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AbstractAbstractAbstractAbstract 
The kinetic study of methylene blue (MB) adsorption using acid-activated spent tea (AAST) as an adsorbent from 
aqueous solution with the aim of comparing linear and non-linear regression analysis methods was performed at 
varying initial MB concentrations (10-100 mg/l). Hence, spent tea leaves, which were activated using concentrated 
sulfuric acid, were prepared. The physicochemical characteristics of the prepared adsorbent were also measured. 
In addition, a scanning electron microscope (SEM) and Fourier transform infrared spectroscopy (FTIR) instruments 
were employed to determine the size, morphology, and functional groups of AAST. Furthermore, the influence of 
different particle sizes of adsorbent on the adsorptive removal efficiency of MB was evaluated. The obtained data 
on MB adsorption were fitted using 4 kinetic models, namely pseudo first-order, pseudo second-order, Elovich, and 
intraparticle diffusion (I-D). The results of kinetic investigations showed that pseudo second-order kinetic model 
compared to the other applied models, with significant coefficient of determination (r2 > 0.98), could best fit the 
experimental data of MB adsorption. In addition, among all linear forms of the pseudo second-order model, form 1 
could better fit the MB adsorption data. Additionally, by comparing the performance of both linear and non-linear 
forms of the pseudo second-order kinetic model, it can be postulated that non-linear regression analysis could be 
more appropriate than the linear approach for kinetic study of MB adsorption onto the AAST adsorbent. Ultimately, 
based on the results of particle size experiments, the smaller the size of the adsorbent particles, the higher the 
adsorption efficiency of MB will be. 
KEYWORDS:KEYWORDS:KEYWORDS:KEYWORDS: Adsorption, Kinetic,    Linear and Non-Linear Models, Methylene Blue, Spent Tea 
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Introduction1    

Removal of toxic compounds from soil and 
water resources has always been one of the most 
paramount concerns of environmentalists. Dyes 
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are colored substances and are found in the 
wastewater of several industries, such as textile, 
leather, paper, and plastic.1 The discharge of 
such wastewater into the water resources will 
cause a wide range of problems, like harmful 
influence on photosynthesis and enhancement of 
the chemical oxygen demand (COD).2 

Until now, numerous conventional 
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techniques, such as oxidation or ozonation,3,4 
coagulation and flocculation,5 reduction,6 and 
membrane separation,7 have been employed to 
treat water polluted with MB or other colored 
compounds. These processes are apparently 
costly and have several operational difficulties, 
due to which they are not able to effectively 
eliminate large concentrations of MB from 
industrial and agricultural effluents. Therefore, 
the application of a cost-effective and highly 
efficient remediation technique is prescribed. 

Among all treatment techniques, adsorption 
is recommended as a well-known and popular 
approach for removal of dyes due, in essence, to 
its operational simplicity, economic benefits, and 
insensitive nature toward poisonous substances. 
Based on existing literature, some agricultural 
waste products, such as wheat husk,8,9 rice 
husk,10,11 pomelo (Citrus grandis) peel,12 and 
Posidonia oceanica (L.) fibres,13 as well as some 
cheap materials, like sawdust,14 perlite and 
clay,15,16 fly ash,17 and natural zeolite,18 were 
extensively investigated as alternative 
adsorbents for MB removal. 

Tea plantation farms are widely visible in 
Northern Iran. Dried and smashed leaves of tea 
bushes have largely been consumed as one of the 
most popular beverages among Iranians. The 
remaining spent tea materials of tea production 
process are not practical and are either stored or 
disposed as waste. Hence, the management and 
utilization of these enormous wastes in the 
environmental context is a critical necessity. 
Until today, spent tea leaves have been used for 
remediation of a large number of environmental 
pollutants. Amarasinghe and Williams reported 
that the application of spent tea materials in the 
removal of copper and lead showed fruitful 
results.19 In another research, Wasewar et al. 
stated that tea factory waste materials, during 
batch experiment studies, could easily remove 
high concentrations of zinc from aqueous 
solution.20 In the present study, spent tea 
materials were treated with concentrated 
sulfuric acid in order to increase their capacity to 

adsorb MB from aqueous media.  
To design a batch sorption system, the 

determination of kinetics reaction is a crucial 
point because through kinetic data, information 

on the rate of adsorbate uptake onto the 
adsorbent surfaces and factors influencing 
reaction rate are obtained. 21 Generally, the most 

commonly used kinetic models to express the 
processes between liquid and solid surfaces are 
pseudo first-order and pseudo second-order 
models. Although some studies have revealed 

that pseudo first-order model can best fit the 
experimental data of contaminants adsorption,22 
a research has confirmed the lack of ability of the 

corresponding model to predict the theoretical 
adsorption capacity of adsorbents.23 In recent 
years, pseudo second-order model has been 
commonly used as it best expresses the kinetic 

reaction of some pollutants in a series of batch 
experiments. However, the linear form of the 
pseudo second-order model proposed by 

Blanchard et al. results in lackluster performance 
in the prediction of the adsorption capacity of 
pollutants.23 Therefore, an analysis of the 
performance and ability of both linear and non-

linear forms of kinetic models in predicting 
kinetic parameters is vital. 

Even though MB adsorption using spent tea 
has been performed previously, to the best of 
our knowledge, no comparative study of non-
linear and linear kinetic approaches of MB 
adsorption onto acid-activated spent tea (AAST) 
has been performed. Therefore, the objectives of 
the present paper are synthesis and 
characterization of AAST, and comparison of 
kinetic model efficiency and obtained kinetic 
parameters of MB adsorption onto AAST using 
both non-linear and linear methods. 

Materials and Methods 

MB (C16H18ClN3S.3H2O) (Figure 1), concentrated 
hydrochloric acid, sulfuric acid, and sodium 
hydroxide were purchased from Merck & Co. 
(Kenilworth, NJ, USA). All reagents were 



 

 

 
 

http://jaehr.muk.ac.ir 

Kinetic modeling of methylene blue adsorption Babaei et al. 

  J Adv Environ Health Res, Vol. 2, No. 4, Autumn 2014       199 

analytical grades. The stock solution of MB was 
prepared by dissolving a segment of MB into 
1000 mL of distilled water, then, diluting to 
reach MB solutions with desirable 
concentrations. Furthermore, the solutions were 
kept in a dry environment at 4 °C. 

 

 
Figure 1. The structure of methylene blue 

 
To prepare the adsorbent, spent tea material 

of household tea waste were employed. Initially, 
tea leaves were washed completely with distilled 
water to remove all chemical or physical 
impurities. Then, spent tea was decolorized 
through boiling in distilled water at 100 °C, and, 
subsequently, kept and dried in an electric oven 
at 65 °C. Then, the resulted spent tea was 
activated through immersion in a strong sulfuric 
acid solution followed by a few minutes of 
vigorous shaking. Then, they were washed with 
distilled water to reach a pH of 7. The principal 
objective of acid washing of adsorbent was the 
activation of the adsorbent surfaces through the 
creation of numerous pores on the internal and 
external surfaces in order to increase the ability 
of adsorbent to remove MB. In the next step, 
obtained AAST materials were oven dried at 105 
°C, and then, passed through a range of steel 
sieves. In accordance with the ASTM Method, 
only particles between 100 and 250 µm in 
diameter mesh size were used throughout the 
study, apart from studying the effect of 
adsorbent particle size. Finally, AAST was dried 
at 80-85 °C for about 2 hours, and then, kept in 
plastic bags in a dry environment until the 
beginning of the batch experiments. 

Initially, the moisture and ash content, 
chemical composition, water soluble and 
insoluble substances, and the volatile fraction of 

the adsorbent were determined. To find the 
morphological features of AAST, a scanning 
electron microscope (SEM) (Philips Co., 
Netherlands) was applied. Furthermore, Fourier 
transform infrared spectroscopy (FTIR) was used 
to find the surface functional groups of the 
AAST. The specific surface area of adsorbent 
was measured using adsorption/desorption 
technique using the Brunauer–Emmett–Teller 
(BET) method. Moreover, pH of zero point 
charge (pHZPC) of AAST was measured at 
varying pH values according to the Yargic et al. 
method.24 In addition, the sieve and Gay–Lussac 
pycnometer methods were also applied to 
determine the size and bulk density of AAST, 
respectively. 

In this research, kinetic study of MB 
adsorption onto AAST was carried out in a series 
of batch experiments at room temperature  
(25 ± 2 °C). Regarding batch experiments, 0.5 g of 
adsorbent was added to amber glass bottles 
containing various initial MB concentrations (10, 
25, 50, and 100 mg/l) with optimum pH of 7.0. 
The optimum pH value of 7.0 of the batch 
experiments was obtained from similar previous 
experiments. In addition, both 0.1 M HCl and 0.1 
M NaOH solutions were used to adjust the pH of 
MB solution. Then, the bottles were placed in a 
shaker and rotated vigorously with the intensity 
of 300 rpm for 1 to 300 minute time intervals. 
Subsequently, to separate the adsorbents from 
MB solutions, samples were centrifuged at 5000 
rpm for around 5 minutes. The residual 
concentration of MB in solutions was measured 
using a UV-visible spectrophotometer (SPEKOL 
2000, Analytik Jena, Germany) at its maximum 
MD absorbance wavelength of 665 nm. Finally, 
the adsorption capacity (qt) of MB onto the 
AAST was calculated using the following 
equation: 

q� = �(����	)
�          (1) 

Where Co and Ce are the initial and final 
concentrations of MB (mg/l) in the solution, V is 
the solution volume (L), and m is the weight of 
adsorbent (g). 
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Finally, the effect of the size of AAST particles 
was also studied in two different size ranges of 
210-250 µm and 53-63 µm for varying dosages of 
AAST adsorbent (0.5 and 5.0 g/l). 

The kinetic investigation of MB adsorption 
onto the AAST surfaces was performed via four 
widely used models, namely Lagergren's pseudo 
first-order, Ho's pseudo second-order, Elovich, 
and Weber and Morris's intraparticle diffusion. 
The non-linear forms of pseudo first-order, 
pseudo second-order, Elovich, and intraparticle 
diffusion kinetic models are expressed in 
equations 2, 3, 4, and 5, respectively, as 
follows:25-28 

q� = q�(1 − exp(−k�t))      (2) 

q� = ���	��
�����	�           (3) 

q� = ���� ln	(1 + αβt)        (4) 

q� = k"#√t + C"         (5) 
Where qe and qt (mg/g) are the adsorbed 

amount of MB at equilibrium state and at any 
time (t) (min). Furthermore, k1 (1/min) and k2  
(mg/g.min) are the rate of sorption for pseudo 
first and pseudo second-order models, 
respectively. α (mg/g.min) and β (g/mg) are 
the constants of the Elovich kinetic model. 
Moreover, kid (mg/g.min) and Ci are the 
intraparticle diffusion constant and constant 
depicting the boundary layer effect, 
respectively.  

The complete linear forms of pseudo second-
order kinetic model are demonstrated in table 1. 
Furthermore, to examine the reliability of all 

applied models and their fitness to the 
experimental data of MB adsorption, r2 as a valid 
and authenticated index was used as follows:29 

r' = ∑(�)*�)�
∑(�)*�)��∑(�)*�+)�       (6) 

Where qm and qt are the quantity of adsorbed 
pollutant onto the adsorbent at equilibrium 
contact time and any time (t) (mg/g), 
respectively. Moreover, q is the average of qt.  

Additionally, to obtain the kinetic parameters 
of MB adsorption onto the AAST using non-
linear and linear approaches, MATLAB® version 
7.11.0 (R2010b, The Mathworks Inc. Natick, MA, 
USA) and Microsoft Excel (Microsoft, Redmond, 
WA, USA) were used, respectively. 

Results and Discussion 

Characterization 
Several selected physicochemical features of AAST 

are presented in table 2. Accordingly, pHzpc of 
AAST was obtained (5.0 ± 0.2). Since, pH value of 
solution is lower than 5, surface charges of AAST 

will be positive. However, at pH values higher 
than 5, negative charges will occupy the surfaces of 
AAST and this plays a critical role in cationic dye 
adsorption. In this study, all experiments were 

performed at a pH value of 7.0, based on 2 degrees 
deviation from pHzpc, and desirable conditions 
were provided for MB adsorption. Moreover, 

specific surface area of AAST was obtained to be 
285.5 m2/g that will be considered as an 
undeniable proof of the ability of AAST in MB 
adsorption. 

 
Table 1. Linear forms of pseudo second-order kinetic model 

Model type Equation Plot Parameters 

1 
�
� =

�
���	� +

�
�	t t/q vs. t qe = 1/slope, k2 = slope2/intercept 

2 
1
q = , 1

k'q�'-
1
t +

1
q� 1/q vs. 1/t qe = 1/intercept, k2 = intercept2/slope 

3 q = q� − ( 1
k'q�)

q�
t  q vs. q/t qe = intercept, k2 = -1/(intercept × slope) 

4 
q
t = k'q�' − k'q�q q/t vs. q qe = −intercept/slope, k2 = slope2/intercept 

qe: 1/slope; k2: slope2/intercept; t: Time 
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Table 2. Several physichochemical characteristics of acid-
activated spent tea (AAST) 

Parameters Values 
Moisture content (%) 3.72 ± 0.4 
Water soluble compounds (%) 1.20 ± 0.3 
Insoluble compounds (%) 95.10 ± 0.4 
Volatile fraction (%) 64.30 ± 2.9 
Ash content (%) 30.90 ± 2.7 
Elemental analysis (%)  

C 57.50 ± 1.1 
H 7.30 ± 0.5 
N 0.4 
O 30.30 ± 0.9 
S 4.50 ± 0.3 
pHPZC 5.00± 0.2 
Bulk density (kg/m3) 258 
Particle size (µm) 100-250 
BET surface area (m2/g) 285.5 

BET: Brunauer–Emmett–Teller 
 

Figure 2 illustrates the SEM image of AAST. 
Based on figure 2, the porous and rough 
structure of AAST is evident which is attributed 
to the effect of treatment with strong sulfuric 
acid. The created porosity on the AAST surfaces 
is a great tool to increase the capacity of the 
adsorbent in adsorbing the adsorbate. The FTIR 
spectra of AAST before and after adsorption of 
MB are presented in figure 3. As shown in figure 
3 and table 3, the spectra display a number of 

absorption peaks, indicating the complex nature 
of the AAST. As it is clear from figure 3, the 
presence of OH–phenolic functional group is 
proved by a broad band peak at 3396 cm-1.30 The 
aliphatic C–H stretch in cellulose and 
hemicelluloses are assigned at wave numbers of 
2924 cm-1, 2853 cm-1, and 1457 cm-1.31-33 In 
addition, the carbonyl stretch of carboxyl and  
C=O stretching mode conjugated with the NH2 
are illustrated in 1719 cm-1 and in the range of 
1640–1660 cm-1, respectively.31 The two peaks at 
wave numbers of 1519 cm-1 and 1319 cm-1 are 
attributed to the secondary amine group and 
symmetric bending of CH3, respectively.33 Table 
3 illustrates the absorption peak of all functional 
groups of AAST surfaces before and after 
adsorption of MB. It can be seen that among all 
mentioned functional groups, bonded –OH 
groups, secondary amine group, C=O stretching 
of ether group, aliphatic C–H group, C–N stretch 
of aliphatic amines, and symmetric bending of 
CH3 have important roles in the process of 
adsorption of MB from aqueous solution.34 
Several adsorption bands participating in the 
biosorbent indicated that AAST is an excellent 
sorbent for the removal of MB. 

 

 
Figure 2. Scanning electron microscope (SEM) image of acid-activated spent tea (AAST) 
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Figure 3. Fourier transform infrared spectroscopy (FTIR) spectra of acid-activated spent tea 
(AAST) before and after adsorption of methylene blue (MB) 
 

Table 3. Fourier transform infrared spectroscopy (FTIR) spectra of acid-activated spent tea (AAST) before and after 
adsorption of methylene blue (MB) 

FTIR peaks Frequencies (cm-1) Assignment 
Before adsorption After adsorption Differences 

1 3397 3383 +14 Bonded–OH groups 
2 2924 2924 0 aliphatic C–H stretch 
3 2853 2853 0 aliphatic C–H stretch 
6 1719 1719 0 carbonyl stretch of carboxyl 
7 1655 1655 0 C=O stretching 
8 1519 1523 –4 secondary amine group 
9 1457 1451 +6 aliphatic C–H stretch 
10 1319 1332 -13 symmetric bending of CH3 
11 1157 1160 -3 C=O stretching of ether groups 
12 1112 1107 +5 C–N stretch of aliphatic amines 
13 1054 Disappeared Unknown C=O stretching 
14 895 Disappeared Unknown aromatic C–H stretching 
15 826 829 -3 aromatic C–H stretching 
16 661 660 +1 C–Br stretch of alkyl halides 
17 598 616 -18 C–Br stretch of alkyl halides 

FTIR: Fourier transform infrared spectroscopy 

Kinetic studies 

Kinetic studies of MB adsorption onto AAST 
surfaces were accurately carried out using four 
widely used non-linear kinetic models together 
with four linear types of the pseudo second-
order model. The non-linear graphs of pseudo 
first-order, pseudo second-order, Elovich, and 

intraparticle diffusion models were depicted 
based on the adsorption time (t) against the 
adsorption capacity of MB (qt) (Figure 4). As is 
clear from figure 4, the kinetic of reaction 
between adsorbent and adsorbate was 
apparently high in the first 30 minutes of the 
experiments; over 90% of the initial MB 
concentration was adsorbed onto the AAST 
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surfaces. However, with the passing of time, 
reaction decreases and reaches equilibrium state. 
The most probable reason for this observation is 
rooted mainly in the vacancy of surface area of 
adsorbents and their extreme tendency toward 
adsorbate sorption which will drop significantly 
with the passing of reaction time and filling of 
the surface area. The results of non-linear kinetic 
studies have been reported in table 4. 
Accordingly, the obtained qt of pseudo first-
order and pseudo second-order models has a 
significant correlation with the experimental qt. 
Furthermore, the pseudo second-order model, in 

comparison with other models, has the highest r2 
with the experimental data in all initial MB 
concentrations (except 10 mg/l). The findings of 
the study by Yao et al. showed that the data on 
MB adsorption onto the carbon nanotube had 
the most significant correlation with the pseudo 
second-order kinetic model.35 

Moreover, the linear graphs of the pseudo 
second-order model are illustrated in figure 5. In 
order to obtain kinetic parameters using linear 
approach, the graphs 5 (a-d) were drawn based 
on t vs. t/q, 1/t vs. 1/q, q vs. q/t, and q/t vs. q, 
respectively. 

 

 

 
Figure 4. Non-linear kinetic plot of MB adsorption onto AAST surfaces at different initial MB concentrations (a: 10, b: 25, 
c: 50, and d: 100 mgl-1) 
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Table 4. Kinetic parameters of methylene blue (MB) adsorption onto acid-activated spent tea (AAST) surfaces using non-
linear regression approach 

Model Parameter 
Initial MB concentrations (mg/l) 

10 25 50 100 

Pseudo first-order 
qe (mg/g) 0.986 2.422 4.700 9.207 
k1 (1/min) 0.803 0.274 0.193 0.156 

r2 0.991 0.979 0.944 0.940 

Pseudo second-order 
qe (mg/g) 1.013 2.543 4.946 9.702 

k2 (g/mg.min) 1.398 0.163 0.062 0.026 
r2 0.984 0.998 0.990 0.987 

Elovich 
α (mg/g.min) 197.10 14.15 12.26 14.93 
β (g/mg) 12.09 3.47 1.61 0.77 

r2 0.889 0.922 0.966 0.973 

Intraparticle diffusion 
kid (mg/g.min) 0.029 0.104 0.224 0.460 

Ci 0.658 1.199 2.068 3.727 
r2 0.326 0.552 0.660 0.702 

qe: 1/slope; k2: slope2/intercept; kid: intraparticle diffusion constant; Ci: constant depicting the boundary layer effect 
 

  

  
Figure 5. Linear plot of pseudo second-order kinetic model of methylene blue (MB) onto acid-activated spent tea (AAST) 
surfaces (a: form 1, b: form 2, c: form 3, and d: form 4) 
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Table 5 shows the kinetic parameters of four 
linear forms of the pseudo second-order model at 
various initial MB concentrations. Increasing 
initial MB concentrations from 10 to 100 mg/l 
caused considerable enhancement in the 
adsorption capacity of MB. Kumar and 
Tamilarasan, in a similar study, stated that an 
increasing trend was observed in MB adsorption 
capacities onto the Acacia fumosa seed shell 
activated carbon as a result of increasing the 
initial MB concentrations.36 According to table 5, 
the linear form 1 of pseudo second-order had the 
maximum r2 value that confirm its correlation 
with experimental data of MB adsorption, while 
forms 3 and 4 showed lower correlation. The 
differences between obtained parameters of linear 
models were mainly derived from the complexity 
in calculating the kinetic parameters. Such 
contradiction revealed that changing the non-
linear to linear methods triggered significant 
transformation in obtained results and reduction 
of their validity. The various outcome parameters, 
in addition, of varying linear types of pseudo 
second-order are principally due to the changing 
error function that is differentiated by the 
linearization process of non-linear models. Of 
course, such error function, depending on the 
linearization method, may lead to either better or 
worse outcome parameters. The linear regression 

concept is based on the belief that the distribution 
of points in adjacency of the line follows the 
Gaussian distribution in which the standard 
deviation is relatively similar at each X value. 
Such assumptions are not correct after the 
alteration of the experimental data that will 
entirely change the relationship between X and Y. 
In this regard, form 1 of the pseudo second-order 
model, compared to forms 3 and 4, can better fit 
the experimental data of MB adsorption with 
relatively high r2. Consequently, it can be said 
that changing the non-linear to linear approach 
led to improvement of the efficiency of form 1, 
while in the case of forms 3 and 4, lower 
performance efficiency was observed. 
Additionally, different outputs of the four linear 
types of pseudo second-order can be ascribed to 
the various axial conditions that change the 
findings of linear regression method and impact 
the determination procedure.37 linear method 
only indicates the slope and intercept that are 
useful for predicting Y for corresponding X 
values. Therefore, the appropriateness of fitting 
experimental data to various linear forms which 
originate from different axial settings would be 
adjustable. In the linear regression approach, it is 
not considered whether the kinetic reaction trend 
is linear or not, but it is supposed that the 
experimental data are intrinsically linear. 

 
Table 5. kinetic parameters of methylene blue (MB) adsorption onto acid-activated spent tea (AAST) surfaces using linear 
regression approach 

Pseudo second-order kinetic model Parameter Initial MB concentrations (mg/l) 
10 25 50 100 

Form 1 
qe (mg/g) 1.002 2.522 5.005 9.881 

k2 (g/mg.min) 2.166 0.196 0.058 0.022 
r2 1.000 1.000 1.000 1.000 

Form 2 
qe (mg/g) 1.044 2.568 4.710 9.093 

k2 (g/mg.min) 0.965 0.150 0.090 0.041 
r2 0.920 0.998 0.968 0.965 

Form 3 
qe (mg/g) 1.031 2.566 4.653 8.961 

k2 (g/mg.min) 1.076 0.151 0.096 0.044 
r2 0.920 0.998 0.968 0.965 

Form 4 
qe (mg/g)  .031 2.490 4.774 9.278 

k2 (g/mg.min) 1.089 0.115 0.029 0.007 
r2 0.836 0.989 0.927 0.774 

qe: 1/slope; k2: slope2/intercept; MB: Methylene blue 
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In addition, different outputs of the 
linearization process apparently proved that in 
the case of linear method, X value is absolutely 
clear while Y is uncertain. Moreover, according 
to tables 4 and 5, the reaction rate coefficient (k2), 
an important parameter in the adsorption 
process design, estimated by linear models 
differs from that estimated by non-linear 
models. Therefore, the use of a linear model is a 
questionable and controversial approach to 
determining kinetic parameters. This evidence 
supports the likelihood of abnormality 
assumption for linear regression approach. 
Therefore, since in non-linear regression 
method, error structure does not change and all 
the kinetic parameter are fixed in a similar axis, 
it would be advantageous to predict the 
parameters related to kinetic study of 
experimental data of MB adsorption. 

