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vious investigations have shown increase in run-off of
the Baspa basin'?, However, in the long term, decrease in
glacier extent will decrease in stream run-off during sum-
mer and autumn seasons, affecting local as well as national
economy, since many villages are located on the banks of
streams originating from glacier numbers 1-4. In addition,
run-oft of the Baspa river is also used for generation of
hydropower. All these observations suggest that global
warming has started to affect glacier melt in the Himalaya
and poses questions to the conservation of precious water
resources.
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This communication reports arsenic contamination of
sediments in parts of Chhattisgarh. It also investigates
the nature of arsenic contamination and the conditions
which may favour its release from this matrix. The
contaminated sediment serves as a long-time source of
arsenic because As mobility and transport in the envi-
ronment are strongly influenced by its association with
the solid phase in soil and sediment. The results esta-
blish the sediment contamination of certain water bodies,
including a major river in the region. As levels in the
contaminated sediments lie between 200 and 10.75 ppm,
with a mean level of contamination at 68.00 ppm and
standard deviation of 41.81 ppm. A direct result of this
contamination has been noted in the form of lower pro-
ductivity of the Shivnath river in fish population.

Sequential arsenic extraction procedures were adop-
ted to differentiate the nature of arsenic species in the
sediment and its mineral assemblages. Two analytical
schemes were followed to identify the arsenic phases
in the sediment. Sequential extraction analyses indicate
that a large portion of the arsenic in Chowki-Raj-
nandgaon-Durg sediments is in complex silicate matri-
ces or is calcium-bounded. This will limit the mobility
of arsenic. Yet about 15% of As which is in the form of
exchangeable fraction may get mobilized by changes in
the ionic strength of the overlaying matter. This indi-
cates the need for a scientific management of the con-
taminated sediments in the region.

ARSENIC contamination of groundwater has become a
worldwide menace. It is harming the developing countries
more vehemently owing to obvious reasons. The Bengal
Delta Plain (BDP) has become one of the most severely
contaminated parts in the world. Yet, there could be
many more BDPs in India, which are yet to be explored.
Pandey er al.' first reported arsenic contamination of the
groundwater and the consequent human affliction at a
village named Kaurikasa in erstwhile Madhya Pradesh
(now Chhattisgarh), which does not share boundary or
geology with BDP. A further paper by Pandey er al’
established the contamination of surface water due to the
probable mobilization of contaminated groundwater. Now
it is logical to see if the sediments are also contaminated
in the affected locations of central-east India.

*For correspondence. (e-mail: drpiyush_pandey@yahoo.com)
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In the BDP, the contaminated sediments have been
implicated for arsenic contamination of the groundwater
by various researchers®®. Even though the exact source
and mechanism for mobilization of As in BDP aquifers is
not well understood, researchers suggest that geochemical
processes are involved in mobilizing As from the sedi-
ments. The mechanism of reductive dissolution of iron
oxyhydroxides has gained wider acceptance’.

The aim of this work was to see the levels of contamina-
tion of the sediments, the chemical environments that may
mobilize arsenic and finally the quantity of arsenic which
may be mobilized in differing chemical settings. The focal
theme of research is that the contaminated sediment is a
major cause of environmental problems and a key factor in
the impairments to beneficial uses of the water bodies.
Hence, it is imperative to assess the quantity of As which
may easily mobilize, because it can play an important role
in aquatic health and human-risk assessment. Sediments
with high arsenic concentration can play an important role
in the groundwater quality also, because sediments usually
act as a sink for pollutants. Consequently, sediment-associ-
ated contaminants can influence the concentration of trace
metal in both the water column and biota, if they are desor-
bed or become available to benthic organisms.

The bottom sediments serve as a reservoir for heavy
metals and therefore deserve special consideration in the
planning and design of aquatic pollution research studies.
An undistributed sediment column contains a historical
record of geochemical characteristic in the watershed. If
a sufficiently large and stable sediment sink can be located
and studied, it will allow an investigator to evaluate geo-
chemical changes over time and possibly, to establish base-
line levels, against which current conditions can be compared
and contrasted.

Recent field and column studies suggest that the mobile
colloids that can play an active role in the transport of
sparingly soluble contaminants such as metalloids, radio-
nucleoides, transition metals and hydrophobic inorganic®*°
matter can be mobilized and transported in the environ-
ment, in response to changes in solution chemistry''™".

