E-ISSN: 2278-3229
IJGHC, June 2013 — August 2013; Vol.2, No.3; 555-56
International Journal of Green and
Herbal Chemistry
An International Peer Review E-3 Journal of Science
Available online at www.ijghc.com

Green Chemistry

CODEN (USA): IJGHAY

Iron Fractionation in the Sediments of Kerala Coast

Manju P. Nair and Sujatha C. H*.

Department of Chemical Oceanography, School of Mafciences,

Cochin University of Science and Technology, Kot6j-Kerala, India

Received:20 May 2013 Revised: 12 June 2013Accepted: 24 June 2013

Abstract: This study gives the first report on the spatiahmges of different iron
fractions in the sediments of Kerala Coast. Sedimeavere collected from four
prominent areas of Kerala Coast. A sequential etitna procedure was applied to
identify the forms of Fe. This scheme extractsedéht chemical forms of metals in
five sequential steps, namely- exchangeable (EX&jonate —bound (CA), Fe-Mn
oxide— bound (FMO), organic matter—bound (OM), aesidual (RES) fractions of
metals. Most content of Fe was found in residuattfon in all designated sites.
Comparatively Cochin revealed to be more viablestmmondary pollution due to high
content of EXC and CA. FMO fraction recorded in s@mpling site was rich at
Cochin and poor at Trivandrum. This exposes thatgrescavenching ability of
hydrous iron oxide from the water column. OM fraos are the second largest key
scavenger for the heavy metals was high at Coatdn@w at Trivandrum. Principal
component analysis and correlation analysis wer@ed®o understand the
interrelationship between the parameters. Prinagpatponent analysis showed two
components govern the distribution of Fe fractiontle study area. Correlation
analysis revealed except residual fraction alldtier fraction were directly related
to TOC, mud content, total phosphorus, total ngrognd total hydrogen.
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INTRODUCTION

Heavy metal pollution of coastal environments hesrbreported throughout the region of the world.
Release of heavy metals to the marine environnseinicreasing as industrial development continues
in areas where monitoring and enforcement of enwirental regulations is difficult due to a lack of
laboratory facilities and enforcement mechanismeawy metals, in contrast with most pollutants, are
not biodegradable and undergo a global ecobiolbgigele in which natural waters are the main
pathway$. Once heavy metals are discharged into coastarsyahey rapidly become associated with
particulates and are incorporated in bottom sedisnen

The accumulation of metals from the overlying wdtem to sediment is dependent on a number of
external environmental factors such as pH, Eh,cia@tiength, anthropogenic input, the type and
concentration of organic and inorganic ligands #nedavailable surface area for adsorption caused by
the variation in grain size distributibnVarious remobilization mechanisms of bed sediment
including physical resuspensirgeochemical remobilization from organic mattetissolution of
hydrous oxides of iron and manganese biomethyfatjcend other biological processes can cause
release of these elements to the water column.tidddily, these categories have different behaviors
with respect to remobilization under changing emvinental conditiorfs Studies of the trace metal
contamination of sediments often rely on the anslgbtotal metal content; however, information on
total concentration is not sufficient for understizng the environmental behaviour of trace metads, a
only a fraction of the total metal is available fauiblogical or diagenetic processes. Assessment of
heavy metal contamination of the coastal envirorimzased solely on total metal content also
possesses difficult problems to regulators; howdigtinguish between background lithogenic trace
metal that is relatively unavailable to marine diahd the accessible labile trace metal.

The aqueous chemistry of iron and its role in auhtig the release and availability of sediment-
associated contaminants is of major concern. liam exist in aquatic systems (natural waters and
their sediments) in several oxidation states: riet@bn (iron metal), ferrous iron (Fe Il), andrfie

iron (Fe Ill). The occurrence of elevated levelsraice metals especially in the sediments can be a
good indicator of man-induced pollution and highels of heavy metals can often be attributed to
anthropogenic influences, rather than natural Brrent of the sediment by geological weathéting
The objective of the present study was to estinia@eamount and variation pattern of Fe in the
sediments of Kerala Coast using a sequential eidraprocedure.

