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Abstract 

A solid phase extraction method based on new functionalized silica gel sorbent for the preconcentration and 

determination of trace mercury (II) ions by cold vapor atomic absorption spectrometry (CV- AAS) was developed. The 

effective parameters on mercury extraction were optimized using two optimization methods: fractional factorial design 

and central composite design. Various factors affecting the recovery of the analyte were investigated using batch 

equilibrium technique. The best eluent for desorption of mercury was 5 mL of 0.1 M thiourea. Many anions and cations 

were examined in interference studies and the method shows very high selectivity for determination of mercury in 

presence of other species. Under the optimum conditions, the analytical curve was found to be linear in the range of 10- 

1600 ng L-1 with a detection limit of 2.3 ng L-1. The method was successfully applied to determination of mercury in tap, 

river, sea water, urine and fish samples with good spike recoveries. The obtained results were in accordance with 

electrothermal atomic absorption spectrometric method. Student’s t-test indicated the validity and accuracy of the 

proposed method for analysis of mercury in real samples. 
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1. INTRODUCTION 

Mercury is regarded as one of the most toxic 

elements impacting on human and ecosystem 

health and is released into the environment from 

both anthropogenic and natural sources. As a 

result of population growth and urbanization, 
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 چکیده
توسط اسپکترومتری جذب اتمی  (II)گیری مقادیر ناچیز جیوه ندازهشده، برای پیش تغلیظ و ادارعاملژل  یک روش استخراج فاز جامد بر مبنای جاذب سیلیکا

مرکزی. فاکتورهای بخار سرد ارائه گردید. پارامترهای مؤثر بر استخراج جیوه با استفاده از دو روش بهینه گردیدند: طراحی فاکتوریال جزئی و طراحی ترکیب 
موالر بود. مزاحمت تعداد زیادی از  1/0میلی لیتر تیواوره  5پیوسته مورد بررسی قرار گرفتند. بهترین شوینده برای واجذبی جیوه آنالیت به روش ناؤثر بر بازیابی م

ای یط بهینه منحنی تجزیهها از خود نشان داد. تحت شراپذیری خیلی باالیی را برای تعیین جیوه در حضور سایر یونها بررسی و روش انتخابها و کاتیونآنیون
های آب شیر، آمیزی برای تعیین جیوه در نمونهروش بطور موفقیت گرم بر لیتر تعیین گردید.نانو 9/2گرم بر لیتر با حد تشخیص نانو 10-1100در گستره 

تست داللت -Tکترومتری جذب اتمی الکترومال بودند. رودخانه و دریا، ادرار  و ماهی بکار گرفته شد. نتایج بدست آمده منطبق بر نتایج بدست آمده توسط اسپ
 های حقیقی داشت.بر اعتبار و صحت روش پیشنهادی برای آنالیز جیوه در نمونه

 

 هاي کلیديواژه

 .تعیین جیوه؛ جاذب جدید؛ طراحی تجربی
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more and more human activities have been 

contributing to significantly elevated mercury 

emission. More than 2500 tons of mercury is 

emitted annually from global anthropogenic 

sources [1]. Mercury is of considerable interest, 

as it is widely used in industry in the production 

of chemicals, pesticides, electrical apparatus, 

paints, amalgam tooth fillings, etc. and therefore, 

it is found throughout the ecosystem in trace 

amounts in air, water, soil and living organisms 

[2]. The ability of mercury to accumulate in 

biological tissues might eventually influence the 

entire food chain. Mercury can also be readily 

absorbed by the human body when inhaled by 

mucous membranes, damaging mainly the central 

nervous system [3]. In waters, inorganic mercury 

is converted by bacteria to methyl mercury, which 

is known to bio accumulate in the fish tissue. This 

process, additionally increases the danger of 

mercury exposure even at ultra-trace levels of 

concentration because organo-mercury species 

show a larger potential threat to human life and 

exhibit more toxic effects than inorganic mercury 

species [4]. Due to low concentrations of heavy 

metal ions in numerous samples and high levels 

of non-toxic components usually accompany 

analytes, a clean-up and preconcentration step is 

often required. Several preconcentration methods 

such as liquid-phase microextraction (LLME), 

cloud point extraction (CPE)  and solid phase 

extraction (SPE) have been developed [5-7]. Solid 

phase extraction (SPE) is an effective technique 

that increases sensitivity, reduces analysis time, 

solvent usage and disposal costs for sample 

preparation. The most important disadvantages of 

SPE, are usually labor-intensive and require large 

amounts of sample volume for extraction [5].  

Various solid-phase extraction materials including 

octadecyl silica membrane disks, activated 

carbon, agar powder, sulfur powder, magnetite 

nanoparticles, palladium wire and silica gel have 

been used for extraction and determination of 

mercury in various samples [4, 8-14]. Among all 

types of stationary phases used in solid-phase 

extraction (SPE), silica gel is the most common, 

due to its advantageous characteristics of thermal 

stability, no swelling and hydroxyl reactive 

groups [15]. But, most of these studies have been 

done with traditional one factor at a time (OFAT) 

method examining the effect of each factor 

individually holding all the other factors constant. 

