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Abstract 

In the present study, sampling and analysis of size-fractionated suspended particulate matter 

(SPM) in coastal waters of Chabahar Bay have been done for the first time. Sampling has been 

conducted on December 25 of 2018 from 5 stations in different locations of the Bay in order to 

evaluate the effects of natural and human activities on SPM mass and composition. With an 

overall average of 2.44 and 2.37 mg/L for small size (0.4-25 μm) and large size (>25 μm) 

fraction, concentrations of SPM ranged from less than 1.16 mg/L in the north of the Bay to a 

maximum of 3.96  mg/L near the urbanized area (Konarak harbor)  in the west of the Bay, 

respectively. The bulk composition of SPM was mostly of lithogenic materials and particulate 

organic matter with low contribution from biogenic CaCO3 and even lower biogenic silica, 

widely varied over stations. Leaching with HCl shows that most of the particulate Fe (>60%), 

Mn and P (>80%) were labile, while for lithogenic elements, such as Al and Ti the acid-

leachable fraction was lower than 10%.  Me/Al ratio for heavy metals of Mn, Fe, Cr, Zn, Ni, 

and Cu was compared with local sediment and rocks. The ratio was higher in larger size 

fraction except for Cu.  Enrichment factor relative to reference sediment for Mn, Fe, and Cr 

was usually lower than 1.0, while for the other three elements the EF values higher than 1.5 

indicates a significant contribution from non-crustal sources. 

 

Keywords: Suspended particulate matter; Chabahar Bay; Major elements, Trace 
elements; Acid-leachable; Enrichment factor 

 

1. Introduction 

Coastal waters are dynamic boundaries between 

continental and oceanic environments. The 

distinguishing feature of these areas is the high 

concentrations of suspended particulate matter from 

terrestrial inputs and resuspended sediments. 

Improved quantification of SPM is required for a 

deeper understanding of coastal dynamics and 

biogeochemistry. Mass concentration, size 

distributions, state of accumulation, and chemical 

composition are the main factors control the 

biogeochemical impacts of SPM. 

SPM increases turbidity and reduces the available 
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solar radiation for the photosynthetic activity of 

phytoplankton in the euphotic layer (Werdell et al., 

2018). SPM is settled and deposited in calm 

conditions in areas of low current energy, and is 

assimilated into the sediment by benthic organisms 

either by filtering or burrowing (Rolinski and 

Umgiesser, 2005). 

SPM could be composed of organic and inorganic 

substances. It is composed of intact plankton cells, 

crustal aluminosilicates, suspended sediments, 

authigenic minerals, large organic molecules, 

biogenic detrital material, or aggregates of a 

combination of these components (Lam et al., 2015).  

So, the transport and availability of both major and 

trace metal elements could be regulated by SPM. The 

SPM settling in coastal water makes it act as the 

filters of several inorganic and organic contaminants 

transported through rivers and other streams (La 

Colla et al., 2015). 

The major components of total suspended matter 

in the water column include particulate organic 

matter, biogenic silica, calcium carbonate, and 

lithogenic matter. The particulate organic matter in 

SPM plays an important role in trace metal 

biogeochemical cycles (McComb et al., 2014). It 

could also regulate nutrient transportation and 

recycling, especially in the region hosting corals 

(Huettel et al., 2006) and mangrove forests 

ecosystems (Lee, 1995). Biogenic silica (BSi) is 

produced in surface waters of the world’s oceans 

mostly by diatoms, and also by radiolarian and 

silicoflagellate (Tréguer et al., 1989). Transforming 

dissolved silicate to particulate material forms a 

critical link in the biogeochemical cycle of silica 

(DeMaster, 1981; Treguer et al., 1995). The 

biogenic/lithogenic ratio is decreased in coastal 

waters and the nepheloid layer of deep waters due to 

the higher contribution of alumunosilicate minerals. 

Iron and manganese oxyhydroxides are other 

highly distinct components due to their high potential 

to adsorption of trace metals and phosphate 

(Choppala et.al,  2018). Particulate P could be 

considered as an important minor constituent of 

SPM,  accounting  for a large  proportion  of  P  in 

the marine environment. It is an important substance 

in nutrient loading and acts as a potential source of 

dissolved nutrients in the coastal waters (Lin et al., 

2018). Due to its particle-reactive nature (He et al., 

2009), P can partition preferentially onto suspended 

particles and sediment in addition to uptake and 

assimilation by  phytoplankton (Coelho et al., 2004). 

