from Europe have been detected in areas such as the North and Baltic seas 

[7 ,8 ] , the Western Mediterranean region [9-11] , the Black Sea [12] and even in the Arctic 

[13] . 

Although westerly, northerly and southerly transport of anthropogenic emissions from 

industrialized areas in Europe have been extensively studied, very little work has been done 

on the transport of pollutants to the east and southeast of the continent. However, there 

are several lines of evidence which suggest that transport of pollutants to the east and 

southeast of Europe do occur and ecosystems in receptor areas lying to the east and 
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southeast of the continent should be affected by such transport. The evidence is outlined 
in the following paragraphs. 

The temporal and spatial variations in the meteorological conditions of the region 
favour easterly air mass transport. During winter, the Mediterranean region is under the 
influence of a low pressure system over Europe and a high pressure system over Siberia. 
During summer, the region is affected by high pressure systems over North Africa and 
Basra lows. These systems generate a general easterly flow in the region, which favours 
transport of pollutants from Europe throughout the year 

Another line of evidence which suggests a significant transport of pollutants from 
Europe to the Eastern Mediterranean is the existence of such transport to the western 
Mediterranean region. A French research group has conducted extensive research on the 
transport of the pollutants to the western Mediterranean region through ship-borne 
sampling [9] and has also collected samples from a permanent station established on 
Corsica island [10]. Their work has clearly demonstrated that the dominating source of 
the anthropogenic elements in the western Mediterranean is transport from Europe. When 
this finding is coupled with a general easterly air-low in the region, one should expect the 
transport from Europe to the Eastern Mediterranean region as well. 

Similarly, our group has studied the transport of pollutants to the Black Sea 
atmosphere [12,14]. The results have shown that the sources in the Eastern Europe can 
account for up to 80% of the atmospheric concentrations of major and minor elements. 
However, our work does not present as conclusive evidence the work done in the western 
Mediterranean, because the Black Sea is under the influence of Eastern European countries, 
where emission controls are not effective. Transport from Eastern European countries to 
the Mediterranean is yet to be known. 

Work done in Israel have shown that concentrations of ions measured in the 
Mediterranean coast of Israel can not be explained by local sources. Authors have 
explained observed concentrations by a transport from Europe [151. 

Katsolius and Whelpdale [16] have studied the sources and sinks of pollutants in the 
grid covering a majority of Europe and a part of the Eastern Mediterranean. Results have 
indicated a deficiency of approximately 1.4 tg S in their mass balance calculations which 
authors believe are being transported to the Eastern Mediterranean basin. 

Although all these studies point to the possibility of transport of pollutants from 
industrialized European countries to the Eastern Mediterranean, no work had been done to 
quantify the transport. However, if such transport does exist, one important consequence 
would be the role of European sources on the pollution of the Mediterranean sea, through 
fluxes of pollutants from atmosphere to the sea. 

Since the Mediterranean sea is more or less a closed sea, it can be easily polluted by 
discharges from land-based sources and atmospheric fluxes of pollutants. High levels of 
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pollution in the Mediterranean sea cannot be tolerated, because the economies of 
surrounding countries depend on the Mediterranean sea through tourism and other marine-
related activities. Because of such a fragile nature of the Mediterranean sea, a joint 
monitoring programme which studies the levels and sources of pollutants in the 
Mediterranean sea are underway since mid-seventies. The programme is being co
ordinated by the UNEP and called MED-POL. It was initiated to monitor the levels of the 
pollutants in all parts of the Mediterranean sea with the participation of all countries 
surrounding the Mediterranean Sea. This pure monitoring component produced long-term 
data on the pollutant concentrations and helped to identify coastal regions which are 
heavily polluted. In the 1980's, two new components, aimed at identifying sources of 
pollution and the remedial action needed to improve the pollution levels, were also added 
to the MED-POL programme. 

Until very recently, the monitoring programme was exclusively to study the pollution 
of the Mediterranean Sea through riverine and direct discharges. However, recently, fluxes 
of pollutants from atmosphere to sea have been identified as a potential sources of 
pollution of the marine environment [17,18]. In 1989 a new component aimed at 
identifying the role of atmospheric fluxes of pollutants relative to riverine sources was 
added to the programme. The atmospheric component of the MED-POL programme is 
being co-ordinated by the World Meteorological Organization (WMO). 

Within the atmospheric monitoring programme, every country having a coast on the 
Mediterranean Sea was asked to establish a reference monitoring station, which should 
include instrumentation for aerosol and rainwater sampling. Recommendations on the 
selection of sampling sites and parameters to be measured in the monitoring programme 
were prepared by the two workshops held in 1989 and 1991 through the participation of 
countries involved in the programme. 