After finding the sediment As levels, the specific objec-
tive of our work was to evaluate sequential chemical
extraction for assessing the quantity of readily mobilized
As from contaminated sediment and to investigate the
speciation of arsenic in air dried sediment extracted by
different reagents. This work also assesses the type of
arsenic fraction present in that condition, which could be
effective to evaluate the source of arsenic or the form of
arsenic present in particular sampling sites.

Table 1.

A large number of sediment samples (about 350) were
collected from various locations in streams and rivers
flowing through the Rajnandgaon district, Chhattisgarh.
Shivnath is the major river of the region, that is perennial
in nature, whereas most of the smaller streams of the region
are dry during the pre-monsoon period (February—May).
Many of the sampling locations were located in and around
the Chowki block of Rajnandgaon district which has an
undulating topography. This topography favours a rapid
flow of the water and consequently, the small streams sup-
port smaller sediment quantity. The entire area falls in the
Shivnath river basin and the river flows in the plain lower-
lying bedrock and supports a large quantity of sediments.

The sediments samples were collected up to a depth of
10 cm from the surface by hand using a stainless coring
tube. This depth was selected as it represents the most active
phase of any sediment bed. The total arsenic in samples
was measured after HNOs;-HF-HC10, digestion, follow-
ing the standard method'®,

For analytical studies concerning sequential extraction,
five sampling sites were chosen which had shown high
contamination level. Tables 1 and 2 summarize the sequen-
tial extraction procedure and the solid phase targetted by
each extractant. The supernatant thus obtained was fil-
tered with 0.45-micron filter. The residue was then washed
with distilled water to avoid any cross-contamination and
acidified with 10% solution of nitric acid until pH < 2 (if
required) and analysed by HGAAS as soon as possible.
This technique is very sensitive with a detection limit of
5 ng/ml under optimum conditions.

The procedure was standardized by adding known
amounts of some common As-bearing minerals and phases
(each done in duplicate) separately, to sub-samples of dried
homogenized sediments. The arsenic phases tested were
orpiment (As,S3;) and arsenopyrite (FeAsS). Comparison
of the spiked samples to the unspiked ones provided a
means of standardization of the method and the appropri-
ate corrections were made on the result.

The results obtained demonstrate a high degree of arsenic
contamination of the sediments in the Chowki—Rajnand-
gaon-Durg (CRD) region (Table 3). The Shivnath river
draining the entire Chowki block, where Pandey er al."’
had established the presence of arsenic in the groundwater,
soil and surface water, has favoured this spread. A mean
level of 68.0 ppm arsenic has been identified in the sedi-
ments of the CRD region, with a 95% confidence level of
17.25 ppm and standard deviation of 41.81 ppm (Table 4).
The value of standard deviation is smaller than the mean,
and kurtosis and skewness values are positive and small.

Sequential extraction—scheme 1 (adapted from ref. 25)

Extractable form of arsenic

Extractant

Exchangeable fraction
Easily reducible fraction
Moderately reducible fraction

1M (NHy)2SO4
0.1 M NH,OH.HCI1 + 0.1 M HNO;
0.1 M oxalic acid + 0.175 M ammonium oxalate
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These values testify a stabilized contamination, where the
arsenic values are more or less in equilibrium.

The sediment values are strongly influenced by the
water in contact with the sediment. Hence our previous
report identifying the surface water contamination stands
justified (Table 5)°. We have analysed the sediments at
the anney-cut dam and the filter plant sand (refuse) of the
Municipal Water Treatment Plant at Rajnandgaon. Both
have shown a mean contamination of 60 and 44 ppm res-
pectively. This observation clearly denotes the presence of
As in the raw water, which is drawn from the Shivnath
river.

