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Global per spective of monitoring metal ionsin Gangesriver- A case study
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ABSTRACT

Water quality response in a river has often beeressed using datasets that provide dramatic ovesr —
underestimate of actual picture at huge finanamdestment particularly in developing countries likdia. A study
has been undertaken to present how the level ollreis in river water is influenced by suspendetids in
response to spatial and seasonal conditions in Hegtuary (India) which supports world’s largest Maove
system — The Sundarbans. To better elucidate adegree of metal pollution, contamination sourcete of metal
absorbance on TSS, environmental behavior of matadsdistribution pattern over the stations, seasditdes and
depths; statistical analysis are employed to isbem datasets of Hugli estuary that discharges ihi® largest
alluvial fan in the world. The enrichment factorfsretal ions in TSS determine contamination leMeiltivariate
analysis identified anthropogenic and natural aitiéds responsible for suspended metal contaminatiorthis tidal
dominated river. Enrichment factor revealed levelcontamination of Ni, Cr, Zn, Cu and Cd and thsiurces.
Strong seasonal change, variable tidal energy lera irregular estuarine geometry in the study apdayed
crucial role in governing the concentration of mstan TSS in water column. New database on suspendal
contamination will help to water quality managemgmbgramme. Base on these findings existing mangor
programme can be refined.

Key words: river monitoring; Metal pollution; Suspended sslidhultivariate analysis; monitoring practice.

INTRODUCTION

The estuary is a complex and dynamic environmemis Tomplex environment suffers from intense argbgenic
perturbation and has been acting as regulatorer@minant inputs to the coastal areas [1]. Ongaimtgropogenic
activities altered the environmental quality of atici system by accumulating large amounts of paint
hazardous contaminants [2] in the suspended s@it®ng the various pollutants, metals are of paldicconcern
due to their environmental persistence and biogamatel recycling and ecological risks [3,4]. Théuesy receives
these metals both in dissolved and solid stateutiirdarge volume of freshwater influx that trangpagricultural
runoff, storm water and wastewater. The relativaritiution of these metals between the dissolvet @articulate
phases in the river depends on the nature and statien of mineral and organic matter originatfngm the basin
[5]. The metals in dissolved state are rapidly sfarred to particulate state and ultimately getuandated in
bottom sediment by various processes such as damsognto mineral surfaces, absorption into organatter, ions
effects and salting out effects [6]. Eventual déjpws of suspended sediment associated with metalthe bottom
creates reservoir of metals in many estuarieslI[ii¢ availability of Suspended solids (SS) in watdumn depends
on influx of sediment during freshwater flow, tidadlvection, seasonal winds, tidal energy assatiaith tidal
cycle, depth etc [8]. Martin and Meyback [9] and rkita and Whitefield [10] have made the pioneer waork
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chemical composition of particulate matter. Vierslg5] pointed out significant association of mdstwith SS and
advocated the importance of quantitative and catalé measurement of SS. Therefore total metabgtiied and
particulate) concentrations in water will obvioushry with the variation of the amount of suspendexdter termed
as TSS (0.4m) and thereby evaluation of spatial and tempaaaiation without relating them with the amount of
TSS will mask actual variability of total metal ®im water. Despite investment of vast human arahfial resources
in different monitoring programs, this aspect ig atways taken care off. Therefore, assessmemS8 metal
composition is an emergent need to provide valueddbgmation in understanding the status of metdlytion and
their spatial and temporal variability in differemiers; role of absorbance of metal ions on TS& their physical
and chemical behavior in estuarine system; andpa@ation of metals to sea.

2.0 Study area

The study includes 240-km-long tidal stretch of theer Hooghly in West Bengal between the mouttBaf of
Bengal and confluence of Churni River (Figure.Thirteen sampling sites were selected (Figureldgathe study
stretch. The sampling locations selected in thigdytstretch are named as Sagar(G1), Auckland(G2)d M
Point(G3), Diamond Harbour(G4), Raichak(G5), F&), Uluberia(G7), Poojali(G8), Garden Reach(G9),
Dakhineswar(G10), Palta(G11), Triveni(G12) and @i(@13). The station G1 is located at the moutiBay of
Bengal with maximum tidal influence and G13 at #hdreme upstream with negligible tidal influencdl A3
stations are categorized into three groups baseg@nvater intrusion and tidal influence: 1) G1-GbG6-G11; iii)
G12-G13. The first group is located in the loweetsth which depicts sea water intrusion and maximiigal
influence; the second group indicated moderate tidlmence with no sea water intrusion and thirdup showed
negligible tidal influence. The station G5 was udd in the first group because of sea water imnuduring dry
season. The sea water intrusion was investigayethd level of chloride concentration at all staicover the
months.

