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ABSTRACT 

In this study, concentrations of nonessential toxic heavy 

metals (Cd, Cr, Ni and Pb) and the micronutrients (Cu, Zn, 

Mn) in twenty brown rice (O.sativa) and relevant paddy 

soil samples were investigated.  Soil and brown rice 

samples from Evros-Ergene river basin were extracted for 

their total heavy metals content by dry digestion method 

and then determined using ICP OES. Results of this study 

revealed that the concentrations of Cd, Cr and Ni in the 

soils of studied sites were above than the maximum 

permissible levels. The average concentration of all metals 

in brown rice samples was below than the maximum 

permissible levels of WHO guideline. The ranking order of 

bioaccumulation factor (BAF) for heavy metals was Zn > 

Cu > Mn > Ni> Cr = Cd = Pb indicating that the 

accumulation of micronutrients was more than that of 

nonessential toxic heavy metals. It can be concluded that 

these rice samples cannot be regarded as a complete source 

to determine all metals posing threat to human health. 

 

Keywords: heavy metals; rice, paddy soil pollution; 

Bioaccumulation Factor (BAF); Ergene-Evros Basin 

 

INTRODUCTION 

Trakya region, with its soil and water resources, is 

one of the most important agricultural regions in Turkey. 

Ergene Basin is located in East Trakya, and is surrounded 

by North Marmara Basin, Evros (Maritza) Basin, and 

Bulgaria. The increasing industrialisation and agricultural 

activities in Trakya region cause threat to water resources. 

The use of this water, even indirectly, for irrigation of 

paddy fields causes salinization, contamination in terms of 

heavy metals, and also desertification (Kocaman et al. 

2015). Heavy metals such as cadmium, lead, chrome, 

cobalt, nickel, and copper, which are widely used in 

industry, are dumped into the ecological environment 

without any treatment (Adiloglu 2016). Due to domestic 

and industrial waste, pollution in water used for irrigation 

of rice is at fearful rates. Taking into consideration that in 

in wetlands of paddy farming, when water used in 

irrigation with high concentration of heavy metals, it 

remains on the soil surface,  accumulates, and causes 

accumulation in paddy plant itself, and therefore, it is 

inevitable that the toxic effect causes great health problems 

on people (Kabata-Pendias and Mukherje 2007). Also 

factors such as local climate, atmospheric dry depositions, 

physicochemical properties of soil including pH, cation 

exchange capacity (CEC), soil texture, organic matter 

content, degree of maturity of plants at the time of harvest 

and metal species exhibit noticeable effect on bio-available 

fraction of heavy metals from soil to crops (Chen et al. 

2016). 

The main objective of this study is to conduct a 

risk assessment of seven heavy metals (Cd, Cr, Cu, Ni, Pb, 

Mn and Zn). Concentrations of these heavy metals were 

determined in soil and brown rice grain from Evros-Ergene 

river basin to assess pollution levels and potential health 

risks based on the national/international standard limits. 

 

MATERIALS AND METHODS 

This study was carried out in Evros-Ergene River 

Basin. Soil and rice samples were collected from farms in 

wetlands located closer to Ergene River within the area 

from 40
o
 54´ to 41

o
 17´ north latitude and from 26

o
 21´ to 

26
o
 41´ east longitude. All sample sites were recorded 

using a handheld Global Position System (GPS). For 

convenience, the stations were grouped into three main 

sites, namely Ipsala (IP), Meriç (MR) and Uzunköprü 

(UK).  

A total of 20 rice samples and 20 soil samples 

were collected directly in the study area during the 2015 

harvest season. Twenty top soil samples from root zone at 

0-30 cm depth were taken from this paddy field using 

Ponar Grab sampler. Rice grain was grown in the 

corresponding soil sampling site and bought from local 

peasants. Each individual rice sample was composed of at 

least five sub-samples which were taken from the same 

rice paddy.  Each topsoil sample was obtained by mixing at 

least five adjacent sub-samples from one paddy field. At 

least 2 kg of soil was collected for each soil sample and 1 

kg rice grain for each rice sample. The paddy plants and 

soil samples were inserted into labelled plastic bags and 

placed on ice while transported to the laboratory, then kept 

in the refrigerator at 4 
0
C for preservation before analysis. 