Effect of particles size 

In the adsorption process, particle size and 
surface area of the adsorbent are the most 
important factors affecting the adsorption 
capacity. Therefore, the effect of particle size on 
the removal of MB was studied with two 
different size ranges of 210-250 µm and 53-63 µm. 
As shown in figure 6, decreasing the particle size 
of AAST adsorbent from the range of 210-250 µm 
to 53-63 µm has increased the removal efficiency 
of the initial concentration of 50 mg/l MB dye 
from 31.8 to 42.5% and from 87.0 to 97.5% using 
0.5 g/L and 5.0 g/l AAST adsorbents, 
respectively. The extent of the adsorption process 
increases with increased specific surface areas. 
The specific surface available for adsorption 
will be greater for smaller particles, and hence, 
the adsorption efficiency of MB increases as 
particle size decreases. For larger particles, the 
diffusion resistance to mass transport is higher, 
and most of the internal surface of the particle 
may not be utilized for adsorption. 
Consequently, lower amounts of MB are 
adsorbed. These results demonstrate that 
smaller particles provide more surface area, 
and thus, increase the adsorption capacity. 

 
Figure 6. Particle size effect of acid-activated spent tea 
(AAST) on methylene blue (MB) adsorption efficiency 
(pH = 7.0 ± 0.1; time = 120 min, Co = 50 mg/l) 

Conclusion 

In the present study, a kinetic survey of MB 
adsorption was performed using the four most 
common kinetic models. Furthermore, the linear 
and non-linear forms of pseudo second-order 
kinetic model were fitted to the experimental 
data of MB adsorption onto AAST surfaces. The 
findings of batch experiments revealed that MB 
adsorption is a merely concentration-dependent 
process and entirely depends on the initial MB 
concentration. Among all kinetic models, the 
pseudo second-order model, due, principally, to 
its high r2, best fit the obtained data. Moreover, 
investigation of the linear forms of pseudo 
second-order model demonstrated that, in all 
initial MB concentrations, form 1 best fit the MB 
adsorption data. Additionally, comparison of 
linear and non-linear kinetic methods revealed 
that non-linear approach, due to the lack of 
disorder on error construction, is the best 
method to undertake a kinetic study. Therefore, 
based on the findings of this research, the use of 
the non-linear approach of kinetic models is 
confidently advised in the study of contaminant 
removal. Furthermore, results of particle size 
experiments indicated that higher MB 
adsorption was apparently achieved in lower 
size adsorbents. This study shows that AAST is 
a promising biosorbent for the removal of dye 

0.5 g/l 5.0 g/l 
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from colored aqueous solutions. 
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AbstractAbstractAbstractAbstract 
Ochratoxin A (OTA) is a mycotoxin produced in corn, rice, and flour. It is a major concern for animal and human health. 
The purpose of this study was the evaluation of OTA contamination in bread samples gathered from bakeries, in 
different temperatures and durations of heating.    In this study, 32 samples (4 samples of flour and 28 samples of 
bread) were randomly collected from different bakeries in Babol city, Mazandaran province, Iran, in fall 2013. The 
OTA content of the samples was measured in different temperatures and durations of heating using competitive 
direct enzyme-linked immunosorbent assay (CD-ELISA) method. Nonparametric Kruskal-Wallis was applied for data 
analysis. Results proved that reduction in the amount of OTA in samples during the heating process was significant 
and longer duration of heating was more effective, than raising the temperature, on OTA reduction. The highest 
percentage of OTA reduction occurred in constant temperature and when 2 minutes were added to the original time 
of heating. The lowest reduction rate of this toxin was observed in constant temperature and when 4 minutes was 
deducted from the original time in each bakery. Our study showed that bread and flour samples do in fact contain 
OTA, but this toxin is being reduced through heating. Since bread is the most consumed food in the world and also 
Iran, determination, management, and reduction of OTA in bread should be considered seriously. 
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Introduction1    

Mycotoxins are secondary metabolites that are 
produced by fungi. Aflatoxins, trichothecenes, 
zearalenone, fumonisins, and ochratoxins are 
important mycotoxins found in cereals.1 
Ochratoxin has three types of A, B, and C which 
have some chemical differences. This toxin has a 
colorless and crystallized compound. Ochratoxin 
A (OTA) is a common type of Ochratoxin.2 The 
chemical structure of OTA is 7-L-β-
phenylalanylcarbonyl-5-chloro-8-hydroxy-3, 4-
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dihydro-3-R-methyl-isocoumarin.3 OTA is 
produced by Aspergillus ochraceus, Aspergillus 
carbonarius, and Aspergillus niger in tropical 
regions, and by Penicillium verrucosum in 
temperate regions.4 This toxin has been found in 
different foods such as corn, rice, soybean, 
coffee, cocoa, bean, and pea and also corn 
derivatives such as flour, bread, and pasta.5 OTA 
has nephrotoxic, immunotoxic, carcinogenic, 
teratogenic, and genotoxic effects and it has been 
associated with human and animal kidney 
diseases.6 The International Agency for Research 
on Cancer (IARC) has given a group 2B 
classification to OTA.3 The Iranian maximum 
tolerated level for OTA is 5 ng/g in human 
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food.7 European Commission (EC) has 
determined the maximum tolerated OTA level to 
be 5 ng/g for cereals and 3 ng/g for their 
derived products. According to EC, the tolerable 
weekly intake (TWI) of OTA is 120 ng/kg 
bw/week for humans.6 Several studies have 
shown the production of mycotoxins in food 
products, and the reduction and change in 
concentration of different mycotoxins based on 
heating in human food. Meca et al., in Canada, 
detected Fusarium mycotoxin (Beauvericin 
(BEA) (5 mg/kg)) decomposition in barley and 
wheat flour during beer and bread making. 
During the bread making process, BEA 
reduction ranged from 75% to 95%.8 van der 
Stegen et al., in the Netherlands, studied green 
coffee contaminated by OTA and showed that 
during the roasting time which lasted from 2.5 to 
10 minutes, OTA was reduced 69%.9 Kristensen 
et al., in Denmark, using 64 °C for 10.5 minutes, 
reduced 99% of the yeast and 98% of the 
filamentous fungi in rye bread and confirmed 
that drum drying did not destroy OTA.10 In 
another study in Iran, Gholampour Azizi 
reported that from 100 grape juice and raisin 
samples, 32 grape juice and 4 raisin samples had 
contamination rates higher than that of the EC 
limit (10 µg/kg).11 The climatic conditions of 
Mazandaran province (northern Iran) provide a 
good environment for fungi growth and 
mycotoxins occurrence such as OTA (because in 
northern regions of Iran, the weather is humid 
and mild). Bread is the most consumed food in 
the world and Iran. Therefore, the purpose of 
this study was to evaluate OTA in several bread 
samples, based on different temperatures and 
durations of heating, using the competitive 
direct enzyme-linked immunosorbent assay 
(CD-ELISA) method in Babol city (Mazandaran 
province, Northern Iran). 

Materials and Methods 

In this study, 32 samples from 4 bakeries (8 
samples per bakery: 1 sample of flour and 7 

samples of bread) in Babol were randomly 
collected. The constant temperature and time of 
heating in each bakery, which prepared normal 
bread, were bakery A: 320 °C and 6 minutes, B: 
185 °C and 8:45 minutes, C: 280 °C and 6:30 
minutes, and D: 200 °C and 8:30 minutes. 
Samples from each bakery included: 1 sample of 
wheat flour (the flour with which bread was 
baked and was the basis for other samples and it 
was not heated), 1 sample of normal bread baked 
for the original time and with constant 
temperature of heating in the bakeries, 1 sample 
baked for the original time and constant 
temperature increased by 20 °C from the original 
temperature of heating in the bakeries, 1 sample 
baked for the original time and constant 
temperature deducted by 20 °C, 1 sample baked 
for the original time and constant temperature 
deducted by 40 °C, 1 sample baked constantly 
with the original temperature and time of 
heating increased by 2 minutes, 1 sample baked 
constantly with the original temperature and 
time of heating deducted by 2 minutes, 1 sample 
baked constantly with the original temperature 
and time of heating deducted by 4 minutes. 

In this procedure all samples were dried and 
ground to powder. Subsequently, 20 g of each 
sample was mixed with 100 cc of 70% methanol in 
a blender, and then, the mixture was shaken in an 
Erlenmeyer flask continuously for 3 minutes. After 
settling, the extract was filtered with Whatman 
filter paper No.1 (Kamyab Tabib Tajhiz, Iran). 12 

The OTA content of the samples was 
measured using the AgraQuant OTA assay kit 
(Romer Lab, Singapore) which was based on the 
CD-ELISA format. Then, 200 ml of conjugated 
enzyme was added to uncoated-antibody wells, 
and then, 100 ml of both standard solution and 
sample extract were added to it. Subsequently, 
100 µl of these solutions were transferred to 
coated-antibody microplate wells and were 
incubated at room temperature (20-25 °C) for 10 
minutes. OTA in samples and standards 
competitively bind to solid phase antibody 
specific to this toxin. Tetramethylbenzidine/ 
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hydrogen peroxide was used as a substrate for 
color development. After the washing phase, 100 
µl of enzyme substrate was added to wells and 
incubated at room temperature for 5 minutes. 
After this step, a blue color was observed in the 
wells. Finally, 100 µl of stopping solution was 
added to stop the reactions, as a result, the blue 
color changed to yellow. The color intensity was 
inversely proportional to the OTA concentration 
and was measured with the ELISA reader in the 
wavelength of 450-630 nm (according to the 
manufacturer's instructions). 

Data were calculated by a nonparametric 
Kruskal-Wallis test (to check normality of data) 
using SPSS software (version 18, SPSS Inc., 
Chicago, IL, USA) (P < 0.05). 

Results and Discussion 

Results of OTA reduction in bakeries  
 In bakery A, the highest reduction percentage of 
OTA (16.53%) was observed when the bread 
sample was baked in a constant temperature 
(320 °C) and time was increased by 2 minutes (8 

minutes) from the original time (6 minutes). The 
lowest reduction (9.09%) was observed with a 
constant temperature (320 °C) and the deduction 
of time by 4 minutes (2 minutes) in the same 
bakery (Table 1). 

In bakery B, the highest percentage of OTA 
reduction (88.93%) was observed in bread 
samples baked in constant temperature (185 °C) 
in the same bakery and time increased by 2 
minutes (10:45 minutes) from the original time 
(8:45 minutes). The lowest reduction (80.33 %) 
of this toxin in bakery B was observed in 
samples baked in constant temperature (185 °C) 
and time deducted by 4 minutes (4:45 minutes) 
(Table 2). 

In bakery C, the highest percentage of OTA 
reduction (87.32%) was observed in bread sample 
baked in a constant temperature (280 °C) in the 
same bakery and time increased by 2 minutes 
(8:30 minutes) from the original time (6:30 
minutes). The lowest reduction (74.85%) of this 
toxin in this bakery was observed in a constant 
temperature (280 °C) and when time was 
deducted by 4 minutes (2:30 minutes) (Table 3). 

 
Table 1. Distribution and reduction of Ochratoxin A (OTA) contamination in bread samples of bakery A  

Bakery Time (min) Temperature (°C) OTA contamination (ppb) OTA reduction (%)  
Wheat flour - - 48.4 Basis 
Normal bread 6 320 41.2 14.88 
Bread sample 6 340 41.4 14.46 
Bread sample 6 300 42.1 13.02 
Bread sample 6 280 43.5 10.12 
Bread sample 8 320 40.4 16.53 
Bread sample 4 320 43.5 10.12 
Bread sample 2 320 44.0 9.09 

* Normal bread: Bread prepared in constant temperature and duration of heating in any bakery without a change in those factors; Basis: flour not 
affected by different temperatures and durations of heating for reduction of OTA and chosen as the basis for comparison with the bread samples; 
OTA: Ochratoxin A 
 
Table 2. Distribution and reduction of Ochratoxin A (OTA) contamination in bread samples of bakery B  

Bakery Time (min) Temperature (°C) OTA contamination (ppb) OTA reduction (%)  
Wheat flour - -  48.8 Basis 
Normal bread 8:45  185 7.1 85.45  
Bread sample 8:45 205 6.1 87.50 
Bread sample 8:45 165 7.5 84.63  
Bread sample 8:45 145 7.4  84.84  
Bread sample 10:45 185 5.4 88.93  
Bread sample 6:45 185 9.1 81.35  
Bread sample 4:45  185 9.6 80.33  

* Normal bread: Bread prepared in constant temperature and duration of heating in any bakery without a change in those factors; Basis: flour not 
affected by different temperatures and durations of heating for reduction of OTA and chosen as the basis for comparison with the bread samples 
OTA: Ochratoxin A 
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Table 3. Distribution and reduction of Ochratoxin A (OTA) contamination in bread samples of bakery C 
Bakery Time (min) Temperature (°C) OTA contamination (ppb) OTA reduction (%) 
Wheat flour - - 48.9 Basis 
Normal bread 6:30 280 7.2 85.28 
Bread sample 6:30 300 10.1 79.35 
Bread sample 6:30 260 7.6 84.46 
Bread sample 6:30 240 7.8 84.05 
Bread sample 8:30 280 6.2 87.32 
Bread sample 4:30 280 11.0 77.51 
Bread sample 2:30 280 12.3 74.85 

* Normal bread: Bread prepared in constant temperature and time in bakery without change in the temperature and time of heating; Basis: 
flour not affected by different temperatures and durations of heating for reduction of OTA and chosen as the basis for comparison with the 
bread samples; OTA: Ochratoxin A 
 
Table 4. Distribution and reduction of Ochratoxin A (OTA)  contamination in bread samples of bakery D  

Bakery Time (min) Temperature (°C) OTA contamination (ppb) OTA reduction (%) 
Wheat flour - - 48.8 Basis 
Normal bread 8:30 200 8.4 82.79 
Bread sample 8:30 220 7.7 84.22 
Bread sample 8:30 180 8.4 82.79 
Bread sample 8:30 160 9.6 80.33 
Bread sample 10:30 200 7.6 84.43 
Bread sample 6:30 200 8.9 81.76 
Bread sample 4:30 200 9.8 79.92 

* Normal bread: Bread prepared in constant temperature and time in bakery without change in the temperature and time of heating; Basis: 
flour not affected by different temperatures and durations of heating for reduction of OTA and chosen as the basis for comparison with the 
bread samples; OTA: Ochratoxin A 
 

In bakery D, the highest percentage of 
reduction in this toxin (84.43%) was observed in 
constant temperature of 200 °C and when time 
was increased by 2 minutes (10:30 minutes) from 
the original time (8:30 minutes). the Lowest 
reduction of OTA (79.92%) was observed in the 
constant temperature of 200 °C and when the 
time was deducted by 4 minutes (4:30 minutes) 
from the original time (8:30 minutes) (Table 4). In 
all bakeries, it was specified that temperature and 
time of heating are prominent factors for 
reduction of OTA in bread samples. All bread 
samples showed less OTA contamination than 
raw flour. 

Results of statistical analysis 

The results indicate that in all bakeries, OTA level 
is higher than recommended standard values. 
Depending on the OTA amount in wheat flour, 
different temperatures and times of heating 
caused significant reductions in OTA level in 
bread (P < 0.05), which ranged from 9.09-16.53%, 

80.33-88.93%, 77.51-87.32%, and 79.92-84.43% in 
bakeries A, B, C, and D, respectively. 

More information about this toxin and 
comparison with other studies  

OTA is a type of mycotoxin that occurs 
frequently in cereals and can be found in starch-
rich foods such as grains, cereal, and bread.13,14 
Valle-Algarra et al., in Spain, showed that OTA 
reduced by 32.9% during the baking process. Our 
study showed that the highest reduction of OTA 
was 88.93% (10:45 minute, 185 °C) in bakery B 
when bread samples were baked in a constant 
temperature in the same bakery and time of 
heating was increased by 2 minutes. A higher rate 
of OTA reduction was achieved in our study 
compared to that in the study by Valle-Algarra et 
al. Different baking conditions, such as dough 
fermentation or yeasts selected in industrial 
fermentations, are effective on the levels and 
reduction of mycotoxins in flour that are used to 
bake bread.13 Scudamore et al., in Britain, showed 
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that OTA decreased only a small amount during 
the bread making process.15 We showed that the 
highest rates of reduction in bakeries A, B, C, and 
D were 16.53% (8 minutes, 320 °C), 88.93% (10:45 
minutes, 185 °C), 87.32% (8:30 minutes, 280 °C), 
and 84.43% (10:30 minutes, 200 °C), respectively. 
Different researches reported that food 
processing (cleaning, milling, baking, and 
fractionating), hygienic conditions, and workers' 
health in the bakeries can be effective on the 
levels of mycotoxin contamination of flour and 
bread.14-16 Pacin et al., in Argentina, after studying 
several wheat flour samples, reported that French 
bread and Vienna bread were contaminated with 
deoxynivalenol (DON) (35.5 µg/kg and 22 
µg/kg, respectively). OTA was not detected in 
the flour in their study. A 33% and 58.5% 
reduction in DON after the bread making process 
was observed in French bread and Vienna bread, 
respectively.17 In our study, 32 samples were 
contaminated by this toxin. Common processes in 
manufacturing and physical treatment of grain, 
such as scouring and cleaning the grain prior to 
milling, can reduce the initial contamination by 
mycotoxins in the raw material used for bakery 
and bread making.17,18 Osborne et al. showed that 
when OTA was added to flour samples which 
were subsequently baked into bread, it was 
recovered after the baking processes without 
becoming decomposed.19 Furthermore, in our 
study, toxins, in some cases, were destroyed in 
the samples. For example, in bakery A samples, 
the level of OTA was higher than the other 
samples. This toxin has a moderately stable 
molecule and is able to survive most food 
processes; thus, it is only partly destroyed during 
cooking and bread making processes. Baking and 
roasting bread can reduce the existing OTA 
content up to 20%.20,21 Castells et al., in Spain, 
reported that the cooking temperature of 160 °C 
applied for 70 seconds reduces OTA up to 86% in 
barley bread.22 In our research, the highest 
reduction (88.93%) of OTA was observed when 
the bread sample was baked in a constant 
temperature (185 °C) and 2 minutes was added to 
the original time (10:45) (bakery B). Different 

factors that influence the OTA content and 
quantity in food products are: different ecological 
niches of the ochratoxigenic mycobiota, such as 
Aspergillus spp. and Penicillium verrucosum, 
and accurate agricultural practices, such as better 
harvest procedures and storage conditions, the 
type of grains, nature and extent of technological 
advancements in agricultural equipments.12,23 
Since most wheat flour is processed into various 
foods such as bread and consumption of a food 
that is contaminated by OTA causes different 
diseases in humans, greater attention should be 
paid to OTA in wheat and wheat products. 
Results of our study are effective in the 
management, detection, and reduction of fungi 
growth and OTA production in food. 

Conclusion 

In this study, OTA concentration in several 

samples was measured after employing 
different temperatures and durations of 
heating using ELISA. Therefore, we can 

conclude that there was a significant 
relationship between OTA reduction in the 
samples, and temperature and durations of 
heating (P < 0.05). The highest rate of 

reduction in OTA was observed when a 
constant temperature was maintained in each 
bakery and when the time of heating was 

increased by 2 minutes from the original time. 
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AbstractAbstractAbstractAbstract 
Human activities such as oil and gas production can enhance the natural level of naturally occurring radioactive 
materials (NORM) in by-product and waste streams. Iran has been among the top five oil producing countries since 
2005. This high production rate emphasizes the importance of NORM management to ensure the safety of humans and 
wildlife. Petroleum storage and transport facilities are located at Lavan Island, Iran. Presence of animals including 
dolphins, sea turtles, and chinkaras make this island one of the most unique wildlife refuges in Iran. This paper 
combines waste disposal methods relevant to the petroleum offshore industries, NORM waste characteristics, and 
geographical, geological, and climate conditions of Lavan Island in order to develop enveloping exposure scenarios. 
Sludge burning is determined as the most concerning scenario by assuming chinkaras as the endpoint. Ecological and 
radiological assessment procedure is modeled with MATLAB-Simulink as a dynamic system. Clearance level for radiation 
protection of chinkaras is calculated as 41 Bq/kg. This value may be insufficient for radiation protection of workers, 
because exposure pathways are not derived based on human behavior. According to environmental pathways and 
condition of chinkaras, this value sufficiently covers all aspects of radiation protection. 
KEYWORDS:KEYWORDS:KEYWORDS:KEYWORDS: Radioactive Wastes, Radiological Health, Radioactive Soil Pollutants, Radioactive Food Contamination, 
Radiation Protections  
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Introduction1    

The majority of radionuclides in naturally 
occurring radioactive materials (NORM) are 
essential constituents of the earth's crust.1 
Primordial radionuclides 238U, 232Th, and 235U, 
are the parent radionuclides for the three 
naturally occurring decay chains commonly 
called the uranium, thorium, and actinium 
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series, respectively.2  
There are many industries and human 

activities that can enhance the level of NORM in 
their waste streams and by-products. It should 
be noted that NORM is typically associated with 
non-nuclear industries.3 Regardless of the 
activity from which NORM originates, there are 
six types of materials which could contain the 
elevated levels of radiation; waste rock, sand 
slag ash, sludge, and scale. Oil and gas 
production and processing is one of the most 
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notable industries that produces NORM, mainly 
in the form of sludge and scale.4 

Uranium and thorium series exist in various 
concentrations in unground formations. Both 
238U and 232Th are relatively insoluble and remain 
in place in subsurface formations; however, 
some of their decay products [226Ra (from 
uranium series) and 228Ra (from thorium decay 
series)] are slightly soluble and can become 
mobilized in liquid phase of the formation.5 

During drilling and production operations, 
produced water is extracted from underground 
formations and brought to the surface. Discharge 
of the produced water into the marine 
environment is a typical disposal method in 
Brazil6, European commission,7 and many other 
countries. If the produced water is disposed in 
surface pits, the liquid content would evaporate, 
and thus, the concentration of NORM in the pits 
could be considerably enhanced.  

Many studies have investigated the 
radiological hazards of NORM in the petroleum 
industry8-10 and a limited number of researches 
have been conducted on NORM originated in 
the Iranian petroleum industry11,12 which prove 
the existence of NORM in scales and sludges. 

Gas oil separation plants (GOSP), storage tanks, 
and pipelines are possible locations for 
accumulation of sludge and scale. In Iran, scales 
are generally discharged into the sea, surface 
ponds, or landfills along with other kinds of 
wastes. Other methods, like encapsulation, which 
are widely used around the world5, are not 
common in Iran. On Lavan Island, extracted scales 
are contained and stored in drums. Scales which 
are extracted offshore are usually discharged into 
the water. None of the wastes are landfilled on the 
island, so related exposure pathways are excluded 
from radiological assessment. 