MATERIALS AND METHODS

Sediment samples were collected in cruise no. i26#ORV Sagar Sampada on May to June 2009
from Tuticorin to Cochin. Sediments were collecfeoin four identified stations [Cape (1),
Trivandrum (2), Kollam (2) and Cochin (2)] Kérala coast, India. The description of location
sites are given iTable-1. Surficial sediment samples were collected gisanVan veen grab, it
was sealed, transported to the lab and storedeep freezer. Sediments were air drigtgly
powdered and used for chemical analysis.

For metal analysis, 0.5g samples were treated Svithmixture of concentratédHNO; and HCIQ.
Iron fractionation of sediment portions was perfednn replicates by sequential extraction with
chelating compoundsTextural characteristics (sand, silt, and clagrevdetermined using pipette
analysis by Lewis TOC was determined by total organic carbon (T@@lyzer (Elementar Vario
Select, Germany). Elemental compositions - CHNhefdamples were determined by using Vario EL
111 CHN Analyser. Total phosphorus was estimateddyg the standard method. All the samples,
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chemical solutions, and standards were preparetg usitrapure water. Statistical analysis was
performed by Statistical Package for Social Scisr{8®SS Version: 11; SPSS Inc. 1995).

Table-1: Location of sampling sites

Transect Depth(m) Location

Capel (P 50 0747.62N,7730.177E
Trivandrumi(p) 30 0830.04%N,7650.874E
Trivandrum 2 (B) 100 0828.11°N,7629.712E

Kollam1 (P) 50 099.016N,0756.851F
Kollam2 (R) 200 0900.08%N,07623.52%E

Cochinl (R) <200 957.7N,7616.918

Cochin2 (R) <100 959.21%\,7616.084E

RESULTS AND DISCUSSION
Textural characteristics, pH, Carbon, Nitrogen, igegn, Phosphorus and TOC are givefable 2.
Table- 2: Variation of pH, Carbon, Nitrogen, Hydrogen, Phaspis, Texture and TOC

Sample code pH P(% N (% C (@ H(() Sand () Qay | Silt (%) TOC (%)

Cape- P1 7.1 0.96 0.01 4.38 0.34 87.72 6.85 5.43 47 0.
Trivandrum- P2 8.2| 0.65 0.05 6.5 0.24 94.91 2.34 752. 0.42
Trivandrum - P3 8.3] 1.70 0.01 2.3 0.07 99.05 0.203 0.75 1.3
Kollam- P4 85| 2.60 0.07 9.29 0.42 97.87 1.998 0.13 1.61
Kollam- P5 8.6 2.50 0.07 9.03 0.53 97.97 1.66 0.3 0.52

Cochin- P6 8.8| 3.76 0.23 3.83 2 11.9 31.88 56.22  985.
Cochin- P7 8.9 5.24 0.2 5.76 2.09 24.35 33.1y 42.y5 151

Textural characteristics revealed high sand contergt found in Cape, Trivandrum and Kollam (>
87%). Both clay (>30%) and silt (>40%) content evggreater in Cochin. Amongthe eleven

stations the percentage of sand fraction vagghest in Trivandrum (99.3%) and lowest in
Cochin (11.9%). Clay was highest in Cochin (33%Yand lowest in Trivandrum (0.203%). Silt was
maximum in Cochin (42.748%) and minimum in ldot (0.132%). Grain size is one of the basic
attributes of sediments and its distribution iseesigl to delineate the sedimentary environmerits. P
in the sediment varied between 7.1 to 8.9, revetledalkaline nature of the sediment. TOC in the
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sediment varied between 0.47 to 5.98%. TOC vall&indicate the unpolluted sites. In present
study except one site in Cochin (P6) all otherseaéad to be having less polluted. Elemental
distribution showed the order as C > P > H > Nllithee stations.

