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ABSTRACT

Alang-Sosiya Ship Breaking Yard (ASSBY), issituated at 21°5° 21°29’ north and 72° 5° 72° 15’ east on the western
Coast of Gulf of Cambay. The sheltered coast here is conducive for forced ship beaching due to suitable tidal
amplitude and beach profile, including the availahility of around 40,000 workersmakesit thelargest ship breaking site
intheworld.¥ Thetype of shipsdismantledincludes General Cargo & Bulk carriers; Oil tankers Passenger; Cruisers,
Drill Ships et. Since, itsinception in 1982, ASSBY has so far recycled 35.61 million of light displacement tonnage
(LDT).[@ Ship breaking activity generates hazardous waste like heavy metals which find their way into the marine
water and sediment. The present study is to understand the seawater quality and trends in heavy metal distribution
in the marine sediments including the net effect over the Gulf of Khambhat region. Samples were analyzed from
seawater and sediment samples taken from high tidal, low tidal and offshore region. The samplings were aso con-
ducted during pre-monsoon and post-monsoon to analyze the seasonal trends. The paper focuses on the heavy
metal distribution in sediment samples over the high tidal, low tidal and offshore region along ASSBY. The results
reveal distinct areas of abundance of heavy metals especially along the Alang area.. They study concludes that the
high deposition ratesin the Gulf of Khambhat, the tidal amplitude and currents and shoreline morphology and the
influence of coastal processes overall influencesthe distribution of heavy metal including ashielding or de-shielding
effect due to the sedimentation pattern. The correlations between the coastal process operating inthe Gulf (liketides,
currents, sedimentation and suspended sediment transport and deposition etc.) with the physico-chemical proper-
ties of the marine waters and sediments, the pollutants, as well as the geomorphology of the coastal shorelines,
intertidal and offshore regions needs to clearly modeled to control the spread of the pollutants, estimate the net
impacts and find solutions for the sustainable development of the coastal areas of the Gulf of Khambhat including
ASSBY. The overall metal concentrations are higher than permissible levels and there is a need to move towards
cleaner ship breaking or recycling technologies and process. © 2011 Trade Sciencelnc. - INDIA

INTRODUCTION

Alang-Sosiya Ship Breaking Yard (ASSBY), is
Situated at 21°5° 21°29” north and 72° 5° 72° 15’ east
on the western Coast of Gulf of Cambay. The coast
hereenjoyscertain distinct charactersthat makesit con-
ducivefor forced ship beaching aswel asdismantling.
Thetida amplitudeat the sheltered coastal areaaround

ASSBY isusually intherangeof 10-12 m.; thefirm
seabed and gentle seaward s ope and mud free condi-
tionsmakeit ideal beaching condition. In additionthis
region hasasemi arid climate (usually 7.4 —47.3 de-
gree C. withmean lowest at 21.9 and mean highest at
34.2 degree C, 558 mm mean rainfall with lot of dry
daysavailablewhichinturn generatescontinuouswork-
ing hours and daysthroughout the year.*3
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Figurel: ASSBY location and ship breaking

Figure lindicatesthelocation of ASSBY and helps
tovisuaizethe coagtd stretch profileincluding theship
beaching and breaking at individua plots.

ASSBY represented by severd plotsisbuilt onthe
shorelineoccupying about 14 km stretch. A small creek
dividesthestretch into two parts. The ship breaking
activitiesinitidly beganin the southern part (Alang) and
later new plots were established towards the north
(Sosiya). Indl thereareabout 112 plotsin and around
80 plotsin Sosiya, each havingasizeof 50-240mlong
and 30-120 mwidth. Thefirst vessel to beach at Alang
wasM.V. KotaTenjong on 13th February, 1983. Over,
40,000 workersareinvolved intheship breaking yard.
Thetypeof shipsbrokeninclude Genera Cargo & Bulk
carriers (60-65%); Oil tankers (10%); Passenger ship
(5%); Cruisers(2-3%); Drill Shipsetc. (2%). TheLDT
of shipsusually ranges between 7,000-35,000 tons.
The scrap recovered from the ships areindicated in
TABLE 1. Since, itsinceptionin 1982, Alang ship bresk-
ing yard hasso far recycled 35.61 million of light dis-
placement tonnage (LDT). During 2009-10, theyard
had dismantled 255 shipsup to November 2009 against
atotal of 264 ships dismantled during 2008-09. With
this, Alang ship breaking yard had crossed the mile-
stoneof dismantling 5,000 ships beforetheend of 2009.
Internationa priceof each LDT rangesbetween USD
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150 and USD 1752, Theinternational pricesof steel
largely moderate the profits earned through ship bresk-
ing. Considering the global tonnage of shipsbroken,
Alangemergesastheworld’s largest ship breaking site.
Itisprojected that shipsto be scrapped will increase
gradually to 4000 per annum by theyear 2010 with an
aggregate grosstonnage of 24 million. Around 10% of
India’s overall steel production is attributed to
ASSBY. >4