We have established the reference station in the Eastern Mediterranean coast of 
Turkey in 1992 as a part of the national MED-POL programme. Samples have been 
continuously collected since then. The discussion given in the following sections includes 
data from the Turkish MED-POL station. 

Our work in the Eastern Mediterranean has four different purposes: 

1. To determine the concentrations of pollutants in aerosols and rain which 
have not been measured before. The long-term data which will be 
generated in the programme will be relayed to the MED-POL co-ordination 
unit by Turkish Ministry of Environment. 

2. The most important aim of the sampling programme, for our interest, is to 
study the long-range transport of pollutants to the Eastern Mediterranean 
region. A multielement data set which will appear in the programme will 
allow us to apply statistical methods, which, together with back-trajectory 
information, will provide information on the source regions, <ind 
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contributions of each source region on the aerosol mass sampled. We are 
now co-operating with Greek and Israeli researchers through an EEC 
contract to do aircraft sampling and to measure reactive species, which will 
provide us information on the chemistry occurring during the transport, and 
to model the transport mechanism. 

3. To characterize the Saharan dust component of the Mediterranean aerosols. 
The Saharan dust fiux to the Eastern Mediterranean region is not well 
known. One of the purposes of the study will be to obtain a chemical 
signature for the Saharan Dust component. Also interesting is the study of 
how composition of the Saharan Dust changes as it crosses Industrialized 
areas. We are now setting up two additional stations at different locations 
in Turkey. Trajectory information will be used to select cases where 
Saharan dust is intercepted by two of the stations. Chemical analysis of 
aerosol samples corresponding to those cases will provide information on 
the chemical composition of the dust before it enters Turkey and after it is 
transported approximately 1,000 km on the land. 

4. To assess the role of atmospheric flux of pollutants on the pollution of the 
Mediterranean Sea. Considerable data have been accumulated on the 
riverine discharge of pollutants to the Mediterranean Sea. Through the 
sampling of the aerosols and rainwater, information will be obtained on the 
atmospheric fluxes of similar pollutants. 

2. METHODS 

2 .1 . Selection of Sampling Site 

Since the samples will be evaluated for long range transport, the sampling site should 
not be under the influence of any local point and area sources, to be able to detect low 
levels of pollutants which are being advected from upper atmosphere. However, three 
additional requirements were dictated by the logistics of the sampling. (1) The station 
must be located at a site where power is available, (2) The station must on the grounds 
of a government property, so that it can be protected against a potential vandalism and 
(3) there must be some capable people around to change samples (our laboratory is some 
600 km away from the Mediterranean coast). 

One additional difficulty was the extensive domestic and foreign tourism in the region. 
Most of the Mediterranean coast is covered by either holiday resorts or summer houses. 
Finding a place far from all activities was proved difficult. 

Finally, a rest area which belongs to the Ministry of Forestry and which is 
approximately 20 km from the city of Antalya was selected as the site where the station 
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Figure 1: Location of Station 

was to be established. The area was under protection throughout the year and power was 
available. The nearest population centre was the city of Antalya which is roughly 20 km 
away. There were no point sources which can affect the station site. The location of the 
station is shown in Figure 1. 

A platform was built on the rock structure by the sea, which was approximately 20 m 
from sea level. A container, used to change and store samples, was put at approximately 
50 m from the platform. The interior of the container was designed to act as a centre to 
change samples and control the power to the equipment on the platform. 

2.2. Equipment Used for Sampling 

Two rain samplers and one PM-10 Hi-VOL aerosol sampler and one HI-VOL cascade 
impactor were installed on the platform. The platform together with the sampling 
equipment is shown in Figure 2. 

An ANDERSEN PM-10 HI-VOL sampler is being used to collect particles less than 10 
//m in diameter. The sampler is a standard HI-VOL sampler with a air flow rate of 
approximately 70 m' -hr 1 (the flow rate is about 45 m3«hr'1 with a filter on the sampler) 
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Figure 2. The platform wi th the operating equipment 
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eauipped with a PM-10 head which is a kind of pre-impaction stage to remove particles 
with diameter larger than 10 //m. The PM-10 sampler is shown in Figure 3. 

The impactor is a six-stage SIERRA irnpactor installed on a standard ANDERSEN Hl-
VOL sampler. The cut off diameters of the impactor given by the manufacturer are 10.2 
//m, 4.2//m, 2.1 //m, 1.4//m, 0.73 //m and 0.41 //m for stages 1 through 6, respectively. 
There is a back-up filter behind all stages to collect particle less than 0.41 //m. 

One of the rain samplers is used to collect rain samples for the analysis of metals and 
the other one is being used to collect samples for the analysis of ions. Both of the 
samplers used have a rain-sensor which opens the lid when rain starts and closes it when 
rain stops. Consequently, in both samplers the rain samples collected are wet-only 
samples. 

