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Abstract : An atlas of magnetic anomalies 1n sois has been prepared for the first time for the city of Delh, capital of
India and one of the most populous and urbanized city 1n the world The study reveals that magnetic susceptibility for
Delhi top soils (0-15cm) coincide with either industrial sources of pollutants or natural anomalies The result shows low
field mass-specific susceptibility value ranging for different observed classes as industrial (3 02 531 x10° m’/kg), traffic
areas (0 48 100 67 x10 > m*/kg) and natural sections (0 02-6 8 xx10 °* m*/kg) Frequency dependent susceptibility shows
quite high median value of 8 67% for older pit samples (depth samples), followed by 5 88% n present (top soils) and
lowest for industrial samples (1 67%) The present study 15 a prebminary investigation on the environmental magnetic
studies of soils 1n Delhi More detatled rock magnetic studies and assessment of associated contamunations of soils are 1n

progress
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Magnetic susceptibility measures the ‘magnetizability’
of a material These measurements can be carried out for a
whole range of samples and also are economic, quick and
non-destructive (Dearing et al 1996, Hay et al 1997,
Petrovsky et al 1998, Schloger,1998, Bityukova,1999,
Lecoanetetal 1999, Strzyszcz,1999) Magnetic susceptibility
m environmental samples is the sum total of magnetic
susceptibtlities of the ferromagnetic, fernmagnetic,
antiferromagnetic, paramagnetic and diamagnetic
susceptibihities Normally, ferromagnetic being absent m
natural form and for relatively weak diamagnetic component,
the sum of the other three controls magnetic susceptibility
(Versob and Roberts, 1995, Walden et al 1999) Using low
external magnetic field (<1 0 mT), the influence of
ferrimagnetic alone can be ascertamed, by blocking effect
of others

Frequency dependent susceptibility measurement
mvolves, detecting ultrafine viscous fernmagnetic minerals
known as super paramagnetic (SP) by using two or more
AC frequencies (0 47 and 4 7 k Hz) at constant low
reversible magnetic field The change in frequency of
measurement means the change 1n measurement time
for grains to react with applied field Higher frequency
(4 7 k Hz) measurement does not allow SP grains to react
with apphed external field, as 1t changes more quickly than
required relaxation time of SP grains As a result in high
frequency susceptubility, lower value of susceptibility 1s
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measured Its difference with low frequency measurement
represents an estimation of SP amount Mathematically, 1t
can be expressed as (Walden et al 1999), x fd%= {y If —x
hf) x 100}/ x If, where  If = low frequency (0 47 kHz)
susceptibility, y hf = high frequency (4 7 kHz) susceptibility
at constant low magnetic field (0 1 mT) and % fd% =
frequency dependent susceptibility

The study area, Delhi lies in North India between
Latitudes of 28°24'17" and 28°53'00" North and Longitudes
of 76°50'24" and 77°20'37" East, with an area of 1,483 km?
Different land uses include agricultural field, grazing
land, rocky areas and city arca with green ndge forest
and six larger industrial areas namely Anand Parbat
Industrial Estate (17 23%), Mayapur1 Industrial Area
(15 10%), Okhla Industrial Area (11 34%), Narela Industrial
Area (9 59%), Wazirpur Industrial Area (7 70%) and
Kiurt1 Nagar Industrial Estate (6 82%) (Joshi, 2003, Gupta
2003)

In total, 100 samples were collected with a 2 km grid
interval from city area of Delhi (Fig 1) Top soil samples
{0-15 cm) were collected, as they are indicative of the most
recent deposition site of particulate matters, generated by
gaseous emissions from industries and vehicles or
domestic sludge through sewages or by dumping Without
exception, magnetic susceptibiity measurement samples
were collected taking full care to avoid any sort of ron
contarmination Samples were collected by stainless steel
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Fig.1. Sample collection sites in Delhi.

spoon and were packed in polythene bags. To avoid area
specific influences, from one single location, several
samples were gathered, by covering an area of 5Sm’ around
that particular location. By coning and quartering method,
ten gram samples were taken in box for measurement in
Bartington instrument, where magnetic susceptibility was
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measured for two different frequencies (4.7 kHz and 0.47
kHz) of the applied ficld. To assess this natural input, depth
wise variation of magnetic susceptibility has been studied
for a flood bank section (~ 3 m sedimentation by lithogenic
processes) and a pit (=5 m soil formation by pedo-genesis),
near a metro railway construction site (Fig.2).

