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ABSTRACT 

Atmospheric aerosol particulates of inorganic 
elements are usually transported to long distances 
from their source of emission. The presence of 
such particulates in relatively high concentrations 
may affect atmospheric processes. The measurement 
of these elements in air provides useful information 
for understanding aerosols effects. Therefore 
studies were undertaken to determine the atmospheric 
concentration of some inorganic elements. 

During March - June 1984, 23 air filter samples 
of 24 hour duration were collected at Nilore, 
Islamabad area and analysed for 16 elements by 
Neutron Activation Analysis (NAA). The concen
trations of 9 elements were determined in more 
than 12 samples. Comparison of the average concen
tration of these elements with those observed at 
other sites in U.S.A., and U.K., indicate a 
distribution pattern similar to a non-urban site 
with very little pollution from industrial sources. 
The main source of elements in the atmosphere of 
Nilore appears to be the earth crust. Binary 
correlation coefficients were calculated using the 
data of 9 principal elements to identify particulate 
sources. Co, Cr, Cs, Eu, Fe, Sc and Rb were assigned 
a crustal source, whereas Sb could possibly has 
an anthropogenic source. Zn was found to have a 
constant nearby source the exact nature of which 
could be ascertained after a complete analysis of 
local soil and other possible sources near the 
site. 



1. INTRODUCTION 

Several natural and anthropogenic sources introduce a number 
of inorganic elements in the atmosphere in the form of aerosol 
particles which may be transported to long distances before 
being deposited on the ground through dry fall out or wet 
scavenging. Important natural sources are volcanic activity, 
crustal denudation and marine spray etc., whereas anthropogenic 
sources are mainly due to fossil fuel combustion, vehicle 
exhaust emission and emission from various industrial plants. 
Some of these elements are toxic in nature and <may contaminate 
the biosphere. Transport of toxic pollutants from industrial 
regions to remote areas creates health hazard problems. High 
concentration of particulate aerosols could also induce 
pertubations of atmospheric processes, such as possible climatic 
variations due to modification of solar terrestrial infra-red 
radiation fields and possible modification of cloud processes 
etc . The understanding and prediction of aerosols effects 
requires the knowledge of its components which includes, apart 
from others, inorganic elements in trace concentration. A study 
of elemental composition of air particulates of an area is 
therefore very important to assess the quality of the atmosphere. 

The atmosphere around PINSTECH (Nilore) has been regularly 
monitored fox air-borne radionuclides for the past several 

12) years' '. However the monitoring of non-radioactive trace 
elements was not included in this programme. The present study 
was therefore undertaken to determine the concentration of a 
number of elements in the air filter samples and to identify 
their possible sources through regression analysis of the data. 
Although this is a preliminary study yet every effort has been 
made to collect and analyse the samples according to prescribed 
international standards. 
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2. EXPERIMENTAL 

2.1 Sampling 

Air particulate samples were collected on a 20x25 2 cm Whatman 41 filter paper using high volume air sampler 
"Sierra" model 305-2000 which was installed on the roof 
of the NCD building (Pig.l). The sampler was equipped 
with a digital timer-programmer for indication of elapsed 
time and an air flow controller which was set to filter 
about 30-40 cfm of air within an accuracy of ±3%. The 
calibration of the air 'low controller was checked 
periodically by massuring the pressure drop across a 
vari-flow variable resistance calibrator ("Sierra" model 
335) making use of manufacturer's supplied calibration 
data. The air flow data was corrected for ambient temperature 
and pressure. The sampling conditions were in accordance 
with the requirement set by U.S. Environmental Protection 
Agency. A total of 23 samples of 24 hours duration were 
collected from noon to noon during March 1984 to June 
1984, usually from Sunday to Thursday. 

2.2 Analysis 

The air filter samples were analysed wichout any 
treatment for 16 elements non-destructively using NAA 

2 technique. A 3.5 x 18 cm portion of loaded and unloaded 
filter (blank) along with appropriate standard reference 
material provided by NBS or IAEA were placed in suitable 
container such as polythene capsules or aluminium cans 
and irradiated in nuclear reactor PARR-I at a thermal 

13 -2 -1 
flux of 2x10 n cm sec for duration ranging from 2 
minutes to 24 hours. The irradiated sample, after necessary 
cooling time, was transferred to pre-weighed polythene 
capsule, reweighed and counted for 2 minutes to 16 hours. 
The counting system consisted of an "Ortec" coaxial Ge(Li) 
detector complete with a "Canberra" series 85 multichannel 
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analyser for measuring gamma spectra. The system has a 
resolution of 2.0 KeV with respect to 1332.5 KeV peak of 
Co-60 and a peak Compton ratio of 40:1. Radionuclides 
already present in air (such as Cs, Ce etc.) are in 

(2) 
a very low concentrations' ' and do not effect the measure
ments by NAA. 

