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ABSTRACT

In this study, the existence of heavy metals ssatheomium (Cr), arsenic (As), cadmium (Cd), meyoitg) and
lead (Pb) their distribution in the organs of plaaind their bioaccumulation rates in water samplesd a
Myriophyllum spicatumwhich were collected from the Kadin Creek in seab@eriods between 2011 and 2012
were analyzed. Heavy metal concentrations in theeralized plant and water samples were determinégtd w
Inductive coupled plasma with mass spectroscopyP-IS). Results showed the maximum heavy metal
concentrations, in the root and minimum heavy metakentrations, except chromium, in the stem.di$teibution

of heavy metals As, Cd, Hg and Pb was in the fdrnoat > leaf > stem; the distribution of Cr was the root >
stem > leaf. There was a strong negative corretatlietween the suspended solid matter and heavyl meta
concentrations in the plant tissues. Heavy metalawlation showed increase generally in fall. Heawstals in

the water were sorted as Pb > Cr > As > Hg > Cdthgir mean concentrations. According to the facdata of
bioconcentration, the order of heavy metal accuriofain the plant was As > Cr > Pb > Hg > Cd.

Key words: Heavy metalsMyriophyllum spicatumKadin Creek.

INTRODUCTION materials, heavy metals which are considered as
industrial contaminants do not degrade. Thus, they
Myriophyllum spicatuni.. (Eurasian watermilfoil) accumulate in the water, earth, deep sediment and
is a submerged perennial plant which is foundn the living organisms. Contamination of the
naturally in the shallow water bodies whose deptlvater with heavy metals is a serious concern in
is generally lower than 4.5 m in Europe, Asia andoday’s world (Miretzky et al. 2004). In natural
North Africa. It holds with its roots to the aquatic ecosystems, metals are normally at the
sediment in the water and its flowers grow afloatlevels varying from nanogram to microgram in a
Inflorescence and seed production are common. liter. Recently, heavy metals’ exceeding the
can be found all the year round in the water (Aikerarrying capacity of waters has caused some
et al. 1979; Li et al. 2010). problems with regards to aquatic ecosystem
Water pollution is one of the seriousbalance (Ndimele and Jimoh 2011).
environmental problems originated from theln aquatic system, where the input of pollutants is
overpopulation, urbanization, industrialization anchot continuous and they are thus get diluted, the
ignorance (Satya et al. 2011). Unlike the organianalysis of plant tissues provides information
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about the quality of the system (Baldantoni et albioaccumulation and (3) to assess the effect of the
2005). The use of macrophyte as biologicabeasons on heavy metal concentrations.
indicator in monitoring the heavy metals has some

advantages as they tolerate high concentrations
the heavy metals in the water their samplings aﬂATERlALS AND METHODS

easy and individuals are big (Zhou et al. 2008)xadin Creek is a meandering aquatic ecosystem
Due to their role as biological indicators for hgav \ynose depth is 6 m in some parts and whose
metals and thelr capacity in refining the wateliength is 1700 m (Fig. 1). Water discharge in the
from the contaminants, aquatic macrophytes havgytiet of Kadin Creek is approximately 700 £ h
recently been a focus (Duman et al. 2009; Karg s fed by the little streams during its journey
2010; Fawzy et al. 2011). _ towards the sea (Yusufoglu 2010). In the northern
In this study, the bioaccumulation of heavy metalicqast of the river, settlements are present.
such as Cr, As, Cd, Hg and Pb in the roots, steljowever, its southern coast is covered with the
and leaves oMyriophyllum spicatunwhich were  reeds and there are dense algae colonies in
collected from the Kadin Creek in seasonal pe”Odeaces. In additon to illegal waste disposal,
were analyzed. The specific goals were (1) t@xcursion boats and fishing boats are significant
determine the heavy metal concentrations in thegyses of water pollution in this area (Demirak et
water and in different organs, (2) to determine thg 2011). Also, boat repair and dyeing works were
plant organs, which showed the highespeing carried out around the studied creek.