This communication draws the attention of the scienti-
fic community towards the great potential of the rivers
draining the arsenic-contaminated regions, for mobilizing
arsenic which leads to contamination in the deltaic regions.
This hypothesis stems from the fact that the scientists
have failed to identify the major sources of arsenic in the
BDP sediments. If the rivers draining any geologically
arsenic-contaminated regions like central-east India are
able to mobilize arsenic to the tune of about 62 tons per

Table 2. Sequential extraction—scheme 2 (adapted from ref. 26)

Extractable form of arsenic Extractant

1 M ammonium chloride

1 M ammonium hydroxide
1 M ammonium oxalate

1 M hydrochloric acid

Water-soluble fraction
Iron and aluminium bound
Occluded

Calcium-bound

Table 3. Arsenic contamination of sediments in the CRD region

Total arsenic (ppm, mean
values of appropriate

Sediment location number of samples)

Bagdai river 1 10.75
Bagdai river 2 88.0
Bagdai river hole 52.0
Boirdih dam 4 45.0
Boirdih dam 1 70.0
Boirdih dam 2 44.0
Boirdih dam 3 44.0
Boirdih dam 4 48.0
Boirdih dam 5 60.0
Boirdih dam 6 48.0
Boirdih dam 7 60.0
Confluence point of Dangarh stream 72.0
Dhangarh stream 1 96.0
Dhangarh stream 2 90.0
Dhangarh stream before stop dam 120.0
Dhangarh stream stop dam 24.0
Dongargaon stream 1 56.0
Dongargaon stream 2 56.0
Filter plant sand at (WTP) Rajnandgaon 44.0
Gunderdehi pond 167.45
Gunderdehi pond 2 44.0
Shivnath Anney cut Rajnandgaon 60.0
Shivnath river 1 200.0
Shivnath river 2 56.0
Shivnath river 3 45.0

annum (Table 6)°, the amount which may be carried by
the Ganges—Brahmaputra may be very high due to the
sheer volume of water and sediment load.

Johnson and Thornton' studied the seasonal variation
of arsenic in the Carnon river, south-west England. In the
study, majority of arsenic was found in the particulate
phase (~ 80%); the authors suggest that sorptive or co-
precipitation processes are responsible for the regulation
of dissolved concentrations of arsenic in these waters.
These processes are largely independent of pH. Adsorp-
tion appears to be important in the removal of arsenic
from solution, with 80% being removed on entering
estuarine waters.

A similar fate could be envisaged for the particulate-
associated arsenic in rivers like Shivnath, Ganges and
Brahmaputra. The delta region where the flow of water is
sluggish and the salinity may favour the deposition of
colloidal arsenic, could be a major source of arsenic. Thus,
the delta plain of any river may be susceptible to arsenic
contamination due to the deposition of arsenic. The sedi-
ment-bound arsenic thus brought, may become soluble by
oxyhydroxide reduction in anaerobic conditions. Such a
condition invariably exists in the delta regions of all south-
east Asian countries and hence is being reflected in large-
scale arsenic contamination.

After establishing the sediment contamination and its
probable role in arsenic contamination of the deltaic region,
it is worthwhile to analyse if this contamination can have
any adverse impact on ecological and human health. Adverse
effects of contaminated sediments on biological resources
and threats to human health generally occur only when
there is a pathway to ecological or human receptors. In most
cases, such a pathway will only exist when surface sedi-
ments (those within the biologically active zone) are con-
taminated. Contaminated sediments existing at depths
below the biologically active zone are unlikely to result in
such effects unless the overlying sediments are removed
by natural (e.g. erosion, scouring, etc.) or anthropogenic
(e.g. dredging, etc.) means, or there are other mechanisms

Table 4. Arsenic contamination of CRD region sediments: statistical
analysis of the results

WTP, Municipal water treatment plant.
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Statistical parameter Value
Mean 68.008
Standard error 8.36
Median 56
Mode 44
Standard deviation 41.81
Sample variance 1748.41
Kurtosis 4.05
Skewness 1.91
Range 189.25
Minimum 10.75
Maximum 200
Sum 1700.2
Count 25.00
Confidence level (95.0%) 17.25
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Table 5. Arsenic contamination of rivers of the region (adapted from Pandey ef al.?)
Maximum
level of
River Location District arsenic ([Lg/l) Season when noted
Shivnath Ambagarh—-Chowki Rajnandgaon 190 Monsoon
Shivnath Rajnandgaon Rajnandgaon 180 Post-monsoon
Shivnath Durg Durg 300 Monsoon
Bagdai Bagdai Rajnandgaon 100 Post-monsoon
Kharun Kumbhari Raipur <5 Annual mean
Table 6. Arsenic mobilized by the Shivnath river during the year 1999
(adapted from Pandey et al.?)
Mean Total arsenic Total As
monthly flow Mean arsenic mobilized during mobilized (tons
Month (million cubic meter) (ng/l) the month (kg) per annum)
January 5.78 0.00 0.00 0.00
February 2.84 0.00 0.00 0.00
March 0.90 0.00 0.00 0.00
April 0.22 0.00 0.00 0.00
May 0.00 0.00 0.00 0.00
June 96.35 6.00 578.10 0.58
July 448.11 60.00 26019.29 26.02
August 877.27 19.00 16130.45 16.13
September 453.06 40.00 18122.40 18.12
October 164.42 11.00 1750.28 1.75
November 35.19 0.00 0.00 0.00
December 7.49 0.00 0.00 0.00
Total 2091.63 62600.52 62.60
for the release of sediment contaminants that exposure Table 7. Comparison of the results at the studied site with US-EPA-