Soil samples were air-dried in the laboratory for 

several days at ambient temperature. They were sieved 

through a 0.149 mm (100 mesh) nylon screen for digestion. 

Rice grain samples were oven-dried at 105 
o
C for 1 h, and 

later at 70 
o
C to constant weight. Husks were removed. 

Then, brown rice grain samples were ground in agate 

mortar until it could pass through a 63-micron mesh sieve 

and stored in closed polyethylene bags for digestion.  
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Well homogenized soil and brown rice samples 

were weighed (0.5 g) into separate teflon acid digestion 

tubes, then 8 ml % 65 HNO3 and 2 ml 30% H2O2 were 

added in each digestion tube and were tightly closed with 

screw caps. The samples were placed in a CEM microwave 

system Model Mars 907511 (CEM Cooperation, Mathews, 

North Carolina, USA) and digested at 200 
o
C for 30 min. 

with a microwave power of 1000 W (Thompson and Walsh 

2003). The digested samples were diluted to 100 ml with 

deionised water. Samples were kept in 4
0
C refrigerator 

until heavy metal analysis was done. 

Heavy metal concentrations were determined 

using ICP-OES Spectrometer machine Agillent 700 series 

for lead, cadmium, chromium, copper, manganese, nickel 

and zinc elements. Internal standard solutions were used to 

calibrate the instrument. Data obtained from the 

experiment were subjected to statistical analysis ANOVA 

and correlation using EXCEL. All samples were measured 

in duplicate. The recoveries of reference elements were 

within 15% of the actual values. Limits of Detection 

(LODs) were defined as 3 times the standard deviation of 

10 runs of blank measurements. LODs of Cd, Cr, Cu, Mn, 

Ni, Zn and Pb were 0.07, 0.65, 0.66, 0.09, 0.91, 0.50 and 

0.75 mgkg
-1

 respectively. Concentrations of heavy metals 

were expressed in terms of mgkg
-1

 on dry weight basis. In 

this study, the concentrations of Cd, Cr and Pb in the 

extracted solution of rice were below the limit of detection. 

Therefore, the concentration of Cd, Cr and Pb in rice was 

not detected.  

 

 

Assessment Bioaccumulation Effect of Rice on the 

Uptake of Heavy Metals from the Soils 

The BAF (bioaccumulation factor, the ratio of the 

concentration of the element in the grain to that in the 

corresponding soil) was calculated for each rice sample to 

quantify the bioaccumulation effect of rice on the uptake of 

heavy metals from the soils (1). The BAF was computed as 

               BAF =Cr/Cs,       

             (1) 

where heavy metal concentration in the edible parts of the 

plant and soil are represented by Crice and Csoil, 

respectively. When the BCF is ˂1 or the BAF=1, it 

indicates that the plant only absorbs but does not 

accumulate heavy metals; when the BCF is ˃1, it is an 

indication that the plant accumulates metals (Liu et al. 

2005). 

 

RESULTS AND DISCUSSION 

Heavy Metal Concentration in Brown Rice Grains 

In brown rice grains, among all metals, Mn and 

Zn were in more elevated concentrations than Cu and Ni. 

Concentration of Mn and Zn ranged between 7.89 mg 

kg
−1

 and 30.06 mg kg
−1

, 7.47 mg kg
−1

 and 27.71 mg 

kg
−1

 respectively among the sixty sites, which did not 

exceed the maximum permissible limit within FAO/WHO 

(2002) for human consumption. 

In addition, the concentrations of Cu and Ni 

ranged between 1.09 mg kg
−1

 and 5.18  mg kg
−1

, 1.25  mg 

kg
−1

 and 3.86  mg kg
−1

 respectively among the sixty sites, 

which did not exceed the values defined by the FAO/WHO 

(2002), WHO (1996), TFC (2011) and the critical 

concentration in plants based on Kabata-Pendias and 

Pendias (1992) (Table 1). Cd, Pb and Cr concentrations 

were not found in any stations.  
 

