Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) S-L,!ll
Vol.4, No.21, 2014 IIS E

Geochemical Characterization of Major and Trace Elementsin
Coastal Sedimentsof Gulf of Govatr, Southeastern Iran

Aziz Ollah Bazzi
Faculty of marine science, Chabahar Maritime Urditgy Chabahar, Iran, E-mail: a.bazzi1399@gmail.com

Abstract

Geochemical characteristics of the coastal sedsnémtGulf of Govatr (Southeastern Iran) have been
investigated by taking 13 sediment samples in BE22summer. The samples have been subjected tmla to
digestion technique and analaysed using Inductiv@bypled Plasma (ICP)-Mass Spectrometry (MS) for
selected major (i.e. Al, Ca, Fe, K, Ti, Mg, Mn aNd) and trace elements (e.g. Ba, Co, Cr, Cu, PbNgrP
and V). The main objectives are to understand toegsses controlling major and trace elements datity
natural and anthropogenic sources in the coastalrceiment using statistically regressed elemental
concentrations to establish regional baseline $ev@kochemical maps of major and trace element shatv
the highest concentrations of this element ardaelto the Pasabandar coastal sediments so thateiment
concentrations of Fe, Mn, Pb, Zn and Cr, are 15332, 35.1, 24.4, and 100 times respectively toninenal
concentration in the study area. Correlation coigffits indicate that colloids such as iron and raarge
hydroxides and clay minerals have great role inmntlobility of heavy metals in the study area. Higinrelation

of the chromium, magnesium, nickel, and iron eletsishow that the source of these elements is weadghef
ophiolitic rocks by Bahokalat river and transfettioése elements to the sea.
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1. Introduction

Sediments from the marginal marine and near shoviekamments had been studied by a number of gestlogi
for a considerable period of time to determine pinecess of deposition of ancient sediments. Thareatf
sediments is modified by anthropogenic activitied as the impact of these activities has increasae in the
following years, sediment geochemistry had beesymd with the objective to assess coastal pollytonery,
1960; Shepard et al., 1960; Strakhov, 1961; VanehAr& Shor, 1964; Faganelli et al., 1987; Karbassi &
Amirnezhad, 2004; Pekey, 2006; Marchand et al.,62(undararajan et al., 2009). Most of the chemical
changes take place at or close to the sediment\matendary and, for this reason, it is importanstody the
geochemical composition of bulk sediments (Hir€@62; Calvert, 1976). The shores of Gulf of Govae a
unique in Iran for their proximity to the permanever Bahokalat, complicated estuaries and margfoxests.

In this region, Bahokalat River is the main natwalrce of elements input. This river passes throwayied
Makoran zone formations and delivers a wide ranfgelements into the Gulf of Govatr environment. bftaj
fishing harbors like Pasabandar and Govatr andsidsmp farming ponds in the region can play a majte in
human-generated pollution of the environment. litespf this, and the very important features of tegion in
terms of unique ecosystems, there have been nooemental studies on variations and distributiormatjor
and trace elements concentrations in the regioa.olfjective of this study is to investigate on gle@chemistry
of the surficial sediment iGovatr Gulf along the Iranian coast of the Oman. S&a main objectives are (1) to
characterize the behaviour of major and trace aiésria the surface sediments; (2) to establishli@smodels
by means of a normalization method and assessothteitsution from natural and anthropogenic souricethe
coastal environment; and (3) to evaluate the dpdi&ibution of major and trace elements in Govauilf.