(B) Flood Plain

Xfd %
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Fig.2. Magnetic susceptibility of (A) metro pit- pedogenic layer If is more (fd% less) due to anthropogenic input. (B) Flood plain-
y1fis more in sandy layer (yfd% less) due to natural pedogenesis.
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Fig.3. Distribution of low field susceptibility in Delhi soils using GIS, (A) y If contours and (B) kriging surface creation for low field

magnetic susceptibility.
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Fig.4. Distribution y If percentage in Delhi soils using GIS, (A) % 1f% contours and (B) kriging surface creation for x fd% in Delhi soils.
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Depth wise, the maximum if 1s seen below the topmost
layer for the flood bank section (Fig 2) In the flood plain
section the sandy layers show lower xfd% and higher xIf,
except for the topmost layer In the absence of sigmificant
detrital or anthropogenic input, the % 1f% in the soils increase
due to pedogenesis (Maher 1986, Henesh and Scholger,
2003, Flander, 1994, Hoffmann et al 1999), wherein the
susceptibility in the topsoils may have been resulted due to
authigenic magnetite produced under ponding (reduced)
conditions (Maher, 1986, Xie etal 2001) Ponding 1s a very
common feature on the banks of Yamuna river The xIf%
values below 5% in the top layer of the flood plain section
are suggestive of such contributions although more detailed
analysss are required to confirm this On the country, in the
metro pit section, the weakly pedogenic layer below the
bricklayer shows high xIf but reduced ¥1f% reflecting
anthropogenic mput This 1s evident from the xfd% curve
which indicates increasmg trend due to weathering of the
top most layer of the hard rock, which continues t1ll the
mitial soul layer, then decreasing further as the anthropogenic
loading 1s increased Overall the anthropogenic sediments
show higher susceptibilities and lower xfd% as against
the natural/ pedogenic layers

Spatial analysis ts a strong technique to distribute
source specific observational facts by methods of contouring
or by creation of kriging surfaces (Jones et al 1986} This
facility 1s available 1n Arcview 3 1 software package
Measured data of different susceptibility parameters (x If
and x fd %) are classed mmitially 1n three major divisions,
based on kind of sources of heavy metal loading expected,
during field survey These classes are point industrial
sources, mobile Ime sources of traffic areas and unpolluted
natural source To know the dispersion within low field
magnetic susceptibility measurement (x 1f) of different set
of classes, quartile analysis has been performed Industrial
class ranges between mimmum 3 01x10 *m¥kg to maximum
531x10 % m3/kg with standard deviation of 126 04
and median value 9 65x10° m* Kg and average
24 58x10 ° m*/kg In the case of traffic and natural
classes, median value 9 9x10° m* Kg for traffic and
2 09x10° m*kg for natural sources are observed Such
high dispersion 1n industrial class indicates abrupt change
in susceptibility value near industrial area It 1s also
evidenced 1n spatial analysis by contouring and kriging
surface creation (Fig 3) The spatial distribution of % 1f
shows closed narrow contours with very high value near

Table 1. Statistical value of different magnetic parameters from total areas and mdividual source specific areas

Low Field Magnetic Anthiopogenic Natural

Susceptibihty (x If) Industrial  Vehicular Natural Pit Flood
(i unit of 10° m¥kg) bank
No of samples 24 70 14 6 9
Minimum 30 042 002 002 179
Ist quartile 10 01 560 160 056 205
Median 2574 9 90 209 116 221
2nd quartile 66 69 16 62 261 245 260
Maximum 531 100 67 685 685 392
Mean 7353 1274 225 207 237
Standard deviation 126 04 1333 159 253 064
Kurtosis 826 2678 459 301 456
Skewness 2 85 434 1 66 163 198
Frequency Dependent Anthropogenic Natural

Magnetic Susceptibility Industnal  Vehicular Natural Pit Flood
(x 1d%) bank
No of samples 24 70 i4 6 9
Minimum 033 029 072 618 072
Ist quartile 086 128 148 648 130
Median 167 208 5 88 867 357
2nd quartile 202 410 679 892 416
Maximum 503 772 1033 103 588
Standard deviation 024 022 085 07 070
Kurtosis 22 108 107 -043 157
Skewness 134 116 005 -023 005
Mean 181 257 525 831 334
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industrial areas Kriging surface of maximum magnetic
susceptibility ts found near Wazirpur industrial areas
Other industrial areas like Mayapuri, Jhumli, Okhla are
also characterized in same way with higher contour value

% fd% data show standard dewviation of 0245, 0224,
0 85 and Q 70 respectively for industrial, vehicular, natural
and pit samples However, median values are high for
natural sources (8 67) and low for industrial (1 67) and traffic
sources (2 08) (Fig 4) This implies that the natural samples
are with higher amount of ultrafine super para-magnetic
particles (SP)

Krniged surface of % fd% data are classified in standard
deviation with break classes of ¥ standard deviation The
spatial pattern shows break classes, higher than mean value
are concentrated near ridge areas, whereas lower classes

are near industrial areas In comparison to South Delhi,
North Delhs shows with distinct separation of classes
Two possible explanations can be drawn about this
observation The first can be attributed to more
anthropogenic pollution for Noith Delhy The second
reason could be because of pedogenic contribution 1n sotl
formation for South Delhi and more lithogenic 1n the case of
North Delhi This vanation of % fd% 1s evidenced from
the studies of flood bank and pit sections, where median
values are 3 03% for lithogenic and 8 03% for pedogenesis
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