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ABSTRACT

Metal contamination in sediment of Hugli estuarystem has often been assessed using datasetprdivide
dramatic over — or underestimate of actual statisedliment contamination due to lack of stipulagadielines for
collecting sediment with respect to grain sizesis Tstudy has been undertaken to present howetrat bf metal
contamination in sediment can be evaluated. Thdy#ioal results focus spatial and temporal condio of metals
in 200- um and 634m sediment fractions. To better elucidate actuajrde of metal pollution, contamination
sources, and geochemical processes; statisticalyais are employed to intensive datasets collefrmat Hugli
estuary that discharges into the largest alluvea fn the world. Multivariate analysis includingenarchical cluster
analysis clearly identified influence of anthropogc and natural activities on metal contaminatiamd
geochemical processes controlling level of metatamination in sediment of Hugli estuaridormalization of Al
indicated relatively high enrichment factors for, M, Cu, Co, Cd, Cr and Fe suggesting contaminatibthese
metals due to anthropogenic activiti&rong seasonal change, variable tidal energy lewel irregular estuarine
geometry in the study area played crucial role averning metal concentration in freshly depositedisient. This
paper sheds some lights on necessity of refiningtieg monitoring practice and its importance intueine
environment management.

Key words: Estuary; Metal pollution; sediment; multivariateadysis; monitoring practice.

INTRODUCTION

The Hugli estuary supports the world’s largest nmang system, the Sundarbans and is identified aitiy® estuary
in mixohaline region. This complex environment su$f from intense anthropogenic activities thatradtuarine
ecosystem mainly due to uncontrolled dischargeeosiptent pollutants particularly metals to thituasy. Study for
better understanding of metal distribution in teguarine sediment is a major concern in evaluatiegeffect of
anthropogenic influences. Sediments are importaniers of metals in the hydrological cycle and&wese metals
are partitioned with the surrounding areas, thelectng the quality of aquatic ecosystem [1]. 6tah and
estuarine region are the important sinks for mesald that are accumulated in living organisms batiom
sediments [2]. Heavy metals accumulate in the sewdlisnthrough complex physical and chemical adsmmpti
mechanisms depending on the nature of the sedimatnix and the properties of the adsorbed compo(88$. A
high affinity of the metals with organic matter, tadeoxides, and clay minerals helps to accumulaent in benthic
sediment effectively over time. Their occurrencehia environment results primarily from natural ggss, such as
weathering of rocks and anthropogenic activitigd[6Sediments are normally mixtures of several congmts
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including different mineral species as well as oigalebris. Sediments represent one of the ultirsiaies for heavy
metals discharged into the environment [9-113st few decadeh¢ metal contamination of surface water from
uncontrolled discharge of industrial waste and iero®f surface soil due to poor land use planniag imajor
environmental issue. The on-going anthropogeniwities in the upper catchment area cause accuronlaif
metals in this estuarine zone. The sources of metahe tidal stretch of Hugli estuary, North-Eesast of Bay of
Bengal are numerous. The researches have beeadcaui so far to focus concentration, distributéonm possible
sources of metals in this estuarine zone restritdethe saline zone[12]. The study of the actualasyics and
possible sources of metals need adequate datahairdinterpretation for better understanding. Ndwisi an
emergent need to understand the geochemical chesdics of the sediment and the dynamics of metefseshly
deposited sediment over the tidal stretch of Hegluary that discharges into the largest alluaalif the World.

This paper reports the chemical composition offfiyesleposited sediment in this zone to evaluategerhemical
processes controlling the metal concentration dhiolg possible anthropogenic influences in respeospatial and
temporal condition. This study will also focus tmecessity of refining the existing monitoring of tale
contamination in sediment.

Characteristics of basin and river Ganges

The relevant information on geologic, geomorphid agdrologic framework and evolution of the Gangaib [13]
are required for better understanding of the seuacel behavior of metallic elements in sedimeng 3édiment load
of the Hugli estuary system consists exclusivdlfiree sand, silt and clay at their lower reachéthin the Bengal
basin, and is deposited under uniformly fluctuatingidirectional energy conditions. The sedimerdseha close
similarity in grain size with the sediments of therrounding floodplain. The Ganga basin has a goodunt of
smectite and a lower amount of kaolinite[14] dedifeom the low-temperature alteration of high-gradgstalline
metasediments of the Himalayas by pedogenic presesghin the Bengal basin[15,16].The heavy mirehalthe
ganga system are in the order of amphibole-garapidote and dominated by unstable minerals[17,18]
Subramanian [19] recorded 46% illite, 28.7% katdinR2.8% chlorite and 2.5% montmorillonite in tespended
sediments of the Ganges () at Calcutta (preserdligd€a). The high-grade metamorphic terrains lageprovenance
of 40-46% of heavy minerals, followed by igneousdias with 21-29% attribution [17,18]. The Gangaamed as
Hugli in West Bengal. The sediment load of HoogRlyer originating from natural weathering produatsl from
anthropogenic sources is estimated to be 520%19r" [20-21]. Abbas and Subramanian [22] calculated #ia
Kolkata (former Calcutta), the Ganga annually sigsp#11x16 T (i.e., 328x10 T Sediment +83x10T solute load)
of total load to the Hugli estuary.

The hydrodynamic study focused that by dischar§&46 ni s*) Ganga is the fifth largest river in the World [20
The Ganga enters the basin from the northwest dfténing Himalayas and most of north India for at2500 km.
The river after bifurcation below Farakka, flow fonards down the deltaic plain of West Bengal asrier Hugli
and then empties into Bay of Bengal. The hydrachiaracter of the Ganga suddenly changes on erttryhe tidal
zone of the gangetic delta. The tidal stretchwdmriHugli is up to Triveni from the Sagar islandike tidal influence
varies depending on upland flow with maximum anupolé of 5.5 m. The Hugli estuary is a well mixedeygnd
vertically homogenous throughout the year exceph wlight stratification for a short period durisguth west
monsoon (June — September) due to fresh wateratigetj23]. Discharges from Farraka Barrage are 297544
m°S* during monsoon with highest value (400851 during September, 108081.6 niS* during pre-monsoon
with minimum value (900 fi$* ) during May; and 187% 985.5 miS* during post-monsoon [23]. Surface runoff
(Km*® month! ) was reported to be 0.88, 4.02, 18.7, 8.47, 2amt¥1.93 during May, June, July, August, September
and October respectively [24]. The large tidal a&oin, irregular estuarine geometry, the preseriasland and
presence of navigation channel separated by shalbo make the flow quite complicated.