The one used for metal analysis is manufactured by Karlbe Co. especially for metal 
analysis. All of the components that come in touch with rain are made up of either high 
density polyethylene or teflon. The sampler also has a mechanism to collect seven daily 
rain samples automatically. However, we bypassed the auto-sampling mechanism due to 
frequent malfunctions when power-cuts are experienced. This was not a serious problem, 
because our technicians visit the site everyday to change aerosol filters. The samples are 
being collected in polyethylene bottles, which are shipped to the laboratory without the 
need for transfer to other vessels. This equipment is distributed by the MED-POL co
ordination unit to all of the laboratories involved in the atmospheric monitoring. The rain 
sampler used for metal analysis are shown in Figure 4. 

The second rain sampler which is used to collect samples for ion analysis is a 
modified ANDERSEN "acid rain sampler" and is shown in Figure 5. The standard 
ANDERSEN "acid rain sampler" contains two buckets, one for collection of rain samples 
and the other one for collection of dry deposition samples. A lid which is activated by a 
rain sensor closes the rain bucket and in the process opens the dry deposition 
compartment when it does not rain. When the rain starts, the sensor activates the lid such 
that, it opens the rain sampling bucket and closes the dry deposition compartment. In its 
standard operation, dry and wet deposition samples are simultaneously collected. There 
are two good features of the particular rain sampler; (1) its lid system is very rugged. It 
has not had any operational problems in the several years we have used it. (2) the price 
of the sampler is much cheaper compared to the prices of wet-only rain samplers designed 
for collection of contamination-free rain samples to be used for metal analysis. 

On the other hand, the sampler has some unfavourable features as well. The most 
important drawback of the sampler is the large buckets in which samples are being 
collected. The few hundred millilitres of rain sample collected in a five litre volume bucket 
has to be transferred to a small polyethylene bottle. Such a transfer may be a source of 
contamination. A large number of similar samplers have been used in the NAPAP 
deposition network in the North America. Various tests have shown that collection of 
samples with ANDERSEN acid rain sampler is prone to contamination if sufficient care is 

194 



Figure 4. Rain sampler used in metal analysis 
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Standard ANDERSEN precipitation sampler 

Modified ANDERSEN precipitation sampler 

10 cm diameter 
teflon disk 

Funnel 

Figure 5. Modifications made on Andersen precipitation sampler 
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not spent. The main source of contamination appears to be the lid of the buckets used 

during the transport buckets back and forth between laboratory and the station. Another 

problem with the samples collected is the fact that rain is collected without being filtered. 

This may not be a problem to collect samples for ion analysis, because most of the acid 

forming ions are soluble and stay wi th the solution whether samples are filtered or not, but 

it renders the sampler unusable for trace metal analysis, because composition of the liquid 

phase may change as unfiltered sample stays in the sampler, or when it is stored until 

analysis. 

We have modified the standard ANDERSEN acid-rain sampler to reduce its blank 

characteristics and also to investigate the possibility of using it for metal analysis. A 

funnel is placed in the rain bucket and it is connected with a polyethylene tubing to a 

polyethylene filter which has a reservoir capacity of 250 ml. The polyethylene filter holder 

is connected, again with a polyethylene tubing to a 1 L capacity high-density polyethylene 

bottle. The schematic diagrams of the standard and modified samplers are given in Figure 

5. Following improvements were accomplished with these modifications. (1) Samples 

are being collected directly in polyethylene bottles which eliminates the need for sample 

transfer from buckets to bottles. (2) Samples are now being filtered before passing to the 

collection bottle. This eliminated the possibility of composition change during storage. (3) 

All the components of the sampler is made of polyethylene which allows us to use the 

sampler for metal analysis. (4) We are using the lid system of the sampler which we feel 

is one of the best lids available. 

We are currently testing blank characteristics of the modified sampler and hoping to 

obtain low enough metal blanks, so that we can use it for sampling of rain water for metal 

analysis. 

2.3. Sampling 

The equipment described in the previous section was installed in December 1991. 

Sampling was started in February 1992 and has continued without interruption since then. 

