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ABSTRACT MeHg and total mercury concentrations were determined in the muscle tissues of 

four fish species (Cyprinus carpio, Rutilus frisii, Carassius auratus and Esox lucius) from Anzali 

wetland (Guilan, Iran). Fish with the highest amount of MeHg was selected to determine the 

thermodynamic parameters of MeHg extraction. The extractions process was performed in the 

range of temperatures 331.15 to 367.15 K and at atmospheric pressure. Results show the extraction 

of MeHg from SH groups of sulfhydryl proteins was an endothermic process with a positive value 

for entropy and Gibbs free energy changes at the room temperature. Significant difference was 

found between MeHg content at T=367.15 K and other temperatures. Correlation coefficients 

results showed that the mercury concentration in muscle tissue was significantly related to the 

length and weight of fish (p≤0.01). Also, thermodynamic parameters of methylmercury extractions 

had significant correlation (p≤0.05) with length and weight of the six fish specimen. 
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1 INTRODUCTION 

Mercury is one of the most toxic heavy metals 

commonly found in the global environment, 

including lithosphere, hydrosphere, atmosphere 

and biosphere. Hg exists in three oxidation 

states: metallic or elemental (Hg
0
), mercurous 

(Hg2
2+

) and mercuric (Hg
2+

). A series of 

complex chemical transformations allows the 

three-oxidation states of Hg to cycle in the 

environment (Barbosa et al., 2001; Watras, et 

al., 1992). 

Elemental Hg is the most common form of 

Hg found in the atmosphere. Most of the Hg 

encountered in all environments is in the form 

of inorganic mercuric salts and organo- 

 

ercurics, with the sole exception of atmosphere 

(Hg
0
, Hg2

2+
 or Hg

2+
). The mercuric salts 

(mercuric chloride, mercuric hydroxide and 

mercuric sulfide) are the prevalent forms 

existing in the environment and methylmercury 

chloride and methylmercury hydroxide are 

main forms of organic compounds, together 

with other organo-mercurics (i.e., 

dimethylmercury and phenyl mercury) existing 

in small fractions (USEPA, 1997). 

Mercury can be present as a trace 

contaminant in all environmental compartments 

as a result of both natural and anthropogenic 

activities and also re-emitted (Horvat, 2001). 

Determination of mercury compounds in the 
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environment is important because of toxicity 

and ability to bio-accumulate in many 

organisms. 

The toxic effects and metabolic behavior of 

mercury is largely dependent on its chemical 

form. Monomethylmercury (MMHg) is by far 

the most toxic and the most commonly 

occurring organo-mercury compound, and is 

recognized as a major environmental pollution 

issue and health hazard for humans. 

Methylmercury (MeHg) has a high affinity to 

sulfhydryl groups (-SH) of proteins and this 

causes its rapid absorption in living organisms. 

It easily penetrates through biological 

membranes and is bio-magnified through the 

trophic chain. 

Organic mercury enters into fish body by 

direct uptake from water and through food 

chain in comparison with inorganic mercury 

(IHg). As a result, the average proportion of 

MMHg over total Hg in fish tissues can be up 

to 95% (Horvat, 2001). Contamination of 

seafood is the major route of exposure for to 

MMHg. Therefore, humans and wildlife, such 

as bald eagles, kingfishers, otter and mink, 

which feed on fish, are particularly at risk 

because of the potential for MeHg to bio-

accumulate in freshwater fish (USEPA, 1997 

and Commonwealth, 1996). 

Trace concentrations of mercury compounds 

in fish body are not just related to their 

concentrations in the environment, but fish can 

also affected by other factors, including its size, 

age, sex, growth rate, and reproductive condition  

(WHO, 1976). Distribution of MeHg takes place 

via the bloodstream to all tissues in the body. In 

the muscle, mercuric ions have also strong 

tendency to bond to SH groups on cysteine 

amino acids of the protein molecules and are 

stored there (Yawei et al., 2005). 

Several studies have been done on mercury 

effect in various organisms in Iran, including 

river otters (Solgi et al., 2013), green tiger prawn 

(Hosseini et al., 2013), and silver carp (Jafarpour 

et al., 2013). In our previous study, the 

extraction of IHg of sulfhydryl proteins was 

obtained as an endothermic process with positive 

value for entropy and Gibbs free energy in room 

temperature (Astani, 2011). 