In this soil, the values of total carbon (TC) weeported to be 8.2 + 2.8 mg gand bears good correlation with
grain size of the sediments[25] . Sarin et al] [2ported dominance of cation load (Na, Ca) in gzasediments.
The river waters in the basin are circum-neutralightly alkaline [13,27], indicating chemical dution associated
with mineral weathering. The chemistry suggests idante of carbonate dissolution, with some inpucaltic
plagioclase and pyroxene weathering [27].

3.0 Study area
The study includes 240-km-long tidal stretch of tiver in West Bengal between the mouth of Bapehgal and
confluence of Churni River (Figure. 1). Thirteercdtions were selected (Figure. 1) along the studstch. The
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sampling locations selected in this study stretehramed as Sagar(G1), Auckland(G2), Mud Point(G&mond
Harbour(G4), Raichak(G5), Falta(G6), Uluberia(GPpojali(G8), Garden Reach(G9), Dakhineswar(G10),
Palta(G11), Triveni(G12) and Churni(G13). The stat{>1 is located at the mouth of Bay of Bengal witiiximum
tidal influence and G13 at the extreme upstrearh wigligible tidal influence. All 13 stations arategorized into
three groups based on sea water intrusion anditiffaénce: i) G1-G5; ii) G6-G11,; iii) G12-G13. THiest group is
located in the lower stretch which depicts sea watiusion and maximum tidal influence; the secardup
indicated moderate tidal influence with no sea watigusion and third group showed negligible tiddluence. The
station G5 was included in the first group becaafssea water intrusion during dry season. Thewsaar intrusion
was investigated by the level of chloride conceitraat all stations over the months. This estuarg its basin
encompasses an immense and complex area with elitrees hydrology and basin lithology.

MATERIALS AND METHODS

Sediment samples were collected in the period @fusti ( to represent wet season) and Februargfi@sent dry
season) from 30 sampling sites of 13 locationsiefHugli Estuarine system in India. Samples wetleced from

left bank, right bank and mid bank of 13 locatioBamples could not be collected from all the midksaof 13

sampling sites as collected materials were oftdéinofusand. Sediment samples were collected f@mBoard

marine vessel (Meena M.V.) using Van-Veen Grab $amp At each station five sediment samples veaikected

to maintain the accuracy of the findings. All treerples were stored separately in precleaned pglgeth bags and
frozen in order to prevent changes in chemical amsitipn of the sediment and then transported ¢ol@horatory.

Samples were air dried in a dust free environmadtgrounded with pestle and mortar and sieved tirai200-

pum sieve and 6B sieve and then kept sealed in screw cap gofigte bottles.

For measurement of total metals in sediment, sanpbre digested with sodium chloride and a mixtfraitric
acid and Perchloric acid. Five samples were digesteMicrowave digestion (CEM MDS-2000) using 5 agua
regia as per manufacturer’s recommendation. Tladyses of the entire pretreated sample were peddrusing
Flame AAS of GBC (Avanta PM) equipped with a hyérichpor system. Calibration standards were prefanen
multielement standard stock solutions. For miningzinterferences, we prepared a multi-element stahdtock
solution in which rations of metals in this mulgptlement calibration standards were analogoueio itations in
the samples. These multi-element standards an#dlaere prepared in the same matrix to minimizerimatfects
and for background correction [28]. For Calibratitme standards traceable to NIST were used. Reatbn check
was performed at regular interval. As a qualitytooln duplicate analyses were performed on fiveceld samples.
The total metal concentrations showed good agreemith Microwave digestion method. The relativenstard
deviations of the means of duplicate measuremer# lgss than 5% The accuracy of the total metatsevaluated
using the certified reference material (MBSS) predaby Akademie der Wissenschafen der DDR, Insfitut
Meereskunde and certified by analyzing in 42 latorres in 18 states.

The measurement uncertainties (MU) of all the nsete¢re estimated taking into account all relevantrces of
uncertainty during the analytical process starfirmgn the preparation of standards to the analpgifAS in
accordance with guide to the expression of unagstan measurement[29]. The estimated values of Mllfpe+
UCsample) Were 8.4+ 0.34 pg Pb'g330+ 7.7 ug Mn g, 1.4+ 0.24 ug Cdy 104+ 3.5 ug Zng, 2.30+ 0.34 pg Hg
g’ , 24000+ 84.1pug Fe'ly 31400+ 75, 5ug Alg 14+ 0.7ug Ni ¢, 22.1+ 0.78 pg Cufy 1.4 +0.07 pg As g
245+ 1.7 ug Crg, 21+ .72 ug Co'y

The levels of organic matter (Org-C) in each sampre determined using loss on ignition at 585 The
calciometry method [30] was used to determine thaent of carbonate (CaGyn the sediments. In this method,
the amount of C@released from the reaction is dependent on theiahal CaCQ in the sample. The estimation of
percentage of sand, silt and clay in sediments warged out in accordance with method describedsbg and
Bauder [31]. All results are expressed on dry-welisis.
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Figure - 1: Study Stretch of River Ganga
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Statistical Applications

In this study, statistical methods including mearedian, standard deviation (SD), coefficient ofiattwn(CV),
Pearson’s Correlation Analysis, FA (Factor Analysiad HCA Hierarchical Cluster Analysis) were performed in
order to obtain information about the relationshipsl behavior of the metals, and for the deterrianadf the
background concentrations. Multivariate techniqoas help to simplify and organize large data satsta make
useful generalization that can lead to meaningfsight [32]. The rotation of the principal compoheras carried
out by the Varimax normalized method. The Varimatation was performed to secure increased principal
components of chemical/environmental significantiee hierarchical method of the cluster analysisdusethis
study has the advantage of not demanding any kiniowledge of the number of clusters, which is agmaisite of
the non-hierarchical method [32]The normality of the distribution of each elemevds previously checked
(Kolmogorov—Smirnov test). . In this paper, distition of metal concentration was normal, since ghalues in
Kolmogorov—Smirnov test were higher than 0.05 Irired cases.
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Enrichment Factors (EF) were computed utilizing thetal content in sediment and continental shaBj &
background value to understand the contaminatiate stf the metals in sediment. The following equratvas used
for calculating the enrichment factors:

EF = (M/AI)Sediment/ (M/Al) Background

RESULTS AND DISCUSSION

Distribution of metals, texture, organic-C and carlonate

General sediment characteristics of all the sarg@ites are presented in Table-1 and Table-2 te bbsar picture
on the occurrence of metals in <63-um and <200diment fraction of 30 sampling sites in 13 locatiad Hugli

estuary during dry season and wet season reselgctiVable-1 and Table-2 revealed that concentnatiof all

metals were relatively high and consistent in <@3-gediment fraction compared to the occurrencesaifls in
<200um sediment fraction over the sampling sitéstribution of metal content in <200um fractionsafdiment is
more or less similar to the distribution of orgegarbonate and texture. Elevated level of metal eptmation in <63-
pm sediment fraction indicated high affinity withe grain sizes. Increasing metal concentrationthé finer grain
sizes has also been reported by earlier studiek [I[B].