Trace metals with low but highly variable 

concentrations in coastal waters are the trace 

components of SPM. However, they are of particular 

concern because of the potential for adsorbing and 

enrich in particulate matter and sediment. Their 

environmental persistence, biogeochemical recycling 

and ecological risks in coastal areas are of great 

importance (La Colla et al., 2015). Some of them 

such as Zn, Fe, and Cu are essential biological 

micronutrients required for the growth of many 

aquatic organisms (Beltrame et al., 2009). These 

micronutrients can become toxic at high 

concentrations (Lopez et al., 2019). The mobility and 

biological effectiveness of particulate trace metals 

have a strong correlation with the size and 

composition of particulate fractions (Yao et al., 

2016).   

Chabahar Bay in the southwest of Iran, along the 

northern border of the Oman Sea, is the most 

important deep-water port system of Iran with great 

economic and ecological value. Important industries, 

cities, and harbors are in continuous developing. 

Besides being threatened by chemical contamination 

arising from ships traffic and discharge of 

desalination plant outflow, the ecosystem is heavily 

altered by the discharge from its urbanized centers 

(mainly Konarak, in the west and Chabahar and Tiss 

in the east) that directly input untreated/treated 

domestic wastes into the bay. Deepening and 

dredging operation of the navigation channels 

contribute to the mobilization of thousands of tons of 
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sediment. Because of, relative stillness, especially 

during the harsh conditions in summer monsoon in 

the region, the bay is provided the proper 

environment for the various marine living organisms 

to inhabit for generational renewal or as a part of the 

life stages. The sensitive and vulnerable habitats of 

coral reefs, mangrove forests, and seasonal seagrass 

will increase the importance of recognizing the basic 

information on the suspended particulate matter. The 

physical characteristics and the environmental 

problems prevalent in the bay have been described 

extensively (Agah et al., 2017; Nabavi et al., 2013; 

Nikouyan and Saravi, 1999; Sanjani, 2011). 

Although, several studies have been conducted in 

Chabahar bay for evaluation of heavy metals in 

surface sediments (Bazzi, 2014; Miri et al., 2015; 

Nematollahi et al.) and living organisms  (Peer et al., 

2010; Ziyaadini et al., 2017), no attention was paid 

to suspended particles and the distribution patterns of 

trace metals in different particle size fractions. The 

aim of this work is to evaluate the spatial distribution 

of suspended particulate matter in Chabahar Bay. 

The bulk composition, as well as trace components, 

will be determined in size-fractionated SPM. 

2. Material and Methods 

2.1. Sampling site and stations 

Chabahar Bay is an omega shape sub-tropical bay, 

located on the Oman sea coast of Sistan and 

Baluchistan province, Iran. (Figure 1). The total area 

of the bay is 290 square kilometers with an average 

depth of 6 meters, reaching 19 meters at the deepest 

point (Molamohyeddin et al., 2017).  The sampling 

has been done on December 25 of 2018 from 5 

stations with the geographic coordination listed in 

Table 1.  Station 1 and 5 are near the Konarak harbor 

and Shahid Kalantari harbor in Chabahar. Station 2 is 

located near the desalination plant. Station 3 is in the 

middle of the bay with a depth of 9.0 m, and finally, 

station 4 is located in the translocated corals region. 

Except for station 3, for all other stations, the depth 

is 4.5 m. 

 

 

Fig 1: The map of sampling stations in Chabahar Bay 

 

2.2. Sampling and Analysis 

Surface water samples were collected using a 

plastic bucket and transferred to acid cleaned 10 L 

carboys. Whole bottle samples transported to the 

laboratory and were successively vacuum filtered 

using acid-cleaned Whatman® filter paper (Grade 

41; 20-25 μm particle retention) and then 

polycarbonate membrane filters (Nuclepore, 0.4 μm 

pore size) mounted in acid-cleaned Plexiglas filter 

holders. Filtration usually took 5 to 6 h. The volume 

filtered is variable in the range of 9.0-18.9 L, 

depending on SPM contents. The filters were pre-

cleaned by soaking in acid-cleaned high-density 

polyethylene bottles, containing 5% HCl solution 

and kept at 60 °C for more than 2 days before 5 

times rinsing with deionized water. Filters were dried 

up to constant weight (45 °C). Throughout the test, 

the particulate retained on the filters defined as large 

size fraction (LSF) and small size fraction (SSF). 