In this work, the extraction of total mercury 

(THg) and MeHg in the muscle of four fish 

species was performed and the thermodynamic 

parameters of MeHg extractions from SH groups 

of cysteine amino acid were determined for two 

species. Also, the effects of age, weight, and 

length of fishes on the mercury contents were 

studied. 

 

2 MATERIALS AND METHODS 

2.1 Fish Sampling 

Fishes were collected from the Anzali wetland 

(Iran). They were photographed and had their 

total length (cm) and weight (g) recorded before 

dissecting them to collect their muscles. Fish 

age was estimated from scale samples. Muscle 

samples, taken with a knife from the posterior 

left part of the fish body, were dried in an oven 

at 343.15 K for 24 h and then homogenized. 

Feeding habits and approximate trophic 

position in the aquatic food web of the species 

are given in Table 1. Data on fish age, weight, 

length, mean values of THg and MeHg are 

summarized in Table 2. 

 

2.2 Apparatus and procedures 

MeHg and THg contents in fish muscle were 

measured by the method proposed by Ubillús et 

al. (2000), in which 5 ml of 10 M KOH was 

added to test tubes containing 0.5 g of the dried 

sample and the mixture was introduced into a 

circulating water bath for 25 min. The 

temperature variation of water was controlled 

within0.02 K. (Lauda Bath Ecoline RE 104, 

Germany).The samples were digested at a range 

of temperatures (331.15 to 367.15 K), then 

filtered by filter paper and transferred into a l00 

ml volumetric flask. The tubes were washed with 

1% (w/v) NaCl solution, then 15 ml of 65% 
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HNO3 and 1 ml of oxidizing solution (1 g of 

potassium dichromate, 20 ml of nitric acid and 

deionized water to l00 ml) were added and then 

the volume was adjusted to 100 ml with 1% (w/v) 

NaCl solution. The solutions were used for 

determination of MeHg and THg by 0.3% (w/v) 

NaBH4 and 1% (w/v) NaBH4 solutions, 

respectively, as reduction solutions.An atomic 

absorption spectrophotometer (Analytic Jena 

HS 60) by a system Nov AA 400 cold vapour 

and a hollow cathode mercury lamp (lamp 

current: 3.0 mA, slit width: 1.2 nm) was used 

for determination of mercury concentrations. 

 

 
Table 1 Fish species, their feeding habits and approximate trophic position in the aquatic food web 

Common 

name 
Scientific name Family Feeding strategy 

Common carp Cyprinus carpio Cyprinidae 

Herbivore/omnivore. Juveniles feed on zooplankton, 

phytoplankton and hard-shells. Adults feed largely on other 

macrobenthos 

Kutum roach Rutilus frisii Cyprinidae 
omnivore feeds on aquatic insect larvae, crayfish and 

pelecypoda 

Goldfish 
Carassius 

auratus 
Cyprinidae 

Herbivore/omnivore. Feeds on aquatic plants and insects, 

shellfishes 

Northern pike Esox lucius Esocidae 
Piscivore. Adults feed mainly on fish, also feed heavily on 

frogs and crayfish. Cannibalistic as juveniles. 

 

Table 2 Age, weight, length and Hg content of samples under investigation 

Species 

Age (years) Weight (g) Length (mm) THg (µg g
-1

) MeHg (µg g
-1

) 

Range   

Mean 

Range        

Mean 

Range       

Mean 

Range             Mean 

± SD 

Range     

Mean ± SD 

Common 

carp 

2-4           

2.6 

132-660       

354.4 

250-378      

317.6 

0.016-0.248     

0.179±0.02 

0.010-0.180     

0.146±0.01 

Kutum 

roach 

4-5           

4.4 

750-900         

804 

420- 470      

443 

0.052-0.324     

0.200±0.06 

0.038-0.272     

0.170±0.02 

Goldfish 
2-5           

3.6 

62-506        

245.3 

155-325      

243.7 

0.003-0.165     

0.115±0.05 

0.003-0.107     

0.084±0.03 

Northern 

pike 

1-5           

2.8 

178-1250     

666.8 

305-580     

443.93 

0.028-0.575     

0.366±0.09 

0.016-0.395      

0.285±0.05 

 

2.3 Data analysis 

Data was analyzed using linear correlation and 

regression. Differences between averages of 

MeHg and THg contents in each temperature 

for each fish species were analyzed with one-

way ANOVA followed by the least significant 

difference (LSD) post hoc for multiple 

comparisons. The relationships between fish 

size, mercury contents and extraction 

thermodynamic parameters were explored using 

linear regression analyses. Data were analyzed 

using the SPSS software, version 19. 