 

Table 1. Concentration of heavy metals (mgkg-1 dry matter) 

brown rice grain across the sampling sites 
 

 

Brown rice samples Cu Zn Cd Cr Pb Mn Ni 

R-IP1 2.4±0.45 22.7±0.41 BDL BDL BDL 17.8±0.61 BDL 

R-IP2 3.3±0.5 20.0±0.33 BDL BDL BDL 15.9±0.3 BDL 

R-IP3 3.6±0.62 21.3±0.42 BDL BDL BDL 24.7±0.31 BDL 

R-IP4 2.2±0.52 23.5±0.24 BDL BDL BDL 15.3±0.6 BDL 

R-MR1 3.1±0.25 17.1±0.48 BDL BDL BDL 19.7±0.34 BDL 

R-MR2 3.0±0.41 17.7±0.42 BDL BDL BDL 20.5±0.52 BDL 

R-MR3 4.1±0.43 23.0±0.74 BDL BDL BDL 15.1±0.33 3.6±0.03 

R-MR4 3.86±0.21 24.8±0.34 BDL BDL BDL 28.0±0.24 1.7±0.05 

R-MR5 3.8±0.26 20.2±0.34 BDL BDL BDL 21.6±0.53 1.5±0.1 

R-MR6 2.2±.0.42 13.4±0.75 BDL BDL BDL 18.1±0.1 BDL 

R-MR7 1.7±0.45 12.5±0.23 BDL BDL BDL 21.9±0.42 1.0±0.0.1 

R-UK1 2.2±0.51 13.1±0.34 BDL BDL BDL 21.0±0.51 BDL 

R-UK2 3.4±0.42 17.9±0.36 BDL BDL BDL 24.9±0.45 BDL 

R-UK3 3.6±0.9 17.4±0.42 BDL BDL BDL 16.1±0.24 BDL 

R-UK4 3.3±0.42 19.6±0.24 BDL BDL BDL 16.7±0.42 BDL 

R-UK5 2.4±0.52 19.4±0.52 BDL BDL BDL 16.0±0.45 BDL 

R-UK6 2.5±0.62 16.2±0.34 BDL BDL BDL 16.0±0.42 BDL 

R-UK7 2.9±0.78 15.8±0.53 BDL BDL BDL 16.0±0.34 BDL 

R-UK8 3.8±0.25 19.5±0.21 BDL BDL BDL 23.6±0.43 BDL 

R-UK9 3.7±0.46 17.6±0.34 BDL BDL BDL 21.2±0.45 BDL 

FAO/WHO (2002) 20 50 0.2 - 0.2 - - 

WHO (1996) - - - - - - 10 

TFC (2011) - - 0.2 - 0.2 - - 

Kabata-Pendias (1992)        

Normal Range 5-20 1-400 0.1-2.4 0.03-14 - - 0.02-5 

Toxic Range 20-100 100-400 5-30 5-30 - - 10-100 

     BDL:Below detection limit 

 

http://www.hindawi.com/journals/bmri/2014/545473/tab3/
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Table 2.  Concentration of heavy metals (mgkg-1 dry matter)  soil  samples  across the sampling sites 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 
                                     BDL:Below detection limit 

 

When brown rice samples are compared according 

to their region, there was difference only in terms of Ni 

among regions, which is statistically significant (p<0.05). 

Among these three regions, mean of Ni concentration was 

found out to be higher in MR region. There was no Ni 

concentration detected in IP region. The permissible limit 

of Nickel in plants recommended by WHO (1996) is 10 

mgkg
-1

. Ni concentration was detected in MR and IP 

regions; however these measurements were below the limit 

level. Kocaman et al. (2015), have reported that Cd and Co 

accumulated only in the roots. Fe and Mn were the most 

accumulated elements in all parts of the plants. These were 

followed by Zn and Cu. Ni accumulated in all parts of the 

plants from Ergene area while it accumulated only in roots, 

stems and grain with husk in the other locations. 

The relation between “Zn-Cu”, “Mn–Cu” ve 

“Mn–Zn” concentrations in brown rice samples in IP 

region was found out to be significant (p<0.01). 

