Climate Change
In the Arctic

An Indian Perspective

edited by

Neloy Khare €D crepres




by CRC Press
6000 Broken Sound Parkway N'W, Suite 300, Boca Raton, FL. 33487-2742

and by CRC Press
2 Park Square, Milton Park, Abingdon, Oxon, OX14 4RN

@ 2022 Taylor & Francis Group, LLC
CRC Press is an imprint of Taylor & Francis Group, LLC

Reasonable efforts have been made to publish reliable data and information, but the author and pub-
lisher cannot assume responsibility for the validity of all materials or the consequences of their use,
The authors and publishers have attempted to trace the copyright holders of all material reproduced
in this publication and apologize to copyright holders if permission to publish in this form has not
been obtained. If any copyright material has not been acknowledged please write and let us know so
we may rectify in any future reprint,

Except as permitted under U.S, Copyright Law, no part of this book may be reprinted, reproduced,
transmitted, or utilized in any form by any electronic, mechanical, or other means, now known
or hereafter invented, including photocopying, microfilming, and recording, or in any information
storage or retrieval system, without written permission from the publishers.

For permission to photocopy or use material electronically from this work, access www.copyright.
com or contact the Copyright Clearance Center, Inc. (CCC), 222 Rosewood Drive, Danvers, MA
01923,978-750-8400. For works that are not available on CCC please contact mpkbookspermissions@
tandf.co.uk

Trademark notice: Product or corporate names may be trademarks or registered trademarks and are
used only for identification and explanation without intent to infringe.

Library of Congress Cataloging-in-Publication Data

Names: Khare, Neloy, editor,

Title: Climate change in the Arctic : an Indian perspective / edited by
Neloy Khare,

Description: First edition. | Boca Raton : CRC Press, [2022] | Series:
Maritime climate change: physical drivers and impact | Includes
bibliographical references and index.

Identifiers: LCCN 2021044897 | ISEN 9780367482695 (hbk) |

ISBEN 9781032207780 (pbk) | ISBN 9781003265177 (ebk)

Subjects: LCSH: Arctic regions— Environmental conditions. | Climatic
changes—Arctic regions. | Pollution—Arctic regions. | Environmental
protection—Resecarch—India. | Ecology—Arctic regions,
Classification: LCC GE160.A68 C56 2022 | DDC 551.6911/3—dc23/eng/20211119
LC record available at https://lcendoc.gov/2021044897

SBN: 97

DOI: 10.1201/9781003265177

Typeset in Times
by codeMantra


Highlight

Highlight

Highlight

Highlight

Highlight

Highlight

Highlight

Highlight


Contents

PO RN < 4 o b 3 5 8B A 58 OB G K R S e A S Ao X
(P T D AL SIS pS PRI Xi
ACKDOWISABBMICINS - oiccoasinisciinisnsiisin b anssmesaeosas s s h e e dua ST Ao aaavis XV
B0 oo it aiv i S B S S e s sssa i s R S i asss v s sani st XVvil
O DI O 1 o o S L S I S S G R S et stamwonsdossss Xix
ABrev At o LISt i it s s s N s s it XXiil

Chapter 1 Climate Change Assessment over the Arctic Region: Initiatives

through Indian Polar Programme ...........cccvemmnsimnisimnisinssnsniesnnsns 1
Neloy Khare
Chapter 2 Arctic Weather and Climate Patterns.........cccvevivmenrirnsiareniarsnsesrennns 17

R. S. Maheskumar and Sunitha Devi S

Chapter 3  Investigation of GPS-Derived Total Electron Content (TEC) and
Scintillation Index for Indian Arctic and Antarctic Stations ............. 35

A. K. Gwal, Suryanshu Choudhary, and Purushottam Bhawre

Chapter 4  Multi-Year Measurements of Black Carbon Aerosols and Solar
Radiation over Himadri, Ny-Alesund: Effects on Arctic Climate...... 47