2.4 Theoretical framework 

Abiotical formation of MeHg involves the 

transfer of a methyl radical by 

methylcobalamine (Craig, 1986). The SH 

functional group of cysteine amino acid is 

active site for bonding MeHg and mercuric 

mercury with sulfhydryl proteins. One of the 

essential reactions of the SH group is with 

MeHg and mercuric ions (Shahbazi, 2006; 

Huheey, 1983). MeHg-S bonding energy in fish 

muscle tissue is enthalpy type. 
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The effect of selenocysteine (Sec) in this 

context should be noticed. The binding constant 

of selenium to mercury (Se-Hg) is bigger than 

sulfur to mercury (S-Hg), but there are two 

reasons showing that only S-Hg reaction is 

dominant: (1) the ratio of cysteine (Cys) to 

selenocysteine (Sec) is relatively high because 

the Sec is a very rare amino acid in protein 

structure, (2) because of the very higher binding 

constant and rareness of Sec, it is reasonable 

that we assume all selenocysteines were 

saturated by Hg during association/dissociation 

reactions. 

 

2.5 Thermodynamic framework 

The system of dried fish muscle samples and 

KOH 10 M solution in the sealed assay tube could 

be assumed as a closed system in thermal and 

mechanical equilibrium. Most of the mercury 

compounds in fish muscle tissue are covalently 

bound to sulfhydryl proteins. 

KOH 10 M solution can break covalent bonds 

of the system, following the heat energy during 

the chemical reactions. Covalent bonds also are 

broken between the sulfur atoms of sulfhydryl 

proteins and mercury compounds.  

 

3 RESULTS AND DISCUSSION 

3.1 Factors affecting mercury accumulation 

in fish 

The concentrations of different kinds of mercury 

compounds varied with fish species (Table 2), 

which is related to variation in extracted 

thermodynamic parameters of mercury 

compounds. Calculation of thermodynamic 

parameters was performed based on the 

maximum values of MeHg concentrations in each 

fish species. 

Mercury content is affected in fish muscle tissues 

by some factors. It is clear that diet and living 

environment expressively influence content of 

mercury in muscle tissues of fishes (Sarica, 2005). 

Results show that the highest contents of THg 

(0.366 µg g
-1
 in dry matter) and MeHg (0.285 µg 

g
-1
 in dry matter) belonged to the muscle of 

northern pike. The living environment (wetland
’
s 

bed) of northern pike probably influences 

contamination of its tissues. In the other hand, the 

lowest contents of mercury were found in the 

muscle of goldfish, whose diet consists mainly of 

phytoplankton. Generally, muscle tissue of 

predatory fishes contained significantly higher 

contents of mercury than that of non-predatory 

fishes. 

Predatory fishes such as northern pike almost 

lie in the end of aquatic dietary pyramid. 

Northern pike eats small fish such as goldfish 

and white bream. Fishes at lower trophic levels 

contained the lowest contents of mercury. 

Dietary pyramid represents bioaccumulation of 

THg and MeHg with increasing trophic levels. 

Beside diet, it is believed that size and age of 

fish are the possible effective factors on mercury 

level in fish tissues. The relative ages for the fish 

were determined based on the fish length and 

weight (Ikingura, 2003). However, there was no 

significant relationship between the THg and 

MeHg contents in fish muscle tissues and either 

fish age, weight or length among individuals of 

any fish species (Table 2). But there was a strong 

relationship between THg and MeHg contents 

with fish mean length (r = 0.702) and weight (r = 

0.622) across all species (Table 2). Also the 

same correlations were seen for organic mercury 

(r = 0.614 for the total length and r = 0.684 for 

the weight, at p < 0.01). Because of the narrow 

range of fish age (1-5 years), age did not 

influence the mercury content in the tested 

tissues. Although only few samples were 

analyzed, the results suggest that in some cases it 

is possible to predict fish mercury levels from 

the relationship with fish weight or length. 