3.0 Characteristics of Ganges basin

The relevant information on geologic, geomorphid agdrologic framework and evolution of the Gangaib [11]
are required for better understanding of the seuacel behavior of metallic elements in particutdtase. The Ganga
plain is one of the largest alluvial systems fornredesponse to the development of the Himalayak [lhe Ganga
basin has a good amount of smectite and a lowemamaof kaolinite[13] derived from the low-tempergtu
alteration of high-grade crystalline metasedimesftehe Himalayas by pedogenic processes within Beagal
basin[14,15].The heavy minerals in the ganga systeann the order of amphibole-garnet- epidotel dominated
by unstable minerals[16,17]. The high-grade metamarterrains are the provenance of 40—-46% of heswgrals,
followed by igneous terrains with 21-29% attribuatid6, 17]. The Ganga is named as Hugli in WestgaénThe
sediment load of Hugli River from natural weathgriproducts and anthropogenic sources is estimateoet
520x10 T yr' [18-19]. Abbas and Subramanian [20] calculated #taKolkata (former Calcutta), the Ganga
annually supplies 411x( (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 J18
The Ganga enters the basin from the northwest dfténing Himalayas and most of north India for at®2500 km.
The river after bifurcation below Farakka, flow fomards down the deltaic plain of West Bengal asrier Hugli
and then empties into Bay of Bengal. The hydrachiaracter of the Ganga suddenly changes on enttryhie tidal
zone of the gangetic delta. The tidal stretch\amrHugli is up to Triveni from the Sagar island@ibe 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 wateratigetj21]. Discharges from Farraka Barrage are 297544
m®S? during monsoon with highest value (400851 during September, 100981.6 nS* during pre-monsoon
with minimum value (900 A$* ) during May; and 187% 985.5 niS™ during post-monsoon [21]. Surface runoff
(Km*® month') was reported to be 0.88, 4.02, 18.7, 8.47, 2ant71.93 during May, June, July, August, September
and October respectively [22]. The large tidal adoin, irregular estuarine geometry, the preserdsland 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[23] . Sarin et al] [Eported dominance of cation load (Na, Ca) in gzasediments.
The river waters in the basin are circum-neutralightly alkaline [24,11], indicating chemical dution associated
with mineral weathering. The chemistry suggests idante of carbonate dissolution, with some inputaltic
plagioclase and pyroxene weathering [24].
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Figure - 1: Study Stretch of River Ganga
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MATERIALSAND METHODS

4.1 Sampling and Analysis

The water sampling strategy was designed to coear surface (below 20 cm from surface) and deepatdr
(above 0.5m from the bed) of the water column dutowest low tide and highest high tide for theation of two
seasons. Meena M.V., a marine vessel equippedralighant equipment/instruments, was put in usediecting
the samples and their pre-treatment. The acids usemhy purpose were of high purity (suprapure, dker
Germany). All materials coming in contact with tse@mples were acid washed. Water samples werectmllbdy
Niskin sampler and transferred directly into samipiétles. The metallic composition of TSS was dateed by
filtering through acid cleaned 0.4én cellulose nitrate membrane On Board immediatibr @ollection to separate
the solid matter. The sampled volume varied f200 ml to 1000 ml depending on concentrations spended
solids. The suspended solids collected in celluiosmbrane filters in duplicate for each sample vtaken in two 50-
ml vials covered with plastic polypack. Paralletiss of filter blanks using ultra pure water (MQ®) were also
taken systematically in the field to quash contatiom due to filter quality and/or errors in thergding protocol.

In the laboratory, all the elements except Hg asdwkre measured by AAS after dissolution in HNME-HCLO,
(Merck suprapure). For measurement of Hg and Apkamere digested with sodium chloride and a métg nitric
acid and perchloric acid. The supernatant wasitaka precleaned plastic container. Cu, Mn, 2n,Ni, Cr, Pb were
measured by Flame AAS; Al by nitrous oxide flamal dhig and As by AAS attached with vapor generation
assembly. Parallel series of filtration was carread for measurement of TSS. For TSS, approximat€§ ml
samples were collected in 100-ml polyethylene badihd filtration was done by transferring the whaliguot in
filtration assembly. The particulate adhered to wWal of the container were collected in filtrati@ssembly by
rinsing with distilled water. The volume of sampdden was measured by filling with distilled waitgrto the mark
already put on the container in the field and rdedrthe volume for calculation. Salinity was detewed by Mohr-
Knudsen titration and standard sea water of chtgrif19.374) obtained from National Institute of €mography
(NIO), Goa, India was used for standardization.

4.2 Quality assurance protocol

For TSS sampling, care has been taken in sitets@dor sample consistency associated with uniflow regime
and a sediment transportation environment. The Bagnplan included a duplicate sample at each sagmvent
for all analyses to ensure the homogeneity of Hmaptes and rinse blank using decontaminated figldpenent.
The analytical results of the samples collectedluplicate at each sampling point ensure negligitifteerences
except Cd(13%), Hg(13%) and Ni(10%). Results coméid adequate precision in results and negligibtesser
contamination.

The standards traceable to NIST obtained from MdBekmany were used to calibrate AAS (Varian, Sp2@}. In

addition to the standard, SRM obtained from NatidPlaysical Laboratory, India was used to cross khbe

calibration standard. The difference was quite igége (<0.2%). The amount of TSS collected fromsalmpling

sites is maintained to produce signal of AAS lyiwghin calibration range. The method detection timias

estimated in accordance with the standard meth®8 Recalibration check was performed at regutaerival.

During calibration milli-Q water fortified with adiwas measured as blank. All the blank values wiarse to zero.
Inter-laboratory comparison was carried out amdmeglaboratories accredited by NABL and recognizgdIOEF,

India to have better understanding of the posglldpersion. Dispersion among the values of all patars did not
exceed 7 percent except Hg and Cd. To test theramcwf analysis, the certified reference matgiiéBSS) of

comparable matrix prepared by Akademie der Wisdaafen der DDR, Institut fur Meereskunde and dediby

analyzing in 42 laboratories in 18 states. Therdaigly good agreement between reference values thed
concentration of metal ions obtained in this studiis procedure ensures an analytical precisidtebthan +0.5 of
the analyzed CRM.

The measurement uncertainties (MU) of all the nsetadre estimated considering all relevant sourtescertainty
based on 10 replicates of CRM(MBBS) in accordanith guide to the expression of uncertainty in measwent
[26]. The estimated values of MU¢fpie UCsampie) Were 8.4+ 0.3 Pb pg P g330+ 8 pg Mn g, 1.4+ 0.2 ug Cd
g, 104+ 4 pg Zn g, 2.30+ 0.34 pg Hg'Yy, 24000+ 84pg Fe'ly 31400+ 75, 5ug Al'g 14.0+ 0.7ug Ni ¢, 22.1+
0.8ugCud, 1.4 +0.1 ug As g, 24.5+ 1.7 ug Cr'§ 21.0+ .7 pg Co§ 340 + 5mg TSS™
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4.3 Statistical technique

For statistical interpretation of data, includinmean, coefficient of variation, correlation cag#nts, analysis of
variance(ANOVA), analysis of means(ANOM), clusterabysis (CA) and factor analysis (FA) were perfodme
Factor analysis was performed by evaluation ofqgipia components applying | varimax rotation anttaating
the eigen factors higher than 1 [27] to evaluateérenmental behavior of the measured metal ions B88. A
probability of 0.05 or less was considered statidy significant.