S. M. Sonbawne, G. Meena, S. K. Saha, G, Pandithurai,
P. D, Safai, and P. C. S. Devara

Chapter 5 Geomorphology and Landscape Evolution of Ny-Alesund
Region and Its Implication for Tectonics, Svalbard, Arctic............... 65

Dhruv Sen Singh, Chetan Anand Dubey, Anoop Kumar Singh,
and Rasik Ravindra

Chapter 6  Biogenic Silica Indicator of Paleoproductivity in Lacustrine
Sediments of Svalbard, ArCtic............o.covoeviiriverrnencreneeerseenns 83

Shabnam Choudhary, G N Navak, and Neloy Khare

Chapter 7 Role of Persistent Organic Pollutants and Mercury in the Arctic
Environment and Indirect Impact on Climate Change .........occvcvinee. 93

Anoop Kumar Tiwari and Tara Megan Da Lima Leitao

Iy

v


Highlight

Highlight


BUY EBOOK - #12,341.54

Get this book in print ¥

Reviews (D)
Write review

Climate Change in the Arctic: An
Indian Perspective
edited by Neloy Knare

Search in this book Go

About this book
My library
My History

Books on Google Play

Terms of Service

6 Biogenic Silica Indicator
of Paleoproductivity in
Lacustrine Sediments
of Svalbard, Arctic

Shabnam Choudhary

National Centre for Polar and Ocean Research

G N Nayak

Goa University

Neloy Khare
Ministry of Earth Sciences, Govt. of India

CONTENTS
6.1 Introduction... e ..83
6.2 Blogcmhcmlul CyL]c of Slllcd
6.3 Materials and Methodology .........ccocvvervenenes
6.3.1 Study Area and Sample Collection..........ccceevieiveiniiiiniiciiniiesieeiennen. 83
6.3.2 Sample Analysis.... e 86
6.3.3 Quality Control (QC) and Qualny Aasurame (QA) .87
6.4  Source and Distribution of Biogenic Silica (bSi) in Arctic Lakca 87
6.5 Factors Controlling the Distribution of Biogenic Silica in Lakes...... 90
6.5.1 Grain Size .. - S— ]
6.5.2 Blogeouhemlcal me]eq {TOC TN and TP) 90
6.5.3 Detrital Al and Al/SiO, Ratio... e w90
6.5.4 Availability of Carbonate-Rich Scdlmcms e 90
6.6 ConcluSIONS....ooiivceiiriccer e ..90
Acknowledgements: i iuniisiniiabmaeiniinidniisa e i i 9l
References it s 91
6.1 INTRODUCTION

Primary productivity in the past can be reconstructed by multiple biogeochemical
proxies such as nutrients, amino acids, pigments and isotopes. Besides many other
proxies, biogenic silica (bSi) has emerged as a potential paleoproductivity proxy
and is widely used to reconstruct palacoceanography and paleoclimate changes.

DOI: 10.1201/9781003265177-6 83



a4 Climate Change in s Arctic

Biogenic silica in lake sediments has received considerably more attention in recent
years as it indicates climate and environmental changes over a wide geographical
area on a diffesent time scale (Carter and Colman 1994; Colman e al. [995),

Biogeni silica is a type of amorphous silica derived from dintoms and other sili-
ceous microorgunisms (Liu et al, 2014). Biogenle silica documents direct measure of
biodogical products frons the siliceous algse and dintoms (Conley 1998; Kopln ot al.
2002 It is produced in the cuplwtic one by the ditoms, predominantly in the high-
Iatstide wrens, Although the biopeochenical cvele of silicon s show as companed
oiher elements like oxygen, carbon and nitrogen, its sedimentation rate is rapid ($hun
et al. 2001); therefore, silicon can be preserved in the form of beogenic silicn in sedi-
ments {Birks ot al. 200; Shan et al. 2001). In Inkes, nutrien concentration in water
andl surface lemperature affects productivity. Therefore, variation in biogenic silica
content can reflect changes in post climate condigions. Earlier studies from lakes af
different parts of the globe such as Lake Baikal, Lake Pipa. Lake Huguangyan Maar
aned lokes from the Arctic negion reported that a high concentration of hSi represents
warm and humnid cimite conditions. Simulancously, lower valoes indicae cold and
diy climatic conditions (Shien et al. 20010 These studies supgested that changes in
diatom production are related o changes in climate. Therefore, bingenic silica can be
used 1o reconstrsct past climate changes in kake sediments.