Accordingly, there is a positively linear relation between 

“Zn-Cu” concentrations. The relations among 

concentration of “Zn-Cu”, “Mn-Cu”, Ni-Cu”, “Mn-Zn” 

and “Ni-Zn” variables of brown rice samples in MR region 

were found out to be significant (p<0.05 and p<0.01). 

Accordingly, there is a positively linear relation among 

these variables. The highest relation was determined to be 

between “Zn-Cu” (85.6%). Also it is reported by 

Mohammed et.al. (2015) that the strongest correlation was 

found between Cu and Zn indicating a common source in 

Zanzibar, while a moderate negative relationship between 

these two elements was found in rice (−0.36) in North-

western Italy (Brizio et al. 2016).  In brown rice samples of 

UK region, the relation of concentration of “Zn-Cu” and 

“Ni-Mn” variables were determined as significant. 

Accordingly, there is a positively linear relation among 

these variables. Most of the previous studies considered 

total contents of trace elements a reliable indication for 

their toxicity; however, their available indices are more 

important than their total contents in determining their 

uptake and distribution in different plant parts (Abbas and 

Abdelhafez 2013). In many studies carried out on parts of 

paddy plants (root, shoot, husks and grains) showed that 

most of the metals accumulate in the root of the plant. 

When the results of this study are compared to previous 

studies, it can be said that heavy metals may be 

accumulated in the roots or other parts of the plants 

(Kocaman et al. 2015; Abdelhafez et al. 2015).  

 

Heavy Metal Concentration In Soil 

It was found that, in the essential heavy metals in the 

paddy soil, Mn concentration ranged from 27.69 to 882.14 

mg kg
−1

, Zn concentration ranged from 29.1 to 169.15 mg 

kg
−1

, Cu concentration ranged from 7.25 to 29.81 mg kg
−1

 

in the paddy field soils, and in the concentrations of 

nonessential toxic metals, Pb ranged from 7.25 to 27.44 

mg kg
−1

, Cr ranged from 16.15 to 105.31 mg kg
−1

, Ni 

ranged from 7.03 to 134.86 mg kg
−1

 and Cd from 0.68 to 

2.65 mg kg
−1

. The paddy soil was acidic (pH 5.01) 

