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Abstract: The present work is aiming at investigating seasonal variations in levels of some heavy metals  (Cd, 

Pb, Ni, Cr, Zn, Co, Cu, Fe andMn) in water-sediments-clam to investigate bioaccumulation of this metals by 

use fresh water clam Pseudodontopsiseuphraticus from Tigris river at Baghdad city. The study extended from 

March 2016 to February 2017. The heavy metals were studded in dissolved and particulate phase of water and 

in exchangeable and residual phase of sediments and in soft tissues of clam. Heavy metals accumulated 

according the system: water-sediment-clam because filter-feeding of this aquatic organism, and recorded 

bioaccumulation factor: 16.81, 12.04, 12.8,  12.36, 15.69, 20.73, 12.44, 15.79, 15.06 respectively. 
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I. Introduction 
In recent years there have been increasing interests regarding heavy metal contaminations in the 

environments, apparently due to their toxicity and perceived persistency within the aquatic systems[1].There are 

basically three reservoirs of metals in the aquatic environment: water, sediment and biota [2]. 

In a river system, sediments have been widely used as environmental indicators and their chemical 

analysis can provide significant information on the assessment of anthropogenic activities [3].  

Tigris River receives many pollutants especially heavy metals when it is passing through Baghdad city, 

due to many human activities and factories throw pollutants into the river without any real treatments.  

In aquatic ecological risk assessment, bioaccumulation factor (BAFs) is used to quantify chemical 

accumulation in tissue relative to concentration in water or sediment [4]&[5]. Bioaccumulation of metal in the 

tissue of interest or the whole organism the results from all environmental exposure media, including air, water, 

soil phases, and diet [6]. 

Alhashemi et al.[7], studied determination of bioaccumulation factors (BAFs) by different tissue of 

fresh water clam Pseudodontopsiseuphraticuswith respect to elemental concentrations in sediment. BAFs 

results indicated that Zn, Pb, and Cu had higher BAF than other elements. In Kuwait Bay, Bu-Olayan and 

Thomas [8], instigated to conduct toxicity and bioaccumulation tests of trace metals (Zn, Cu, Cd, and Fe) and 

they found bioaccumulation factors (BAFs) was sequence of Cd > Fe > Cu > Zn. for fish exposed for 60 day, 

and bioaccumulation exhibited increasing metal levels in liver followed by muscle tissue and gills. 

The aim of this study is to evaluate the seasonal  bioaccumulation of nine heavy metals in dissolved 

and particulate phase of water and residual and exchangeable phase of sediments and soft tissue of fresh water 

clam Pseudodontopsiseuphraticus(Bourguignat, 1852) living in Tigris river in Baghdad provinces of Iraq . 

 

II. Material & Methods 
Samples of water, sediments and fresh water clam Pseudodontopsiseuphraticus were collected every 

two months for one year (from March, 2016up to February , 2017). Four stations were chosen on Tigris River in 

Baghdad city for this purpose. Station 1 (Al-Greaat), station 2 (Al-Atafia), station 3 (Bab Al-Mudhum) and 

station 4 (Al-Rashid power plant). 

After all samples were removed from the substratum with a new stainless steel scraper, they were 

washed with clean river water at the site of collection, separated to species, placed in a clean plastic bag and 

transferred in a cool box to laboratory at the same day and then frozen at( -20 C°) until dissection [9]. All 

bottles were cleaned with 10% HNO3 then rinsed with distilled water prior to use. 

Clam samples were cleaned to remove mud and debris and subsequently washed with double distilled 

water, specimens were divided according to their size and 25 individual were obtained for each size class. There 
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were (3) replicates for clam under study. Soft tissue of clam dried at 40-45 C° in overnight. The extraction and 

determination of heavy metals in clam soft tissues doing according to[10]. 

Water samples were collected from same site of clam collection by polyethylene bottles in 3 L to 

replicate and filtration by Millipore filter paper 0.45 µm, 47 mm diameter and preconcentration  according 

to[11], to determine the concentration of dissolved heavy metals. 

