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CHAPTER I 

 

INTRODUCTION 

 

1.1   Statement of purpose 

 

Mercury is an element that has been used in various applications for 

industries. The main sources of mercury in marine environment come from both 

human activities and natural source. In natural water there are three main forms of 

mercury, namely, element mercury (Hg
0
), inorganic mercury (II) (Hg

2+
 and its 

complexes) and organic mercury (MMeHg and its complexes, DmeHg) (Leopold et 

al., 2010). Mercury can be converted into more toxic forms of DMeHg in natural 

water by biogeochemical transformation processes (Mason et al., 2012). 

Generally, average concentration of mercury in open seawater is in the range 

of 10–54 ng L
-1

 as cited in (Thongra-ara and Parkpian, 2002). There are several 

analytical techniques for determination of mercury in seawater such as inductively 

coupled plasma atomic emission spectroscopy (ICP-AES) (Chai et al., 2010), 

inductively coupled plasma mass spectroscopy (ICP-MS) (Gaulier et al., 2015), cold 

vapor atomic absorption spectrometry (CV-AAS) and cold vapor atomic fluorescence 

spectrometry (CV-AFS) (Mao et al., 2008), etc., but all these techniques do have 

some inherent limitation. However, atomic fluorescence spectrometry (AFS) have 
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most been suggested as the most promising technique for determination of mercury in 

water sample.  

However, a suitable analytical technique is still necessary to develop it. 

Because of in natural water mercury is at extremely low concentration with matrix 

interference. The preconcentration technique such as liquid-liquid extraction (Li et al., 

2007) ion-exchange (Chen et al., 2013) and solid phase extraction (Hashempur et al., 

2008, Pourreza and Ghanemi, 2009, Pourreza et al., 2009, Panichev et al., 2014) are 

generally used before determination of mercury as a mean to increase sensitivity and 

reduce matrix interference.  

Solid phase extraction, which is the technique that use an absorbent to separate 

an analyte from the sample, have become popular technique for preconcentration of 

trace element because of its advantages in removing interference from matrix, easy to 

operate and inexpensive. Thus, to improve sensitivity of solid phase extraction this 

can be done by developing a suitable absorbent.  

Since, mercury is classified as a soft acid and has good affinity toward sulfur-

functionalized with ligand. Such as xanthate (Cui et al., 2015), thiol group (Zhang, 

Wang et al. 2009, Hadavifar, Bahramifar et al. 2014, Wang, Chen et al. 2014, Pavase 

et al., 2015), pyridine based on thiol (Sonmez and Bicak, 2002) and dithiozone (Shah 

and Devi, 1996) which lead to the choice of N-(2-chloro benzoyl)-N’-phenyl 

thiocarbamide chemically with sulfur powder use as an absorbent for mercury 

preconcentration from natural water. 

     In this research, a simple and inexpensive method for the solid phase extraction of 

mercury from seawater based on the adsorption of itself on sulfur powder chemically 
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modified with N-(2-chloro benzoyl)-N’-phenyl thiocarbamide was tested for its 

optimum conditions. Various conditions such as pH solution, ligand quantity, elute 

type, flow rate, sample volume and sorption capacity have been studied in detail. 

Consequently, the procedure was validated by analysis of double deionized water and 

synthetic seawater.    

 

1.2   Purpose of this research  

 

1) To optimized parameters for the mercury extraction from seawater by using 

developed sulfur absorbent. 

2) To study relationship between saline water and effective of column.    

 

1.3   Scopes of this research  

 

In this research was focus on the optimum and validate method for 

preconcentration and determination of mercury from saline water. Modified sulfur 

absorbent was prepared. Then, the optimized parameters such as pH, ligand quantity, 

amount of an absorbent, the elute type, flow rate of absorption and elution, sample 

volume and salinity content were investigated. In addition, the optimized parameters 

were validated and applied for real saline water sample.  
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1.4   The benefit of this research 

 

A simple and high precision and inexpensive method for preconcentration and 

determination mercury from saline water sample at nanogram level using AFS was 

obtained. 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

5 

CHAPTER II 

 

THEORY AND LITERATURE REVIEW 

 

2.1   Mercury measurement 

 

There are several methods for determination of trace elements in 

environmental sample. The spectrometry is one of the most popular method for 

determination of trace elements in seawater because of it is high accuracy and 

precision. Since mercury is one of the trace elements in natural water. The technique 

employed for mercury determination are usually classified in the same category as 

those employed for trace elements. However, mercury is relatively more volatile than 

other elements. Specific consideration has to be taken into account.  
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Figure 1 Reviews the spectroscopy techniques for determination mercury in water 

sample. 

Historically, atomic spectroscopy has been a first method for determination of 

trace elements in water sample. Monteiro et al., 2002 designed the sequential 

reduction of mercury (II) and methyl mercury based on the on-line selective reduction 

of the species using two gas–liquid separators and Cold vapor-atomic absorption 

spectrometry (CV-AAS) detection with the detection limits of 400 and 600 ng L
-1

 for 

mercury (II) and methyl mercury, respectively. 

Flame atomic absorption spectroscopy (FAAS) had also been largely 

employed because of its ease of use, cheap to operate and relatively high precision 

(Hatch and Ott 1968). However, its detection limit is not low enough to determination 

the concentration of mercury in environmental sample. To overcome these problem, 

Graphite furnace atomic absorption spectroscopy technique was later introduced to 

perform measurement at lower detection limit than FAAS (Orani et al., 2015). 

Though GFAAS has a lower detection limit but chemical interferences and limitation 

ICP-OES 

(de Wuilloud et al., 

2002) 

FAAS 

(Hatch, 1968) 

GFAAS 

(Dressler et al., 2009) 

Optical spectroscopy 

AES AFS AAS 

Atomic spectroscopy 

Mass spectroscopy 

CV-AFS 
(da Silva et al., 2013) 

 

ICP-MS 

(Pyhtilä et al., 2012) 
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in dynamic range are still unavoidable. Dressler et al., 2009 tried to improve the 

sensitivity of AAS by combining ion exchange and amalgamation with AAS for 

determining mercury speciation in urban landfill leachate by cold vapor - atomic 

spectrometry (CV-AAS) with detection limits of mercury (II) and methyl mercury 

were 9 and 12 ng L
-1

, respectively. Again, this technique is still not capable to achieve 

detection limit low enough for determination of mercury in seawater. 

The cold vapor atomic emission spectrometry (CV-AES) was later studied by 

Yuan et al., 2014. This technique offers several advantages such as ease of use, low 

gas consumption and small-size sample, but its disadvantage is the spectral 

interferences. 

Another improvement came with Inductively coupled plasma mass 

spectrometry (ICP-MS) in EPA method 200.8 for determination of trace elements in 

water and waste (De Smaele et al., 1999, Deshommes et al., 2010). The main 

advantage of this technique is its detection limit. Chen et al., 2013 studied the 

speciation of mercury compounds by cation exchange chromatographic separation 

and inductively coupled plasma mass spectrometry (ICP-MS). The detection limits for 

mercury (II), methyl mercury, ethyl mercury and phenolic mercury were 19, 27, 31 

and 22 ng L
−1

, respectively. Since then, cold vapor generation couples with 

spectrometry was become very popular. A cold vapor - inductively coupled plasma 

mass spectrometry (CV-ICP-MS) technique determining of mercury in humic-rich 

natural water samples performed with a lowest detection limit of 0.7 ng L
-1

 (Pyhtilä et 

al., 2012). However, the disadvantages of inductively coupled plasma mass 
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spectrometry are still spectral interferences, time consumption and expensive 

operational cost.  

The latestest attempt came when EPA (Environmental protection agency) 

published “Mercury in Water by Oxidation, Purge and Trap, and Cold Vapor Atomic 

Fluorescence Spectrometry” (EPA Method 1631) which was specifically developed to 

provide reliable technique of mercury determination in water sample (Leopold et al., 

2008). Major disadvantages of AFS are the lifetime of gold traps and contamination 

can quench the fluorescence signal (Wu et al., 2012). A comparison was then made 

between ICP-MS and Gas chromatography-atomic fluorescence spectrometry in 

marine samples by (Armstrong et al., 1999). The limits of detection were 9x10
-4

 and 

2.5 x10
-4

 ng for ICP-MS and AFS, respectively. 