 

3.2 Concentration equilibrium constant of 

the extraction process 

In this work, we also studied the 

thermodynamic of the MeHgextraction from 

muscle tissue of three northern pike and three 
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kutum roach. MeHg concentrations of the 

examined fish muscle tissues were measured at 

T=331.15 to 367.15 K temperature range. These 

concentrations were used for calculation of 

concentrationequilibrium constant (Kc) the 

breaking Hg-S chemical bond of protein-MeHg 

molecules of the muscle at the corresponding 

temperatures. Equilibrium constant, Kc, 

calculated from the eq. (1) as follow: 

KC =
C 2

C1
                                                         (1) 

where C1 is the equilibrium concentration of 

non-extracted MeHg and C2 is the equilibrium 

concentration of extracted MeHg in solution.C2 

concentrations (µg g
-1

) were calculated at the 

corresponding temperatures based on 

experimental data of CVAAS apparatus as 

follow: 

 

MeHg (g g
-1

) =
B

DFVC 
                          (2) 

 

where C in g L
-1

 unit, is the MeHg 

concentration measured of fish muscle by 

calibration curve; V is the extract volume (L); 

B is the sample weight (g) and DF is the 

dilution factor. 

The results of Kc of the examined fish 

muscle at the corresponding temperature are 

tabulated in Table 3. The results show 

theequilibrium concentrations of MeHg (C2) 

increase with temperature. The plot of the ln Kc 

versus 1/T shows that the extraction process of 

MeHg of sulfhydryl proteins is an endothermic 

process. Pearson correlation coefficient (r) was 

calculated using SPSS 19 and statistical 

significance p<0.01. The plots of ln Kc versus 

1/T were shown for two fish samples in Figure 

1. All of other samples were found to have 

linear correlation over the entire range of 

temperatures (336.15 to 361.15) K. 

 

3.3 Variance analysis calculation of mercury 

concentration at different temperature 

ANOVA-1 was used to compare MeHg and 

THg concentrations at different temperatures 

for each fish species. Results showed 

significant differences among extracted MeHg 

means at different temperatures (P<0.05). In all 

fishes, MeHg concentration at T=367.15K was 

significantly different from that in other 

temperatures. In the other words, there wasn't 

any significant difference in free MeHg 

concentration when temperature changed from 

331.15K to 361.15K, but the temperature 

361.15K induced significant difference. 

Therefore, MeHg concentration has significant 

difference at T= 367.15K with the other 

temperatures. At this temperature, there is 

sufficient heat for breaking all covalent MeHg-

S bonds; so, at maximum temperature MeHg 

concentration is highly different from the other 

temperatures. Same results were observed in 

ANOVA-1 analysis of THg means in these fish 

muscle tissues. 

 

Table 3 Computed extraction equilibrium constants at the corresponding temperature in Kelvin 

T 
N. pike 3 N. pike 4 N. pike 5 K. roach 1 K. roach 2 K. roach3 

ln Kc ln Kc ln Kc ln Kc ln Kc ln Kc 

361.15 0.958 0.821 1.436 1.621 1.090 1.398 

357.15 0.430 0.018 0.191 0.104 0.873 0.512 

351.15 -0.856 -0.548 -0.841 -0.419 0.120 0.189 

346.15 -1.105 -1.039 -1.326 -0.937 -1.133 -1.234 

341.15 -1.514 -2.102 -1.966 -1.728 -1.846 -1.891 

336.15 -2.492 -2.804 -2.330 -3.979 -3.512 -2.823 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

70
0.

20
16

.4
.3

.3
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 e

co
pe

rs
ia

.m
od

ar
es

.a
c.

ir
 o

n 
20

23
-0

5-
23

 ]
 

                             5 / 10

https://dorl.net/dor/20.1001.1.23222700.2016.4.3.3.8
https://ecopersia.modares.ac.ir/article-24-3553-en.html


E. Astani et al. ______________________________________________________ ECOPERSIA (2016) Vol. 4(3) 

1522 

The maximum values of MeHg and THg in 

the six fish species are tabulated in Table 4. The 

results show that the northern pike and kutum 

roach can concentrate MeHg in its muscle 

tissues much more than IHg level reported in 

our previous work (Astani et al., 2011). 