Filter paper digested to determine the particulate heavy metals in water [10]. Sediment samples 

collected from the region near clam by Grab sampler, surface layer to 5 cm used to study of exchangeable and 

residual of heavy metals in these sediments according to [12]. The analytical blanks were run in the same way 

as the samples and concentrations were determined using standard solutions prepared in the same acid 

matrix[12].  

Concentrations of heavy metals in water, sediments and soft tissues of clam were determined using 

pyeunicam Sp9 air-acetylene scientific model of flame atomic absorption spectrophotometer (FAAS). 

Bioaccumulation factor determined according to[13]as: 

g/L)(in water  metals of conc.

g/g)( clamin  metals of conc.
B.A.F.




  

Statistical variation analysis and correlation coefficient (r) were obtained. 

 

 
Map of Iraq and Baghdad showing the station in Tigris river  
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III. Results & Discussion 
Tables (1, 2) and Fig.(1;2) showed the seasonal concentrations and yearly average of nine heavy 

metals studied in ecosystem of water, sediments and soft tissue of fresh water clam P.euphraticus. The 

dissolved concentrations of heavy metals under study in water ranged between 0.023 µg/L of Ni as lowest metal 

levels and 190 µg/L of Fe as highest metal levels. The study found highly variation in heavy metals 

concentration between different season in same metal or different metals, may be due to variation of heavy 

metals pollution source and differ of amount discharge to river through seasonal studies, or because dilution 

factor or unstable of water levels in river under study [14]. 

High concentration of heavy metals were showed in particulate phase of water. The highest 

concentration of Fe is 630.5 µg/g dry weight was observed in Spring 2016 (Table-1). These concentrations 

increased in particulate phase compare to dissolved phase of heavy metals due to the increase in level of 

suspended matter by erosion process or soil drift from near land and rise of river slop [15], and tendency of 

heavy metals to adsorption on particulate matter surface in water column [16]. 

Sediment analysis showed that the highest concentration of heavy metals was found in Tigris river in 

period of study. The amount of heavy metals of (Cd, Pb, Ni, Cr, Zn, Co, Cu, Fe and  Mn)  in exchangeable 

phase of sediment ranged (5.3-6.97), (0.203-0.295), (0.082-0.097), (0.16-0.26), (27.5-33.00)  (3.9-4.21), (5.98-

8.12), (293.72-357.02)  and (16.87-17.03)  µg/g dry weight respectively, but in residual phase the study showed 

high similarity in metals concentration with values of these metals in exchangeable phase of sediments (Table-

1), of what to signal of similarity in pollution source through different time sequence [17], of what make the 

sediments as potential source to heavy metals pollution and transplantation of this metals through food chain to 

aquatic system[18]. 

The increase of heavy metals concentration in sediments may be correlated with sediment count of 

organic matters and these concentrations were negative correlation with sediment grain size. These result agreed 

with study of [19] at refer to small grain size and tendency to (silt-clay) of Tigris river sediments addition to 

exposure this sediment to discharged of industrial and domestic waste and mining [20]. Higher concentration of 

heavy metals in sediment than in water was observed in different studies and the major depository of metals in 

some cases, holding more than 99 percent of total amount of a metal present in the aquatic system[21]. 

In soft tissues of fresh water clam under study mean concentrations of metals followed the sequence 

Fe<Zn<Mn<Cu<Cd<Co<Pb<Cr<Ni and the yearly average of this heavy metals at (3.30), (26.96), (1.36), 

(47.15), (1964), (117.35), (0.64), (1.71) and (200.11) µg/g dry weight respectively. The rise of metals 

concentration in clam may be return to ability of bioaccumulation in soft tissues in high levels[22]. 

