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ABSTRACT 

Cloud point extraction and spectrophotometric determination of trace quantities of cadmium in some vegetables have been devel-

oped. The research area for vegetables analysis was near to the Zarin Shahr where the soil received heavy metals from the Esfahan 

Steel Company. Cloud point extraction used dithizone as complexing agent and non ionic surfactant Triton-X114 as micellar phase. 

Several important variables affecting the separation and determination process were optimized. Under optimized conditions calibra-

tion graph was linear in the range of 1.0-180 ng mL-1 with detection limit of 0.2 ng mL-1. Preconcentration of 10 mL of samples gave 

an enhancement factor of 50. The proposed method was applied for determination of Cd(II) in vegetable samples with satisfactory 

results. 
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1. INTRODUCTION 

Cadmium is known as prevalent toxic metal which has 

no necessity function in human body and can damage 

liver and lungs even at low concentration level [1, 2]. 

One of the pathways that cadmium enters in human 

body is through daily intake of water and food. Cadmi-

um is highly labile in the soil-plant system; its relative 

availability to plants is much greater than that of other 

potentially harmful heavy metal contaminants, such as 

lead [3]. The metal content of garden-type vegetables is 

important because some species, such as lettuces, ac-

cumulate relatively high concentrations of cadmium 

[4]. In general, leafy vegetables tend to accumulate 

higher concentrations of cadmium than root, grain or 

fruit crops [5]. The sources of low-level cadmium con-

tamination of agricultural soils are usually phosphatic 

fertilizers, atmospheric deposition and soil contamina-

tion from industrial sources such as Esfahan Steel 

Company. The Word Health Organization reported tol-

erably weekly intakes of Cd(II) as 0.007 mg/kg body 

weight for all human groups [6]. Thus monitoring of 

trace amount of cadmium in environmental samples is 

important in the field of environmental analysis. Sever-

al methods have been reported for cadmium determina-

tion such as flame atomic absorption [7,8], inductively 

coupled plasma atomic emission [9] and electrothermal 

atomic absorption spectroscopy [10]. Because of low 

concentration of cadmium in food samples, an efficient 

preconcentration step is necessary prior to aforemen-

tioned techniques. Cloud point extraction (CPE) is  

 

based on micelle-mediated phase separation. It uses 

non ionic surfactant in aqueous solution to form mi-

celle when they heated above cloud point temperature. 

After the formation of sparingly water soluble complex 

it bound to micelles and extracted to the surfactant rich 

phase. Compared to solid phase extraction, liquid-

liquid extraction and ion exchange, CPE is considered 

as the most simple, low cost, high extraction efficiency, 

easy disposal of surfactant and low toxicity [11]. Alt-

hough flame atomic absorption and inductively cou-

pled plasma are frequently used for determination of 

trace metal, spectrophotometry is still popular because 

of common availability of instrumentation, simplicity, 

speed, precision and accuracy of technique [12]. In this 

work we proposed a CPE method in Triton X-114 mi-

celle media for preconcentration of Cd(II) prior to 

spectrophotometric determination. The aim is quantifi-

cation of accumulated cadmium in two vegetable crops 

that grown near the Esfahan Steel Company and inves-

tigation the impact of factory pollution on the two leafy 

vegetables cultivated near there. The method was suc-

cessfully applied to determination of cadmium in vege-

tables such as cabbage and lettuce. The response char-

acteristics of the proposed method are compared with 

recently reported cloud point extraction methods for 

determination of cadmium with various detection sys-

tems [13-22] and the results are given in Table 1. As 

data show, the proposed method has rather wide dy-

namic range and good enhancement factor.  
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Table 1. Comparison of recently CPE with various detection methods and the proposed method for determination of 

cadmium. 

Method )1-Linear range(μg L )1-LOD  (μg L EF Ref. 