may occur. Hence, the focus of sampling in the sediment
source control programmes is generally on the sediments
within the biologically active zone. Additionally, the sur-
face sediment will most likely exhibit impacts from recent
discharges of contaminants®. In the present work, the sedi-
ments were sampled up to a depth of 10 cm only, which
is the most biologically active zone.

The US-EPA has reported a background level of arse-
nic in different sediment samples*'. Comparing the repor-
ted no effect level (NEL) and low effect level (LEL) of
the sediments, it appears that the sediments in the CRD
region are in a distressed condition as the arsenic concen-
tration is about ten times higher than the low effect range
of arsenic in freshwater sediments (Table 7).

On finding high contamination in the CRD region, we
carried out a comparative study for the contamination
levels in BDP rivers and other rivers of Chhattisgarh (CG).
For this purpose, about 50 samples were collected from
the BDP rivers (particularly Ajay river in Burdwan district,
WB and Ganga in Kolkata) and two major rivers of Chhat-
tisgarh, i.e. Indrawati in Bastar and Hasdeo in Korba. The
aim of the work was to compare the results and use the
reported sediment data as a quality control check. The
entire sampling and analyses at both CG and BDP were
carried out during 1999-2001. Table 8 shows that though

CURRENT SCIENCE, VOL. 86, NO. 1, 10 JANUARY 2004

established sediment quality guidelines

Location As (ppm)
Average concentration in CRD sediment

(the present work) 68.00
Stream sediments in England and Wales®’ 5-8
Non-polluted great lakes™ <3
No effect level®® 4-8
Effects range low, marine sediments™ 8.2
No adverse biological effects, marine sediments®' 57
Control sediments, southern California® 03-15
Control sediments, Puget Sound?? 03-15
No effect threshold, freshwater sediments® 3
Lowest effect level, freshwater sediments™* 6
Threshold effect levels for freshwater sediments® 5.9
Threshold effect levels for marine sediments® 7.24
Effects range low, freshwater?* 13

the area of CRD is smaller than that of BDP, the level of
contamination in CRD during 1999-2001 was far higher
than that in BDP and other rivers of CG. Analysis of Indra-
wati river was particularly important, as its basin is adjacent
to the Shivnath—-Mahanadi basin. Similarly, the Hasdeo river
is the hub of large-scale mining and industrial activities,
viz. coal mining, power generation, aluminium production,
etc. The results indicate that the level of contamination in
both Indrawati and Hasdeo rivers is less compared to the
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Shivnath sediment in the CRD region. We intend to extend
the work in the entire Shivnath—-Mahanadi basin to get a
complete picture.

When the CRD region is contaminated, it would be
logical to compare the contamination level with similar
contaminated sediments in other parts of the world. This
comparison (Table 9) establishes a comparatively lower
level of contamination in CRD. Yet, these levels cause
some biological effects. This fact is attested by lower
productivity of the Shivnath river as far as fish popula-
tion is concerned. Another study on assessing the sedi-
ment toxicity is being carried out at our laboratory.

Determining arsenic mobility from the contaminated
sediment is the next priority. The same has been attempted
here with the help of two sequential extraction schemes.
Scheme 1 attempts to determine the chemical mobility of
the sediment bound arsenic and the Scheme 2 attempts to
determine the mineral assemblages of arsenic in the sedi-
ment.