RESULTSAND DISCUSSION

5.1 Distribution of Temperature, pH, DO and salinity

These parameters play important role in partitignifi metal ions between solid phase and liquid ptafswater.
The distribution pattern of these parameters avee tand space are presented for understandingittfleience on
TSS metal concentrations. Maximum and minimum terafure of water were 32:81.1° C and 21.6t 1.6 C
during June and February respectively. Salinityhef coastal water at G1 decreased from 27.8 psnglivtay to
5.4 psu freshets (September); surface water remhainesaturated with respect to dissolved oxygeaudinout the
year (88.8t 6.0%) at G1 [28]. Vertical gradient in pH is alrhoggligible. DO in the surface and bottom watet di
not vary much during winter (4.5 to 5.1 mg)Land during summer(5.1 — 5.8 mg)Lwith small changes during
post monsoon(5.0 to 6.2 mg*).[22]. In this study vertical distribution of pthd DO clearly demonstrated no
anoxic zone in the bottom water; thereby suggestivil mixed condition. The maximum depth of watetumn
among the stations varied between 6.7 m (at Gld1&mm (at G1) with average depth of water colunm. 6n this
study, horizontal and vertical salinity measuredrdylowest low tide was found below 0.02 psu betw&13 and
G6 during wet and dry season. During wet seasdmitgadid not exceed 0.05 psu at G4 and during skegson
salinity intrusion was observed up to G5. The wasemore or less turbid and secchi disc transpgreacied
between 19 cm at G12 and 121 cm at G1 in the s$treych [28]. In the entire region, maximum turbidivas
observed at G1.The prevailing concentrations ofe¢hgarameters indicates conducive environment efbtal
ions, in general, to be associated with suspenolétss

5.2 Distribution of particulate metal ionsand TSS

Average concentrations and coefficients of varrat{@V) of TSS measured from 13 sampling sites ladthear
surface and at deepest water during dry seasowensleason are shown in Table-1 to capture théaspatiability

of TSS. The surface runoff from the Ganga basiimaltely reaches to the river and accelerates ptaguof TSS

in situ within the fluvial environment as reportedother rivers [29-30]. The average values of T$&ble-1) in
near surface water (460 mgland 334 mgL' ) are remarkably low compared to the values irpdsewater (1010
mgL™* and 975 mgL* ) during both seasons. As fine sediments are wieddfrom the beds, TSS concentrations are
progressively increased with the increase of deptfs of TSS concentrations (Table-1) both in reeaface (67%
and 63%) and in deepest water (61% and 63%) dubioilp the seasons indicate wide variations of TSS
concentrations among the 13 sampling sites. Simeesampling sites are selected to be at differistdmtces from
the G1( Close to sea), each of them experiencésreift tidal energy. High tidal energy accelerditesresuspension
of TSS and low tidal energy tends to encourage sitpo of solids on the bed. Spatial variability S is also
influenced by transportation of suspended solidsén channel (sampling point) from shallow wataedo tidal
advection during spring tides. It may be inferredtttidal energy, upland flow, seasonal winds gutar estuarine
geometry are the key factors influencing spatiaiaklity of TSS. In response to spatial conditiitnmay be
inferred that variability of metal ions is contexdl by the amount of TSS. This aspect must be taken off while
reporting metal contamination in water.

5.3 Relation between particulate metal ionsand TSS

Spatial variability of all the metal ions (Table4b)particulate phase of water is investigated wlih help of CV.
CVs of all metal ion concentrations exceed 50 peread largely identical to variability of TSS cemtrations. The
explanation is that the sediment enriched with mailsefacilitates adsorption of metals on susperstgidls in the
fluvial environment and thereby major fraction (mdhan 90%) of total metal concentrations is dased with

TSS as found elsewhere [5]. Therefore the factespansible for variation of TSS concentrationsu@fice the
variation of particulate metal ion concentrationwiater. For better understanding of the relatiotwben TSS and
particulate metal ions in water, Pearson’s cori@haanalysis at significance level of p<0.005 ispéyged. The

correlation coefficients (Table-1) clearly reve@rsficant positive correlation of all the metatsns with TSS. To
elucidate further the influence of TSS on partitellenetal ion concentrations in water, taetor analysis was
performed to represent degree of association df eadable. The factor-1 explains 91 percent ofttital variance
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in datasets of dry season and wet season. Fagortthys strong association of all metal ions ameach other as
well as between each metal and TSS. This assatiatithenticates that TSS is an accurate surrogatenétal
contamination in Hugli estuary.

5.4 Understanding of critical uncertainty in reporting total metal ionsin water

In this context, it may be mentioned that reportifidnigh, moderate or low values of total metal Gmmcentrations
in water and their spatial and temporal variabilitguld not be realistic if total metal ion is neflated with the
amount of TSS. For example, G1 (close to Bay ofga#nhas relatively large TSS and therefore reddgivnigh
metal ions in particulate phase of water and GBa{wely polluted stretch) has relatively low vesuof TSS
concentrations and thereby relatively low conaidns of metal ions in particulate phase of walgfference in
total metal ion concentrations between G1 and G18dinly due to difference in TSS concentratiorss€a on raw
dataset not shown here). Therefore, uncertaintiotal metal ion concentrations in water always pisvif we
investigate spatial variability without relating ttvithe amount of TSS. This uncertainty in reportiotal metal
concentration must be addressed in the monitoringremme to capture actual spatial and temporaalbitity of
metal ion in water. Though other factors such asrgHox condition, DO, salinity play important ratesolid-liquid
partitioning of metal ions but significance levéloorrelation between TSS and metal ions in padteuphase needs
thorough investigation of metallic composition &3 as advocated by researchers [5,31,8].