Recently, AFS has become the most suitable choice for determination of 

mercury in natural water. In addition, EPA recommenced that AFS has been useful 

method for determination of mercury because of many benefits such as high 

selectivity, sensitive and time consumption. Nevertheless, direct injection of mercury 

from real sample water is still difficult. Since concentration of mercury is extremely 

low. Another reason is the high concentration of matrix elements in the samples, 

which can affect the signal of mercury and clogging in instrument and cause memory 

effect in the detection system (Dwinna, 2009). So once again preconcentration had a 

chance to show its usefulness in reducing these problems. 
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2.2 Preconcentration 

 

Mercury has extremely low concentration in seawater. Thus, preconcentration 

step is very necessary to improve sensitivity and removal of matrix from sample. The 

methods for determination of mercury are reviewed below. 

Preconcentration techniques are usually required for a reliable measurement of 

mercury in seawater. The advantages of preconcentration techniques are not only to  

eliminate the matrix but also to enrich the trace element concentration (Dalman et al., 

2007, Ashkenani et al., 2009). Preconcentration techniques for pre-treatment and 

separation trace elements from natural water can be classified in to three main types: 

coprecipitation, solvent extraction and solid phase extraction.  

Coprecipitation can separate mercury from natural water sample by 

transferring trace elements into precipitate form. Solvent extraction is another method 

that can separate an analyte by using liquid reagent used as a solvent. Disadvantages 

of these two techniques are the large amount of reagents and effect of emulsion that 

cause of loss of an analyte, and time consuming. On the other hand, solid phase 

extraction technique has been more widely used since it can be applied in small size 

column, easy for operation and less time consumption.  

 

2.3 Solid phase extraction  

 

The advantage of this techniques are elimination of a large amount of matrix 

elements, requiring small sample volume, low cost, no needs for special apparatus, 
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and its capability in removal interference from matrix (Dwinna, 2009). According to 

the hard soft (Lewis) acid base principle (Table 1) mercury is classified as a soft acid 

and has an extremely high affinity in binding with sulfur atom (soft base) through 

covalent attachment and can be immobilized strongly in the adsorbent (Wajima and 

Sugawara, 2011).  

Table 1 Peason Hard Soft[Lewis] Acid Base Species (Vas and Vekey, 2004). 
 

 Hard Boderline Soft 

 

Acids 

Na
+
, K

+
, Mg

2+
, Ca

2+
, Cr

3+
, 

Al
3+

, Ga
3+

, Co
3+

, Fe
3+

 

Cu
2+

, Zn
2+

, Pb
2+

, 

Bi
3+

 

Ni
2+

, Co
2+

, Fe
2+

 

Cu
+
, Au

+
, Ag

+
, 

Hg
2+

, Hg
+
, Cd

2+
 

 

 

Base  

 

 

H2O, NH3, OH
-
 

Carbonate, Sulphate 

Carboxylates, Ethers 

Nitrate Alcohol 

Aniline 

Imidazole 

Pyridine 

Nitrite 

Azid 

Phenyl groups 

Thiols 

Ethylene 

Thioethers 

Cyanide 

  

     Nevertheless, the mercury – thiols interaction is not specific (Yetimoğlu et al., 

2009). There are many articles about developed of absorbent containing supported 

ligands for improve selectivity and efficiently for removal of mercury from aqueous 

solutions such as xanthate (Cui et al., 2015), thiol group (Zhang et al., 2009, 

Hadavifar et al., 2014, Wang et al., 2014, Pavase et al., 2015), pyridine based on thiol 

(Sonmez and Bicak, 2002) and dithiozone (Shah and Devi, 1996). As mentioned thiol 

group show a good performance ligand for improve selectivity for an absorbent for 

preconcentration mercury from natural water (Table 2).    
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Table 2 The different types of absorbent and ligand had been used for 

preconcentration of trace elements for water sample (Leopold et al., 2010). 

 

 

 

Ligand 

 

Absorbent 

Analytical 

method 

LOD 

(ng L
-1

) 

 

Real samples 

5,5’-dithiobis(2-

nitrobenzoic acid) 

Octadecyl silica 

membrane disks 

 

AAS 

 

2 

 

water samples 

1-acylthio 

semicarbazide 

 

Activated carbon 

 

ICP-OES 

 

120 

 

natural water 

 

Gold 

 

Silica 

 

AFS 

 

0.18 

natural water and 

waste waters 

 

2-mercapto 

benzimidazole 

 

Agar powder 

 

AAS 

 

20 

 

drinking waters, 

waste waters  

2-(2-oxoethyl) 

hydrazine carbo 

thioamide 

 

Silica gel 

 

ICP-OES 

 

100 

 

river water and 

tap water 

Sodium dodecyle 

sulfate 

Magnetite 

nanoparticles 

 

ICP-OES 

 

40 

Tap water, well 

water and mineral 

waters 

 

1,5 - diphylcarbazide 

Magnetic 

nanoparticles 

 

CV-AAS 

 

160 

 

Dithiozone Silica gel CV-AAS 20   
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2.4 Sorption capacity  

The principle of solid phase extraction is a method for separation of an analyte 

from aqueous solution onto solid support (absorbent). The distribution coefficient 

(Kd) shows ratio between concentration of an analyte in solid phase and concentration 

of analyze element in aqueous phase. The efficiency of absorbent can be expressed by 

sorption capacity.  

      The Langmuir isotherm model is a general model for adsorption on a completely 

homogenous surface. The maximum adsorption depend on saturation of the 

monolayer (Bai et al., 2011, Murugesan et al., 2012). Moreover, mercury can be 

adsorbed monolayer on the solid support so that can related with Langmuir isotherm 

model.      

The mathematical description of this model is 

 

fN

C
  =   

fsbN

1
 +  

fsN

C
 

 

 

Where C  is  the equilibrium concentration of the metal ions in the solution (mol L
-1

) 

         Nf   is the adsorbed value of the metal ion at equilibrium concentration (mol g
-1

) 

         Nfs is the maximum adsorption capacity (mol g
-1

)  

         b is the Langmuir binding constant  
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2.5 Quality control  

   

Calibration is a common acceptable part in analytical procedures, which is  

external standard and internal standard addition method. External standard calibration 

curve is a procedure in analytical method that having no matrix effect. Internal 

standard addition calibration curve is a procedure in analytical method that can 

minimize error from matrix effect (Chan et al., 2004).   

 

2.5.1 Internal standard addition method  

 

Internal Standard addition or spike method is a common procedure suitable for 

analyzing aqueous sample, in the presence of matrix. In order to determine relative 

respond of an analyte, the known amount of analyte were added to the sample. The 

relative respond is used in estimation of either operative interference or analyte 

concentration. There are several step for spike method procedure. First, unknown 

concentration (Vx) of sample are transferred to a series of volumetric flask (Vi as a 

volume). Second, Added a series of a small volume of standard (Vs) with known 

concentration (Cs). Third, added the reagent and adjusted the volume each of the 

solutions. Finally, measure each of the solutions to receive a signal value (S) 

(Chandran and Singh, 2007). 
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S = 
t

ss

V

CV
   +   

t

xx

V

CV
 

 

The graph plot between S and Vs as shown in figure 2, the slope m =  
t

s

V

C
 and 

intercept b = 
 t

xx

V

CV
 and unknown concentration (Cx) can be calculated form equation  

        

 

m

b
 = 

t

xx

V

CV
   x   

s

t

C

V

 

 

Cx  = 
x

s

mV

bC
 

 

 

 

 

 

 

 

 

 

 

Figure 2 Linear calibration curve for spike method. 
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       2.5.2 Quality control 

 

The validation of analytical method was performed to ensure the performance 

of the developed method, in terms of the reliability and accuracy. 

 

                    2.5.2.1 Accuracy  

 

The accuracy of an analytical procedure is the closeness of mean test results of 

the developed method to a true value or an acceptance reference value. The true value 

of accuracy can be demonstrated by several ways (Chandran and Singh, 2007, Ermer 

and Miller, 2014). The result of the method is either compared with certified reference 

material or reference method. Or, accuracy assessment can be calculated by using of 

recovery from spiked samples. Spiking recovery can be calculated through percentage 

of recovery, which is the amount of metal eluted from column per the amount of 

metal in initial sample. 

 

                    2.5.2.2 Precision  

 

The precision of an analytical procedure is described by the closeness of 

individual measurement which is in agreement between series of the results obtained 

from multiple sampling of the same homogenous sample under optimum conditions. 
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There are three types of precision that can be demonstrated for an analytical method. 