High volume aerosol samples are collected daily on Whatman-41 filters. The flow 

rate through the filter was between 45 - 50 m3*h'1 . The sampler is stopped at around 

10:00 am every day to change filter. When the sampler is stopped, the filter cassette on 

the sampler is covered by a cover, placed in a polyethylene bag and carried to the 

container. In the container, the filter is removed from the cassette under High efficiency 

particulate (HEPA)-filtered air and placed in an acid-washed polyethylene bag which is heat 

sealed, tagged and placed in another polyethylene bag. The second bag is also heat-sealed 

and the sample is stored in a refrigerator in the container until it is shipped to our 

laboratory in Ankara. A fresh Whatman-41 filter is placed in the cassette, cassette is 

carried to the platform in a polyethylene bag, placed on the sampler and its cover is 

removed. The air flow through the filter is determined from the calibration of the pressure 

drop across the filter and indicated on a chart recorder. In addition to this standard 

method for HI-VOL samplers, we also measure the total air sampled by installing a high 
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capacity dry gas meter behind the pump. The difference between the two methods is 

always less than 5%. One blank filter is prepared every two weeks. Blank filters are 

loaded and unloaded to the sampler exactly like sample filters, but air is passed through 

for only one minute. 

The impactor samples are collected weekly on specially slotted Whatman-41 

substrates. We did not apply any sticky surfacing agent to avoid bounce-off of large 

particles to smaller stages. The flow rate was kept constant at 25 m 3 * ^ 1 to be able to 

use manufacturer's cut-off diameters. 

Rain samples for metal analysis are collected in 1 L capacity high density polyethylene 

bottles. Bottles are loaded directiy to the sampler and after every day wi th rain, they are 

removed from the cap in the sampler, recapped and placed in a polyethylene bag. The bag 

is heat sealed and stored in the refrigerator until they are shipped to the laboratory. 

Bottles used to collect rain samples for metal analysis are acid washed and 10 mL 3 0 % 

supra pure HN03 was added to each bottle before they are sent to the station. The volume 

of rain is determined from both a standard rain-gauge and also using calibrated bottles of 

the same type in the laboratory. The filters through which the rain water is passed during 

sampling are weighed in the laboratory before being sent to the stations. After sampling, 

the filter containing the insoluble fraction is placed in a petri-dish and sent to the laboratory 

where it is re-weighed to determine the mass of the insoluble fraction. 

The rainwater for ion analysis is also collected in polyethylene bottles. The 

procedures used to load and unload bottles to the sampler is the same wi th corresponding 

procedures in the first rain sampler. However, bottles used for ion analysis are washed 

only with distilled deionized water and no acid is added in the laboratory prior to sending 

them to the station. 

2.4. Sample Treatment 

The samples and substrates in/on which samples are collected are handled in the 

Middle East Technical University, Department of Environmental Engineering laboratories 

which a;e located in Ankara, more or less at the centre of the Anatolia. Since the 

laboratories in which samples are handled is approximately 600 km away from the station, 

filters and bottles are being sent back and forth between the University and the station. 

Most of the samples are handled in the clean area. The clean area is built in a 

basement room without any windows. There are 5 HEPA filters in the room. One of the 

HEPA filters pulls air from outside of the room and delivers it to the room after fi ltration. 

Four smaller HEPA filters recycle the room air which is once HEPA filtered. Most of the 

sample handling is done under twice HEPA filtered air. The picture and the layout of the 

clean area are given in Figure 6. Since the room has no inlets for non-filtered air, the air 

which is pulled into the room leaks out from the door. Due to this positive pressure of the 

room relative to the outside, particles cannot enter the clean area from under the door etc. 
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Our particle measurements have indicated that particle concentration in the room is 
approximately 50 times smaller than the particle concentrations outside the room. 

Filters and impactor substrates are weighed and then heat-sealed in acid-washed 

polyethylene bags before they are sent to the station. Aerosol and rain samples collected 

in the station are returned to the laboratory at every 15 days. 

* • 2 m -* 1 • 2 m - * 1 

Figure 6. Layout of the clean area 

When samples are returned from station to the laboratory, filters from both impactor 

and PM-10 samplers are weighed and then cut into four quarters. Each of the quarter 
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pieces are re-weighed to determine the volume of air. One of the pieces is used for ion 
chromatography analysis. The second one is used for atomic absorption measurements, 
one is saved for future INAA and last quarter is saved in an archive for any future use. 

The rain water samples collected for metal analysis are sent to the AAS group 
without any treatment. The rainwater samples collected for ion measurements are first 
filtered through 0.2//m membrane filter and the filtrate is sent to the ion chromatography 
group. 

2.5. Analysis of Samples 

Tiie instrumental neutron activation analysis (1MAA) ol samples was performed using 
the procedure developed by Germani et al. [18]. 

The filter samples allocated for AAS measurement are digested in a mixture of HN03 -
HF (both suprapure) in a high pressure digestion bomb, at 150°C for 90 minutes, then 
diluted to 25 ml and analyzed for Na, Al , K, Ca, Pb, As, Cd, Cr, Se, Zn and Li using a Pye-
Unicam PU9200 atomic absorption spectrophotometer. The instrumental parameters used 
in AAS analysis are given in Table I. 