Arsenic is widely distributed in a large number of mine-
rals. The highest mineral concentrations generally occur
as arsenides of copper, lead, silver or gold or as the sul-
phide. Major arsenic-containing minerals are arsenopyrite
(FeAsS), realgar (As,S,), and orpiment (As,Ss3). The arsenic
content of the earth’s crust is 1.5-2 mg/kg; it ranks 20th
in abundance in relation to other elements*’. Table 10 pre-
sents the range of arsenic in general assemblages. However,
minerals like gold, copper, uranium, etc. which are gene-
rally associated with sulfidic ores, may contain higher con-
centration of arsenic in any igneous or sedimentary sequence.

The natural level of arsenic in sediments is usually

Table 8. Arsenic contamination of some sediment samples in
CG and BDP rivers

Arsenic

Mean arsenic concentration

Sample level (ppm) range (ppm)
Indrawati river, Bastar, CG 2.5 0.5-14
Hasdeo river, Korba, CG 59 0.3-24
Ganga river sediment, BDP 2.6 1.2-11
Brahmputra river sediment, BDP3® — 1.4-5.9
Meghna river sediment, BDP?® — 1.3-5.6
Ajay river, BDP 3 0-15
Shivnath CRD region, CG 68 8-209
Table 9.

below 10 mg/kg dry weight. Bottom sediments can become
substantially contaminated by arsenic from man-made
sources. Levels of up to 10,000 mg/kg dry weight were
found in bottom sediments near a copper smelter in
Washington, USA®. The reason for high arsenic in the
sediments of the CRD region appears to be geologic.
Pandey er al.® reported that there exists a geological
anomaly in this part of central India. The formations of
this arsenic contaminated area belong to Lower—Middle
Proterozoic age. The country rocks comprise phyllitic shales
and haematitic quartzites, which are part of the Lower
Proterozoic age formations popularly called the Bailadila
group. This group consists of banded hematite/ magnetite
quartzite and an iron-ore mine situated at Dalli-Rajhara
about 25 km east of Kaurikasa. The western part of the
Rajnandgaon district shows extensive volcanism and the
rocks of ‘Nandgaon group’ consist of lower ‘Bijli Rhyo-
lites” and ‘Pitepani volcanics’. This volcanic phase was fol-
lowed by the emplacement of ‘Dongargarh granites’,
intrusion of meta-dolerite dykes and quartz veins. The
arsenic-contaminated area, which forms the eastern peri-
phery of the Dongargarh granite batholiths, consists of
metabasalt and metarhyolites. The area shows shearing
parallel to N-S and NW-SE and a low-grade metamor-
phism. Pandey et al.”> have identified the sporadic pre-
sence of arsenopyrites in the highly sheared, metamorphosed
contact zones between the metabasalts and metarhyolites,
which are auriferous and uraniferous at different locations.
Thus, the origin of arsenic is clearly geologic, affected by
the ‘Nandgaon orogeny’.

Table 11 shows arsenic extracted using Scheme 1 and
Scheme 2 extractants. The amount of arsenic extractable
ranges between 26.4 and 7.9%. Matrix-wise, Scheme 1
has extracted about 12.5 and 18.5% and Scheme 2 has
extracted about 12.5 and 16% arsenic from the river
sediments and soils respectively. As the results in both
schemes are in close proximity, both schemes essentially
target similar types of mineral assemblages.

Sequential extraction experiments were conducted on
ten samples of contaminated sediments. Five of these were
stream sediments and rest were soil/deep-bore soil. The
results present a significant outcome. Figures 1 and 2 show
the chemical nature of arsenic-contaminated sediment ascer-
tained by Scheme 1 and the mineral assemblages in which

Comparison of the results with reported sediment contamination in

other parts of the world

Sample site

Range (mg/kg) Reference

Mining-contaminated lake sediment, British Columbia
Mining-contaminated reservoir sediment, Montana
Industrially polluted inter-tidal sediments, USA

Soil and tailing, British Columbia
Soil and tailing-contaminated soil, UK
Soil below chemical factory, USA