Regular monitoring of metal contamination in seglin mainly reports level of metal contamination heitt
specifying grain sizes of the sediment. Therefotal tmetal concentrations in sediment will obvigushry with the
variation of the grain sizes and thereby evaluatibepatial and temporal variation without relatithgm with the
grain sizes will mask actual variability of metalncentration in sediment. To justify the investmeinvast human
and financial resources in different monitoring grams, this aspect must be taken care off. Thidystlearly
revealed the necessity of focusing the role ofrgsizes even in regular monitoring activities. Saveesearchers
reported interrelation of metals with sediment gmes. A huge literature is available in differestence journals
focusing relation between grain sizes and leveinetal concentrations in sediment. But It is alsed always
feasible to incorporate study of environmental lwvéraof metal in different grain sizes of sedimentregular
monitoring programme. Considering the above fagsta interpretation was done to focus how to overcdhe
shortcomings in reporting the metal contaminatiorsédiment. For this purpose, initially spatiahtte of metals,
texture, CaC@ and organic matter were evaluated by Men-Kandsdt and that showed no systematic trend
(inclined / declined) over the sampling sites. Nihv@ assembled analytical results of all the samgpdites in 13
locations ( Table — 1 and Table — 2) were processegistimate the values of mean, median, SD, C\kimanm,
minimum, skewness and kurtosis of metals, orgardtian carbonate and sediment texture (sand,rellickay) and
presented in Table-3. The mean values of all théalsién <63 pm sediment fraction were consisteaihgl
prominently higher than that in <200-pm sedimeattion in both seasons. These mean values clewtilgated that
prevailing fluctuation of metal concentration o¥lee sampling sites was mainly controlled by thargsizes. This
fluctuation cannot be considered as spatial varatiuring both seasons. The CV revealed that rmadmiof
variation of metal concentration among the stetiin <63-um sediment fraction were remarkablgrefesed
(15.4-37.7) compared to that (42.8-61.5) in <200-gediment fraction. The Minimum-maximum values &bt
quartile —Third quartile values of metals in 66 sediment fraction clearly indicated narrow ranfenetal
concentrations in study area. This variabilitgécreased mainly due to differences in the graiessof the sample.
Good agreement between mean and median of the costeéntrations (Table-3) exhibits normal distribatof the
datasets in the study area. Skewness value lessOtbain all the metals except As (0.8) in <200-gediment
fraction indicated that distribution is symmetric#urtosis values indicates a platykurtic to vepptbkurtic
distribution of metals in the sediments.

The distribution pattern of texture, carbonate angknic carbon is more or less identical with meliatribution
pattern over the sampling sites. However, magnitfderiation with respect to CV of these parangterelatively

high in <200-um sediment fraction. = The minimundanaximum concentration of metals along with organ
carbon and sediment texture are also presentedhbie®3 to show the ranges of their concentratidhg organic
matter in sediments ranges between 0% and 0.9%%,aniaverage of 0.3% during dry season and bet@¥eand
3.1%, with an average of 0.8% during wet seaSable ). The carbonate in sediments ranges between 0% and
4.7%, with an average of 2.0% during dry seasontetgeen 0.4% and 5.5%, with an average of 3.2%gluvet
season. The clay in sediments ranges between 0% 2686, with an average of 13.3% during dry seauth
between 0.5% and 27.9%, with an average of 12%duwriet seasoriT@ble J.
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Table-1 : Chemical Composition in <63- um (s) and200 um(us) sediment fractions during dry season

Pb- ‘ Ni- ‘ Ni- | Cu- ‘ Cu- | Mn- ‘ Mn- ‘ Zn- ‘ Zn- | Co- | Co- Cd- | Cr- ‘ Cr- Hg- | As- ‘ As- | Fe- ‘ Fe- | Al- ‘ Al- | Org.C | cacO3 | Sand | Silt | Clay
Pb-s us S us S us S us S us S us Cd-s us S us Hg-s us S us S us S us us us us us us
Stn | Bank ugg’ mgg’ (%)
Gl | RB 27 12 33 20 3 1 672 346 43 19 M1 5 036 80.142| 23] 025/ 00§ 34 11 3p 14 43 I8 0fi1 L2  H4.830 15
LB 289 | 252 45 40 31 24 59 526 42 69 P1 17 D.3 3 [0. 64| 48 02| o02] 20| 14| 28] 21| 35 29 0.] 2p 221 264 504
G2 | RB 33 33 49| 42 34 32 96 833 %9 50 P18 |12 050380. 66| 56| 027] 024 32 31 37 34 45 k5 0]56 B6 145 71 4
G3 | LB 26 10 37] 10| 27 14 692 21y 33 14 13 3 024 64035 7] o019 o004 14 0 3 12 44 15 0.06 0.8 d6.911 12
MB 10 8 11 232 14 3 0.04 q 0.08 3 9 15 0.p1 7 9.1 86 0.1
RB 20 11 31| 17 177 14 571 328 243 3 7 3 o0P6 d12 [s5m7 | 012] 006 15| 05[] 21| 15[ 27 1d 0.1 0.5 g5 12 3
G4 | LB 30 26 48] 42 32 29 603 545  d6 I b2 s  0[32300. 66| 51| 0.0 017 | 21| 15| 29| 22 3¢ 29 0.21 2L 198 ’8 b3
RB 35 13 47| 16| 3§ 1§ 855 349 §7 6 13 9 036 do094 [514] 021 005 25| 05| 44| 18] 5§ 3 0.11 1p 704 b4 9.2
G5 | LB 26 25 36| 33 20 19 542 s0p 96 /6 0 |17 o02216Q. 40| 33| 024 00d 19 06 28 40 28 p7 0[33 3 30 58 13
RB 30 18 42| 29| 32 23 983 618 €5 %0 19 N3 036 (2466 | 40| 023] 013 21 11 46 32 g§8 42 0.75 1 292 8|5 13
G6 | LB 21 19 31| 21 25 23 655 498 44 4 10 [0 o30184. 51| 40| 027 o1 24 25 Jo 244 7 B2 0l42 B5 519. 63 17
RB 29 22 40| 34 36| 19 84 618 d7 12 16 ph5 o036 dow3| 38| 018] 014 17 o 3 B 44 0 0.51 B5 458 3 |5 1.7
G7 | LB 27 23 29| 28] 25 19 617 448 98 9 18 |10 0[2214Q. 54| 40| 018] o018 18 11 28 24 6 B0 0la1 B2 334. 60 54
RB 30 24 33| 29] 28] 24 780 486 d3 62 18 h6 o038 d2mo| 36| o021 o017 3§ 1 3 Jd6 44 4 054 B2 186 2|6 19
G8 | LB 29 19 40| 26| 35 19 763 431 H7 46 19 ho ol28 220. 59| 40| o0a16] 019 14 1j 24 41 0 b8 023 .3 149. 43 7.6
RB 28 22 33| 26| 21 14 554 414 44 4 13 8 030 d244[433] 021 014 24 146 3L 2B Jo 0 0.88 3 1B9 64 22
G9 | LB 29 26 36| 30 3d 28 571 461 0 3 13 9 o028 7d157| 51| 023 o016 19 1y 2B J5 37 B3 0/58 B4 17165 18
RB 24 20 33] 30/ 23 19 545 458 46 3 13 9 o026 di172[435| 021 019 34 146 46 28 56 8 0.41 2 36 50 17
G10 | LB 16 12 21| 12l 14 1 287 15  §3 p7 10 6 02107Q. 35| 15] 011 003 12 0B 1B 6 16 7 0.8 0.3  d3584 3.1
MB 25 6.6 3 53 35 14 3 0.01 0. 003 11 04 5 6 .11 0| 985 15 0
RB 33 24 41 31 35 24 707 448 44 %9 19 P3 039 d21,4| 43| 019 o015 3§ 14 3p 24  d9 2 0.45 P9 204 3|6 16
G11 | LB 32 24 371 31 34 26 711 511 46 h5 17 11 028160 59| 49| 022 014 24 1B 31 24 40 B2 0l45 3 44749 26
MB 7 7.4 5 153 16 4 0.14 0.1] 041 19 12 5 6 003 0] 995 05 0
RB 27 23 36| 32| 311 23 630 506 d7 46 16 N2 o026 d2m1| 49| o017 o013 1d 24 20 2 37 9 0.B4 B1 229 7[5 20
G12 | LB 25 19 30 21 24 22 58 426 43 15 10 4 0/12080Q. 49| 40| 023 o01d 31 28 40 49 30 Bs 028 3 d7.749 14
MB 2 6.5 2 91 9 2 0.03 7 00 043 11 08 6 8 0.02 0| 99.8 12 0
RB 29 24 33| 30/ 311 294 568 448 H1 42 14  ho o023 d1x9| 42| o019 o014 17 1 26 B 32 1 0.81 2 b2 54 17
G13 | LB 26 14 37| 16  4q 1 832 288 38 20 18 5 020090. 64| 28] 011 007 17 o0obp 41 16 3 o 0lo1 b5 182 13 5.2
MB 85 6.5 2 123 11] 3 0.0 0.1] 003 d.8 5 7 9 240 0| 994 0.6 0
RB 29 28 43| 39] 371 33 672 61 €8 65 18 N4 o021 (0®m8| 54 0.3 0.2 3 3 3§ 3% 4h 43 0.39 47 118 68 21
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Table-2 : Chemical Composition in <63- um(s) and200 um(us) sediment fractions during wet season