UV-vis spectrophotometry 10-500 3.8 24 13 

FAASa 10-250 2.9 35 14 

FAAS 2-200 0.95 10.5 15 

ETAASb 0.02-0.4 0.007 22 16 

FAAS 1-100 0.37 52 17 

FAAS 0.9-70 0.33 157 18 

GFAASc 0.1-20.0 0.0059 50 19 

AAS-FF-TSd 0.1-5.0 0.0178 55.5 20 

UV-vis spectrophotometry 0.32-7.50 0.19 84 21 

ICP 20-2000 1 97.9 22 

Proposed method 1.0-180 0.2 50 - 
a Flame atomic absorption spectrometry 
b
Electrothermal atomic absorption spectrometry 

c 
Graphite furnace atomic absorption spectrometry 

d Thermospray flame furnace atomic absorption spectrometry 

 

2. EXPERIMENTAL 

2.1. Apparatus 

T80 Double Beam UV/Vis Spectrophotometers with 

fixed bandwidth from 190 to 1100 nm (Canadawide 

Scientific Ltd)  and 1.0 × 0.5 cm glass cell were used. 

The temperature of cell compartment was controlled 

with water bath model LO-TEMPTROL 154.  A centri-

fuge with 15 mL calibrated centrifuge tubes (Superior, 

Germany) were used to accelerate the phase separation 

process. pH adjustment was performed using a 

Metrohm digital pH meter (model 780).  

 

2.2. Chemicals and solutions 

All reagents were of analytical grade. Doubly distilled 

water was used throughout. Stock solution of cadmium 

(1000 ng mL-1) was prepared and working standard so-

lutions were obtained by appropriate dilution of the 

stock standard solution. The non ionic surfactant Triton 

X-114 (Merck) stock solution (4%) was prepared in hot 

water.  Acetic acid-acetate buffer solution (0.1 mol L-1) 

was used to adjust the pH. Dithizone standard solution 

(1×10-2 mol L-1) was prepared daily by dissolving the 

reagent in ethanol. 

 

2.3. Procedure   

For  the cloud point extraction an aliquot of 10 mL of a 

solution containing 100 ng m L-1 cadmium, Triton X-

114, 0.6% (v/v), 3×10-5 mol L-1 of dithizone and 2 mL 

of acetate buffer (pH=5), were kept for 15  min in wa-

ter bath at  65 °C. Separation of two   phases was 

achieved by centrifuging for 10 min at 5000 rpm. Then 

centrifuge tubes containing two phases were cooled to 

0 °C at an ice bath in order to surfactant-rich phase be-

came viscous and was accumulated at the bottom of the 

tubes. The aqueous phase was then decanted by invert-

ing. Finally surfactant rich-phase was diluted up to 1.0 

mL by adding methanol. The absorbance of cadmium-

dithizone complex was measured at the λmax of 500 nm.  

2.4. Procedure  for vegetables analysis 

The analyzed vegetables included cabbages and let-

tuces. These were received a small application of nitro-

gen-phosphorus-potassium (NPK) fertilizer. After har-

vest, the leaves of plants were thoroughly scrubbed and 

washed in distilled water to remove any soil, a bout 

2.0±0.001g dry sample was oven-dried at 100°C and 

milled ready for analysis [23]. The vegetable samples 

were refluxed in concentrated nitric acid, taken to dry-

ness and the residue dissolved in hydrochloric acid 

(0.001 mol L-1). This solution was then filtered and 

made up to a known volume in distilled water. The fi-

nal solution was determined by recommended proce-

dure. 

 

3. RESULT AND DISCUSSION 

The coordination of dithizone (diphenyl thiocarbazone) 

with several metal ions is well known [8]. Fig. 1 shows 

Cd(II)–dithizone complex. The complex is water insol-

uble thus the solvent extraction step required before 

complex determination [24]. The cadmium ions, like 

many other metals form an intense red complex with 

dithizone. This nonspecific character of dithizone reac-

tion is one of its major disadvantages as a complexing 

agent for trace determination of metals [25].  
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 Fig. 1. The structure of Cd(II)-dithizone complex. 
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However, dithizone can be used as rather selective lig-

and for extracting a large number of metals by a careful 

control of the pH and proper choice of surfactant. The 

absorption spectrum of Cd–dithizone was determined 

in the range from 300 to 700 nm. The absorption spec-

trum of the ligand and complex shown in Fig. 2. As 

seen the absorbance maxima of the ligand is between 

450 nm and 590 nm. The longer wavelength corre-

sponding to thione form and the shorter to thiol form 

[26]. The maximum absorption wavelength for the 

Cd(II)-dithizone complex is at 500 nm. The effect of 

pH, amount of Triton X-114, concentration of dithi-

zone, incubation time and equilibrium temperature 

were optimized.  
 