possibly attributed to continuous irrigation of paddy soils 

with contaminated river water. The ranking order of 

occurrence of the heavy metals in the paddy field soils was 

Mn > Zn > Ni > Cr > Cu > Pb > Cd indicating that Mn 

followed by Zn was at maximum concentration and Cd 

was at minimum concentration. Most of these metals arise 

from agrochemicals like fertilizers and pesticides, which 

have been used over a long period in the farm. It is known 

Soil 

Samples 

Cu Zn Cd Cr Pb Mn Ni 

S-IP1 7.2±0.66 45.9±0.5 BDL BDL 23.5±0.75 27.6±0.09 7.03±0.91 

S-IP2 17.9±0.51 137.8±0.24 1.0±0.07 29.0±0.65 12.2±0.55 391.8±0.02 35.8±0.47 

S-IP3 18.4±0.21 64.9±0.12 1.3±0.11 30.6±0.2 27.4±0.62 440.5±0.03 30.2±0.54 

S-1P4 11.5±0.33 35.5±0.3 0.9±0.02 32.5±0.52 10.2±0.53 250.0±0.07 37.4±0.65 

S-MR1 9.7±0.31 29.1±0.42 0.7±0.09 31.8±0.41 9.1±0.24 252.0±0.03 30.6±0.85 

S-MR2 10.9±0.52 36.8±0.5 0.6±0.12 16.1±0.31 10.3±0.72 418.7±0.09 27.9±0.41 

S-MR3 11.6±0.26 42.8±0.1 1.14±0.21 45.9±0.33 8.7±0.62 328.7±0.08 32.3±0.51 

S-MR4 16.0±0.41 53.1±0.21 1.0±0.18 33.8±0.55 9.9±0.45 418.0±0.01 71.2±0.62 

S-MR5 8.3±0.47 34.1±0.6 BDL BDL 7.7±0.2 89.7±0.12 25.5±0.84 

S-MR6 16.9±0.63 55.1±0.3 1.9±0.15 81.76±0.24 16.5±0.33 615.0±0.09 68.3±0.9 

S-MR7 20.0±0.33 67.1±0.54 2.1±0.11 94.4±0.49 18.1±0.59 882.1±0.01 83.0±0.54 

S-UK1 20.1±0.24 169.1±0.21 1.6±0.02 65.8±0.24 17.6±0.6 436.2±0.01 63.3±0.62 

S-UK2 18.5±0.21 29.3±0.1 1.1±0.03 34.1±0.32 10.1±0.41 589.6±0.05 39.3±0.85 

S-UK3 27.9±0.15 64.9±0.43 2.5±0.04 68.3±0.41 10.5±0.53 564.9±0.04 51.3±0.45 

S-UK4 29.8±0.24 67.7±0.25 2.6±0.01 74.7±0.24 11.2±0.22 430.1±0.12 56.1±0.53 

S-UK5 20.1±0.41 52.3±0.33 1.9±0.01 82.2±0.34 8.7±0.5 522.2±0.2 106.1±0.81 

S-UK6 19.5±0.54 52.6±0.35 2.1±0.06 95.6±0.41 9.3±0.22 642.3±0.03 119.6±0.23 

S-UK7 18.0±0.32 50.6±0.22 1.8±0.05 76.7±0.62 9.4±0.63 662.6±0.01 106.4±0.61 

S-UK8 28.9±0.45 74.4±0.34 2.4±0.07 96.4±0.14 10.7±0.54 499.5±0.01 117.5±0.48 

S-UK9 27.1±0.54 69.9±0.44 2.4±0.06 105.3±0.52 10.9±0.21 523.2±0.1 134.8±0.62 

RSCP 

2001 

50 150 1 100 50 - 30 

Kabata-

Pendias 

1992 

2-100  

(normal 

range) 

- - - - 850  

(toxic 

level) 

- 
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that phosphate fertilizers are manufactured from phosphate 

ore, which are contaminated with metals like Pb, Mn, and 

Cr (USEPA 1999; Wu et al. 2016). When soil sample 

concentrations were compared, there were differences 

determined in terms of Cu, Cd, Cr, Pb, Ni, and these 

differences were found out to be significant (p<0.05). It is 

reported by Wang et.al. (2016) that, except that no 

correlations were found between Cd, Cu, Ni, and Hg, all 

the heavy metals (As, Cr, Pb, Zn) were significantly 

correlated with each other at p < 0.01 level. Liu et al. 

(2011) have reported strong correlations among Cu, Ni, 

and Cr in soil around an electroplating plant and has 

implied that the metals have the same pollution source. 

