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Abstract

A network of ten sampling stations for monitoring the elemental
concentration of the suspended particulate matter (SPM) in the air of Tehran
has been established. Instrumental neutron activation analysis (INAA) and
atomic absorption spectrometry (AAS) techniques have been used for
analysis of the Whatman-41 filters collected during the year 1994.
Assessment of the preliminary results using the two techniques has produced
the following twenty one elements: Al, Br, Ca, Cd, Ce, Cl, Co, Cr, Cs, Fe, K,
Mg, Mn, Na, Ni, Pb, Sb, Sc, Ti, V, Zn. Various standard solutions with
known concentrations of elements, together with standard reference
materials have been used for quality assurance of the measured
concentrations.

1. INTRODUCTION

Environmental pollution has already passed the critical level in many industrial areas
around the world. While industrial activities presumably has its rewards in terms of jobs and
economic opportunities to weigh against the unpleasant consequences of pollution, yet
there may be certain cities that may suffer from the ill-effects of the latter without
necessarily benefitting from the former opportunities. Tehran, is a city that is only lightly
industrialized. As such, the industrial effluents may be slight, but the geographical setting
and hitherto poor city planning including a lack of proper public transportation system,
establishment of environmentally incompatible industrial zones, as well as, inadequate public
parks and green areas has played havoc with the present air quality of Tehran. With a
population exceeding six million people, and a sprawling area of nearly 600 square
kilometers it is surrounded on the north, northwest, east and south eastern parts by high
to medium height (5000-2000 m) mountain ranges. The northern Alborz range essentially
blocks the moist and rain bearing air from the Caspian Sea to reach Tehran area to wash out
the air pollution. There are some light to medium industries on the western edge, and there
is a cement factory and an oil refinery on the southern fringes of the city. The principal
wind directions are also from the west and from the south. And thus a lot of the stack
effluents seemed to be carried to the city proper. Aside from the industrial pollution, the
city traffic has been blamed as the major contributor to the air pollution. Tehran has a fleet
of more than one million registered automobiles which they have a gas consumption of 7-8
million liters per day. The average age of these cars are more than 10 years. Very few of
these aging fleet have any pollution-reducing catalytic convenors attached to their gaseous
exhaust systems. Also because of their older engine designs, most of the car owners seem
to prefer the leaded gasoline presumably for its better anti-knock performance, being
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completely oblivious to the environmental hazards of releasing several hundred tons of lead
into the air streams every year. And, finally, the third source of air pollution in Tehran is
the dust raised as a result of wind passing over the advancing desert lands which stretch
for more than a thousand kilometers in the south or south easterly directions. This dust
burden on the air of Tehran, however, seems to be declining due to a massive tree planting
campaign that has been going on all around the city for the past several years. On the other
hand, the meteorological condition of the city is such that, on the average, more than two
hundred days out of the year inversions occur in the city and because of the surrounding
mountain ranges the air pollution reaches a very high alarming levels. This is especially so
in the winter months and the high pollution levels stay on until about mid-day. During these
times it is not uncommon to hear public announcements that the level of certain gaseous
pollutants such as carbon monoxide to have reached two to three times higher than the
recommended level in the main roads or major city traffic areas. Against this appalling air
pollution situation it is not surprising that the environmental monitoring programs have been
less than adequate in the past. In the area of SPM monitoring a number of studies on INAA
of SPM in the air of Tehran has been done in 1976, 1982, and 1,992 [1-3]. Most of these
research projects have been limited in extent and have been internally funded by the
respective executing institutes. During the recent years perhaps, due to a heightened
environmental awareness, there has been a tendency to support or sponsor research
programs of wider scope or extent. The present work has had the good fortune of having
had the sponsorship of a number of organizations. The Iranian Academy of Sciences has
provided the original grant for the project implementation. In addition, Air Quality Control
Co., a subsidiary of the Municipality of the City ofTehran, has provided the funding and the
administrative support for design, construction and installation of the cubicles or stations
housing the high volume air samplers at ten different locations throughout the city of
Tehran. The International Atomic Energy Agency has also funded a contract which has
provided valuable laboratory equipment, and consumables, as well as, travel support for
research co-ordination meetings, etc.