 
Fig. 2. Absorption spectra of dithizone (solid line) and dithi-

zone-Cd(II) complex (dash line), pH=5, [Cd2+]=80 ng mL-1, 

[dithizine] = 3.0 ×10-5 mol L-11  and 0.6% (v/v) of triton X-

114. 

 

3.1. Effect of pH 

The solution pH plays a significant role in the for-

mation of metal complexes with a chelating agent. Di-

thizone selectivity decreases with increase of pH, prob-

ably due to formation of insoluble hydroxide complex-

es with other metals [8].  The effect of pH in the range 

of 2-8 was investigated in phosphate buffer. On in-

creasing pH the λmax has a little bathochromic shift. At 

pH 5 maximum sensitivity was achieved. The Influ-

ence of the  buffer type (at pH=5) on the absorbance 

was also studied. It is realized that the buffer composi-

tion (phosphate, acetate or ammonium) had little 

influence on absorbance response. However, with ace-

tate buffer the reproducibility is somewhat better. The 

subsequent studies were, therefore, made at pH 5 ace-

tate –acetic acid buffer (Fig.3). 

 

 
Fig. 3. Effect of pH on the absorbances of the complexes, 

[Cd2+]=80 ng mL-1, [dithizine]= 3.0 ×10-5 mol L-1  and 0.6% 

(v/v) of triton X-114. 

3.2. Effect of Dithizone concentration  

The effect of dithizone concentration on complex ab-

sorbance at λmax was studied in the range of 1×10-6 -

1×10-4 mol L-1. As can be seen (Fig.4) the signal in-

creases up to 1.5×10-5 mol L-1 and then reaching plat-

eau. Dithizone concentration of 3.0 ×10-5 mol L-1 was 

chosen as optimum for lowering the interference effect 

of some other metals in vegetable samples that may ex-

tract with Cd(II). 

 

Fig. 4. The effect of dithizone concentration on complex ab-

sorbance, [Cd2+]=80 ng mL-1 and 0.6% (v/v) of triton X-114. 
 

3.3. Effect of Triton X-114  

The concentration of surfactant used in CPE is a criti-

cal factor. The non-ionic surfactant Triton X-114 was 

chosen because of its low toxicological properties and 

high density of surfactant-rich phase [27]. The effect of 

surfactant concentration was investigated in the range 

of 0.04-0.9% (v/v). The absorbance of the complex in 

rich phase at 500 nm increased by increasing the triton 

X-114 concentration up to %0.5 (v/v) and remained 

constant at 0.6%-0.9% which is considered as complete 

extraction. Therefore 0.6% Triton X-114 was used as 

optimum concentration.  

 

3.4. Effect of equilibration temperature and incubation 

time   

 It is desirable to achieve the shortest incubation time 

and the lowest equilibrium temperature in CPE. The 

equilibrium temperatures were selected above the 

cloud point temperature of the surfactant. The depend-

ence of extraction recovery on equilibrium temperature 

and incubation time was studied over the ranges of 25-

70 ˚C and 5-25 min, respectively. The result shows that 

an equilibrium temperature of 65 ˚C and incubation 

time of 15 min were adequate to achieve the best ex-

traction recovery. The enhancement factor (EF) of 50 

calculated as the ratio of absorbance of preconcentrated 

sample to that obtained without preconcentration. 