Considering the mean of Cu variable, the group revealing 

difference was UK region. Cu concentration detected in 

soil samples of UK region was found high according to 

permissible limits stated in Regulation of Soil Pollution 

Control (RSCP). There was no significant difference of Cu 

values observed between IP and MR regions. The 

difference between the regions in terms of Ni variable is 

also statistically at significant level (p<0.05).  Accordingly, 

the group revealing difference is UK region. There was no 

significant difference observed between the other regions 

(IP and MR). In all regions, Ni concentration was found 

above the limit value stated by RSCP. Domingo and 

Kyuma (1983) was found that Cheju rice farms has lower 

mean levels of Cu, Zn, V, Co, and Cr and higher mean 

level of Ni than paddy soils of 12 countries. Determined 

concentrations of Cr, which is another variable, revealed a 

significant difference among regions, and the region that 

caused this difference was again UK. In soil samples of 

UK, MR, and IP, Cr concentration was found out to be 

high according to permissible limits stated in RSCP, and 

UK region was found out to have the highest level among 

the groups. Similarly, when Cd concentrations were taken 

into consideration, the difference detected among the 3 

groups was determined to be significant (p=0.03). UK 

region with the highest mean of Cd concentration in soil 

samples deviates from the other regions by causing the 

difference. Cd concentration detected in soil samples in 

UK region was found high according to permissible limits 

stated in RSCP. However, there was no difference detected 

in IP and MR regions. Wang et al. (2015) have reported 

that continuous application of wastewater has led to 

accumulation of heavy metals in the soil, and Cd, Zn, and 

Hg were the main pollutants. Zn and Cd were more mobile 

than other metals. In the area, the use of contaminated 

irrigation water is an important source which resulted in 

the increase of metal levels observed in soil. Especially in 

UK region, paddy fields being irrigated with water from 

Ergene River, causes concentrations of toxic heavy metals 

being at high level. Even though heavy metal 

concentrations did not exceed permissible limits of Turkish 

standards, their concentrations found in soil is at fearful 

rates (RSCP 2001), and the critical concentration in soil 

based on Kabata-Pendias and Pendias (1992). Determined 

concentration of Pb variable was at highest level in IP 

region and the difference was found out to be statistically 

significant (p<0.05). However there was no significant 

difference detected between Pb concentrations in MR and 

UK regions. Pb concentration in soil samples were found 

out to be below the permissible limits of Turkish standards. 

There was statistically no significant difference among 

regions in terms of other variables (Zn and Mn) (p>0.05). 

Samples of highest Zn concentration were detected in UK 

region; whereas Mn concentration was determined to be at 

toxic level in MR region in only one sample. In this study, 

the concentration of Mn and Zn were lower than the toxic 

level. Moradi et al. (2013) reported a positive correlation 

(p < 0.01) between the levels of Zn in agricultural soil and 

in rice collected in industrial sites in Iran. 

In MR region, concentrations of all bilateral 

variables in soil samples were determined to be 

significantly in relation (p<0.05 and p<0.01). Accordingly, 

there was a positively linear relation among these 

variables. The highest relation was found out to be 

between “Zn-Cu” (97.5%). The degree of relation (Pearson 

correlation coefficient) was detected to be at 1% and 5% 

levels and was determined as significant. There was no 

variable detected without mutual relation. There was a 

positive correlation coefficient (r) between both 

micronutrients, Cu and Zn. A significant correlation was 

found between pH and soil available Cu and Zn from the 

samples that were taken from the surface depth. Soil 

acidity influences micronutrient content, with slightly 

acidic soil series containing more Cu and Zn compared to 

strongly acidic soils (Babar 2016). The spatial distribution 

of Cu and Zn correlated to the soil organic matter 

distribution. 

 

Bioaccumulation Factor 

BAF is a key process for human exposure to toxic heavy 

metals through the food chain (Zhuang et al. 2009). The 

bioaccumulation factors (BAFs) that were calculated for 

the transmission of heavy metals from soils to the brown 

rice plants. The BAF values of the heavy metals such as 

Zn, Mn, Cu, and Ni were found out to be in a range from 

0.07 to 0.6, 0.02 to 0.6, 0.08 to 0.4, and from 0.01 to 0.5 

respectively. The trend in the BAF for heavy metals in the 

study sites was in the ranking order of Zn > Cu > Mn > Ni. 

BAF is an index for evaluating the transfer potential of a 

metal from soil to plant (Zheng et al. 2007). The results 

suggest that Zn and Cu had relatively higher mobility from 

soil to rice, followed by Mn and Ni consistent in this study. 

Abdul Aziz et al. (2015) almost got similar findings. 

Yadav et al. indicated that essential elements, i.e. Zn, Co 

and Cu, had higher bio-concentration in rice grains as 

compared to other toxic metals. Also studies by Saphaty et 

al. (2014) indicated that the trend in the BAF for heavy 

metals in the study sites was in the ranking order of Zn > 

Mn > Cu. Among the heavy metals, BAF values were 

found to be higher for Zn and Mn whereas relatively lower 

BAF values were found in Cu. BAF values of less than 1 

were obtained for Cu, Zn, Mn, and Ni in brown rice grains. 

Although Cu, Zn, Mn, and Ni concentrations were detected 

to be above Turkish and international limits in soil, BCF 

results showed that the bioavailability of metals was low in 

the study area. Abdul Aziz et al.(2015) almost got similar 

findings, where they found that heavy metals do not 

accumulate in the rice grain even though the 

concentrations of heavy metals were high in the soils. 