Excess sea salt was rinsed from the samples by 

 [
 D

ow
nl

oa
de

d 
fr

om
 jp

g.
in

io
.a

c.
ir

 o
n 

20
23

-0
5-

23
 ]

 

                             3 / 18

http://jpg.inio.ac.ir/article-1-565-fa.html


Ershadifar et al. / A study on the composition of size-fractionated suspended particulate matter in… 

4 

rinsing with 25 ml pH-adjusted distilled deionized 

water (pH 8.3 adjusted by NH4OH). Filters were 

dried up to constant weight (45 °C) and then re-

weighed. The SPM concentration was estimated by 

the difference between the filter with and without 

particles.  

Additional samples were taken from stations 2 and 

5 for evaluating acid-leachable fractions. A small 

subsample (≈0.5 L) was removed quickly for the 

measurement of physicochemical parameters. 

Measurement of hydrological parameters such as pH, 

DO, Salinity and temperature have been done 

onboard using WTW portable sensors. The second 

subsample (120 ml) was filtered using syringe filters 

(0.4 μm, Cellulose Acetate, Sartorius®) and stored in 

the freezer until analysis for calorimetric 

determination of dissolved silica and phosphate 

using double beam spectrophotometer (UNICO, 

model 4802).  

The complete digestion procedure consists of 

three-steps mixed acid digestion was used (Harazin, 

2013). The membranes were digested in 25 mL acid-

washed Teflon vials by refluxing the mixed acid 

solution (10 ml 8 M HNO3 and 2.9 M HF) on a hot 

plate for 8 h. The digested solution was then dried 

down until near dryness. The samples were then re-

dissolved with 2 mL concentrated HNO3 and was 

evaporated to near dryness again. The dried samples 

were re-dissolved by adding 5 mL of 0.5 M HNO3.  

Subsamples for the analyses were cut from both 

filters using a stainless steel scalpel on an acid-

cleaned acrylic cutting board. Subsamples (12.5 %)  

of the total were subjected to wet persulphate 

oxidation method (Suzumura, 2008), and 

subsequently analyzed for Phosphate by 

spectrophotometric method  (MOOPAM, 1999).  

Other subsamples (12.5% of total) were leached in  

0.2 M NaOH at 100°C  for  40 min to selectively 

dissolve amorphous silica, leaving ordered silicates 

largely undissolved  (Ragueneau and Tréguer, 1994).  

Subsamples of the filters were treated with  0.6N 

HCl at 60°C overnight for 15 h for evaluating the 

labile fraction of metals ( acid- leachable fraction) 

based on the protocols which previously used 

elsewhere (Bishop and Wood, 2008; Lam and 

Bishop, 2008). 

The total amounts of metals were determined 

using inductively coupled plasma-atomic emission 

spectrometry (ICP–AES, Agilent-735). 

2.3. Calculations of bulk components 

Aluminum is used as a tracer of lithogenic 

particles because of its high crustal abundance and 

relatively low sensitivity to variations in lithogenic 

source regions (Lam et al., 2018). The lithogenic 

component (Aluminosilicates) was evaluated from 

Al mass percentage in upper continental crust 

(Taylor and McLennan, 1995).  

𝐿𝑖𝑡𝑡ℎ𝑜𝑔𝑒𝑖𝑐𝑠𝑎𝑚𝑝𝑙𝑒 =
(𝑔 𝐴𝑙)𝑠𝑎𝑚𝑝𝑙𝑒

0.0804 (
𝑔𝐴𝑙

𝑔 𝑐𝑟𝑢𝑠𝑡
)

                   𝐸𝑞 1  

Biogenic CaCO3 obtained by subtracting Ca 

associated with refractory components from total Ca 

(Sherrell and Boyle, 1992). The refractory 

component obtained by multiplying Al concentration 

in each sample in the Ca/Al mole ratio in UCC 

(Taylor and McLennan, 1995). Indeed, the 

uncertainty in the Ca/Al ratio and estimated biogenic 

CaCO3 is inevitable, due to the inhomogeneities in 

UCC. 

𝐶𝑎𝐶𝑂3𝑏𝑖𝑜𝑔𝑒𝑛𝑖𝑐
= [𝐶𝑎𝑠𝑎𝑚𝑝𝑙𝑒 − (𝐶𝑎: 𝐴𝑙)𝑐𝑟𝑢𝑠𝑡

∗ 𝐴𝑙𝑠𝑎𝑚𝑝𝑙𝑒)] ∗ 100.01 (𝑔/𝑚𝑜𝑙) 

 

Eq 2 

 

The mass of opal was calculated assuming a 

hydrated form of silica: SiO2. (0.4 H2O) (Mortlock 

and Froelich, 1989), or 67.2 g opal/mol. 