Incineration, land spreading, and landfilling 
are common practices applied for sludge 
management in Iran. These methods could harm 
both human and environmental health, if done 

without any appropriate system and monitoring. 
Sometimes, on Lavan Island, most of the sludges 

are directly or accidentally burnt in the outdoor 
environment without any suitable isolation. 

The main waste generators on Lavan Island are 
the Iranian Offshore Oil Company (IOOC), Lavan 
Oil Refining Company, Lez village, military 
facilities, and other sources including domestics. 

On the island, there are facilities to contain and 
transport crude oil which produce significant 
amounts of sludge. In case of leakage, sludge can 

be burnt or contained in metallic drums. These 
drums are transported back to the onshore 
facilities and will not be included in the Lavan 
Island radiological assessment. Sludge burning is 

the only significant disposal scenario concerning 
chinkaras on the island. It should be noted that 
sludge burning is not a standard waste disposal 

activity, but sometimes it is unavoidable. 
There are approximately 400 chinkaras on the 

Island. Due to absence of natural predators, lack of 

food, and limited pastures, most of them are 

attracted to residences and waste storage facilities. 

These facilities contain NORM; hence, radioactive 

exposure is inevitable. Sludge burning, and thus, 

ash settlement on the pastures is an important 

exposure pathway, which has been investigated 

thoroughly in this paper. 

Materials and Methods 

This research has been conducted by following 
“the principles of radiological ecological risk 
assessment”13. This study attempts to develop 
real and pervasive scenarios according to 
personal visits and the International Atomic 
Energy Agency (IAEA) context14, in order to 
predict the annual dose of NORM received by 
chinkaras. Each model consists of three major 
parts; source term, environmental pathway, and 
exposure pathway. Source term demonstrates 
the radioactive decay and growth inside the 
waste package. Environmental pathway 
investigates the transport of radionuclides from 
waste to a defined endpoint. In this paper, 
chinkaras are chosen as the endpoint. Exposure 
pathway encompasses possible ways through 
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which radionuclides may come into contact with 
the endpoint. 

Incineration without any protection and 
equipment is not a favorable option. Open burning 
produces plume. If the plume moves toward inland, 
the following exposure pathways would be possible 
regarding chinkaras as the endpoint.  

• Submersion in plume: Being submersed in 
the plume could expose the creature to NORM. 
The main pathways would be external 
irradiation and inhalation of NORM particles. 

• External irradiation from soil: After 
deposition of plume on the surface of soil, 
external exposure from NORM particles could 
be a significant pathway. Due to lack of surface 
water and even fresh water ponds on the island, 
external irradiation from water is negligible. 

Ingestion of pasture vegetation, soil, and 
water: Chinkaras graze in the limited meadows 
of the island every day. If NORM particles are 
deposited on the surface of pasture, soil, or 
water, chinkaras will ingest them without 

noticing the contamination. The conceptual 
model of the sludge burning scenario is 
illustrated in figure 1. 

This paper assigns the local data of Lavan 
Island into the ecological and radiological dose 
assessment models. Most mathematical relations 
and equations are taken from the Improvement of 
Safety Assessment Methodologies for Near 
Surface Disposal Facilities (ISAM) project.15 
Generic models have been applied in this study. 
Generic models are the best tools to derive 
standard limits due to their reasonable degree of 
conservatism and reliable results. These results 
can be used as the basic standards for protection 
of chinkaras against NORM incineration 
accidents.  

Source Term Modeling 

The following differential equation has been used 
to model NORM decay chains in this paper16: dN��t�

dt = λ�	
N�	
�t� − λ�N��t� 

where Ni and λi are the quantity and decay 
constants of ith nuclide, respectively. 

 

 
Figure 1. Conceptual assessment model of sludge burning scenario 
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Environmental Pathway Modeling 

The release rate of a radionuclide from the fire, 
Rfire (Bq/h), is obtained through the following 
equation: R
��� = 	 f���,
���A�V
���ρ��/t
���  

where f rel,fire is the release fraction for 
radionuclide I (unitless), Am is the specific activity 
of the radionuclide in the sludge (Bq/kg), Vfire is 
the volume of the waste consumed in the fire 
(m3), ρbd is the bulk density of the waste (kg/m3), 
and tfire is the duration of the fire (h). 

It is cautiously assumed that the associated 
plume is neutrally buoyant. Air concentration of 
a radionuclide at ground level, Cair,fire, is 
obtained by: C���,
��� = 	 R
���C�����.
���  

where Cinteg,fire is the time-integrated air 
concentration at ground level [(Bq/m3) per 
(Bq/h)]. The above equation cautiously assumes 
that the plume is non-depleting during passage 
towards the endpoint (each individual chinkara). 

The surface concentration of a radionuclide, 
Csurf,fire, resulting from deposition is: C!"�
,
��� =C���,
���t��#,
����V�,
��� + 	 W&"�,
���h
����   

where tdep,fire is the time over which deposition 
occurs (s), Vg,fire is the dry deposition velocity 
(m/s), Wout,fire is the washout coefficient (1/s), 
and hfire is the plume height (m). 

Exposure Pathway Modeling 

The total dose to an individual chinkara living on 
the island can be expressed as: Dose�&��� = Dose!"� + Dose�,� + Dose���    

where Dosesub is the dose due to the external 
irradiation from submersion in the plume (Sv/y), 
Doseinh is the dose from inhalation of NORM 
particles (Sv/y), Doseext is the dose from external 
irradiation of deposited NORM on the ground 
(Sv/y), and Doseing is the dose from the ingestion 
of NORM deposited on the pasture (Sv/y). 

Dose of external irradiation from submersion 
in the plume can be obtained by: Dose!"� = C���,
���t�,&"�DF!"�Occ
���     

where tout,fire is the exposure time to one 

occurrence of fire (h), DFsub is the dose factor for 
external irradiation from submersion in the 
plume [(Sv/h) per (Bq/m3)], and Occfire is the 
number of fires per year (1/y).  

External dose by direct irradiation from soil 
can be expressed as: Dose�,�,!&�� = C!"�
,
���t�,&"�DF�,�,!&�� 

where DFext,soil is the dose coefficient for 
contaminated soil ((Sv/h) per (Bq/m2)). 

Chinkaras may receive internal radiation 
doses after ingesting contaminated pasture 
vegetation, soil, or water. Internal dose according 
to ingestion of contaminated material can be 
expressed as: 
Dose���
= 	 0 CN!"�
,
���Q�Occ
���t#!� 231 − e	5678�6789

λ#!� : DF���
�;#�!�"��,!&��,<����

 

where CNsurf,fire is the activity concentration 
of radionuclides on the unit surface of the edible 
materials (food) ((Bq/kg) per (Bq/m2)), Qpst, Qsoil, 
and Qwater are the pasture vegetation, soil, and 
water consumption rate (kg/d), respectively, λpst 
is the effective rate constant for removal of 
activity from the pasture (1/d), tpst is the time 
following the release over which the pasture 
vegetation are consumed (d), and DFing is the 
dose conversion factor for ingestion (Sv/Bq). It 
should be mentioned that sludge burning has 
been considered as an accidental phenomena. 

Parameters regarding to waste characteristics 
and chinkaras' habitat and diet are gathered from 
local people and organizations. Parameters for 
radionuclide transfer coefficients and other 
radiological and biological factors are adapted 
from relevant studies.17-21  

The dose criterion of 1 mSv/yr is considered 

to fulfill radiation protection of the public and 
workers. In this paper, the same limit is assigned 
as annual dose limit for total exposures of 

chinkaras to NORM sources. 
Mathematical relations which were used in this 
paper are modeled with MATLAB-Simulink (The 
MathWorks Inc., Natick, MA, USA). The 
MathWorks MATLAB software and its associated 
graphical extension Simulink have the ability to 



 

 

 
 

http://jaehr.muk.ac.ir 

Radiological dose assessment of NORM in wildlife Sedighian et al. 

  J Adv Environ Health Res, Vol. 2, No. 4, Autumn 2014       219 

simulate dynamic systems with ease and 
flexibility.22 Simulink is very effective in the 
analysis of the time variable signals and systems. 
In this research, fate and transport (contaminant 
migration through the environment) of NORM 
are considered as a dynamic system which varies 
with time; therefore, it has been modeled with 
Simulink. In addition to providing a user friendly 
environment, any modification and upgrade to 
the initial model can be easily performed using 
Simulink features. 

Results and Discussion 

NORM residue properties are based on 
previously conducted researches in Iran.11,12 
Moreover, meteorological data were taken from 
local agencies. Table 1 indicates source term 
characteristics. 

Exposure pathway parameters were broadly 
taken from personal observations, local agencies, 
and general assumptions for near surface 
disposal facilities.14 There is no documented or 
official record about the chinkaras' diet and 
habitat. In order to gain the most reliable results, 
these data were gathered from local 
veterinarians and the Health, Safety, and 
Environment (HSE) offices. Exposure related 
parameters are illustrated in table 2. Exposure 
dose coefficients, which include the ingestion, 
inhalation, and external irradiation pathways, 
are broadly consistent with the database of 
radionuclide transfer parameters for freshwater 
wildlife.24 

Occurrence of fire is assumed as an accident 
and is not very probable due to the safety 
protocols and equipment installed at the field. 

This paper takes into account the worst case 
scenario which investigates an accident that may 
occur once a year. Due to the large volume of 
sludge, each accident is expected to last for a 
maximum duration of 12 hours. The HSE and fire 
department of petroleum facilities are capable of 
extinguishing the fire in a few hours, but in this 
case, the most conservative and realistic values 
are considered. Local interviews and surveys 
play the key role in gathering of these data.  

Chinkaras' diet usually consists of natural 
vegetation of the island and the food provided 
by private contractors. They might also search 
for food in garbage bins, but this would not be 
considered as their common food source. In 
addition to the pasture vegetation and water, 
they consume a small proportion of soil with 
vegetation. This soil might be ingested via 
attachment to the roots or deposition of dust on 
the vegetation. Although the quantity of 
consumed food depends on many factors, like 
the gender and age of the animals, a typical fully 
grown male is taken into account in this 
research. Chinkaras' diet, behavior, and habitat 
pattern are also determined by local surveys and 

information from the local authorities. λpst, 
which indicates the removal of activity from the 
pasture, is directly adopted from IAEA 
documents.14 

These parameters are considered to be the 
most conservative data in order to fulfill the 
maximum protection goals. Calculations are 

carried out mainly for 226Ra and its daughters 
due to their presence in sludge. By applying the 
data from tables 1 and 2 to the exposure model, 
figure 2 was achieved. 

 
Table 1. Source term characteristics 

frel,fire 

(-) 
Am* 

(Bq/kg) 
m 

(T) 
Vfire 

(m3) 
ρbd 

(kg/m3) 
tfire 

(h) 

Cinteg,fire** 
(Bq/m3) per 

(Bq/h) 

tdep,fire 

(s) 
Vg,fire 
(m/s) 

Wout,fire 
(1/s) 

hfire 
(m) 

0.001 Ra: 25.7 
Pb: 25.7 
Po: 25.7 

1 1.8 E+7 1800 6 3.24 3600 0.02 0.003 12 

*Radium and its progenies have been considered to be in secular equilibrium due to long retention time in storage tanks before disposal.  
** Time-integrated air concentration at ground level is based on dominant atmospheric conditions of Lavan Island.23 
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Table 2. Exposure term characteristics for an individual chinkara 
tout,fire (h) Occfire (1/y) Qpst (kg/d) Qsoil (kg/d) Qwater (kg/d) λpst (1/d)   tpst (d) 
12 1 2.1 0.1 0.3 0.02 0.5 

 

 
Figure 2. Dose assessment results for the chinkaras 

 
It can be concluded that the wastes sampled 

at Lavan Island are cleared from any 
radiological hazards due to their lower dose 
responses compared with the standard limit. 
Figure 2 indicates an exponential trend of data. 
This is due to the decay of radium and its 
progenies in the environment. The longer it 
takes for the chinkaras to consume the pasture 
vegetation, the lower the dose they will, 
probably, receive. It is not easily possible to 
prevent the chinkaras from grazing in 
contaminated areas. If a chinkara preservation 
program is designed, their pasture should be 
carefully isolated in case of NORM 
contamination or completely replaced by non-
contaminated food.  

In order to calculate the accurate cleared 
values, iteration approach and reverse analysis 
should be applied to initial activity 
concentration and the results continuously 
compared with dose limit. The model has been 
executed 70 times until the initial activity 
concentration satisfied the dose criteria. The 
results were continuously examined and 

modified to converge to a singular value. By 
following the aforementioned procedure, 
clearance levels for each radionuclide have been 
calculated and illustrated in table 3. 
Table 3. Proposed clearance levels for sludge burning 
scenario 

Radionuclide Activity concentration (Bq/kg) 
226Ra* 41 
210Pb* 70 
210Po* 92 

* Also includes daughters 

 
Each of these values illustrates the maximum 

concentration for each radionuclide that causes 
no harm to chinkaras after an accidental fire. In 
other words, the minimum activity concentration 
of 226Ra+, 210Pb+, and 210Po+ should be 41, 70, and 
92 (Bq/kg), respectively, in order to initiate the 
chinkara food preservation program. Considering 
the importance of radiation protection and 
conservative assumptions, the minimum value of 
clearance levels is usually declared as the general 
clearance level. In the present study, 41 Bq/kg 
(activity concentration of 226Ra+) was chosen as 
the activity limit for sludge burning scenario.  
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This implies that if the activity concentration 
of sludge is higher than 41 (Bq/kg) and 
chinkaras are exposed to fire, their' food and 
habitat should be isolated or decontaminated 
based on domestic policies. These efforts will 
ensure the protection of chinkaras from 
radiation hazards of NORM.  

This value is not suitable for radiation 
protection of workers, because exposure pathways 
are not defined due to human behavior. According 
to environmental pathways and condition of 
chinkaras, this value sufficiently covers all aspects 
of ecological radiation protection. If humans are 
considered as the endpoint, new sets of scenarios 
must be developed. 

This scenario covers accidental fire situations, 
but it could be applied to open burning of 
sludge. Although open incineration is not a 
recommended and safe disposal method, it 
should be considered that, in the case of open 
incineration, the activity of NORM should not 
exceed the clearance level.  

In addition to sludge, hard scales from 
pipelines should also be investigated thoroughly. 

Activity concentration of scales has been 
recorded as the highest among other NORM 
wastes generated in the petroleum industry. Due 
to the discharge of scales into the Persian Gulf 

and their absence on the Island, their radiological 
assessment falls outside the scope of this study. 

Conclusion 

Typical measurements around the world indicate 
the average activity of sludge to be between 50 

and 800000 Bq/kg. The only official document 
regarding NORM activity in the Iranian 
petroleum industry indicates the activity range of 

10.6 to 1480 Bq/kg for 226Ra+. This research 
recommends the maximum activity limit of 41 
Bq/kg for sludge wastes in Lavan Island which 
satisfies the radiological protection criteria for the 

chinkaras. Any waste with lower activity is 
simply cleared from further protection policies, 
but in case of higher activity, appropriate 

disposal and protection are required. 
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AbstractAbstractAbstractAbstract 
The main purpose of the present study was to assess the ecological potential of agricultural soils using geographic 
information system (GIS). This research was conducted during 2014 in Hamedan Province, Iran. A cross-sectional 
study was conducted mapping the 10 factors of soil characteristics (texture, depth, erosion, and aggregation, 
percentage of slope, direction of slope, height, soil salinity, pH, and fertility) that affect ecological potential. The 
maps were overlaid in ArcGIS software. The weighting of factors was performed using the analytical hierarchy 
process (AHP) technique in Expert Choice Software. Preference for the options (layers) was specified and an 
ecological potential map of agricultural lands in the province was created. Among the factors studied, the pH of the 
soil weighing 0.313 was the most important factor and soil salinity with 0.228 was the second most important 
factor influencing ecological potential. In general, growth-oriented agricultural development policies and improper 
management of farms in recent years has reduced the ecological potential of agricultural lands. The results 
showed that the highest and lowest ecological potential of soil in agricultural lands in the area was 6.2% and 
0.07%, respectively. Development of sustainable agriculture practices, such as low tillage and no-tillage practices, 
reduction in the use of chemical pesticides, and use of green fertilizers to maintain and enhance the ecological 
potential of agricultural lands and resources, are recommended. In the policy-making process, sustainability and 
resource management must become a dominant notion and planning priority for policy makers and managers. 
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Introduction1    

In Iran, agriculture is an important sector of the 
economy and plays a crucial role in achieving 
sustainable agricultural development. With regard 
to this sector, missions for self-sufficiency in food 
production and its contribution to export can 
encounter problems related to population growth 
and reduced rural migration. Agriculture involves 
the use of scientific principles and methods to 
identify environmental capacity and capability of 
each region.1 Ecological potential assessment 
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(EPA) is a process that attempts to regulate human 
relationships with nature and develop an 
appropriate and harmonious relationship. EPA is 
an assessment of uniform and homogeneous land 
pieces for different types of uses. In fact, this 
assessment is an effective step toward designing 
an administrative program for sustainable 
development of a region. Through identification 
and assessment of the ecological characteristics of 
each region, program development can be planned 
in harmony with nature so that nature can 
ascertain the land’s capabilities for development. 

In recent years, external inputs have been 
particularly emphasized in agricultural 
activities; chemicals, fertilizers, pesticides, and 
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machinery have increased agricultural activity, 
and therefore, caused an overexploitation of land 
and natural resources. This approach, in 
addition to having impact on the environment, 
has reduced the ecological capability of 
agricultural lands. According to statistics 
provided by the Food and Agriculture 
Organization of the United Nations (FAO),2 the 
lack of appropriate management and the 
unplanned use of agricultural inputs in Iran are 
far greater than other countries. 

In recent decades, several models have been 
proposed to evaluate ecological capability 
globally. Most important of these have been land 
assessment, geomorphology, and overlay 
models.3 In contrast to the aforementioned 
models that only deal with one aspect of 
ecological resources (biological or physical), the 
combined model proposed by Makhdom can 
assess ecological capability. This model has 28 
parameters which are classified into 7 classes.4 

This model is more comprehensive than other 
models. Therefore, Makhdom's model was used 
in this investigation due to its abovementioned 
advantages. In the last few decades and 
especially since the debate concerning EPA, 
numerous studies have been conducted in this 
field worldwide. Veríssimo et al., in their 
research, compared ecological capability in a 
catchment basin in Portugal.5 Using 
characteristics such as salinity, erosion, pH, and 
texture, they attempted to assess the ecological 
capability of agricultural land in the catchment 
using 3 methods of land use planning, 
geomorphology, and overlaying in a geographic 
information system (GIS) environment. After 
comparing the obtained results, the best method 
for assessing the ecological capability of lands in 
Portugal were offered. The results of this study 
illustrated that the overlay method in GIS has 
higher accuracy than the other 2 methods due to 
occurrence of fewer errors and its consideration 
of the percentage of each soil characteristic.5 

Among the features selected for soil, salinity 
and pH have the greatest impact on ecological 

potential of agricultural land. Borja and Elliott 
studied the ecological potential of land in 
European countries.6 They investigated factors 
such as texture, depth, elevation, slope, salinity, 
and organic matter to assess the ecological 
potential of agricultural land in European Union 
countries. The findings of the overlay method 
indicated that factors such as texture, salinity, 
and pH have the greatest impact on ecological 
potential of agricultural land in various parts of 
Europe. Among EU member states, Germany, 
UK, and Lithuania had the highest rates of 
ecological potential of agricultural land which 
indicated the best soil for agriculture.6 However, 
research has shown that appropriate soil 
management in agricultural development in 
European countries has had a great impact on 
reducing or increasing ecological potential. 
Countries such as Germany and Britain, with 
appropriate management, could increase the 
ecological potential of their agricultural lands.6 
Ceia et al. assessed the ecological potential of 
agricultural land and soil quality in a catchment 
in southern Europe using factors such as tissue, 
salinity, erosion, pH, altitude, and fertility.7 This 
study used the 2 methods of geomorphology 
and overlay method in GIS to assess the 
ecological potential of agricultural lands.7  

The results showed soil fertility and ecological 
potential had the greatest impact on agricultural 
ecology. However, factors such as high humidity, 
reduced rainfall, and excessive use of inputs, such 
as fertilizers and pesticides, have caused a 
decrease in ecological potential of agricultural 
lands in the catchment basin in recent years.7 
Chainho et al. examined the effect of soil 
characteristics (salinity, organic matter, and pH) 
on the water quality in Portugal. In this study, the 
use of agricultural inputs (fertilizers, pesticides, 
and machinery), and ecological potential of the 
soil and its changes in agricultural land ecology 
were studied.8 The research results revealed that 
between 2005 and 2010, the water quality of 
agricultural waste was reduced by nearly 12% 
due to excessive use of chemical pesticides.8 
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The analytical hierarchy process (AHP) is 
based on paired comparisons; therefore, it can 
examine various issues.9 There are many reports 
on applying AHP for weighting factors. The map 
overlaying procedure for assessing ecological 
potential is one of the most important 
applications of GIS today.7 The overlaying 
procedure is a very comprehensive method. In 
Iran, there have been several studies on the 
ecological potential assessment for the 
classification of ecological zones within a 
catchment and or identifying fertile lands for 
urban development or agricultural 
development.10-15 However, there have been no 
studies, until today, in the field of ecological 
potential assessment of agricultural land using 
factors affecting ecological potential. In general, 
studies on ecological potential can be classified 
into 2 categories: ecological zoning,16-19 and 
diagnosing an area’s potential for agricultural 
development.20-24 Unlike previous studies, which 
used one or a small number of factors, this study 
focuses on the method and technique of using 

GIS layers. Thus, 10 factors (salinity, pH, erosion, 
grain size, texture, depth, elevation, and 
percentage of slope, direction of slope, and soil 
fertility) were investigated to determine the 
ecological potential of agricultural land in the 
province of Hamedan, Iran, using Makhdom’s 
model. Moreover, the weighting of factors was 
performed using the AHP technique. 

Materials and Methods 

Hamedan Province, located in Western Iran, 
has a cold semi-arid climate with an annual 
rainfall of 340 mm. It is situated in the middle 
of Zagros Mountains of Iran. The study area lies 
between latitudes 33° 59´ and 35° 48´ N, and 
longitudes 47° 34´ and 49° 36´ E Greenwich 
meridian. The province consists of 8 cities 
(Figure 1). The province has an area of about 
20,000 km2, of which approximately 10,252 m2 

(about 6.52% of the province's land area) 
consists of plains, 5416 km2 (27.8%) is covered 
by plateaus and hills, and about 3826 km2 
(19.6%) of the area comprises of mountain 
slopes with 40 to 100 degrees of inclination. 