It is well known that the OFAT is not a correct 

way for an optimization, or to study the effect of 

several factors in a measurement, since it does not 

take into account the interactions among factors. 

The OFAT only gives a local knowledge of the 

phenomenon and often requires a much larger 

experimental effort [16]. There is now increasing 

recognition that hereditary malpractice ought to 

be replaced by chemometrics based methods such 

as response surface methodology (RSM) and 

design of experiments (DOE) [17]. 

In the present study, a novel selective and 

sensitive sorbent for determination of mercury(II) 

in water, fish and urine samples, named 3,3'-Bis-

(3-triethoxysilylpropyl)-2,2'-dithioxo-[5,5'] bithia-

zolidinylidene-4,4'-dione- functionalized silica 

gel, was synthesized for the first time. The 

experimental variables in the extraction of 

mercury (II) were optimized using fractional 

factorial design (FFD) and central composite 

design (CCD). Mercury was determined using 

cold vapor atomic absorption spectrometry (CV- 

AAS) after reduction of mercury ions to 

elemental mercury by SnCl2. 

 

2. EXPERIMENTAL 
2.1. Instrumentation  

Determination of mercury was performed on a 

Varian Spectr AA 220 atomic absorption 

spectrometer (Australia) equipped with vapor 

generation accessory VGA-77 under the 

recommended conditions (wavelength 253.7 nm, 

bandwidth 0.5 nm and lamp current 4 mA). A 

standard Varian quartz absorption cell (17 cm  

1.5 cm) was placed directly on the burner 

equipped with cell tube holder and N2 was used as 

the inert carrier gas and burner was turn off 

during of all experiments and measurements were 

carried out in the peak area mode. ETAAS 

measurements were also performed on the Varian 

Spectr AA 220 atomic absorption spectrometer 

(Australia) equipped with GTA-110 graphite tube 

atomizer and programmable sample dispenser 

(PSD). Pyrolytically coated graphite tubes were 

used for atomization and argon 99.99% purity 

was used as the inert gas. The pyrolysis 

temperature of 200°C and the atomization 

temperature of 1800°C were used. Measurements 

were carried out in the peak area mode using 

mercury hollow cathode lamps under the 

recommended conditions. All pH measurements 

were done using a Metrohm E-691 digital pH 

meter with a combined glass electrode. A model 

Labofuge 400 (Germany) centrifuge equipped 

with 100 ml glass tube and tube holder was used 

in extraction process. The stirring of the sample 

solutions was carried out by a magnetic stirrer 

(Rodwell, Monostir, England). FT-IR 

measurements were performed using KBr disk on 

an infrared spectrometer (Bruker-Vector 22). 

 

2.2. Reagents and solutions 

A 1000 mg L−1 standard solution of mercury (II) 

was prepared from Merck, (Darmstadt, Germany). 

SnCl2·2H2O, carbon disulfide, dimethyl acetylene 
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dicarboxylate, 3-(triethoxysilyl) propan-1-amine, 

silica gel, triethylamine were procured from 

Merck (Darmstadt, Germany). The working 

standards were prepared immediately before use 

by serial dilution from a 1000 mg L-1mercury 

stock solution in 0.05% nitric acid. A 25% w/v 

SnCl2 in 20% HCl was prepared daily by 

dissolving appropriate amounts of SnCl2·2H2O in 

HCl on a hot plate and diluting with ultrapure 

water and was used as reducing agent. A 0.5 mol 

L-1 phosphate buffer adjusted to pH 1.70 was 

prepared by addition of an appropriate amount of 

sodium hydroxide (1.0 mol L-1) to the phosphoric 

acid solution. 

 

2.3. Synthesis of 3,3'-Bis-(3-triethoxysilylpropyl)-

2,2'-dithioxo-[5,5']bithiazolidinylidene-4,4'-dione 

The ligand was synthesized according to a 

procedure reported previously, 18 to a stirred 

solution of carbon disulfide (0.36 g, 4.8 mmol) 

and dimethyl acetylene dicarboxylate (0.28 g, 2 

mmol) was added drop wised 3-

(triethoxysilyl)propan-1-amine (0.88 g, 4 mmol)  

in 5 min. The reaction mixture was allowed to be 

stirred for 2 min. After reaction completed, the 

addition of EtOH to the reaction mixture 

generates product as orange crystals. M.p: 330 oC 

decomposed. The IR and NMR data of the 

product were listed as follows: 

IR (KBr, cm-1); 3415, 1691(C=O), 1349 (C=S), 

1158 (C-S); 1H NMR (CDCl3): δ ppm 0.64 (t, 4H, 

J = 7.3, 2CH2), 1.15 (t, 6H, J = 7.3, 2CH3), 1.58-

1.67 (m, 4H, 2CH2), 3.62 (t, 4H, J = 7.3, 2NCH2), 

4.09 (q, 4H, J = 7.2 Hz, 2OCH2); 13C NMR 

(CDCl3) δ ppm 7.7 (2CH2), 16.2 (2CH3), 20.5 

(2CH2), 47.2 (2NCH2), 57.1 (2OCH2), 124.5 (2C), 

167.2 (2C=O), 196.1 (2C=S). 