𝑂𝑝𝑎𝑙 = 𝐵𝑆𝑖(𝑚𝑜𝑙) ∗ 67.2 (
𝑔𝑂𝑝𝑎𝑙

𝑚𝑜𝑙𝐵𝑆𝑖
)                             𝐸𝑞 3 

Particulate organic matter (POM) can be estimated 
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by subtracting the sum of these three mineral phases 

from the total dry weight (Lam and Bishop, 2007). 

POM = Total SPM weight – (Opal + 

lithogenic +𝐶𝑎𝐶𝑂3𝑏𝑖𝑜𝑔𝑒𝑛𝑖𝑐
) 

 

Eq 4 

 

It can be converted to POC using a POM/POC 

ratio of 1.88 g/g (Lam et al., 2015). 

3. Results and Discussion 

3.1. SPM concentration 

As shown in Figure 2 the SPM concentrations are 

varied among different stations despite the same 

depth of 4.5 m (except for station 3 with the depth of 

9) in the order of St1>St5>St2>St3≈St4 for both size 

fractions. Since, the environmental parameters 

summarized in Table 1 do not show considerable 

changes over stations, they could not enforce any 

significant differences. 

Among them, the salinity and DO are usually 

considered as important factors especially in 

environments with the input of freshwater such as 

estuaries (Yao et al., 2016) or lagoons (Rolinski and 

Umgiesser, 2005) and also in thermally stratified 

waters (Qiao et al., 2011). Both parameters could 

affect particulate matter agglomeration state and 

especially metal ions speciation, redox state, and 

complexation with organic matter in SPM. The 

observed order is completely linked to the 

geomorphology of the area and varying seabed 

structure and sediment grain size. The relatively 

higher concentrations at St1 and St5 indicating that 

the sediment resuspension is the main source of 

particulate matter at these sites as the sediments from 

these sites reported to be mainly muddy and consist 

predominantly of silt and clay (Agah et al., 2016). 

 

Table 1: Geographical coordinates of sampling stations and corresponding environmental parameters. 

Station pH Sal. DO 

(mg/L) 

Temp. 

(°C) 

Depth 

(m) 

Long. Lat. 

St1 8.19 36.9 6.3 25.7 4.5 60°26'29.0"E 25°21'40.0"N 

St2 8.21 37.0 6.39 24.9 4.5 60°29'34.0"E 25°25'54.0"N 

St3 8.20 36.8 6.53 25.1 9 60°32'35.0"E 25°23'45.0"N 

St4 8.20 36.6 6.72 25.9 4.5 60°37'03.0"E 25°19'19.0"N 

St5 8.21 36.6 7.15 25.8 4.5 60°37'04.0"E 25°18'09.0"N 

 

The sediments grain size of St2 is reported to 

mainly comprises sand ( 70 %) while for St 3 in the 

center of the bay the sediments are mainly composed 

of sand (92%) (Molamohyeddin et al., 2017). St4 

located in the east part of the bay where the seabed is 

mainly stony/sandy and is covered with translocated 

corals. The lowest value for small size fraction 

amongst the station observed in this station and 

could be attributed to entrapment of small size 

particles in organic mucous matter extensively 

excreted by corals in the region as such a mechanism 

is previously reported in nearshore coral reefs in the 

world (Wild et al., 2004). 

3.2. Bulk composition  

The variation of the major component including 

biogenic CaCO3, Opaline silica, and organic matter 

as biogenic component and Aluminosilicate as 

lithogenic component are depicted in Figure2.  

As expected for coastal waters affected by 

sediment resuspension, lithogenic accounted for the 
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bulk of the suspended material (>50%) for almost all 

small-size fractions as well as large size fractions in 

stations 1 and 3. Since  the sampling has been done 

in a non-monsoon season when the bay is not 

affected by strong waves and tribulation, the 

relatively higher lithogenic component in parallel 

with higher SPM mass in station 1 and 5 seems to 

originate from different sources. High suspended 

particulates and turbidity in station 1 are due to the 

resuspension of fine particles from silt substrate 

sediments under tidal currents. Station 5 near the 

harbor canal is more influenced by sediment 

resuspension due to ships and boat traffic as well as 

the dredging operations. 