First, repeatability precision (intra-run precision), which is the precision under 

condition that the result obtained with the same method in the same laboratory using 

the same operator and equipment within short time. Second, intermediate precision 

(inter-run-precision), which is the precision under condition that the result obtained 

with the same method in the same laboratory using different operator and equipment 

within extended of time. Third, reproducibility precision (inter-laboratory precision), 

which is the precision under condition that the result obtained with the same method 

in the different laboratories using different operator and equipment. The precision can 

be expressed by using percent relative standard deviation (RSD) or standard deviation 

(SD) (Taverniers et al., 2004).  

         

                         2.5.2.3   Sensitivity  

 

The sensitivity of an analytical procedure is defined as the increase in signal 

with unit increase in concentration or the ability of the analytical method to identify 

small differences in concentration of the analyte (Chandran and Singh, 2007). The 

sensitivity can be obtained by plotting the signal against the analyte concentration, 

which is the slope of calibration graph. 

 

                2.5.2.4   Limit of detection and Limit of quantitation 
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The limit of detection (LOD) of an analytical procedure is the lowest of 

concentration of an analyte in the sample that can be detected but not necessarily be 

quantitated. The limit of quantitation (LOQ) of an analytical procedure is the lowest 

of concentration of an analyte in the sample that can be detected with acceptable 

precision (Chandran and Singh 2007). The limit of detection (LOD) and the limit of 

quantitation (LOQ) can be obtained by measuring three and ten times of standard 

deviation of blank signal, respectively. 

                      2.5.2.5   Linearity 

   

The linearity of an analytical procedure is defined as the ability (within range) 

to receive test results, which are directly proportional to the amount of an analyte 

concentration in the sample over the range of interest. The linearity can be expressed 

by measuring the signal of standard solutions in the range of interest. The linearity is 

evaluated as a relationship between signal and known concentration of an analyte as 

can be seen in figure 3. The range of an analytical procedure refer to interval between 

the upper and lower amounts of an analyte in the sample, which is suitable amount of 

accuracy, precision, and linearity has been demonstrated.  (Chandran and Singh, 

2007) 

 

 

 

Figure 3 The linear calibration curve for standard addition (Spiked) method. 

Linear range  

Slope = sensitivity  
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2.6 Literature reviews 

 

Recently, many solid phase extraction for a preconcentration techniques for a 

preconcentration step to separate mercury ions from real sample water were 

published. Agar functionalized with 2 - mercaptobenzimidazole column was studied 

for determination of mercury in water samples. After preconcentration step, the cold 

vapor atomic absorption spectrometry (CV-AAS) was employed. The limit of 

detection obtained under optimum conditions was 20 ng L
-1

. The relative standard 

deviation (RSD.) for the determination were 400 and 2000 ng L
−1

 of mercury (II) ions 

and methyl mercury were 2.6 and 1.9%, respectively (Pourreza and Ghanemi, 2009).  

Silica is one of the widely used as a support material. Segada and Tyson. 

(2007) preconcentated methylmercury and inorganic mercury in water samples by 

extraction with silica C18 modified with ammonium pyrrolidine dithiocarbamate 

(APDC), followed by slurry sampling cold vapor atomic absorption spectrometry (SS-

CVAAS) in a flow injection (FI)  system. The detection limits were 0.96 and 0.25 ng 

L
-1

 for methyl mercury and inorganic mercury, respectively. Bai et al.(2011) 

determined traces of lead, cadmium, copper, and mercury from aqueous solution by 

extracting with silica-supported dithiocarbamate adsorbent. The adsorption process 

was studied by using Langmuir, Freundlich and Dubinin–Radushkevich (D–R) 

adsorption isotherms. The adsorption capacities were found to be 0.34, 0.36, 0.32 and 

0.40 mmol g
−1

 for lead, cadmium, copper, and mercury, respectively. 

Cellulose can also be used as a support material. A cellulose column modified 

with diphenylthiocarbazone ligand use for the preconcentration of inorganic mercury 
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in water samples involving complexation with modified cellulose column. Desorption 

of mercury from column by using polyethylene glycol. The concentration of mercury 

was determined using visible spectrometry. The calibration curve was linear in the 

range of 0 - 2x10
6
 ng L

-1
 of mercury with a detection limit of 2x10

3
 ng L

-1
. The 

relative standard deviation (RSD.) of the method was found to be 3.5% (Rajesh and 

Gurulakshmanan, 2008).  

Resin chelating with N,N’-di (carboxymethyl-dithiocarbamate) for extracted 

heavy metals such as copper, lead, and nickel from aqueous solutions. The kinetic and 

isotherm date were evaluated with Laguerre-second-order equation and Langmuir 

model, respectively. The maximum adsorption capacities were in order of lead > 

copper > nickel. The electrostatic attraction found in the range of 0.1–1 mmol L
-1

 and 

the chelating adsorption was in the range of 1–5 mmol L
-1

. Enthalpy change values 

were 16.80, 17.49 and 12.54 kJ mol
-1

 for copper, lead and nickel, respectively (Jing et 

al., 2009). 

Sulfur absorbent is another absorbent have been used for preconcentration of 

trace elements in real water sample. Pourreza et al. (2009) modified sulfur powder 

column with N-(2-chloro benzoyl)-N’-phenylthiourea and determination mercury in 

water samples by cold vapor atomic absorption spectrometry. The limit of detection 

(LOD) with 250 and 1000 mL sample volume were 12 and 3 ng L
−1

, respectively. 

Pourreza et al. (2010) modified sulfur powder column with 2 – mercaptobenzo 

Thiazole (2-MBT) in the 1-butyl-3-methylimidazolium hexafluorophosphate ionic 

liquid solution for preconcentrated of cadmium in water samples with limit of 

detection was 4.6 ng L
-1 

and the relative standard deviation (R.S.D.) of 25 and 150 ng 



 

 

 

20 

L
−1

 of cadmium were 4.1 and 2.2%, respectively. The method was validated by the 

analysis of a certified reference material DORM-3, water and fish sample. 

According to previous study, sulfur chemically with N-(2-chloro benzoyl)-N’-

phenylthiocarbamide showed a good performance for preconcentration of mercury. 

However, the effective in seawater and sorption capacity still need to studies to fulfill 

the understanding.     
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CHAPTER III 

Experiment 

3.1 Instrument 

 

3.1.1 Cold vapor atomic fluorescence spectrometer 

 

Determination of mercury (II) ions concentration was performed by an atomic 

fluorescence spectrometer (mercurDUO plus, AnalytikJenaR, Germany). For Hg
0
 

vapor generation, 2% stannous (II) chloride in 4% hydrochloric acid, 2% hydrochloric 

acid and argon gas were used as a reducing agent and carrier solution, respectively. 

The Mercur parameter used enrichment without reloading mode which is enriched 

mercury vapor by using gold collector. During measurement mercury is thermally 

desorbed from gold collector and swept to the cell by an argon stream. Then, the tubes 

and components have to be rinsed by acids after each sample measurement. The 

condition for cold vapor atomic fluorescence spectrometry are shown in Table 3. 
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Table 3 The conditions for cold vapor atomic fluorescence spectrometry.   

 
 

Parameter Operation time 

Sample load time  

   Gas flow 

Reaction time  

Purge time 1 

Waiting time AZ 

Purge time 2 

   Gas flow 

Purge time 3 

   Gas flow 

Heating time collector 1 

Cooling time collector 1 

Sample pump speed  

  Wash time acid  

10 s 

10 (NL/h) 

6 s 

30 s 

5 s 

15 s 

5 (NL/h) 

25 s 

10(NL/h) 

20 s 

50 s 

Level 3 

10 s 

 

          3.1.2  pH meter 

The pH of sample solution was measured by pH meter.     

          3.1.3  Hand refractometer  

The salinity of solution was measured by hand refractometer. 

          3.1.4 Peristaltic pump  

 The flow rate was controlled by peristaltic pump. 
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3.2 Chemicals  

All chemicals used in this research are listed in Table 4.  