5.5 Spatial and temporal variation of metal ionsin TSS

In the light of the above discussion an emergertrie to assess the metallic composition of TSBear surface
and in deepest water of river of 13 sampling si$ng two seasons. All the datasets are usedrtgpote metal ion
concentration per gram of TSS and expressed as'fhgse datasets are statistically processed itnastmean,
coefficient of variation (CV), skewness and kurgosThese statistical parameters are shown in TAbbkeserage
values of

Table-1. Statistical parameters of metal ionsin particulate phase of water

Wet Seaason Dry Sesason
CV°r-valu CV°r-value
Meart (o) (rasyMear gy (T5)
Pb-S 10 50 093 8 69 0.94
Pb-B 24 51 091 24 710.92
Ni-St 27 71 0.97 23 75 0.95
Ni-B> 54 56 093 63 650.92
Cu-St 17 74 095 13 60 0.9€
Cu-B2> 34 57 094 35 69 0.97
Mn-S' 324 64 0.98 265 68 0.95
Mn-BZ 713 56 0.97 701 630.92
Zn-S 58 1040.93 43 74 0.95
Zn-B> 138 69 0.91 134 74 0.95
CoS' 8 83 0.96 6 65 097
Co-B> 16 56 0.94 17 72 0.95
Cd-S 0.06 75 0.98 0.0566 0.92
Cd-B? 0.13 51 095 0.1171 0.98
Cr-S§ 33 64 096 23 60 0.96
Cr-B? 69 45 093 62 710.94
Hg-SS 0.10 64 0.98 0.08 61 0.92
Hg-B> 024 60 0.99 0.21 73 0.92
As-S 15 69 094 1.0 610.94
As-B? 31 55 0.92 24 700095
Fe-S 20454 45 0.95 1232557 0.93
Fe-B® 38765 46 0.96 3283671 0.96
Al-ST 32930946 1 1987060 0.9
Al-B? 63574.647 1 5153072 0.98

TSS-S 460 67 1 334 63 1

TSS-B 1010 61 1 975 79 1
'Surface?Bottom;3Coefficient Variation*Metal concentration are expressed as [fgabhd TSS as mg'L
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TSS metal concentrations and their CVs reveal &8 metal ion concentrations in near surface waeclose to
the concentrations in deepest water Variation o6 h$etal ion concentrations is also reduced oves&tBipling
sites.

Now distribution pattern of TSS metal ion concetiras is investigated by different statistical paeders. The
closeness between mean and median values (Talieli2ates normal distribution during both seasdnsboth

seasons, skewness values of TSS metal ion contgengén near surface and in deepest water ardless0.5 with

few exceptions; thereby distribution of metal idassymmetric. Kurtosis values of all metal ions &ss than 3
indicating platy-kurtic distributions and therebgntral peaks of all the metal ions are lower anohber. CVs
varied between 13% and 40% clearly suggest spatidability of TSS metal ion concentrations over diges.

Therefore, trend (inclined/declined) of these mitat was investigated by Mann-Kendall test. Thi {test results
are not shown) indicates no systematic trend fiedideclined) over the sites. Therefore spatiahbdity appears
to be of random.

Table-2. Statistical parameters of metal ionsin TSS

Wet Season Dry Season
Mean MedianMin  Max CV°® Skew* Kurt® Mean MedianMin  Max  CV® Skew Kurt®
(Mg <) (Mg ¢ (Mo ) (Mgt (%) (Mg ) (Mg ¢t (M) (Mgt (%)
Pk-st 25 25 15 33 21 -0.2 -0.9 26 26 18 37 20 0.1 -0.8
Pb-B® 26 26 16 37 27 0 -1.5 26 28 17 34 22 -03 -15

Ni-S' 58 58 32 89 19 03 2.2 66 67 43 88 21 01 -2
Ni-B? 57 57 37 86 18 04 19 72 76 42 97 21 -04 1
Cu-S 36 38 20 46 22 -08 -0.2 40 39 32 52 13 04
Cu-B* 35 35 25 51 18 0.2 0 37 37 28 47 14 0 -1

Mn-S' 717 736 450 898 18 -0.7 -04 868 878 528 1260 221 -004
Mn-B* 735 761 477 866 13 -09 0.7 807 774 512 1189 24 04.7
Zn-S* 115 95 61 201 40 0.8 -0.8 124 128 88 171 21 02141
Zn-B® 129 119 80 193 28 04 -1.2 141 144 96 182 21 -0.18 ¢

Co-S 17 16 10 24 27 0 -1.4 17 17 9 25 26 02 -0.9
Ca-B* 17 17 11 27 22 0.8 1.5 18 17 9 25 26 0.2 -1
Cd-S 014 014 010 017 15 0 -1.0 0.19 019 010 0.284 -0.2 -1.2