 

 
Figure 1. Location of Hamedan province in Iran 
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Figure 2. The structure of a hierarchical process 
EC: Electrical conductivity; EPA: Ecological potential assessment 

 

This was a cross-sectional study in which the 
map of 10 factors of soil characteristics (texture, 
depth, erosion, aggregation, percentage of slope, 
direction of slope, height, soil salinity, pH, and 
fertility) affecting ecological potential were 
provided. Then, the maps were overlaid in GIS 
medium using ArcGIS software (Version 9.3; Esri, 
Redlands, CA, USA). The factors were weighed 
and compared using AHP method (Figure 2). For 
this purpose, the Delphi method was applied. 
The judgment of 50 specialists in the fields of 
agriculture, environmental science, and 
geography were considered and pairwise 
comparisons were used to specify the level of 
importance and priority of each of the factors 
with respect to each other. Expert Choice 
Software (Expert Choice Inc., Pittsburgh, PA, 
USA) was used to form a matrix of rows and 
columns with the same number of factors. 
Finally, data was assessed according to the EPA 
model proposed by Makhdom as follows:4  

Y = ax +�[(a	 ∗
	�

�
	
x	) + (a� ∗ x	) +	…… (a	� ∗ x	)] 

where a is each parameter affecting zoning, x 

is effective coefficient of each parameter based on 
Expert Choice Software and, Y is land use levels 
based on soil ecological capacity depending on 
the type of cultivation. 

Results and Discussion 

The pairwise comparison was conducted for the 
10 abovementioned factors using Expert Choice 
Software. Figure 3 presents the pairwise 
comparisons between those 10 factors. 
According to the classification presented by 
Makhdom’s model, soil erosion, soil salinity, 
acidity, fertility, soil texture, slope, height, and 
slope and soil grading were prepared separately 
(Figure 4). 

Using AHP, relative weight and final weight 
of each factor was calculated (Table 1). Based on 
the results, the relative weight of factors are as 
follows: soil pH (4.53), soil salinity (3.30), soil 
aggregation (1.42), soil texture (1.23), slope 
percentage (1.22), soil depth (0.82), fertility 
(0.71), soil erosion (0.64), height above sea level 
(0.39) and slope direction (0.22). 

 

 
Figure 3. Pairwise comparisons between the 10 factors 
EC: Electrical conductivity 
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Figure 4. Maps of the possible ecological factors 
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Figure 4. Maps of the possible ecological factors (Continue) 

 
The final weights of the effective factors on 

ecological potential were derived from a 
combination of the relative weights. Based on 
the obtained results, among the considered 
factors, the pH of the soil with the final weight 
of 0.313 is the most effective factor and salinity is 
the second most effective factor impacting 
ecological potential of agricultural land in the 
province of Hamedan. The results regarding 
both factors are consistent with the study by 
Veríssimo et al.5 and the salinity factor result is 
consistent with the findings from Ceia et al.7 and 
Borja and Elliott.6 However, soil fertility is 
ranked seventh, and thus, is not consistent with 
the findings of Ceia et al.7 and Borja and Elliott.6 

Several reasons can cause these differences. 
Physical differences, different policies about 
agricultural development, and cultural, 

religious, and socio-economic differences in each 
area can influence an area of land and cause 
dissimilarities. Therefore, clearly this area of 
Iran cannot be compared with other parts of the 
world and cannot even be equated to other areas 
inside Iran. Depending on the region's natural 
and geographical, economic, and social features 
the ecological characteristics of agricultural 
lands can be affected in different ways. 

Factors affecting agricultural lands and their 
weights were determined correctly and with 
acceptable accuracy (below 0.1) through a 
review of the literature along with the views of 
experts and in the form of pairwise comparisons 
and AHP.6,19,25 This review highlights the 
effectiveness of resources and specialized 
expertise in the form of AHP for the weight of 
the factors in such research. The zoning map of 
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ecological potential of lands was produced using 
overlaying method of layers in a GIS (Figure 5). 
In this method, all the layers are superimposed 
on one another based on the percentage of each 
factor and a final map of ecological zoning of 
agricultural land is produced. Salinity and pH 
factors were the most important factors. It seems 
that the main reason for this was the 
mismanagement of inputs such as fertilizers and 
chemical pesticides. 

 

Table 1. Final weight of the factors studied 

Factors Relative 
weight 

Final 
weight Ranking 

PH 4.53 0.33 1 
EC 3.30 0.228 2 
Soil grading 1.42 0.098 3 
Soil texture 1.23 0.085 4 
Slope 1.22 0.084 5 
Soil depth 0.82 0.075 6 
Fertility 0.71 0.049 7 
Erosion 0.64 0.044 8 
Height 0.39 0.027 9 
Slope direction 0.22 0.015 10 

EC: Electrical conductivity 
 

In fact, these 2 factors can also have positive 

or negative effects on other factors. The present 
study confirms the results of previous 
studies.6,7,14 Furthermore, the use of AHP 
method, combining the weight of factors, and 
mapping and overlaying layers to achieve the 
ecological potential map in agricultural lands 
has been confirmed.8,16,20,21,24 Among other 
notable issues in this method, accuracy, 
simplicity, speed, and repetitiveness, especially 
in ecological potential assessment of agricultural 
lands with high standards, are also involved in 
the assessment. In similar studies only a few 
specific factors were evaluated in terms of 
ecological potential of agricultural lands.5,18,23 
The 10 most important factors in terms of impact 
on ecological potential of agricultural lands were 
selected based on the recommendations of 
scholars including Ceia et al.,7 Veríssimo et al.5, 
Chainho et al.,8 and Veríssimo et al.26 On the 
basis of aforementioned factors, the assessment 
model is more comprehensive than all of the 
possible ecological potential of agricultural 
lands in the province of Hamedan.5,7,8,26. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Ranking the ecological zones of agricultural land in the province of Hamedan 
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The results related to the classification of 
agricultural land in the province of Hamedan 
(Table 2) showed that the total area of 
1,939,583.78 hectares of the province has immense 
ecological potential; 979592.33 hectares (32.51%) 
have very high and high capability, 549050.41 
hectares (28.31%) have average capability, and 
410941.04 hectares (21.19%) have low and very 
low ecological potential. 

 
Table 2. Classification of areas based on ecological potential 
Categories Area (ha) Percentage 
Very high potential 393318 2.28 
High potential 586274 30.23 
Average potential 549050 28.31 
Low potential 339381 17.50 
Very low potential 71559 3.69 
Total 1,939,583 100 

 
In addition, more than 30% of agricultural 

land is of high ecological potential. The 
assessment shows the ecological status of soil in 

agricultural land in the province. However, if 
water and climate factors are considered in the 
province, based on the researcher's observation 
in the cities of Kabudarahang and Razan, Iran, 
more than 20% of the wells are almost dry and 
the depth of groundwater is also much lower 
than in the past.  It can be argued that the 
ecological potential of agricultural land in the 
province is much lower than that presented in 
the classification. According to the results of "the 
map terrain for all types of cultivations" (Figure 
6), an area of 282747.052.2 hectares of land is 
suitable for the cultivation of irrigated wheat. 
Areas suitable for irrigated wheat cultivation 
and other uses have also been identified in the 
province (Table 3). 

The results showed that less than 40% of land 
is suitable for irrigated crops and orchards 
(Table 3). However, this assessment was based 
on soil ecological factors. If water and climate 
factors are also assessed, this ratio will evidently 
be lower. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Map of different levels of agriculture applications 
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Table 3. Area of lands for various agricultural applications 

Type of cultivation Area (ha) Percentage 
Irrigated wheat 282747.052 14.58 
Irrigated orchard 432876.606 22.23 
Rainfed cultivation and 
pasture land 

450034.169 
23.20 

Husbandry and pasture 248503.931 12.80 
Forest 76599.718 3.95 
Unsuitable for agriculture 448822.3011 23.14 
Total 1,939,583.778 100 

Conclusion 

In this study, 10 factors, including soil erosion, 
salinity, fertility, depth, texture, slope, height, 
and soil grading, which affect the ecological 
potential of agricultural land in the province of 
Hamedan, were investigated. The ecological 
potential map of agricultural lands in the 
province of Hamedan was prepared according 
to the classification in the proposed model by 
Makhdom. It was found that pH, salinity, and 
acidity factors have the greatest impact on the 
ecological potential of agricultural land in the 
province.  Mismanagement of inputs, such as 
fertilizers and chemical pesticides, to produce 
more crops and gain higher profits can account 
for low ecological potential. In fact, these 2 
factors can also have positive or negative effects 
on other factors. In general, it can be said that 
unsuitable management of farms in recent years 
and wrong agricultural development policies in 
Iran to increase production without 
consideration of detrimental environmental 
effects has led to severe reduction of ecological 
potential of agricultural lands in the production 
of strategic crops, such as wheat, especially in 
the studied area. 

In regards to agricultural issues, taking 
advantage of saline and alkaline soils is 
associated with a failure to absorb water and 
nutrients by the roots of plants and unfavorable 
ratio between the ion of impaired growth and 
yield of the plant. Since alkaline soil has very 
low permeability, irrigation, and drainage, these 
soils are particularly problematic. Furthermore, 
although the results show that more than 30% of 
agricultural lands in the province are of high 
ecological potential, and nearly 40% of land is 

suitable for irrigated corps and orchards, the fact 
is that this assessment has been based on 
ecological potential of the soil. If water and 
climate factors were considered, this ratio would 
be much lower than the estimated amount. The 
reason for this issue was the exploitation of the 
soil and water resources for the purpose of 
achieving more profits in a short time. Thus, 
conventional management of agricultural lands 
has led to reduced ecological potential of the soil 
and water. 

 Therefore, in order to improve and preserve 
the ecological potential of agricultural land, it is 
recommended that agricultural development 
policies be directed towards producing products 
that use less water. It is also recommended that 
agricultural water use efficiency be promoted 
through the use of sprinklers and drip systems.  
In addition, it is suggested that agricultural 
policies be directed towards the following 
directions: the use of green manures, reduction 
of the use of chemical pesticides, the use of 
protective tills (low-till and no-till), and 
promotion of ways which have the least impact 
on erosion, and maintain moisture and fertile 
agricultural lands. Thereby, ecological potential 
can be protected and agricultural sustainability 
of agricultural land resources can be increased to 
an acceptable level. In this regards, a 
comprehensive and detailed plan on 
administrative and technical aspects is need to 
achieve sustainable development in agriculture 
on the basis of ecological potential of lands. In 
this proposed plan, an optimizing scheme for the 
better use of land, water, pesticides, and 
fertilizers, increasing performance, and 
safeguarding the environment through the use 
of sound technologies (organic-based, 
ecologically sound manure system, and internal 
input) will be necessary to maintain soil 
productivity and potential for the future. 

For future research, the comprehensive 
assessment of the ecological potential of 
agricultural lands and the climate factor (water 
and weather) is recommended.  
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AbstractAbstractAbstractAbstract 
The removing of hexavalent chromium from wastewater or decreasing its chromium (VI) content up to the 

permitted levels is important due to its non-biodegradation, bioaccumulation, and cancer-causing and toxic 

effects. In the present study, biosorption of Cr (VI) from aqueous solutions using canola was investigated. The 

various physicochemical parameters such as pH, initial Cr (VI) ion concentration, adsorbent dose, and 

equilibrium contact time were optimized in batch adsorption system. The results showed that the optimum 

amount of each parameter was as follows: initial concentration = 10 mg/l, pH = 3, contact time = 75 minutes, 

and adsorbent dosage = 5 g/l. The maximum adsorption efficiency was about 99.1%. The maximum 

adsorption capacity was calculated and was about 10.67 mg/g of adsorbent. Moreover, the sorption data was 

best fitted on the Langmuir isotherm model and adsorption kinetic is adopted with the pseudo-second-order 

model. The results of the present study suggest that canola can be used beneficially in treating aqueous 

solutions containing heavy metal ions. 
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Introduction1    

Due to the specific characteristics of heavy 
metals, they are considered as major pollutants 
which reduce the water quality.1-3 Chromium 
(Cr) is a heavy metal which can be found 
mainly in two forms, including hexavalent and 
trivalent.4-6 The discharge of wastewater by 
various industries, including electroplating, 
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leather tanning processes, chromite ore 
processing, wood preservation, alloy making, 
corrosion control, pigment and dyes, and 
metal finishing industries, is the main source 
of Cr in the environment.7,8 Cr is introduced as 
a toxic element due to its adverse effects, such 
as irritation of lungs and stomach, cancer in 
the digestive tract, low growth rates in plants, 
and death of animals.9 Therefore, the 
elimination of Cr from water and wastewater 
is an important subject. Various techniques 
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such as electrodeposition, membrane filtration, 
ion exchange, and biological processes have 
been proven to remove Cr from effluents.10,11 
However, the disadvantages of these 
techniques can limit their application in Cr 
removal.12 Among the aforesaid methods, 
adsorption is known as an efficient and 
reliable method.13 Although activated carbon is 
widely used for Cr removal, problems 
associated with activated carbon decrease the 
attraction of its application. Therefore, 
researchers are trying to find a low-cost and 
effective adsorbent. Recently, various natural 
material, such as red mud, banana peel, apple 
residues, orange peel, and azolla, have been 
used as effective adsorbents for the removal of 
heavy metals.14-16 The canola stalk is a 
lignocellulosic waste widely produced in Iran 
and around the world due to the growth of 
canola for the production and consumption of 
vegetable oils. Therefore, the canola stalk is 
easily available and, due to its characteristics, 
has been used in several studies for pollutant 
removal.17,18 The aim of the present study was 
the investigation of the ability of canola in Cr 
removal from aqueous solution and the effect 
of various parameters on this process, and 
isotherm and kinetic studies. 

Materials and Methods 

In this study, canola was used as low-cost natural 
or agricultural waste for Cr (VI) removal from 
aqueous solutions. The canola stalks were collected 
from the research farm of the School of 
Agriculture, University of Tabriz, Iran. The stalks 
were washed several times with water to remove 
any contaminants and dried in the oven at 
105	℃	for 5 hours. Subsequently, the biomass were 
treated with 0.1 M H2SO4 for 2 hours, washed with 
distilled water, and then, oven dried at 105 ℃	for 3 
hours.19 After drying, the adsorbents were sieved 
to obtain particle size of 18 mesh prior to being 
used for adsorption studies. 

All the chemicals used in the present study 
were of analytical grade and were obtained from 
Merck & Co., White House Station, NJ, USA. The 

specific surface area of dried canola was 
determined through the BET-N2 method using a 
BET surface area analyzer (Model ASAP 2020, 
Micromeritics Instrument Corporation, Norcross, 
GA, USA) based on nitrogen adsorption–
desorption isotherms at 77 K. The surface images 
of dried canola before and after the adsorption 
process were captured by a scanning electron 
microscope (SEM) (XL30, Philips, Amsterdam, 
Netherlands). An ultraviolet-visible 
spectrophotometer (DR5000 spectrophotometer, 
Hitachi, Tokyo, Japan) was used to determine the 
Cr (VI) content of standard and treated solutions 
after adsorption experiments. 

The stock Cr (VI) solution (1000 mg/l) was 
prepared by dissolving 3.73 g of K2CrO4, 2H2O in 
1000 ml of double distilled water. The desired 
initial concentrations for experiments were 
prepared by appropriate dilution of the stock Cr 
(VI) solution. 

The batch adsorption experiments were 
carried out by 100 ml of Cr (VI) solution in a 
series of 250 ml stopper conical flasks. The pH of 
solution was adjusted by the addition of 0.1 N 
HCl or 0.1 N NaOH solutions, as required. Then, 
the flasks were shaken for the desired contact 
time in an electrically thermostated reciprocating 
shaker (Model LSI-3016R, Daihan LabTech Co., 
Ltd, Korea) at 120-125 rpm and 30 °C. The 
literature review indicated that the most 
important variables which are effective on 
adsorption include pH, adsorbent dose, contact 
time, and pollutant concentrations. Therefore, 
10-100 mg/l was selected as the initial Cr (VI) 
concentration. The effect of adsorbent dosage 
(0.1-1 g), contact time (10- 180 minutes), and pH 
(3-8) were studied.20 

The equilibrium time was estimated by 
sampling at regular time intervals. The samples 
were filtered through the Whatman no.1 paper 
filter (Whatman lnternational Ltd., Maidstone, 
England). The UV-visible spectrophotometer 
was employed to determine the remaining Cr 
(VI) concentration in the sample solution using 
1,5-diphenylcarbazide.21 All the experiments 
were carried out in triplicate. 
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Figure 1. The Scanning electron microscopy (SEM) image of dried canola: (a) before use; (b) after use 
 

Results and Discussion 

Scanning electron microscopy (SEM) images 
were applied to analyze the surface structure of 
canola (Figure 1). Figure 1 (a) clearly shows the 
pore textural structure of dried canola before 
use. However, figure 1 (b) indicated that the 
clear pore textural structure is not observed on 
the surface of dried canola after use. This could 
be due to either agglomeration on the surface or 
the invasion of Cr into the pores of dried canola. 
In addition, it was found that the adsorbent has 
a heterogeneous surface structure with deep 
pores. The specific surface area of modified 
canola was determined and found to be 32 m2/g. 
Similar results were obtained for adsorption of 
Acid Blue 113 from aqueous solutions by 
canola.22 

Effect of contact time and initial Cr (VI) 
concentration 

Among the desirable parameters, contact time is 
considered as a significant parameter for rapid 
sorption and successful practical application of 
biosorbents. Figure 2 shows the effect of contact 
time on the biosorption of Cr (VI) ions for 
several concentrations onto canola. The 
biosorption efficiency of Cr (VI) increased 
considerably with increasing of contact time up 

to 75 minutes, and then, it remained 
approximately constant. Therefore, 75 minutes 
was selected as optimum contact time for further 
experiments. Initially, the biosorption took place 
at a rapid rate due to the adsorption of Cr (VI) 
molecules on the upper surface of the 
biosorbent. Then, it reduced due to the slower 
diffusion of Cr (VI) molecules into the inner 
structure of the biosorbent.23 The presence of a 
large number of exchanging sites at the start of 
biosorption is another reason which could help 
to improve the process.24 Gupta et al. assessed 
the effect of contact time on Cr (VI) biosorption 
onto green algae spirogyra species.25 The 
biosorption capacity (mg/g) increased quickly at 
the beginning, and equilibrium was attained 
after 90 minutes. The Cr (VI) removal efficiency 
decreased by increasing of initial concentration; 
therefore, the adsorption rate in a concentration 
of 10 mg/l wever, the removal efficiency 
decreased in higher initial concentration of Cr 
(VI) due to limitation of total available 
adsorption sites. Similarly, the biosorption of 
Pb+2 by rice husk decreased with an increase in 
the Pb+2 initial concentrations. It has been 
suggested that the available sites on the 
biosorbent can be the limiting factor for Pb+2 
removal.26 
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Figure 2. Effect of contact time and initial Cr (VI) 
concentration on removal efficiency (pH = 3, adsorbent 
dose = 5 g/L, temperature = 30 °C) 

Effect of pH 
Metal sorption depends on the solution pH. The 
pH of the system determines the adsorption 
capacity due to its influence on the surface of the 
canola and formation of different ions in 
chromium solutions. The variation of the 
adsorption capacity of Cr (VI) on canola with 
pH is shown in figure 3. The chromium ions 
exist in the form of HCrO4- at very low pH 
values; however, there are different forms such 
as Cr2O72-, HCrO4-, and Cr3O102 at pH values of 
higher than 6. The predominant form is HCrO4-. 
By increasing of pH value, equilibrium shifted 
from HCrO4- to Cr2O72- and CrO42-.27 At lower pH 
values, the surface of adsorbent is surrounded 
by hydronium ions which enhance the Cr (VI) 
interaction with binding sites of the biosorbent. 
As the pH increased, the overall surface charge 
on the biosorbents became negative and 
adsorption decreased.21 The following 
equilibrium may be written for the Cr (VI) 
anions present in aqueous solutions.20 The 
equilibrium that exists between different ionic 
species of chromium is as follows: 

 

  H2CrO4          HCrO4- + H+                  K� 	= 1.21 
2HCrO4--          Cr2O72- + H2O

            K� 	= 35.5           
HCrO4--        CrO42- + H+                      K� 	= 3×10
� 
 

Adsorption of Cr (VI) was not significant at 

pH values of more than 6 due to dual 
complexation of the anions Cr2O72-, CrO42-, and 
OH- which can be adsorbed on the surface of the 
adsorbents; however, the predominant form in 
these pH values was OH-.28 Hence, it can be 
concluded that other mechanisms, such as 
physical adsorption, have played an important 
role and ion exchange mechanism might have 
reduced at lower pH values. 29 

 

.  
 
 

 
 

 
 
 

 
Figure 3. Effect of pH on Cr (VI) removal efficiency and 
adsorption capacity (C0 = 10 mg/l, adsorbent dose = 5 g/l, 
contact time = 75 minutes, and temperature = 30 °C) 

Effect of biomass dosage 

The effect of biomass dosage on the biosorption 
of Cr (VI) ions was studied using different 
biomass dosages in the range of 1–10 g/l  
(Figure 4). The results showed that biosorption 
efficiency is significantly dependent on the 
increase of biomass dosage in the solution. The 
percentage of metal biosorption steeply 
increases with biomass loading up to 5 g/l. 
Moreover, it was observed that the adsorption 
capacity decreases by increasing of biosorbent 
dosage. These results can be describe by the fact 
that although the number of available sites for 
biosorption increases by increasing of the 
biosorbent dose, biosorption sites remain 
unsaturated during the biosorption reaction.30,31 
Similarly, Kumar and Bandyopadhyay 
investigated the effect of biosorbent dose on the 
removal of Cd+2 by rice husk from aqueous 
solution.32 The results showed that an increase in 
the biosorbent dose from 1 to 5 g/l leads to the 
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increasing of the removal efficiency from 38% to 
96%, and decreasing of the biosorption capacity 
from 7.5 to 1.24 mg/g. Similar results were 
reported for cadmium biosorption in an aqueous 
solution by Saccharomyces cerevisiae. Therefore, 
the optimum biomass dosage was determined as 
4 g/l for further experiments.33 

 

Figure 4. Effect of biomass dose on Cr (VI) biosorption on 
dried canola (C0 = 10 mg/l, pH = 3, contact time = 75 
minutes, and temperature = 30 °C) 

Biosorption isotherm models 

The capacity of a biomass can be described by 
equilibrium biosorption isotherm, which is 
characterized by certain constants which can 
express surface properties and affinity of the 
biomass. The biosorption isotherms were 
investigated using 3 equilibrium models, which 
are the Langmuir, Freundlich, and Temkin 
models. The applicability of the isotherm 
equations was compared by investigating the 
correlation coefficients, R2. 

The Langmuir biosorption isotherm has been 
successfully applied for various pollutant 
biosorption processes and has been extensively 
used for the biosorption of a solute from a liquid 
solution. Biosorption onto specific homogeneous 
sites within the adsorbent is the basic 
assumption of the Langmuir theory. This model 
can be written as follows:34 

�

�

 = 

�

����
+ 

�

����	��

×
�

�

 

 

where qe is the equilibrium Cr (VI) ion 
concentration on the adsorbent (mg/g), Ce the 
equilibrium Cr (VI) concentration in the solution 
(mg/l), qm the monolayer biosorption capacity 
of the adsorbent (mg/g), and KL the Langmuir 
biosorption constant (mg/l) related to the free 
energy of biosorption.  

The significant feature of the Langmuir 
isotherm model can be defined by the 
dimensionless constant separation factor (RL) 
which is expressed by the following equation:35  

 

�� =	
�

������
 

 

where Co is the initial Cr (VI) concentration 
(mg/l) and KL is the Langmuir constant (mg/l). 
RL shows the nature of biosorption mechanism. 
Values of RL specify the shapes of isotherms as 
either unfavorable (RL > 1), linear (RL = 1), or 
favorable (0 < RL < 1). 

The Freundlich isotherm is an empirical 
relationship which shows the interaction 
between adsorbate molecules and 
heterogeneous surfaces. 