 
2.4. Preparation of the sorbent 

To a stirred mixture of silica gel (2 g) and ligand 

(0.2 g) in toluene (7 mL) was added triethylamine 

(0.2 mL). The reaction mixture was refluxed for 

12 h, after this time the solvent was removed 

under reduced pressure. The residue was washed 

with 10 mL toluene that afford sorbent as 

brownish powder. Fig. 1 shows the process of 

preparation of sorbent. The IR data of the product 

were listed in the following: 

Silica gel; IR (KBr, cm-1); 3438 (OH), 1632, 

1084, 800, 467 and sorbent; 3436 (OH), 1631, 

1391 (C=S).  

Fig. 2 shows the FT-IR spectra of ligand, silica 

gel and sorbent. The peak of C=O group in the 

sorbent is seen as a shoulder of the silica gel peak 

at 1631 cm-1. The peak appeared at 1391 is 

related to C=S band that confirms the reaction of 

the ligand and silica gel was successful to provide 

the new sorbent [19-21]. 

 
Fig. 1 Structure of ligand and sorbent. 

 

 
Fig. 2 (a) FT-IR spectra of silicagel, (b) sorbent and (c) 

ligand. 

 

2.5. Preparation of environmental water samples 

The sea water from Caspian Sea (Rudsar, Gilan, 

IRAN), river water from Sepid Rood (Astaneh 

ashrafieh, Gilan, IRAN) and tap water (Sanandaj, 

Kurdistan, IRAN) were collected in 1.5 L 

polyethylene bottles. The samples were acidified 

to the pH <2 using 5 mL of concentrated HNO3 

and were filtered by a filter paper to remove 

suspended particular solids in the case of the sea 

and river water samples. Then, all samples were 

stored at about 4 °C in the refrigerator. In order to 

determine the total mercury, 10 mL of water 

sample was transferred to a round-bottom flask, 

0.4 mL of H2SO4 (98%), 0.15 mL of HNO3 

(70%), 0.4 mL of K2S2O8 (5%) and 0.75 mL of 

KMnO4 (5%) were added and refluxed at 80  °C 

for 2 h. This solution was cooled, neutralized with 

sodium hydroxide and diluted to 100 mL in a 

volumetric flask and it was treated under 

recommended procedure. 4 For ET-AAS method, 

total mercury was determined by introduction of 

the samples to the GTA after filtration. 

 

2.6. Preparation of fish samples 

Three fish samples were collected from Caspian 

sea and its environment rivers, Caspian Vimba 

(Shalman river, Shalman, Gilan, IRAN),  Caspian 

Grass Carp (Shalman river, Shalman, Gilan, 

IRAN)  and Caspian Kutum (Caspian sea, Kiya 

Shahr sea port, Gilan, IRAN). For determining the 

total mercury in fish samples, 1.0 g of dried spinal 

muscle of fish was placed in a round-bottom flask 
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and 10 mL of HNO3 (70%), 10 mL of H2SO4 

(98%), 10 mL of K2S2O8 (5%) and 8 mL of 

KMnO4 (5%) were added to a round-bottom flask 

and the mixture was refluxed at ~250 °C for about 

2 h. The resulting solution was then cooled to 

room temperature, neutralized and diluted to 1000 

mL with ultrapure water. Then 100 mL of this 

solution was treated under the recommended 

procedure [4]. In the case of ET-AAS method, the 

final volume of digested solution was 100 mL and 

total mercury was determined by introduction of 

the samples to the GTA. 

 

2.7. Preparation of urine samples 

For determining the total mercury in urine 

samples, 10 mL urine sample, 0.5 mL of H2SO4 

(98%), 0.2 mL of HNO3 (70%), 0.5 mL of K2S2O8 

(5%) and 1 mL of KMnO4 (5%) were added to a 

round-bottom flask and refluxed at ~80 °C for 2 

h. This solution was cooled, neutralized with 

sodium hydroxide and then diluted to the mark in 

100 mL volumetric flask [22]. In the case of ET-

AAS method, the final volume of digested 

solution was 10 mL and total mercury was 

determined by introduction of the samples to the 

GTA. 

 

2.8. General procedure 

In a 100 mL centrifuge glass tube, 100 mL of  0.5 

μg L-1 of mercury(II) solution or real sample, 5 

mL phosphate buffer 0.5 M pH= 1.7 

(concentration in solution is 0.024M) and 115 mg 

of sorbent were added. The tube was put on the 

stirrer for 16 min at speed of 100 rpm. Then, the 

mixture was centrifuged at 3500 rpm for 5 min, 

after phase separation, the clear solution was 

removed. For desorption of the adsorbed mercury 

ions, the sorbent were rinsed with 5 mL 0.1 mol 

L-1 thiourea solution for 10 min on the stirrer at 

speed of 100 rpm. Then, the mixture was 

centrifuged at 3500 rpm for 5 min and the 

solution was transferred in a 5 mL flask and 

diluted to mark if necessary. Finally, the 

extractant was analyzed for mercury determination 

by CV-AAS. 