 

  
 

Figure 1 The plots of ln Kc versus 1/T for a selected northern pike and kutum roach 

 

Table 4 The mean values of MeHg and THg in the examined fishes 

Sample Cmax (µg g
-1

) of MeHg Cmax (µg g
-1

) of THg L (cm) W (g) 

Northern pike 3 0.268 0.426 530 1200 

Northern pike 4 0.395 0.575 580 1250 

Northern pike 5 0.271 0.392 470 794 

Kutum roach 1 0.255 0.296 420 750 

Kutum roach 2 0.246 0.260 440 750 

Kutum roach 3 0.272 0.322 455 830 

 

3.4 Thermodynamics of the extraction 

process 

The thermodynamic parameters of the MeHg 

extraction in the muscle tissues of three 

northern pike and three kutum roach were 

obtained. The parameters such as enthalpy 

change (ΔH) and entropy change (ΔS) were 

derived from the van’t Hoff equation as follow: 
 

R

ΔS
+

RT

ΔH
=KC


ln                                          (3) 

 

ΔS and ΔH were calculated from the 

intercept and slope of linear plot of ln 

Kcversus1/T, respectively. Gibbs free energy 

change (ΔG) was calculated from the equation 

∆G= ∆H - T∆S, where T is the absolute 

temperature and R is the universal constant. The 

computation of ∆G, ∆H and ∆S of the breaking 

of cysteine MeHg-S covalent bonds on the 

sulfhydryl proteins of fish muscle are possible 

by calculating of Kc at T＝336.15 to 361.15 K. 

The results of the thermodynamic parameters 

of MeHg extraction are described in Tables 5 

and 6. The positive values of ∆H suggest an 

endothermic process for the extraction of MeHg 

of sulfhydryl proteins that are related to the 

required energy for S-Hg breaking bond in 

cysteine amino acid. Also, the positive values of 

entropy change (ΔS) show an increasing 

randomness at the breaking for Hg-S covalent 

bonds of cysteine amino acids on the sulfhydryl 

proteins of fish muscle. The change in enthalpy 

and entropy of reaction were calculated in the 

336.15 to 361.15 temperature range. They are 

not in standard condition. So, calculated Gibbs 

free energy change of reaction depends on 
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temperature. Table 6 shows the computed mean 

values of Gibbs free energy change of reaction at 

different temperatures. At low temperature, ΔG 

values are positive in both fish species that 

indicate a non-spontaneous process for the 

extraction. But for high temperatures, the Gibbs 

free energy mean value of reaction is negative 

that show the extraction process is spontaneous. 

Computed results for mean ΔG indicated that 

entropy production in S-H breaking bond of 

cysteine amino acid and temperatures were two 

more important factors that affected the Gibbs 

free energy of extraction. Comparison of the 

effect of these factors show the temperature is 

the most important. In summary, the less value 

of Gibbs free energies indicate the existence of 

close competition among enthalpy and entropy 

of extraction process and temperature can 

inverse the sign of ΔG. 

Factors such as diet, size and age of fish in 

addition to influencing the mercury content in 

the muscle, they can also directly or indirectly 

affect the thermodynamic parameters of 

extracting mercury species. The results showed 

that the mercury concentration in the fish 

muscle was generally positively correlated with 

the weight or length of the fish. However, a 

relatively strong negative correlation between 

the extracted thermodynamic parameters of 

MeHg and the total length and weight of the 

fish was evident (Table 7). Based on the results, 

the extraction of thermodynamic parameters of 

MeHg decreases with increasing total length 

and weight of the fish. 

According to our previous study (Astani, 

2011), thermodynamic parameters of IHg had a 

significant negative correlation with fish total 

length of all tested fishes (these data are 

presented in Table 7 for comparison). They also 

showed a small negative correlation with the 

fish weight. However, the correlation between 

ΔH, ΔS, and ΔG contents of MeHg was small 

(coefficient less than 0.7). 