The linear equation is expressed as follows:36 
Ln qe = ln KF + 

�

�
	ln Ce 

where qe is the equilibrium Cr (VI) 
concentration on the adsorbent (mg g−1), Ce the 
equilibrium Cr (VI) concentration in solution 
(mg l−1), and KF is the Freundlich constant. 

The Temkin isotherm model suggests an 
equal distribution of binding energies over the 
number of the exchanging sites on the surface. 
The linear form of the Temkin isotherm equation 
is represented by the following equation: 35 

 

qe = BlnA + B ln Ce                               
 

where B = RT/b, T is the absolute 
temperature in K, R the universal gas constant 
(8.314 JK−1 mol−1), A the equilibrium binding 
constant, and the constant B is related to the heat 
of adsorption. Values of band A were calculated 
from the plot of qe against ln Ce. 

The values of various isotherm constants are 
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described in table 1. The results show that the Cr 
(VI) adsorption equilibrium was best defined by 
the Langmuir isotherm model, which indicated 
that the chemisorption mechanism is involved in 
the adsorption of Cr (VI) on canola. In this 
study, the value of RL was obtained in the range 
of 0–1, and this shows that the biosorption 
process is favorable. 

Finally, the correlation coefficients (R2) for the 
Freundlich and Temkin isotherm models were 
lower than that of the Langmuir isotherm model. 

 
Table 1. Adsorption isotherm constants for the adsorption 
of Cr (VI) onto canola at two biomass dosages   

Isotherm models 3 g/l 6 g/l 
Langmuir   

qm(mg/g) 2.950 4.450 
KL (mg/l) 0.071 0.014 
RL 0.190 0.340 
R2 0.998 0.999 

Freundlich   
KF (mg/g) 9.170 14.720 
n 1.260 2.440 
R2 0.941 0.962 

Temkin   
A (g/l) 0.350 0.570 
B 15.410 26.340 
R2 0.914 0.944 

qm: The monolayer biosorption capacity; KL: The Langmuir 

biosorption constant; RL: The nature of biosorption mechanism; 

R2: correlation coefficients; Kf: The Freundlich constant 

Biosorption kinetics 

Kinetic studies are necessary to optimize the 
different operation conditions of biosorption. 
Various kinetic models have been suggested for 
explaining the order of reactions. 

The kinetics of Cr (VI) onto canola was 
analyzed using pseudo-first-order and pseudo-
second-order kinetic models. The applicability of 
these kinetic models was determined by 
measuring the coefficients of determination (R2). 
The higher value of R2 indicates the best 
applicability of the model for obtained data.  

The pseudo-first-order kinetic model can be 
expressed as follows:36 

 

Log (qe – qt) = log qe – 
��

�.���
t 

 

where qe and qt are the biosorption capacity 

(mg/g) at equilibrium and time t, respectively, 
k1 is the constant rate (L min-1) of pseudo-first-
order kinetic model. 

The values of k1, calculated qe, experimental 
qe, and R2 are presented in table 2. This table 
showed that calculated qe is not equal to 
experimental qe, although the values of R2 are 
satisfactory. Mostly, the first-order kinetic model 
is not fitted well for the whole data range of 
contact time and can be applied for the 
preliminary stage of the biosorption 
mechanism.37 This suggests that the uptake of Cr 
(VI) probably does not follow the pseudo-first-
order model. Roy et al. showed that the 
biosorption of heavy metals onto green algae 
and ground rice hulls does not follow the first-
order kinetic model.38 

 Furthermore, the pseudo-second-order 
kinetic model can be described as follows:36 

 

�

��
  = 

�

 !�"
!	

 + 
�

�"	�
 

 

where qe is the biosorbed amount of Cr (VI) 
at equilibrium (mg/g) for the pseudo-second-
order biosorption, qt is the amount of biosorbed 
Cr (VI) at time t (mg/g), and k2 is the pseudo-
second-order kinetic constant rate (g/mg/min). 
The values of various pseudo-second-order 
constants are described in table 2. The values of 
calculated qe and experimental qe are quite close. 
The correlation coefficients (R2 = 0.999) are also 
significant which indicates that the pseudo-
second-order kinetic model is well fitted for 
kinetic data. The results showed that the 
pseudo-second-order kinetic model is more 
appropriate and effective than the pseudo-first-
order kinetic model. Wong et al. suggested that 
the removal of Cu+2 and Pb+2 onto rice husk 
obeyed the pseudo-second-order kinetic 
model.26 

Conclusion 

This study demonstrated the potency of canola 
biomass in Cr (VI) removal from aqueous 
solution. The results indicated that the 
Langmuir model provided the best correlation 
of the experimental data. Pseudo-second-order 
model was best applicable for the sorption data. 
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Table 2. Kinetic parameters for the adsorption of Cr (VI) onto canola at various concentrations 

Concentratio
n (mg/l) 

Experimental 
qe (mg/g) 

Pseudo-first-order Pseudo-second-order 
K1 qe R2 K2 qe R2 

10 1.98 0.341 6.19 0.965 0.0021 2.24 0.999 
50 6.95 0.574 13.24 0.941 0.0043 7.36 0.998 
100 10.67 0.922 18.45 0.972 0.0072 11.14 0.999 

qe: The equilibrium; K1: The constant rate; K2: The pseudo-second-order kinetic constant rate 

 
The BET surface area of biosorbent was 32 m2/g. 
Low pH value is favorable for the biosorption of 
Cr (VI). The removal efficiency is enhanced with 
an increase in contact time and biosorbent 
dosage. The results indicated that canola is a 
promising biosorbent in the removal of Cr (VI) 
from aqueous solution. 
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AbstractAbstractAbstractAbstract 
The main aim of this study was to evaluate cardiovascular and respiratory outcomes attributed to PM10 in 
Kermanshah, Iran. In order to gather data, an Environmental Dust Monitor instrument was used at 3 stations 
throughout the city at a height of at least 3 m above the ground. We obtained an input file for the model from crude 
data and quantified PM10 using the AirQ model. Our estimation showed that 80% of cardiovascular deaths 
occurred on days with PM10 concentrations of less than 170 µgm-3. The number of respiratory deaths due to PM10 
was estimated to be 46 people in 2011, showing a 48% reduction in such deaths compared to 2010. The number 
of patients with respiratory problems attributed to PM10 exposure comprised 5.61% of the total number of patients 
admitted to hospitals due to respiratory diseases. This lower percentage of morbidity and mortality attributed to 
suspended particles in Kermanshah in 2011, in comparison with 2010, was due to the higher exposure days with 
PM10 concentration of 200-250 µgm-3 in 2010. Every 10 µgm-3 increase in the concentration of suspended 
particles led to a 0.8% and 1.2% rise in the mortality rate due to cardiovascular and respiratory diseases, 
respectively. Additionally, the rates of heart and respiratory problems increased by 0.9% and 0.8%, respectively. 
KEYWORDS:KEYWORDS:KEYWORDS:KEYWORDS: Assessment, Health Impacts, Mortality, Cardiovascular Diseases, Particulate Matter 
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In the standpoint of human beings and their 
health, health impact assessment of air quality is 
of paramount importance. Many studies have 
been conducted to illustrate mortality and 
morbidity resulting from air pollutants in Iran.1`-4 
PM10 are particulate matter with aerodynamic 
diameter of 10 µm or less, which can be an 
appropriate parameter in terms of health impact 
assessment. Short-term and long-term 
epidemiological studies have investigated the 
relation between suspended particles and 
adverse effects on health, excess mortality, and 
the outbreak of cardiovascular and respiratory 
diseases. There are clear signs indicating that the 
health effects of particles are mainly attributed to 
PM10 and PM0.1.5 Air-polluting suspended 
particles, regardless of chemical properties, are 
presented in figure 1 in terms of size. 

High concentrations of suspended particulate 
matter (SPM) adversely affect human life in a 
number of ways, including the provocation of a 
wide range of respiratory and cardiovascular 
diseases, carcinogenic effects, profound impacts 
on defensive mechanism, and corrosion and loss 
of property.7-10 Important particles in air 
pollution studies have a size between 0.01 to 100 
µm.8 The average concentration of PM10 in the 

world is about 10-80 µgm-3. In the most polluted 
cities in Latin America such as Mexico City, the 
average concentration of PM10 could reach 100 

µgm-3 or even higher. The concentration of 

suspended particles in developing countries is 
commonly and traditionally much higher than 
developed countries.7 In a report carried out by 
the World Health Organization (WHO) on urban 
air pollution in megacities of the world (1994), in 
which the air quality of 20 cities were compared, 
it was revealed that most of the cities engaged 
were among the developing countries.11 
According to this report, suspended particle 
concentrations in 17 of the total 20 studied cities 
were about two times higher than the WHO 
standards. This issue became even more intense 
with higher concentrations of SO2. The annual 

mean range of SPM was 200-600 µgm-3. The 
maximum concentration was reported to be 1000 

µgm-3.11 The suspended particles enter the human 
body exclusively through the respiratory tract and 
immediately disrupt the function of this part of the 
body. High concentrations of suspended particles 
are detrimental to human health, especially for 
those suffering from chronic respiratory diseases. 
Previous studies have shown that increased level 
of suspended particles in combination with sulfur 
oxides is the main cause of the increased number 
of patients admitted to the hospitals and clinics. 
The most common health problems caused by 
suspended particles include the upper respiratory 
tract infections, cardiac disorders, bronchitis, 
asthma, pneumonia, lung inflammation, 
carcinogenic effects, chest discomfort, and adverse 
effects on defensive mechanisms.8,12 

 

 
Figure 1. The trimodal size distribution, showing general relationships between the three common 
size ranges and the particle sources Source: Tiwary, Colls 6 
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The capability of the human respiratory tract 
defense system against inhaled suspended 
particles depends highly on the size of the 
particles. The diameter of most suspended 

particles is in the range of 0.1-10 µm. The smaller 
particles undergo vibrational and Brownian 
motions, while the larger particles (> 10µm) 
precipitate rapidly. Due to the heightened level 
of dust particles in some regions of Iran in recent 
years, especially Kermanshah City, it is vital to 
evaluate the relationship between such particles 
and the increased number of cardiovascular and 
respiratory tract diseases. 

Kermanshah City, with a population of 
approximately 843117 people, is located in the 
Southwest of Iran and currently considered as 
an industrial center of Iran as well as a source of 
dust events. As a result, the city is among the 
most polluted cities in Iran. The main objective 
of this study was to estimate the health effects of 
particulate matter (PM10) on mortality due to 
respiratory and cardiovascular diseases in 2011 
and compare the statistical results with those 
obtained for 2010. 

Materials and Methods 

Kermanshah, the capital of Kermanshah 
Province, is located in the Central-West Region 
of Iran. The geographical location of 
Kermanshah is 34° 19' N, 47° 7' E and it is 1322 
m above sea level. According to the Damartn 
classification, which is based on average 
precipitation and average temperature, 
Kermanshah is placed in the category of cold 
and semi-arid climate with the annual average 
precipitation and temperature of 444.7 mm and 
14.3°C, respectively. The vegetation cover is 
steppe with few trees in the ranges. The 
temperature may drop to 10°C in the winter; 
however, it rises to 44°C in the summer.13  

The aim of the present study was the 
estimation of health endpoints attributed to 
PM10 pollutant using epidemiological indices. 
The AirQ model that was introduced by the 
WHO in 2004 provides a valid and reliable tool 

for estimating the short-term impacts of  
air pollutants. 

The first step: sampling of PM10 pollutant: For 
sampling of PM10 particles, 3 sampling stations 
were selected in the city. A high-volume air 
samplers (model: Anderson) was used to sample 
and measure the concentrations of the 
suspended particles. Sampling, analysis, and 
selection of the stations were performed 
according to the EPA 3051A guideline.14,15 The 
temperature and pressure parameters were 
recorded hourly by the weather channel 
software (www.msn.com). 

The second step: data processing and model 
implementation: The measured PM10 
concentration data was processed to provide 
daily average, minimum, maximum, and some 
statistical parameters. The processed data was 
entered into the AirQ model to estimate the 
number of cases of cardiovascular and 
respiratory morbidity and mortality. 

Results and Discussion 

Air pollution of Kermanshah attributed to 
PM10 in 2011 
The results presented in table 1 show that in all 3 
studied stations, the average concentrations of 
PM10 in the summer were higher than the 
winter, with the observed maximum 
concentration of 1810.5 µgm-3 in the summer. 
The highest and lowest concentrations were 
observed in Ziba Park and Ostandari stations, 
respectively. According to table 1, the annual 
average concentration of PM10 in Kermanshah in 
2011 was equal to 89.54 µgm-3, and 
was117.91µgm-3 for the summer, which was 
higher than the winter. Figures 2, 3, 4, and 5 are 
presented according to accumulative mortality 
due to cardiovascular and respiratory tract 
diseases versus the concentration ranges of the 
related pollutant. Each figure includes 3 curves 
in which the middle curve corresponds to the 
central relative risk, and the upper and lower 
curves correspond to the relative risks of 95% 
and 5%, respectively. 
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Table 1. The required indices of the model for PM10 (µgm-3) in 3 studied stations in Kermanshah in 2011 

Parameter 
Station 

Ziba Park Shahrdari Ostandari Overall mean 

The annual average 90.03 89.34 89.26 89.54 
The summer average  118.34 117.76 117.62 117.91 
The winter average  60.60 59.80 59.78 60.06 
98th annual percentile 330.95 328.36 329.12 329.48 
Annual maximum 1810.50 1809.00 1804.00 1807.83 
Summer maximum 1810.50 1809.00 1804.00 1807.83 
Winter maximum 283.00 283.00 278.00 281.33 

 
Table 2. The estimation of relative risk indices, attributable proportion, and number of cases of 
cardiovascular disease mortality (Baseline incidence (BI) = 497) in Kermanshah in 2011 

Estimation 
Epidemiological indices 

Relative risk (average) Attributable proportion (%) Number of cases 

Lower 1.005 3.5839 151.6 
Average 1.008 5.6135 237.8 
Upper 1.018 11.8023 499.2 

 
Table 3. The estimation of relative risk indices, attributable proportion, and number of cases of 
respiratory tract disease mortality (BI = 66) in Kermanshah in 2011 

Estimation 
Epidemiological indices 

Relative risk (average) Attributable proportion (%) Number of cases 

Lower 1.008 5.6135 31.5 
Average 1.012 8.1904 46.0 
Upper 1.037 21.5728 121.2 

 

Quantification of the health effects due to PM10 
exposure 

By using results yielded by data processing and 
registered data from the measurement stations 
for suspended particles throughout the city, and 
estimating the population in 2011, we obtained 

various indices that will be described in the 
following sections. 

According to table 2, by considering the 
central relative risk, attributable proportion of 

cardiovascular disease mortality was 5.61% in 
2011, which showed a 6.27% reduction in 
contrast with 2010.16 
Attributable proportions, in the conditions of the 
estimation with the lower and upper relative 
risks, were 3.58 and 11.80%, respectively. By 
considering a baseline incidence equal to 497 per 
100,000 people for cardiovascular diseases, the 
accumulative number of mortality due to such 

diseases was 237 people, showing a reduction of 
261 people in contrast with 2010.16 The 
maximum number of exposure to PM10 and 
mortality due to cardiovascular diseases were 
observed in the concentration range of 50-60 
µgm-3. The corresponding values estimated for 
mortality due to respiratory tract diseases are 
presented in table 3. The relative risk indices, 
attributable proportion, and number of cases of 
outpatient treatment due to both cardiovascular 
and respiratory tract diseases were also 
estimated (Tables 4 and 5). 

Indices of mortality due to cardiovascular and 
respiratory tract diseases attributed to PM10 in 
Kermanshah in 2011 

Considering an annual average PM10 
concentration of 89.54 µgm-3 and a population of 
851405 people in 2011, and estimation of 
mortality rate due to cardiovascular and 
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respiratory tract diseases attributed to PM10 
exposure, we obtained the health impacts based 
on the number of deaths in every 100,000 people 
by the following equation: 
 

(M�/P�) × 100000                                     
 

where Mt is mortality due to cardiovascular 
and respiratory tract diseases attributed to PM10 
exposure, Pt is the total population, and the unit 
is mortality per 100,000 people. 

For cardiovascular disease: 237/851405 = 
27.83 deaths in every 100,000 people 

The results obtained from the model show 
that the number of cardiovascular mortality and 
outpatient cases attributed to PM10 in the air of 
Kermanshah for central or average relative risk 
were 237 and 233, respectively, in 2011.For 
respiratory tract disease: 46/851405 = 5.40 
deaths in every 100,000 people 

The values obtained from the model show 
that the number of respiratory tract diseases 
mortality and outpatient cases with respiratory 
problems attributed to PM10 in the air of 
Kermanshah for central relative risk were 46 and 
602, respectively, in 2011.Figure 2 illustrates a 
steady increase in the mortality rate due to 
cardiovascular diseases associated with a PM10 
concentration of 50-100 µgm-3, whereas it shows 
a steep increase in the concentrations of higher 
than 350 µgm-3. Indeed, figure 2 shows that 80% 
of the deaths due to cardiovascular diseases 

occurred on days with concentrations of less 
than 170 µgm-3. With every 10 µgm-3 increment 
in the concentration of suspended particles, the 
risk of deaths due to cardiovascular diseases 
increased by 0.8%. 

According to table 3, and based on the 
calculated relative risk and the results from figure 
3, the accumulative number of deaths due to 
respiratory tract problems attributed to PM10 was 
estimated to be 46 individuals. This rate, in 
comparison with 2010, shows a decrease in 
mortality rate of 48 individuals.16 Moreover, 80% 
of such deaths occurred on the days with PM10 
concentrations of less than 170 µgm-3. The steep 
phase of the curve in figure 3, corresponding 
with RR = 1.022, represents the maximum 
mortality rate (6 people) in the range of 50-60 
µgm-3. As can be seen, the slope of the upper and 
lower curves in the figure is steep in this range. 
The slight slope in the concentration range of 10-
20 µgm-3 represents the minimum number of 
deaths due to respiratory tract problems. Every 
10 µgm-3 increase in the concentration of 
suspended particles led to a 1.2% increase in the 
risk of death due to respiratory tract problems. 
Figure 3 illustrates a steady increase in mortality 
due to respiratory tract problems associated with 
a PM10 concentration of 50-100 µgm-3, but it 
shows a steep increase in the concentrations of 
higher than 350 µgm-3. 

 
Table 4. The estimation of relative risk indices, attributable proportion, and number of cases of cardiovascular diseases 
attributed to PM10 (outpatient treatment) (BI = 436) in Kermanshah in 2011 

Estimation 
Epidemiological indices 

Relative risk (high) Attributable proportion (%) Number of cases 

Lower 1.006 4.2701 158.4 
Average 1.009 6.2712 232.7 
Upper 1.013 8.8128 327.0 

 
Table 5. The estimation of relative risk indices, attributable proportion, and number of cases of respiratory tract diseases 
attributed to PM10 (outpatient treatment) (BI = 1260) in Kermanshah in 2011 

Estimation 
Epidemiological indices 

Relative risk (high) Attributable proportion (%) Number of cases 

Lower 1.0048 3.4455 369.4 
Central 1.008 5.6135 601.9 
Upper 1.0112 7.6864 824.2 
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Figure 2. Accumulative mortality due to cardiovascular diseases attributed to PM10 based on PM10 
concentration in Kermanshah in 2011 

 

 
Figure 3. Accumulative mortality due to respiratory tract diseases attributed to PM10 based on PM10 
concentration in Kermanshah in 2011 

 
Some studies have utilized the AirQ model to 

estimate the health effects of particulate matter. 
For example, Tominz et al. used the AirQ model 
to estimate the health impacts of PM10 in Trieste, 
Italy, in 2005.17 The authors reported that 1.8% of 
natural deaths, 2.2% of cardiovascular deaths, 
and 2.5% of respiratory deaths were attributable 
to PM10 concentrations of higher than 20 µgm-3. 
In 2009, Goudarzi used the AirQ model to 
estimate the health impacts of PM10 in Tehran, 
Iran.18 The results of the study showed that 
about 4% of the total number of cardiovascular 
and respiratory tract diseases was attributed to a 

PM10 concentration of higher than 20 µgm-3. In 
another study, Yavari et al. demonstrated that 
about 13% of the total number of cardiovascular 
and respiratory tract diseases was attributed to a 
PM10 concentration of higher than 20 µgm-3.19 

Ostro et al. analyzed the relationship between 
PM10 and daily mortality rate between 1989 and 
1991, and reported a strong association between 
mortality from either respiratory disease or 
cardiovascular disease and PM10.20 Based on a 
regression model of examining the air pollution 
in 10 cities of the United States, Schwartz has 
calculated that the relative risk for adults older 
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than 65 years would be 2% for each 10 µgm3 
increase in PM10.21 

Indices of cardiovascular and respiratory tract 
diseases mortalities for outpatient treatment 
d u e  t o  P M 1 0  i n  K e r m a n s h a h  i n  2 0 1 1 

According to the results of table 4 and figure 4, 
accumulative number of cardiovascular disease 
cases was 233, based on the estimated average 
relative risk (RR = 1.009) and baseline incidence 

rate of 436 in 105 people. This showed a 
reduction of 251 people in comparison with 
2010. Approximately, 80% of the cases occurred 

on the days when PM10 concentration was 
higher than 170 µgm-3. The accumulative 
numbers of such health impacts in the lower  
(RR = 1.006) and upper (RR = 1.013) relative 

risks were 158 and 327 individuals, respectively. 
Every 10 µgm-3 increment in the concentration of 
suspended particles resulted in a 0.9% increase 

in the risk of cardiovascular diseases. 
According to the results of table 5 and 

figure 5, the accumulative number of 

respiratory tract disease cases due to PM10 
exposure, based on the estimated average 
relative risk (RR = 1.008) and baseline 
incidence of 1260 in 105 people, was 602. This 
showed a reduction of 660 people in 
comparison with 2010.16 Approximately, 80% 
of the cases occurred on the days when PM10 
concentration was higher than 170 µgm-3. 
Thus, the number of referrals to the hospitals 
due to respiratory tract diseases attributed to 
exposure to PM10 comprised 5.61% of the total 
referrals. The accumulative numbers of such 
health impacts in the estimated lower (RR = 
1.0048) and upper relative risk (RR = 1.0112) 
were 369 and 824 individuals, respectively. 
Every 10 µgm-3 increment in the concentration 
of the suspended particles resulted in a 0.8% 
increase in the risk of respiratory tract 
diseases. Figures 4 and 5, respectively, 
illustrate steady increases in the number of 
outpatients due to cardiovascular and 
respiratory tract diseases associated with PM10 
concentrations of 50-100 µgm-3, but showed 
steep increases in the concentrations of higher 
than 350 µgm-3. 