 

3. RESULT AND DISCUSSION  
The eluent for mercury desorption was 
investigated in the first step in order to achieve 
high recovery and absorbance for mercury. The 
main factors affecting the recovery of mercury, 
such as amount of sorbent, pH, extraction time, 
salt addition, stirring rate and time, a design with 
two steps (screening and optimization) was used 
for the experimental conditions. For this purpose, 
MINITAB16.2.2 (Minitab Inc., LEAD 
Technologies, Inc.) statistical package was used 

to generate the experimental matrix and to 
evaluate the results. 
 
3.1. Effect of type and concentration of desorbing 
reagent 
In order to choose a proper desorbing reagent for 
recovery of mercury (II) ions, 5 mL of various 
reagents were added to the sorbent after 
extraction of mercury from 100 mL 0.5      μg L-1 
of mercury solution. In this study, all of the 
experimental conditions were in the central point. 
The results are shown in Table1. As can be seen 
from Table 1, among the different reagents, 5 mL 
thiourea 0.1 M provides highest recovery. 
Therefore, this solution was chosen as an eluent 
for further study. 

 
Table 1. Effect of type and concentration of desorbing 

reagent on the recovery of from 100 mL 0.5 μg L-1 of 

mercury (II) solution. Conditions: all of the factors 

were in the central points (N = 3) 

Eluent Concentration 

(molL-1) 

Recovery (%) 

HCl 0.1 0.5 1 11.9 ± 

0.7 a 

20.8 ± 

1.2 

23.8 ± 

0.7 

HNO3 0.1 0.5 1 35.2 ± 

1 

50.8 ± 

1.2 

63 ± 2 

EDTA 0.01 0.1 - 13.3 ± 

0.7 

40.6 ± 

0.7 

- 

Na2S2O3 0.1 0.5 - 41.4 ± 

1.5 

50.2 ± 

2 

56 ± 

1.5 

Thiourea 0.1 0.5 - 63.1 ± 

1.2 

63.2 ± 

1.5 

- 

NaSCN 0.1 0.5 - 15.4 ± 

1 

25.6 ± 

0.7 

34 ± 1 

a Mean ± standard deviation. 

 
3.2. Experimental design 
In this study, optimization involved the 
maximization of recovery which assumed to be a 
function of several independent variables. Many 
methods have been devised to achieve this 
purpose. Among these methods, most commonly 
utilized by chemists is the technique of 
experimental design. The design of experiments is 
a part of response surface modeling (RSM) 
methodology [23]. There are many possible 
applications of these techniques in chemistry. 
They may be used, for example, to optimize the 
yield of reaction, to decrease the level of impurity 
present in an end product, to improve a 
chromatographic separation or optimization of 
extraction. Indeed, response surface is a graph of 
a response as a function of one or more factors. 24 
For an optimization for comparison traditional 
one factor at a time (OFAT) with response surface 
modeling, the change OFAT approach does not 
even reach the true optimum [25]. By application 
of RSM, it is possible to evaluate the interactions 
of possible influencing factors on treatment 
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efficiency with a limited number of planned 
experiments [26].  
 

3.2.1. Fractional factorial design (FFD) 

In the first step, the main factors affecting the 

extraction and recovery of mercury were 

determined. The main factors, their symbols and 

levels are shown in Table 2. As can be seen in 

Table 2, each variable was set at two possible 

levels, high and low, thus there are 2 7 = 128 

possible combination in full factorial design. This 

full factorial design is too many to carry out 

practice. For this reason, 2 7-3 fractional factorial 

design were used in our experiments and these 

run in a random manner to minimize the effect of 

uncontrolled variables.  
 

Table 2. Factors, their levels and symbols for fractional 

factorial design. 
Factors Symbol Low 

(-1) 

Central 

(0) 

High 

(+1) 

Amount of sorbent 

(mg) 

A 20 60 100 

pH B 1 4 7 

Extraction Time 

(min) 

C 2 9 16 

Salt (% W/V NaCl) D 0 2.5 5 

Speed of stirring 

(rpm) 

E 100 550 1000 

Time of desorption 

(min) 

F 1 5.5 10 

Speed of desorption 

stirring (rpm) 

G 100 400 700 

Factors: 7, Resolution with blocks: IV, Runs: 20, 

Replicates: 1, Fraction: 1/8, Blocks: 2, Center points 

(total): 4. 
 

Because the run time was not short enough to 

perform experiments during one working day, 

they were divided into two blocks and the two 

center points were added for each block for 

investigation of error estimate and curvature in 

the response. The design matrix and the responses 

are shown in Table 3. 
 

Table 3. Design matrix and the recovery for 27-

3fractional factorial design. 