Figure 1 -Study area is located at N<33' 11" - E 28° 19' 48"

Water quality parameters [Temperature, pH, Totalvere filtered through membrane filter of pore size
Dissolved Solids (TDS), Dissolved Oxygen (DO)of 0.45um and acidified with nitric acid (65%
and Conductivity] in study area were determinedsuprapur Merck) to pH<2.0. These samples were
with YSI 550 brand multiparameter. stored in the refrigerator at about 4°C till the
Water samples were taken from 10-15 cm undeanalysis. For the metals analysis, the samples were
the surface water in seasonal periods inteaken into 10 mL plastic acid-fast test tubes and
previously-washed 1 L-plastic containers andietermined by using ICP-MS (Agilent 7700x).
carried to laboratory in a freezer. The samples
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The concentrations of suspended particulate matt#falidation of Method

(SPM) in the water samples were measured byhole Eurasian watermilfoil samples were spiked
filtering water samples (~1.000 mL) through pre-with heavy metals (Cr, As, Cd, Hg and Pb) for the
weighed 0.45um paper filters. The filters were recovery repeatability tests. Ten homogenized
dried at 105°C for 12 h and weighed and thélanks and ten homogenized spiked samples were
weight difference was used to calculate the amounligested and analyzed using ICP-MS. The results
of suspended particulate matter in the samplesere 95.07% for Cr, 96.59% for As, 97.80% for
(Onderka and Pekéarova 2008). Cd, 92.58% for Hg and 93.06% for Pb.

The samples ofM. spicatum were collected

between 2011 and 2012 seasonally with randori@ata Analysis

sampling from the Kadin Creek. Sampling wadlata analysis was carried out using the packaged
made from three different stations where the plantS8PSS software version 15.0 for statistical analysis
densely existed. Study area is shown in the Figu@nd variance analysis. The relationship between
1. The plants, which were botanized were put intthe groups was determined with Tukey test. A
polyethylene bags and taken to the laboratory. THevel of 0.05 and 0.01 alpha were used to
lengths of the plants were between 20 and 23 cm.determine the significance and correlation,
The samples of Eurasian watermilfoil, which wergespectively. The significance was reported as
brought to laboratory were washed twice withp<0.05 and p<0.01 levels.

distilled water (Human Power | Scholar UV trade

marker water purification system) to clear them of

periphyton and detritus. Then, its leaves stem andESULTS AND DISCUSSION

roots were dissected. Digestion process was _

carried out according to Sasmaz and Obek (2009;.he heavy metals were analyzed in 56 plant
The plant samples were dried at 103°C for 24 famples and 12 water samples. Water quality
and the ash contents were determined by heating_parameters determined during the stud_y are shown
480°C for 4 h. HCl (2.0 mL, suprapur, 30%, N Table 1.The results of the analysis obtained
Merck), HNO; (2.0 mL, suprapur, 65%, Merck) fr_om_ plgnt sampled were shO\_/vn at Table_2. The
and HO, (2.0 mL, suprapur, 30%, Merck) were distribution of elements by their concentrations in

added to 1.0 g ash and the mixture was heated jJint Organs was as root > leaf > stem except

95°C hot plate for an hour. Then the overalchromium. The distribution of chromium was as

volume was made to 50 mL with ultra pure water. /00t > stem > leaf. This might be because

Heavy metal concentrations in the solubilizedthromium showed low mobility ability in its

plant organs were determined with inductivel ransport from the root to green parts of the plant

coupled plasma-mass spectroscopy (ICP-mgShewry and Peterson 1974).

Agilent 7700x). Calibration solutions were bl | ¢ i

prepared with 10 mg £ mix element standard fTa 3 1t _t l\gear_]t vajues of water quality parameters
) ound at study site.

stock solution (AccuTrace MES-21-1) and Y Winter _Soring_ Summer  Auturmn

10 mg L' mercury standard stock solution pring

(AccuTrace MES-21-HG-1). Correlation T;%mperature 1481 1488  16.71 15.03

coefficient values of calibration curves for Cr,,AS conductivity

Cd, Hg, Pb were 0.999 or better. (uS cni') 5602 5200 5891 5714
_ _ TDS (mg L) 382 338 412 396

