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Concentration Measurement and Evaluation of Mobility of 
Heavy Metals of Zayandeh-Rood River Sediments 
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Metalltc contammams associated with sediments showed various 
bctwviour\ depending on physicochemical cond1twns. Zayandeh-rood 
i~ one of the rno~t imponam rivers of the centre of Iran It sources from 
lagro\ Mnumam\ in Charmahal Bakhtiari prov,nc~.: and llowing about 
3'i0 km. ends to the Ga,khooni marsh in thl' caM of lsl~'lhan. So tar. 
man} rc,earchc' ha\e t>cen conducted w measure the concentration ol 
he a') metals in the envtronmental samples all over the world and for 
thi' purp11se. dtlkrcnt methods have been proposed. Although ~CH'rat 
report\ h.1w been released concerning the amount ol he<!\~ metab con· 
centration\ in the air. wnter or food ~tuff~. there i' le~s information 
availahll· ahout thc concentration of hea")' rn~:rah in the 1-Cdimcnts of 
the rivcr!l and their mobility. The required ~nmplcs lor this research 
h<IVt> heen taken from 5 different areas. Laman Khan Bnclge. Fatavarjan. 
Vah1cl Bndge, 7iar and Vmzane Two sample~ wer~: collected from each 
ot these rc:~•tnns '\ live-step sequemial extractwn procedure. modified 
from the ' I ~S'Il'r m~thod was applied to the dt:tcunination of ~orne heavy 
nwt.1ls !Cu. ~ln. Cd 'i Co. Cr. Zn and Pbl in \Cdiment in order to 
c\\tluatc the pntt•nu,ll mohihty of fi;(cd metal" The mmlUnt of hea'·) 
nJ.•tth were measured utili7ing atomic ahsorption '(lt'Ctrometer 1 model 
AA-220. Vananl \.'qUippt.'d "ith graphite oven G fA·II 0 and the accurac) 
ol pan per bilhon {ppb). A com.iderable amount ol heavy metals extsts 
in the s.:dtmenl\ of Zayandeh-rood. These mctab and specially manganese. 
caumium and nickel have higher poisonou\ and c:•rcinogenicity dfectl> 
and mohll lly. These results therefore help to 1m prove the wttste manage­
ment of such cnnt<tminated sediments 

Ke) Word' : \1ohiljt) evaluation, Hea~) metal'>, Sediment. Zayandeh­
ruod rher. Selfuential extraction procedure. 

INTRODUCTION 

The determination of trace clement!\ in envrronmcntally signiticant -;olid .,uh,tmtcs 
ha., attracted spe~ial aucnuon as a poinr of reference for toxtcity a.,scssment Elements 
present at even minimal concentrations can exe rt fundamental innuence on vrral 
funcr ton' proportion to thL' Ir amounts. During the last two decades. anulyw:al cht•mi"t 
ha\c come to n~al11e that the unpact of metal 10ns on the env1ronment cannot be 
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evaluated by mea~uring merely the total concentration of individual species, because 
the mobility, the bioavailability and the ultimate impact of anthropogemc metal 
ions on ecological systems and biological organisms largely depend on their chemical 
forms, their types of binding, the reactivity of their links with particulate forms as 
well as on the soil-solution equilibriums at the solid-water interface1 1

• 

Zayandeh-rood is considered as one of the most important rivers of the center 
of Iran passing Charmohal Bakhtiari and Isfahan provinces. It~ source is located in 
the Zagros Mountains to the Gavkhuni marsh~. It sources from Zagros Mountains 

. in Charmahal Bakhtiari province and ends to the Gavkhooni marsh in the cast of 
Isfahan. 

The length of the river is about 350 km and several industrial units and farms 
have been spread around the river in the above mentioned provinces~ . Most of the 
agricultural and industrial effluentS are discharged into the river and make the water 
polluted6

• The main resources of the discharge of heavy metals mto the environment 
are iron and steel industries, power stations. combustion of rubbishes and the exhaust 
pipes of cars6

. 