TABLE 1: Scrap recovered from ships

Sr. | Type of [RR Melting | Cl NF. Machinery | Wooden | WT
No. | Vessel |Scrap | Scrap % | Scrap | Metals furniture | Loss
% % %% and other
L7
1. General | 56-70 | 10 1.5-5 0.5-1 4-8 5 9-15
Cargo
2. Bulk 61-75 | B-10 1.5-25 |05 1-6 1-5 10-16
Carriers
3: o1l 7281 |57 1.5-3 0.5-2 0.5-2 1.5-2 10-12
tankers
Number of ships broken and LDT at Alang (1982-2008)
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Whiledismantlingtheships, varioussolid, liquidand
gaseous hazardous wastes are generated which accu-
mulate over the soil, especially the beach front, high
tidal region and then migrate subsequently totheinter-
tidd zone, sub-tidal zone, finaly to the deep seawaters
and sediments. Themain pollutants associated with the
ship breaking activity constitute heavy meta sand hy-
drocarbons. Poisonous gases are al so generated, es-
pecidly during open burning of junk materid.

Theaim of the present study isto understand the
seawater quality and distribution and contaminationlev-
elsof theheavy metd sgenerated inthemarineenviron-
ment duetotheship bresking activitiesat ASSBY. They
study would a so cons der the seasona changes, coastd
processesoperatinginthe Gulf of Khambhat and try to
monitor thevariationswithinthedifferent parameters
with respect to the different sampling spotsand influ-
encesof tides(highand low tide). The observationre-
garding the corre ationsfor sedimentation pattern along
theshorelineand intertidal regionsand heavy metals
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with the sediment nature and distribution would dso be
atempted. Thepresent pgper focusesontheheavy metd
distribution in marine sediment samples aong the
ASSBY region.

MATERIALSAND METHODS

Selection of sample sites

| dentification and sdection of sampling spotswerebased

onthefollowing specific factorsthat wereto be studied

asapart of themonitoringwork;

e Quantification of thevarious physical and chemical
parametersrel ated to seawater and sediments

e Determination of pollutant load, quantificationand
digribution

¢ Distribution of variousparametersespecidly, pollut-
antswith respect to coastal processesliketides, cur-
rent pattern and sedimentation

e Didribution of the parameters seasonwiseincluding
climaticconditions

o Effect of theindustrid activity

e Influenceof theshordineconfiguration, intertidd ex-
tent and offshore processes

e Linkageswith thevariousprocesses, especidly sedi-
mentation patterns existing within the Gulf of
Khambhat.

For thepresent studly, initidly, the seawater samples (dur-

inghightideandlow tide) aswd| assediments(aongthe

shore) werecollected. Seawater sampleswerecollected

a intervasof 200mt. fromthebeginningof ASSBY (i.e.

Plot 84C) to Sosiyaend (Plot V). The shoresediments

were also collected, mainly to observe about the con-

tent, moisturelevel sand determinethenatureof thesedi-

mentsandto get other relevant information. Gopnathand

Goghawhichlieon extreme and considerabledistance

fromASSBY were cons dered for studying control ef-

fects Theadmiradty mgpNo. 1486 & 2736 of gpproaches

to Gulf of Khambhat was studied for the oceanographic

conditions. The shore sedimentswerecollectedinthe

winter monthswhen the net sedimentationisobserved

towardstheshore. Thevisua study of the sedimentsaong

with theground observationsand the shoreline configu-

ration hel pedinobserving thelinkagesbetween sediment

deposition, trangportation and erosion aong the shore.