 

Table 4 List of chemicals 
 

Chemicals Grade 

Acetone 

Ammonium thiocyanate 

Anhydrous magnesium sulfate 

Aniline 

2 – chloro benzoyl chloride 

Citric acid 

Dimethyl formamide 

Ethanol 

Hydrochloric acid 

Hydroxylamine 

Mercury standard solution (1,000 mg L
-1

) 

Methylene chloride 

Nitric acid 

Polyethylene glycol-400 

Potassium bromide 

Potassium bromate 

Potassium persulfide 

Permanganate 

Sodium hydroxide 

Sulfuric acid 

Sulfur powder 

Stannous (II) chloride 

LAB 

AR-Grade 

LAB 

AR-Grade 

AR-Grade 

LAB 

LAB 

LAB 

LAB 

LAB 

LAB 

LAB 

LAB 

AR-Grade 

LAB 

LAB 

LAB 

LAB 

LAB 

LAB 

AR-Grade 

LAB 
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3.3 Preparation of Labware  

 

Contamination is the most important factor for trace metal determination. All 

Labware were washed with detergent. Rinsed three times with deionized water (17.8 

Ω). then soaked in 10% super pure hydrochloric acid and 10% nitric acid for a week. 

Bottles are cleaned by heating to 80
o
C in 0.1% permanganate, 0.1% potassium 

persulfide and 2.5% nitric acid in water bath for 2 hours. The bottles are cooled, 

rinsed with 2 mL of hydroxyl aminohydrochloride and rinsed three times with 

deionized water. Place in a clean bench until outside surface are dried. Keep in zip-

lock bags and stored in plastic boxes until use.  

 

3.4 Preparation of chemicals 

 

          3.4.1 Citrate solution 

 

Citrate solution was prepared by dissolving 2.1 g of citric acid in 50 mL 

volumetric flask. 

 

          3.4.2 Sodium hydroxide solution 

 

Sodium hydroxide solution was prepared by dissolving 0.4 g of sodium 

hydroxide in 50 mL volumetric flask. 
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          3.4.3 Citrate buffer 

 

Citrate buffer was prepared by using sodium hydroxide solution to adjust the 

pH of citrate solution. 

 

          3.4.5 Hydrochloric acid solution (2% v/v) 

 

Hydrochloric acid solution was purified before used by sub-boiling technique. 

Next, 2% hydrochloric acid solution was prepared by dilution of super-pure 

hydrochloric acid with deionized water.  

 

          3.4.6 Stannous (II) chloride solution 

 

Stannous (II) chloride solution was prepared by dissolving 20 g of stannous 

chloride in 2% of super pure hydrochloric acid. The volume was adjusted to 1,000 mL 

with deionized water. 

 

          3.4.7 Bromate/Bromide solution   

 

Bromate/Bromide solution was prepared by dissolving 1.1 g of Bromate and 

1.5 g of bromide in 100 mL volumetric flask. Make up to 100 mL with deionized 

water. 
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3.4.8 Synthetic seawater  

 

Synthetic seawater was prepared by using 12.5 g of sodium chloride and 4 g of 

magnesium sulfate for 14 psu and 12.5 g of sodium chloride and 8 g of magnesium 

sulfate for 28 psu. A salinity of synthetic seawater was measured by hand 

refractometer. 

     

3.4.9 Secondary mercury standard solution 

 

Secondary mercury standard solution was prepared by added 20 mL of 

deionized water in a 100 mL volumetric flask, added 0.1 mL of stock mercury 

standard solution. Make up 100 mL with deionized water. This solution containing 1 

mg L
-1

 of mercury (II) ions and should be replaced monthly. 

 

          3.4.10 Working mercury standard solution 

 

Working mercury standard solution was prepared by added 20 mL of 

deionized water in a 100 mL volumetric flask. Then, added 1 mL of secondary 

mercury standard solution. Bring to 100 mL with deionized water. This solution 

containing 10 g L
-1

 of mercury (II) ions and should be replaced daily.
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        3.4.11 Synthesis N-(2-chloro benzoyl)-N’-phenyl thiocarbamide 

 

The following step for synthesis ligand shown in Figure 4. N-(2-chloro 

benzoyl)-N’-phenyl thiocarbamide was synthesized by mixing 0.317 mL 2 - chloro 

benzoyl chloride, 0.215 g ammonium thiocyanate and 0.94 g poly ethylene glycol-400 

with 20 mL of chloroform in a round bottom flask. Added, 2 drops of dimethyl 

formamide into the solution, then the white color of solution turned to yellow color 

immediately. The mixture was stirred continuously at the room temperature for 1 

hour. Next, added mixture of 0.23 mL aniline and 5 mL chloroform into the solution. 

The mixture was stirred for another 2 hours. After that, the 15 mL of deionized water 

was added into the mixture. The organic layer was separated by using filtration and 

dried with anhydrous magnesium sulfate. Then, the solvent was removed in a rotary 

evaporate and N-(2-chloro benzoyl)-N’-phenyl thiocarbamide was separated by 

crystallization. The product was characterized by NMR-spectra (Apendix). 
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Figure 4 The following step for synthesis ligand (Pourreza et al., 2009). 
 

 

          3.4.12 Preparation of modified sulfur compound 

 

The 40 mg of N-(2-chloro benzoyl)-N’-phenyl thiocarbamide was mixed with 

20 mL of acetone in a 50 mL beaker. The mixture was heated until the temperature 

reached 45 
o
C for 30 minutes. Then, the solvent was removed by a rotary vacuum 

evaporator. The following step for preparation of modified absorbent show in Figure 

5. 

 

Ammonium thiocyanate 0.285 g 

2-chloro benzoyl chloride 0.437 g 

Polyethylene glycon-400 (PEG-400) 0.938 g 

Dimethyl formamide 2 drops 

Chloroform 20 mL 

added aniline 0.232g 

chloroform 5 mL 

Stirred, 1 hr. 

Water layer Organic layer 

N-(2-chloro benzoyl)-N’-

phenylthiocarbamide 

Evaporation 

Recrystallization 
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Figure 5 The following step for preparation of modified absorbent. 

 

 

          3.4.13 Preparation of column 

 

The glass column 0.7 cm in diameter and 9.0 cm in a length was used for 

preconcentration of mercury. The 2 g of modified sulfur compound was placed in the 

column. Cotton was placed at the bottom for allowing modified sulfur compound to 

settle properly. Figure 6 show the modified column. 

 

 

 

Figure 6 The modified column.   

Mixed N-(2-chloro benzoyl)-N-phenylthiocarbamide 150 mg 

with Acetone 50 mL in 100 mL Beaker 

Added Sulfur powder 40 g 

Heated 45 ºC 

Modified sulfur powder 

Heated 45 ºC, 30 mins 
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3.5 Optimization  

 

          3.5.1 Optimization absorbent conditions     

       

                    3.5.1.1 Procedure of mercury determination 

 

For preconcentration of  250 mL mercury solution containing mercury (II) 

ions in the range 5-20 ng L
-1

. The 5 mL of citrate buffer was loaded to the column, 

maintaining a flow rate by peristaltic pump. Next, the 250 mL of sample solution was 

passed through a column. General procedure steps are shown in Figure 7.  After 

retention of mercury (II) ions, the adsorbed complex was measured by using cold 

vapor atomic fluorescence spectrometry at 253.7 nm. For total mercury determination, 

added a strong oxidant such as bromine monochloride. After pre-reduction of excess 

oxidant by 12% hydroxyl aminohydrochloride. Mercury (II) ions was reduced to 

elemental mercury (Hg
0
) by stannous (II) chloride. 
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Figure 7 General procedure steps for solid phase preconcentration method. 

 

The concentration of mercury at 10 ng L
-1

 mercury (II) ions was used as a 

sample to study the optimization condition because of limitation of linearity range 

cover in the range of 0-20 ng L
-1

. All sample was studies with three measurements 

and each sample was studied three times. 

 

                    3.5.1.2 Effect of pH on stabilization of absorbent 

  

The stabilization of the absorbent use as a conditioning step for improve the 

promoting area contraction and remove any contaminant. The effect of pH solution 

was studied by varying the pH of citrate buffer in the range 2 – 4. The pH of citrate 

Water sample 

Absorbent column  

Elute 

Detection 

Absorbent column  

Enrichment of mercury  

onto an absorbent 
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buffer was adjusted by adding different concentration of 2M sodium hydroxide 

solution. 