Cd-B> 0.14 0.14 0.09 0.20 19 0 0.1 0.16 0.16 0.11 0.24 2D 0.3
cr-§ 75 79 46 97 19 -0.8 0 73 69 57 111 20 14 15
Cr-B? 73 70 45 107 28 0.3 -1.2 67 66 47 96 20 0.1 0.8
Hg—Sl 0.23 0.23 0.14 0.26 12 -1.8 4.4 0.25 0.22 0.13 0.424 0.8 1.1
Hg-B2 0.2¢ 0.24 0.2C 0.2€ 7 -07 01 0.1¢ 0.21 0.07 0.24 25 -09 -0.2
As-S' 34 3.5 1.98 4.97 23 0.2 0 4.26 4.01 3.25 6.05 oy -0.3
As-B’ 3.2 3.32 1.97 4.25 21 -0.2 -1.3 2.66 2.54 0.22 5.334 0.3 4
Fe-S§ 48998 52587 33242 66272 22 -0.2 -1.6 39079 391®30P 48858 17 -0.3 -1.1
Fe-B® 41093 37252 23786 72711 32 1 0 36516 35039 26399104 20 0.3 -1.3
Al-S? 80800 90181 53754 1034@8 -0.3 -1.8 61906 64644 41688 80986 22 -0.2 {15
Al-B? 69361 64081 41162 1183&1 1 0 59749 56827 46145 79089 19 0.4 -1.4
ISurface?Bottom;*Coefficient Variation“SkewnessKurtosis

Now General Linear Model of Analysis of varianceN®VA) was employed to evaluate significance of afoin
of metal ions in TSS due to sites, seasons, depttigides. The output of ANOVA shown in Table-3eals that
there is no variation of any metal ion due to tidéserefore measured metal ions in TSS during lbvess tide and
highest high tide do not exhibit any differenceigading similar character of TSS during the tidgtle. Significant
variation of Zn, Fe and Al are noted due to depfftss difference may be attributed to grain sizetisg of
suspended solid between near surface and deeptst dige to variable tidal energy. In deepest wategrser
mineral grains are relatively concentrated duedmaval of clay minerals. Fine particles associatéth TSS
increase concentrations of Zn, Fe and Al in TSSv Reetal ions such as Ni, Mn, Al and Fe depict digant
variation due to seasons. Influx of sediment witherals and other coarse detritus from the basimguwvet season
alters the chemical characteristics of TSS. Dudngseason, when influx of sediment is ceased,acharistics of
TSS in the estuary undergo alteration due to pymmoductivity and physico-chemical processes. Boant
variation of Pb, Cu, Zn, Cr, Fe and Al in near aod water due to locations indicates spatial vaitialof these
metals. But no systematic changes (inclined/ded)iraf TSS metal ion concentrations were observetth Wie
increasing distances from G1 to G13 as observdiitehy Mann-Kendall test.
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Table-3. Output (p-value) of ANOM

Source  Pb Ni Cu Mn  Zn Co Cd Cr Hg As Fe Al

Season 0.51 0.00 0.13 000 0.31 0.22 0.08 0.47 0.07 0.21000 0.00
Tide 0.88 0.16 0.93 063 070 060 0.35 0.13 0.12370 0.34 0.78
Station 0.01 0.07 0.02 040 000 0.74 0.15 000 0.17 0.74 000 0.00
Depth 088 035 040 041000 0.71 0.16 0.06 0.09 0.08 0.00 0.03

Considering these spatial variability, ANOM (Andl/®f Mean) is applied to determine the deviatiénhe mean
concentrations of Pb, Cu, Zn, Cr, Fe and Al at esiighfrom the grand mean. The output of ANOM réveggative
deviation from the grand mean of Pb, Cu, Cd, MnaRd Al at the stations in the lower stretch (G1Gt®) and
positive deviation from the grand mean in the upgteetch (G6 to G13). Two distinct groups emergemfrl3
stations with respect to above six metals in wassr. Mean concentration of Zn during the wet se&stound just
opposite to the mean concentration of other mettalifidicated that basin input of Zn to river idatévely low
during wet season. Therefore dilution of prevailii§S due to sediment influx decreases Zn concémirat the
upper stretch. During dry season no distinct grisupbserved and distribution pattern is random significant
deviation from the grand mean is found in casePof (at G3), Cu (at G11), Ni (at G6 and G4), ZnGatand G4),
Cr(G9), Fe (G2 and G10) and Al (G2 and G10). Thssible explanation is that the relatively high aadiable
energy level and transportation of TSS with pendufnovement at active tidal zone concentrate theseoanineral
grains and wash out clay minerals enriched withaledB2] at the lower stretch. During dry seasdmgracteristics
of TSS undergo spatial alteration due to shift berical composition of suspended matter due to gym
productivity, precipitation, grain size fractiorati etc.

5.6 Inter-metal relationship in TSS

The Pearson’ analysis (Pearson-Product Moment Caaff) was performed to investigate inter-metdtioenship
to assess their common characteristics (behawigincetc). at significance level of p<0.005 (tablet shown). The
correlation coefficients of Pb(r-0.67), Mn(r-0.5B5e(r-0.57) and Al(r-0.64) depicted good relatiatvieen near
surface and deepest water during wet season an@®.88 and 0.67) during both seasons. The highutente
during wet season enables a complete physical miesfriTSS in entire water column due to high inldlodv and
tidal energy. Suspended solids distributed unifgrimithe entire water column are enriched with AeMn and Pb.
Interestingly, Zn depicted strong negative corietatvith Fe and Al during both seasons. The exglanas that Zn
may not be associated with transported sedimentusec of its different chemical phase. Strong paesiti
interrelation among Co-Cu-Ni both in near surfacel anh deepest water indicates influence of anthgepic
sources. The strong positive correlation between add Cu at bottom showed association of Cu with Mn-
carbonate. The strong positive correlations of ek Al with Cu, Co and Cr at bottom TSS determingoagtion of
Cu, Co and Cr with Fe and Al. Therefore it mayifferred that Cu, Co and Cr in TSS at surface #ectively
removed by adsorption on Fe/Al oxide in aerobicditton. During dry season, strong negative coti@taof Pb
with Fe and Al both at surface and bottom exhit@taoval of clay minerals enriched with Fe and Altkansporting
to sea.