Biogenic Ca is assumed to be dominated by 

CaCO3. However, previous work has suggested that 

a non-carbonate, Ca fraction is associated with 

cytoplasmic organic matter [Bishop et al., 1977]. As 

evidenced from the Figure2, its contribution to the 

bulk SPM is much lower than either of lithogenic or 

POM. The higher values obtained at St2 in both size 

fractions could be from the resuspension of 

previously formed biogenous CaCO3 from the sandy 

beach located far from the urban area and seaport 

activities. 

 

 

 

Fig 2: The mass concentration and bulk 

composition of SPM in two size fractions. 

 

 

The opal content is higher in large size fraction 

and is at its maximum value in the St4 located in the 

coral region, which may be due to agglomeration and 

enrichment of diatom cells in gelatinous organic 

compounds from the corals (Wild et al., 2004). The 

relatively high mass of biogenic Si reflects the high 

diatom abundance in the region as the phytoplankton 

composition is dominated by diatom most of the year 

(Morrison et al., 1998). In a near-margins area with 

seasonal upwelling, the biogenic silica is elevated 

with increasing planktonic diatom abundance in the 

euphotic zone (Lam et al., 2018). In shallow coastal 

areas like the northern margins of the Gulf of Oman, 

monsoon-driven upwelling takes place in June-

August which causes the blooms of diatoms 

(Maghsoudlou et al., 2015). However, our studies in 

the region show that diatom abundance and dissolved 

silica is declined in the following season and reaches 

to lowest values in January (Unpublished data). 

Biogenic silica is compared with dissolved and 

lithogenic silica in Figure 3. The LSi: BSi is varied 

in the range of 2.5 to 9.1 with the lowest values 

observed in St4 located in the coral reef region. 

Dissolved concentration is well below 2.0 μM, the 

concentration above it diatoms blooms without 

considering the time of year (Morrison et al., 1998).  

In surface offshore waters in the ocean (above 

nepheloid layer) POM is usually the predominant 

component in SPM (Bishop and Fleisher, 1987; 

Sherrell and Boyle, 1992).The POC: particulate P 

samples were very low, about half the canonical 

Redfield values (C:P = 106). The mean values for 

large and small fractions obtained as 63±44 and 

45±26, respectively. Such low ratios are common in 

coastal waters and are attributed to the contribution 

of significant but variable non-biogenic phosphor to 

total particulate P. Despite its relatively higher 

concentration compared with ocean waters the 

organic matter is not the predominant component of 

SPM. 
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Fig 3: The concentration of dissolved and particulate Si (A), and P (B). 

 

3.3. Lithogenic and trace metals in SPM 

The variations of particulate metals over the 

studied area are depicted in Figure 4. The 

concentration of the most abundant elements 

including two lithogenic elements Al and Fe and two 

alkaline earth elements Ca and Ba are higher in St1 

and St5 than three other stations and highly 

correlates with SPM mass (Table 2). In contrary to 

Fe, which is higher in large size fractions in all 

stations, Ba is present at higher concentration in low 

size fractions implying their different behavior in 

suspended particulate matter. The distribution of 

particulate Ca closely follows that of Al. This 

implies that most of the Ca in these waters has been 

introduced, either through shelf inputs as terrigenous 

Ca  or  from  sediment  shedding  of  previously 

formed biogenous CaCO3 from the bed (Price et al., 

1999). 

Mn and Fe are strongly correlated (r=0.981, 

P<0.01), being this correlation strongest between 

metals. They can form oxyhydroxides that play 

particularly important roles in cycling and 

transporting metals due to their large surface areas 

and high capacity to sorb and co-precipitate other 

metals (Liang et al., 2013). Also, a positive 

correlation is established between these two elements 

and SPM which highlights the strong affinity of Fe 

and Mn for particles. 

The second group with intermediate 

concentrations include mostly lithogenic origins 

including Ti, Sr, Mn, and Cr with concentrations 

mostly lies (82.5 %) in the range of 0.1 -1.5 μg/L. 

With no significant solution chemistry, particulate Ti 

is very insoluble (Orians et al., 1990). It is 

sometimes used as a tracer for lithogenic material of 

terrestrial origin and also sometimes used as a tracer 

for grain size (Calvert and Pedersen, 2007). For all 

five stations, the concentration of Ti and Mn is 

higher in large size fractions. In oxygenated 

seawater, Mn exists primarily as insoluble Mn(III, 

IV) oxyhydroxides (Tebo, 1991). Its strong positive 

correlation (r=0.879, p<0.01) with particulate P 

could be attributed to its strong binding to phosphate 

as previously reported by other researchers (Shaffer, 

1986). The tendency of Cr to be more soluble in the 

oxidized state and insoluble in the reduced state is 

the reverse of that seen for Mn. Hence, they are not 

expected to correlate well in the particulate phase. 