 

                    3.5.1.3 Effect of N-(2-chloro benzoyl)-N’-phenyl thiolcarbamide quantity 

 

Because of the limitation of reactive site of sulfur powder so in this section 

was to study the suitable amount of functional ligand with an absorbent. The effect of 

N-(2-chloro benzoyl)-N’-phenyl thiolcarbamide was study by varying the amount of 

N-(2-chloro benzoyl)-N’-phenyl thiolcarbamide in a range of 2 – 8 mg functionalized 

with 1 g sulfur powder.  

                                 

                    3.5.1.4 Effect of amount of absorbent 

 

     The maximum capacity of an absorbent were control the reactive site and the 

maximum amount of metal adsorbed per gram of the absorbent. The amount of 

absorbent was studied in range of 1 – 3 g.  
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3.5.2 Optimization of parameters   

 

3.5.2.1 Effect of sample volume 

 

The maximum capacity of an absorbent was the maximum amount of metal 

adsorbed per gram of the absorbent. The sample volume was studied in the range of 

50 – 250 mL. 

                 

3.5.2.2 Effect of the elute type  

 

Normally, the acid reagents were used as an eluent for elute trace element 

from an absorbent (Abrankó et al., 2007, Issaro et al., 2009). A variety of acid 

reagents were tested in order to elute the adsorbed complex from the column. 

Hydrochloric acid, sulfuric acid and nitric acid were studied as eluents. 

 

                    3.5.2.3 Effect of flow rate  

 

The flow rate of sorption and elution would affect to effectiveness of solid 

phase extraction in the column. The effect of flow rate on sorption was studied in the 

range 5 – 15 mL min
-1

. On the other hand, the effect of flow rate on elution was 

studied in the range 2 – 8 mL min
-1

. The flow rate was maintained by peristaltic 

pump. 
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                    3.5.2.4 Effect of salinity 

  

Salinity in Thai river covers in the range of 0-28 psu (Thongra-ara and 

Parkpian, 2002). the effect of salinity was studied in the range of 0 – 28 psu of 

synthetic seawater. 

 

The sorption capacity was studied in order to know a maximum capacity of the 

absorbent.  

 

3.6 Sorption capacity 

 

Sorption capacity represented to the maximum amount of metal adsorbed per 

gram of the absorbent. The sorption capacity was studied by varying the concentration 

of mercury (II) ions in total volume of 250 mL. 

    

3.7 Method validation 

 

Method performance (Table 5) was validated by using standard mercury (II) 

ions solution. The validation was studied under optimum conditions previously tested. 

The calibration curve was obtained at the concentration of 0, 5, 10 and 20 ng L
-1

. The 

accuracy and precision were presented as percentage of recovery and percentage of 
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relative standard deviation (RSD), respectively. The limit of detection was calculated 

from standard deviation of three times measurement of a reagent blank. 

 

Table 5 Brief definition of various validation characteristics 

 

 

 

 

 

 

 

 

3.8 Application of natural water sample 

 

To demonstrate the performance of validated preconcentration method of 

mercury (II) ions based on modified sulfur powder, natural water samples were 

filtered by online membrane filter (as show in Appendix). After that, the samples 

divide for studied of mercury (II) ions and for total mercury (Figure 8). The water 

sample total mercury was digested by BrCl for 5 mins in 80 ºC the excess of BrCl was 

removing by hydroxylamine solution. Both of water samples were spiked mercury in 

the range 5 – 20 ng L
-1

. Next, real water sample and spike samples were investigated 

Characteristics Definition 

Accuracy Closeness agreement between determined value and true 

value 

Precision Closeness agreement of a series of determined 

Linearity Ability (within range) to receive test results 

Detection limit Lowest amount of an analyte in a sample that can be detected 

Quantitation 

limit 

Lowest amount of an analyte in a sample that can be detected 

and acceptable precision 
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under optimum conditions. The determination of mercury (II) ions concentration was 

done by cold vapor atomic fluorescence spectrometer (CV-AFS). 

 

 
 

 

 

 

 

 

 

 

 

Figure 8 The following step for determination mercury in natural water sample.   
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CHAPTER IV 

Results and Discussion 

 

4.1 Synthesis of N-(2-chloro benzoyl)-N’-phenyl thiocarbamide 

 

The synthesis of N-(2-chloro benzoyl)-N’-phenyl thiocarbamide was shown in 

Figure. The 
1
H-NMR spectrum of N-(2-chloro benzoyl)-N’-phenyl thiocarbamide was 

recorded in CDCl3 (Appendix). As can be seen that N-(2-chloro benzoyl)-N’-phenyl 

thiocarbamide was successfully synthesized (Figure 9). 

 

 

Figure 9 The synthesized N-(2-chloro benzoyl)-N’-phenyl thiocarbamide. 
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4.2 Optimization absorbent conditions 

 

The solution containing 10 ng L
-1

 of mercury (II) ions was used as a sample. For raw 

data are shown in Appendix. 

 

4.2.1 Effect of ligand N-(2-chloro benzoyl)-N’-phenyl thiocarbamide quantity  

 

Solid phase extraction is a well-known technique for trace element 

preconcentration in natural water. Mercury (II) ion is a soft acid and has a good 

affinity toward with sulfur group. Therefore, sulfur powder can be used as a solid 

support. The efficiency of solid support could be improved by making it functional 

with suitable ligand such as xanthate, thiol group, pyridine based on thiols and 

dithiozone. The N-(2-chloro benzoyl)-N’-phenyl thiocarbamide is one of the thiol 

group. Thus, N-(2-chloro benzoyl)-N’-phenyl thiocarbamide was selected for 

investigated. 

The effect of N-(2-chloro benzoyl)-N’-phenyl thiocarbamide quantity was 

studied by varying quantity of N-(2-chloro benzoyl)-N’-phenyl thiocarbamide in the 

range of 2-8 mg of N-(2-chloro benzoyl)-N’-phenyl thiocarbamide combined with 1 

gram of sulfur powder. The percentage recovery of various amount of N-(2-chloro 

benzoyl)-N’-phenyl thiocarbamide loaded on sulfur powder are shown in Figure 10. It 

was found that the percentage recovery increased from 75.4% at 2 mg g
-1

 of N-(2-

chloro benzoyl)-N’-phenyl thiocarbamide chemically with sulfur powder to reach the 

peak at 98.86% of 4 mg g
-1

. After that, the percentage recovery decreased slightly. It 
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is likely over capacity of solid support happened after 4 mg g
-1

. Thus, the 4 mg g
-1

 of 

N-(2-chloro benzoyl)-N’-phenyl thiocarbamide loaded with sulfur powder was 

selected for this studied.  

 

 

 

 

 

 

 

 

 

 

Figure 10 Effect of the amount of ligand loaded on sulfur (mg g
-1

) on the percentage 

recovery of 10ng L
-1

 of mercury (II) ions solution. 

 

          4.2.2 Effect of stabilization of column  

 

The conditioning to stabilize the absorbent was done through the buffer 

solution. This stabilization process will help promoting better surface area 

contraction, and removing of any contaminant presented. Citric-citrate buffer was 

found to be suitable for conditioning the modified sulfur column for determination 
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trace elements (Pourreza and Ghanemi 2010). In order to investigated pH effect, 

values. The pH value was varied in the range of 2-4. The pH value of solution was 

adjusted using either citric acid or sodium hydroxide solution. The graph of 

percentage recovery of mercury (II) ions versus pH of the solution after 

preconcentration experiments are shown in the Figure 11. The maximum of mercury 

(II) ions preconcentration increased with increasing pH, from its minimum at pH 2 

and reach to the maximum at pH 2.5. Then, when the pH of solution increased to pH 4 

the percentage recovery decreased slightly. This implied that the donor site of N-(2-

chloro benzoyl)-N’-phenyl thiocarbamide functionalized with sulfur powder 

absorbent could be protonated.  Thus, The N-(2-chloro benzoyl)-N’-phenyl 

thiocarbamide functionalized with sulfur powder absorbent might be stable in the pH 

range of 2.5 – 3. The pH at 2.5 was selected as the optimum values for sorption of 

mercury (II) ions.  

 

 

 

 

 

 

 

 

 

Figure 11 Effect of the pH values of the solution on the percentage recovery of 10 ng 

L
-1

 of mercury (II) ions solution. 
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          4.2.3 Effect of amount of absorbent  

 

The effect of amount of absorbent was studied by using different amount of 

absorbent in the range of 0.5 – 3 g (Figure 12). it was found that the amount of 

absorbent at 2 g is the most suitable amount. 

