SCIENTIFIC CORRESPONDENCE

Aerosols of NW India — A potential Cu source!

Degradation of air quality, particularly in
urban areas of developing countries, is
one of the most alarming problems of
modern civilization. Human activities to-
day release a variety of gases and liquid/
solid particles (aerosols) to the atmos-
phere. The cumulative effect of all these
air pollutants on the climate of the earth
and on the health of its life system are
topics of intensive research. As a part of
our research on the geochemistry of dust
materials in the northwestern part of
India, which witnesses frequent dust
storms in summer times!, we studied the
concentration of certain heavy metals
such as Cu, Pb, Cr, V and Ni in three dif-
ferent size fractions, PM,y, suspended
particulate matter (SPM) and dry-deposi-
tion dust. We observed abnormally high
concentration of Cu in the aerosols and
thought it appropriate to report this aca-
demically and economically interesting
finding. We also speculate on the possible
causes and consequences of this finding.
The northwestern part of India, includ-
ing parts of Gujarat, Rajasthan, Haryana,
Punjab and western Uttar Pradesh witnes-
ses regular dust storms just as the rest of
India witnesses summer monsoon. A lot
of dust material is transported by SW-W
summer winds in the Thar desert and
adjoining regions. These dust storms appa-
rently deposited silty materials in the
downwind direction, for example, on
the quartzite ridge in the Delhi area’. The
deposited Delhi ridge aeolian sediments,
as well as the falling dust captured in the
present study are geochemically similar
to average upper continental crust (UCC?;
see also ref. 2). In order to geochemi-
cally characterize the aerosols in differ-
ent size fractions along the dominant
SW-W wind trajectory, sampling sites
were planned along Bikaner in Thar
desert, Jhunjhunu, Delhi and east of
Delhi at Garhmuktesar located on the
bank of Ganga, covering a distance of
600 km from west to east (Figure 1).
Although sampling duration was limited
in all the sites along the transect because
of limitations of infrastructure required
for air sampling, the spacing and location
of sampling sites, the type of samples
collected and the data and their quality
all make the findings interesting and
worth exploring further in detail.
Different size fractions of aerosols
were collected using different sampling
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techniques. Freely falling dust particles
(dry-deposition) were collected in all the
stations using plastic trays filled with
two layers of glass marble balls kept at a
height of 20 m from the ground level.
The second type of sample includes the
SPM (with a size range of 0.1-100 pum).
This size fraction was collected using high
volume air samplers, model PEM HVS-1
(Polltech instruments) fitted with EPM
2000 glass micro-fibre filter paper kept
at a height of 20 m from the ground
level. The airflow was kept at an average
rate of 1.2 I/min. Sampling was done
simultaneously at all sites for a few days
between 19 and 26 May 2000, and 17
and 27 January 2001. Because the filter
papers got choked within a period of 24 h
or less, we could collect different sam-
ples for the same size fraction from a
given site and this enabled us to see the
variability of aerosol chemistry in a mat-
ter of few days. A similar procedure was
adopted for the finest size fraction PM,
(< 10 um in size) using the high volume
air samplers, model PEM HVF-1 (Poll-
tech instruments) kept at the same height
at a constant flow rate of 1.2 I/min. At
each site we have also collected surface
sediments which were used as reference
material. The two finer types of aerosols,
SPM and PM,,, collected on glass micro-
fibre filter papers were in dry powder
form and therefore were easily scraped
off the filters. These powders as well as
powdered dry-deposition samples and
deposited surface sediments (— 200 mesh
size) were digested in open beakers using
a combination of HF + HNO; + HCIO,.
These solutions were analysed for copper
using a Labtam 8440 ICP-AES at a wave-
length of 324.754 nm using international
and laboratory internal standards. The
precision and accuracy of our analysis
were better than 4 and 2% respectively.
At each sampling site and for each
season, 5—7 samples of each size fraction
were collected as constrained by the
sampling process. Minimum and maxi-
mum concentrations of Cu during the
sampling period at each site for each size
fraction are presented in Table 1. The
weighted mean concentration for each
size fraction is given as average concen-
tration (obtained by the sum of weight
fraction of each sample and multiplied
by its concentration). Because the num-
ber of samples in each fraction is small

and the variation in Cu concentration is
large, geometric mean and geometric stan-
dard deviation were calculated for PM,,,
SPM and dry deposition (Table 1). In
Figure 2, we show the variation in Cu
concentration as a function of mean par-
ticle size of different size fractions. Sum-
mer and winter samples collected from
different sites are also distinguished. Cu
concentration in deposited sediments as
well as the average Cu in the UCC’ are
also shown. We could infer several fea-
tures from Figure 2. First, the PM;, size
fraction everywhere has the highest Cu
concentration relative to the other size
fractions. A general decrease in Cu con-
centration with increasing particle size
diameter is observed. Also, samples col-
lected during winter have higher Cu con-
centration relative to the summer samples.
Site dependency of Cu concentration does
not appear to be significant, although a
small variation is seen from Bikaner to
Delhi, particularly in the winter season.
Finally, the deposited surface sediments
have the lowest concentration of Cu,
even lower than that in the average UCC.