 

CONCLUSIONS 

In this study,  the distribution of concentrations of 

nonessential toxic heavy metals (Cd, Cr, Ni and Pb) and 

the micronutrients (Cu, Zn, Mn,) in paddy soil and brown 

rice grain from Evros-Ergene River Basin were examined, 

and availability of these metals to the paddy plants were 
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found out to be quite low. While studies carried out in the 

last decade showed that heavy metal pollution in this 

region was at a fearful rate, and that the migration of heavy 

metals from soil to plant is a key process for human 

exposure to heavy metals through the food chain, it was 

determined in this study that heavy metal concentrations 

were high in paddy soils probably occurring from using 

chemical fertilizers and pesticides, yet these concentrations 

were transmitted to brown rice grains at a level not causing 

any acute health risk.  

 

ACKNOWLEDGMENTS 
This study contains part of a scientific research project 

(NKUBAP.23.GA.16.012) of Namık Kemal University. 

The financial support of the Scientific Research Projects 

Unit of Namik Kemal University is gratefully 

acknowledged. 

 

 

REFERENCES 

 
Abbas MHH and Abdelhafez AA. 2013. Role of EDTA in arsenic 

mobilization and its uptake by maize grown on an As-poluted 

soil. Chem 90; 588-594. 

Abdelhafez AA, Abbas MHH, Attia TMS. 2015. Environmental 

monitoring of heavy-metals status and human health risk 

assessment in the soil of Sahl El-Hessania Area, Egypt. Pol J 

Environ Stud 24 (2) 459-467. 

Abdul Aziz R, Abd Rahim S, Sahid I, Razi Idris WM, Bhuiyan 

AR. 2015. Determination of Heavy Metals Uptake in Soil and 

Paddy Plants. American-Eurasian J Agric & Environ Sci 15 

(2)161-164. 

Adiloğlu S. 2016. Using Phytoremediation with Canola to 

Remove Cobalt from Agricultural Soils. Pol J Environ Stud 

25:(6) 2251-2254. 

Babar SK, Khanif YM, Samsuri AW. 2016. Evaluating the Cu 

and Zn Status of Various Rice Soils of Peninsular Malaysia. 

Pertanika J Trop Agric Sci 39: (1) 87 – 100. 

Brizio P, Benedetto A, Squadrone S, Curcio A, Pellegrino M, 

Ferrero M, Abete MC. 2016. Heavy metals and essential 

elements in Italian cereals. J Food Additives & Cont: Part B 

Surveillance 9:4. 

Chen H, Yuan X, Li T, Et al. 2016. Characertsics of heavy metals 

transfer and their influencing factors in different soil-crop 

systems of the industrialized region in China. Ecotoxicol 

Environ Safety 126:193–201. 

Domingo LE, Kyuma K. 1983. Trace elements in tropical Asian 

paddy soils. Soil Sci Plant Nutr 29: (4) 439-452. 

Kabata-Pendias A And Mukherjee Ab. 2007. Trace Elements 

from Soil to Human. Springer-Verlag, NewYork. 

Kabata-Pendias A and Pendias H. 1992. Trace Elements in Soils 

and Plants, pp 315. 2nd Edition, CRC Press, Boca Ratón, 

Florida. 

Kocaman I, Konukcu F, Istanbulluoglu A, Albut S. 2015. Effect 

of irrigation with maritza and ergene rivers water on soil 

contamination and heavy metal accumulation in rice crop. 

Bulgarian Journal of Agricultural Science. 21: (1) 71-77. 

Liu HY, Probst A, Liao BH. 2005. Metal contamination of soils 

and crops affected by the Chenzhou lead/zinc mine spill 

(Hunan, China). Sci of the Tot                                                                                                                                                                                                                                                                                                                                                                                                                     

Environ 339:153–166. 

Liu J, Zhang Xh, Tran H, Et al. 2011. Heavy metal contamination 

and risk assessment in water, paddy soil, and rice around an 

electroplating plant. Environ Sci Pollut Res. 18: 1623–1625. 