Bioconcentration Factor Suspended

Bioconcentration of any chemical by aquaticSolid Matter ~ 0,0045830,0040550,004567 0,004751
organisms is described with bioconcentratiotg L)

factor (Phetsombat et al. 2006). BioconcentratioBalinity (ppm) 3.22 2.86 3.37 3.28
factor (BCF_) was calculated using the formula aBissolved L. 861 8.42 789 8.12
below (Sadig 1992). Oxygen (mg L)
BCF = Concentration of element in plant / PH
Concentration of element in water

7.03 8.10 7.24 7.12

Braz. Arch. Biol. Technol. v.57 n.3: pp. 434-440ayW0une 2014



Table 2 - Mean concentration (+ standard error) ofstudy,

Heavy Metal Accumulation In Different Parts Mifyriophyllum spicatum 437

studied heavy metals in the different organs Mf

spicatum(mg kg’ dw).

Leaf Stem Root
Cr 4,59 +0.97 5.34 +1.07 9.07+2.24
As 1.13+£0.29 0.32+0.11 15.30+3.06
Cd 0.06 +0.02 0.04 +0.02 0.36 + 0.07
Hg 0.71+0.30 0.11 +0.04 1.18 +0.16
Pb 6.25+0.94 3.05+0.43 17.04+221

the studied heavy metals underwent
seasonal change and there was an increase in
heavy metal concentrations generally in spring.
The reason was that spring growth was
characterized by a rapid uptake of nutrients and
trace elements (Duman et al. 2006). Grudnik
(2010) found similar results as of this study that
the concentrations of heavy metals such as Cr, As

and Pb inM. spicatumplant were more in spring
than any other season.

The p alfa values between the plant organs for th&ccording to BCF data, the uptake order of heavy
heavy metals are presented in Table 3. There waswetals in the whole plant was As > Cr > Pb > Hg
statistically significant difference between thetro > Cd. The BCF values are shown in Figure 2.

and stem and between the leaf and root arseniResults of heavy metal analysis of waters are
cadmium and lead (p<0.05). While there was g&hown in Table 4. The mean heavy metal
statistically significant difference between thetro concentrations in the water could be arranged in
and stem for mercury (p<0.05), there was not angrder as Pb > Cr > As > Hg > Cd. Seasonal
statistically significant difference for chromium i distribution of all the heavy metals in the water

plant organs (p>0.05). Also, none of the studiedhowed statistically ~ significant  difference
heavy metals showed any statistically significantp<0.05).

difference with regard to their distribution betwee
the leaf and stem (p>0.05). 20000

mCr

Table 3 - P value relation between plant organs in 18000 - B hs

terms of heavy metals. mcd

Cr As Cd Hg Pb 16000 1 “Hg
Leaf 14000 1 Pb
— 0.909 0.891 0939 0.211 0.109
Stermr
Leaf 12000 -
— 0.74 0.000* 0.000* 0.476 0.000* -
Root g 10000 -
Root
— 0.159 0.000* 0.000* 0.025* 0.000* 8000 -
Sterr
* p<0.05The significance was detected. 6000 -

4000

The analyses of the seasonal distributions of heavy 2000
metals in the organs were showed a statistically

significant difference for all the heavy metals in 0 - ‘
the root (p=0.253, p=0.111; p<0.05) and also in Leaf stem Root
the leaves and stem except for mercury (p<0.05). Tlssue

Guilizzoni (1991) observed that the heavy metal
in the plants showed seasonal changes. In this

igure 2 —Bioconcentration Factor (BCF) by extense
rates as to organs.

Table 4 -The mean (+ standard error) heavy metal conceatrsin the waters (ug1.