Thisfurther helpedinfixing selected sampling spotsat

Hnalytical CHEMISTRY o

ASSBY and offshoreregions, especidly for sediment
andyds. Theresultswerevdidated withthestudy of the
moi sture content variationsnoted acrosstheshoreline
sedimentsduringthewinter phase. Further, theintertidal
region and the near shorewater regionwere studied by
taking aboat during the high tideand observing the bot-
tom profilesand nature of sedimentsand their deposi-
tion. Discussions were made with the fishermen and
labourersfromthelocd areaabout their experiencesand
observationsof the nature of thecurrent pattern, patches
wererocky substratawereavailaole, tida influence, sedi-
mentation phenomenon, climate, local faunaand socio-
economicissues. Thishepedingettinganoverdl view
about thestudy areaand corrdaingthe coastal processes
operatingintheGulf of Khambhat withthestudy area
Based onthe above observationsand andytical re-
sults, it was observed that the sedimentation pattern
along the shorewasbased on thetidal influence (high
tide—low tide), seasonal effect, intertidal and onshore
bottom topography, shoreline currentsand the shore-
line morphol ogy. Further, therewasatypica distribu-
tion of thefineand coarse sediment particlesaongthe
shoreline because of the above factors. Thishad an
implication onthe quantification and distribution of im-
portant parameterslike metalsand oil and grease. The
andytical analysisof the sediment textureand concen-
trations of meta and oil and grease reveal ed distinct
correlations existing amongst them. Hence, for sedi-
ment analysis, the sampling spots were sel ected based
ontheZonesof Accumulation (ZA) and Zonesof trans-
portation and erosion (ZT and ZE) of sedimentsaong
the shoreline of ASSBY. The sampling spotsarere-
ferredto as, Alang Beginning, Alang Mid, Alang End,

Figure2: Sediment distribution pattern based on per sonal
observations.
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SosiyaMid and accordingly sediments sampleswere
collected at High Tide, Low Tideand Offshoreregions
during winter (phase-1) and summer (phase-I1). Dis-
cussions about the correlations are mentioned sepa-
rately intheresultssection.

Sediment sampling spots along ASSBY
shore[Alang Beginning (Plot 70); AlangMid (Plot 5);
Alang End (Plot 41, Manari); SosiyaMid (Plot 117,
154)].

Theabovezonedemarcation of sampling spotshelps
inunderstanding the existing seawater quality and sedi-
ment status of anindividual sampling spot aswell asits
surrounding areas. Further, any patterns or changes
existing inthe parameterswithin each zoneaswell as
between the zones can be easily discernable. The pro-
cedure helpsin bringing out theoverdl water and sedi-
ment quality statusof theentireregionand dso predicts
existing patterns and future patterns for changes or
trendsin some of the parameters. Another important
featureof thezonedemarcationisthat it facilitates easy
identification of Stesthat show extremeor unique con-
ditionsfor certain parameters.

Samplefrequency

Sampleswerecollected from the predetermined spots
identified as per the criteriadiscussed in theabove sec-
tions. Seawater and sediment samplesweretaken dur-
ing Phasel (i.e. December whichisthewinter season
and al so the post monsoon time) and during Phasel|
(i.e. during April, whichisthesummer season and also
the premonsoon time). The samplescollected and pa-
rametersanayzed are given below.

Seawater Analysis

Phase-| (i.e. December-2000) Low tide

Phasell (i.e. April -2001) Low tide

Phase-1 (i.e. December-2000) Hightide

Phase-11 (i.e. April -2001) Hightide

Phase-| (i.e. December-2000) Off Shore Status
Phasell (i.e. April -2001) Off Shore Status
Parameters selected are pH, Turbidity, Salinity, S.S.,
NO2, PO4, DO, COD, BOD, Oil & Greaseand Heavy
metaslikeZn, Mn, Cu, Co, Pb, Ni, Cd,As, Cr, and Hg.

Sediment Analysis

Phase-| (i.e. December-2000) Low tide
Phasell (i.e. April -2001) Low tide

—— Fyll Peper

Phase-| (i.e. December-2000) Hightide

Phase-11 (i.e. April -2001) Hightide

Phase-| (i.e. December-2000) Off Shore Status
Phasell (i.e. April -2001) Off Shore Status

General parameters selected are, oil/grease, Heavy
Metds, Sediment textureanaysis.