Moradi A., Honarjoo N., Fallahzade J., Najafi P. 2013. 

Assessment of heavy metal pollution in soils and crops of 

industrial sites, Isfahani. Iran. Pak. J. Biol. Sci.16, 97-100. 

Mohammed N.K., Makame R.K. 2015. Heavy Metal 

Concentrations in Soil from Selected Rice Farms at Cheju, 

Zanzibar. British Journal of Applied Science & Technology. 

10, 3, 1-7. 

RSCP (Regulation On Soil Pollution Control). 2001. Republic of 

Turkey, Official Journal 24609 (In Turkish). 

Satpathy D, Reddy MV, Dhal SP. 2014. Risk Assessment of 

Heavy Metals Contamination in Paddy Soil, Plants, and 

Grains (Oryza sativa L.) at the East Coast of India. BioMed 

Res. Inter. doi:10.1155/2014/545473. 

TFC (Turkish Food Codex). 2011. Regulation on contaminants in 

foodstuffs. Republic of Turkey Ministry of Food Agriculture 

and Livestock, 28157 (In Turkish). 

Thompson M And Walsh J.N. 2003. The Handbook of 

Inductively Coupled Plasma Spectrometry, pp 316. Viridian 

Publishing, Surrey.  

TRAGEP (Trakya Gelişim Projesi (2013-2016)). 2013. 

Publishing Republic Of Turkey Ministry Of Forestry And 

Water Management Available at 

http://www.ormansu.gov.tr/osb/Dosya/TRAGEP.pdf 

Accessed 15 June 2016 (In Turkish). 

USEPA (US Environmental Protection Agency). 1999. 

Estimating risk from contaminants contained in agricultural 

fertilizers. Draft Report, Office of Solid Waste. Available at 

http://www.epa.gov/epawaste/index. htm. Accessed 14 

December 2016. 

Wang X, Zeng X, Chuanping L, Li F, Xu X, Lv Y. 2016. Heavy 

metal contaminations in soil-rice system: source identification 

in relation to a sulfur-rich coal burning power plant in 

Northern Guangdong Province, China. Environ Monit Assess 

188: 460. 

Wang Z, Zeng X, Geng M, Chen C, Cai J, Yu X, Hou Y, Zhang 

H. 2015. Health Risks of Heavy Metals Uptake by Crops 

Grown in a Sewage Irrigation Area in China. Pol. J. Environ. 

Stud. 24: (3) 1379-1386. 

WHO (World Health Organization). 1996. Permissible limits of 

heavy metals in soil and plants. Genava, Switzerland.  

WHO/FAO. 2007. Joint FAO/WHO Food Standard Programme 

Codex Alimentarius Commission 13th Session. Report of the 

Thirty Eight Session of the Codex Committee on Food 

Hygiene. Houston, United States of America, ALINORM 

07/30/13,. 

Wu YJ,  Zhou H,  Yang WT,  Zou Zj,  Zhu W,  Gu JF,  Peng PQ,  

Zhang P,  Zeng M,  Liao BH.   2016. Comparison of the 

persistence of a combined amendment stabilizing Pb, Cd, Cu 

and Zn in polluted paddy soil. Huanjing Kexue/Environ Sci 

37: (7) 2791-2798. 

Zheng N., Wang Q.C., Zheng D.M. 2007. Health risk of Hg, Pb, 

Cd, Zn, and Cu to the inhabitants around Huludao Zinc Plant 

in China via consumption of vegetables. Sci. Total Environ. 

383, 81–89. 

Zhuang P, Mcbride MB, Xia H, Li N, Li Z. 2009. Health risk 

from heavy metals via consumption of food crops in the 

vicinity of Dabaoshan mine, South China Sci Total Environ 

407:1551–1561.  

http://www.ormansu.gov.tr/osb/Dosya/TRAGEP.pdf%20Accessed%2015%20June%202016
http://www.ormansu.gov.tr/osb/Dosya/TRAGEP.pdf%20Accessed%2015%20June%202016