Pb- | Pb- | Ni- | Ni- ‘ Cu- | Cu- ‘ Mn- ‘ Mn- ‘ Zn- | Zn- | Co- | Co- | Cd- ‘ Cr- | Cr- ‘ Hg- ‘ As- | As- | Fe- | Fe-| A- [ Al- | Org.C | CaCO3 | Sand | Silt [ Clay
us S us S us S us S us S us S us Cd-s us S us Hg-s us S us S us S us us us us us
Stn | Bank uggt mgg’ (%)
LB 22 29[ 35] 43] 33 40 654 73 €5 15 7 bo 031 03450 68] 0.21] 025 14 2. 3y A 4 99 0.p7 B.9 B6 167 24
Gl | RB 20| 30 29] 37 200 2§ 651 70R 49 49 12 6 0.2 0.2 [446 02| 029 15 24 2 3p 3B 43 31 41 10 74.4| 15
LB 19 | 29| 23| 27 17| 26 451 s8¢ 46 g4 0 13 3 b3 333 ] 018] 023 17 2.2 2 2b 29 39 3 3.2 1B 6.8 L7
G2 | MB 18 | 27| 21| 28] 18] 31 374 64L 46 63 1 16 3 p.6 [4143 ] 0.15] o0.28] 1.6 24 2 3b Q7 47 31 2.9 il 5p.5 .4
RB 12| 27| 15| 25| 13 2§ 281 56 33 64 6 16 2 p.3 |22 [ 012 o023 11 21 1 35 B 45 213 2.1 5p 328 %
LB 11| 16| 12| 21 3 6| 321 54 E 3 6 d1 2 7 [12.01d 002] 07| o8 1d 13 12 1p ol6 0.9 89 92 16
G3 | RB 18| 20| 24| 31 18 24 42 576 42 %6 7 10 2 D3 [3m0 | 016] 020 14 14 21 26 EED 26 3 441 20
LB 16 | 21| 20| 26| 16| 16 456 578 26 42 0 15 2 b3 |[2%5 | 011] o0.14] 21 24 2 2b 26 0 2l2 472 1B 701 15
G4 | MB 12| 21| 16| 39 o 16 329 674 PER 9 16 0p4 o021 [2:35| 0.11] 034] 13 3§ 1 34 15 49 0.42 1 67 29 4
RB 18| 25| 27| 42 19 3 494 78 73 6 ) i3 0lo9 dim4| 39| 0.20] o026 14 17 RE7 79 0 0.52 P9 65 31 4
LB 22 | 27| 37| 43| 33 39 660 726 64 13 7 PO 0[29 03253 | 71| 021] 027 23 2. 3y 43 48 47 0.43 h2 B2 967 24
MB 9 3 2 0] 120 16 4 0.0 0.0p 8 006 0po D5 7 9 0 0.08 0.7 95 4. 0.6
G5 | RB 17| 24| 31 43 23 3 58 69p §8 75 17 PO o[30 d3xu5| 66| 019] 026 17 2. 3l 38 38 46 0.52 h.8 27 760. 12
LB 22| 30| 42| 52| 34 33 e8¢ 715 66 69 9 b1 0[35 04255 3| 025] 035 19 2.4 3 3B 40 4o 0.48 5.1 6.6 565. 28
G6 | RB 19| 26| 35| 47| 29| 3§ 355 624 H0 47 16 19 ol1s8 039 [569 | 024 035] 24 34 2 38 3 47 0.52 41 14 619 4 |2
LB 25| 26| 43| 48] 38 39 512 591 &5 74 b1 P1 0[30 d45 |e6m4| 024] 028 22 24 3 38 4B 44 0.87 4 11 17 7 |1
MB 5 6 5 0| 132 20 q 0.0 1p 047 0.60 6 12 14 0 0.09 1.3 98 1.9 0.4
G7 | RB 22| 28| 36| 38| 28] 31 49 516 55 62 16 17 oli2 030 [4&7 | 021] 025 21 24 2 20 EER 0.49 48 35 506 4 |1
LB 20 | 30| 30| 45/ 28 41 435 580 49 70 14 18 0j20 d42 [3®6 | 025] 033 19 24 3 38 EAER 0.87 5 30 583 2 |1
MB 8 9 3 0| 137 30 5 0.0 B 043 0.00 5 11 310 0.03 1.1 86] 10.4 3]
G8 | RB 24 | 28| 39| 46/ 30| 39 502 535 &2 12 19 PO 0[23 045 |51 | 023 032 12 1§ 31 38 39 41 0.79 49 73 P4 15
LB 16 | 25| 27| 47 24 39 414 656 37 483 11 17 ol20 d23 [3a;17 | 021] 027 15 24 3 4l 37 5 0.82 41 51 367 3 |1
MB 4 3 4 0 86 11 7 1 005 040 q7 Lo 13 0 .104 0.8 95 4.7 0
G9 | RB 22| 22| 28| 45| 21 39 428 61p 48 57 14 PO ol21 027 [3%4| 0a7] 030] 17 24 2 48 3 d1 0.82 43 35 493 5 |1
LB 24| 28| 37| 51| 31 4d 535 695 59 13 16 17 ola2 d39 [4®6 | 022] 028 25 3d 38 4D 46 52 0.49 7 19 5§83 3|2
MB 2 2 2 0| 132 11 q 0.0 i 045 0.0 2 9 120 0.07 0.4 96 3 0.6
G10 | RB 30 | 32| 54| 58] 40| 4d 573 750 62 12 18 P3  0[30 042 [591 | 009] 012] 34 44 3 af 48 94 0.57 1 14 789 1 |7
LB 21| 29| 36| 52| 29| 41 435 626 94 96 17 PO 0l21 d36 [4®6 | 022] 027 26 34 34 4D 41 98 0.86 4.9 36 425 1|2
MB 13| 26| 10| 43 6] 41 179 590 16 A9 8 17 ofi1 o0[39 [18 [7812] 0.00| 07] 0.0 14 1 D 0.05 30 86 1 B.6
Gl1 | RB 25 | 26| 44| 50| 42 46 59 750 96 4 20 b2 033 042 [543 [6022] 030 21 24 36 41 46§92 0.48 35 11 66 23
LB 18| 28] 33| 53] 23] 41 365 59 A5 99 13 18 ol21 d27 [3B8| 018] 026 17 274 2 4l B 47 0.23 9 29 €55 9|5
G12 | RB 22 | 24| 46| 49| 41 44 54 500 73 78 b1 P3  0j26 036 [6%9 | 026] 028 34 39 4 4B 50 47 0.87 5 10 696 0 |2
G13 | LB 21| 28| 27| 43| 21| 39 574 88 43 42 11 14 oloo 018 [387 | 024 034 37 504 34 48 a4 q7 0.20 51 63 25 4 |1
RB 4 4 2 11 71| 213 20 11 b 11 10 2 0p4a olos [pes5]| 11 8 13| 23 0.03 0.4 9p 92 0|5
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Table-3 : Descriptive statistics of Metals in <63pm(s) and <200 um(us), Org-C, Carbonate and Texturim <200 um sediment during dry and wet season
PE- Ni - Ni- Cu- Mn- Zn- Co- Cd- Cr- Hg- As- Fe- Al-
Pb-s us s us Cu-s us Mn-s us Zn-s us Co-s us Cd-s us Cr-s us Hg-s us As-s us Fe-s us Al-s us Org.C CaCoO3 Sand Silt Clay
ST i1
Hgd mgg (%)
Dry seasot
27E | 184 | 36 | 23 | 294 | 182 | 671¢ | 403¢ 57.7 | 38. | 14 9.C 0.2 0.1 | 546 | 31¢ 0.2 0.1 2.1 12 | 324 | 19.€ | 40 | 25 0.3 2.C | 487 | 382 | 13:
42 7.7 66 | 11.: 6.5 85 | 150. | 178E 204 | 211 4E 5.C 0.1 01 | 107 | 17.C 0.1 0.1 0. 0.7 7.8 8.5 97 | 11: 0.2 14 | 31& | 247 | 13
157 | 427 | 181 | 46 | 22.C | 46: 224 44.; 352 | 55.€ | 30E | 551 | 27.6 | 61t | 19.€ | 53¢ | 294 | 547 | 37.7 | 55.7 | 24.% | 432 | 24z | 431 78.C 68.C | 65.: | 645 | 981
34.C | 32EF | 48.€ | 42.C | 39.€ | 324 | 982% | 833 06. | 75 | 21.E | 17¢€ 0.5 04 | 72 | 56z 0.3 0.2 3E 31 | 45 | 34 | 587 | 44t 0.9 47 | 99€ | 70< | 52.€
16.C 2C | 20¢ 6E | 16 24 | 287 532 23.( 9. 4. 2.C 0.1 0.C | 34¢ 2.€ 0.1 0.C 0.€ 0.2 | 13z 49 | 164 6.4 0.C 0C | 11¢ 0E 0.C
25€ | 12.C | 32E | 156 | 25 | 12k | 571. | 298 447 | 16€ | 12F 4.4 0.2 01 | 494 | 151 0.2 0.1 1E 0.6 | 280 | 14: | 356 | 18 0.1 0.7 | 2272 | 12z 3.3
295| 235 406 31 34, 2218 7630 5040677 | 50.1| 18.0| 128 0.4 0. 64p 43 q. 2 P5 .6 [1 36.0 | 240| 444 321 0.4 3p 843 59 17.
0¢ | 05| -01] 02| 03] -04 0.1 0.2 0.3 02 | -0€ 0.1 0.5 05| 04| -04 0.1 0.1 0.5 0€ | -02] 04| 02| -04 0.6 0.1 0€ | -04 1.6
12 | 06 02 | 11| 08| -05 1.0 0.1 05| 11| 02| -1z 1.0 0C | 0. | -1.2 05 | 08| -0. 0. 02 | 0.7 04 | 0.7 0.1 1.3 14 | 1E 3.4
28EF | 190EF | 364 | 27.C | 307 | 19.2 | 6552 | 448( 57.C | 37.C | 16.5 9.4 0.3 0.2 | 56.6 | 36. 0.2 0.1 1.8 12 | 31.c | 217 | 392 | 281 0.3 21 | 33EF | 497 | 12¢
Wet season