Factor Analysis was conducted for metals ions s Tisnear surface water and in deepest water tetléa two
seasons. The varimax normalized method was usedtdte the loading matrix for better explanationF# in

relation with the behavior of all metal ions. Figu2 depicted loadings for four factors during weason that
explained 68% of total variance. Factor-1 accourited28% of total variance is mainly characterizgd strong
positive loadings of Fe, Al and Pb and strong niggabading on Zn both in near surface and in dsepsater.
Factor-2 accounted 19% of the total variance amh&acterized by strong positive loadings on Mi, Cd and Cr
and moderate positive loadings on Fe and Al atobott Pattern of loadings in Factor-1 and 2 cleaglyresents
physical and chemical weathering of the soil emttvith Fe and Al. Chemical weathering becomes niiense
at high surface run-off rates with a high propartiof soluble rock components being leached fromrtdoi and
thereby concentrating Al and Fe in TSS. TSS oftivisr consists mainly of quartz, feldspar and
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Figure-2 : Factor loadings of Metal ions in TSS during wet and dry seasons
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illite as main minerals [13] with dominance of m&s clay minerals [32]. Clay minerals exhibit selecaffinity for
different metals. Pb is preferentially adsorbedrosther metals. Pb, originating from natural andhespogenic
sources adsorbed on the surface of the mineradsxyds/droxide coatings both at surface and bottom.Q¢, Cd
and Cr are moderately associated with Fe and Aleigpest water. The dissimilar and independent liehaf Zn
among all the metals exhibits negligible basinuin river because abundant clay minerals have affimity to
Zn. The clay mineral, which is dominant in TSS dhpoor affinity for Zn ions. Fresh input of sesuled solids
dilutes permanent TSS enriched with Zn and redtlee¢evel of Zn in TSS during wet season. Hochafld White
[33] advocated that most important carriers foratsein particulate form are clay minerals, Fe, AlaMn oxides /
hydroxides as well as particulate organic matteontuous basin input during wet season increabes
concentration of Fe, Al, Clay, Organic matter aowdrs the oxygen saturation (< 4 mg)lin near surface water.
This condition augments degree of association érmint metals in TSS with Al and Fe. Factor-3 destoated
metal contamination from natural and anthropogeoigrces because Ni, Co, Cu and Cr are associatd\vm.
These metals derived from adjacent landmass areeotnated in oxides and other non-aluminous sdicainerals.
In this case, Mn oxides in the TSS partly contha tevel of Ni, Co, Cu and Cr. Factor loading oniAd-actor-4
indicates independent behavior of As in surfaceewduring wet season. It is pertinent to mentioat thuse of
arsenic contaminated ground water mainly for adftical and domestic purposes in the Ganga basiare@s As
level in surface water. This finding is the cleaidence of adverse impact of arsenic contamingtedndwater in
the adjacent landmass on water quality of riveglHu

During the dry season, four significant factorsaactting for 63% of the total variance are distirsipgid for the
analyzed data (Figure-2). Factor-1 accounted fdr 2# the total variance is mainly characterized dbigong
positive loadings on Zn both at surface and bottana on Pb at bottom, moderate positive loadinglofand Cu at
bottom , moderate positive loadings on Fe and Auatace. Factor 1 clearly represents the abseibasin input
as mean concentrations of Fe and Al are relatilaly (Table-1). Input of Pb, Fe and Al associatedhwdlay
minerals to the river during wet season are remosedng dry season by physical, chemical and bicklg
processes. Active aeration of water during trartspbsuspended solids in tidal energetic zone fthenestuary to
the outer shelf enhances it oxygen saturation (¥bimgleepest water) that invokes active oxidatol accelerates
the formation of Mn oxy- hydroxides particles apaded in other rivers [34]. These particles aremdtely
transported to sea. Also growth of these partieleselerated their settling rate on the bed. liss possible that
under oxic condition, organic bound Fe, Al and Rh be oxidized and metal ions are released interwht near
surface water, presence of fine particles is nesipbe for moderate association of Fe and Al with Kloderate to
strong association among Zn, Pb, Mn and Cu in d#epater indicates formation of Mn-oxides/hydroxddéat
adsorbs Pb, Zn and Cu.Factor-2 accounted for ffA%edotal variance is characterized by strongtpesloadings
on Ni, Co, and Cr in deepest water suggesting dante of anthropogenic contamination. Factor-3 etddhbl1%
of total variance is characterized by moderateitgggon Cu, Mn, and As at surface. Factor-4 acamli% of
total variance is characterized by moderate loadim@o both at surface and bottom. Factor-4 repteagiform
distribution of Co at different depths. During dsgason, the behavior of Hg was similar in bothgbason. The
dissimilar behavior of metal ions in TSS during deason indicates changes due to various phystoaical and
biological processes during transportation andnti&ie of suspended matter for a long time in tielaérgetic zone.
The pattern of factor loadings shows good agreemétit interrelation of particulate metal ions oloied by
Pearson’s analysis.

The above findings reveals that combined effe¢hefbasin characteristics (relief, geology, climasgetation, size
of the drainage area etc) and anthropogenic desvifurban development, promotion of industriesning,
agriculture, deforestation etc) govern the typem{position of metals) and quantity of TSS. The indaksolid
wastes containing Pb, Ni, Co, Cd and Cr scatteved industrial area and road side during dry seasaches to the
river through surface runoff during wet season. iByitransportation, the abundant organic matterafeé Al
originating from basin accelerates the bindinghafse metals [35-37] with the formation of authigeparticles in
the fluvial environmental [29,38]. The nature ofemelationship of metals indicated that dischasfievastewater
form mega city - Kolkata is not the major causeratal pollution in the lower stretch of Ganges tjioseveral
researchers advocated these inferences [39].