2. Materialsand M ethods

2.1 Sudy Area

The Gulf of Govatr is located at 21° 00’ to 21° 2rthern Latitude and 61° 20’ to 61° 40’ Easteongitude,
at the extreme southeastern Iran, 100 km east ab&@tar in Sistan & Beluchestan Province (FigureHa)f of
this gulf is on Iranian side and the other halbisthe side of Pakistan. It covers 350%karea with 8 m average
depth and its estuary width is 31 km (from GiovaRort in Pakistan to Pasabandar in Iran). Geoldlgjcde
studied area is located in Makran region whichivéded into two outer (seaside) and inner partse $tudied
area is in the outer part. Its general featurelsidtecophiolite assemblages, sediments with flysciet, and the
exposed rocks that are not earlier than Cretacpertied. The region’s ophiolite complexes are mostyrow
and more or less consistent strips that are useaihosed along the main elongated faults. Mc C#BT)
Believes these complexes are part of a larger tifghtbat have been separated recently. Bahokalatr Rarries
the most water in the region and by passing throabbve rock formations, collects vast waters from
southeastern Iran and delivers them to the seantdrOat the Gulf of Govatr. Therefore, It is expdctieat a
major source of elements in sediments of Gulf o¥&ois erosion of ophiolite rocks by Bahokalat &iand
their transportation to sea. On the other handf GuGovatr is unique for its special climatic agdological
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features like sea level variations during differgelogical periods, weathering and erosion prassand
geological activities caused by sinking of Omarntdeic plate and uplifting of Makran plate, and éngrally
consists of detrital sedimentary rocks. The varimek units at coastal region and seaside landsMigzene
period marine rocks, Miocene- Pliocene marine aaddsrocks, sand/silt sediments of alluvial fans and
sediments containing animal exoskeletons.
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Figure 1. Map of Gulf of Govatr indicating samplistations
2.2. Sampling and analytical methods
Samples of sediments (about 5-10 cm thickness efsthiface sediment with a stainless steel grab lsamp
during low tide) were collected three times repntisg different seasons in the 2012 summer fronintertidal
zone of 13 stations in the Gulf of Govatr. Samplimgation was detected using GPS localisationsttions are
situated in the proximity of different geochemidaydrological and human impacts. Sediments wereddri the
oven at 70>%:C then kept in polythylene until analysis (Aminirigaar, 1998). Sediment samples of 0.5 g were
digested in Teflon vessels for 2 h with a mixtuf&02:1 HNG,, HCIO, and HF acids, respectively, according to
the method described by Origioni and Aston (1984)e metals were analyzed by using Inductively Cedpl
Plasma (ICP)-Mass Spectrometry (MS) model NexIOBl. 35

3. Results and Discussion

3.1 Sediment granulometry

Granulation studies of sediments show the presefigearticles smaller than 2u, which are generalbyc
minerals, to coarser particles such as sand andtsogs gravel in the sediments. But the percermgiay and
silt is higher in the studied area sediments asvehim Figure 2. The detrital particles like quarteldspar,
detrital carbonates, and biochemical particles {indsivalve shells) are also found in sedimentssd&h on
sediment size studies, and according to Folk dragf074), 7 types of sediments were identifiechia Gulf of

Govatr, namely: clay, sandy clay, clay loam, sasitty/ clay, silty sand, sandy loam, and sand. Galhgr
sediments near the coast are mostly sandy, ancetting farther from the coast, the sediments bectnes.

Coarser particles are mostly animal's thorny extetkas. But by distancing from the shoreline anting

nearer to deeper areas, sediments become splanitdhe crushed shells do not show sharp edgethanuy
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shapes any more. In coastline ridges, high mechbharosion of coastal rocks caused by waves (pdatiy in
Monsoon seasons) result in very coarse sedimezesl $ike gravel. Finer particles settle in baysaeein two
sides of the cape. The types of wind depositechsemlis on the shoreline and Bahokalat River estsedjments
are sandy, and that of Govatr estuary are siltciang

Generally, in 97% of studied samples of animal k&tetons, carbonates were found in 93% of samplesque
ore in 20% of the samples, plant parts in 50% efdhmples, quartz in 90% of the samples, and giaval
samples (100%). Main biochemical sedimentary piartthe studied area included bivalave shell fragisien
gastropods, crushed fragments of crabs, echinodleonms, coral parts, annelids, etc. These fragmest®
mostly seen in abundance in medium to coarse santdns, such that the larger the particles iz higher is
the percentage of these fragments. The morphostopialysis of particle surfaces shows some sdastre
not shiny or have undergone discoloration whicleviglent by red and dark colors on the surface. ham
reason for color diversity of these shells is isniffides and organic materials found in the region.

B . Clay [ ]2t [] [l sand

e ot g, Y —— gtation

Figure 2. Sediments type in Gulf of Govatr (A), dhd frequency percentages of sand, silt, andiolétye study
area (B)