261 | 174 | 41 | 25¢& | 27 | 20 | 641 | 413¢ 657 | 43: | 17.: | 12 0.2 0.2 | 507 | 35: 0.2 0.2 2.4 1€ | 352 | 242 | 37.C | 304 0.8 32 | 44 | 433 | 12
3.7 6.6 9.7 | 13€ | 15 | 12t 75.C | 176. 16.7 | 20.7 3.7 5.2 0.1 01 | 174 | 171 0.1 0.1 0. 0.7 7.4 9.8 | 234 | 12 0.9 15 | 32€ | 252 8.8
14; | 395 | 237 | 53.6 | 564 | 59 11.€ 427 256 | 48. | 214 | 430 | 35 | 50.2 | 33.71 | 48.€ | 60.1 | 42F | 365 | 47.C | 206 | 404 | 63.c | 407 | 115¢ 477 | 73€ | 57 | 73E
31 | 30.C | 584 | 53.€ | 464 | 42 | 779. | 680. | 112.( | 96.C | 227 | 20F 0.6 04 | 725 | 61F 0.4 03 4.4 34 | 44.: | 37 | 685 | 47EF 3.1 55 | 98.C | 785 | 27
16.C 20 | 21cC 17 0.C 2.3 | 515. 85.E 24.( | 10E 6.5 3.1 0.C 0.C 2.€ 6.€ 0.C 0.C 0.C 0.2 | 11¢ 7.2 0.C 9.1 0.C 0.4 6.6 18 0.C
24€ | 124 | 36E | 156 | 17.€ | 101 | 580. | 323 57.C | 23& | 15.¢ 7E 0.3 0.1 | 42€ | 26 0.1 0.1 2.1 11 | 322 | 14.C | 192 | 17.€ 0.3 22 | 13 | 241 3.8
283| 219 480  36. 39. 29}4 7040 5338740 | 609| 200 169 0.4 0. 63p 49 q. 2 P9 .1 2 41.3| 332| 535 404 0. 4p 711 65 19.
1C | 06 | -06 | -0z 08 -01 0.2 04 0.C 02| 1z | 01| 05| -02 | -1z | -04| 08| 06| -0 02 | -16 | 04 | 07 g 1.7 0.5 0F | -04 0.1
0€ | 02| 05| o0& 07| -11 11 0.8 26| 0z 1€ | 12 2C | 06 1€ | 1| 08| 08 19 | 01 34 | 13| 0¢ 32 17 0.8 13| a1z | 14
27.C | 18E | 431 | 27. | 324 | 20.7 | 625. | 435( 69.C | 47.C | 17 | 11¢F 0.3 0.2 | 56.2 | 36.1 0.3 0.2 2.4 17 | 375 | 26 | 44% | 324 0.5 35 | 357 | 495 | 124
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The silt content in sediments ranges between 0.68678.9%, with an average of 38.4% during dry seasd