For measurements of S0 4
= , N03" and CI" on filters, ions on the quarter filte." is 

extracted by distilled-deionized water in an ultrasonic bath for approximately 30 min. 
Solution is filtered through 0.2/ym membrane filter and filtrate is injected in a Varian Model 
2010 ion chromatograph. The NH4

+ is determined spectrophometrically. 

Analytical procedures used in analysis of rainwater and dry deposition samples were 
identical with procedures used in analysis of filters. 

3. RESULTS and DISCUSSION 

The work involves evaluation of the results of INAA analysis of selected samples 
collected within the monitoring programme, to obtain information on the long-range 
transport of pollutants from Europe to the Eastern Mediterranean basin. Approximately 
700 aerosol, wet and dry deposition samples are being collected from the station every 
year. To perform INAA on all of the samples is not practical. Consequently, certain 
samples will be selected. The approach used in selection of samples involves analyzing 
all samples for a number of trace elements by AAS and selection of samples will be based 
on the AAS results and back-trajectory information. We now have samples collected from 
the station over one year. The AAS and ion chromatographic analyses of the samples will 
be completed in 1993, together with trajectory calculations. Selected samples will be 
analyzed by INAA in 1994 and data interpretation will be carried out in the last year of the 
project. This report includes method development for correct collection of samples and 
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Table I. PARAMETERS USED IN AAS ANALYSIS 

A l _ 

Technique a 

Wavelength (nm) 309.3 

Spectral band width (nm) 0.7 

Lamp current (mA) 25 

Background correction No 

Sampling volume (//I) Cont. 

As 

b 

193.7 

0.5 

9.5 

Yes 

30.0 

Cd 

b 

228.8 

0.5 

7.0 

Yes 

3.0 

Cr 

b 

357.9 

0.5 

9.0 

No 

10.0 

Cu 

c 

324.8 

0.7 

15 

No 

Cont. 

Pb 

b 

283.3 

0.5 

9.0 

Yes 

10 

Se 

e 

196 

0.5 

9.5 

Yes 

1800 

V 

b 

318.5 

0.2 

11.2 

No 

20 

Zn 

c 

213.9 

0.5 

7.5 

Yes 

Cont. 

a: N20-C2H2 flame, b: Graphite furnace, c: Air-C2H2 Flame, d: Hydride generation 



routine AAS and ion chromatographic analysis. A limited data interpretation is also 
included. 

3 .1 . Method Development 

The station became operational in early 1992. Most of the time in 1992 was spent 
in standardizing the methods for both sampling and analysis. Collection and transport of 
samples between our laboratory and the station is now quite problem-free. We frequently 
have equipment malfunctions, which result in the short-term interruption of sampling. 
These problems were solved by our technicians and did not result in any long-term 
interruption in any of the sampling programmes. Other than these minor problems, the 
sampling pari of the monitoring work is progressing quite satisfactorily. 

Most of the time was spent to optimize the methods foi sample handling and analysis 
in the laboratory. Ion chromatographic analysis of rain and aerosol samples is quite 
straight-forward. We had sufficient experience with icn analysis from our previous studies, 
and analysis is now going on without any significant delay. 

Analysis of approximately 10 trace elements by AAS in so many rain and aerosol 
samples is not a standard procedure. The development of sample treatment and analysis 
procedures took most of our time in 1992. 

Various acid digestion procedures were tried, and two proved to be equally effective 
in complete dissolution of samples, including the cellulose matrix. One of the mixtures 
included HN03 and HF, and the other one included HN03, HF and HCI04. Five filters were 
dissolved by both mixtures and analyzed for the 10 elements used in this work. The t-test 
applied to the results have indicated that with 95% confidence level both mixtures 
produced similar results. We have adopted the mixture of HN03 and HF to be used in this 
work. 

Detection limits of ail parameters are determined and compared with observed 
concentrations. The data used in comparison are given in Table II. The table also includes 
a column corresponding to the sample-to-blank ratios. The detection limits used in the 
table is based on twice the standard deviation of 5 replicate analysis in the blank level. 

The table shows that blanks will not be a problem for any of the elements with the 
exception of Cr. The high Cr blank is mostly due to filter matrix rather than suprapure acid 
used in the digestion. We also do not detect any of the anions in the blank samples. 