The highest extracted ΔH, ΔS, and ΔG contents 

of MeHg was found in kutum roach with total 

length of 420 mm and weight 750 g, whereas the 

northern pike with total length of 530 mm and 

weight 1200 g had the lowest extracted ΔH, ΔS, 

and ΔG contents of MeHg. With increase in fish 

length and weight, mercury contents of muscle 

also increased. All fish samples were digested 

at temperature ranging 331.15 to 367.15 K for 

25 minutes. The fish with low concentration 

and smaller size required more thermal energy 

for breaking covalent Hg-S bonds than that with 

higher concentration and larger size. 

 

Table 5 Thermodynamic parameters of MeHg extraction 

Sample ∆H(kJ mol
-1

) ∆S(J K
-1

 mol
-1

) 

Northern pike 3 132.45 ±1.48 373.6±4.3 

Northern pike 4 141.40±1.00 398.0 ±2.9 

Northern pike 5 145.21±2.20 409.8±6.3 

Mean value 139.69±1.56 393.8±4.5 

Kutum roach 1 192.23±3.31 544.0±9.5 

Kutum roach 2 184.88±2.15 524.2±6.2 

Kutum roach 3 168.38±1.45 477.7±4.2 

Mean value 181.83±2.30 515.3±6.6 

 

Table 6 Gibbs free energy change in kJ mol
-1

 of MeHg extraction reaction at difference temperature  

T 336.15 341.15 346.15 351.15 357.15 361.15 

Kutum roach 8.61±1.48 6.04±4.3 3.46 0.88 -2.21 -4.27 

Northern pike 7.31 5.35 3.38 1.41 -0.96 -2.53 
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Table 7 Correlation coefficient of thermodynamic parameters (kJ mol
-1

) of organic and inorganic mercury 

extraction with length and weight 

Parameter  Organic mercury  Inorganic mercury 

  ∆H
0
 T∆S

0
 ∆G

0
  ∆H

0
 T∆S

0
 ∆G

0
 

Length  -0.884 -0.887 -0.859  -0.947 -0.931 -0.901 

Weight  -0.793 -0.796 -0.779  -0.699 -0.722 -0.407 

 

The system containing muscle tissue of fish 

and KOH 10 M solution in the sealed assay 

tube was closed and the chemical reactions in 

this system occurred at constant atmospheric 

pressure. In each experiment, the system was 

exposed to heat energy for 25 minutes. In each 

temperature, some part of this heat energy is 

taken to break Hg-S bonds. Therefore, part of 

total heat energy absorbed in this process is 

consumed for breaking of Hg-S bonds which is 

equal to enthalpy change of organic or 

inorganic mercury extraction. So, the total heat 

energy absorbed by the system is the same for 

all samples. However, in breaking Hg-S bonds 

in fish tissues, there is a relationship between 

the mercury concentration and the total 

absorbed heat energy. The total heat energy 

absorption is greater in bigger fish (with high 

mercury concentrations) than the small fish 

(with low mercury concentrations). Therefore, 

the bigger fish has greater computed ΔH, ΔS, 

and ΔG values. 

 

3 CONCLUSION 

Comparing the MeHg and THg concentrations 

in the muscle of four freshwater fish species, 

the northern pike showed a higher 

concentration. The muscle of the northern pike 

and kutum roach, which had the highest amount 

of MeHg, were digested over 331.15-367.15K 

range of temperatures. The obtained data was 

used to calculate the equilibrium constant as a 

function of temperature. Pearson correlation 

coefficient (r) was used to prove linear relation 

between the inverse temperature and ln Kc. 

Thermodynamic parameters of Hg dissociation 

from thiol (SH) group of cysteine amino acid 

was investigated. This study highlights the 

importance of contaminating concentration of 

Hg compounds and its transfer to human diet. 

 

4 ACKNOWLEDEMENT 

We gratefully acknowledge the supports of 

University of Zanjan for financial supporting. 

 

5 REFERENCES 

Astani, E., Vahedpour, M. and Dolatyari, L. 

Thermodynamic Study of the Extraction 

of Inorganic Mercury Compounds in Fish 

Species of the International Anzali 

wetland, Iran. Chin. J. Chem., 2011; 29: 

1341-1346.  

Barbosa, A.C., Jardim, W., Dórea, J.G., 

Fosberg, B. and Souza, J. Hair Mercury 

Speciation as a Function of Gender, Age, 

and Body Mass Index in Inhabitants of 

the Negro River Basin, Amazon, Brazil. 