The third group contained trace metal elements 

which their concentrations distributed from below 

detection limit (V and Mo 50%, Cd 40%, Zn and Cu 

10%) to the higher values mostly (93% of total 

measurements) below 0.35  μg/L. In contrast to most 

of the elements in two previous groups which 

positively correlated with SPM mass, trace metals    
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Fig 4: Metal concentration in suspended particulate matter 
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Table 2: The elemental correlation coefficients 

 

SPM Al Ba Ca Fe Cr P Sr Mn Ti Zn Mo Ni Cd Cu 

Al 0.769**  

Ba 0.663 0.808** 

 

Ca 0.779** 0.824** 0.581 

 

Fe 0.675* 0.526 0.071 0.604 

 

Cr 0.315 0.636* 0.55 0.699* 0.087 

 

P 0.628 0.454 -0.045 0.57 0.866** 0.078 

 

Sr 0.715* 0.667* 0.567 0.35 0.44 0.105 0.529 

 

Mn 0.677* 0.508 0.068 0.512 0.981** -0.035 0.879** 0.551 

 

Ti 0.473 0.395 -0.069 0.457 0.953** -0.019 0.734* 0.24 0.921** 

 

Zn 0.643* 0.573 0.604 0.251 0.224 0.142 0.355 0.954** 0.336 -0.007 

 

Mo 0.385 0.645* 0.742* 0.238 -0.116 0.372 0.032 0.76* -0.028 -0.288 0.827** 

 

Ni 0.556 0.735 0.527 0.902** 0.391 0.92** 0.376 0.186 0.269 0.255 0.159 0.254 

 

Cd 0.707* 0.928** 0.898** 0.809** 0.301 0.646* 0.224 0.543 0.27 0.164 0.507 0.648* 0.71* 

 

Cu 0.231 0.414 0.282 0.039 0.089 0.104 0.326 0.76* 0.204 -0.032 0.71* 0.76* 0.023 0.242 

 

V 0.518 0.454 0.008 0.47 0.942** 0.004 0.724* 0.284 0.914** 0.986** 0.043 -0.215 0.266 0.207 0.025 

 

*: p<0.05; ** p<0.01) 

 

from this group rarely correlate with SPM. Because 

of the V species are negatively charged they are 

often hypothesized to adsorb on Fe, rather than Mn, 

oxyhydroxides (Wehrli and Stumm, 1989).  

However, in the present study it correlated strongly 

with both Mn (r=0.914, p<0.01) and Fe (r=0.942, 

p<0.01) as well as Ti (r=0.986, p<0.01). V and Mo 

show different trends with the size fraction, where 

Mo is below the detection limit in large size fraction 

from all sites. Because of the double negative charge 

(MoO4
2−

), Mo would not be expected to adsorb 

strongly on negative surfaces (such as manganese 

dioxide) or organic matter which is more in LSF. 

Nickel with only one oxidation state in seawater and 

simple solution chemistry does not adsorb strongly 

on metal oxides and other surfaces (Murray, 1975). It 
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has mainly distributed in large size fractions in four 

stations. Zinc, as another metal with only one 

oxidation state in seawater (Zn(II)) and ability to 

forms strong organic complexes, is higher in small 

size fraction in three of five stations. Cupper with 

concentration higher in small size fraction does not 

show any correlation with more abundant metals. 

Additional samples from Stations St2 and St5 were 

subjected to the chemical leaching (0.6 M HCl) 

procedures in an effort to determine labile (acid-

leachable) fraction of the particulate trace metals 

from the refractory fraction (Figure 5). Heavy metal 

speciation in order to evaluate mobility and 

bioavailability in the sediments of coastal waters has 

been done by Moore et al (Moore et al., 2015). 

However, multi-step sequential leaches have not 

typically been applied to suspended marine particles 

because of limitations in sample size (Lam et al., 

2015). Aluminum, Ti, Mo, and Ba have low (<10%) 

and similar labile fractions in two sampling stations. 

Based on the leach results presented above, most, but 

not all of particulate Al is in a refractory phase. 

