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Rationale

Cadmium is known as a toxic heavy metal. Cadmium has been classified by The International 

Agency for Research on Cancer in Group 1 as human carcinogen. Cadmium is released into the 

environment through natural processes such as volcanic eruptions, sea spray and forest fires, but the 

greatest contamination arises from human activities. Due to cadmium occurs and contaminates in the 

environment at low levels, it is essential to develop sensitive analytical strategies for the determination 

of cadmium at trace levels. Different techniques have been investigated for the extraction and pre-

concentration of cadmium in various environmental. Techniques as liquid-liquid extraction (LLE) and 

solid phase extraction (SPE) have been reported. However, the LLE extraction techniques require the 

uses of large amounts of solvent, which is flammable, volatile, toxic, and harmful to the environment. 

To overcome the disadvantages mentioned above, miniaturized, and green extraction methods have 

been developed. 
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Complex formation and dispersive solid phase extraction (DSPE)

Diphenylthio-carbazone or dithizone (H2Dz) was used as complexing agent to form Cd-dithizone

complex (Cd(HDz)2). The dithizone adsorbed on silica was prepared by stirring the silica gel in the

dithizone solution for 40 minutes, then the silica was filtered and dried with nitrogen gas. The DSPE

extraction procedure was performed by adding a certain amount of dithizone absorbed silica into the

cadmium solution. The buffer solution was added to control the pH of the solution. Stir the solution in

a dark place for 30 minutes, strain the silica and dry it. The Cd(HDz)2 is eluted from the silica with 5

mL acetone. Finally, the UV-visible absorbance was monitored at 491 nm for absorption of the

Cd(HDz)2 complex. The extraction parameters which affected the extraction efficiency including pH of

solution, extraction time, and type of elution solvent were studied and compared. All the experiments

were three replicate analyses.

Method validation and sample determination

Method validation parameters including limit of detection, limit of quantification, calibration

curve, precision and accuracy were evaluated in this study. Moreover, the proposed method was

applied for determination of Cadmium in water samples collected from Saensuk Subdistrict, Bang

Phra Subdistrict, Mueang District and Laem Chabang Port, Sriracha District, Chonburi Province,

Thailand. Water samples were collected in December 2019. The water samples were acidified, filtered

the large particles, and stored at -20 °C prior to analysis.

The development of cadmium extraction and preconcentration method using dispersive solid phase 

extraction technique for trace level cadmium determination in water samples is the main objective of 

this research. Factors affecting the extraction and determination of cadmium by UV-visible 

spectrophotometry technique were optimized to reach the high measurement sensitivity. The validation 

of the method has been evaluated to verify that it was an acceptable method according to international 

standards. In addition, to confirm the practicality of the proposed method, this method was applied to 

determine the cadmium contamination in the surface water sample. 

Complex Formation and Extraction Parameters

Cd(HDz)2 absorption monitoring

- max of Cd(HDz)2 : 491 nm

In this research, dispersive solid phase extraction (DSPE) techniques were used to extract and

preconcentrate low level cadmium concentration in water samples. Dithizone adsorbed on silica was

synthesized. Then cadmium was extracted from the aqueous solution by complex formation and

adsorbed on solid silica. After that, the complex was eluted with a small volume of organic solvent. The

absorption of colored complexes was measured for the cadmium determination. In this research,

dithizone was used as a ligand for the complex formation. This is because dithizone can form

complexes with many heavy metals. Thus, this extraction method can be applied to extract other heavy

metals such as Lead.  In addition, the DSPE technique is an environmentally friendly extraction

technique due to the use of small amounts of organic solvent. Which can increase the analyte

concentration more than 10 times. Moreover, easy procedure and less extraction time are the

advantages of this technique when comparing with conventional liquid-liquid extraction. For assessing

the reliability of the proposed method, analytical characteristics such as precision and accuracy were

studied within the AOAC peer-verified standard method. The results of the study demonstrated that

this method was acceptable to the international standard method.

However, the proposed method used the UV-visible spectrophotometry for determination of

cadmium. The sensitivity of the UV-visible spectrophotometry was lower than that of other atomic

spectrometry techniques such as AAS or ICP-OES. This causes the method LOD and LOQ value

higher than that of other previous research reports. For example, Yang and co-workers (2020) used

DSPE extraction techniques coupled with AAS determination. They reported the LOD of 0.04 g/L 

that lower than this research. However, the LOD obtained in this method (3.87 g/L) was lower than

the surface water quality standard (50 g/L). This indicates that this proposed method can be apply for

the analysis of the cadmium content in water samples from the environment.
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pH of solution Extraction time
Optimum pH : 9 Optimum time : 30 min

Type of elution solvent   Optimum solvent: acetone

Elution solvent max (nm) Absorbance (±SD)

Dichloromethane 500 0.1736 ± 0.1123

Acetone 491 0.9923 ±0.1967

Methanol 491 0.1488 ±0.0267

characteristics value

LOD

LOQ

Calibration curve

Concentration range

Linear equation

R2

Precision (%RSD, n=9)

Repeatability

Intermediate precision

% Recovery

3.87 µg/L

12.90 µg/L

20-200 µg/L

y = 0.0021x-0.0126

0.9939

4.28

12.32

92.54 -98.89

Method validation

Determination of Cadmium in environmental sample

Station Location Cd found (µg/L)

A Laem Chabang Port 44.57

B Laem Chabang Port ND*

C Bang Phra Subdistrict ND*

D Saensuk Subdistrict 6.48