For most of the elements median concentrations are significantly higher than 
detection limits. Observed concentrations in a sample should be approximately an order 
of magnitude higher than the detection limit of that element to be able to measure them 
with relatively small errors. When the difference gets smaller, the peak smears out and 
integration or peak height determination becomes prone to errors. However, minimum 
concentrations we have measured are usually comparable with detection limit 
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Table II. DETECTION LIMITS AND OBSERVED CONCENTRATION RANGE 
OF ELEMENTS AND IONS IN AEROSOL SAMPLES 

Observed concentration 

so4-
N03-

NH4
+ 

CI 

Na 

K 

Ca 

Pb 

Al 

As 

Cd 

Cr 

Se 

Zn 

Detection limit 
(ng/m3) 

100 

30 

24 

10 

8 

11 

48 

0.09 

30 

0.2 

0.026 

0.16 

0.04 

0.3 

Median 
(ng/m3) 

4210 

1115 

880 

1200 

980 

120 

310 

6.09 

310 

2.2 

0.07 

1.6 

0.14 

7.0 

Maximum 
(ng/m3) 

16000 

5400 

5100 

31900 

23000 

830 

3200 

35 

600 

6.6 

0.47 

39 

1.32 

41 

Minimum 
(ng/m3) 

470 

150 

40 

50 

90 

60 

80 

2.7 

170 

0.36 

0.03 

0.3 

0.08 

0.3 



20 30 40 
AAS results (ng/in3) 

60 

Figure 7. Comparison of AAS results with INAA 



concentrations. Comparison of median and minimum observed concentrations with 
detection limits suggests that the elements listed in the table will be detected in most but 
not all of the aerosol samples. 

Calculation of detection limits and blanks provides information on the overall quality 
of the data, but cannot give information on the accuracy of the results. We routinely run 
standard reference material (SRM) analyses together with samples in our laboratory to 
check the accuracy of analytical procedures. But, analyses of SRM's do not include 
digestion step, because of they are of a different matrix. To test the accuracy of the 
complete procedure, 10 samples collected from the Black Sea atmosphere and analyzed 
by INAA were also analyzed by AAS using the procedures developed for this study. The 
results are shown in Figure 7. The agreement between the two methods is within 20%, 
with the exception of Cu where AAS measurements were much higher than INAA results. 

3.2. Average Concentrations of Elements and Ions 

Average concentrations of elements measured in the Eastern Mediterranean 
atmosphere are compared with data measured in other rural areas in Europe. The data 
included in the comparison are given in Table III. The elements can be compared in three 
groups. (1) Elements associated with sea salt (Na, CI and some fractions of Ca and K), 
(2) crustal elements (Ca, K, Li, Al) and (3) anthropogenic elements (Pb, As, Cd, Cr, Se, 
Zn, S04

=,NO3-). 

Concentrations of Na and CI are usually at the high end of the spectrum. 
Concentrations of elements associated with sea salt depends on factors such as distance 
of the station to the sea and surface wind speed. Relatively high Na and CI concentrations 
in the Eastern Mediterranean is due to close proximity of the station to the shore and high 
surface winds recorded in the Antalya region in 1992. 

The concentrations of crustal elements in the Eastern Mediterranean are comparable 
to the concentrations measured in other European rural stations. Concentrations of 
anthropogenic elements are smaller than concentrations measured in other rural stations 
which are closer to the strong emission sources in Europe. The only exception to this is 
the Cu which has much higher concentrations in the Eastern Black Sea. However, Cu 
measured in our samples is probably from the Cu particles from motor brushing. Contrary 
to other anthropogenic elements, concentrations of S04° and N03" are comparable to the 
concentrations measured in other parts of Europe. 

3.3. Marine vs Crustal Fractions 

The two natural components of the aerosols are the sea salt and alumina-silicate 
particles due to airborne crustal material. We have calculated crustal and marine 
enrichment factors of elements using the following relations. 
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v (~< I sample 

EF= & 
c 

cxusfc ( • ^ ) 
'Al 

BF-= 'Ma 
v (~i ' sample 

(-2*) 
v /o ' sea 

Where EFC is the crustal enrichment factor of element X, EFm is the marine enrichment 
factor of the same element, (Cx/CA,)sample is the ratio of the concentration of element X to 
that of Al in the sample and (CJCM)au%i is the corresponding ratio in average crustal 
material. In the relation for marine enrichment factor calculations, EFm is the marine 
enrichment factor of element X, (Cx/CNa)sarnpi, is the ratio of the concentration of element 
X to that of Na in the sample and (Cx/CNa)saa is the corresponding ratio in seawater. The 
Al and Na are used as reference elements for crustal material and sea salt, respectively. 
Masons' crustal compilation[20], and Goldberg's [22] sea water composition are used in 
the calculations. 

The crustal and marine enrichment factors for elements are given in Figure 8. The 
Na, Zn, Cd, Pb, As, S04 , Se, and CI are enriched relative to the crustal material. The 
enrichments of Na and CI are due to sea salt. However, enrichments of other elements are 
due to anthropogenic sources. 