R
un

  

B
lo

ck
s 

A
 

B
 

C
 

D
 

E
 

F
 

G
 

R
ec

ov
er

y 

%
 

1 1 -1 +1 -1 +1 +1 -1 +1 21.9 
2 1 0 0 0 0 0 0 0 62.1 

3 1 +1 -1 +1 +1 -1 -1 +1 69.7 

4 1 +1 -1 -1 +1 +1 +1 -1 36.2 
5 1 0 0 0 0 0 0 0 60.5 

6 1 +1 +1 -1 -1 -1 +1 + 31.8 

7 1 -1 -1 -1 -1 -1 -1 -1 30.3 
8 1 -1 -1 +1 -1 +1 +1 +1 33.9 

9 1 +1 +1 +1 -1 +1 -1 -1 52.5 

10 1 -1 +1 +1 +1 -1 +1 -1 15.4 
11 2 -1 -1 +1 +1 +1 -1 -1 29.0 

12 2 -1 +1 +1 -1 -1 -1 +1 11.8 

13 2 +1 +1 +1 +1 +1 +1 +1 53.6 
14 2 -1 -1 -1 +1 -1 +1 +1 29.1 

15 2 0 0 0 0 0 0 0 61.2 

16 2 +1 -1 +1 -1 -1 +1 -1 95.5 
17 2 0 0 0 0 0 0 0 61.7 

18 2 +1 +1 -1 +1 -1 -1 -1 31.4 

19 2 +1 -1 -1 -1 +1 -1 +1 50.0 
20 2 -1 +1 -1 -1 +1 +1 -1 21.0 

 

The analysis of variance (ANOVA) calculated 

with Minitab software package was shown in 

Table 4. In this table, values of p < 0.05 indicate 

the model terms are significant. Therefore, the 

main effects of A, C, D and B is large and the two 

factor interactions AC, BD, AB, AD and AE also 

appear to be important. A normal plot of these 

effects also shows that these effects are only ones 

to influence the recovery of mercury (Fig.3). The 

normal plot shows that salt has a negative effect 

in the recovery of mercury. Hence, no salt was 

added in the subsequence experiments. 

 

Table 4. Analysis of Variance (ANOVA) for fractional factorial design (coded units). 

Source Effect Seq SS DF Adj MS F value P value 
Blocks  43.51 1 43.51 11.65 0.042 
Main Effects  5252.89 7 750.41 200.91 0.001 
A 28.475 3243.30 1 3243.30 868.35 0.000 
B -16.725 1118.90 1 1118.90 299.57 0.000 
C 13.650 745.29 1 745.29 199.54 0.001 
D -5.000 100.00 1 100.00 26.77 0.014 
E -2.050 16.81 1 16.81 4.50 0.124 
F 2.425 23.52 1 23.52 6.30 0.087 
G -1.125 5.06 1 5.06 1.36 0.329 
2-Way Interactions  1610.96 7 230.14 61.62 0.003 
A B -3.675 54.02 1 54.02 14.46 0.032 
A C   16.700 1115.56 1 1115.56 298.68 0.000 
A D -4.600 84.64 1 84.64 22.66 0.018 
A E -6.850 187.69 1 187.69 50.25 0.006 
A F 0.825 2.72 1 2.72 0.73 0.456 
A G -1.375 7.56 1 7.56 2.02 0.250 
B D          6.300 158.76 1 158.76 42.51 0.007 
Curvature  1705.70 1 1705.70 456.68 0.000 
Residual Error  3.74 3 3.74   
Lack of Fit  9.80 2 9.80 13.95 0.065 
Pure Error                                         0.70 1 0.70   
Total  8624.27 19    
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This phenomenon may be due to a tendency to 

adhere of the sorbent to the walls of the glass tube 

decreasing the recovery of mercury at very high 

rotation speeds. Desorption time has little positive 

effect (F in Table 4) so, a high level (10 min) was 

selected for the further experiments. With these 

results and screening, the three important factors 

in extraction and determination of mercury were 

amount of sorbent, pH and extraction time. Thus, 

for more accurate investigation, central composite 

design was used in the next step. 

 

 
Fig.3 Normal plot obtained from the results of 

fractional factorial design. 

 

3.2.2. Central composite design (CCD) 

As can be easily seen in Table 4, the curvature in 

fractional factorial design model is significant. 

For this reason, a design is needed with more 

levels. Two-level  designs  can  only  lead  to  

linear  models  of  responses  giving no  

information  about  maxima  or  any  non-linear 

relationships.  Central composite designs require 

2k factorial points (also called cube points) + 2k 

axial points (also called star points) + nc center 

points run of experiments. A central composite 

design overcomes such problems presented by 

factorial design and star design. This kind of 

design provides the same efficiency as a factorial 

design at three levels but with a major number of 

concentration levels [16, 25, 27].  

The factors, their levels, symbols and design 

matrix for central composite designs are shown in 

Tables 5 and 6. The central composite design 

allows estimating the constant, linear terms, 

interactions between variables and the quadratic 

terms, according to the following model: 

R = β0 + ∑𝛽𝑖𝑥𝑖+∑𝛽𝑖𝑗𝑥𝑖𝑥𝑗+∑𝛽𝑖𝑖xi2 

For this design, the equation in coded value was 

% Recovery = -61.4284 + 1.5376 A+ 15.5993 B + 

5.0706 C -0.0081 A2- 1.9239 B2-0.1754 C2-

0.0549 AB + 0.0253 AC -0.2286 BC 

As can be seen, in the recovery equation, pH is 

most significant in such a way that the pH and 

extraction time interaction and quadratic term of 

pH was also significant. 