Sampling procedures

Looking at variableslike high current, high tidal
differenceand largeinter tidal region (also the sedi-
ment pattern and personal observations of sediment
texture of shoreline), astrategy of collection of sea-
water and sediment sampleswas prepared. All high
tidewater sampleswere collected from approximately
one meter depth during the approximately two hours
span of high tide. Composite sediment sampleswere
prepared of selected group of plots based on sedi-
ment texture. All low tide sampleswere collected
similarly. A boat was hired to collect samplesand it
was ell equipped with samplers (water samplers,
grab-sediment samplers).

Samplepreservation

The collected sampleswere preserved asper stan-
dard methods. TABLE 2 outlines the preservation
techniques.

TABLE 2: Samplepreservation and storage

Parameters | Sample Sample |[Sample | Sample treatment Amnalysis
container | Volume [Type period
BOD P 1000 G Refngerate 6h/48 h
COD P 100 g.c Analyze as soon as|7d?28d
possible, or add H>S0; to
pH=2: refrigerate
Metals, P(A) 500 G For dissolved metals filter | 6 months
general immediately with 0.45 p
filter paper, add 15 ml
con. HNO3 to pH=2 and
refrigerate at 4°c
Mercury P(A) 500 G 2ml /L 20% K:Cr:O7|28d
prepared mn 1:1 HNO3 and
refrigerate at 4 'c
Nitrite P 500 g.c Refrigerate; add H)SO4 to | 7d/28 d
pH=2
Oxygen, BOD 300 G Analyze immediately | 0.5 h/stat
dissolved bottle Titration may be delayed |8h/8h
‘Winkler after acidification
method
pH P 50 G Analyze immediately 2 h/stat
Phosphate G(A) 100 G For dissolved phosphate | 48 h/N.S
filter immediately:
refrigerate
Turbadity P 100 g.c Analyze same day: store in | 24 h/48 h
dark up to 24 h, refnigerate
SS P 100 G, c Analyze same day; store in | 24h /48h
dark up to 24 hours,
refrigerate
Salimity P 100 G,.c Analyze within 24 hours | 24h /48h
Refrigerate; analyze at
480°C  for gravimetric
method or analyze at room
temp (27  °C) by
conductivity meter
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Chemicalsand glassware

All chemicdsusedintheinvestigationwereof AR
grade either from E-Merck or from BDH. The stock
solutionswas prepared in doubledistilled water and
used asand when required. For metal extraction, lig-
uid-liquid extraction with APDC followed by MIEK
and stock solutions of metals (1g/ml Metal) and de-
ionized water having 18-25mho conductivity, ongwith
standard el ectrol yte sol utionswere used.

M ethodology

The sampleswereanayzed using standard meth-
odsindudingtitrimetric, gravimetric, instrumenta analy-
sis, spectroscopy and biological methods. The meth-
odology appliedisoutlinedin TABLE 3.

TABLE 3: Outlineof methodology applied

Method Applied for the present work
Nephelometry method

Laboratory Method

Electro analytical Method AAS
applied(S.W_D.P.P. and Stripping) and ICP,
Ton Chromatography,

ISE

Iodometry, and Ion selective electrode
5-Day BOD Test

Closed Reflux Titnmetric Method

From Electrical conductivity, RT Method

Parameter

Turbidity

Solids

Metal ions (Zn, Mn. Cd, Pb, As_ Al
Fe. Cu, Hg)

Anions
(C1LNO;NO; POs SO4 F NHy)