Total metal content distribution in the study ai®given inFig.1. The variation showed as Fe > Mn
> Zn > Cu> Pb > Co > Cd at Cape, Trivandrum andafolbut at Cochin it gives the trend as Fe >
Zn> Mn > Cu > Pb> Co > Cd. High concentration dftaé metals in the present study reported at
Cochin due to the heavy industrial, domestic andcaljural discharges. These sediments contains
greater mud content also help them to adsorb tmedals tightly. Metal distribution showed greater
content Fe .So fractionation of this particular ahetarried out.
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Fig.1: Distribution of total metal in the study area

Iron is associated in various geochemical frastidn general spatial distribution of iron fractsoim
the coastal sediments of Kerakid.2) were in the following order P1: RES > FMO > OMEXC >

CA ; P2: RES > OM > FMO > CA > EXC; P3: RES > OMEXC > CA > FMO; P4: RES >FMO >
OM > CA > EXC; P5: RES > OM >FMO > EXC > CA ; P6ER > OM > FMO > EXC > CA ; P7:
RES > OM > FMO > CA > EXC.

Spatial variation of Fe fractions is given Trable 3 EXC fraction of heavy metals can be easily
released back to the water column, which may caasendary pollution and subsequent health risk
to the exposed pollution. Most mobile fraction ampdhe five fraction extracted in the sediment
found to be EXC followed by CA creates secondarfjugon. Comparatively Cochin is viable for
secondary pollution due to high content of EXC &#d FMO fraction recorded in the sampling site
was rich at Cochin and poor at Trivandrum.

This reveals the greater scavenching ability ofrbyd iron oxide from the water column.OM
fractions are the second largest key scavengdrdavy metals. This fraction was high at Cochin and
low at Trivandrum. FMO and OM fractions also supbe granulometric adsorption in the sediment.
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All the studied fraction abundance of metal wasfbin the RES. Exchangeable and carbonate bound
metals are weakly bound to sediment componentsrerydequilibrate easily with the aqueous phase.
In the present study, relatively low concentratiorese found in these fractions. These suggest that
these metal concentrations would be solubilisedraag become available following a slight increase

of the pH.
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Fig.2: Spatial distribution of iron fractions in the KexalCoast

Table-3: Spatial variation of Fe fractions

Fe fractions Spatial Distribution
EXC Cochin > Kollam > Trivandrum > Cape
CA Cochin > Kollam > Trivandrum > Cape
FMO Cochin > Kollam >Cape > Trivandrum
OM Cochin > Trivandrum > Kollam > Cape
RES Kollam > Cochin > Trivandrum > Cape

Principal component analysis and correlation amsly&re done to understand the interrelationship
between the parameters. Principal component asaygwed two componentBi@.3) govern the
distribution of Fe fraction in the study area. @tation analysis revealed except residual fradtien
other fraction directly related to TOC, mud conjetdtal phosphorus, total nitrogen and total
hydrogen. Sand fraction is inversely related tdedént extract of Fe. Previously organochlorine
pesticide residues, sediment organic matter armientg have been reported in this study &réalso
supported the granulometric dependence.
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Fig.3: Factors controlling Fe fractions in the sedimaritkerala Coast

CONCLUSION

The study shows that the total metal concentratgerserally decrease in the order Fe > Mn > Zn >
Cu > Pb > Co > Cd at Cape, Trivandrum and KollamadCochin it gives the trend as Fe > Zn > Mn
> Cu > Pb > Co > Cd. Most content of Fe was foimthe residual fraction in all the designated
sites. Concentrations of Fe in clayey silt sedimearie all clearly higher than that of sand ones.
Comparatively Cochin is viable for secondary patlatdue to high content of EXC and CA. FMO
fraction recorded in the sampling site was rictfCathin and poor at Trivandrum. This reveals the
greater scavenching ability of hydrous iron oxidenf the water column.OM fractions are the second
largest key scavenger for the heavy metals. Thigifsn was high at Cochin and low at Trivandrum.
FMO and OM fractions also support the granulometdsorption in the sediment
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