Small EFm values of CI, Ca, K and S04 indicate that some fraction of these elements 
are due to sea salt. The high marine enrichment factor for Al is due to crustal material. 
But, high marine enrichments of the remaining elements probably indicate the existence 
of anthropogenic sources. 

Marine and crustal fractions of the elements measured are given in Table IV. The 
marine and crustal fractions are calculated assuming all of the Na measured is associated 
with sea salt particles and all Al is crustal, using Mason's and Goldberg's average 
concentrations for crustal material and sea water. 
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Figure 8. Crustal and Marine enrichment factors of elements 
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Table III. COMPARISON OF ELEMENTAL CONCENTRATIONS WITH LITERATURE VALUES 

Li 

Pb 

K 

Ca 

Al 

As 

Cd 

Cr 

Cu 

Na 

Se 

Zn 

SOA
m 

N03 -

Cl 

NH 4
+ 

This 
Work 
Avg 

(ng/m3) 

0.36 

9.48 

150 

410 

340 

2.65 

0.14 

3.19 

410 

2,920 

0.23 

8.82 

4,710 

1,340 

4,160 

1,120 

This 
Work 
STD 

(ng/m3) 

0.51 

7.27 

150 

420 

340 

1.53 

0.12 

6.96 

310 

471 

0.25 

8.92 

2,620 

900 

2,430 

850 

Western 
Black Sea 

(ng/m3) 

300 

800 

500 

1 

9 

100 

1400 

1 

46 

9100 

3100 

1400 

Eastern 
Black Sea 

(ng/m3) 

100 

300 

8 

3900 

1 

26 

4300 

2100 

3800 

Western 
Medit. 
(ng/m3) 

39 

320 

2 

1900 

Hungary 
Rural 
Area 

(ng/m3) 

35 

230 

360 

290 

4 

\2 

8 

2 

36 

17 

Norway 
Rural 
Area 

{ng/m3} 

11 

73 

1 

1 

2 

350 

15 

3480 

380 

Norway 
Arctic 
(ng/m3) 

3 

28 

36 

49 

1 

192 

4 

2970 

30 

Baltic 
Sea 

(ng/m3) 

34 

234 

329 

1 

41 

5223 

6820 

.4581 



Table IV. MARINE AND CRUSTAL FRACTIONS OF ELEMENTS 

Li 

Pb 

K 

Ca 

Al 

• sos 
As 

Cd 

Cr 

Cu 

Se 

2n 

Na 

CI 

NH4
+ 

N03-

Observed 
(ng/m3) 

0.94 

9.4 

147 

408 

342 

4856 

2.6 

0.13 

3.2 

405 

0.23 

12.8 

2920 

415 

1120 

1340 

Marine 
(ng/m3) 

0.009 

0 

105 

110 

0 

738 

0 

0 

0 

0 

0 

0 

2920 

416 

Crustal 
(ng/m3} 

0.93 

0.03 

82 

371 

342 

2.3 

0.004 

0.0004 

0.25 

0.16 

0 

0.20 

0 

0 

% Marine % Crustal 

1.2 

0 

36 

18.4 

0 

15 

0 

0.1 

0 

0 

0.49 

0 

100 

100 

98.8 

0.28 

64 

82 

100 

0.08 

0.17 

0.54 

17 

0.06 

0.06 

2.1 

0 

0 



Marine and crustal components together accounts for almost all of Li, K, Ca, Al, Na 
and CI but the remaining elements cannot be accounted for by these natural components. 
The table also shows that, although K and Ca are predominantly crustal elements, sea salt 
also accounts for a significant fractions of these elements. Also, 15% of the observed 
S04

= ion concentration originates from the sea. 

3.4. Atmospheric Fluxes of Elements 

One of the important outcomes of the sampling programme we are conducting in the 
Eastern Mediterranean region will be the estimates of atmospheric deposition fluxes of 
elements to the Eastern Mediterranean Sea. Wc have estimated atmospheric fluxes of 
elements and ions from the available data. However, results presented in this section are 
preliminary, because data is not yet complete. 

Atmospheric fluxes are calculated using two different procedures. The dry and wet 
deposition fluxes are first being calculated from analysis of rainwater and dry deposition 
samples collected in 1992. Although this is the direct and most accurate way of 
determining deposition fluxes, we were not able to calculate fluxes of trace elements 
because the measurements of trace elements in rainwater are not complete at this point. 
Wet and dry deposition fluxes were also calculated using aerosol data together with 
scavenging ratios and dry deposition velocities from the literature. 