Moderate to high labile fraction observed for Fe 

(>60), Mn(>80%), Sr (>50%), V (100%), and 

P(>80%) which indicating that they are 

predominantly associated with biogenic material or

weakly bound to the surface of aluminosilicate clay 

minerals (Berger et al., 2008). The relatively high 

acid-leachable fraction of Fe (>60) is not surprising 

as the relatively high values (up to 85%)  reported in 

other coastal areas (Lam et al., 2012). Particulate P is 

usually considered as a tracer for biogenic-type 

elements (Harazin, 2013). However, incomplete 

leaching here could be attributed to either the 

presence some parts of P strongly bounded to 

mineral phase or as a result of high concentrations of 

intracellular, protein-bound phases not fully 

solubilized by the leaching method. The leaching 

trend of Al < Fe <Mn for crustal type elements 

agrees with results of similar leaches from coastal 

North Pacific waters (Berger et al., 2007) as well as 

calculated LpMe (labile particulate metal 

concentrations) from a Western Equatorial Pacific 

shelf environment (Slemons et al., 2012). 

The remaining elements (Cr, Zn, Ni, Cu, Cd) 

show variable labile fraction. Regional studies 

(Keshavarzi et al., 2015) showed the high potential 

of bioavailability of Cu and Zn in the sediments in 

Chabahar Bay. A large variability, especially in the 

case of Cr, could be attributed to the difference in the 

bulk SPM composition between the sampling site 

and consequently the association mode of metal to 

particles. 

 

  

 

Fig 5: The acid-leachable and non-leachable fraction of trace metal elements in SPM from stations 2 and 5 
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Here, the Me/Al ratio for Fe, Mn, Ni, Cu, and Zn 

in the particulate phase is compared with 

corresponding ratios in earth crust (Taylor and 

McLennan, 1995), regional data for rocks (Hamzeh et 

al., 2013), Siliciclastic sediments (Afarin et al., 

2015) and reference sediments (Hamzeh et al., 2013) 

(Table 3). Other elements are not considered here, 

because of either low data on their concentration in 

sediments and rocks or the occurrence of the high 

number of values below the detection limit. As can 

be seen, the Me/Al ratio is considerably higher in 

LSF, for all elements except Cu.  Fe/Al ratio in LSF 

is lower than marginal rocks and earth crust average 

and comparable with Siliciclastic sediments and 

reference marine sediment. The values for Cr/Al 

ratio are usually higher than earth crust averages and 

comparable with Siliciclastic sediments and marginal 

rocks. Zn/Al ratio is predominantly higher than earth 

crust values as well as marginal sediments and rocks. 

Ni/Al ratio is largely varied over stations and is 

larger for LSF in all stations. 

 

Table 3: The comparison of Metal-to-Al ratio in suspended matter with earth crust, marginal rock, 

and marine sediments 

 
Fe/Al 

Cr/Al 

*10
-3

 

Mn/Al 

*10
-3

 

Zn/Al 

*10
-3

 

Ni/Al 

*10
-4

 

Cu/Al 

*10
-4

 

St1-25 0.23 1.53 4.22 0.76 8.07 1.57 

St1-0.4 0.08 1.82 2.07 3.86 4.96 4.20 

St2-25 0.22 1.56 4.64 4.26 11.90 - 

St2-0.4 0.01 0.22 0.46 1.65 0.36 2.34 

St3-25 0.21 1.81 4.25 - 9.30 2.34 

St3-0.4 0.06 1.90 2.10 0.92 6.56 6.07 

St4-25 0.26 1.54 3.87 2.38 30.11 6.54 

St4-0.4 0.06 1.15 2.27 2.29 1.70 15.71 

St5-25 0.23 3.41 4.27 2.37 20.01 2.00 

St5-0.4 0.03 6.00 0.25 0.68 13.46 1.39 

LSF mean 0.23 1.97 4.25 2.44 15.92 3.11 

SSF mean 0.05 2.22 1.43 1.88 5.39 5.95 

Local Sediment 

(Agah et al., 2016) 
0.02 0.18 - 0.03 0.35 0.11 

earth crust (Taylor 

and McLennan, 1995) 
0.33 0.63 5.67 0.35 4.19 2.84 

Siliciclastic sediments 

(Afarin et al., 2015b) 
0.21 2.26 15.4 1.26 17.53 2.14 

Marginal rocks 

(Hamzeh et al., 2013) 
1.50 3.21 28.8 1.78 21.36 14.41 

Reference sediment 

(Hamzeh et al., 2013) 
0.26 8.93 - 0.46 4.92 1.91 
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The amounts of trace metals anthropogenically 

introduced into the SPM can be estimated with 

respect to their background concentrations by 

enrichment factors (EFs; (Violintzis et al., 2009)), 

calculated as: 

𝐸𝐹 =
(
𝑀𝑒
𝐴𝑙

)𝑆𝑎𝑚𝑝𝑙𝑒

(
𝑀𝑒
𝐴𝑙

)𝑅𝑒𝑓.