 

 
Figure 4. Accumulative number of hospital admission due to cardiovascular diseases attributed to 
PM10 based on PM10 concentration in Kermanshah in 2011 
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Figure 5. Accumulative number of hospital admission due to respiratory tract diseases attributed to 
PM10 based on PM10 concentration in Kermanshah in 2011 

 

Conclusion 

The average concentration of PM10 during the 
study period was 89.54 µgm-3, with the 
maximum concentration of 1809 µgm-3 in the 
summer. The maximum and minimum 
concentrations were observed for Ziba Park and 
Ostadnari stations, respectively. The low 
number of morbidity and mortality cases due to 
suspended particles in Kermanshah in 2011, in 
comparison with 2010, was due to the lower 
average concentration of PM10 or more days 
with lower concentration in the air. This means 
that individuals were exposed to a PM10 
concentration of 200-250 µgm-3 for a longer time 
in terms of days, compared with 2010. 
Moreover, the concentration of PM10 did not 
reach lower than 30 µgm-3 on any day. However, 
the individuals were exposure to a PM10 
concentration of 50-60 µgm-3 for a longer time, 
compared with 2010. 
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AbstractAbstractAbstractAbstract 
Six soil amendments including municipal solid waste compost (MSWC), coal fly ash (CFA), rice husk biochar 
prepared at 300°C (B300) and 600°C (B600), zerovalent iron (Fe0), and zerovalent manganese (Mn0) were 
evaluated to determine their ability to reduce mobility of chromium (Cr) in a Cr-spiked soil. The Cr-spiked soil 
samples were separately incubated with selected amendments at 2 and 5% [weight by weight (W/W)] for 90 days 
at 25°C. The efficacy of amendment treatments was evaluated using desorption kinetic experiment and sequential 
extraction producer. Results showed that applications of various amendments had significant effects on 
desorption and chemical forms of Cr. Addition of amendments considerably decreased mobility factor (except for 
CFA5%) of Cr compared to the control treatment. The addition of Fe0, MSWC, and B300 to soil significantly 
decreased Cr release, compared to other amendments. The lowest Cr desorption was achieved by Fe0 at 5%. 
Application of B600 and CFA increased soil pH and caused the oxidation of Cr(III) to Cr(VI). Based on the obtained 
highest values of coefficient of determination (R2) and lowest values of standard error (SE) of the estimate, the two 
first-order reaction model could be best fitted for describing Cr release in soil samples. In general, from the 
practical view, Fe0, MSWC, and B300 treatments are effective in Cr immobilization, while application of Fe0 at 5% 
was the best treatment for stabilization of Cr. Therefore, these treatments can be recommended for the 
immobilization of Cr from polluted soil. 
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Introduction1    

Soil pollution by heavy metals is a major 
problem in many countries. Chromium is a 
heavy metal, the concentration of which 
considerably increases in the environment due to 
industrial activities. Chromium exists in multiple 
valence states in the environment, but the most 
common forms are trivalent chromium [Cr(III)] 
and hexavalent chromium [Cr(VI)]. The mobility 
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of Cr in soil depends on its oxidation state.1 The 
toxicity and mobility of Cr(VI) is higher than 
Cr(III) in soil.1 Hence, the stabilization of Cr 
principally deals with the reduction of Cr(VI) to 
Cr(III). 

Chemical stabilization techniques are used to 
reduce heavy metals mobility in the soil using 
contaminant-immobilizing amendments. The 
use of immobilizing amendments in polluted 
soils as a remediation procedure can reduce 
mobility and bioavailability of heavy metals by 
adsorption, complex formation, or 
(co)precipitation process. Previous researches 
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have reported that Cr(VI) is reduced to Cr(III) by 
soil organic matter and Fe2+.1 On the other hand, 
Cr(III) can be oxidized to Cr(VI) by manganese 
oxides2,3 and alkaline resources (such as coal fly 
ash) that increase soil pH above neutral.4,5 

Currently, there are no common 
methodologies to assess chemical stabilization 
efficiency. Nevertheless, several methods were 
used to estimate the soil stabilization efficiency of 
various amendments in heavy metals stabilization 
in soils, such as sequential extraction method, 
leaching test, and adsorption-desorption 
experiments. The mobility of heavy metals is 
controlled by the sorption and desorption 
characteristics of soil.6 The desorption technique 
of heavy metals in soil can be related to their 
mobility and toxicity.7 In addition, sequential 
extraction procedures can be useful in monitoring 
the stabilization process of heavy metals in soil. A 
typical sequential procedure starts with a weak 
solvent, followed by a stronger solvent in order to 
sequentially solubilize various operationally 
defined metal fractions; exchangeable (EX), 
carbonate-bound (Car), reducible [Mn-oxide-
bound (Mn-OX)], oxidisable [amorphous and 
crystalline Fe-oxide-bound (FeA-Ox and FeC-
Ox)], and residual metal fractions.8 The Ex and 
Car fractions are considerably mobile, while other 
fractions are less mobile in soil. Several 
extractants were used for the evaluation of heavy 
metal mobility in soils and sediments using batch 
methods.9,10 Acidic solutions, dilute salt solutions, 
and complexing agents are usually used as 
extractants.9,11 

Application of inappropriate amendments 
may increase the mobility of heavy metals in 

soil. In addition, very few researches have been 
performed on Cr stabilization due to the low 
reactivity of its common species in soil. 
Therefore, the present study was conducted to 
recognize appropriate amendments for Cr 
stabilization by chemical stabilization technique 
in soil. The main objectives of this study were to 
evaluate the influence of coal fly ash (CFA), 
municipal solid waste compost (MSWC), two 
types of rice husk biochar (B300 and B600), 
zerovalent iron (Fe0), and zerovalent manganese 
(Mn0) on release and chemical form of Cr in 
contaminated calcareous soil in order to reduce 
the risk of increasing of Cr in the environment. 

Materials and Methods 

Surface (0–30 cm) soil samples were collected 
(fine, mixed, mesic, Fluventic Calcixerepts) from 
Shiraz, Fars Province, Iran. Selected chemical 
and physical properties were determined using 
standard methods.12 Plant available form of 
heavy metals was extracted using diethylene 
triamine pentaacetic acid (DTPA). Total content 
of heavy metals were determined using 4M 
HNo3 and measured using an atomic absorption 
spectrometer (Shimadzu AA-670, Shimadzu 
Corp., Kyoto, KYT, Japan).13 In order to 
determine the concentration of Cr(VI), alkaline 
digestion was applied (0.5 mol/l NaOH + 0.28 
mol/l Na2CO3) and the amount of Cr(VI) was 
measured using the colorimetric method with 
1,5-diphenylcarbazide (DPC) at a wavelength of 
540 Nm.14 Cr(III) amount was calculated by 
subtracting Cr(VI) from total Cr. The selected 
properties of soil are presented in table 1. 

 
Table 1. Selected chemical and physical properties of studied soil 

CCE: calcium carbonate equivalent; OM: organic matter; CEC: cation-exchange capacity; EC: electrical conductivity; DTPA: diethylene 
triamine pentaacetic acid 
 

Property Value Property (mg/kg) Value 
pH 7.8 Soluble Fe in DTPA 4.1 
CCE (%) 39.5 Soluble Cu in DTPA 0.9 
Sand (%) 27 Soluble Mn in DTPA 5.6 
Clay (%) 35 Soluble Cr in DTPA 1.6 
OM (%) 1.4 Soluble Cr in NaNO3 2.8 
CEC (Cmol(+)/kg) 15.8 Total Cr 109.0 
EC (dS/m) 0.65 Cr(VI) 8.5 
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Various amendments were used for their 
abilities to decrease Cr mobility in Cr-spiked Soil; 
CFA, MSWC, rice husk biochar prepared at 300°C 
(B300) and 600 °C (B600), zerovalent iron (Fe0), 
and zerovalent manganese (Mn0). CFA and 
MSWC were collected from Zarand Coal 
Washing Factory and the Recycling and 
Municipal Solid Waste Compost Factory of 
Kerman, Iran, respectively. Biochar was prepared 
at 300 °C and 600 °C from rice husk. Husk 
samples (covered with aluminum foil) were 

placed in a furnace for 4 hours to produce 
biochar. Zerovalent iron (Fe0, 99.5%, in the form 
of iron grit) and zerovalent manganese (Mn0, 
99.5%, in the form of manganese grit) were used 
in the present study. The selected properties of 
the used amendments are presented in table 2. In 
addition, fourier transform infrared spectroscopy 
(FT-IR) (Spectrum RXI, PerkinElmer Inc., 
Waltham, MA, USA) was used for the recognition 
of the morphology and structure of the produced 
biochar (Figure 1). 

 
Table 2. Selected chemical composition of amendments 

Amendments Chemical properties 

CFA 

SIO2 (%)* Al2O3 (%)* TiO2 (%)* Fe2O3 (%)* CaO (%)* 
46.47 27.32 0.90 6.73 4.56 

BaO (%)* SrO (%)* MgO (%)* K2O (%)* Na2O (%)* 
0.15 0.14 2.32 3.42 0.82 

SO3 (%)* P2O5 (%)* Mn3O4 (%)* pH C (%)**  
4.60 4.60 0.82 9.1 67 

H (%)**  n (%)**  O (%)**  - - 
3.80 3.92 0.96 - - 

      

MSWC 

pH EC (dS/m) OM (%) Cu (mg/kg) Zn (mg/kg) 
7.40 19.36 38.00 19 28 

Fe (mg/kg) Mn (mg/kg) Pb (mg/kg) Cd (mg/kg) Ni (mg/kg) 
25.00 11.00 13.30 0.28 1.2 

      

 pH EC (dS/m) C (%)**  H (%)**  n (%)**  
B300 6.20 13.10 41.57 2.11 1.52 
B600 8.70 21.20 48.99 1.55 Trace 

* Determined by X-ray fluorescence (XRF) analyzer; **  Determined by CHN analyzer; CFA: Coal fly ash; MSWC: Municipal solid waste 

compost 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. FTIR spectra of rice husk before (B0) and after pyrolysis (B300 and B600) [X-axis 
and Y-axis are wavenumber (cm-1) and transmittance (%), respectively.]  
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Table 3. Experimental design for incubation experiment 
Treatment Amendment (applied rate) (%) Treatment Amendment (applied rate) (%) 
S1 MSWC (2) S7 B600 (2) 
S2 MSWC (5) S8 B600 (5) 
S3 CFA (2) S9 Fe0 (2) 
S4 CFA (5) S10 Fe0 (5) 
S5 B300 (2) S11 Mn0 (2) 
S6 B300 (5) S12 Mn0 (5) 

CFA: Coal fly ash; MSWC: Municipal solid waste compost 

 
Table 4. Summary of the sequential extraction procedure used in this study 

g soil: ml solution Extracting solution Shaking time (h) Chemical form of Cr Symbol 

10:40 1 m Mg(NO3)2 2 Exchangeable EX 
10:40 1 m NaOAc (pH = 5 CH3COOH) 5 Carbonate-bound Car 
10:20 0.7 m NaOCl (pH = 8.5) 0.5 in boiling water Organically-bound* Om 
5:50 0.1 m NH2OH.HCl (pH = 2 HNO3) 0.5 in boiling water Mn-oxide-bound Mn-OX 

5:50 0.25 m NH2OH.HCl + 0.25 m HCl 0.5 at 50°C in water Amorphous 
Fe-oxide-bound FeA-Ox 

5:50 0.2 m (NH4)2C2O4 + 0.2 m H2C2O4 
+ 0.1 MC6H8O6 

0.5 in boiling water Crystalline 
Fe-oxide-bound FeC-Ox 

* Two times extraction 

 
For the incubation experiment, soil samples 

were placed in plastic and Cr(VI) was added at 
the rate of 500 µg/g as K2Cr2O7. Selected 
amendments were added to each soil sample 
separately, at two levels [2 and 5% weight by 
weight (W/W)] (Table 3), and each soil sample 
was mixed thoroughly. The soil samples were 
incubated for 90 days at 25 °C. Moisture was 
preserved at field capacity (FC). After 
incubation, samples were air-dried and used for 
Cr desorption and fractionation study. 

Soil Cr was fractionated to 7 fractions using 
the Singh et al.15 method. Table 4 provides an 
outline of the Singh et al.15 procedure. Residual 
forms (Res) were calculated by subtracting the 
sum of 6 fractions from total Cr. Cr mobility was 
evaluated using a mobility factor16, and 
calculated according to the following equation:  

(Ex + Car/sum of fractions) × 100 
Desorption kinetics of Cr(VI) was studied by 
means of batch-type experiments; 5 g of each soil 
sample, in triplicate, was placed in polyethylene 
tubes and extracted separately with 25 ml of two 
extractants: 0.01 m Ethylenediaminetetraacetic 
acid (EDTA) at pH 7.0 and 25 ml of 0.01 m 
NaNO3. Samples were shaken for periods of 0.08 

to 102.25 hours (0.08, 0.25, 0.58, 1.25, 2.25, 4.25, 
8.25, 16.25, 30.25, 54.25, and 102.25 hour) at  
25 ± 2°C, and then, centrifuged immediately at 
2500 rpm. The supernatants were filtered through 
filter paper and Cr concentration was determined 
using an atomic absorption spectrometer. 

A two first-order kinetic model was used as 
an approximate method for describing Cr 
desorption. A two first-order reaction model can 
divide Cr into 3 fractions9,10, Q1, Q2, and Q3 as 
follows: 

 q = Q��1 − e	
��� +	Q��1 − e	
��� Q� = q����� - Q� - Q� 
 

where q represents amount of Cr released at 
time t, Q1 (mg/kg) is labile fraction, readily 
extractable, associated to the rate constant k1, 
and Q2 (mg/kg) is moderately labile fraction, 
less extractable, associated to the rate constant 
k2, Q3 (mg/kg) is Cr fraction, which is not 
extractable, and qtotal is the total concentration of 
Cr in the soil. 

This model was tested by the coefficient of 
determination (R2) and standard error (SE)  
of estimate. 
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The SE was calculated as follows: 
 

SE = �∑�E − E���
n − 2 �

�. 
 

 

where E and E′ are the measured and 
calculated amounts of Cr release in soil at time t, 
respectively, and n is the number of 
measurements. The regression of nonlinear 
procedure and other statistical analyses were 
calculated by Microsoft Excel 2007 (Microsoft 
Corp., Redmond, WA, USA). 

Results and Discussion 

Characterization of biochar amendments 
According to the results of biochar analysis, 
elimination of unstable compounds at higher 
temperatures caused biochar to have higher 
percentages of carbon (C) but much lower 
hydrogen (H) and nitrogen (N) contents (Table 
2). Increased pyrolysis temperature led to 
increased pH (from 6.2 to 8.7) and EC (from 13.1 
to 21.2 dS/m). Figure 1 shows the FTIR spectra 
of rice husk before pyrolysis (B0), B300, and 
B600. The sharp peak at 3405 and 3416 cm-1 in B0 
and B300, and the weak peaks at around 3585 
cm-1 in B300 and B600 are due to hydroxyl group 
(−OH) stretching and functional group of 
phenols. The peaks at 2923 and 2936 cm-1 seen in 
B0 and B300 are ascribed to aliphatic C−H 
deforming vibration and functional group of 
alkanes. These functional groups disappear at 
temperatures higher than 600 °C. The weak band 
at 1725 cm-1 for B0, which disappears at 
temperatures higher than B300, is assigned to 
C=O stretching in the carbonyl group and 
neutral functional group of aldehydes. The weak 
band at around 1640 cm-1 for B0 is due to the 
presence of C=C stretching (functional group of 
alkenes). The weak band at 1539 cm-1 for B0 
indicates the presence of N–O asymmetric 
stretch (nitro compounds). This band disappears 
at temperatures higher than 300oC indicating the 
volatilization of nitrogen forms. The band at 
around 1600 cm-1 for B300 and B600 indicates the 
presence of aromatic C=O ring stretching (likely 
–COOH) or aromatic C=C stretching. This band 
is stronger in B600 compared to B300; therefore, 

pH was higher in biochar produced in high 
temperature than in low temperature. The weak 
bands at 1320 and 1376 cm-1 in B0 indicate the 
presence of the N–O asymmetric stretch (nitro 
compounds). This band disappears at 
temperatures higher than 300oC indicating the 
volatilization of nitrogen forms. The band at 
around 1090 cm-1 is due to aliphatic ether, alcohol 
C−O, or aromatic stretching in cellulose and 
hemicelluloses. In general, the results from FTIR 
analysis showed that the functional groups, such 
as carboxylic bonds and aromatic C = O ring 
stretching (likely –COOH), were higher in B600 
than B300, which increased its pH. 

Chemical fractions of Cr affected by amendments  

Application of various amendments had 
considerable effects on chemical forms of Cr 
(Figure 2). Sequential extraction experiment 
showed that Cr was mostly bound to Res in soil 
samples. This finding is in agreement with 
observations by others.17-19 Among the chemical 
forms of heavy metals, EX fraction usually 
determines the real environmental risk. Hence, the 
amount of EX form could be used to assess the 
effect of the amendments on Cr immobilization. 
According to the results, the chemical form of 
EX was significantly decreased when soils were 
amended by MSWC, B300, or Fe0 at application 
rates of 2% and 5%. Organic matter and iron can 
convert Cr(VI) to less soluble Cr(III) through a 
reduction process.1 In addition, coprecipitation 
with Fe hydrous oxide, which has low mobility 
in soil, can decrease EX fraction in treated soil by 
Fe0.20 Furthermore, there was no statistically 
significant difference between B600 treatment 
and control in the EX fraction. On the other 
hand, CFA and Mn0 treatments significantly 
increased Ex fraction of Cr. Kim and Dixon 
reported that manganese oxides can increase the 
mobility of Cr by oxidizing Cr(III) to Cr(VI) in 
soil.21 In addition, alkaline materials, like CFA, 
which increase soil pH to above neutral, can 
oxidize Cr(III) to Cr(VI) and increased Cr 
mobility.4,5 In general, the reduction in EX form 
of Cr in amended soil followed the sequence of 
Fe0 > MSWC > B300 > B600 > Mn0 > CFA. The 
addition of amendments also had effects on 
other Cr fractions in soil samples. 
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Figure 2. Percentages of various fractions of Cr in amended soil  
 
Fe0, MSWC, and B300 treatments significantly 

decreased Car fraction. The Car fraction 
characterizes the most mobile and bioavailable 
form.22 Hence, the decreasing of Car fraction in 
treated soil showed that these amendments are 
able to increase Cr stabilization. Pantsar-Kallio 
et al. reported that organic materials can reduce 
Fe(III) to Fe(II), which in turn, reduces Cr(VI) to 
Cr(III).4 Other amendments did not have a 
significant effect on Car fraction. Mn0 treatments 
showed the highest percentage of Car form, 
especially at high rates (5%). Application of 
organic sources (B300, B600, and MSWC) 
considerably increased mean of Om fraction 
compared to the control soil. The Mn-OX 
fraction was less affected by soil amendments, 
while the FeC-OX and FeA-OX fractions in 
amended soils (especially soils treated by Mn0 
and Fe0) increased (except for MSWC treatment 
in FeC-OX fraction) compared to the control soil. 
The mobility of heavy metals depends on their 
chemical fractions. In the control soil, the 
mobility factor was 5.24%. The mobility factor in 
S1-S12 samples was 3.72, 3.55, 6.50, 7.45, 3.71, 
3.25, 4.94, 4.94, 2.63, 2.14, 5.87, and 6.61, 
respectively. The lowest mobility factor is 
associated with application of Fe0 especially at a 
high rate (5%). These results confirm the 
effectiveness of Fe0 in stabilizing of Cr in 
contaminated soils, as previously reported by 
Mench et al.23 and Kumpiene et al.3 In general, Fe0 

treatment was superior to other amendments in 
reducing Cr mobility in fractionation experiment. 

Desorption kinetic of Cr affected by amendments 

Figures 3 and 4 show the trends in cumulative Cr 
desorption in soil samples by EDTA and NaNO3. 
The obtained trend from Cr desorption using both 
extractants showed that extractions induced a two-
step release process (biphasic pattern); initial quick 
release at the beginning (4.25 hours) and followed 
by a slow reaction, until the curve appeared flat 
and obtained equilibrium (30.25 hours). 
Kirpichtchikova et al. reported that the short-term 
elimination of metals is dominated by the most 
labile fractions, while the long-term removal is 
determined by the replenishment of the labile pool 
from more recalcitrant fractions.24 The biphasic 
pattern of the desorption of heavy metals has 
also been reported by others.9,25,26 The time of 
reaching equilibrium was almost similar in 
untreated and treated soil samples. On the one 
hand, it seems that in the first stage of 
desorption (slow release), Cr release is related to 
the mobile fractions (EX and Car fractions) with 
lower bonding energy.27 On the other hand, the 
Cr extracted in the second stage is related to the 
less mobile forms.28 The results showed that the 
total amount of Cr released by 0.01 m NaNO3 
was higher than that by 0.01 m EDTA. The Cr 
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released by 0.01 m NaNO3 varied from 3.98 to 
39.74 mg/kg and by 0.01 m EDTA it ranged 
from 4.593 to 25.29 mg/kg. The highest amount 
of desorbed Cr was observed in the control soil 
with 39.74 and 25.29 mg/Cr kg soil using 0.01 m 
NaNO3 and 0.01 m EDTA, respectively. The 
lowest amount of desorbed Cr was observed in 
the Fe05% treatment with 3.98 and 4.59 mg/Cr kg 
soil using NaNO3 and EDTA, respectively. 
Application of Fe0 at the rates of 2 and 5% 
considerably decreased Cr release by 89.97% and 
79.11%, respectively, compared to the control 
soil, in the 0.01 m NaNO3 media. Addition of Fe0 

also significantly decreased Cr release by 81.84% 
and 51.35% at levels of 2 and 5%, respectively, in 
the 0.01 m EDTA media. Kumpiene et al. used 
zerovalent iron for stabilization of Cr and 
showed that the application of Fe0 decreased Cr 
concentrations in leachates (by 45%), soil pore 
water (by 94%), and plant shoots (by 95%).3 

Application of Mn0 decreased Cr release by 5.2 
and 9% at the rates of 2 and 5%, respectively, in 
the 0.01 m NaNO3 media. Cr release in Mn0-
treated soil samples decreased by 0.45 and 6.1% 
at the rates of 2 and 5%, respectively, in the 0.01 
m EDTA media. 