3. RESULTS AND DISCUSSION 

3.1 Nature of the Site 

The daily concentration of 16 elements in 23 collected 
air filter samples are summarized in Table 1. Out of 
these only nine elements i.e., Co, Cr, Cs, Eu, Pe, Rb, 
Sb, Sc and Zn were analysed in more than 12 samples. The 
sampling site is away from any major sources of pollution, 
therefore it is not expected to have abnormally high 
concentration of any anthropogenic element although the 
period of sampling (March-June) was such in which there 
were little chances of rains and air movement could bring 
pollutants from distant sources. To ascertain the nature 
of the site a comparison of the average concentration of 
the elements measured in the present study with those 
observed at other sites in the world is given in Table 2, 
which includes average concentration at 10 sites in 
Washington D.C., ' and average of four non-urban and 20 

(At urban sites in U.K. '. It may be seen that the concentration 
of Co, Cs, Eu, Pe, Rb and Sc are higher by a factor of 
2-10 in the air particulates of Nilore as compared to 
that of Washington D.C. and non-urban U.K. sites. These 
elements are mostly lithophilic in origin and their higher 
concentration in the Nilore air could be ascribed to a 
relatively high aridity of its soil. The concentration of 
Cr, Sb, and Zn are higher in the atmosphere of Washington 
D.C., and U.K. non-urban sites and much higher in U.K. 
urban sites as compared to that of Nilore. These are 
anthropogenic elements and their high concentration is 
indicative of the higher industrial activity in U.K. and 
U.S.A. 
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Source identification of elements 

3.2.1 Enrichment Factors 

To determine whether the source of an element 
in the air is earth crust or some anthropogenic 
source, enrichment factor (E.P.) of each element 
was calculated by the following equation: 

F F a^TC' °[ y ^ e " > , e n t * n a * r / &**- of game etewent in soil 
*"*' * Cone, of 5c in air Cone, of 5c in soil 

Enrichment factors for the average concen
tration of elements are reported in Table 3 along 
with some statistical parameters. The concentration 
of elements in the soil are taken from the 
literature* ' ). It may be seen that most of the 
elements have enrichment factor below or around 1 
except As, Br, CI and Zn. The data of the first 
three elements are scanty and therefore may be 
ignored, but the case of Zn needs some consideration. 
The enrichment factors have been calculated on the 
basis of average concentration of an element in all 
the collected samples. There is a possibility that 
there could be a few days of high anthropogenic 
activity when the enrichment of an element in the 
air would be very high. Such episodic days of high 
activity could be located from the E.F. for daily 
concentration of elements. This has been reported 
in Table 4 where it may be seen that B.F. for all 
the elements were close to 1 except Zn, whose E.F. 
was always high ranging between 2-25. This singles 
out Zn to have its own constant source. More discussion 
on the nature of the source of Zinc follows later 
on. 

3.2.2 Binary Correlation Coefficients 

If two elements originate from the same 
source, their concentrations in air are expected to 
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be highly correlated. Through linear regression 
analysis, binary correlation coefficients (r values) 
were calculated for 9 principal elements analysed 
in the present study and are given in Table S. A 
group of six elements i.e. Co, Cr, Cs, Eu, Fe and 
Sc is highly correlated (r ̂ 0.6) and nay be assigned 
crustal source due to lithophilic nature of Most of 
the elements of the group. The remaining elements, 
Rb, Sb and Zn have a low correlation with the first 
group (r & 0.5). Rb and Sb are strongly correlated 
with each other (r« 0.75) but it is difficult to 
find a common source for both of them. Earth crust 
is the known source of Rb and this may not be ruled 
out in the present study as well, since the Rb-Sc 
and Rb-Fe correlation coefficients are 0.5. There 
is a possibility of an anthropogenic source for Sb, 
such as refuse burning but it cannot be ascertained 
from the present studies. Zinc is unique in being 
the only element which is not correlated with any 
other element and has mostly negative r values. As 
mentioned in the Section 3.2.1, zinc is also unique 
in having high daily enrichment factors ranging from 
2-25. This makes it certain that zinc is coming 
from a constant source. Consistent high daily E.F. 
indicate that the source is near to the receptor. 
The known source of zinc in U.S.A. is refuse 
incineration where it is correlated with Fe and 
Sb' . No such correlation exist in the present 
case (Table 5). Some preliminary analysis of the 
soil around Nilore area indicate very high concen-#7) tration of zinc such as 240-250 ppm, ' as compared 
to about 50 ppm of world average' '. Such a high 
concentration of zinc may possibly be due to very 
little plantation in this area and the soil is 
relatively virgin. Therefore the soil may be 
considered to be the source of high zinc concentration 
in the Nilore air, but this could only be confirmed 
when complete results of the local soil analysis 
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are available. An alternate source for zinc could 
be the paint on the walls and roof of the building 
on which receptor was placed. This also, could be 
confirmed only after a complete analysis of the 
paint. 