Arch. Environ. Contam. Toxicol., 2001; 

40: 439-44. 

Clarkson, T.W. Mercury. J. Am. Coll. Toxicol., 

1989; 8: 1291-1295. 

Cmth. MassDEP Environ. Prot. Mercury: An 

Evaluation of Sources, Emissions, 

Impacts and Controls. Executive Office 

of Environmental Affairs. (June 1996). 

Craig, P.J. Organomercury compounds in the 

environment organometallic compounds 

in the environment, New York7 

Longman; 1986. 103 P. 

Gardfeldt, K., Munthe, J., Stromberg, D. and 

Lindqvist, O. A kinetic study on the 

abiotic methylation of divalent mercury 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

70
0.

20
16

.4
.3

.3
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 e

co
pe

rs
ia

.m
od

ar
es

.a
c.

ir
 o

n 
20

23
-0

5-
23

 ]
 

                             8 / 10

https://dorl.net/dor/20.1001.1.23222700.2016.4.3.3.8
https://ecopersia.modares.ac.ir/article-24-3553-en.html


Organic and Total Mercury Concentration in Fish Muscle and ... ______________ ECOPERSIA (2016) Vol. 4(3) 

1525 

in the aqueous phase. Sci. Total Environ., 

2003; 304: 127-136. 

Gray, J.S. Biomagnification in marine systems: 

the perspective of an ecologist. Mar. 

Pollut. Bull., 2002; 45: 46-52. 

Horvat, M., Mercury-Do we know enough? in: 

Ebdon, L., Pitts, L., Cornelis, R., Crews, 

H., Donard, O.F.X. and Quevauviller, P. 

Trace Element Speciation for 

Environment, Food and Health, The 

Royal Society of Chemistry, Cambridge, 

2001 (Chapter 7). 

Hosseini M., Ghiyasi S., Najafian M. and 

Sarasiab A.R. Levels of Mercury in 

Tissues of Green Tiger Prawn Penaeus 

semisulcatus from Persian Gulf. 

Ecopersia, 2013; 1: 385-392. 

Huheey, J.E. Inorganic Chemistry: Principles of 

Structure and Reactivity (Hardcover). 

Longman Higher Education; 3rd edition 

(December 31, 1983) 

Ikingura, J.R. and Akagi, H. Total mercury and 

methyl-mercury levels in fish from 

Hydroelectric reservoirs in Tanzania. Sci. 

Total Environ., 2003; 304: 355-368. 

Jafarpour S. A., Shabanpour B. and Filabadi S. 

Sh. Biochemical Properties of Fish 

Protein Isolate (FPI) from Silver Carp 

(Hypophthalmichthys molitrix) by 

Application of Acid-Alkali Processes 

Compared to Traditional Prepared 

Surimi. Ecopersia, 2013; 1: 315-327   

Mercury. Geneva, World Health Organization, 

1976 (Environmental Health Criteria, 

No.1), 

http://www.inchem.org/documents/ehc/e

hc/ehc001.htm. 

Sarica, J., Amyot, M., Hare, L., Blanchfield, P., 

Bodaly, R.A., Hintelmann, H. and 

Lucotte, M. Mercury transfer from fish 

carcasses to scavengers in boreal lakes: 

the use of stable isotopes of mercury. 

Environ. Pollut., 2005; 134: 13-22. 

Shahbazi, P. and Maleknia, N. Public 

biochemistry for medical (part I). First 

edition. Publications of Tehran 

University. 2006, Chapter 3. 339-350. (In 

Persian)    

Solgi, E., Ghasempouri, S. M. and Esmaili Sari 

A. Mercury Levels in the River Otters 

(Lutra lutra) of Iran: Feasibility of Back 

Calculation for Trace Elements Using 

Old Stuffed Specimens. Ecopersia, 2013; 

1: 1-10. 

Ubillús, F., Alegría, A., Barberá, R. and Farré, 

R. Methylmercury and inorganic mercury 

determination in fish by cold vapor 

generation atomic absorption 

spectrometry. Food Chem., 2000; 71: 

529-533.  

USEPA, Mercury Study Report to Congress, 

Vol. I, OAQPS and ORD. 1997; 1-95. 