3.2 Geochemistry of major and trace elements

The concentrations of major, trace and heavy elésriarthe studied area sediments are summarizédhite 1.
The aluminum concentration variations are betweé&i% to 7.46%. The average concentration of tlameht
in the coastal sediments is almost half of its eotiation in the crust, and in all samples its embi@ation is less
than the natural grade of the crust. It is causetbty aluminosilicates content and their weathenmgducts
(clay minerals) in the sediments; and abundanceotber minerals such as those containing calcium
carbonate/sulfate (resulted from animals exosketetand detrital particles) in the sediments. Higlciom
content of sediments (twice that of natural graderust) confirms this (Figure 3). High aluminurmteant of
Bahokalat riverbed sediments imply a high clay eanhin these sediments. The iron, potassium, arghesum
concentration variations are similar to aluminure, 0.91-7.68, 0.34- 2.39 and 0.64-2.52, respdygtiviheir
concentrations in most samples are less than t&, and also higher abundance of these elemerfiean
sediments shows their coherence with clay mineBdslium element concentration variations are notntoich
(0.34-2.54%). Since the sediments were distilledl imsed twice by distilled water which removedfaoe salt,
as a result the sediment’s sodium concentrati@igglto the geochemistry of the sediments thenmseAmong
major elements, sulfur showed the highest enrichmelative to crust. This is because of gypsum ioréhe
coastal region of the studied area. The organiemnads abundance in the sediments is another refasahe
high concentration. In various geochemical envirents, trace elements mostly replace major elemaitks
similar geochemistry according to elements subigiitulaws. Among such elements, lithium, bariumdan
rubidium are chemically similar to potassium andally replace it in clay minerals.

Therefore, like potassium in fine sediments of Basdar and Bahokalat riverbed, they show more lemént.
Also, concentrations of barium, rubidium, titaniuamd manganese are much less than their averdge anust
due to low content of feldspar and clay in the ®tddarea sediments relative to crust. Strontiurmeld fully
matches calcium’s geochemistry and its concentratariations in the studied area follows calciumiattons
pattern. Manganese and titanium elements concemtraariations are obviously similar to those obrr
Phosphorus is a nutrient whose concentration ibdnigt coastal areas that are far from human &esviThe
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lowest amount of this element is found in non-mar@mvironments such as Bahokalat River. The enecitm
diagrams of trace elements also shows higher ctratems of lithium and rubidium near Pasabandabda
which has high amounts of clay minerals. Mangarsggk titanium are rare in the region and only shomes
enrichment at Pasabandar harbor which relatesn@hpollution. This anomaly is because of trangtiom of
fine metal particles to the shore by high wavetharegion. They originate from boat oil disposateawater at
this port.

Table 1. Concentrations of major and trace elementeastal sediments collected from the Gulf of/&o

Element/Sample 1 2 3 4 5 6 7 g 9 1D 11 12 13
Al (%) 4.09 | 354 746 399 718 1.17 2.95 7 6.62 226 6.18 | 3.94 6.62
Fe (%) 244 | 345 495 3.06 43p 091 7.68 4124|3584 | 3.66| 2.22 4
Mn ppm | 608 | 838 611 828 565 283 1540 5713  4%4 669 67883 616
Mg (%) 123 | 111 252 119 21 0.64 1.07 284 2PR19 243 | 1.12 2.18
Ca (%) 6.11| 7.35 399 7.3% 41p 15 5.75 3.34 3/433 § 343 | 5.87 4.74
Na (%) 134 | 254 199 153 099 0.34 2.2 184 2/53.79 | 2 1.58 1.93
K (%) 1.05 | 0.87 239| 101 224 0.34 0.46 219 2R 6 1] 1.79 | 091 2.03
S (%) 0.05| 0.18 0.18) 0.01 0.08 0.15% 0.08 0pR7 0{6@.06 | 0.12| 0.11 0.19
P ppm | 510 1020f 620 860 704 1730 257 630 720 590 0 641680 | 830
Ti ppm | 0.22 | 0.42 0.38] 034 0.36 0.04 1.67 032 03235 | 0.32| 0.36 0.34
Cr ppm | 100 1550| 92 771 96 15 10000 104 105 M 95 5 7p113
Li ppm | 27 24 56 27 57 9 19 53 52 43 45 26 52
As ppm | 11 14 9 9 5 3 14 10 6 8 6 5 6
Rb ppm | 54.8| 427 127| 48 123 15.9 20.7 120 114 71B3¥.5 | 44.2 105
Sr ppm | 251 291 151 268 157 2380 241 138 154 193 14330 169
Ba ppm | 185 | 252 215 172 201 109 112 189 191 170 18242 187
Zn ppm | 41 60 76 50 83 13 174 82 15 58 69 55 74
Sn ppm | 1.9 2.6 2.6 2.1 2.7 0.7 23 2.1 3 18 1{7 3 1] 2