 
Table 5. Factors, their levels and symbols for central 

composite designs. 

Factors Symbol Low 

(-1) 

Central 

(0) 

High 

(+1) 

Amount of 

sorbent (mg) 

A 50 75 100 

pH B 1.5 3.25 5 

Extraction 

time (min) 

C 5 12.5 20 

Factors:3, Replicates: 1, Base runs: 20, Total runs:20, 

Base blocks:2, Total blocks:2, Two-level factorial: Full 

factorial, Cube points: 8, Center points in cube: 4, 

Axial points: 6, Center points in axial:  2, Alpha: 1.633. 

 
Table 6. Design matrix and the recovery for central 

composite designs. 

R
un

  

B
lo

ck
s 

A
 

B
 

C
 

R
ec

ov
er

y 

%
 

1 1 0 0 0 75.1 

2 1 -1 +1 +1 45.6 

3 1 +1 +1 +1 73 

4 1 +1 -1 +1 97.3 

5 1 +1 +1 -1 42 

6 1 0 0 0 75.3 

7 1 0 0 0 75.4 

8 1 +1 -1 -1 54 

9 1 0 0 0 76.3 

10 1 -1 -1 -1 36 

11 2 -1 +1 -1 33.3 

12 2 -1 -1 +1 60 

13 2 0 0 0 76.1 

14 2 0 0 0 75.9 

15 2 -1.633 0 0 43 

16 2 +1.633 0 0 80 

17 2 0 0 +1.633 71.3 

18 2 0 0 -1.633 26.2 

19 2 0 +1.633 0 48 

20 2 0 -1.633 0 70.7 

 

The analysis of variance (ANOVA) calculated 

with Minitab software package was shown in 

Table 7. In this table, regression value of model 

was significant and lack of fit of the model was 

not significant. From these results, the efficiency 

of the model was inferred.  
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Table 7. Analysis of Variance for central composite designs (coded units). 

Source Seq SS DF Adj MS F value P value 

Blocks 1.41 1 1.41 4.10 0.074 

Regression 7047.12 9 783.01 2278.13 0.000 

Linear 4888.61 3 298.96 869.81 0.000 

A 1728.72 1 412.84 1201.13 0.000 

B 613.85 1 287.52 836.53 0.000 

C 2546.05 1 584.93 1701.83 0.000 

Square 1859.92 3 619.97 1803.78 0.000 

AA 217.08 1 341.56 993.75 0.000 

BB 357.14 1 458.44 1333.81 0.000 

CC 1285.70 1 1285.70 3740.66 0.000 

Interaction 298.58 3 99.53 289.57 0.000 

A B 46.08 1 46.08     134.07 0.000 

A C 180.50 1 180.50    525.15 0.000 

B C 72.00 1 72.00     209.48 0.000 

Residual Error                             0.75 9 0.08   

Lack-of-Fit                    2.23 5 0.45 2.05 0.253 

Pure Error                               0.87 4 0.22   

Total 7051.62 19    

 

3.3. Response surface and selection of optimum 

condition 

The obtained regression model was used to 

calculate the three dimensional (3D) two factor 

response surface, when one of the variables is 

fixed at the central point and the other are allowed 

varying (Fig. 4). These figures show the existence 

of maximum in the recovery and interaction 

between the factors. Fig. 4.a shows that the 

recovery decreases ~30% at low amounts of 

sorbent. This decrease is due to lower adsorption 

capacity of adsorbent in the lower amounts. Fig. 

4.a and Fig. 4.c show the great importance of pH 

in complex formation and extraction of mercury. 

The recovery increases by increasing the pH up to 

1.5 and then decreases with pH beyond 2. The 

decrease in extraction of mercury (II) ions at 

higher pHs may be due to competition of 

hydroxyl ion with sorbent to react with analyte, 

while a decrease in lower pHs is due to 

protonation of sorbent at these pHs. Therefore a 

pH 1.7 was chosen for subsequent experiments 

and the pH was adjusted by addition of 5 mL of 

0.5 M phosphate buffer with pH= 1.7 to the 

sample solution. As can be seen from Fig. 4.b and 

4.c, the mercury extraction time is important and 

its maximum recovery is obtained in the 

extraction time of 21 min. Therefore, according to 

screening, optimization study and global solution 

of Minitab software response optimizer,115 mg of 

sorbent, pH=1.7, 21 min for extraction time, 0 % 

of salt and 100 rpm stirring rate for extraction, 10 

min for time of desorption and 100 rpm stirring 

rate for desorption were selected as the optimum 

values for determination and extraction of 

mercury. The predicted response recovery was 

101.03 %. 

 

 
Fig. 4. The three dimensional (3D) central composite 

design plots for the effects of variables on recovery of 

mercury (II). 
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3.4. Effect of the sample volume and enrichment 

factor 

In order to investigate the breakthrough volume, 

sample solutions of 25, 50, 100, 150, 200, 250, 

300, 350, 375, 400 mL containing 0.05 µg of 

mercury (II) were studied according to the 

recommended procedure. For experiments using 

higher sample volumes than 100 mL, the 

extraction procedure was done in an appropriate 

beaker. After collection of the sorbent and 

desorption of the analyte, determination of 

mercury was done under the recommended 

procedure. It was found that mercury could be 

quantitatively recovered up to 350 mL of the 

sample volume. Thus, the enrichment factor of 

the method was calculated to be about 70. 