                                                                𝐸𝑞5 

Where the metal-to-Al-ratio (Me/Al) in the sample 

is divided by corresponding values in natural 

background sediments from the unaffected area. The 

background concentrations of trace metals in Iranian 

coastal waters of Oman Sea (Hamzeh et al., 2013) 

were used as a background reference for this study. 

The enrichment factor (EF) in SPM for these 

elements is compared with the EF in surface 

sediments in Chabahar Bay which used the same 

background reference values  (Agah et al., 2016) 

(Figure 6). 

 

Fig 6: The enrichment factor (EF) for trace metals 

in two size fractions of particulate matter and 

local sediment. 

 

The EF values for Fe are in the range 0.83-1.00 

for LSF and 0.11-0.33 for SSF, which are less 

variable and lowest amongst five elements. The EF 

values for Zn in the range 1.63-9.10 and 1.45-8.24 

for LSF and SSF are highest among the six metal 

elements evaluated here. Cu shows different 

behavior from other elements in the way that the 

average EF for the LSF is lower than SSF. 

As can be seen from Figure 6, the average EF 

values obtained for the sediments of the bay are 

exclusively lower than the present values for SPM. 

Higher enrichment in SPM is motivated by the fact 

that the particles with basically more fine grains 

represent the higher surface to volume and ionic 

adsorption power. However, high dilution of some 

metal ions such as Fe, Cr, and Mn in SSF compared 

to the reference sediments could be attributed to 

higher ion exchange with a relatively high 

concentration of chelate forming metal ions of  Cu 

and Ni and Zn.  

It is accepted that an EF value higher than 1.5 

suggests the delivery of a significant portion of trace 

metals from non-crustal materials, or non-natural 

weathering processes. The EF values for Zn, Ni and 

Cu are higher than Fe, Cr, and Mn and higher than 

1.5. Since, there is no inflow of riverine and 

freshwater into the bay, the source of trace metals is 

mainly from dredging operations in navigation 

channels, ship and boat traffic, and inflow of 

treated/untreated domestic wastewaters and sewage 

from marginal urbanized centers. However, such a 

conclusion could not be completely assured. The 

biogeochemistry of these elements is primarily 

linked to their role in living marine microorganism 

and their affinity to particulate organic matter, which 

could be different from the sediments. 

4. Conclusions 

This paper investigated the amount of 16 major, 

minor and trace elements in suspended particulate 

matter in Chabahar Bay, southeast of Iran. The 

variation of SPM concentration followed the order of 

St1>St5>St2>St3≈St4 for both size fractions. The 

relatively higher SPM concentrations and trace metal 

elements at St1 (Konarak seaport) and St5 (Chabahar 

seaport) indicating that the sediment resuspension is 

 [
 D

ow
nl

oa
de

d 
fr

om
 jp

g.
in

io
.a

c.
ir

 o
n 

20
23

-0
5-

23
 ]

 

                            12 / 18

http://jpg.inio.ac.ir/article-1-565-fa.html


Journal of the Persian Gulf (Marine Science)/Vol .8/No. 28/ June 2017/18/1-18 

13 

the main source of particulate matters at these sites. 

The lowest value for small size fraction amongst the 

station observed at St4 (translocated corals) and 

could be attributed to entrapment of small size 

particles in organic mucous matter excreted by 

corals. Based on the results of elemental analysis the 

following conclusion has been made: (i) SPM in the 

bay is characterized by high concentrations of 

particulate organic matter and lithogenic material and 

low CaCO3 and opal; (ii) The POC: particulate P 

ratio was much lower than Redfield values; (iii) 

labile (acid-leachable fraction) is high (>60%) for 

Mn, Fe, P, V, low for  Al, Ti (<10%) and moderate 

but highly variable for other elements; (iv) metals 

such as Mn, Fe, and Cr show no excess amount (than 

expected for lithogenic contribution)  and therefore, 

EF lower than 1.0; (v) the EF>1.5 for  Zn, Cu and Ni 

is indicative of delivery of significant portion of trace 

metals from non-crustal materials. 
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