 

 
Figure 3. Variation of Cr desorption by 0.01 m EDTA in time in treated soils 

 

 
Figure 4. Variation of Cr desorption by 0.01 m NaNO3 in time in treated soils 
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The results indicated that Mn0 could not 
decrease Cr release efficiently, because 
manganese oxides can increase mobility of Cr by 
transformation of Cr(III) to Cr(VI) in soil.20 The 
application of 2 and 5% MSWC led to reduction 
of Cr desorption by 58.35 and 70.71% in the 0.01 
m NaNO3 media, and 51.69 and 65.44% in the 
0.01 m EDTA media, respectively. Increasing soil 
organic matter increased sorption sites for Cr. 
Addition of CFA at the rates of 2 and 5% 
decreased Cr release by 7.8 and 1.3% in 0.01 m 
NaNO3 media, and 7.4 and 13.6% in 0.01 m 
EDTA media, respectively. Application of CFA 
as an alkaline material could not decrease Cr 
release efficiently. Increasing soil pH followed 
by application of CFA led to the transformation 
of Cr(III) to Cr(VI).4,5 Treatment with B600 at the 
rates of 2 and 5% decreased Cr release by 17.5 
and 19.1% in 0.01 m NaNO3 media and 15.6 and 
27.1% in 0.01 m EDTA media, respectively. 
Desorption of Cr significantly decreased when 
soil samples were amended using B300 at 
application rates of 2 and 5%. The application of 
2 and 5% B300 led to reduction of Cr desorption 
by 48 and 66.1% in 0.01 m NaNO3 media, and 
15.66 and 27.14% in 0.01 m EDTA media, 
respectively. The results clearly show that the 
application of B600 and CFA increased soil pH, 
and thus, increased the oxidation of Cr(III) to 
Cr(VI) and could not considerably decrease Cr 
mobility. The results also illustrated that the 
application of amendments at high levels (5% 
W/W) could provide a suitable condition for Cr 
adsorption. Therefore, the application of 
amendments at 5% (W/W) is more effective 
than at 2% (W/W) in reduction of Cr 
availability. Generally, Fe0, MSWC, and B300 
treatments were superior to the Mn0, CFA, and 
B600 in the stabilization of Cr in desorption 
experiment. According to the desorption results, 
NaNO3 extracted greater amounts of Cr from the 
soil samples compared to EDTA. Jalali and 
Sajadi Tabar reported that EDTA was not the 
best choice for identifying kinetic differences,9 
but provides an upper limit of metal mobility 

and can be a valuable parameter in predicting 
long-term transfer in soils.29 Hence, using 0.01 m 
NaNO3 media is preferred to 0.01 m EDTA 
media in the investigated operating conditions. 
The two first-order reaction model was used for 
metal speciation in soil and sediment 
samples.9,10,30 This model exhibited biphasic 
reaction; rapid extraction followed by slow 
extraction of metal. Hence, it was expected that 
this model could be described the Cr desorption. 
The parameters of the two first-order reaction 
model (Q1, K1, Q2, K2, R2, SE, and Q1/Q2) are 
presented in tables 5 and 6. Based on the 
obtained highest values of R2 and lowest values 
of SE of the estimate, the two first-order reaction 
model could be best fitted for describing Cr 
release in soil samples. The results show that the 
values of Q2 (less extractable) in amended soil 
samples (except for soil treated with B600 and 
Mn0 in 0.01 m EDTA, and by CFA in 0.01 m 
NaNO3) were lower than Q1 (readily extractable 
fraction) compared to the control soil. The 
higher amount of Q2 in some amended soil 
samples compared to the control soil confirmed 
the positive effect of amendment in Cr 
stabilization. The assumption is that the 
fractions of Cr determined with the two first-
order reaction model is correlative with 
fractionation of Cr derived from the 
fractionation method. Hence, the simple 
correlation coefficient (r) was estimated for 
relationships among parameters of the two first-
order reaction model and chemical forms of Cr 
(tables 7 and 8). There was a significant positive 
correlation between Q1 and K1, EX, Mn-Ox, and 
FeC-Ox, between Q2 and K2, Ex, Car, and K2, and 
between K2 and Car in 0.01 m EDTA media. In 
addition, there was a positive significant 
relationship between Q1 and Q2, EX, and Car, 
between K1 and Car, between Q2 and Ex, Car, and 
K2, and between K2 and FeC-Ox in 0.01 m 
NaNO3. Jalali and Sajadi Tabar found a 
significant correlation between Q2 and acid malic 
with Om, inorganic precipitates fraction, and Res 
fractions of Nickel.9 Brunori et al. noticed that Q1 
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could be related to Ex fraction and part of Om 
fraction, Q2 could be related to the Om residual 
and inorganic precipitates fraction, and Q3 could 
be related to residual fraction.31 

The results of correlation coefficients between 

chemical forms of Cr and parameters of the two 
first-order reaction model confirmed the 
hypothesis of Brunori et al.31 based on positive 
correlation between Q1 and mobile fractions (EX 
and Car) especially in 0.01 m NaNO3 media. 

 
Table 5. Estimated parameters of the two first-order reaction model used to describe release kinetics of Cr with 0.01  
m EDTA 
Value S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 Control 
Q1 2.808 1.891 9.318 5.863 3.837 2.409 13.635 13.290 7.650 2.199 12.489 16.195 13.544 
K1 0.189 0.106 0.919 0.523 0.257 0.179 5.500 3.631 1.896 7.108 14.573 5.189 7.661 
Q2 9.140 6.647 13.630 15.581 11.513 7.873 7.307 4.763 4.298 2.224 12.153 7.114 11.266 
K2 2.415 1.942 8.739 5.915 2.533 2.261 0.712 0.442 0.064 0.084 1.416 0.704 0.901 
R2 0.996 0.994 0.995 0.994 0.996 0.992 0.996 0.997 0.994 0.992 0.988 0.995 0.991 
SE 3.429 2.539 4.835 4.682 4.412 3.027 4.930 4.660 3.516 1.101 4.715 5.432 5.660 
Q1/Q2 0.307 0.284 0.684 0.376 0.333 0.306 1.866 2.790 1.780 0.989 1.028 2.276 1.202 

Q1: Readily extractable (mg/Kg); K1: Constant rate related to Q1 (1/min); Q2: less extractable (mg/Kg); K2: Constant rate related to Q2 

(1/min); R2: coefficient of determination; SE: standard error 

 
Table 6. Estimated parameters of the two first-order reaction model used to describe release kinetics of Cr with 0.01  
m NaNO3 
Value S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 Control 
Q1 6.969 5.391 16.667 19.431 8.927 5.549 15.314 13.888 5.289 3.555 15.365 16.593 17.920 
K1 1.200 0.543 8.697 9.655 1.217 0.649 4.982 4.264 0.736 1.421 0.170 0.123 0.128 
Q2 9.205 6.331 17.879 17.751 11.333 7.974 15.806 16.592 2.869 3.518 20.494 17.982 19.916 
K2 0.050 0.033 0.192 0.143 0.049 0.035 0.101 0.116 0.069 0.002 9.741 5.470 7.113 
R2 0.993 0.997 0.940 0.978 0.994 0.997 0.983 0.988 0.998 0.989 0.997 0.981 0.983 
SE 5.198 3.876 8.710 8.713 6.446 4.414 8.374 8.740 2.848 1.179 7.893 8.898 9.321 
Q1/Q2 0.757 0.852 0.932 1.095 0.788 0.696 0.969 0.837 1.843 1.010 0.750 0.923 0.900 
Q1: Readily extractable (mg/Kg); K1: Constant rate related to Q1 (1/min); Q2: less extractable (mg/Kg); K2: Constant rate related to Q2 

(1/min); R2: coefficient of determination; SE: standard error 
 

Table 7. Simple correlation coefficients (r) between parameters of the two first-order reaction model of Cr desorption, 
extracted by EDTA, with Cr fractions 
 Q1 K1 Q2 K2 
K1 0.558* - - - 
Q2 0.089 -0.037 - - 
K2 -0.178 -0.409 0.743**  - 
EX 0.657* 0.298 0.632* 0.465 
Car 0.518 0.037 0.768**  0.578* 
Om -0.203 -0.383 0.108 0.067 
Mn-Ox 0.626* 0.349 0.056 -0.312 
FeA-Ox 0.032 0.474 -0.419 -0.239 
FeC-Ox 0.576* 0.427 -0.045 -0.278 
Res -0.167 0.013 -0.277 -0.233 

*Correlation is significant at the 0.05 level;**Correlation is significant at the 0.01 level; Q1: Readily extractable (mg/Kg); K1: Constant 

rate related to Q1 (1/min); Q2: less extractable (mg/Kg); K2: Constant rate related to Q2 (1/min); R2: coefficient of determination; EX: 

Exchangeable; Car: Carbonate-bound; Om: Organically-bound Mn-OX: Mn-oxide-bound; FeA-Ox: Amorphous Fe-oxide-bound; FeC-

Ox: Crystalline Fe-oxide-bound; Res: Residual forms 
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Table 8. Simple correlation coefficients (r) between parameters of the two first-order reaction model of Cr desorption, 
extracted by NaNO3, with Cr fractions 
 Q1 K1 Q2 K2 
K1 0.520 - - - 
Q2 0.952**  0.360 - - 
K2 0.480 -0.397 0.604* - 
EX 0.921**  0.509 0.878**  0.494 
Car 0.914**  0.617* 0.866**  0.292 
Om -0.020 0.172 0.060 -0.381 
Mn-Ox 0.457 -0.158 0.519 0.433 
FeA-Ox -0.277 -0.211 -0.298 0.207 
FeC-Ox 0.334 -0.311 0.407 0.576* 
Res -0.383 -0.444 -0.453 0.084 

* Correlation is significant at the 0.05 level; **  Correlation is significant at the 0.01 level; Q1: Readily extractable (mg/Kg); K1: Constant 

rate related to Q1 (1/min); Q2: less extractable (mg/Kg); K2: Constant rate related to Q2 (1/min); R2: coefficient of determination; EX: 

Exchangeable; Car: Carbonate-bound; Om: Organically-bound Mn-OX: Mn-oxide-bound; FeA-Ox: Amorphous Fe-oxide-bound; FeC-

Ox: Crystalline Fe-oxide-bound; Res: Residual forms 
 

Conclusion 

Stabilization of heavy metals is a cost effective 
soil remediation method, which is used to 
reduce the mobile contaminant fraction in soil 
by low-cost and widely available amendments. 
In the present study, 6 types of soil amendments 
were investigated for their abilities to reduce Cr 
mobility in soil; CFA, MSWC, rice husk biochar 
prepared at 300°C (B300) and 600°C (B600), 
zerovalent iron (Fe0) and zerovalent manganese 
(Mn0). The stabilization of Cr in Cr-spiked soil is 
assessed by sequential extraction and desorption 
kinetic methods. According to the results, 
addition of amendments in soil samples 
considerably decreased mobility factor (except 
for CFA5%) of Cr compared to the control 
samples. Addition of Fe0, MSWC, and B300 in 
soil samples decreased Cr release considerably 
more than other amendments, compared to 
control treatment. The lowest Cr desorption was 
achieved by Fe0 at the rate of 5%. According to 
the desorption results, NaNO3 extracted greater 
amounts of Cr from the soil samples compared 
to EDTA. Hence, the use of 0.01 m NaNO3 
media is preferred to 0.01 m EDTA media in the 
investigated operating conditions. The results 
clearly illustrate that the application of B600 and 

CFA increased soil pH, and thus, increased the 
oxidation of Cr(III) to Cr(VI). Based on the 
obtained highest values of R2 and lowest values 
of SE of the estimate, the two first-order reaction 
model could be best fitted for describing Cr 
release in soil samples. In general, from the 
practical view, Fe0, MSWC, and B300 treatments 
are effective in Cr immobilization, while 
application of Fe0 at the rate of 5% (W/W) was 
the best treatment for stabilization of Cr in 
polluted soil. Further research is required in 
order to evaluate the synergetic effects of 
selected amendments on Cr stabilization. 
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AbstractAbstractAbstractAbstract 
In the residential area of the North Coast of the Persian Gulf, consumption of fish is a possible source of exposure 
to heavy metals and other pollutants, all of which may act as potential risk factors for serious syndromes and fatal 
diseases. Health risks associated with Pb, Cd, and Hg were assessed based on the target hazard quotients (THQ), 
which can be derived from concentrations of heavy metals in fish consumed in Bandar Abbas and Bandar Lengeh, 
Iran. In the present study, 4 fish species (Euryglossa orientalis, Psettodes erumei, Epinephelus coioides and 
Lethrinus nebulosus) were randomly collected in commercial catches at local fishing ports from September 2011 
to April 2012. Dorsal muscle was dissected as target sample after digestion. All samples were analyzed for their Cd 
and Pb contents using an inductively coupled plasma-atomic emission spectrometry (ICP-AES) and for their Hg 
content using an advanced mercury analyzer. The United States Environmental Protection Agency (US EPA) region 
III risk-based concentration table was used to estimate THQ values for both adults and children. THQ values over 1 
were not observed through the consumption of fish. Total THQ values of Pb, Cd, and Hg for adults were 0.19 and 
0.16 in Bandar Abbas and Bandar Lengeh, respectively. For children, they were 0.26 and 0.20 in Bandar Abbas 
and Bandar Lengeh, respectively, showing that the health risk associated with exposure to these 3 heavy metals 
was insignificant. However, according to the data concerning levels of environmental pollutants in the most 
consumed fish and seafood species, more specific recommendations are needed regarding human consumption 
(kind of species, and frequency and size of meals. 
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Introduction1    

In recent years, heavy metals pollution, 
especially in the food chain, has attracted much 
attention.1,2 Fish and other aquatic organisms can 
absorb and accumulate heavy metals in their 
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body.3 This process depends on various 
parameters such as characteristics of the species 
under consideration, the exposure period, 
temperature, salinity, water pH, and seasonal 
changes in water characteristics. Heavy metals 
are released into the water by anthropogenic 
activities. Thus, they enter the food chain and 
accumulate in animal bodies such as fish. 
Consumption of such animals as food may have 
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some adverse effects on human health.4 
In spite of the health benefits of fish, the high 

levels of heavy metals accumulated in some of 
them contribute to the possible adverse effects, 
particularly in fetuses and young children. 
Studies on the health benefits and risks of fish 
consumption have focused on recreational, 
subsistence, and commercial fish.5 

The Beijing Declaration, held by the World 
Health Organization (WHO) in 2007, expresses 
the rights of all individuals to a safe and 
adequate diet.6 The declaration emphasizes the 
importance of a safe diet and provides 
guidelines for food control.7 

Fish is an important source of proteins, 
minerals, vitamins, and polyunsaturated fatty 
acids (PUFAs), especially omega-3 PUFAs. Fish 
consumption has been reported to reduce the 
risk of coronary heart disease, decrease mild 
hypertension, and prevent certain cardiac 
arrhythmias.7 On the other hand, seafood 
consumption might be an important way of 
human exposure to chemical contaminants.5 

Several methods have been proposed for 
estimation of the potential risks to human health 
caused by toxic metals. Among them, the target 
hazard quotients (THQ), proposed by the US 
Environmental Protection Agency (USEPA), has 
been recognized as a reasonable index for the 
evaluation of heavy metals intake by 
consumption of contaminated food.8 The THQ is 
a ratio of the consumed dose of a toxic metal via 
an oral reference dose (RfD) proposed by the 
USEPA. A THQ value above 1 means that 
contaminated foods intake has likely some 
noticeable harmful effects on the exposed 
population. The higher the THQ value is, the 
higher the probability of the hazard risk on the 
human body will be. Based on THQ values, 
studies have been performed on the potential 
risk assessment of dietary intake of heavy metals 
via the consumption of seafood.8,9  

Urban and suburban areas of Bandar Abbas 
and Bandar Lengeh, Iran, have been polluted by 
some sources of heavy metals. Nevertheless, 

information on the health risks of these elements 
is quite limited. The main objective of this study 
was to use the THQ concept to estimate the 
health risks of Pb, Cd, and Hg via consumption 
of fish on the general public in these two cities. 

Materials and Methods 

Hormozgan Province is located in Southern Iran 
(Figure 1). It is the first largest commercial port 
and harbor in Iran. Rapid development of 
agriculture and industries, and lack of legislation 
and regulations has led to the discharge of heavy 
metals, such as Cu, Zn, Pb, Cd, Hg, and Cr into 
the environment in large quantities through 
atmospheric deposition, solid waste disposal, 
sludge application, and wastewater irrigation. 
 

 
Figure 1. Sampling location map 
 

Two large residential areas, which are known 
as the two largest fishing ports in this province 
were selected as the study areas. Wastewater 
irrigation and sludge application are the 
prevailing processes that have resulted in heavy 
metal contamination in these areas. In the 
present study, 4 economically important fish 
species with a high consumption rate in the local 
population were selected. They included 2 
species of flat fish, Oriental sole (Euryglossa 
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orientalis) and Deep flounder (Psettodes 
erumei), 1 specie from the Serranidae family 
(Hamoor), Orange spotted grouper (Epinephelus 
coioides), and one specie from the Lethrinidae 
family (Shehri), Spangled emperor (Lethrinus 
nebulosus) (Table 1). The selected fish species 
belong to different families and have different 
trophic/ecological characteristics, i.e., they 
include demersal top carnivores (e.g. Hamoor) 
and benthic feeders (e.g. Flat fishes).  

Fish species were randomly collected from 
commercial catches landed at local fishing ports 
from September 2011 to April 2012, and the 
biometrics of sampled fish were determined. 

After the collection, fish samples were 
immediately stored on ice in an isolated box10, 
and transferred to reference laboratory 
belonging to the Hormozgan Environmental 
Deputy. The samples were thoroughly washed 
under tap water to eliminate dust and dirt. After 
that, a part of the dorsal muscle (edible tissue) 
from each of the samples was dissected as the 
target sample and prepared for processing. All 
samples were dried at 60°C for 48 hours in the 
laboratory oven.7,11  

Glassware was soaked in HNO3 (10% v/v) 
and cleaned with ultrapure water. Subsequently, 

0.2-0.4 g of prepared sample was digested in 
Teflon beaker using ultrapure nitric acid (65% 
v/v, 5 ml). The digesting process was completed 
using a microwave, operated for about 30 
minutes at 200 °C. Prepared samples were 
transferred to the test tube and brought up to 
volume (50 ml).12 

All samples were analyzed 3 times for Cd and 
Pb using an inductively coupled plasma-atomic 
emission spectrometry (ICP-AES) (Varian 
Model-liberty series II, Palo Alto, USA) and for 
Hg using an advanced mercury analyzer (LECO 
AMA 254, LECO Corp., St. Joseph, MI, USA). 

In order to assess the analytical capability of 
the proposed methodology, accuracy of heavy 
metals analysis was tested with fish protein for 
trace metals (DORM 2), and dogfish liver for 
trace metals (DOLT 2). Results confirmed that 
observed and reference values were not 
statistically different (P < 0.05) (Table 2). 

Average body weight of people and mean 
dietary fish consumption rate were derived 
from national and local organizations such as 
the Institute of Standard and Industrial 
Research of Iran (ISIRI), Iranian Department of 
Environment, and Iranian Fishery Organization 
reports. 

 
Table 1. Overview of sampled species 

Scientific name Common Name Station Length (cm) Weight (g) No. of samples 

E. orientalis Oriental sole 
BA 38.3 ± 4.01 605.0 ± 140.09 10 
BL 28.1 ± 6.49 513.0 ± 252.51 10 

P. erumei Deep flounder 
BA 48.1 ± 5.36 1672.0 ± 289.52 10 
BL 31.0 ± 6.37 1309.0 ± 320.25 10 

E. coioides Orange spotted grouper 
BA 48.0 ± 9.50 2278.9 ± 360.95 10 
BL 54.3 ± 6.58 2437.9 ± 350.26 10 

L. nebulosus Spangled emperor 
BA 26.17 ± 4.3 312.5 ± 70.25 10 
BL 23.18 ± 4.89 533.9 ± 39.25 10 

BA: Bandar Abbas; BL: Bandar Lengeh 

 
Table 2. Comparison of the obtained and reference concentrations (µg/g dry weight) 

CRM Pb Cd Hg 

DORM-2 Certified 0.065 ± 0.007 0.043 ± 0.008 0.789 ± 0.074 
Obtained 0.063 ± 0.008 0.045 ± 0.009 0.079 ± 0.270 

DOLT-2 Certified 0.220 ± 0.020 20.800 ± 0.500 4.640 ± 0.260 
Obtained 0.230 ± 0.030 20.700 ± 0.400 4.60 0± 0.220 

CRM: Canadian Reference Materials; DORMM-2:  Fish protein for trace metals; DOLT-2:  Dogfish liver for trace metals 
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The methodology for estimation of THQ was 
provided in the USEPA region III risk-based 
concentration table.13 For carcinogenic effects, risk 
is expressed as excess probability of contracting 
cancer over a lifetime. For non-carcinogenic 
effects, risk is expressed as a THQ, the ratio 
between the exposure and the reference dose. 

A THQ of less than 1 shows that the exposed 
population, probably, has not experienced any 
evident adverse effects. The dose calculations 
were carried out using the standard assumption 
from an integrated USEPA risk analysis 
considering an average adult body weight of 55.9 
kg, and child body weight of 32.7 kg. Evidently, 
children are more sensitive to pollutants. There 
will be a certain amount of discrepancy in health 
risks between age groups and the locality of the 
inhabitants. In this respect, the THQ was 
determined based on the USEPA methods 
described by the following equation: 

 

THQ =
��×��×�	
××�

���×
��×��
× 10��   (Eq. 1) 

 

where EF is the exposure frequency  
(365 days/year), ED is the exposure duration  
(72 years) equivalent to the average lifetime in 
Iran, FIR is the food ingestion rate 
(g/person/day), C is the metal concentration in 
food (Ag/g), RFD is the oral reference dose 
(mg/kg/day), WAB is the average body weight 

(55.9 kg for adults and 32.7 kg for children), and 
TA is the average exposure time for non-
carcinogens (365 days/years of exposure, 
assuming 70 years in this study). It was further 
assumed that cooking has no effect on the 
toxicity of heavy metals in seafood.14 For the 
inhabitants of the two studied areas, the daily 
fish consumption was 22.14 g/person/day for 
adults and 15.16 g/person/day for children. 

Results and Discussion 

Concentrations of Pb, Cd, and Hg in fish in the 
two studied areas are shown in table 3. E. 

coioides, L. nebulosus, and P. erumei had the 
highest concentrations of Pb, Cd, and Hg, 
respectively, in Bandar Abbas. E. coioides had 
the highest concentration of both Pb and Cd, 

and P. erumei accumulated the highest 
concentration of Hg in Bandar Lengeh (Table 3).  

The average concentrations of the 3 metals 

were higher in Bandar Abbas than Bandar 
Lengeh. This result is mainly due to unmanaged 
shipping activities, river runoff, untreated 
sewage discharge by coastal settlements, and 

toxic and industrial wastes discharge into the 
sea adjacent to Bandar Abbas.  

The concentrations of metals in fish from this 
region during this study were compared with 
those reported previously (Table 4). 