 

 

 

 

Figure 12 Effect of the amount of absorbent on the percentage recovery of 10 ng L
-1

 

of mercury (II) ions solution. 

 

4.3 Optimization parameters 

 

          4.3.1 Effect of sample volume   

 

     From previous experiments, the column was packed with 2.0 g of absorbent with 

the flow rate of loading and eluting at 16 and 6 mL min
-1

, respectively were used. 
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     In this section, the effect of sample volume on the recovery of analyzed of mercury 

(II) ions was investigated. The solution was prepared by dilute concentration of 

mercury (II) ions in the volume sample of 50 – 300 mL. The sample was passed 

through the column at the flow rate of 16 mL min
-1

 and elute at the flow rate of 6 mL 

min
-1

. 

     The results are presented in Figure 13. It was indicated that the recovery of 

mercury (II) ions is quantitative (>95%) up to 250 mL sample volume. The sample 

volume of 250 mL was selected as a sample volume of sample solution. 

 

 

 

 

 

 

 

 

 

 

 

Figure 13 Effect of the sample volume on the percentage recovery of 10 ng L
-1

 of 

mercury (II) solution. 
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            4.3.2 Effect of flow rate (sorption and elution) 

 

The flow rate of sorption and elution are important factor that determine the 

time required for the adsorption processes to complete successfully. In this section, 

we divided the experiments into two sections, Firstly the studied of the effect of flow 

rate on sorption and secondly the studied of the effect of flow rate on elution.  

In term of studied effect of the flow rate of sorption was varied at 5, 10 and 15 

mL min
-1

. As shown in Figure 14. The percentage of recovery at 15 mL min
-1

 was 

found to be suitable for optimum loading of mercury (II) ions absorbent complex on 

the column. In order to investigate the effect of flow rate on elution, the flow rate of 

elution was varied between 2 to 8 mL min
-1

. As shown in Figure 15, the result showed 

that the percentage of recovery at 6 mL min
-1

 was found to be suitable for elute 

mercury (II) ions. 

     From these results, we chose flow rate of sorption at 15 mL min
-1

 and elution rate 

at 6 mL min
-1

. 

 

 

 

 

 

 

 

Figure 14 Effect of the flow rate of sorption on the percentage recovery of 10 ng L
-1

 

of mercury (II) ions solution. 
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Figure 15 Effect of the flow rate of sorption on the percentage recovery of 10 ng L
-1

 

of mercury (II) ions solution. 

 

          4.3.3 Effect of the eluent  

The eluting solution is the important factor for the elute mercury (II) ions in 

the column. The effect of the eluent was studied in order to elute the adsorbed 

complex from the column. In order to, choose the most effective eluent for the 

quantitative recovery of mercury. The adsorbed complex was eluted with various 

eluting solution because the hydronium ion (H
+
) can be protonated the functional 

group from the absorbent that mercury (II) ions can exchange and eluting by this 

method.  

It was observed that 3M of hydrochloric acid was useful for quantitative 

elution of mercury (II) ions. Percentage elution with various eluting reagents are 

given in Table 6. Therefore, hydrochloric acid concentration of 3M was chosen as 

optimum condition. The elution was carried out maintaining mercury (II) ions of 10 

ng L
-1

 in 250 mL of sample volume. 
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Table 6 Effect of different the eluent type. 

 

 

 

 

 

 

 

          4.3.4 Effect of salinity 

  

The salinity of solution would affect the sorption capacity. The effect of 

salinity was studied by varying synthetic seawater in range of 0 - 28 psu. The solution 

containing 10 ng L
-1

 of mercury (II) ions was used as a sample. The recoveries were 

found in the range of 93 – 114 %. It can be seen from Table 7, it is evident that there 

was no salinity effect in the recovery of mercury. 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Elute type Ints RSD. (%) 

3M HCl 0.1176 3.768 

2M HCl 0.1129 4.128 

1M H2SO4 0.973 7.809 

1M HNO3 0.0895 1.416 
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Table 7 Effect of the salinity on the percentage recovery of mercury (II) ions solution. 

 

 

 

 

 

 

 

 

 

Table 8 Effect of the salinity on the percentage recovery of total mercury solution. 

 
 

Salinity 

(psu) 

 Total mercury  

 (ng L
-1

) 
Recovery (%) 

 0 10 91.6 

  20 93.6 

 14 10 112.0 

  20 95.2 

 28 10 92.3 

  20 104.6 

 

 

4.4 Sorption capacity  

 

Sorption capacity represented to the maximum amount of metal adsorbed per 

gram of the absorbent.     

In this section, study of the effect of mercury (II) ions concentration on the 

sorption capacity of the absorbent by using Langmuir adsorption isotherm. The 

Salinity (psu) Hg
2+

 (ng L
-1

) Recovery (%) 

0 10 113.6 

 20 97.9 

14 10 94.6 

 20 98.5 

28 10 93.5 

 20 113.3 
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Langmuir equation was y = 39.526x + 5E-12 with R
2
 = 0.9997. It was found that the 

exchange capacity increase with increasing concentration of mercury.  The maximum 

capacity was 0.0253 mmol g
-1

.  

 

  4.5 Quality control 

 

The method validation was evaluated after obtained optimum conditions. The 

method was validated by relating to the accuracy and precision, that was reported in 

term of percentage of recovery and percentage of relative standard deviation (RSD), 

respectively. The lowest concentration of mercury that can be detected by this method 

was represented in term of detection limit (LOD). 

 

4.5.1 Calibration curve and linearity 

 

The calibration curve was done by using different concentration of mercury 

(II) ions in the range of 0 – 20 ng L
-1

 under optimum conditions. The result show in 

Figure 16 the linear regression equation was Y = 0.0062X + 0.0552, with r = 0.9919. 

where Y is the absorbance and X is concentration of mercury in ng L
-1

, respectively.  
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Figure 16 The calibration curve. 
 

 

          4.5.2 Limit of Detection 

 

The limit of detection was obtained by measuring three times of the standard 

deviation (3 SD) of blank (sample without mercury (II) ions). It was found that, the 

lowest concentration of mercury (II) ions was determined at 3.18 ng L
-1

 for this 

method.  

 

          4.5.3Accuracy 

 

The accuracy of this proposed preconcentration method was represented in 

term of percentage of recovery. The accuracy was evaluated by measuring different 

concentration of mercury (II) ions in 5, 10 and 20 ng L
-1

. The result showed that the 

percentage of recovery was found in the range 93 – 119%. 



 

 

 

49 

4.6 Application for natural sample  

 

The proposed of this method was applied to determine the amount of mercury 

in the natural sample. The sample was collected from Chao Phraya river and Pranburi 

river. To obtain the accuracy of this proposed method, sample were spiked the 

different of mercury (II) ions concentration 5 and 10 ng into 250 mL of natural water. 

The recovery of the spiked standard solutions to the sample solution before applying 

solid phase extraction procedure are shown in Table 9. The percentage recoveries of 

mercury (II) ions concentration from spike samples at the different concentration were 

acceptable, which show that this method is well to operative for solid phase extraction 

of mercury (II) ions from seawater.  

 

Table 9 Analysis of mercury in real sample. 

 

 

 

Sample 

Amount of 

Hg(II)added (ng) 

Amount of 

Hg(II)found (ng) 

 

Recovery (%) 

Pranburi 

river 

0 16.4 + 5.0 - 

 5 21.6 +1.6 100.9 

 10 25.5 +4.7 96.6 

Chao Phraya 0 ND  

 5 6.16 +2.3 100.8 

 10 11.13 +3.3 100.6 
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Moreover, this method was applied to studies the speciation of mercury. The 

sample collected from Pranburi and Samaesarn river. The sample was filtrated by 

online filtration. After that, the samples divide for studied of mercury (II) ions and 

total mercury. For total mercury determination added Bromine monochloride. After 

pre-reduction of excess oxidant by hydroxylamine chloride before applying solid 

phase extraction procedure. As shown in Table 10, it can be assumed that this method 

can apply for determination of mercury species by indirect way. 

 

Table 10 Analysis of mercury in natural sample. 