The metal concentrations measured reflect a clear influence of anthropogenic activities, additionally, 

the effective exposure of organisms to different metals may be influenced by either changes in metal speciation 

or relative distribution of metals between particles of different sizes and densities[23].The strong relationship 

showed between metal concentration in clam soft tissues and concentrations of these in particulate phase of 

water this due to the filter-feeding and detritus feeding of this organisms and the organism under study may be 

accumulate the different pollutants more than sediments and water[24],[25]. 

The results of the study to show clear variance in concentration of heavy metals through study seasons 

may be due to effective of metals availability in aquatic organisms by different environmental factors such as 

pH, water hardness and amount and compound of particulate matters [26], or may be as result of biological 

action change of this organisms and effected of amount of food and productivity by photoperiods [27].  

From statistical analysis the study showed significant variation (P<0.05) in metals concentration in 

water, sediment and clam between seasons, and showed some correlation between heavy metals under study 

such as dissolved Cd and Cd in clam soft tissue (P<0.05, r=-0.98), particulate Cd and residual Cd (P<0.05, 

r=0.99), dissolved and particulate Co (P<0.05, r=0.95), particulate, residual Mn, dissolved Mn and Mn in clam 

(P<0.05, r=-0.45, r=-0.98) respectively, but not found any correlation between other heavy metals. 

The present study deals with determination the mechanism of heavy metals accumulation through the 

system water-sediment-clam, than to observe the most metal under study to seize the same place in metals 

sequence in water, sediments and soft tissue of clam to confirm the interaction between the compound of this 

system, these result confirm in many studies[28],[29]and [30]. 

The pattern of variation of heavy metal accumulation in whole soft tissues of the clam appears to be 

influenced largely by the reproductive stage of the organism [31]. 

From the results (Table-2) become clear the different heavy metals under study Cd, Co, Cr, Cu, Fe, 

Mn, Ni, Pb, and Zn  were accumulated in soft tissue of fresh water clam P.euphraticus by bioaccumulation 

factor (BAF) as (17.00, 21.02, 13.12, 13.03, 16.01, 16.02, 13.02, 11.01, & 16.03) than concentration in water 

respectively. This results provide good evidence of metals accumulation in aquatic organisms more than water 

and sediment that help use this organisms as bioindicators and as a good environmental tools to study of aquatic 

pollution[32]. 
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The study of bioaccumulation factor (BAF) in aquatic organism's tissues useful to explain the best 

organism have the ability of heavy metals bioaccumulation in environment and help to used this organisms as 

clam in environmental monitoring programs [33].Determination of harmful and toxic substances in water, 

sediments and biota, gives direct information on the significance of pollution in the aquatic environment [34], 

[35]. 

 

Table (1): Concentrations of heavy metals in water, sediments and soft tissues of fresh water clam 

P.euphraticus 

(µg/L to dissolved phase, µg/g to particulate phase and  sediment and clam). 

 

Eleme
nt 

Seasons 

Element concentration in water 
Element concentration in 

sediment(ug\g) Element concentration 
in clam(ug\g) 