6.2 BIOGEOCHEMICAL CYCLE OF SILICA

The silicon cycle is o complex interaction of biological, chemical and geological
processes nocarmng on a widde varety of spatial and temporal scales. The transpori
of 5i From the land 1o the oceans through termestrial ecosystems and river caichments
1o the estuaring and coasial zone is controlled by a complex set of terrestrial and
aguatic processes. The wenthering of silicates is on important sink for smospheric
CO.. Silicon is also an essential element in lermestrial ecosysterns, in soil formation
processes and in regulating species composition of vegetation. The import of 5 ino
coastal zones Froms the terresirial environment is essential 1o susiain distom growsh,
Dvintomes play o vieal mle in the oceansc carbon sink and ewrophication of constal
zomies, Because of its ghobal environmental impact. the silicon cycle is receiving con-
sideralde atention in recent decades,

Atmospberic CO, plays an essential role in sibcale weathering. During silicase
weathering, dissolved CO, i consumed and dissolved silicate (D54, Le., ortho-silicic
ocad [HSI0,), is released from the crystalline structure of salicate minernds. Far
example, o the weathering of anorthite fover kaolinate] to gibhsite, DSi 15 prodiced,
aml OO, is consumed (Stumm and Morgan 1974

CaAlSi:0y # 200; « §H.0 — Ca2" + 2A1{OH), + ZH.Si0, + 2HCO,
{ Anonhite) (Gibbsite) | Onho-silicic ackd |
Further, D% (H,Si0, 1 s trunsported through rivers and neleased eventually toithe lakes

and neeans. The significant silica sources inclode rivers, groundwater flux, seafioar
weathering inputs, hydrothermal venre, and stmospheric deposition (eeofion fux)
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FIGURE 6.3 Cycling of silica in the lake envirament

und glacial weathering of rocks, Rivers are the largest silica source 10 the marine
environment, contributing up to 90% of the total silica delivered 1o the pguatic sys-
tems (Goallurde of al. 19999, In contrast, in the dosed systems like lakes, silica is
mainly derived through rumoff and glacial weathering of racks in the high-latitude
reghons (Figure 6.1) The DSi (H,S50,) releascd to the lakes and oceans is consumed
by primary producers like distoms (40% of the 1otal phytoplankion) gs they extruct
silica from the water and use for the construction of their hard part known as dia-
tom rastbe in the form of biogeni: silica o hydrsted silica (SIO,.nH,0). They are
respansible for extracting s large amount of silica (rom the water colume | Wing et al.
2014), and the dlatonms e crighcal pluyers in the global biogeochemical cycle

6.3 MATERIALS AND METHODOLOGY
631 Stuoy Area axp Savpis ColLECTION

The samples were colbected from lakes around Ny-Alesund, the International Asctic
Reseurch Base, located in the Spitsbergen [sland of Svalband archipelago (Figure
6.2 s part of the Indian Arctic Programme (ummer phase) during August 2016,

L2 Chimiate Change in the Arctic

FIGURE 6.2 Map shawing the study arce {Modified afer Svendsen ol ol 2002 )

Sodiment cone sumples. were collected from four shalkow freslsater lakes. The lakes
were fed by meliwater Trom glaciers, seowdn tand local precipitation. For the sediment
coee collection, a PVC band-held corer was inseried by hammering manually sto the
ke sexlinisent bed and then retrieved. and the cores were sub-sampled af 2cn Samples
weere Eabelled and transported 1o the boratory in o froven condition. 1o the labaratory,
cach subsample was dried at 60°C in the oven and wiblsed for further analysis.