 
 

Sample Total mercury Mercury (II) ions 

Pranburi 16.4 + 5.0 11.9 +3.2 
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CHAPTER V 

CONCLUSION 

    

5.1 Conclusion 

 

N-(2-chloro benzoyl)-N’-phenyl thiolcarbamide ligand was successfully 

synthesized and confirm by NMR sprectrum. Modified sulfur powder absorbent was 

prepared for preconcentration mercury from water sample. The sorption capacity was 

studied in order to evaluate the maximum capacity for solid phase extraction. The 

maximum capacity was 0.0253 mmol g
-1

. According to the sorption capacity the 

suitable for column conditions were 4 mg g
-1

 for ligand quantity and 2 g of amount of 

modified sulfur column perform a highest recovery. Citrate buffer was used for 

conditioning an absorbent. According to experimental condition optimization, 3M 

HCl with flow rate of sorption and elution were 15 and 6 mL min
-1

 found to be 

suitable for elution of mercury (II) ions from column. Mercury concentrations were 

determination by CV-AFS. The calibration curve was constructed at a wavelength of  

253.7 nm. Method validation was obtained by the calibration curve. Linear range was 

5 to 20 ng L
-1

. The limit of detection was estimated to be 3.18 ng L
-1

, with a relative 

standard deviation 1.024%. The acceptable recoveries of spiked samples were found 

in the range 93-114%.  
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      Overall, the modified solid phase extraction was successfully tested, validated and 

applied to study the mercury (II) ions and total mercury in natural sample water in the 

lowest concentration of 3.18 ng.  

 

   5.2 Suggestion for further work 

 

- The linear range should be improved in order to be able to determination mercury in 

high concentration. 

- The method should be test with standard methyl mercury.   

- The sample should be test by the other company to confirm the accuracy of the 

method 

- Detection limit should be improved concentration of mercury in natural seawater is 

as low as 1 ng L
-1

 

 

 

 

 

 

 

 

 



 

 

 

53 

 



 

 

REFERENCES 

 

 

Abrankó, L., B. Kmellár and P. Fodor (2007). "Comparison of extraction procedures 

for methylmercury determination by a SPME-GC-AFS system." Microchemical 

Journal 85(1): 122-126. 

 

Armstrong, H. L., W. T. Corns, P. B. Stockwell, G. O'Connor, L. Ebdon and E. H. 

Evans (1999). "Comparison of AFS and ICP-MS detection coupled with gas 

chromatography for the determination of methylmercury in marine samples." 

Analytica chimica acta 390(1): 245-253. 

 

Ashkenani, H., S. Dadfarnia, A. M. H. Shabani, A. A. Jaffari and A. Behjat (2009). 

"Preconcentration, speciation and determination of ultra trace amounts of mercury by 

modified octadecyl silica membrane disk/electron beam irradiation and cold vapor 

atomic absorption spectrometry." Journal of hazardous materials 161(1): 276-280. 

 

Bai, L., H. Hu, W. Fu, J. Wan, X. Cheng, L. Zhuge, L. Xiong and Q. Chen (2011). 

"Synthesis of a novel silica-supported dithiocarbamate adsorbent and its properties for 

the removal of heavy metal ions." Journal of hazardous materials 195: 261-275. 

 

Chai, X., X. Chang, Z. Hu, Q. He, Z. Tu and Z. Li (2010). "Solid phase extraction of 

trace Hg (II) on silica gel modified with 2-(2-oxoethyl) hydrazine carbothioamide and 

determination by ICP-AES." Talanta 82(5): 1791-1796. 

 

Chan, C. C., H. Lam, Y. Lee and X.-M. Zhang (2004). Analytical method validation 

and instrument performance verification, Wiley Online Library. 

 

Chandran, S. and R. Singh (2007). "Comparison of various international guidelines 

for analytical method validation." Die Pharmazie-An International Journal of 

Pharmaceutical Sciences 62(1): 4-14. 

 

Chen, X., C. Han, H. Cheng, Y. Wang, J. Liu, Z. Xu and L. Hu (2013). "Rapid 

speciation analysis of mercury in seawater and marine fish by cation exchange 

chromatography hyphenated with inductively coupled plasma mass spectrometry." 

Journal of Chromatography A 1314: 86-93. 

 

Cui, L., X. Guo, Q. Wei, Y. Wang, L. Gao, L. Yan, T. Yan and B. Du (2015). 

"Removal of mercury and methylene blue from aqueous solution by xanthate 

functionalized magnetic graphene oxide: Sorption kinetic and uptake mechanism." 

Journal of colloid and interface science 439: 112-120. 

 

da Silva, D. G., L. A. Portugal, A. M. Serra, S. L. Ferreira and V. Cerdà (2013). 

"Determination of mercury in rice by MSFIA and cold vapour atomic fluorescence 

spectrometry." Food chemistry 137(1): 159-163. 

 

 



 

 

 

55 

Dalman, O., V. N. Bulut, I. Degirmencioglu and M. Tufekci (2007). 

"Preconcentration of trace elements on amberlite XAD-4 resin functionalised with 1, 

2-bis (o-aminophenylthio) ethane and their determination by FAAS in environmental 

samples." Turkish Journal of Chemistry 31(6): 631. 

 

De Smaele, T., L. Moens, P. Sandra and R. Dams (1999). "Determination of 

organometallic compounds in surface water and sediment samples with SPME-CGC-

ICPMS." Microchimica Acta 130(4): 241-251. 

 

de Wuilloud, J. C., R. G. Wuilloud, M. a. F. Silva, R. A. Olsina and L. D. Martinez 

(2002). "Sensitive determination of mercury in tap water by cloud point extraction 

pre-concentration and flow injection-cold vapor-inductively coupled plasma optical 

emission spectrometry." Spectrochimica Acta Part B: Atomic Spectroscopy 57(2): 

365-374. 

Deshommes, E., L. Laroche, S. Nour, C. Cartier and M. Prévost (2010). "Source and 

occurrence of particulate lead in tap water." Water research 44(12): 3734-3744. 

 

Dressler, V. L., D. Pozebon, É. L. Flores, J. N. G. Paniz and E. M. d. M. Flores 

(2009). "Mercury speciation in urban landfill leachate by cold vapor generation 

atomic absorption spectrometry using ion exchange and amalgamation." Journal of 

the Brazilian Chemical Society. São Paulo. Vol. 20, n. 9 (2009), p. 1659-1666. 

 

Dwinna, R. (2009). "Development of Preconcentration Tools and Techniques for 

Highly Sensitive Multielement Analysis of Natural Water by Analytical Atomic 

Spectrometry." 

 

Gaulier, F., A. Gibert, D. Walls, M. Langford, S. Baker, A. Baudot, F. Porcheron and 

C.-P. Lienemann (2015). "Mercury speciation in liquid petroleum products: 

Comparison between on-site approach and lab measurement using size exclusion 

chromatography with high resolution inductively coupled plasma mass spectrometric 

detection (SEC-ICP-HR MS)." Fuel Processing Technology 131: 254-261. 

 

Hadavifar, M., N. Bahramifar, H. Younesi and Q. Li (2014). "Adsorption of mercury 

ions from synthetic and real wastewater aqueous solution by functionalized multi-

walled carbon nanotube with both amino and thiolated groups." Chemical 

Engineering Journal 237: 217-228. 

 

Hashempur, T., M. K. Rofouei and A. R. Khorrami (2008). "Speciation analysis of 

mercury contaminants in water samples by RP-HPLC after solid phase extraction on 

modified C 18 extraction disks with 1, 3-bis (2-cyanobenzene) triazene." 

Microchemical Journal 89(2): 131-136. 

 

Hatch, W. R. and W. L. Ott (1968). "Determination of submicrogram quantities of 

mercury by atomic absorption spectrophotometry." Analytical Chemistry 40(14): 

2085-2087. 



 

 

 

56 

Issaro, N., C. Abi-Ghanem and A. Bermond (2009). "Fractionation studies of mercury 

in soils and sediments: a review of the chemical reagents used for mercury 

extraction." Analytica Chimica Acta 631(1): 1-12. 

 

Jing, X., F. Liu, X. Yang, P. Ling, L. Li, C. Long and A. Li (2009). "Adsorption 

performances and mechanisms of the newly synthesized N, N′-di (carboxymethyl) 

dithiocarbamate chelating resin toward divalent heavy metal ions from aqueous 

media." Journal of hazardous materials 167(1): 589-596. 

 

Leopold, K., M. Foulkes and P. Worsfold (2010). "Methods for the determination and 

speciation of mercury in natural waters—a review." Analytica Chimica Acta 663(2): 

127-138. 