between 1.8% and 78.9%, with an average of 43.7ftglwet season. It has been reported that suriaceff

bring huge amount of silt during monsoon seasoiifBdddition to other pollutants from upland. Téend content
in sediments ranges between 11.8% and 99.8%, witvarage of 48.7% during dry season and betwésh énd

98%, with an average of 44.3% during wet seasoe. Bkewness values indicate normal distributiodatt and
Kurtosis values indicate a platykurtic to very kgpirtic distribution of metals in the sedimentShe Org-C in

sediments is mainly related to the decompositioragdiatic organisms and surface runoff from therbashe

geochemistry of sediment in this estuary is dongidaby their texture irrespective of their originthe river

sediments are predominantly composed of fine saad; fine sand and silt along with minor amount atdy

fractions. As reported by Chakrapani et al.,[35mnded sediments of the Ganges River consist miadatly of

coarse to medium silt (62 — 15 um) with dominanfceiza as clay minerals. A general decrease of Ineetatent in

coarse fraction of the sediments is due to thdidilteffect of an increase in quartz and feldsmantents [36]. This
study exhibits distribution pattern of these parsrseemore or less similar to the distribution eattreported by
other researchers [7,16].The metal concentratiogi® found less where org-C content were low whitticates
that metal content in sediment originates partbyrfrthe organic materials. Therefore relatively higincentrations
in sediments of few spots, organic materials még the metal ions out of solution and contributeht® sediment
causing fluctuations of metal concentrations. Fertincrease of concentrations in few locations pidles more or
less same concentrations of org-C may be due faisorof metals on to clay which is negatively aied making
its surface capable to absorb the metal ions by ¢tlger sheaths of hydroxyl group.

Though differences of concentrations of metals betwdry season and wet season were not promingnt b
concentrations Ni, Zn, Cr, Co, Cr As and Fe in €683 fraction were found little high during wet seasompared

to that of dry season and concentrations of Pb,akith Al were marginally low during dry season. Miagge of
difference in metal concentrations observed betwrgrseason and wet season cannot be explainesspromse to
temporal condition.

Based on above discussion it may be inferred ttehgize of sediment play crucial role in govegthe level of
metal concentrations in the sediments. In thigexdrit may be mentioned that influence of grairesbn the level
of metal concentrations is so prominent that spatia temporal condition cannot be simply evaluaiterefore
datasets need to be further processed to evaloatstatus of contamination and interrelation amoregals and
other sediment properties in clear statistical term

Level of Contamination and Enrichment Factor

The anthropogenic activities and soil erosion gaingin vast catchments area of Hugli were the msjurrce of
pollutants. Therefore distribution pattern aloneuisable to explain the input of metals from naktuand
anthropogenic sources. The mean concentration tdirnfé=60) in the study area are compared with bemknd
concentration of metals, guideline values and o#istmary to evaluate the prevailing status of maiatamination.
The mean concentrations of Pb was higher thannPbWorld Shale value (Table -4). The measured Imeta
concentrations decrease in the following orderdeoadance with reported concentrations of thesalsét crustal
average [37]: Mn > Zn > Cr > Ni > Cu > Pb > Co >.Ote order of prevalence (ranking) of these metals
identical to the order of continental Shale. Mauhors prefer to express the metal contaminatibm rgspect to
average shale value to quantify the extent andedgegf metal pollution [38-39]. In the present stughyichment
factor was used to assess the level of contammatial the possible anthropogenic impact in sedisnehéestuary.
To identify anomalous metal concentration, geocleafmormalization of the heavy metals data to sseorative
element, such as Al, Fe, and Si are employed. 8kwaeithors have successfully used Al to normaliztais
contaminants. In this study Al has been used amaecvative element to differentiate natural fromheopogenic
components. In this study, the background conctotrmwere taken frormurekian and Wedepohl (33Benerally
EF values between 0.5 and 1.5 indicate the metaitisely from crustal materials or natural proesssvhereas EF
values greater than 1.5 suggest that the soureaem@e likely to be anthropogenic. The resultshefpresent study
show that Pb, Ni, Cd and Cr were significantly ehed in sediments of Hugli estuary since EF vabfdhese four
metals are greater than 2.0 and EF of Cu,Co andeffe moderately enriched in sediments since Efs greater
than 1.5 Table- 5. This suggests that these metals are partlynatigd from anthropogenic inputs. It is pertinent t
mention that lead has a higher mean concentrati@mmssediments from other estuary reported by H&atgulthan
et al [40] and the crustal average, suggesting étamination. In addition to Pb contamination, Eeggest
contamination of Ni, Cd, Cr, Cu, Co, and Fe in seghit of Hooghly estuary. This observation is cledicative of
anthropogenic contamination though not in alarnéwgl.
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Table-4 Mean Concentration of metals compared wit Background, and Sediment guidelines and other esary