Freshwater sediment in CRD region of central-east India

80-1104 Azcue et al.”’
100-800 Moore et al.*®
0.38-1260 Davis et al.”
396-2000 Azcue et al.”’
120-52600  Kavanagh et al.*
1.3-4770 Hall ef al.*'
8-209 The present study
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the arsenic is bound respectively. The data for total extract-
able and non-extractable arsenic by the respective scheme
are also presented. Data analysis makes it clear that arsenic
mobility from the CRD sediment is somewhat limited,
but the reverse is true in case of the deeper soil. Exchange-
able arsenic (64%) dominated the extractable arsenic
(~ 19%) in deep-soil samples, signifying the geological
presence of easily soluble arsenic which has not encoun-
tered the water. A lesser abundance of the exchangeable
arsenic (~ 30%) and concomitant increase in the reducible
fractions (~ 70%) indicate the possible adsorption of As
(V) onto appropriate adsorbent in stream sediments. Both
observations are consistent with the arsenic chemistry,
where it is well established that As(V) sorbs onto sediments,
and co-precipitation with iron and manganese oxyhydroxides
is known to happen. The surface reaction which may take
place is as follows:

Fe-OH + H* + H,As0; — Fe-OH,;, AsO5"".

This particular result obtained by us showing a higher
presence of exchangeable arsenic in the deep soil of the
arsenic contaminated region holds the key to the genesis
of arsenic.

The probable associations of arsenic with various mine-
ral assemblages were verified in Scheme 2 extractions
(Figure 2). Here, it was observed that the average easily
extractable arsenic (~ 15%) in soil and sediment matrices

is dominated by calcium bound arsenic (~ 40%) and is
followed by Fe—Al-bound arsenic (~30%) and arsenic
occluded in Fe—Al oxides (~15%). It is worth noting that
total-in-sediment digestion method using HF-HCIO,4-HNO,
yielded high values. Hence, the amount of arsenic not extrac-
ted by Scheme 2 was as high as ~ 85%. This indicates that
this arsenic is silicate-bound. The silicate compounds which
were observed in the sediments of the CRD region were
quartz (Si0,), feldspar (KAI1Si;04, NaAlSi;Og, CaAl;Si,0s,
and intermediate compositions), micas, amphiboles, pyroxe-
nes, olivine and clays. The oxides and hydroxyoxides were
corundum (Al,Os), hematite (Fe,Os), pyrolusite (MnO,),
ilmenite (FeTiOs), sphene (CaTiOSi0,), goethite and lepi-
dochrosite (FeOOH), and ferrihydrite ((FeOOH)s(H,0),).
The carbonates were mainly calcite (CaCO;) and dolo-
mite CaMg(COj3),.

Based on the identification of the phases carried, the
higher calcium-bound fraction in both the soil and sedi-
ment indicates that As is mainly clay-adsorbed. As(V) is
expected to be strongly adsorbed by calcium carbonate
because of the oxide-like character of its edges. Thus, it
can be concluded that a large portion of the arsenic in
CRD sediments is in a complex silicate matrix, or is cal-
cium-bound. In either condition, its mobility will be seve-
rely limited. Still 15% easily extractable As species will
mean the probable mobilization of 15 ppm arsenic from a
sediment having As level of 100. This 15-ppm level may
be contrasted with low effect freshwater level of 13 ppm
prescribed by EPA>

Table 10. A i tration i tal material . . . . .
able fseme concentration 1 crastal materals The sediment of the CRD region is contaminated with
(adapted from ref. 22) ) . o )
arsenic. The enrichment factor of arsenic is as high as 40
Rock Type As (ppm) compared to the average sediment background level of
_ 5 ppm. We once again highlight our hypothesis that the
Ultrabasic Igncous 0.3-16 adsorbed arsenic brought from upstream in the form of
Basalt Igneous 0.06-113 lloidal el 1d be th . ¢ .
Andesite Igneous 0.5-5.8 colloiaa part.lc es (:01.1 et .e major source ot arsenic to
Silicic, volcanic Igneous 0.2-12.2 the delta regions. Shivnath river shows a moderate con-
Limestone Sedimentary 0.1-20 tamination compared to many other heavily contaminated
Sandstone Sedfmemary 0.6-120 sediment of the world. Yet, the levels surpass the sedi-
Shales and clay Sedimentary 0.3-490 " lit ideli d ted t d
Phosphorites Sedimentary 0.4-188 ment-quality guide 1.nes ar.l are expected to cause adverse
effects on the aquatic environment.
Table 11. Arsenic extractability from the contaminated sediment
Percentage Percentage
Arsenic extracted extracted
Sample site Nature of sample concentration As in Scheme 1 As in Scheme 2
Boirdih dam 1 Sediment 111 14.2 13.5
Dhanagarh stream 1 Stream sediment 96 11.8 12.7
Dhanagarh stream 2 Stream sediment 90 11.2 9.9
Dhanagarh—Shivnath Stream sediment 7 1.7 12.6
confluence point 1
Dhanagarh—Shivnath Stream sediment 70 12.6 13.5
confluence point 2
Murethitola 140-160 ft—1 Borehole soil 65 24.7 20.8
Murethitola 140-160 ft—2 Borehole soil 68 26.4 22.5
Murethitola 140-160 ft—3 Borehole soil 72 23.6 19.7
Murethitola 200-220 ft—1 Borehole soil 350 8.5 7.9
Murethitola 200-220 ft—2 Borehole soil 320 8.1 8.0
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Figure 1. Chemical nature of arsenic-contaminated sediment ascer-