Dissolved Particulate 
Exchange

able 
Residual 

Total 

Cd Spring 2016 2.50 10.90 5.02 5.35 10.45 35.29 

Summer 2016 1.55 11.00 6.93 6.97 13.72 35.32 

Autumn 2016 1.70 10.40 5.87 5.47 10.54 35.31 

Winter 2017 2.65 11.25 5.13 5.31 10.49 35.29 

Pb Spring 2016 0.10 0.550 0.226 0.271 0.535 1.70 

Summer 2016 0.18 0.540 0.203 0.2 82 0.523 1.71 

Autumn 2016 0.14 0.561 0.295 0.292 0.565 1.70 

Winter 2017 0.142 0.601 0.279 0.298 0.565 1.70 

Ni Spring 2016 0.023 0.182 0.093 0.098 0.193 0.63 

Summer 2016 0.059 0.198 0.082  0.10 0.191 0.65 

Autumn 2016 0.036 0.201 0.097 0.12 0.219 0.66 

Winter 2017 0.053 0.220 0.091 0.12 0.219 0.66 

Cr Spring 2016 0.05 0.40 0.16 0.29 0.43 1.38 

Summer 2016 0.15 N.D 0.21 0.47 0.64 1.33 

Autumn 2016 0.11 0.80 0.26 0.25 0.45 1.33 

Winter 2017 0.13 0.18 0.17 0.41 0.60 1.38 

Zn Spring 2016 15.06 59.91 31.15 31.40 61.47 200.04 

Summer 2016 17.91 61.22 27.50 32.09 62.08 199.96 

Autumn 2016 10.15 58.80 33.00 32.29 63.49 200.14 

Winter 2017 8.59 63.30 29.08 34.06 64.17 200.09 

Co 

 

Spring 2016 0.90 8.70 3.90 4.60 8.66 26.98 

Summer 2016 1.91 9.10 4.21 4.54 8.63 26.97 

Autumn 2016 1.35 8.90 3.08 4.78 8.83 26.96 

Winter 2017 0.94 9.07 5.03 4.89 9.00 26.96 

Cu Spring 2016 3.73 14.90 6.73 7.90 15.20 47.16 

Summer 2016 4.52 15.01 7.01 7.85 15.30 47.14 

Autumn 2016 3.99 14.89 5.98 7.20 14.17 47.11 

Winter 2017 2.90 15.11 8.12 7.89 14.98 47.10 

Fe Spring 2016 144.75 630.50 293.72 354.60 655.1 1937.9 

Summer 2016 190.00 613.06 350.15 378.65 710.92 1942.6 

Autumn 2016 
93.32 619.43 357.02 360.30 700.49 1956.1 

Winter 2017 69.54 625.11 334.23 381.09 702.27 2006.4 

Mn Spring 2016 8.90 34.85 17.03 17.90 35.40 117.20 

Summer 2016 10.61 35.09 16.93 17.89 35.22 117.69 

Autumn 2016 6.70 36.07 16.87 17.46 34.71 118.13 

Winter 2017 4.98 36.19 16.92 17.57 35.07 117.30 

 

Table (2): Yearly average of heavy metals concentration in water, sediments and clam soft tissues 

P.euphraticus and Bioaccumulation factor (BAF) in clam tissue. 

( Dissolved= ug\l  ; particulate ; sediment and clam =mg\g) 

Element 

Element concentration in 
water 

Element concentration in sediment 
Element 
concentration in 

clam 

BAF 

Dissolved Particulate Exchangeable Residual Total 

Cd 2.1 10.89 5.53 5.78 5.66 35.30 17.00 

Pb 0.142 0.56 0.26 0.29 0.28 1.71 11.01 

Ni 0.05 0.199 0.093 0.10 0.097 0.64 13.02  

Cr 0.11 0.13 0.18 0.36 0.27 1.36 13.12 

Zn 12.75 60.81 30.34 32.46 31.4 200.11 16.03 

Co 1.3 8.94 4.07 4.70 4.38 26.96 21.02 

Cu 3.79 14.98 7.21 7.54 7.38 47.15 13.03 

Fe 124.30 622.50 323.53 368.66 346.10 1963 16.01 

Mn 7.79 35.55 17.39 17.71 17.55 117.35 16.02 
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Fig.(1): Yearly average  of(Cd ,Co, Cr, Cu) concentrations in water; sediment,; and 

clam soft tissues P. euphraticus.  
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Fig.(2): Yearly average of (Fe ; Mn ; Ni ; Pb ; and Zn ) Concentrations in water , 

sediment and Clam soft tissue P. euphraticus. 

  
IV. Conclusion 

The Tigris river ecosystem in the present study area has considerable amount of heavy metals came 

from anthropogenic sources . Metals in this study concentrated in the particulate phase more than the dissolved 

phase of the water , while their concentrations in the sediment were higher than their concentration in water . 

Different patterns of metals concentration were observed in the different tissues , and muscle tissues contain 

less concentration of these metals. 
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