Cr As Cd Hg Pb
Winter 1.60 +0.02 0.81+0.01 0.01 + 0.003 lLa® 1.17 +0.01
Spring 2.32+0.03 1.03 +0.05 1.29+0.04 0.14%0 2.12+0.02
Summer 0.84 £ 0.02 0.75+0.01 0.11+0.01 0.0106® 2.42 +0.03
Autumn 0.01 + 0.003 0.90 +0.01 0.10+0.01 0.01.603 3.28 +£0.02
Average 1.19+0.26 0.87 £0.03 0.38 £ 0.16 0.5024 2.25+0.23
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Suspended solid matter consists of various organinaximum adsorption 46.49 mg kgKeskinkan et
and inorganic matters. Most of them hold onto thal. 2003). The lead adsorption capasitiesMof
surfaces of particles in water. Organic matters ispicatum and Ceratophyllum demersunwere
the water have the ability of binding the heavycompared and it was observed thét spicatum
metals (Sklodowski et al. 2006; Balkis et al. 2010)had better adsorption capacity th@n demarsum
In this study, as shown in Figure 3; when(Keskinkan et al. 2007). In a study in which
suspended solid matter increased, the amount cddmium and lead bioaccumulation Balvinia
heavy metal in the root, stem and leaf decreasedycullataplant was analyzed, it was seen that the
or vice versa. In other words, there was a strongontents of cadmium and chromium were much
negative correlation between the suspended solidore in the roots than in the leaves, as found in
matter in the water and heavy metal concentratiortbis study (Phetsombat et al. 2006).
in the plant tissues. The highest negativesamecka-Cymerman and Kempers (2004) studied
correlation was in the roots and correlationthe toxic metals in the speciesMf spicatumand
coefficients were as -0.993, -0.996, -0.998 and Potamogeton pectinatusear a copper casting
0.997 (p<0.01) for the winter, spring, summer andacility in Legnica, Poland. Considering the
autumn, respectively. highest metal concentrations they obtained, it was
found that cadmium and lead were in the higher
cwmRo0t mmmStem  esemlesf ==SSM concentrations ifM. spicatumand chromium was
] [ in the higher concentration iP. pectinatus
o0 (cadmium:M. spicatum8.8 mg kg, P. pectinatus
oe_ 1.5 mg kg lead: M. spicatum850 mg kg, P.
/ oome  pectinatus237 mg kg; chromium: M. spicatum
ome? 1.9 mg kg, P. pectinatu.7 mg kg). The stems
of the plants showed considerably higher

NS
N B
L

-
o

oo

- 0,004

Metal concentrations (mg kg')

4] /\ chromium, cadmium and lead (5.34, 0.04, 3.05 mg
2] Ne— | kg' respectively) than the results obtained from
’ o006 the stem in this study. Baldantoni et al. (2011)

Winter Spring Summer Autumn

analyzed the distribution of chromium in two

Figure 3 - Change of total mean heavy metg@duatic plants Rhragmites communiand Najas

concentrations in root, stem, and leafMarind. They found  higher  chromium
with regard to suspended solid matterconcentrations in the roots than in the green parts

(SSM), seasonally. of the plant, as in this study.

Arsenic, one of the deadly toxic elements, is

widely distributed in the aquatic systems. In
Yucel et al. (2010) monitored heavy metals in theddition, the agricultural and industrial effluent
River Porsuk by usinlyl. spicatumas an indicator. discharges also cause arsenic contamination in
The mean lead concentrations obtained from theatural waters (Azizur Rahman and Hasegawa
stem and the leaves of the plant were 61.50 argD11). Li et al. (2011) studied on arsenic uptake i
59.63 mg kg, respectively. The mean cadmiumagquatic plants and they deduced that arsenic was
concentrations were 0.81 and 1.81 mg™kg present in order as root tissue > root surface >
respectively. The mean lead (stem 3.05, leaf 6.2&tem tissue and the highest arsenic accumulation
mg kg') and cadmium (stem 0.04, leaf 0.06 mgate was found in the root. This study also found
kg") concentrations obtained from the stem anthe highest arsenic concentration (15.30 mg)kg
the leaves of the plant in this study werein the root and the lowest arsenic concentration
considerably less than the lead and cadmiurf0.32 mg k) in the stem. Robinson et al. (2005)
values measured in the plants, which wereletected 2960 mg Kgarsenic inM. propinquum.
collected from the River Porsuk. A study onwhich was much higher than the highest
cadmium biosorption ability of specied. concentration obtained in this study.
spicatum and M. triphyllum was researched, it Thompson-Roberts et al. (1999) analyzed the
showed that both of the species couldnercury concentrations in four aquatic plants
bioaccumulate cadmium effectively (Sivaci et al.(Myriophyllum spicatum, Nuphar variegatum,
2004). In another study. spicatumshowed the Elodea canadensiand Potamogeton crispdisin
accumulation of lead from waterand the the St. Lawrence Riven\. variegatumdid not

Braz. Arch. Biol. Technol. v.57 n.3: pp. 434-440ayW0une 2014



Heavy Metal Accumulation In Different Parts Mifyriophyllum spicatum 439

bioaccumulate mercury and the highest mercurgaldantoni D, Maisto G, Bartoli G, Alfani A. Analgs
bioaccumulation was seen M. spicatum.The of three native aquatic plant species to assedgabkpa
highest value (0.24 mg KY obtained fromM. gradient of lake trace element contaminatiéquat

spicatum was lower than the highest mean_ BOt2005; 83: 48-60.