Dissolved Oxvgen
Bio-chemical Oxygen Demand

Chemical Oxygen Demand
Salinity

Metal analysisin sediment samples

The sediment sampleswerefirst air dried, later on
oven dried at 110° C for 24 h. The dried samples
weregrounded tofine powder in agate mortar & pestle
and sieved. The sieved homogeni zed fine powder was
usedin heavy metd andysisby HameEmissonAtomic
Absorption Spectrophotometer (AAS) with back
ground correction (Shimadzu AA-680) and X-ray
fluoresce (XRF)spectrometer (Bruker AXS Spec-
trometer S4 Pioneer XRF). The procedure out lined
Jones and Turki20 were followed for heavy metal
analysis. Toaweighed (~ 1 g) quantity of grounded
sediment taken ina250 ml Teflon beaker, 4m of 40%
hydrofluoric acid (HF), 2 ml of 30% perchloric acid
(HCIO4) 5ml of 60% nitricacid (HNO3) and 5 ml of
60% hydrochloric acid (HCI) were added in the se-
guence and heated to dryness after the addition of
each of theabove analytical grade (Merck) acids, re-
spectively. Thefina residuewasdissolved in 50 ml of
0.1 N Hydrochloricacid (HCI) and quantified by Flame
Emission AtomicAbsorption Spectrophotometer with
background correction (Shimadzu AA-680). The

samplewas diluted suitably as and when necessary
and carried out theanadysis. Externd standardsof each
metal were prepared from their (1000 mg/kg) stocks
asprocured from Merck, and used inthe calibration
of AAS. All precautionswere under taken during the
sample collection, treatment and anayses of themin
order to reduce potentia contamination.

RESULTSAND DISCUSSION

Theresults are presented in order to understand
the seawater quality and al so the heavy metal distribu-
tiontrendin the marine sediments. Theseasonsarerep-
resented as Phase—I which is during December 2000
(winter season) and isal so the post monsoon period.
Phase— Il which is during April 2001 (summer season)
andisalso the premonsoon period. Thesampling from
the study areasduring theabove phases arerepresented
astheHighTideregion (HT), Low Tideregion (LT)
and offshore.

Seawater analysis

AverageVauesof 25 samples(collected over se-
lected sampling spots corresponding to specific plots
ranging from 84C at AlangtoVV10at Sosya) aregiven
iINTABLEA4.

TABLE 4: Averagevaluesof 25 seawater samplescollected
from selected sites

Phase-I Phasze-IT Permissible limits
Parameters Average Value* Average Valoe*

L.T. HT. L.T. H.T.
pH 834 8239 £71 3.62 5590
Turbidity *** | 202.5 2208 13724 1421 -
Salinity * 30.7 309 3206 3175
5.5, 618 518 430 430 200
NO; = 0.0138 0.015 0.036 0.029 10
PO ## 419 41.01 545 533 5
DD *= 4.83 4.75 4.9 4.92 6-8
COD == 60.3 63.1 541 56.8 250
BOD == 6.54 73 7.3 7.03 100
il & Grease | 63.96 64.61 952 98.5 20

* (g/Kgat 280C) ** (mg/L) *** (NTU)

Theresultsindicatethat theoverall turbidity levels
arevery high mostly dueto the heavy sedimentsand
churning of the sedimentsduetothetidal currentsand
amplitude. Thesdlinity levelsaredlightly lower dueto
thefreshwater inputsinto the coast dueto Manari river.
Organic matter contaminationisrelatively low dueto
non-contamination from sewage or other domestic
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waste. Thelower vauesof phosphatesand nitratesa so
collaboratethisresult. However, the net oil and grease
levelsareextremdy high (about 3 timesmorethan per-
missiblelimits) and theareaisheavily contaminated with
hydrocarbons. Thiscould be because of thedirect dis-
charge of oil and grease and other crude oil into the
seawater during hightide. Thispracticetherefore needs
to bemonitored and measurestakentotreat thewaste
oil separately and disposed of safely inland.

Sediment analysis

Averageva uesof meta concentration in sediment
samplesare compiled and discussed asbel ow:

TABLE 5: Averagemetal concentration (mg/K g) in sediment
samples

Metal lons HT. -1 LTl HT- LT-n Offshore

Zn 588 278 51 310 385

Cu 109 '] 4] a5 ag
Ni 55 49 52 51 52
Cr 138 130 132 130 131

Pb 7816 85 7 a9 T4
As 14.8 12 13 12 13
Hg 0.26 017 016 0.18 0.16
Cd 45 358 383 35 353

600 1
500 A

400 1 BH.T.- |

300 HLTA
H.T.-lI
200 A
ELTAN

100 4 m Offshore

0 -
In Cu Ni Cr Pb As Hg cd

Graph 2: Concentration (mg/K g) of heavy metalsin sediment

Theresultsreved dl thesediment samplesto haveheavy
metd vaueshigher thanthe permissiblelimits, indicat-
ing heavy meta pollutionintheregion duetotheship
breaking activities. Thestatus of iron (Fe) isfound ex-
tremely high that the results can not be compiled while
comparing with the other metalsmentioned above. The
concentration of Feisdiscussed separately.