tained by Scheme 1.
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Figure 2. Determination of As-bearing phases by Scheme 2.

Sequential extraction analyses show that Scheme 1 has
extracted about 12.5 and 18.5% arsenic and Scheme 2
about 12.5 and 16% arsenic from the river sediments and
soils respectively. Arsenic mobility from the CRD sedi-
ment is somewhat limited, but the reverse is true in case
of the deeper soil. Exchangeable arsenic (64%) dominated
the extractable arsenic (~ 19%) in deep-soil samples, signi-
fying the geological presence of easily soluble arsenic. A
lesser abundance of exchangeable arsenic (~30%) and
concomitant increase in the reducible fractions (~ 70%)
indicate the possible adsorption of As (V) onto appropriate
adsorbents in stream sediments.

Geochemically, the ionically exchangeable As present
in this sediment may be released on increase in the ionic
strength of water, as it happens in the case of increasing
salinity of water by human activities or heavy draw-down
of groundwater. Similarly, any increase in the competing
ions, viz. POy, NOs, etc. will result in a release of As
strongly bound with Fe—Al oxides or clays. Such compet-
ing ions are invariably present in agricultural run-offs and
their strength increases on the use of fertilizers. Thus, the
sediment contamination of CRD should be a matter of
concern, and care should be taken to monitor the geo-
chemical conditions that may trigger its release to the
overlaying water column.
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Ammonites as biological stopwatch
and biogeographical black box — a case
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boundary (150 Ma) of Kutch, Gujarat
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Some ammonites provide high time resolution and
some others record precise palaeolatitudinal position of
the sedimentary basins which harboured them. The Late
Jurassic fossil record in Kutch was poor until recently.
The present discovery of four genera, viz. Micracantho-
ceras, Spath, 1925; Durangites, Burckhardt, 1912; Coron-
goceras, Spath, 1925 and Tithopeltoceras, Arkell, 1953
helps in drawing precisely the Jurassic—Cretaceous
system boundary in Kutch and in palaeocontinental
reconstruction. Besides, faunal migrational pathways
across different palaeobiogeographical provinces have
been discussed.

THE nature of the fossil record reveals that many taxa spent
‘a little hour of grace’ on the earth yet flourished and had
wider and rapid biogeographic dispersal. They are aptly
described as ‘fleeting fossil’'. Many ammonites are fleeting
fossils and had great geochronological importance. In fact,
they were used as zonal indices for slicing up the earth’s
rocks, especially the Mesozoic into finer time segments.
Hence they are the biological stopwatch.

Besides, ammonites are environmentally sensitive. They
are exclusively marine and often climatically and latitudi-
nally restricted. Since the Jurassic, when the earth’s last
continental fragmentation started, land masses were wan-
dering in different directions. Some continents broke away,
while others collided. India, once a member of the lost
Gondwana supercontinent, started rifting during the Late
Cretaceous (90 Ma ago)” and made a solitary journey of
about 5000 km before hitting the Asian plate; the collision
resulted in the upheaval of the mighty Himalayas. The
wandering continents, however, acted as a ‘Viking funeral
ship’ or ‘Noah’s ark’ and rafted fossils albeit ammonites
with them. Ammonites, mostly being biogeographically
and climatically restricted, inscribed their latitudinal sig-
natures in the rock book like geomagnetic anomalies and
thus acted as a black box* ™ thus helping reconstructing the
continental disposition of the past™’.

During the Middle Jurassic, the Kutch basin came into
being®. The first phase of Gondwana fragmentation sepa-
rated West Gondwana comprising Africa and South

*For correspondence. (e-mail: sabyasachi60@hotmail.com)
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