5.7 Grouping of stations

The distribution pattern of TSS metal ions exhilaiterall distinction between upper stretch and losteetch of
estuary as reflected by ANOM analysis. Now the l@fesalinity over the study stretch is determiniednvestigate
the occurrence of marine TSS in study stretch. m@uviet season, salinity intrusion was observedou®4 with
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highest occurrence at G1 (7.15 ppt). During dryseeasalinity intrusion is noted up to G5 with heghoccurrence
at G1 (24.3 ppt). The salinity in the remainingistas does not exceed 0.02 ppt. Seasonal variafisalinity level
is pronounced in lower stretch of this estuary. Tierarchical cluster analysis using the ward’s huodt with
Euclidian distances is applied for better undeditegn of similarity among the stations at surface &ottom for
both seasons. The dendrograms (Figure-3) dishl@gtclusters of near surface TSS metal ions 1{33-G4-G6;
i) G3-G8-G11-G9-G10; iii) G5-G7 and four clustersdeepest water TSS metal ions: i) G1-G2-G6; By&b-G4-
G7; iii) G8-G10; and iv) G9 — G11 during wet seasdendrograms (Figure-3) display 5 clusters ofrreaface
TSS metal ions: i) G1-G4; ii) G2-G3; iii) G8-G9 i@7; and v) G5-G11-G6-G10, and five clusters ofpdse TSS
metal ions : i) G1-G3-G6-G2-G4; ii) Gb5; iii) G9-Gli/) G8-G11; and v) G7 during dry season. During weason,
first cluster of near surface TSS metal ions covkes stations located in lower stretch except oee G3. The
remaining stations are covered in second and fttlirdters in random order. The clusters of TSS Imiets
indicate that G1 to G7 are covered by first andedalusters. Remaining stations are covered lvgl #md fourth
clusters in random order. During dry season, tatosts at lower stretch are placed in first twostdus with respect
to near surface TSS metal ions but all these ststiwe placed in first cluster with respect to ésef SS metal ions.
The nature of the clusters indicated that G1 andst@Hons located in the saline zone in the fitaster have
influence of marine TSS in both seasons. Thereftatons located in the lower stretch have beearsggd from
the stations located in upper stretch. That sépargannot be strictly attributed to the influenakesaline zone
except G1 and G2. It may be inferred that high gynéevel removed the clay minerals enriched with thetals
from estuarine zone to sea. This causes decreds@SMmetal ion concentrations. Therefore uniquebien of TSS
metal ions in this tidal dominated estuary may tigbaited to different energy level due to largeati variation,
irregular estuarine geometry, navigation channpbhssed by shallow zones, large influx of sedinduning wet
seasons and various chemical and biological presess

Figure-3 :Dendrogram of 11 Stationsusing Single Linkage Euclidean Distance
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5.8 Status of metallic composition of TSSin global perspective

The amount of suspended solids in the river isrotletl by strong seasonal changes in accordande amihual
hydrological cycle [40]. The maximum input was irtvwseason (July - Sept). The lower stretch is suldgerapid
change by incoming tides that created turbulenseltiag high suspension load in the water colurime Variable
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tidal energy has made significant difference of Tc®8centrations between near surface and deepést azer
entire study stretch except G12 and G13. The niatal in TSS at two different seasons were compuwitd the
metal profiles in the upper continental crust psgabby Taylor and Mc Lennen [41] and by other redeas. The
comparative statement are presented in Table-4aVeege concentrations of the metal ions are Idlger that of
upper crust. The overall metallic composition ofST@d not match exactly with any other compositieported by
the researchers but more or less close to the geverdues proposed by Savenko[42] and Stummeyar[80]. The
overall metal content in TSS is relatively low caargd to other world rivers. But, this finding cahemsure that
input of metals from natural and anthropogenic sesirto river is not cause of concern because therént and

unique environmental processes going on in thal tidminated estuarine system which discharges m&gals to
sea.

5.9 Enrichment factor

Apportionment of metal origin between anthropogeamicl natural weathering is an essential part otlgewical
studies. According to Nolting et al[43], normaligithe metal content relative to Al is a powerfuwltto determine
enrichment factors (EFs). EF is calculated by gidine following formula to focus the magnitude ottal
contamination in this study stretch:

EF = [X] / [Al] Sample / [X] / [Al] upper crust

Table-4. Average metal ionsin TSSof Present Study and of Other World Riversand Upper Crust

. 5 Present Study

Element A?el:tizalAg::tiEalAsialRussial i??ltéaall Europe* Viers gfﬁ;rz M& M3 Sav* Stummeyer Wet SeasonDry Season
AV® sD’ AV® SD’ AV® sD’ AV® sDf
Al 91000 83000 7100( 95000 113000 6100087206010 80400 9400086300101000 5 672671849%613¢1150¢
As - - - - - - 36.3 27 - 5 14 15 1.53.32 0.73 3.46 1.17
Cd - - - - - - 1.554.15 0.098 - 0.5 - - 0.140.02 0.17 0.04
Co 15 15 30 21 23 16 22159.6 10 20 19 21 1 16.74.1 173 4.4
Cr 79 115 260 117 130 164 130155 35 100 85 120 3 75.318.2 69.9 144
Cu 59 34 145 53 53 172  75.9135 25 100 45 355 7 384 5.4
Fe 52900 450007880( 46000 75000 4300058104810 35000 480006030( 56000 10 4142:111848526¢ 6524
Hg - - - - - - - - - - - - - 0.230.02 0.22 0.06
Mn 700 1430 5767 970 1478 1884 1679011 600 1050 1150 940 25 726 112 838 192
Ni 46 50 123 68 78 66 74.5100 20 90 50 69 4 57.210.6 68.5 14.6
Pb 76 22 35 64 46 71 6191.2 20 100 25 30 3 25.46.1 26.1 55
Zn 184 137 300 145 130 346 208237 71 250 130 120 10 122 41 132 29

WViers et al (2009);’Proposed by Taylor and McLennan (1985Martin & Maybeck (1979);*Savenko (2006)° Summeyer et al (2002)
SAverage; 'Standrad Deviation; not available