 

3.5. Effect of diverse ions 

The effects of common potentially interfering 

ions on the recovery of mercury (II) were also 

studied. In these experiments, 100 mL of 

solutions containing mercury (II) (500 ng L-1) and 

various amounts of diverse ions were treated 

according to the recommended procedure under 

optimum condition. A given species was 

considered to interfere if it resulted in a ±5 % 

variation of the absorbance signal. As shown in 

Table 8, most of the cations, anions and organic 

species had no obvious influence on the 

determination of mercury under selected 

conditions. The result shows that, the method is 

highly selective in the presence of different 

species. This may be due to formation of more 

stable complexes of Hg (II) as a soft acid with 

sulfur atoms of the ligand as a soft base in the 

new synthetic sorbent compared to other metal 

ions studied [28]. 

 
Table 8. Effect of coexisting ions on the extraction of 

500 ng L-1 mercury (II). 

Coexisting ions Tolerance limit  

(mg L−1) 

Na +, NO3
- 2500 

K +, Cl- 2000 

Ba 2+, F -, Acetate 1500 

Mg 2+, Fe 3+, Co 2+, Ni 2+, Ca2+, 

NH4
+ 

800 

CO3
2-, Oxalate 500 

Zn2+, EDTA, SO4 
2-, Citrate 400 

Cu 2+, Al 3+, Cr 3+, Urea 300 

Pb2+, Cd 2+, Bi 3+, I - 200 

Ag +, Mn2+ 100 

As3+ 30 

 

3.6. Reusability and loading capacity of the 

sorbent 

The reusability of the sorbent in several 

successive adsorption and desorption processes 

was studied. The obtained results showed that the 

sorbent could be reused up to 70 times without 

any considerable loss in its adsorption efficiency. 

The maximum loading capacity of the sorbent 

was obtained from the injection of 115 mg of 

sorbent to a 100 mL of 5.0 μg L-1 mercury (II) 

solution and the determination of mercury in 

eluent according to the recommended procedure. 

The loading capacity was 1.91μg g-1. 

 

3.7. Analytical figures of merit 

The analytical characteristics of the proposed 

method, including linear range, limit of detection 

(LOD), limit of quantification (LOQ), relative 

standard deviation (RSD), correlation coefficient 

(R2), and enrichment factor were obtained. Under 

the optimum experimental conditions, analytical 

curve was achieved by analyzing 100 mL of 

mercury (II) standard solution containing a known 

amount of target ion in the range of 5.0–2000 ng 

L-1. The analytical curve was linear in the range 

of 10.0–1600 ng L-1 with a correlation coefficient 

(R2) of 0.999. The regression equation was A = 

1.310 C - 0.01, where A is the absorbance and C 

is the concentration of mercury (II) in ng mL-1. 

The limit of detection (n = 10, LOD = 3σblank / m) 

and limit of quantification (n=10, LOQ = 10 

σblank/ m) where m is the slope of the analytical 

curve in accordance to IUPAC recommendation, 

were obtained 2.3 ng L-1and 7.6 ng L-1 

respectively. The RSD for ten replicate 

measurements of 500 ng L-1 of mercury (II) ions 

was 2% and the recovery of extraction calculated 

according to: (Ce .Ve) / (Cs. Vs)  100, where Ce 

and Cs are the concentrations of mercury in eluent 

and sample solution, Ve and Vs are the volumes of 

the eluent and the sample solution respectively, 

was about 98.5 %. The Ce calculated with 

separate calibration curve with addition of known 

amount of mercury with different concentration in 

eluent matrix 

 

3.8. Applications 

The proposed method was successfully applied 

for determination of total mercury in different 

natural waters, urine and fish samples. The results 

along with the recovery for the spiked samples 

and ET-AAS method were given in Tables 9, 10. 

The accuracy of proposed method was evaluated 

by means of recovery experiments and analysis of 

samples with ET-AAS method. As can be seen, 

the added mercury was quantitatively recovered 

from all samples and the obtained results are in 

good agreement with ET-AAS values. A student’s 

t- test indicated that there was no significant 

difference between SPE-CV-AAS and ET-AAS 

experimental results. These results indicate the 
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validity of the proposed methodology for analysis 

of mercury in real samples. 

Separation and determination of mercury by 

developed method were compared with the other 

reported preconcentration methods. The results 

are shown in Table 11. As can be seen, the 

proposed procedure shows a limit of detection 

comparable to or better than the others. Likewise, 

wide linear dynamic range and high enrichment 

factor, which are better in most cases or are 

comparable with reported methods in other cases 

and high selectivity would make this method 

suitable for measuring the concentration of 

mercury in various samples. 

 

Table 9. The application of proposed method for analysis of natural water and urine samples (units of all data 

are ng mL-1, N=3). 
 