Pb Ni Cu Mn Zn Co Cd Cr Hg As Fe Al
This Study Wet 26.2 41.8 33.3 64 6 175 0.34 51.2 0.25 2.58 36 46
Dry 275 36.7 29.4 672 59 153 0.29 54.8 0{20 227 32 40
Shale valuel 20 68 45 850 95 19 0.3 90 0.4 13 47 81
Crust ave.1l 13 75 55 950 70 25 0.2 100 0.08 1.5 5 813
Adyar Estuary 2 426 345 168 10 - 318 - -
I
NOAA (National Oceanic and Atmospheric Administration, USA)2
TEL 35 18 35.7 - 123 - 0.596 37.3 0.174 5.9 - -
PEL 91.3 35.9 197 - 315 - 3.53( 90 0.486 17 1 -
CCME (Canadian Council of Ministers for Environment)3
1ISQG 35 - 35.7 - 123 - 0.6 37.3 0.17 5.9 - -
PEL 91.3 - 197 - 315 - 35 90 0.486 17 - -

CBSQGs (Consensus Based Sediment Quality Guidelinds
Threshold Effect Concentration

Tel 35 18 35.7 - 123 - 0.596 37.3 0.17¢ 5.4 b -
LEL 31 16 16 - 120 - 0.6 26 0.2 6 - -
ERL 35 3C 7C - 12C - 5 80 0.1¢ 33 - -
Probable Effect Concentration
PEL 91.3 36 197 - 315 - 3.53 90 0.48p 17 E -
SEL 250 75 110 - 820 - 10 110 2 33 - -
ERM 110 50 390 - 270 9 145 1.3 85 - -

1= K.K. Turkian, K.H. Wedepohl. Bull. Geol. S6e.1961, 72:175
2= National Oceanic and Atmospheric AdministratipfDAA), (1999), NOAA screening quick referencegmf8QuiRTs), HAZMAT REPORT
99-1, andUpdated Feb 2004. Washington.
3= CCME, 2002. Canadian Council of Ministers foetBnvironment 2002. Canadian Sediment Quality diniee for the Protection of the
Protection of Aquatic life: updated, 2002. Winnip€gnada.
4= Wisconsin Department of Natural Resources (WDIEBJ3.Consensus-based sediment quality guidgi®@sSQGs) recommendations for
use and application interim guidance developedhgycontaminated sediment Standing Team WT-732 2003.

Table-5 : Summary of Statistics of Enrichment Factos (EFs) with respect to World Shale Value and UppeCrust

Pb Ni Cu | Mn | Zn Co Cd Cr Fe
EF with respect to World Shale Value( Present gtudy 273| 2.89| 175 142 12p 159 586 308 262

EF with respect to Upper Crust (Present study) 24363 | 1.66| 202 163 3.08 5.89 39
Adyar Estuary, SE Coast of India (0-10.5 cm int§rva 0.10 | 21.12 - 057 235 0.99 - 8.99
SE Coast of India — Muttukadu (0-5 cm interval)dlidones| 0.06 2.81] - 0.78 110 0.92 1|57 -

Interrelationship of metals, texture, org-C, and cabonate

The variability of metal concentration in the sedihis found more or less identical when compareth w
distribution pattern of organics and sediment textiConsidering this fact the Pearson’s correlatdoalysis at
significance level of p<.001 were employed to eghbtheir interrelationship among metals, textarel organic.
Pearson’s correlation coefficients among the cdateof Pb, Ni, Cu, Mn, Zn, Co, Cd, Cr, Hg, As, Ré, Org-C,
carbonate, sand, silt and clay in sediments of Hegjlarine are presented Tiable 4 The strong positive linear
correlations among metal , Org-C , carbonate amtute were clearly observed. The strong positivedr
correlations among Pb, Ni, Cu, Mn, Zn, Co, Cd, idg, As, Fe, and Al indicates that these metalsaasociated
with each other. The strong linear correlationsMeenn the metal concentrations indicate similarinsigpf these
elements and there are some common factors congraheir variability. The correlation coefficiepplored the
significant positive correlation of metals with argc, carbonate, clay, and silt whereas negativeslation with
sand. Positive correlation reveals the affinitytbése metals to organic matter, carbonate, silt dag .Singh
et.al.[41] advocated that textural concentratiofisrieer sediment played an important role in thedst of
bioavailability of metals and toxicity of these gmdnts as these metals are not homogenously distdbover
various grain sizes. Strong correlation of thestats with clay, silt, carbonate and organic mattdicated that the
land derived to the metals in the sediments arecootentrated in oxides and other accessory nanialous
silicate materials which is contradictory to repaiiSelvaraj et al.[1]. Positive correlation of with organic matter
and the total Cr would imply that fine particl@dtions enriched in Al adsorb organic matter, whichvenges the
Cr [2]. In this study area sand exhibits negativgralation with CaC@indicating that shell materials present in the
sediment are originated from the sand.
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Table-6 : Correlation Coefficient among metals ,tetural, org-C and carbonate in Sediment of Hugli Estiary

Org. CaCO | San Cla
Pb Ni Cu Mn Zn Co Cd| Cr Hg As Fe Al | C 3 d Silt |y
Pb
0.8
Ni 6
0.7| 0.9
Cu 6 2
07| 07
Mn 7 6| 0.7
07| 08| 07| 06
Zn 1 3 5 4
06| 0.8 06| 0.8
Ca 9 7] 0. 4 9
04| 05| 05| 05| 05| 05
Cd 7 7 8 1 2 5
08| 08| 08| 0.7 0.7] 05
Cr 4 9 8 5| 0.7 8 7
05| 06| 07| 06| 05| 06| 04| 07
Hg 9 7 2 1 4 5 4 5
0.5 06| 05| 03] 04| 03] 06| 06
As 7 0.6 8 5 3 4 7 7 5
0.6 08| 07| 06| 07| 05 08| 0.7
Fe 7] 0.8 6 6 5 3 7| 08 2 4
0.7 08| 07| 06| 07| 05| 08| 08| 07| 09
Al 1 0.€ 5 7 4 1 4 1 1 5 9
05| 06| 06| 05| 04 04| 06| 05| 03| 06| 06
Org.C 5 2 1 8 8| 0.6 3 7 6 9 7 8
CaCoO 05| 06| 06| 05| 05| 06| 03| 06| 07| 06| 07| 0.7
3 4 1 3 7 8 7 6 3 9 3 7 5 0.48
07| 07 0.6
Sand 2 1] -07 8| -07| -07] 06/ -04 -0 -06 -0 -0]7 -059 5D
06| 06| 06| 06| 05| 05| 05| 06| 05 06| 0.6 -
Silt 5 2 2 5 6 5 1 9 1 56 7 9 0.64 0.59 0.91
04| 04 03| 04| 04| 04| 04| 04 03| 03 0.2
Clay 4 8| 05 6 5 6 5 9 1] 03 1 3 0.17 0.25[ -0.6 3