Table-5. Enrichment Factor of metal ionsin TSS of the Present Study and of Other World Rivers

Present Study
. EF \ Lem 2\ g South  North 3 . sCentral
Elemenwet S nDry S n.JI& M*Sav V'ersgAmerica3America3As'a Russia Africa3EurOpe

AV? SD® AV* sSD°
Pt 14 0.1F 14 0.1z °NA °NA°®NA 3.6/ 116 21F 294 177 5.07
Cu 1.t 0.1¢ 2 0.7 371 182 3.0¢ 2.2¢ 1.4z 7.1z 195 164/ 9.8/
Mn 1.3 0.12 1.8 0.26 1.62 194280 1.12 250 1180 148 190 4.49
Ni 3.1 096 43 158 4.17 2533.73 2.20 2.63 755312 3.01 4.72
Cd 1.5 0.25 23 0.60 0.00 5.1615.82 0.00 0.00 0.000.00 0.00 0.00
Cr 2.3 0.83 26 0.68 2.65 245371 2.16 345 9.123.07 287 6.70
Ca 1. 05t 2.2 0.6¢ 1.8€ 1.9z 2.2 1.4¢ 1586 3.66 19 177 2.2¢
Fe 14 0.3t 14 0.1¢ 117 1342157 1.3/ 128 25 111 152 1.6z
zZn 2 093 25 0.70 3.27 1.85293 1.03 0.33 0.610.83 050 1.43
Martin & Maybeck (1979);>Savenko (2006)3Viers et al (2009)*Average; *Standard deviatiorf Not available

[X] Represents the concentration of the metals piifithe Al concentration. In this estimation, Alak been
assumed to be solely of terrigenous origin becatsegeological basement of this basin is formed tue
assemblage of heavy minerals such as amphiboldptepismectite etc. those contains Al, Fe, Mn, I@g, etc.
Initially EFs were calculated separately for suefand bottom of both seasons but no significdfieréinces were
observed between near surface and deepest waterefdte, EFs were further calculated for both thasen
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merging all the values of near surface and deepattr and presented along with EFs reported foerottorld
rivers (Table-5). The average values of EFs of &lo, Mn, Ni, Cd, Cr, Co, Fe and Zn during the drasmn are
shown in Table-5. The EFs of all the metals ar&edrby decreasing order of magnitude - Ni > Cr> &> Co>
Cu & Cd> Pb & Fe > Mn. Among all the metals, Ni, &d Zn exceeded 2 during wet season and Cu, dNiC€
and Zn exceeded 2 unit during dry season. EFsesktielements are relatively low compared to thergparted for
other world rivers. The level of EFs during dry sem is relatively high. The metals with a EF valgesater than
unity reveal contamination of suspended solids. rEtetively high EF values for Cu, Ni, Co, Cr and guggest the
contamination of TSS with metals derived from vasiaactivities of atmospheric inputs, mines, therpaver
plants, vehicle, electroplating industries, metgjical industries, municipal drains etc. Due tonsjgortation of
metals to sea with the clay and accumulation ofafaeén river sediment in variable energetic estuheyEFs do not
reach to alarming level. During dry season, masrésting observation is that relatively high emmient of Fe with
respect to Al indicates the presence of primargofeagnesian silicates or Fe-rich secondary phasesparted in
other river [44] . However intense run off accelesathe chemical weathering of soluble rock compbraad
incorporate these metal ions in particulate phaékese observations exhibit good agreement witrobservations
of coefficient and factor analysis. EF clearly raleel that major source of metal contamination is #stuary is
large influx of sediment due to natural activiteesd moderate source of anthropogenic sources bggrars.

CONCLUSION

The discussion made above established the impertahevaluating metallic composition of TSS to addr the
environmental issues of the estuarine system cklate metal contamination. The reporting of totaétah
concentrations appears to be misleading for fortimiaf water quality management if interpretatmfrdatasets is
not done in relation with amount of TSS. Re-susjpenef sediment due to high energy at tidal donedatstuary
may provide dramatic over- or under estimate ofainebntamination in river depending on the prengilirSS
concentrations. The study of metallic compositidnT8S clearly reveals that the metal contaminatomainly
governed by natural and anthropogenic activitiestnlization of metal ions in TSS to Al and theaitios with
crustal average demonstrate higher EF for Cu, GdCNand Zn indicating contamination of suspendelids by
these metals from anthropogenic activities relatedpoor land uses for urbanization and industricn.
Environmental behavior of Fe and Al signals natuvaehthering in the basin. Level of metal contanmaratlearly
reflects upset of the natural terrestrial systeadlileg to severe soil erosion mainly due to anthgepa activities in
the basin. The inherent physical and chemical ¢mmdi accelerate transportation of metals to sbasd@ actions
restrict increase of metal ions in water columnpitescontinuous metal input to the estuary. It rhayinferred that
metal pollution causes irreparable loss of coastakystem. It is pertinent to mention that impletagon of various
monitoring programmes is unable to address the ogynamic environmental behavior of metal iongstuarine
ecosystem. This study clearly reveals the necessitgdesign the monitoring network in India. Thdogcement
agencies generally put emphasis on controlling mhetal contamination at the source stipulating aerta
environmental norms. The environmental behaviomefal ions associated with TSS clearly indicatesl@guacy
of preventive measures taken by enforcement agen@ieerall management of industrial solid wastet{@aarly
foundries, electroplating, galvanizing industrieb;smelting unit, sponge-iron, mines, steel industc) dumped on
the different areas of the basin and implementatfoeco-friendly urban development to control evosof soil will
play key role to control metal contamination oferivGanges. The monitoring of TSS and its compasitiould be
less costly and more easily measured surrogatessesa metal contamination in river and help to answ
fundamental questions confronting enforcement aganc
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