 
Table 3. Average concentrations of heavy metals in fish species (µg/g dry weight) 

Station\metals Species 
Pb Cd Hg 

Range Mean Range Mean Range Mean 

Bandar Abbas 

E. orientalis 0.18-0.25 0.20 0.09-0.51 0.17 0.14-0.27 0.21 

P. erumei 0.16-0.34 0.31 0.22-0.61 0.23 0.10- 0.55 0.28 

E. coioides 0.07-0.76 0.54 0.17-0.21 0.20 0.12-0.23 0.19 

L. nebulosus 0.14-0.37 0.32 0.12-0.30 0.27 0.07-0.26 0.17 

Bandar Lengeh 

E. orientalis 0.16-0.23 0.21 0.14-0.20 0.16 0.15-0.24 0.21 

P. erumei 0.01-0.09 0.04 0.01-0.14 0.09 0.14-0.31 0.26 

E. coioides 0.11-0.36 0.29 0.14-0.35 0.31 0.09-0.17 0.11 

L. nebulosus 0.16-0.27 0.21 0.23-0.33 0.27 0.11-0.21 0.14 
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Table 4. Heavy metal concentrations (µg.g-1 dry weight) in fish in other water areas 
Species or 
population 

Location Hg Pb Cd Reference 

E. encrasicolus 
Sicily, 

Mediterranean 
Sea 

0.03 ± 0.03 < 0.001 0.18 ± 0.17 

4 S. pilchardus 
Sicily, 

Mediterranean 
Sea 

0.08 ± 0.03 < 0.001 0.08 ± 0.09 

M. barbatus 
Sicily, 

Mediterranean 
Sea 

0.08 ± 0.26 0.84 ± 0.069 < 0.06 

Ostrea plicatula Xiamen, China 0.008 0.211 0.334 

8 
R. philippinarum Xiamen, China 0.008 0.151 0.133 
S. constricta Xiamen, China 0.007 0.215 0.054 
Tegillarca granosa Xiamen, China 0.008 0.210 0.369 

T. mutbilis 
Bandar Abbas, 

Iran 
- - 8.69 ± 6.23 15 

Psettodes erumei 
Hormozgan 

Province, Iran 
- - 0.25 ± 0.12 

16 
Euryglossa orientalis 

Hormozgan 
Province, Iran 

- - 0.12 ± 0.05 

Corpus corpino Caspian Sea, Iran - 138.75 ± 26.2 72.87 ± 22.2 
17 Mugila auratus Caspian Sea, Iran - 75.11 ± 37.4 27.96 ± 12.1 

Rutilus frisikutum Caspian Sea, Iran - 121.36 ± 53.2 38.84 ± 18.9 

Anchovy fish 
Jingsu River, 
Taihu Lake 

 - 1.5 × 10-2 ± 1.3×10-1 7.0 × 10-4 ± 3.6 × 10-3 18 

Istiophorus 
platypterus 

Gulf of California 
1.48 × 0.93 
(0.23–3.62) 

3.6 × 10-1 ± 2.9 × 10-1 
(1.6 × 10-1–1.5) 

5.5 × 10-1 ± 3.7 × 10-1 

(2.6 × 10-1–1.55) 
19 

Tetrapturus audax Gulf of California 
1.72 ± 0.61 
(0.81–3.12) 

3.5×10-1 ± 8.0 × 10-2 

(1.8 × 10-1–4.9 × 10-1) 
3.7× 10-1 ± 4.0 × 10-1 

(1.2 × 10-1–1.38) 

European Anchovy Adratic Sea 
7.0 × 10-2 ± 9.0 × 10-2 

2.0 × 10-2–2.1 × 10-1 
1.0 × 10-1 ± 1.0 × 10-2 
(9.0 × 10-2–1.0 × 10-1) 

1.0 × 10-2 ± 1.0 × 10-2 

(1.0 × 10-2 – 2.0 × 10-2) 

9 
Four spotted megrim Adratic Sea 

3.5 × 10-1 ± 1.9 × 10-1 
(1.4 × 10-1–6.9 × 10-1) 

2.0 × 10-2 ±1.0 × 10-2 

(ND–2.0 × 10-2) 
4.0 × 10-2 ± 1.0 × 10-2 
3.0 × 10-2-7.0 × 10-2 

Starry ray Adratic Sea 
3.9 × 10-1 ± 3.6 × 10-1 
(7.0 × 10-2–8.9 × 10-1) 

2.0 × 10-2 ± 2.0 × 10-2 
(ND–6.0 × 10-2) 

1.0 × 10-2 ± 3.0 × 10-2 
(2.0 × 10-2- 1.0 × 10-2) 

Rosefish Adratic Sea 
1.25 ± 0.85 

(2.4 × 10-1–2.98) 
1.3 × 10-1 ± 9.0 × 10-2 

(3.0 × 10-2  - 3.3 × 10-1) 
3.0 × 10-2 ± 1.0 × 10-2 

(1.0 × 10-2–8.0 × 10-2) 

Cyprinus carpio 
Meiliang Bay, 
Taihu Lake 

 - 1.8 × 10-1 ± 3.0 × 10-2 2.1 × 10-2 ± 8.0 × 10-3 

20 
Carassius auratus 

Meiliang Bay, 
Taihu Lake 

 - 2.9 × 10-1 ± 1.0 × 10-2 1.3 × 10-2 ± 8.0 × 10-3 

Hypophthalmichthys 
molitrix 

Meiliang Bay, 
Taihu Lake 

 - 1.8 × 10-1 ± 4.6 × 10-2 3.0 × 10-3 ± 1.0 × 10-3 

Aristichthys nobilis 
Meiliang Bay, 
Taihu Lake 

 - 1.8 × 10-1 ± 3.1 × 10-2 4.0 × 10-3 ± 1.0 × 10-3 

Gymoncypris 
namensis 

Nam Co Lake, 
Tibet Plateau 

- 4.7 × 10-2 2.5 × 10-2 21 
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Table 4. Heavy metal concentrations (µg.g-1 dry weight) in fish in other water areas (Continue) 
Species or 
population 

Location Hg Pb Cd Reference 

Gymoncypris 
waddellii 

Yamdro Lake, 
Tibet Plateau 

- 7.9 × 10-2 2.4 × 10-2  

Ptychobarbus 
dipogon 

Lhasa River, 
Tibet Plateau 

- 2.4 × 10-2 2.4 × 10-2  

Lagocephalus 
lagocephalus 

Ghana, Atlantic 
coast 

6.6 × 10-2 ± 2.3 × 10-2 - - 22 

Pseudotolithus 
senegalensis 

Ghana, Atlantic 
coast 

3.1 × 10-2 ± 2.5 × 10-2 - - 

Braehydentera aurita 
Ghana, Atlantic 

coast 
12.2 × 10-2 ± 3.0 × 10-2 - - 

Fish 
Dong Li District, 

Tianjin 
2.0 × 10-2 

(1.0 × 10-3-4.3 × 10-2) 
1.0 × 10-2 

(2.0 × 10-3–2.0 × 10-2) 
2.0 × 10-3 

(4.0 × 10-4–5.0 × 10-3) 
23 
 

Fish 
Xi Qing District, 

Tianjin 
2.0 × 10-2 

(4.0 × 10-3–4.0 × 10-2) 
6.0 × 10-2 

(1.0 × 10-3–2.8 × 10-1) 
6.0 × 10-3 

(2.0 ×10-4–3.0 × 10-2) 

Fish 
Jin Nan District, 

Tianjin 
4.0 × 10-2 

(5.0 × 10-3–1.0 × 10-1) 
7.0 × 10-2 

(3.0 × 10-3–2.8 × 10-1) 
8.0 × 10-3 

(4.0 × 10-4–3.0 ×10-2) 

Fish 
Bei Chen District, 

Tianjin 
7.0 × 10-1 

(6.6 × 10-2–7.0 × 10-1) 
5.0 × 10-3 

(3.0 × 10-3–6.0 × 10-3) 
2.0 × 10-3 

(1.0 × 10-3–3.0 × 10-3) 
Bluefish New Jersey, USA 2.6 × 10-1 ± 2.0 × 10-2 6.0 × 10-2 ± 1.0 × 10-2 6.0 × 10-3 ± 2.0 × 10-3 24 
Chilean sea bass New Jersey, USA 3.8 × 10-1 ± 6.0 × 10-2 1.1 × 10-1 ± 1.0 × 10-2 4.0 × 10-3 ± 1.0 × 10-3  
Croaker New Jersey, USA 1.4 × 10-1 ± 2.0 × 10-2 9.0 × 10-2 ± 1.0 × 10-2 1.0 × 10-3 ± 4.0 × 10-4  
Flounder New Jersey, USA 5.0 × 10-2 ± 1.0 × 10-3 6.0 × 10-2 ± 1.0 × 10-2 1.0 × 10-2 ± 2.0 × 10-3  

Enedrias nebulosus 
Masan Bay, 

Korea 
- 5.0 × 10-2 1.0 × 10-2 

25 
 
 

Pleuronichthys 
cornutus 

Masan Bay, 
Korea 

- 1.1 × 10-1 ND 

Conger myriaster 
Masan Bay, 

Korea 
- 4.0 × 10-2 ND 

Acanthogobius 
flavimanus 

Masan Bay, 
Korea 

- 7.0 × 10-2 3.0 × 10-2 

Hexagrammos otakii 
Masan Bay, 

Korea 
- 4.0 × 10-2 1.0 × 10-1  

Sebastiscus 
marmoratus 

Masan Bay, 
Korea 

- 1.5 × 10-1 1.0 × 10-1  

Lethrinus lentjan 
United Arab 

Emirates 
 - – 1.1 × 10-1 ± 2.0 × 10-2 26 

Makaria mazara Taipei, Taiwan 
10.3 

(1.71–22.9) 
1.43 

(1.11 × 10-1–6.8 × 10-1) 
1.2 × 10-1 

(1.5 × 10-2–3.1 × 10-2) 
27 

Thunnus albacores Taipei, Taiwan 
9.75 

(8.8–10.4) 
2.1 × 10-1 

(1.7 × 10-1-3.1 × 10-1) 
7.0 × 10-2 

(1.5 × 10-2-3.1 × 10-2) 
 

Trichiurus lepturus Taipei, Taiwan 
1.28 

(0.14–6.85) 
1.3 × 10-1 

(5.0 × 10-3–4.2 × 10-1) 
1.3 × 10-1 

(3.0 × 10-2–3.2 × 10-1) 
 

Chanos chanos Taipei, Taiwan 
2.54 

(0.24–4.60) 
1.2 × 10-1 

(5.0 × 10-3–1.9) 
3.5 × 10-2 

(5.0 × 10-3–2.7 × 10-1) 
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Table 4. Heavy metal concentrations (µg.g-1 dry weight) in fish in other water areas (Continue) 

Species or 
population 

Location Hg Pb Cd Reference 

Cyprinus carpio Taipei, Taiwan 
2.19 

(0.69–5.40) 
9.5 × 10-2 

(1.0 × 10-1–2.5 × 10-1) 
1.0 × 10-1 

(ND–1.0 × 10-1) 
 

Euryglossa orientalis Persian Gulf, Iran 2.1 × 10-1 2 × 10-1 1.6 × 10-1 This study 

Psettodes erumei Persian Gulf, Iran 2.7 × 10-1 1.7 × 10-1 1.6 × 10-1 This study 

Epinephelus 
coioides 

Persian Gulf, Iran 1.5 × 10-1 4.1 × 10-1 2.5 × 10-1 This study 

Letherinus 
nebulosus 

Persian Gulf, Iran 1.5 × 10-1 2.6 × 10-1 2.7 × 10-1 This study 

 
Table 5. Concentrations of Pb, Cd, and Hg in 4 types of fish samples (µg/g dry weight) 

Areas 
Metals 

Pb Cd Hg 

Mean Range Mean Range Mean Range 

Bandar Abbas 0.34 (0.07-0.76) 0.21 (0.09-0.61) 0.21 (0.07-0.42) 
Bandar Lengeh 0.18 (0.01-0.36) 0.20 (0.01-0.35) 0.18 (0.09-0.31) 

 
Mean values of Cd, in our investigation, 

except for L. nebulosus, were lower than those 
reported for Lethrinus lentjan in the United 
Arab Emirates.26 

Our results for Cd were lower than those 
reported in Xiamen in China,8 in Sicily in the 
Mediterranean Sea,4 and the Gulf of 
California.19 

On the other hand, our results were higher 
than those reported from Adriatic sea,9 Jingsu 
River,18 Meiliang Bay,20 Nam Co Lake,18 Dong Li 
District, and Xi Qing District, Jin Nan District, 
and Bei Chen District,20 New Jersey,24 and 
Taipei.27 The concentration of Cd observed in 
our studied fish was similar to that in 
Hexagrammos otakii and Sebastiscus 
marmoratus fish from Masan Bay.25 

The concentrations of Pb in the current study 
were lower than those reported in fish muscle in 
Sicily in the Mediterranean Sea,4 240 shellfish 
(including oyster, short-necked clam, razor clam, 

and mud clam) collected from 6 administrative 
regions in Xiamen of China,8 and in Istiphorus 
platypterus and Terrapturus audax in the Gulf 
of California.19 

The comparison of our results with other 
results in table 5 showed that the concentration of 

Pb in the Persian Gulf was higher than that in the 
Jinsu River,18 Adriatic Sea,9 Lake Nam Co,21 and 
Dong Li District. Xi Qing District, Jin Nan District, 
and Bei Chen District,23 New Jersey,24 and Masan 
Bay.25 The concentration of Pb was similar to that 
in fish from Taipei city in Taiwan.27 

Lower concentrations of mercury were found 
in our study in comparison t that in Taipei,27 New 
Jersy,28 Bei Chen District,23 and the Adriatic Sea.9 
Hg concentration in fish tissues in our study were 
higher compared with that in fish muscle in 
Sicily,4 shellfish in Xiamen,8 Flounder fish in New 
Jersy,24 fish species in Dong Li, Xi Qing, and Jin 
Nan Districts,23 and Lagocephalus lagocephalus 
and Pseudotolithus senegalensis in Ghana,22 
Atlantic Coast, and in European Anchovy in the 
Adriatic Sea.9 Similar concentrations of Hg were 
observed in Rose Fish in the Adriatic Sea9and 
Braehydentera aurita in Ghana.23 

Health risks posed by exposure to Pb, Cd, and 
Hg to the local inhabitants in the two coastal 
regions of the Persian Gulf, Iran, through the 
consumption of contaminated fish were 
investigated based on estimated THQs. The results 
showed that THQ values were lower than 1 for 
both adults and children by consuming fish alone 
(Table 5).  
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Table 6. THQs and EWI for individual metals caused by the consumption of fish 

 Areas 
Pb Cd Hg 

THQ EWI THQ EWI THQ EWI 

Adults 
Bandar Abbas 0.01 0.55 0.04 0.17 0.14 0.90 
Bandar Lengeh 0.01 0.55 0.03 0.13 0.12 0.38 

Children 
Bandar Abbas 0.02 0.18 0.06 0.25 0.18 0.74 
Bandar Lengeh 0.01 0.55 0.04 0.17 0.15 0.52 

 
RfDs are based on 1×10-3 µg/g/day for Cd, 

4×10-3 µg/g/day for Pb, and 5×10-4 µg/g/day 
for Hg.15 The THQ of the studied metals through 
the consumption of fish for residents (adults and 
children) from the two districts were derived 
and listed in table 6. The results show that there 
are no THQ values higher than 1 through the 
consumption of fish, suggesting that the health 
risks associated with heavy metals exposure are 
insignificant. 

An important aspect in assessing the risk to 
human health from potentially harmful 
chemicals in food is the knowledge that the 
dietary intake of such substances must remain 
within determined safety margins. For Hg, Cd, 
and Pb, the WHO has established a safe intake 
level, known as provisional tolerable weekly 
intake (PTWI). The PTWI for Cd, Pb, and Hg is 
5, 7, and 25 µg/kg body weight, respectively.29 

In our case, the estimated weekly intakes 
(EWI) of Cd, Pb, and Hg through the 
consumption of fish (Pb: 0.18-0.55 µg/kg body 
weight, Cd: 0.13-0.25 µg/kg body weight, Hg: 
0.38-0.90 µg/kg body weight) were lower than 
the established weekly intake limits (Table 6). 

To further elucidate the specific risk 
contribution in each district, detailed 
information on food consumption structure and 
the metals concentrations in these areas will 
hopefully be obtained by future efforts with the 
associated institutions. 

Conclusion 

In the present study, the concentrations of heavy 
metals (Hg, Pb, and Cd) were determined in fish 
from the Persian Gulf. The considerable 
variation in levels of these contaminants among 

different species highlights the important role of 
ecological and physiological factors in 
concentrating pollutants. The THQ values below 
1 of Cd, Hg, and Pb showed no risk for the 
consumers’ health. Nevertheless, analysis of 
mercury data suggests that dietary consumption 
of certain fish species can vary this neurotoxin 
intake substantially, thus, determining great 
differences in health risks. Consequently, intake 
might be of concern, especially in the cases 
where the exposure is closer to the tolerable 
weekly intake. As a final conclusion, we suggest 
providing more specific recommendations 
regarding human consumption (species, 
frequency, and size of meals) according to the 
data concerning levels of environmental 
pollutants in the most consumed fish and 
seafood species. 

Conflict of Interests 

Authors have no conflict of interests. 

Acknowledgements 

We would like to express our sincere gratitude to 
Dr. Hossein Pasha, who kindly assisted us in data 
analysis. We are also grateful to M. Ehsanpour 
and Mehdi Ghobeiti Hassab for their valuable 
help in fish sampling and laboratory analysis. 

References 

1. Harmanescu M, Alda LM, Bordean DM, Gogoasa I, 
Gergen I. Heavy metals health risk assessment for 
population via consumption of vegetables grown in old 
mining area; a case study: Banat County, Romania. 
Chem Cent J 2011; 5: 64. 

2. Yahyavi M, Afkhami M, Khoshnood R. Determination 
of Heavy Metals (Cd, Pb, Hg and Fe) in Two 
Commercial Shrimps in Northern of Hormoz Strait. 



 

 

 
 

http://jaehr.muk.ac.ir 

THQs for Metals by Fish Consumption Khoshnood et al. 

  J Adv Environ Health Res, Vol. 2, No. 4, Autumn 2014       271 

Annals of Biological Research 2012; 3(3): 1593. 
3. Ginsberg GL, Toal BF. Quantitative approach for 

incorporating methylmercury risks and omega-3 fatty 
acid benefits in developing species-specific fish 
consumption advice. Environ Health Perspect 2009; 
117(2): 267-75. 

4. Copat C, Bella F, Castaing M, Fallico R, Sciacca S, 
Ferrante M. Heavy metals concentrations in fish from 
Sicily (Mediterranean Sea) and evaluation of possible 
health risks to consumers. Bull Environ Contam 
Toxicol 2012; 88(1): 78-83. 

5. Babatunde AM, Waidi Oyebanjo A, Adeolu AA. 
Bioaccumulation of Heavy Metals in Fish (Hydrocynus 
forskahlii (Hydrocynus forskahlii, Hyperopisus bebe 
occidentalis and Clarias gariepinus) Organs in 
Downstream Ogun Coastal Water, Nigeria. Transn J 
Sci Technol 2012; 2(5): 119-33. 

6. World health organization. Beiging decleration on food 
safety [Online]. [cited 2007]; Available from: URL: 
http://www.who.int/foodsafety/fs_management/meetin
gs/Beijing_decl.pdf. 

7. Khoshnood Z, Khoshnood R, Mokhlesi A, Ehsanpour 
M, Afkhami M, Khazzali A. Determination of Cd, Pb, 
Hg, Cu, Fe, Mn, Al, As, Ni and Zn in important 
commercial fish species in northern of Persian Gulf. 
Journal of Cell and Animal Biology 2015; 6(1): 1-9. 

8. Li J, Huang Z, Hu Y, Yang H. Potential risk assessment 
of heavy metals by consuming shellfish collected from 
Xiamen, China. Environ Sci Pollut Res Int 2013; 20(5): 
2937-47. 

9. Storelli MM. Potential human health risks from metals 
(Hg, Cd, and Pb) and polychlorinated biphenyls (PCBs) 
via seafood consumption: estimation of target hazard 
quotients (THQs) and toxic equivalents (TEQs). Food 
Chem Toxicol 2008; 46(8): 2782-8. 

10. Vieira C, Morais S, Ramos S, Delerue-Matos C, 
Oliveira MB. Mercury, cadmium, lead and arsenic 
levels in three pelagic fish species from the Atlantic 
Ocean: intra- and inter-specific variability and human 
health risks for consumption. Food Chem Toxicol 
2011; 49(4): 923-32. 

11. Pyle GG, Rajotte JW, Couture P. Effects of industrial 
metals on wild fish populations along a metal 
contamination gradient. Ecotoxicol Environ Saf 2005; 
61(3): 287-312. 

12. Regional Organization for the Protection of the Marine 
Environment. Manual of oceanographic observations 
and pollutant analyses methods (MOOPAM). 3rd ed. 
Jabriya, Kuwait: Regional Organization for the 
Protection of the Marine Environment; 1999. 

13. United States Environmental Protection Agency.  Risk 
based concentration table. Washington, DC: USEPA; 
2000. 

14. Zhuang P, McBride MB, Xia H, Li N, Li Z. Health risk 
from heavy metals via consumption of food crops in 

the vicinity of Dabaoshan mine, South China. Sci Total 
Environ 2009; 407(5): 1551-61. 

15. Astani M, Vosoughi AR, Salimi L, Ebrahimi M. 
Comparative study of heavy metal (Cd, Fe, Mn, and 
Ni) concentrations in soft tissue of gastropod Thais 
mutabilis and sediments from intertidal zone of Bandar 
Abbas. Advances in Environmental Biology 2012; 
6(1): 319-2. 

16. Jaafarzadeh Haghighi N, Khoshnood R, Khoshnood Z. 
Cadmium determination in two flat fishes from two 
fishery regions in north of the Persian Gulf. Iranian 
Journal of Fisheries Sciences 2011; 10(3): 537-40. 

17. Tabari S, Saravi SS, Bandany GA, Dehghan A, 
Shokrzadeh M. Heavy metals (Zn, Pb, Cd and Cr) in 
fish, water and sediments sampled form Southern 
Caspian Sea, Iran. Toxicol Ind Health 2010; 26(10): 
649-56. 

18. Liu F, Ge J, Hu X, Fei T, Li Y, Jiang Y, et al. Risk to 
humans of consuming metals in anchovy (Coilia sp.) 
from the Yangtze River Delta. Environ Geochem 
Health 2009; 31(6): 727-40. 

19. Soto-Jimenez MF, Amezcua F, Gonzalez-Ledesma R. 
Nonessential metals in striped marlin and Indo-Pacific 
sailfish in the southeast Gulf of California, Mexico: 
concentration and assessment of human health risk. 
Arch Environ Contam Toxicol 2010; 58(3): 810-8. 

20. Chi QQ, Zhu GW, Alan L. Bioaccumulation of heavy 
metals in fishes from Taihu Lake, China. J Environ Sci 
(China) 2007; 19(12): 1500-4. 

21. Yang R, Yao T, Xu B, Jiang G, Xin X. Accumulation 
features of organochlorine pesticides and heavy metals 
in fish from high mountain lakes and Lhasa River in the 
Tibetan Plateau. Environ Int 2007; 33(2): 151-6. 

22. Voegborlo RB, Akagi H. Determination of mercury in 
fish by cold vapour atomic absorption spectrometry 
using an automatic mercury analyzer. Food Chemistry 
2007; 100(2): 853-8. 

23. Wang X, Sato T, Xing B, Tao S. Health risks of heavy 
metals to the general public in Tianjin, China via 
consumption of vegetables and fish. Sci Total Environ 
2005; 350(1-3): 28-37. 

24. Burger J, Gochfeld M. Heavy metals in commercial 
fish in New Jersey. Environ Res 2005; 99(3): 403-12. 

25. Kwon YT, Lee CW. Ecological risk assessment of 
sediment in wastewater discharging area by means of 
metal speciation. Microchemical Journal 2001; 70(3): 
255-64. 

26. Al-Yousuf MH, El S, Al-Ghais SM. Trace metals in 
liver, skin and muscle of Lethrinus lentjan fish species 
in relation to body length and sex. Sci Total Environ 
2000; 256(2-3): 87-94. 

27. Han B, Jeng WL, Chen RY, Fang GT, Hung TC, Tseng 
RJ. Estimation of target hazard quotients and potential 
health risks for metals by consumption of seafood in 
Taiwan. Arch Environ Contam Toxicol 1998; 35(4): 



 

 

 
 

http://jaehr.muk.ac.ir 
 

THQs for Metals by Fish Consumption Khoshnood et al. 

272     J Adv Environ Health Res, Vol. 2, No. 4, Autumn 2014 

711-20. 
28. Burger J. Fishing, fish consumption, and knowledge 

about advisories in college students and others in 
central New Jersey. Environ Res 2005; 98(2): 268-75. 

29. WHO/FAO. Toxicological recommendations and 
information on specifications. Proceedings of the 61st 
Meeting JOINT FAO/WHO expert committee on food; 
2003 Jun 10-19; Rome, Italy.  

 