Nowadays, the poisonous effects of heavy metals are well recognized and deter­
mination of the amount of which in environmental samples is of considerable impor­
tance. In the last decade, a great deal of information has been released about the 
harmful effects of heavy metals on human health7 9

• Since the heavy metals agglo­
merate in the sediment of the river water and are separated by a shock or a change 
in the physico-chemical conditions of water, the measurement and evaluation of 
their mobility in the sediment of the river are of great importance 10 11

• In order to 
evaluate the mobility of heavy metals from sediments, various sequential extraction 
procedures have been developed. The number of steps in these extraction varies 
from 3 steps to 6 steps and the extraction procedures adopted can show different 
resuhs 12 17, which has been widely adopted by a large group of specialists12 

1'). Five­
step sequential extraction method was applied in this research study. Sediment 
samples were taken from five different areas of the river. These parts of rivers are 
near anthropogenic contributions such as river discharges. Five-step method and 
spectrometric atomic absorption with graphite oven (GF-AAS) were applied simul­
taneously to extract heavy metals (Cu, Mn. Cd, Ni, Co, Cr. Zn and Pb) and measure 
their mobility. The purpose of this study was to develop and examine the merits of 
a method of sequential selective extraction for partitioning particulate trace metals 
into chemical forms likely to be released in solution under various environmental 
conditions. 

EXPERThiENTAL 

The required samples were collected from surface .sediment in the depth of 0-5 
em of the river from 5 different regions. Two samples were taken from each region 
with an average distance of I 0 meter from each other using echman mstrument. 
Sam piing areas were Zaman khan Bridge, Falavatjan, Vahid Bridge. Ziar and Varzanc. 
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Sampks were dried in a thermostatic oven in the temperature of I 05 ·c Dried 
l>amptc~ were ground in a mortar and made homogeneous and then they were ~hifted 
before domg the 5-step sequential extraction method to measure the concentration 
of heavy metals. The following five steps sequential extractions were applied. 

Step-1: Exchangeable heavy metals. At first. 12 mL of 1.0 M sodium acetate 
solution was added into the 3 g of dried ~ample and stirred continuously for I h by 
the use of a shaker. In order to separate liquid phase from solid phase. test tubes 
containing samples, were centrifuged in a centrifuge apparatus for about 15 min. 
The liquid phase was transferred into a 25 mL volumetric tlask and was made 
voluminous by the double distilled water. 

Step-2: Connected to the carbonates. 12 mL of 1.0 M sodium acetate solu­
tion was added to the rcmaming solid phase of the first step. The pH of I M sodium 
acetate solution had been o;tabilized in the! pH 5 by adding acetic acid. The proce­
dure was followed by stimng for ca. 5 h and centrifuge. Similar to the fir ... t ... tep, 
liquid phase wac; transferred to 25 mL volumetric flask and made voluminous by 
the double distilled water. 

Step-3: Connected metals to the iron and manganese oxides. 20 mL of 0.04 M 
hydroxy Ia mine hydrochloride in 25 o/o (v/v) of acetate acid was added to the 
remaining solid phase of the second step and stirred for ca. 16 h. (Like the previou~ 
steps. llqUJd phase was transferred to a 25 mL volumetric flasl- and 25 mL volu­
metric nask was made voluminous by the double distilled water). The experiment 
was conducted at 96 ± 3 oc temperature by the continuous shaking. 