All the aerosol samples, particularly
PM iy and SPM, show significant enrich-
ment of Cu relative to UCC. This sug-
gests a non-crustal source of Cu in the
aerosols. This is also supported by the
size dependency of Cu concentration
in aerosols. It is well known that anth-
ropogenically-generated heavy metals
in atmospheric aerosols are commonly
enriched in the finest fraction*. Crustal
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Figure 1. Sample locations of the present
study. Map also shows the dominant wind
trajectory in summer and winter months in the
study area.
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Table 1. Cu concentration (ppm) in the aerosol samples of NW India. (Values in parentheses are in ug/m’ of air.)
Bikaner Jhunjhunu Delhi Garhmuktesar
Summer Winter Summer Winter Summer Winter Summer Winter
PM;p (< 10 U size aerosols)
Range (max.—mini.) 1251-4100 5225-5760 1216-28000 8437-13000 5160-28072 - -
(1.653-3.636) (3.92-5.28)  (348-7.084)  (2.9-5.33) (1.37-6.84)
Average conc. 1862 22394 5540.5 15816 11408 15762 - 4260
(3.2831) (3.784) (4.7271) (4.0202) (4.165) (3.906) (.8008)
Geometric mean 2232 5486 5835 10655 12035 - -
(2.8129) (4.55) (1.572) (3.688) (3.0661)
Geometric SD 1586 378 22614 2298 17449 - -
(.8873) (.959739) (5.69085) (1.3196) (4.1452)
SPM (0.1-100 W size aerosols)
Range (max.—min.) 53-400 548-563 205-276 2511-4725 206-677 1319-1896 - 493-531
(.3269-1.739) (.1304-.1329) (.334-.5906) (53-95)  (.1435-4536) (.1424-491) (117-.1348)
Average conc. 105 643 250 3741 425 1733 - 513
(872) (13115) (.4805) (.7694) (31548) (.3928) (.1268)
Geometric mean 130.4 688 238 3445 417 1581 - 511.65
(.7878) (.13165) (.4442) (7146) (2730) (.2645) (.1246)
Geometric SD 164 224 50.32 1585 199 410 - 29
(1.994) (.001752) (.18232) (.30502) (221688) (25735) (.01229)
Dry deposition samples (mean size between 60 and 80 W)
Range (max.—min.) 11.1-20.3 - 13-26.7 - 344454 116 - -
Geometric mean 15 24 18.6 53 40 - - 74
Geometric SD 6.58 - 9.85 - 7.78 - - -
Reference material 19 30 35
(local sediments) -
T o average during winter, the dilution effect = compared to the other sites. Unfortu-
-l O by coarser crustal component is minimal  nately, we do not know what is the rela-
g s B in the winter season. Greater stability tive contribution from local sources and
2 o and poorer dispersion of pollutants due  from the cities located in the upwind
% § Dry depostion to local temperature inversions observed  direction (Karachi in summer time air
E 100 v g Sedments over Indian cities® are also responsible  back trajectory and Islamabad in winter
g uee i ; for the winter maxima in the Cu concen-  time air back trajectory). Some high con-
2 " tration of anthropogenic aerosols. Thus  centrations of Cu in SPM samples are
—
the observed concentration of Cu and its  reported from Kanpur®; however, at Jai-
"% » % = @ @ m» » = w variation in different samples point to an  pur, Mumbai, Nagpur, Bangalore and
Particle size (i) anthropogenic source of Cu in aerosols  Agra’® reported Cu concentrations in
Figure 2. Variation in Cu concentration as a in the northwest part of India. SPM samples are lower than the present

function of particle size of aerosols in NW
India. Open and filled symbols represent
summer and winter samples. Bikaner: V;
Jhunjhunu: O; Delhi: O; Garhmuktesar: .

sources in the aerosols/sediments are com-
monly coarser grained and should have
the crustal level concentration of various
elements. Surface sediments and samples
of dry deposition represent such a crustal
component. The observed enrichment of
Cu in the finest fraction, PM g, is a com-
bined effect of high Cu content in the
aerosols of anthropogenic origin and lack
of dilution by the crustal component. As
the grain size of the aerosols increases,
the relative contribution of anthropo-
genic component decreases. Also, since
wind velocity is much reduced on an