Pb ppm | 13.9| 1838 16 14 147 73 25.8 169 1B 1285 | 115 13.6
Ni ppm | 50.6 | 66.4 97.8] 63 109 14.9 72.2 104 101 7p.82.6 | 49.1 92
Cu ppm | 19.4| 464 39.4 19.¢ 257 6.2 19.4 32 1p1 5 2729 15.6 25.8
Sb ppm | 0.37| 0.55 043 044 044 0.201 0.97 0/49 04143 | 046 | 04 0.38
Bi ppm | 0.18 | 0.18 032 017 033 011 0.26 0.p6 0j28.22 | 0.28| 0.14 0.24
Mo ppm | 059 | 2.23 04 1.5 0.3 0.26 2 0.61 159 03042 | 0.63 04
Co ppm | 14.2| 205 257 17. 231 49 53.2 28.8 20 .81720.7 | 149 20.5
Cd ppm | 0.12| 0.15 011 019 013 0.1p 0.12 0/11 03309 | 0.09| 0.08 0.13
pH 8.13 | 8.13 8.12| 8.11 8.1 8.14 8.11 8.6 8/13128. 8.13 | 8.14 8.11
Temp. C 30.1 | 30.2 29.8] 311 301 304 30.7 30.1 299 30301 | 30.2 30.1
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Figure 3. Enrichment diagram of some major ancetedlements (Ca, Na, Fe, S, Rb, Li) relative tocthest of
earth

3.3 Geochemistry of heavy metals

Table 1 shows heavy metal concentrations in thé @ubovatr. It shows that the heavy metal conaitns in
natural coastal areas is similar to their averagmumt in crust or less (except for Cr, As and Sbj.
concentration is mostly higher at coastal areat$ohigh specific gravity. As a result, its conaetion is high in
coarse coastal sediments but lower in loam sedsn@&ie As concentration is generally high in thgioe since
this element is more soluble in seawater relativether toxic elements and it is inclined to getigred in
evaporates minerals. Based on enrichment diagnarfig.4, heavy metals concentrations in most samfaken
from Pasabandar harbor and its intertidal zoneasteen shore are more than their natural concénirat
Elements such as C@p, Pb, Sb, Sn, Cr, Ci\i, Zn and As show high concentration levels indbasdar.These
variations are caused by finer grain of Pasabahdalbor coastal sediments and higher level of patiist
entering the above harbor because of higher nuwibtfeshing boats. In sample 7 taken from Pasabaslare’s
sandy sediments, concentrations of elements suckheasvin, Pb, Zn and Cr are 3.15, 2.35, 1.35, 4.24
respectively, which are 100 times more than thaiural concentration in the study area.
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Figure 4. Enrichment diagram of heavy metals (®¢,Nd, Zn, Cu, As) relative to the crust of earth
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3.4 Correlation coefficient

The elements correlation coefficient diagrams shah correlation among elements in the Gulf of Govahis
can be attributed to a common pollution sourceimil@ geochemistry, e.g. chalcophile elements skamilar
concentration increase trend. Also, Fe and Mn ol fully similar concentration increase patterrthwa
correlation coefficient of ~0.7. The uniform incseaof Fe and Mn along other heavy metals is a tregul
absorption of these elements in the hydroxidehe$e two elements. Fe shows a close correlatidn many
elements such as As, Co, Cu, Sh, Zn, Bi, Sn, Moaluh Pb. This is because of absorption of thesaegits by
iron hydroxide colloids. High correlation of Cr, Mire and Mg can be caused by input of these elament
through weathering of Ophiolite rocks along the @adlat River. Another reason could be the commamc
of pollution of some of these elements with Fe.(&xg, Cu, Zn) or their similar geochemistry with ([&o and
Mn). This is also true for Mn, there is a high edation between Mn and heavy metals. The amourtl @b
sediment samples is a sign of clay minerals quarkherefore, the correlation of elements with Ahde used
as a sign of correlation between these elementsahdty minerals quantity. Another important pomtlie high
correlation of Cu, Ni, Zn and Pb, with the clay gtiy in samples. High correlation of clay with Bad
specially Mg (r=0.91) is a result of presence @fsth elements in clay minerals structures. The atrafuclay
minerals as particles that efficiently absorb hemetals is very important. The negative correlabetween Ca
and other elements imply reluctance to substitatenfitions containing Ca (except a few trace elemért
have similar geochemistry with it). Among study Weanetals, Cd has no significant correlation witthey
elements for its low concentration and not beirtgonfuced through pollution. Here, the highest datien is
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observed between Zn and Ni (r=0.93) and Zn andr€0.§0). Since organic carbon is a major construcfo
marine colloids, the relationship between metaégjdiency and organic carbon is noteworthy. If metats
connected to organic ligands, a correlation is etgikbetween metal concentration and organic ca(®a).
Table 2 data shows the high correlation betweear®Rbsedimentary organic carbon (r=0.6). This catiah is
lower for Ni and Cu. Data showed that there isva mrrelation between these elements and S. Thigpto
natural sources of S in sediments while these alesmaostly originate from human pollution.