Step-4: Connected to the organic materials and sulfides. 3 mL of 0.02 M 
nitric acid and 5 mL of 30% hydrogen peroxide, pH of which was changed to 2 by 
nitric acid was added to the remaining solid phase of the third step. The mixture 
was heated m thermostatic bath at 85 ± 2 "C temperature for ca. 2 h. Again 3 mL of 
hydrogen peroxide (30 %) was added to the sample and once more heated in the 
same preceding conditions for ca. 2 h with a little shake. After cooling. 5 mL of3.2 M 
ammonium acetate solution in 20 % nitric acid was added and sample was made 
voluminous by the two times dtstilled water unti120 mL and it was shaken continu­
ouc;Jy for ca. 0.5 h. Liquid pha-.e was tran~ferred to a 25 mL volumetric fla..,k and 
25 mL volumetric flask was made voluminous by the double distilled water. 

Step-S: Connected to silicate structures of solid particles. Remaining solid 
sub:;tance of the 4th phase was transferred to the poly tetranuoroct11ylene (PTFE) 
container to which 10 mL nitric acid (C) was added under the extractor hood. Having 
covered PTFE by watch-glass. it was heated on the hot plate to reduce the volume 
of solution to the half. Then 2 mL HF acid (C) was added to the sample and heated 
to be dried. For the second time, 5 mL of nitric acid (C) was added and heated to 
make the volume of sample half. Then the solution was cooled, diluted and filtered. 
The filtered solution was transferred into the 25 mL volumetric llask and was made 
voluminous by the double distilled water. 
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Measurement method: In order to measure concentration of heavy metals 
the atomic absorption spectrometry method with graphite oven was used. Measure­
ments were conduct-.~ by the atomic absorption spectrometer (model AA-220) made 
by Varian company, equipped with graphic oven GTA-110. The wave lengths that 
were used include Mn 279.5 nm, Cu 324.8 nm, Zn 213.9 nm, Cd 228.8 nm, Co 
240.7 nm, Ni 232.0 nm, Pb 217.0 nm and Cr 357.9 nm. 

RESULTS AND DISCUSSION 

Since the concentration of heavy metals were not the same in the sediment of 
the different points of the river and the water pollution was not similar in the different 
parts, samples were taken from five different areas along the river and the concen­
tration of heavy metals of each region was determined distinctly. 

In fraction 1 (exchangeable metals), in all of the stations concentrations found 
for exchangeable in all of the heavy metals except Mn ( 1.25 ~gig) are lower than 
their respective detection limits. In this fraction concentration percentage of Cd, 
Co and Mn are more than another heavy metals. 

In fraction 2 (metals bound to carbonates), concentration of Mn, Ni and Co in 
different stations are more than another heavy metals. Concentration of Cd, Cu and 
Pb are inconsiderable. In third fraction, concentration percentage of Cd, Co and 
Mn in that manner are more. But quantity ofMn, Ni and Zn are more than others. 

It is observed that high quantity ofMn, Zn and Ni in fraction 4 and concentration 
percentage of Cd, Mn and Co is more than rest. In residue fraction, high concentration 
of all trace elements has been observed but concentration percentage of Cd, Co and 
Ni are more than others. The concentration of Mn, Zn and Ni are more than other 
heavy metals. 

In all of the 5 sampling station, almost concentration of Mn, Zn and Ni are 
more than another heavy metals. Cd, Cu and Cr showed minimum concentration in 
this river. The amount of heavy metals in the sediment of the river as follows: 

Mn > Zn > Ni > Pb > Cr > Co> Cu > Cd 

Table- I indicate the results of 5 step sediment analyses in different sampling 
areas. If we consider the mobility of metals equal to the concentration percentage 
of relea ... ed in the 1st and 2nd phases of 5-step sequential extraction, the mobility of 
metals in the sediment of the river is a~; follows: 

Cd > Co > Mn > Cu > Ni > Cr > Pb > Zn 

There is considerable concentration of heavy metals observed in the sediment 
of the river and because of the poisonous effects of metals, quality control of water 
is of great importance. Becau~e of the mobility of poisonous heavy metals and the 
location of treatment plants of drinking water of Isfahan and Yazd in the vicinity of 
the river, quality control of water seems more essential. 