In the present study, the sampling site
Jhunjhunu is located 60 km west of the
Cu-mining township of Khetri. However,
we did not observe any exceptionally
high concentration in Jhunjhunu samples,
nor did we observe the lowest concentra-
tion in the Bikaner samples, as this site is
located in the upwind direction. There-
fore, a large part of Cu in these aerosols
is likely unrelated to Cu mining or smelt-
ing activity. It is tempting to suggest that
the major contributor to the Cu in aero-
sols in this region could be the electric
power sector, including power transmi-
ssion, power consumption and all the
materials/appliances associated with this
human activity. Surprisingly, we also
observe high concentration in Bikaner
samples, although a relatively lower value
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study. Observed Cu concentration in PM 4
here, on an average, is the highest repor-
ted so far in India. High concentrations
of Cu (~3pgm®) in PM,,, similar to
those observed here, were reported near a
Cu-mining area in Chile'®; but not so
high a value as observed here. This also
supports our thinking that the anthropo-
genic source of Cu in the aerosols of NW
India could be dominantly power sector-
production, transmission and consump-
tion. On a global scale, Cu takes only the
fourth position after Pb, Zn and Ni in
terms of atmospheric emission from an-
thropogenic sources'!. However, in the
present study we observed that Cu is the
most abundant among the four trace
metals in the aerosols. It is possible that
this high level of Cu could be related to

279



SCIENTIFIC CORRESPONDENCE

its chemical affinity to organic phases'

present in large amounts in the atmos-
phere in this region (the so-called Asian
Brown Cloud)", in addition to its anth-
ropogenic emission.

The PMj, dust samples studied have
an average of 6000 and 15,000 ppm Cu
concentration in the summer and winter
respectively. These values, nearly 1.5%
Cu in the aerosols, suggest that they are
better than Cu ores in terms of Cu con-
tent (any rock containing > 0.5% Cu is a
potential Cu ore today). The economics
of Cu recovery from the aerosols needs
to be understood. Similarly, environ-
mental and health impacts of such high
Cu concentration in the air need to be
investigated. Although Cu is an essential
nutrient required by plants and animals
in small amounts, the observed levels of
Cu concentration in the respirable frac-
tion of aerosols, i.e. PM, could cause
gastrointestinal disturbances, including
nausea, vomiting, and liver or kidney
damage depending on exposure time. We

need to generate sound scientific knowl-
edge about the causes and consequences
of heavy-metal concentration in the aero-
sols at a local, regional and global level
for better policy options on development
and the environment.
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Palacomagnetism of palaeoliquefaction: An aid

Palacoseismology has emerged as a valu-
able tool in earthquake hazard assess-
ment, since it provides the recurrence
period of large/great earthquakes from
geological records' . This study invol-
ves evaluation of the timing of earth-
quakes generally obtained by dating organic
material associated with deformed struc-
tures such as faulted strata, change in
sedimentation pattern in lakes, liquefac-
tion, etc. Liquefaction is the transforma-
tion of granular material from solid to
liquid state as a consequence of increase
in pore water pressure due to seismic
shaking. Geological features formed due
to liquefaction are accepted as evidence
for palacoearthquake’ ®, and the lique-
faction phenomenon is generally asso-
ciated with large/great earthquakes. The
timing of the palaeoearthquake generally
obtained by radiocarbon dating is brack-
eted between lower-bound (maximum
age) and upper-bound (minimum age),
except for rare cases where the coeval
timing of the earthquake is obtained by
dating of large-scale extinction of trees
(e.g. the Cascadia earthquake®). This
necessitates developing direct methods of
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dating an earthquake especially in the case
where it yields large-scale liquefaction.
This communication is an attempt to
demonstrate that liquefaction features
can acquire natural remanent magnetism
(NRM) different from the host strata and
thus, in principle, this phenomenon can
aid in providing the time constraint to
palaeoseismic events. Here, we demon-
strate that the liquefaction features which
were quite widespread in the Shillong
Plateau area during the Great 1897 Assam
Earthquake'® have been emplaced at
different times than the host strata, using
Virtual Geomagnetic Pole (VGP) posi-
tions. Salyards ef al'' have used the
palacomagnetic data from Pallet Creek
across the San Andres Fault to study the
non-brittle deformation expressed as
rotation within the fault zone, with the
amount of clockwise rotation of 30° or
less in beds deposited immediately atter
the great earthquake in 1480 AD. No
work on palacomagnetism of liquetfaction
features has been reported so far, except
that of Salyards'>", that sand eruption on
the surface during the 1811-1812 New
Madrid events has remanent magnetic

to palaeoseismology

direction in conformity with the mag-
netic field direction recorded at nearby
St. Louis in 1819.

Sukhija et al*® have undertaken
palaecoseismological studies in Shillong
Plateau, the area most affected by the
1897 earthquake, and dated three more
palaeoearthquakes that occurred 500,
1000 and 1500 yr BP, thus suggesting a
recurrence period of 500 years for great
earthquakes in the region. All these
earthquakes were identified using palaeo-
liquefaction as geological evidence, and
time constraint was obtained from radio-
carbon dating of organic samples located
in deformed and undeformed strata. In
order to explore whether palaecomagnetic
studies can aid in obtaining a time con-
straint on palaeoliquefaction, remanent
magnetic studies on sand dykes and the
host clay and silt strata in the Shillong
Plateau were carried out. Results from
this study are presented here.

The study area is located south of the
eastern Himalaya in Shillong Plateau,
northeast India (Figure 1). It is bound by
several tectonic features such as Dauki
fault in the south, Brahmaputra river in
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