USEPA, Mercury Study Report to Congress, 

Vol. IV, OAQPS and ORD. 1997; 1-181. 

Watras, C.J. and Huckabee, J.W. Mercury 

Pollution: Integration and Synthesis, 

Lewis Publishers, Boca Raton, USA, 

1992; 1-752.  

Yawei, W., Lina, L., Jianbo, S. and Guibin, J. 

Chemometrics methods for the 

investigation of methylmercury and total 

mercury contamination in mollusks 

samples collected from coastal sites 

along the Chinese Bohai Sea. Environ. 

Pollut., 2005; 135: 457-467. 

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.2

32
22

70
0.

20
16

.4
.3

.3
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 e

co
pe

rs
ia

.m
od

ar
es

.a
c.

ir
 o

n 
20

23
-0

5-
23

 ]
 

                             9 / 10

http://www.amazon.com/James-E.-Huheey/e/B001KCGHT0/ref=ntt_athr_dp_pel_1
https://dorl.net/dor/20.1001.1.23222700.2016.4.3.3.8
https://ecopersia.modares.ac.ir/article-24-3553-en.html


E. Astani et al. ______________________________________________________ ECOPERSIA (2016) Vol. 4(3) 

1526 

 ای مبهی و مطبلعه ترمودینبمیک استخراج  غلظت جیوه آلی و معذنی در ببفت مبهیچه

 جیوه آلی از پروتئین مبهی

 

 3ٍ  ّبدی ثبثبیی *2، هزتضی ٍاحذپَر1لِْ آعتبًیا

 

 ایزاىآهَختِ کبرؽٌبعی ارؽذ، داًؾکذُ علَم، داًؾگبُ سًدبى، سًدبى،  داًؼ -1

 ایزاىداًؾکذُ علَم، داًؾگبُ سًدبى، سًدبى، اعتبد،  -2

 ، اًشلی، ایزاىثخؼ اکَلَصی پضٍّؾکذُ آثشی پزٍری آة ّبی داخلی ،کبرؽٌبط ارؽذ -3

 

 1335هْز  3 تبریخ چبح:/  1335فزٍردیي  15/ تبریخ پذیزػ:  1334 ثْوي 27تبریخ دریبفت: 

 

ِ ای چْبر  در ثبفت هبّیچٍِ خیَُ کل غلظت هتیل خیَُ  چکیذه ههبّی در اکَعیغهتن ههزداة اًشلهی ت یهیي ؽهذ         گًَه

دعت آٍردى پبراهتزّبی تزهَدیٌبهیکی اعتخزاج هتیهل خیهَُ اًتخهبة ؽهذ       ّبیی ثب غلظت سیبد هتیل خیَُ ثزای ثِ هبّی

کلَیي در فؾبر هحیظ اًدبم ؽذ  ًتهبیح ًؾهبى داد کهِ اعهتخزاج      15/367تب  15/331فزایٌذ اعتخزاج در هحذٍدُ دهبیی 

ای هبّیبى در دهبی اتبق یک فزایٌذ گزهبگیز ثَدُ کِ آًتزٍپهی آى در   ّب در ثبفت هبّیچِ پزٍتئیي SHاس گزٍُ  هتیل خیَُ

کلَیي ثب عهبیز   15/367داری ثیي هقذار هتیل خیَُ در دهبی  حبل افشایؼ ٍ اًزصی آساد گیجظ هثجت دارد  اختالف ه ٌی

ّهب ثهِ    ای ًوًَِ َى ًؾبى داد کِ غلظت خیَُ در ثبفت هبّیچِدهبّب هؾبّذُ ؽذ  تدشیِ ٍ تحلیل ضزایت ّوجغتگی پیزع

چٌهیي پبراهتزّهبی تزهَدیٌهبهیکی     در صذ ارتجبط دارد  ّن 33ّب ثب عغح اعویٌبى  داری ثب عَل ٍ ٍسى هبّی صَرت ه ٌی

 درصذ ثب عَل ٍ ٍسى هبّی ارتجبط دارد  35اعتخزاج ثب عغح اعویٌبى 

 

 یک، اعتخزاج، پزٍتئیي هبّیهتیل خیَُ، تزهَدیٌبه کلمبت کلیذی:
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