Sample 

Hg  

added          

Hg found 

ET-AAS method        

Hg found 

SPE-CV-AAS         

(Recovery%) 

T Value 

Tap water  

(Sanandaj, Kurdistan,  

IRAN) 

0 

0.5 

5 

 BDLa 

BDL 

5.95 ± 0.1  

0.95 ± 0.01b 

1.43 ± 0.03 (96) 

5.93 ± 0.05(91) 

- 

- 

0.31c 

River water 

(Sepid Rood, Astaneh 

Ashrafieh, Gilan, IRAN) 

0 

0.5 

5 

BDL 

BDL 

6.18 ± 0.08 

1.23 ± 0.02 

1.75 ± 0.02(104) 

6.22 ± 0.03(91) 

- 

- 

0.81 

Sea water 

(Caspian sea, Rudsar, 

Gilan, IRAN) 

0 

0.5 

2 

13.68 ± 0.06 

14.18 ± 0.07 

15.67 ± 0.2 

13.62 ± 0.05 

14.12 ±  0.06(100) 

15.61 ± 0.05(80) 

1.33 

1.13 

0.5 

Urine 

(Child without filled teeth 

by amalgam ) 

0 

0.5 

5 

3.81 ± 0.05 

4.31 ± 0.06 

8.77 ± 0.1 

3.85 ± 0.04 

4.36 ± 0.06(102) 

8.85 ± 0.06(100) 

1.08 

1.02 

1.19 

Urine 

(Male with 2 filled teeth 

by amalgam ) 

0 

0.5 

5 

8.97 ± 0.03 

9.45 ± 0.07 

13.95 ± 0.1 

9 ± 0.02 

9.48 ± 0.03(96) 

14.02 ± 0.03(91) 

1.44 

0.68 

1.16 
a  Below detection limit. 
b Mean ± standard deviation. 
c t = (x̅1 -  x̅2) / sp (1 / n1 + 1 / n2), Student’s t-test with probability 95% = 2.78 (Degree of freedom = 6 – 2). 

 

Table 10. The application of proposed method for analysis of fish samples (units of all data are μg g-1, N=3). 

Fish sample English name Hg 

added       

Hg found  

ET-AAS 

Method  

Hg found 

SPE-CV-AAS method 

(Recovery%) 

T-Value 

SiyahKoli 

(Shalman Rood, 

Shalman,Gilan, IRAN) 

Caspian Vimba 0 

0.1 

0.5 

0.4 ± 0.05a 

0.49 ± 0.06( 

0.88 ± 0.06 

0.41 ± 0.02 

0.52 ± 0.02(110) 

0.93 ± 0.03(87) 

0.32b 

0.96 

1.29 

Kapor 

(Shalman Rood, Shalman, 

Gilan, IRAN) 

Caspian Grass 

Carp 

0 

0.1 

0.5 

0.53 ± 0.04 

0.62 ± 0.05 

1.03 ± 0.04 

0.54 ± 0.03 

0.65 ± 0.019(110) 

1.05 ± 0.02(85) 

0.35 

1.02 

0.77 

Sefid 

(Caspian sea,Kiyashahr 

seaport,Gilan, IRAN) 

Caspian Kutum 0 

0.1 

0.5 

0.71 ± 0.06 

0.82 ± 0.05 

1.23 ± 0.07 

0.73 ± 0.03 

0.85 ± 0.03(90) 

1.26 ± 0.02(88) 

0.52 

0.89 

0.71 
aMean ± standard deviation. 
bt = (x̅1 -  x̅2) / sp (1 / n1 + 1 / n2), Student’s t-test with probability 95% = 2.78 (Degree of freedom = 6 – 2). 

 
Table 11. Characteristic performance data obtained by using the proposed and other reported methods for mercury (II) 

determination. 

Analytical technique LOD       

(ng L-1) 

LDR                (ng 

L-1) 

Efa 

 

RSD         (%) Ref. 

SPE-CV-AAS            12 20-1200 333 3.9 4 

SPE-CV-AAS            2.5 - 25 <6 29 

DLLMEc-CV-AAS            30 500-100000 310 4 30 

SPE-CV-AAS  10 100-30000 28 3.4 31 

SPE-CV-AAS 1.87 6.25-310 128 2.98–4.45 32 

SPE-GC-MS 1 3-800 250 6.3 33 

CPEd-HPLC- ICP-MS 4 50-10000 42 1.08 34 

SPE-CVAAS 160 - 100 2.2 35 

CPE-UV-Vis 830 5000-80000 33 0.27 36 

SPEb-CV-AAS            2.3 10- 1600 70 2 This work 
aEnrichment factor; bSolid-phase extraction; cDispersive liquid–liquid microextractiondCloud point extraction. 
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4. CONCLUSIONS 

 In the present work, synthesis a new selective 

and sensitive sorbent was presented and described 

for the first time for determination of mercury (II) 

in water, fish and urine samples. Optimization of 

extraction was done based on the chemometrics 

methods such as design of experiments (DOE) 

that evaluate the interactions of possible 

influencing factors on treatment efficiency with a 

limited number of experiments and reaching the 

true optimum. Desorption and reuse experiments 

indicated that the adsorbent could be regenerated 

and reused almost without any loss of adsorption 

capacity for 70 times.  
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