 

Leopold, K., L. Harwardt, M. Schuster and G. Schlemmer (2008). "A new fully 

automated on-line digestion system for ultra trace analysis of mercury in natural 

waters by means of FI-CV-AFS." Talanta 76(2): 382-388. 

 

Li, Z., Q. Wei, R. Yuan, X. Zhou, H. Liu, H. Shan and Q. Song (2007). "A new room 

temperature ionic liquid 1-butyl-3-trimethylsilylimidazolium hexafluorophosphate as 

a solvent for extraction and preconcentration of mercury with determination by cold 

vapor atomic absorption spectrometry." Talanta 71(1): 68-72. 

Mao, Y., G. Liu, G. Meichel, Y. Cai and G. Jiang (2008). "Simultaneous speciation of 

monomethylmercury and monoethylmercury by aqueous phenylation and purge-and-

trap preconcentration followed by atomic spectrometry detection." Analytical 

chemistry 80(18): 7163-7168. 

 

Mason, R. P., A. L. Choi, W. F. Fitzgerald, C. R. Hammerschmidt, C. H. Lamborg, A. 

L. Soerensen and E. M. Sunderland (2012). "Mercury biogeochemical cycling in the 

ocean and policy implications." Environmental research 119: 101-117. 

 

Monteiro, A. d. C. P., L. S. N. de Andrade, A. S. Luna and R. C. de Campos (2002). 

"Sequential quantification of methyl mercury in biological materials by selective 

reduction in the presence of mercury (II), using two gas–liquid separators." 

Spectrochimica Acta Part B: Atomic Spectroscopy 57(12): 2103-2112. 

 

Murugesan, A., T. Vidhyadevi, S. Kalaivani, M. Premkumar, L. Ravikumar and S. 

Sivanesan (2012). "Kinetic and thermodynamic studies on the removal of Zn 2+ and 

Ni 2+ from their aqueous solution using poly (phenylthiourea) imine." Chemical 

Engineering Journal 197: 368-378. 

 

Orani, A. M., E. Han, P. Mandjukov and E. Vassileva (2015). "Marine sediments 

monitoring studies for trace elements with the application of fast temperature 

programs and solid sampling high resolution continuum source atomic absorption 

spectrometry." Spectrochimica Acta Part B: Atomic Spectroscopy 103: 131-143. 

 

Pavase, T. R., H. Lin and Z. Li (2015). "Rapid detection methodology for inorganic 

mercury (Hg 2+) in seafood samples using conjugated polymer (1, 4-bis-(8-(4-



 

 

 

57 

phenylthiazole-2-thiol)-octyloxy)-benzene)(PPT) by colorimetric and fluorescence 

spectroscopy." Sensors and Actuators B: Chemical. 

 

Pereira, J., C. L. Silva, R. Perestrelo, J. Gonçalves, V. Alves and J. S. Câmara (2014). 

"Re-exploring the high-throughput potential of microextraction techniques, spme and 

meps, as powerful strategies for medical diagnostic purposes. Innovative approaches, 

recent applications and future trends." Analytical and bioanalytical chemistry 406(8): 

2101-2122. 

 

Pourreza, N. and K. Ghanemi (2009). "Determination of mercury in water and fish 

samples by cold vapor atomic absorption spectrometry after solid phase extraction on 

agar modified with 2-mercaptobenzimidazole." Journal of Hazardous Materials 

161(2): 982-987. 

 

Pourreza, N. and K. Ghanemi (2010). "Solid phase extraction of cadmium on 2-

mercaptobenzothiazole loaded on sulfur powder in the medium of ionic liquid 1-

butyl-3-methylimidazolium hexafluorophosphate and cold vapor generation–atomic 

absorption spectrometric determination." Journal of hazardous materials 178(1): 566-

571. 

 

Pourreza, N., H. Parham, A. Kiasat, K. Ghanemi and N. Abdollahi (2009). "Solid 

phase extraction of mercury on sulfur loaded with N-(2-chloro benzoyl)-N′-

phenylthiourea as a new adsorbent and determination by cold vapor atomic absorption 

spectrometry." Talanta 78(4): 1293-1297. 

 

Pyhtilä, H., P. Perämäki, J. Piispanen, M. Niemelä, T. Suoranta, M. Starr, T. 

Nieminen, M. Kantola and L. Ukonmaanaho (2012). "Development and optimization 

of a method for detecting low mercury concentrations in humic-rich natural water 

samples using a CV-ICP-MS technique." Microchemical Journal 103: 165-169. 

 

Rajesh, N. and G. Gurulakshmanan (2008). "Solid phase extraction and 

spectrophotometric determination of mercury by adsorption of its 

diphenylthiocarbazone complex on an alumina column." Spectrochimica Acta Part A: 

Molecular and Biomolecular Spectroscopy 69(2): 391-395. 

 

Segade, S. R. and J. F. Tyson (2007). "Determination of methylmercury and inorganic 

mercury in water samples by slurry sampling cold vapor atomic absorption 

spectrometry in a flow injection system after preconcentration on silica C 18 

modified." Talanta 71(4): 1696-1702. 

 

Shah, R. and S. Devi (1996). "Preconcentration of mercury (II) on dithizone anchored 

poly (vinyl pyridine) support." Reactive and Functional Polymers 31(1): 1-9. 

 

Sonmez, H. B. and N. Bicak (2002). "Quaternization of poly (4-vinyl pyridine) beads 

with 2-chloroacetamide for selective mercury extraction." Reactive and Functional 

Polymers 51(1): 55-60. 

 



 

 

 

58 

Taverniers, I., M. De Loose and E. Van Bockstaele (2004). "Trends in quality in the 

analytical laboratory. II. Analytical method validation and quality assurance." TrAC 

Trends in Analytical Chemistry 23(8): 535-552. 

 

Thongra-ara, W. and P. Parkpian (2002). "Total mercury concentrations in coastal 

areas of Thailand: a review." Science Asia 28: 301-312. 

Vas, G. and K. Vekey (2004). "Solid‐phase microextraction: a powerful sample 

preparation tool prior to mass spectrometric analysis." Journal of mass spectrometry 

39(3): 233-254. 

 

Wajima, T. and K. Sugawara (2011). "Adsorption behaviors of mercury from aqueous 

solution using sulfur-impregnated adsorbent developed from coal." Fuel Processing 

Technology 92(7): 1322-1327. 

 

Wang, W., M. Chen, X. Chen and J. Wang (2014). "Thiol-rich polyhedral oligomeric 

silsesquioxane as a novel adsorbent for mercury adsorption and speciation." Chemical 

Engineering Journal 242: 62-68. 

 

Wu, L., Z. Long, L. Liu, Q. Zhou, Y.-I. Lee and C. Zheng (2012). "Microwave-

enhanced cold vapor generation for speciation analysis of mercury by atomic 

fluorescence spectrometry." Talanta 94: 146-151. 

 

Yetimoğlu, E. K., M. V. Kahraman, G. Bayramoğlu, Ö. Ercan and N. K. Apohan 

(2009). "Sulfathiazole-based novel UV-cured hydrogel sorbents for mercury removal 

from aqueous solutions." Radiation Physics and Chemistry 78(2): 92-97. 

 

Yuan, X., G. Yang, Y. Ding, X. Li, X. Zhan, Z. Zhao and Y. Duan (2014). "An 

effective analytical system based on a pulsed direct current microplasma source for 

ultra-trace mercury determination using gold amalgamation cold vapor atomic 

emission spectrometry." Spectrochimica Acta Part B: Atomic Spectroscopy 93: 1-7. 

Zhang, X.-Y., Q.-C. Wang, S.-Q. Zhang, X.-J. Sun and Z.-S. Zhang (2009). 

"Stabilization/solidification (S/S) of mercury-contaminated hazardous wastes using 

thiol-functionalized zeolite and Portland cement." Journal of hazardous materials 

168(2): 1575-1580. 

  

 

 

 

 

 

 

 

 

 

 



 

 

 

59 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

60 

 

 

 

APPENDIX 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

61 

Effect of ligand quantity  
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Effect of ligand quantity (Cont.) 
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Table Effect of flow rate on sorption  
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Effect of flow rate on sorption (Cont.) 

 

 

Effect of flow rate on elution  
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Effect of flow rate on elution (Cont.) 
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Effect of elute type  

 

 

 
 

 

 

Effect of pH stability 
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Effect of pH stability (Cont.) 
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Online Filtration 
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H NMR spectrum 
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