Since rain incorporates particles either from clouds or during its fall, concentrations 
of elements in rain water should be related with atmospheric concentrations. This relation 
is given by the scavenging ratio: 

aerosol 

Where SR is the scavenging ratio for an element, Crain is the concentration of that particular 
element in rain water, CMr0SO| is the atmospheric concentration of the element and air is the 
density of air. We have used aerosol concentration and scavenging ratio of elements to 
estimate the concentration in rain water. Fluxes are calculated from yearly rainfall data 
obtained from Turkish Meteorological Organization. In the same way, dry deposition fluxes 
are calculated using aerosol concentrations and dry deposition velocities of elements found 
from the literature. The dry and wet deposition fluxes of elements calculated from the 
aerosol data are an order of magnitude estimates, because both includes several poorly 
known assumptions. 

The dry and wet deposition fluxes of elements calculated and measured are given in 
Table V. These are compared with atmospheric fluxes calculated in other parts of the 
world in Table VI . Theoretical wet and dry deposition values are generally smaller than 
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Table V. THEORETICAL AND EXPERIMENTAL FLUXES OF ELEMENTS FROM THE 
ATMOSPHERE TO THE MEDITERRANEAN SEA 

CI 

N0 3 

S04= 

Na 

K 

Ca 

NH4
+ 

Wet deposition 
(mg'm^il1) 

From aerosol 
(Theoretical) 

751 

121 

852 

528 

13 

73 

50 

From Rain 
(Experimental) 

2180 

479 

697 

1417 

86 

447 

119 

Dry Deposition 
(ing-m'tyl1) 

From Aerosol 
(Theoretical) 

131 

42 

148 

91 

5 

128 

35 

Experimental 

1073 

57 

229 

311 

18 

106 

10 

Total Deposition 
(mg'nrtyr1) 

Therotical 

882 

163 

1000 

619 

18 

201 

85 

Experimental 

3253 

536 

926 

1728 

104 

553 

129 

N 



Table VI . COMPARISON OF ATMOSPHERIC FLUXES WITH LITERATURE DATA (ng»m !«y') 

Eastern Mediterranean 

K 

Ca 

AI 

As 

Cd 

Cr 

Cu 

Na 

Se 

Zn 

S04 

N03 

CI 

NIL. 

Li 

Pb 

Dry 
Dep 

18 

106 

108 

0.08 

0.003 

0.10 

13 

311 

0.067 

0.2 

229 

57 

1073 

10 

0.42 

0.30 

Wet 
Dep 

86 

447 

62 

0.22 

0.008 

0.28 

37 

1417 

0.038 

0.7 

697 

479 

2180 

119 

0.24 

0.43 

Total 
Dep 

104 

553 

170 

0.3 

0.01 

0.38 

49 

1,728 

0.11 

0.9 

926 

536 

3,253 

129 

0.7 

0.7 

Western Eastern Western 
B. Sea B. Sea Medit. 

290 97 

740 

515 315 970 

0.21 1 

8.6 8 

27 4.2 

1340 3720 

0.7 

8.8 34 

1740 820 

1480 1000 

1340 2810 

12 7 29 

North Sea Noth Sea Baltic Sea 

38 150 

0.2 1.1 0.5 

1 4.4 2.9 

0.5 2.3 1.1 

4 23 2.4 



experimentally determined values. However,, if one considers calculated values as an 
order-of-magnitude approximation, then they are in reasonable agreement with measured 
values. Atmospheric fluxes of elements to the Eastern Mediterranean are lower than 
corresponding fluxes in the western Black Sea and Western Mediterranean and comparable 
to the fluxes to the Eastern Black Sea and Baltic Sea. 

4. PLANS FOR FUTURE WORK 

The future work in the station will include collection and analysis of samples in the 
Ankara atmosphere and subsequent analysis of selected aerosol samples from the Antalya 
station by INAA. Currently samples have not been collected in the Ankara atmosphere, 
but samplers will be located on the roof of the METU department of Environmental 
Engineering department for collection of size-separated aerosol samples for approximately 
three months. This covers both the season when heating systems are operational and the 
summer when residential heating is turned off. Collected aerosol samples will be analyzed 
for a host of elements using INAA and ions using ion chromatography. The analysis of 
Ankara samples is expected to be completed by the end of 1993. The results will then be 
interpreted for apportionment of sources. 

The collection of samples in the Antalya station and analysis of all collected samples 
by AAS will continue. However, certain number of samples (approximately 100) will be 
selected based on their AAS results and back-trajectory calculations. The samples will be 
selected to included certain Saharan dust transport episodes, episodes which correspond 
to transport from Europe and samples with significant local influence. Selected samples 
will be analyzed by INAA to obtain information on the relative importance of these sources 
on the aerosol collected in the Eastern Mediterranean Basin. 

In the near future substantial time and effort will be allocated for the routine 
computation of back-trajectories. Necessary arrangements with our national Meterological 
organization to acquire upper atmospheric data from Europe, Africa and Asia is now 
underway. 
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