From graph 3it can beinferred that Fe concentra-
tionsreach an average of approximately 50,000 mg/
Kgof dry sediment sample. If thevauesof only Alang
areais considered, then the higher value reachesto
1,35,642 which showsapproximately 10 % of the sedi-
ment weight isdueto iron. It may beinferred that the
heavy metals, especialy Feismost likely to befound
aschunks(i.e. undissociated or undissolved) partinthe
sediments. Thisindicatesthat asubstantial amount of
Feand other heavy meta s contaminatethe marineen-
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vironment because of the unrestricted disposal of scrap
and other metal wastes directly on the beach face or
theimmediatehightida region. Thecurrent practice of
cutting the shipson the hightidal slopeisdangerous
and therefore stepsmay betaken to construct dry dock-
ing methods or to take measuresto dispose the metal
waste and other scrap safely intheinland region, rather
than disposingit onthebeach front itself.

O Shan

Lo Tide-l

High Tide-

Lo Tide-1

Hizh Tide

i L

0 10000 20000 30040 40000 S0OD0  GOOOC  TOOO0  E0O00

Graph 3: Averagevalueof Fe(mg/K g) in sediment
160000
140000

80000 |-
60000
40000
20000

0

Graph 4: High concentr ation of Feheavy metal at Alang com-
pared to Gopnath and Gogha

Graph 4 reved sthetrend of heavy metal (Fe) dis-
tribution. It indicates high concentration of iron at the
sitesAlang (B) and (M) compareto other siteslike
Gopnath and Gogha. Clearly the overall spread of
heavy metal concentration in the marine sediments
originate from Alang and spreading over to the off-
shoreregion. The sedimentation pattern, including the
tidal currents and net sediment-deposition behavior
wouldinfluencetheavailability of theheavy metalsin
the sediments. Stepsmust betakento contain themetal
contamination of sediments by incorporating appro-
priate metal scrap disposal methods, particularly to
prevent it from being disposed directly into the beach
front or hightidal area.
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CONCLUSION

From the observationsof the study area, andytica
results, preliminary andysisof dataandtheir correlation,
it could be concluded that the suspended particles, en-
teringtothegulf, fromthenumber of river runoff water in
themonsoon season playsanimportant rolein overal
natural quality of the seawater. Thedirect discharge of
crudeoil into the hightidewaters during shipbreaking
causesthe spread of oil and greaseinthemarinewater
columns, indudingtheoffshoreareas. Thefluctuationsin
theturbidity levelsin seawater acrossthedifferent phases
indicatesthat thereisatypica movement of suspended
solidsinthe period between high and low tidesand net
migration isfound a so affected with respect to seasons.
Thissuspended particlehave specific trend of settlement
ontheshorelineand hightidal andintertidal area. This
creates specific sedimentation pattern and playsrolein
shid ding-deshielding of pollutants. Thus, aspecific cor-
relationisobserved between suspended particlesand oil
pollution. Thisisaso observed for aspecific corrdation
between suspended particlesand meta pollution. The
ASSBY shorelinewould a so be having zones of ero-
Son, accumul ation and trangportation of sediments which
might directly haveanimplication ontheavailability of
heavy metd insuch zones.

Overall, theoil and grease content in the seawater
and the heavy metal concentration inthe marine sedi-
mentsareextremely higher thanthe permissiblelevels
andthiscdlsattentionfor practicing cleaner ship bresk-
ingand recycling technol ogiesand processes. Theover-
al tidal amplitudeand coasta processesoperatinginthe
Gulf of Khambhat makesthe net pollutantsto bedis-
persed out of the gulf or trapped in the offshore sedi-
ments, which might therefore make the marinewaters
and environment to beless polluted compared to the net
amount of pollutant input during ship bregkingactivity. In
such agituation continuous monitoring of the spread of
pollutantsisrecommended and cleaner technologiesand
processesfor ship recyclingto be pursued.
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