4. CONCLUSION 

The study of the trace element composition of air particu
lates of Nilore has shown that this is a non-urban site free 
from toxic inorganic pollutants. The soil has been found to be 
the main contributor of the elements in air. Some anthropogenic 
sources have been indicated for Sb and Zn. The present study 
has shown that the method of correlation of elements measured 
at the receptor could be used for source identification. However, 
complete source apportionment could be done after a detailed 
study covering all the seasons of the year and involving measure
ments of a large of number of elements in the air, especially 
those which are characteristics of different emission sources. 
Also, complete elemental composition of possible local sources 
such as soil and refuse incineration etc., is very much needed. 
These results could then be used to carry out factor analysis 
and other methods of source identification. 
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TABLE-1 

Daily Concentration of Trace Blenents in ngVuT 
MARCH - JUNE 1984 

Date 
1984 \

 E l e " AS \meYits * s Br CI Co Cr Cs Eu Fe In K Mn N* Rb Sb Sc Zn 

Marc* \ 25 481 1634 57 468 
26 1.2 9.3 483 1.48 9.0 0.45 2325 1722 66 800 0.48 1.03 
27 1.2 9.7 553 1.24 9.5 0. 70 2112 1650 59 715 0.56 0.78 

April 21 1.18 7.1 c.6: 0.09 2423 0. ,007 0.23 0.81 52 
22 1.4 3.3 0.51 0.07 2140 0. .008 0.11 0.70 124 
23 1.04 10.12 0.57 0.11 2830 0, ,008 0.55 0.95 
24 1.55 9.54 0.65 0.11 3150 0. ,009 0.24 1.10 59 
28 0.86 5.06 0.47 0.06 2040 0. ,005 0.08 0.61 109 
29 1.31 7.52 0.58 0.09 2862 0. ,009 0.12 0.93 

Nay 5 1.60 7,7 0.72 0.11 3038 0, ,01 0.10 1.16 42 
6 2.22 13.02 0.16 4630 0. ,01 0.23 1.68 34 
12 1.46 0.45 0.13 2900 15, .7 0.26 1.00 18 
13 0.81 0.29 0.08 1558 4, .6 0.12 0.56 12 
15 1.27 0.48 0.09 2595 7, ,0 0.20 0.86 19 
19 1.40 0.54 0.11 2730 9. ,2 0.23 0.98 18 
20 1.64 0.46 0.15 3485 9, .6 0.31 1.27 32 
21 1.61 0.67 0.14 3309 10, ,8 0.22 1.23 18 

June 2 1.64 0.62 0.11 3410 14 0.28 1.24 25 
3 1.34 0.57 0.13 3380 12. 3 0.24 1.23 21 
8 1.49 9.2 0.8 0.09 3380 12. 9 0.21 1.2 12 

11* 0.60 3.5 0.3 0.04 1282 13. 1 0.4S 21 
12 0.90 5.1 0.48 0.07 1888 3. 7 0.14 0,66 14 
17* 1.02 5.4 0.48 0.07 2125 7. 1 0.14 0.75 14 

*Rained at night. 

file:///meYits
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TABLE-2 

Concentration of elements in air of different 
cities of the world (ng/M ). 