2. EXPERIMENTAL

2.1. Sampling stations

High volume air samplers for this project were built by GIC staff engineers. Each
sampler consisted of a filter holder, a suction motor, a calibrated gas meter, a timer and
accessories. In a previous project using a generator and a van, a mobile sampling was
performed at specific coordinate positions in the city near the central and the controlled
traffic area of Tehran [3]. Some sixty different samples were thus collected and analyzed
and on the basis of which ten strategic positions for instaiiation of the stationary samplers
were selected. The selected sampling stations are located at the following:

a. Ghods Square
b. Africa Square
c. Gamma Irradiation Center, N. Kargar Ave.
d. Resalat Square
e. Emam Hossain Square
f. Khorasan Square
g. Railway Square
h. Emam Khomeini Square
i. Hor Square
j . Azadi Square
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2.2. Air sampling and measurement techniques

Whatman-41 with a diameter of 12.5 cm were utilized for air sampling. The
sampling were performed twice a week on Mondays and Thursdays in the period of
0800-1600 hours. On Thursdays there are no traffic restrictions to travel to the central part
of the city and the sampling on this day was to determine the impact of the greater number
of automobiles on the level of pollution in the streets. The actual air sampling started on
February of 1994. The air volume pulled through each filter was about 50 cubic meters.
The timer on each sampler was set to operate on every other 15-minute interval to help with
the cooling of the suction motor(s). The collected filters were cut into four equal parts.
One part was used for AAS analysis, two sections were used for short and long half-life
isotope (SHL, LHL) neutron activation analysis (NAA). For short SHL NAA quarter section
filters were pelletized into 13 mm diameters and placed into a rabbit transfer system for
neutron irradiation. For LHL isotopes up to 30 pellets were placed into an aluminum can and
received long neutron exposures inside the reactor core.

2.3. Sample transfer and handling systems for NAA

Two rabbit transfer systems were designed for handling of the SHL radioisotopes.
The main system takes in the standard 5 cm diameter, 10 cm length plastic capsules
containing the pellet and the stuffing material and carries it over a course of about 700
meters to the irradiation position in a period of about 30 seconds. After 0.25 Mw-hr
exposure to a flux of about 7x10" 11 cm"-2 sec"-1 it is automatically returned to the
laboratory. It is manually opened in a shielded fixture and the bare pellet is dropped into a
funnel and is carried by means of a second pneumatic pellet transfer system (PTS) in front
of a HPGE detector. The total travel and handling time after sample irradiation and the start
of the counting is about 2 minutes. Each pellet after the first count is returned to a shielded
and numbered cartridge position where it is stored and returned in front of the detector for
subsequent counting at later time intervals.

2.4. AAS

For AAS technique the standard procedure for dissolving of the filter paper was
followed. The measurement of the absorbance was carried out by the GBC model 920
spectrometer. The measured absorbance of the unknown sample at the specific wavelength
of each element was compared with the calibration curve generated from the prepared
standard solutions of the same element(s) and from which specific elemental concentrations
were determined. AAS for five elements of Pb, Cd, Ni ,Mn, and Fe has been performed
and has been going on with minor variation from the start of the sampling. This set of
elements has been selected to complement those analyzed with NAA method. This
selection has been based on the element toxicity and also on the basis of low activation
cross section or low intensity of the gamma lines of activated isotopes which would make
the NAA method impractical. Mn and Fe determination have also been carried out for
comparison with the NAA measurements.

2.5. INAA

Each irradiated SHL. pellet is transferred automatically, to the detector position where
it is counted for five minutes and returned to a numbered cartridge storage position. There
it is kept for an hour before it is returned in front of the detector and it is subsequently
counted for another thirty minutes. For LHL isotopes the irradiated aluminium cans are
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allowed to cool 3-4 weeks post-irradiation and then each pellet is counted for one hour.
Maestro II software from ORTEC has been used for taking the gamma spectra and the
quantitative analysis has been based on comparator technique which has been performed
with the OMNIGAM software also from ORTEC.

2.6. Quality assurance (QA)

To maintain the accuracy of the measurement results, throughout this work,
standard solutions of known element concentrations have been made and measurement
have been carried out to test the retention rate and variability of the different measurements
for the same sample. For AAS analysis retention rates of greator than 90% for Pb and
more than 85% for other elements have been observed. Relative standard errors for the
variability tests were of the order of 5%. Soil-7 and SL-1 from the set of the IAEA
reference materials have been used for comparison and validation purposes for the NAA
measurements. In each case different samples of the reference materials were prepared,
pelletized, irradiated and analyzed and concentration tables were made. Subsequent air
filters were counted and analyzed in comparison with the said tables. The measured values
of reference material nearly always fell in the reported range of the respective elements.
And for the same elements in a given reference material, but under different counting
geometries, agreement within a 10 percent margin was obtained.