6.3.2  SamrE Ananvsis

Biogenic sifica in the sediment was the wet alkaline extrac-
tion method, medified by Mortlock and Froelich (1989) and Muller and Schogider
11993), where the blue silicon-molybdenum complex intensity was measured using
a visible (UV-1800 Sh daa) at Biham. The reagents used for
the determination of bogenic silica weie prepaned using the following procedures,

The sulphuric scid sohution was prepared by sdding 250 ml of concentrated sul-
phusric scid dowly and continuasly 1o 750 ml of Milli-{) water while stirring. 38 g of
ammunmm heplamolybdate ketrabydrate, INHEBMoT0,,, wis dissolved in 300 ml
of MillQ water, md this solutin was added 10 MKl of sulphuric scid solution o
prepare ammonium molybdate solution. 10g of oxalic acid was dissolved in 100m]
of M Q) water. 2.8 g of ascorbic acid powder was adkded to 100 mi of Milli-Q water
1o prepure an mscorbic acid solution,

Afiter the proparation of all the reagents roquined, 0.2 of the sediment sample
was weighed accurately and transferred 10 a 50 ml polypropylene centrifuge tube
with 25 ml of 1% Sodium Carbonate (Na,CO,) solution as the alkaline treatmens
INACO) s a high bSi extraction efficiency (Lin et ul, 20141 The sample was then
placed in a prebeated water bath at 85°C for Shours slong with the blank to extract
the biogenic silica from the sediment. Then, the sample was contrifuged 1o remove
the suspended mater, and | m of supernatam was released in g 100 ml volumesric
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Aask coneaining 3% ml of Milli-Q water, To this solution, four drops of 1:100 HCl was
added 10 bring the pH 7-4, ie., close o seawater’s pH. Subsequently, | ml of mixed
reagent was added and kept for half an hour 10 form the yellow silicomolybdate
compies. | mi of oxalic acid was added o the solution immediately (vo decompose
silicomolybdate complex) followed by 1 ml of ascorbic acid, which reduces the acid
complex 1o a blue-coloured complex. Then, the solution was allowed to cool at room
temperature for the reaction o complete. and the entire content was made up 10
100 1] wsing Milli-Q) water. After a wait of 30 minutes. the semple sodution wis
taken in the cuvetie of | om. Against o reagent blank at a wavelengih of $10nm, the
blue colour intensity was using the Using o standard
Sodium Hexaflwomsilicate, the stock solution was prepared. known as the working
solution, which is utilised to prepare a calibration curve,

6.3.3  Quany Conrow (QO) aso Quauny Assuranct (QA)

The bingenic sik ! estimited from the i . Duplicate
measurements were conducted on each sample, and relative ermor was poted 10 be less
than 3%,

6.4 SOURCE AND DISTRIBUTION OF BIOGENIC
SILICA (bSi) IN ARCTIC LAKES

Biogenic silica documents dinect measure of biological products from the siliceous
algae and distoms (Conley 1998: Kaplan et al. 2002; Choudhary et al, 2018a-4), and
bivkogical productivity in lake sediment is characterised mainly by the distom pro-
duction (Birnie 1990; Roberts et al. 2001; Choudbary et al, 2018a). bSi concentration
was found low in lake LA, L-1, L-2 and L-3 (Figure 6.30-d), suggesting the presence
of a low ion of siliceots mi ils in these lakes, maybe due 1o the
carhonate-rich sediments resulting in poor preservation of diatoms as also repoeted
by Guilizzoni ot al. (2006}, However, increased concentration of biogenic silica from
6em 1o the surface and clay in core LA and L-2 (Figure 6.3a and ¢) indicared high
ivity sug warming i the region due to the lakes' exposure
1 the e melwater influx. In core L-1, bSi was relatively high in the middle portion
of the core from 22 1o 6om along with TOC and cluy sugpesting deposition of finer
particles from a ilitating high vily. The average C/N ratiar in
all the cores was fourid 1o be >15, inda bath and
terrestrial sources for organic master, Relatively Large input of terrestrial organic
mavier derived from mosses growing in the cichment region of the Lake is respon-
sible fior variation in bSi in the Arwtic lakes. During the warmer conditions, lake
water hecomes warmer suitable for the growth of phytoplankton and sooplankions
resulting in overall incrensed productivity. Increased distoms production can lead
10 an increased sccumulition of biogenic silica in sediments, uhimately resulting
in & decline in the water column seservoir of DSi (Conley et al. 1993) However,
during the colder conditions, catchment area of the likes would be covered with
saow resulting in bess solar radiation and nutrients, making it difficult for plants 1o