Table 2. Correlation coefficient between elemetisy minerals, and organic carbon in the Gulf o/&o
Clay OC Cd Cr Cu Fe Mg Mn Ni P Pb Zn
Clay 1
oCcC 002 1
Cd 0.01 0.02 1
Cr -0.44 -01 001 1
Cu 066 03 005 055 1
Fe 051 01 001 093 09 1
Mg 091 0.17 0.08 058 086 078 1
Mn  -0.47 -0.13 0.02 091 061 057 -052 1
Ni 0.89 043 011 065 077 09 082 005 1
P -0.38 -0.01 0.03 0.11 -0.2 -048 -04 089 -023 1
Pb 037 06 002 065 075 0.86 023 077 043 08 1
Zn 053 0.04 001 039 08 091 073 085 093 058 078 1

Table 3 compares concentration variations of sostected elements in the Gulf of Govatr with similesearch
in other countries. According to table, Al and Amcentration levels in the Gulf of Govatr are sanilo other
parts of the world. Cd concentration is lower tinaany other ports. Cu, Zn, Ni and Sn pollution isnparable to
most polluted ports around the world. While Pb lemeRamin and Pasabandar ports is low, pollutignthis
element at Beris Port is 7 times more than Bostam iR the USA. Cr level is abnormal relative tthet places.
while Alexandria Port in Egypt is the most pollutedrt in this table, Cr level in the Gulf of Govadrover 3.5
times more than Cr level in that polluted port.

Table 3. Comparing concentrations of some of thdietl elements in the Gulf of Govatr with some i@aror
overseas ports

Location Pb Ni Cd As Sh Reference
(ppm) (ppm) (ppm) (ppm)  (ppm)
Gulf of Govatr 7.3-15.08 17.9-109 0.08-0.33 3-14 0.7-3 Present study

Iran (Beris harbor) 11.7-1780 31.6-94.9 0.01-0.16 5-12 0.9-524 Hamzeh et al., 2012
Iran (Ramin harbor) 12.6-42.3 39.1-85.2 0.04-1.5 4-10 0.9-7.8 Hamzehetal., 2012

Egypt (Alexandria)  38-1070  13-53 0.61-2.44 - - Mostafa et al., 2004
Spain (Pasajes) 45-346 17-99 1.2-6.4 - - Legorburu et al., 1991
Guam (Arpa) 142-395 22.6-51.2 3.5-6 - 31-143 Belt, 1994
Ireland (Cork) 14-23 11-33 <01 - - Berrow, 1991
England (Portsmouth) 49-114 - 0.5-3.3 - - Soulsby et al., 1987
U.S.A. (Boston) 18-263 8-91 - - - Mostafa et al., 2004
Fiji (Suva) 19.3-272 17-38 0.74-3.04 0.7-45 - Naidu et al., 1994
Australia (Kembla)  151-484 14-46 - He et al., 2001

4. Conclusion

The geochemistry of main elements showed that theuat of these elements in the Gulf of Govatr is
comparable with the natural concentrations of thghecrust. The Al correlation (as a sign of clainenals
existence) with Ca in the area is negative. Amomgnmlements, S is enriched relative to averagéeodin the
crust which is caused by Ca and S bearing min@ralamples. Increasing concentrations of elemerus as Li,
Ba and Rb in Pasabandar fishing harbor relatesibbgtisution of K by these elements in clay minerdlke
concentrations of most toxic trace elements inmnatoastal areas were similar to their averagel lievthe crust
or less (except Cr and As). Cr has a high spegifiwity and thus, it is more concentrated at shorberefore,
its concentration is high in coarse coastal sedisnand low in loam sediments. Generally, As comegion are
high in the Gulf of Govatr, since this element isrmisoluble in seawater relative to other heavyalmetnd it is
inclined to get enriched in evaporates mineralsr&ation coefficient diagrams show increasing @ntations
of elements such as Be, Bi, Co, Cr, In, Nb, Ta,Wj,Tl, Pb, Sb and Sn in Pasabandar harbor. THieéause
Pasabandar harbor coastal sediments are fine andothutants input is high based on the numberigifirig
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boats. Correlation coefficients show that therevery high correlation among elements with similar
geochemistry or pollution source. Also, the diageamply high correlation between Al and most tratEments
(based on absorption of these elements by clay rais)e relatively high correlation between Fe aratcé
elements (based on absorption of these elemenit®mydroxides), and negative correlation betwE€anand
trace elements (based on trace elements declime poesent in calcium carbonate minerals).
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