- - Baldantoni D, Alfani A, Di Tommasi P, Bartoli G, De
merc_:ury (_:once_ntratlon (roc_Jt_ 1.18 mg Jag Santo AV. Assessment of macro and microelement
obtained in this study. Similarly, the mean

X : . accumulation capability of two aquatic plants.
mercury concentration (0.03 mg "Rg obtained Environ Pollut.2011: 130: 149-156.

from M. spicatumby Fontanella et al. (2009) in the gakis N, Aksu A, Oky E, Apak R. Heavy metal
Lake Candia (Italy) was notably lower than the concentration in water, suspended matter, and
mercury values obtained in this study. Soto et al. sediment from Gokova Bay, Turkelgnviron Monit
(2011) found that mercury concentration in Assess2010; 167: 359-370.

submerged Species |\/|( Spicatum and Demirak A, Yilmaz HA, Keskin FSahin Y, Akpolat 0.

more than mercury concentration in the particulate matter and sediments of inner Gokowa Ba

contaminated area. Similarly, mercury :;1234creeksEnV|ron Monit Assess2011; 184:7113-

cqncentranon in the rQOt of the plgnt was 2269'z%uman F, Obali O, Demirezen D. Seasonal changes of
(biological concentration factor) times more than meta) accumulation and distribution in  shining
in the water in this study. pondweed Rotamogeton lucefis Chemosphere.
2006; 65: 2145-2151.
Duman F, Leblebici Z, Aksoy A. Growth and
CONCLUSION bioaccumulation  characteristics of  watercress
(Nasturtium officinaleR.BR.) exposed to cadmium,
The heavy metals were distributed in different cobalt and chromiumChem Spec Bioavailatz009;
organs in the plant in different amounts. The 21: 257-265. .
highest heavy metal accumulation was in the root';algzsie'\rﬂnA’ El-sagggVBadr;el\tlélEl-ggr?%t;“g,ﬂ :\bo-;— p
and the lowest accumulation was in'the stem (rOOtphytoremediétion ypotentialities of gquatic
> leaf > stem). However, for chromium the order acrophytes in River NileEnviron Monit Assess.
was as root > stem > leaf. There was an efficient 2011; 184(3):1753-1771.
negative correlation between the SSM and heavyontanella MC, Ravera O, Beone GM, Riccardi N,
metal levels in the different parts of plant inleac Cattani 1. Mercury distribution in the main
season. The heavy metal bioaccumulation in thecompartments of the eutrophic Lake Candia
plant was maximum in spring, because plant (Northern Italy).J Limnol.2009; 68: 352-358.
development accelerated in  spring anderudnik ZM. Seasonal (_:hanges in the concentra_tfon o]
nutrient/metal uptake also increased. Heavy sc|>me trace elements in macrophyte shobtsa Biol
metals’ order for the BCF values were as As > Cés..o'zm.o' 53: 55-61. .
> Pb > Hg > Cd in the Kadin Creek. The plant U|I|zzo_n| P. The roIe_ of trace elements and toxic
g . ) Plant materials in the physiological ecology of submersed
accumulated arsenic in the water partlcularlysm it macrophytesAquat Bot.1991; 41: 87-109.
roots. ThusM. spicatunmcould be used effectively kara Y. Bioaccumulation of nickel by aquatic
as a bioindicator in monitoring the water quality macrophytesDesal Water Treat2010; 19: 325-328.
biologically in terms of heavy metals. Keskinkan O, Goksu MZL, Yuceer A, Basibuyuk M,
Forster CF. Heavy metal adsorption characteristics
a submerged aquatic pladyriophyllum spicatumh
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