Bb Chimate Change in the Arctic

survive and ultimately low distom production. Thesefore, the change in concentra-
tion of biogenic silica in the sediment colomn is related to the climatic conditions,
munrient concentration and variations in solar radiation. Paleolimnologienl evidence
based on un accumulation of biogenic silica in the sediments has been used 1o study
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the chunge in climatic conditions and time course of depletion of DSi in the water
columi (Schelske et al. 1983, 19860). Therelore, biogenic silica is an ideal proxy w0

d the past § conditions archived in ine sed of the
Arctic (Jiang et al. 20013

maltena
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6.5 FACTORS CONTROLLING THE DISTRIBUTION
OF BIOGENIC SILICA IN LAKES

6.5.1  Guan Size

In a chosed environment like lakes where the exchange of water is relatively less and
the supply of sutrices is limited, only small-sized dintoms can survive and consti-
tute most phytoplankion. Hydrodynamic condition and resubting gruin size affect the
grosth of distoms and, ullimately, bSi concentration | Wang et al. 2014). Availability
of relatively coarser sedimsents may reduce the concentration of bSi due 1o the dilu-
tion effects. However. in some reghons. where the sediment is relatively coarse 1o
medium, bS: concentration muy also be high due to high primary productivity and
low sedimentation rste. The high abundance of diatoms reduces the dilution effect
of terrigenous sediments. Therelore, the sedimenl’s grain size shoukd be taken into
account while using hSi as a proxy for paleo-productivity.

6552 Bococuesscs Proies (TOC, TN aso TP)

Bingenic Silica and TOC often show similar variations indicating that bingenic sil-
ica has originased from the organic source, C/N rutio <10 suggests the source of
organic matter exchusively derived from algac. A chise association berween bSi and
other peochemical proxies indicates that the lake's organic maner is predominantly
uutochthonos and derived from algae (Choudhiary et al. 20201

6.5.3 Demma Al anp AVSIO, Rano

A similar distribution of biegenic silica. sand and Alin sediment indicsied thar dis-
solved silica either due 1o the incorporation of sluminium b diatom (rustules (Van
Bennekom et al. 1988: Choudhary et sl 2018 or Jow silica solubility in a freezing
emvironment might hive caused precipitation of dissolved biogenic silica with Al in
sediment (Rickent etal. 2002 Choudlary o al, 2008k, Low values of AUSIO, ritio
in the sediment support precipiration of hiogenic silica with detrital Al, while bigher
values of ANSIO, indicate replocement of Si by Al in diatom frustules.

654 Avaasiury oF Camonare-Ricn Seomints

Generally, in the Polar regions, OO, dissolution is high, leading to an increase in
carbonic acid concentration, which explains the Jow CaCO, content. However, the

ikability of ich in the arca may dile biogenic
silica concentration, resulting in low siliceous microfossils (Choudhary 2019y,

6.6 CONCLUSIONS

I Arctic bakes. bSi concenteation was bow. suggesting the presence of low siliceous
microfossils bn these lakes, which may be die 10 the catbonite-rich sediments result-
ing in poot preservation of diatoms. However, a relatively high concentration of hSi

1 mate




Biogenic Silica Indicator of Paleoproductivity "

in the upper section indicated high primary productivity due 10 the warmer con-
ditions and glacier retreat. Therefore, bSi is o robust proxy to anderstand the past
environmental changes archived in lacustrine sediments of the Arctic. bSi contens
in Arctic lscustrine sediments is influcnced by the inpat of terrestrial organic matter
and mony other fuctors like grain size. different biogeachemical proxies and detrital
Al in the water column.
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