To obtain more reliable information about the rielaships among the variables, the factor analysis applied [42-
43]. Six significant components, whose eigenvalaes higher than one accounting for 90% of the catiud

variance, were distinguished for the analyzed dath shown in Figure-2. Factor one accounted fo8%3of the
total variance and is mainly characterized by héyels of carbonate, Hg, As, Fe, and Al . Factar becounted for
19.5% of the total variance. It is characterizegstrgng negative loadings on Pb and moderatedinedaading on
Ni, Cu, Mn, and Cr,. Factor three accounted fo&6% of the total variance is mainly characterized bggative
loadings on Co and Zn. Factor four is characterizgdhigh positive loading on sand and negative itggadn silt

which explains the significant role of silt ininding certain metals with silt. Factor five showigh positive
loadings on Cd. This may be attributed to indepahdehavior of Cd with little influence on totahnability of

metal. Factor six shows high positive loadingslay . Generally, the results of correlation anialyand factor
analysis coincide with each other and establistrdleof org-C, carbonate and textural compositioth metals in
sediment.

Cluster analysis of data rendered a dendrogram 8figummarizing seventeen variables (Pb, Ni, Cn, Eh, Co,
Cd, Cr, Hg, As, Fe, Al, Org-C, carbonate, sand,asid clay) for 60 sediment samples. The clusgerégsulted in
two major groups (Groups A and B) and five subgsouwhich were selected from the dendrogram ottbster
analysis (Figure 6). The subgroups were chosen frendendrogram using similarity. First group imtgs Pb, Ni,
Cu, Cr, Zn, Co, Cd and Clay and second groups dediHg, CaCO3, As, Mn, Fe, Al, Org-C and Silt. Ehiego
clusters ultimately joins with sand. Pattern ofnjog clearly indicated influence of anthropogenitd anatural
activities on sediment contamination . The firdbgnoup of Pb, Ni, Ca and Cr and second subgroumaind CO
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are the indicative of anthropogenic practices (dischargendiustrial waste and municipal was going on the
adjacent landmass and upper catchmeni.

Figure —2 : Loading plot of Factor analysis showing relatinship among netals Org-C, carbonate and
texture of Sediments

Factor-2

Factor-1

The association of Cd and clay exhibits high afffimif Cd with Clay followed by moderate affinity the metals ir
first and second subgroups . Association of thestals with Clay suggests that these metals arvenadated ir
the sediments by a press of complexation with clay present in the syst&rhigh positive and significant line
correlations observed between these metals and dlaple-4) confirm this finding. Second group clearly inaties
the close association of Al, Mn, Fe, As, Hg,anic carbon and silt. The striking feature in thérudgroup is that H¢
is closely associated with carbonate indicatingcuatulation of Hg in carbonate debris present in gshdiment
Fourth subgroup exhibited the close associatioAlgfFe and Mn indiating their common origin and mainly frc
natural processes. Association of As with Fe, Md &h suggests that use of ground water for agrigaltanc

adverse impact of arsenic contaminated ground watéhe adjacent landmass of Hugli estuarine systeifth
subgroup shows close association between organiomrand silt. Close association of Al, Fe and Nhdl #heir
high affinity with organ¢ carbon and silt are the clear indication of tlegirichment in sediment by natural proc
such as rock weathering. Linkage of carbonate witier metals in second group also suggests thaerats
amount of shell/skeletal fragment act as scavenfor Fe, Al, Mn and As. Negative similarity of allebe variable
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in first and second group with sand revealed thatiaulation of metals in estuarine sediment areegmd by the
sand. Level of metal concentrations would be lilyedecreased with the increase of sand contergdimsent.

Fig-3 Dendrogram showing parameters groups formedycluster analysis

Similarity

4094 —|

£3.02 — [ ‘

Variables

CONCLUSION

Evaluation of heavy metal sources and their comgimamics in sediments in Hugli estuary thatpsuts the
world’s largest mangrove system, the Sundarbarem isnportant environmental issue. The reportingptdl metal
concentrations appears to be misleading for fortimlaf environment management programme if intetigdion of
metal datasets is not done in relation with otleeliraent properties. The present study presentsilusefthods, for
the evaluation of sediment contamination. This stwdll help to provides pertinent information policy makers
for framing environment management programme. is$itzd! techniques used in this study will provigigidelines
for processing of data on chemical compositiosaxfiments. Multivariate analyses, including dttion of data,
the correlation matrix analysis, cluster analyarsd factor analysis used in this study providéngportant tool for
better understanding the complex dynamics of petit. The correlation analysis of data shows gtqositive
correlation among the metal, organic carbon, textamd carbonate indicating their close associadiod their
common origin. Multivariate analysis also helpsuttderstand the geochemical processes governinggtit of

metal concentration in sediments and to partitioe sources of metal (anthropogenic and natural® fiean
concentration of the present study showed orag lontamination but enrichment factors indicagsgtichment of
Pb, Ni, Cd, Cu, Co and in sediments of Hugli estu@ihe loadings of FA demonstrated that the vditglof the

metals in this zone was mainly governed by thénsedt properties. Therefore the textural compositicarbonate

and organic matter of freshly deposited sedimelatg grucial role in the sorption and complexat@frtransition
metals.

The level of metal contamination in sediments d{egaflects the poor land use planning leadingdib erosion and
resultant enrichment metals in sediments. The eftgshysical condition of tidal dominated estuacgederates the
transportation of metal contaminated sediment & $his The input of sediment to coast may causpérable loss
of coastal ecosystem . For actual evaluation ofalmmintamination in sediment, existing monitorimpgramme

must be designed to include all the relevant parammeo focus the trend of metal contaminationgdiment. Once
the proper guidelines are prepared based on thiy $# the backdrop of other studies all over tteeld/will answer

the fundamental questions confronting enforcemganeies in cleaning the river Ganges.
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