Washington U.K.< 4 ) U.K.<4> 
Nilore D.C. USA UJ Non-Urban Urban 

Element 1984 1976 1979 1977-78 

Co 1.32 0.81 1.27 1.7 
Cr 7.5 14 - 17 
Cs 0.54 0.16 0.08 -
Eu 0.10 0.03 0.007 -
Pe 2708 990 293 833 
Rb 10 2.15 1.6 -
Sb 0.24 2.1 2.2 8.9 
Sc 0.98 0.33 0.07 -
Zn 35.7 89 69 319 
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TABLE-3 

Means* ranges, median, standard deviations, and enrichment factor for elements 
analysed in 23 air filters 

Clement N Range (ng/m ) Median Arith. Mean S.D. Geom. Mean Enrichment factor 

As 2 1.2 - 1.2 1.2 1.2 0 1.2 1.46 
Br 2 9.3 - 9.7 9.5 9.5 0.28 9.5 13.85 
CI 3 481 - 553 483 505 41.00 504.6 36.82 
Co 22 0.6 - 2.22 1.31 1.32 0.357 1.273 1.20 
Cr 14 3.3 - 13.02 7,61 7.5 2.78 6.98 0.55 
Cs 21 0.3 - 0.8 0.54 0.54 0.129 0.528 0.66 
Eu 20 0.04 - 0.16 0.10 0.1 0.031 0.085 1.87 
Pe 22 1282 - 4630 2780 2708 761 2602 0.52 
In 8 0.005 - 0,01 0.008 0.008 0*0017 0.008 1.79 
K 3 1634 - 1722 1650 1668 46.87 1668 0.67 
Mn 3 57 w 66 59 60.6 4.73 60.5 0.52 
Na 3 468 - 800 715 661 172.5 644 0.76 
Rb 12 3.7 - 15.7 10.2 10 3.8 9.2 0.73 
Sb 21 0.08 - 0.56 0.23 0.24 0.137 0.209 26.94 
Sc 22 0.45 - 1.68 0.96 0.98 0.32 0.919 1 
Zn 18 12 - 124 32 35.7 32.4 27.2 5.2 
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TABLE-4 

Daily enrichment factor for Principal elements 

Date 
1984 Co Cr Cs Eu Fe Rb Sb Zn 

Narch 26 1.26 0.61 0.51 0.42 - 51.26 -
27 1.39 0.85 1.05 0.50 - 78.98 -

April 21 1.27 0.61 0.91 0.65 0.55 — 31.23 8.99 
22 1.75 0.33 0.85 0.58 0.56 - 17.28 24.80 
23 0.96 0.75 0.70 0.67 0.55 - 63.68 -
24 1.23 0.61 0.69 0.58 0.53 - 24.00 7.51 
28 1.23 0.58 0.90 0.57 0.62 - 14.43 25.02 
29 1.23 0.57 0.73 0.56 0.57 - 14.19 -

May 5 1.21 0.46 0.72 0.55 0.48 - 9.48 5.07 
6 1.16 0.54 - 0.56 0.51 - 15.06 2.83 
12 1.28 - 0.53 0.76 0.53 1.1 28.00 2.52 
13 1.27 - 0.60 0.83 0.51 0.57 23.57 3.00 
15 1.29 - 0.65 0.61 0.56 0.57 25.58 3.09 
19 1.25 - 0.64 0.65 0.51 0.66 25.82 2.57 
20 1.13 - 0.42 0.69 0.51 0.53 26.85 3,53 
21 1.14 - 0.64 0.66 0.50 0.61 19.67 2.05 

June 2 1.16 - 0.58 0.52 0.51 0.79 24.84 2,82 
3 0.95 - 0.54 0.62 0.51 0.70 21.46 2.39 
8 1.09 0.54 0.78 0.44 0.52 0.75 19.25 1,40 
11 1.17 0.54 0.78 0.52 0.53 2.04 6.53 
12 1.19 0.54 0.85 0.62 0.53 0.39 23.33 2.97 
17 1.19 0.50 0.75 0.54 0.52 0.66 20,53 2,61 
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TABLE-5 

Correlation coefficients Matrix using 172 data points 

Co Cr Cs Eu Pe Rb Sb SC Zn 

Co 1.00 
Cr 0.73 1.00 
Cs 0.64 0.67 1.00 
Eu 0.83 0.93 0.41 1.00 
Pe 0.90 0.82 0.23 0.88 1.00 
Kb 0.47 0.25 0.35 0.35 0.50 1.00 
Sb 0.11 0.56 0.16 0.50 0.09 0.75 1.00 
Sc 0.92 0.86 0.62 0.89 0.97 0.50 0.18 1.00 
Zn 0.01 -0.30 0.03 -0.25 -0.14 0.36 -0.43 -0.21 1.00 



WHEN SAMPLING 
A « FLOW IS NOT 
OBSTRUCTED 

THE MOST POPULAR HI VOL 
MODP. ULTRA VOL-1 
FLOW CONTROLLED 
HI VOLUME 
A I R J A M P L E R 

Fig.1 High Volume Air Sampler 
»» 