The total concentrations of 8 heavy metals in the river sediment samples collected 
from 5 different points are shown in Fig. I. 
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TABLE-I 
CONCENTRATION OF HEAVY METALS IN DIF"FEREl'IT STATIONS (pg/g) 

Mn Cu Zn Cd Pb Cr Ni Co 

Station No. I 
Step! 1.25 0.07 0.08 0.22 0.45 0.33 0.48 0.51 
Step2 2.53 0.34 0.24 0.32 0.30 0.43 J.o:1 0.85 
Step3 10.16 1.16 10.13 0.21 1.25 0.89 1.75 1.14 
Step4 30.22 1.24 14.09 0.17 8.15 2.32 19.82 0.12 
SteE5 36.8 4.86 14.87 0.96 8.75 4.61 17.93 7.87 

Station No. 2 
Step! 0.25 0.00 0.00 0.13 0.39 0.09 0.35 0.53 
Step2 2.96 0.33 0.52 0.47 0.25 0.20 1.53 1.39 
Step3 7.52 1.19 8.93 0.26 3.05 1.21 1.50 1.75 
Step4 25.11 1.04 13.56 0.21 7.90 3. 16 18.26 0.98 
SteE5 46.71 5.25 15.37 0.84 9.04 9.75 16.34 8.56 

Station No. 3 
Step I 1.72 0.14 0.00 0.14 0.37 0.10 0.41 0.49 
Step2 2.13 0.22 031 0.29 0.33 0.38 1.47 0.95 
Step3 7.21 0.67 8.1 I 0.20 3.60 281 1.22 1.57 
Step4 15.63 0.67 11.22 0.22 7.08 3.08 14.93 0.77 
SteES 22.55 4.22 11.50 0.50 10.12 7.44 15.01 8.21 

Station No. 4 
Step I 2.24 0.12 0.11 0.20 0.16 0.26 0.53 0.49 
Stcp2 4.38 0.34 0.37 0.22 0.28 0.46 1.37 0.85 
Step3 8.37 0.56 7.92 0.28 3.22 276 1.14 1.36 
Step4 14.88 0.23 12.61 0.21 6.51 3.12 13.16 0.73 
SteES 20.89 4.73 19.00 0.47 9.23 6.81 14.49 8.14 

Station No. 5 
Step I 2.08 0.10 0.11 0.15 0.10 0.21 0.41 0.67 
Step2 3.03 0.28 0.22 0.30 0.24 0.22 1.08 0.89 
Step3 9.69 0.50 7.18 0.27 1.10 1.74 0.89 1.44 
Step4 10.76 0.17 13.21 0.13 5.14 3.10 12.86 0.84 
SteE5 18.54 1.86 13.50 0.60 9.82 8.89 9.98 8.46 

Concentration of Mn in sampling site 1 and 2 is high because Navid manganese 
is near this two sampling sites. Concentration of Pb, Cr, Zn. Cu, Cd and Co is 
approximately constant in all of the sampling sites but the concentration of Mn, Zn 
and Ni is more than other elements. These results (except Pb) are agreed with Talebi 
eta/. ' u. 

Conclusion 

Regarding to the results obtained from the 5-step sequential extraction and the 
analysis of samples. we can judge about the mobility of heavy metals. The study of 
heavy metals mobility is of considerable importance when pH of the river is not 
constant or whenever the industrial sewages with acidic pH are discharged into the 
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Fig. I. Concentration of heavy metals associated with sediments at different points 

river and cause sudden shocks. Those metals which have higher mobility and have 
agglomerated in the sediment of the river for a very long time cause restriction in 
the consumption of water. As the results of this research study revealed great amount 
of the metals in the sediment of the river indicate and due to the dangers resulting 
from heavy metals, preventing from the discharge of industrial sewage particularly 
acidic sewage and controlling the pH of water along the river specially above the 
treatment plants of drinking water of Isfahan and Yazd is of greats imponance. 
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