3. RESULTS

Figures 1-10 show the monthly averages of the concentration of the elements Fe,
Pb, Mn, Ni and Cd for the months of February- December of 1994 for the ten sampling
stations. These figures have been based on the AAS data. Figure 11 shows the average
element concentration of the combined results of the ten stations for the same sampling
period for the whole city. Figures 12 and 13, for the sampling periods of March to August
1994 and June to August 1994, respectively, compare daily variations of the concentrations
of Fe and Mn for the station No. 10, Azadi Square, as measured by INAA and AAS
techniques. Table 1 presents the average concentrations of the elements of Al, Br, Ca, Ce,
Cl, Co, Cr, Cs, Fe, K, Mg, Mn, Na, Sc, Ti, V, and Zn, as obtained from INAA technique and
it is based on the sampling period corresponding to the spring and summer of 1994 for the
above station. This data has been compared to the measured data from the other cities [4].

4. CONCLUSIONS

In this report we have presented the preliminary results of the air monitoring surveys
conducted for the assessment of the concentration levels of various polluting elements
existing in the SPM in Tehran for the year 1994. The data has been generated from the ten
sampling stations and have been primarily analyzed by AAS technique. Only a small sample
of INAA data (station No. 10) has been presented for comparison purposes. More detailed
INAA data will be reported subsequently. Based on the measured values it appears that the
concentration of Pb at majority of the sampling stations in Tehran is higher than the
recommended WHO standard of 0.5-1.5 ug/m3 [5]. Since most of the sampling stations
are situated at the major traffic crossing areas, the Pb concentration levels are expected to
be higher than those at the residential and the commercial areas which are represented by
the results derived from station nos. 3 and 1, respectively. Station No. 2 has consistently
demonstrated very high Pb concentration levels. This appears to be caused by a very heavy
traffic load in this square and in the nearby area on the one hand, and a nearly total
blockage of the area by hills and high rise buildings on its western side which seem to
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prevent the prevailing westerly wind from dispersing the accumulating pollution on the other
hand. No significant increase in the Pb concentration in the air during Thursdays compared
with Mondays was observed. This was attributed to the fact that most of the sampling
stations are located just on the boundary of the traffic control area and thus there is no
appreciable change in the level of traffic on different days of the week. Additional data
from the other stations using INAA will be analyzed, compared, and elemental correlation
studies, modelling, etc., will be attempted, and the results shall be reported subsequently.
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TABLE I. CONCENTRATION OF THE TRACE ELEMENTS
MEASURED BY THE USE OF INAA FOR STATION
NO. 10 AND COMPARISON WITH THE RESULTS
FROM OTHER CITIES.
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Station No. 1 (Ghods Square)
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Fig. 1. Average monthly element concentration of Fe, Pb,
Mn, Ni, and Cd for station No. 1 for 1994.
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Station No. 2 (Africa Square)

CO
<

=5

az

IU
O
zoo

04
2 Cd

5 6 7 8
(YEAR 1994)

10 11 12

Fig. 2. Average monthly element concentration of Fe, Pb7
Mn, Ni, and Cd for station No. 2 for 1994.
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Station No. 3(GIC)
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Fig 3. Average monthly element concentration of Fe, Pb,
Mn, Ni, and Cd for station No. 3 for 1994.
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Station No. 4 (Resalat Square)
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Fig 4 Average monthly element concentration of Fe, Pb,
Mri, Ni7 and Cd for station No. 4 for 1994.

11-10



Station No. 5 (Emam Hossain Square)
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Fig. 5. Average monthly element concentration of Fe, Pb,
Mny Ni, and Cd for station No. 5 for 1994.
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Station No. 6 (Khorasan Square)
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Fia 6 Average monthly element concentration of Fe, Pb,
Mn, Ni, and Cd for station No. 6 for 1994.

1.1-12



Station No. 7 (Railway Square)
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Fig. 7. Average monthly element concentration of Fe, Pb,
Mn, Ni, and Cd for station No. 7 for 1994.
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Station No. 8 (Emam Kh. Square)
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Fig 8 Average monthly element concentration of Fe, Pb,
* Mn, Ni, and Cd for station No. 8 for 1994.
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Station No. 9 (HOT Square)
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Fig. 9. Average monthly element concentration of Fe, Pb,
Mn, Ni, and Cd for station No. 9 for '1994.
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Station No. 10 (Azadi Square)
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Fig 10 Average monthly 'element concentration of Fe, Pb,
Mn, Ni, and Cd for station No. 10 for 1994.

11-16



Average Eiement Concentration in Tehran-

CO
<

z
o
<

UJ

O

Fig. 11. Average monthly element concentration of Fe, Pb, Mn,
Ni, and Cd for the City of Tehran, 1994.
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Fig. 12. Comparison of the daily concentration of Iron
for station No. 10 using two methods of INAA
and AAS.
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Fig. 13. Comparison of the daily concentration of Manganes
for station No. 10 using two methods of INAA and
AAS.
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