 

3.5. Interferences  

As one of the versatile chelating agents, dithizone 

could form complex with other heavy metal ions be-

sides cadmium. More selective extraction of cadmium 

could be accomplished by controlling the pH, masking 

agent and varying the extracting solvents [28]. After 

digestion of the sample with HNO3-HCl to decompose 

organic matter, any large amount of silver was precipi-
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tated as AgCl [29]. Copper and mercury together with 

remaining silver are then removed by extraction with 

dithizone in chloroform at pH 2. The solution was ad-

justed to pH 9 and nickel was removed by adding of 

dimethylglyoxime (0.001mol L-1) and extraction with 

chloroform. Another attention must be focused on in-

terference from zinc. The zinc-dithizone complex had 

approximately the similar color and maximum wave-

length as Cd(II)-dithizone. By adding of phosphate 

(0.001mol L-1) the formation of phosphate zinc com-

plex (above pH=10) makes extraction of cadmium se-

lective [30]. The effect of foreign ions at different con-

centrations on the absorbance of solution containing 80 

ng mL-1 of Cd(II) was investigated. The tolerance limit 

of the coexisting ions, defined as the largest amount of 

interference produced a variation in the absorbance of 

the cadmium complex more than 5% given in Table 2.   

 
Table 2. Maximum tolerable concentration of interfering 

species for a cadmium (II) concentration of 80 ng mL-1. 

Foreign ions    Foreign ion to Cd(II) ratio 

2+,  Mg2+, Ca+K 1000 

,2+, Mn3+, Al 3+Fe 800 

-
3SCN¯,  HCO 800 

2
4SO 500 

2+Zn 10 

Hg2+ 5 

  2+,  Ni+, Ag2+Cu 1 

 

3.6. Analytical parameters 

 Under the optimized condition, a calibration graph  

(Fig.5) was linear in the range of 1.0-180.0 ng mL-1 

with equation of A=(57.54 ×10-4 X+33.24×10-2) where 

A is absorbance of complex at 500 nm and C is the 

concentration of Cd(II) in ng mL-1. The limit of detec-

tion (LOD) defined as 3SB/m (where SB was standard 

deviation of blank and m was slope of calibration 

graph) obtained 0.2 ng mL-1.  

 

 
Fig. 5. Calibration curve of complex, for [Cd(II)]=1, 10,50, 

90,130, 150,180 ng mL-1 , [dithizine]= 3.0 ×10-5 mol L-1  and 

0.6% (v/v) of triton X-114. 
 

The preconcentration factor Fc defined as the ratios of 

the Cd(II) concentration in surfactant-rich phase to that 

in bulk phase initially, will remain constant in the same 

surfactant solutions [31]. 

Fc = Cs/C0 
Where Cs is the Cd(II) concentration (ng mL-1) in sur-

factant rich phase after phase separation and C0 is ini-

tial concentration of Cd(II). The preconcentration fac-

tor obtained 50 ±0.8 (n=3). To evaluate the precision of 

the method a series of standard samples was used. The 

result shows that RSDs for determination were 2.2% 

and 3.8% for Cd(II) concentration of 1 and 40 ng mL-1. 

 

3.7. Application 

The applicability of the proposed method was evaluat-

ed by determining of Cd(II) concentration in lettuce 

and cabbage samples. These vegetables were cultivated 

near the Esfahan Steel Company. The results were pre-

sented in Table 3. The accuracy of the method was ex-

amined by obtaining recovery of experiment that vary-

ing between from 96.5% to 104.2%. This proved that 

this procedure was not affected by the sample matrix.  

Comparison of the results in Table 3 with those found 

in literature [32] show that the effect of Esfahan Steel 

Company pollution on two leafy vegetables cultivated 

near the factory is noticeable. 

 
Table 3. Cadmium content in two cabbages and lettuces. 

Sample 

Cd (II) 

added 

(µg L-1) 

Cd (II) found  

(µg L-1) 
Recovery )%( 

Lettuce 1 0 78.5±1.2 - 

 20.0 102.6±1.4 104.2 

Lettuce 2 0 81.2±0.9 - 

 40 117.0±1.5 96.5 

Cabbage 1 - 50.2±0.08 - 

 20 68.4±0.9 97.4 

Cabbage 2 0 58.3±1.1 - 

 40 95.7±1.4 97.3 

± shows the standard deviation with three replicates determi-

nation 

 

4. CONCLUSIONS 

The proposed method offers several advantages includ-

ing low cost, safety and good extraction efficiency. The 

method also gives low limit of detection and low RSD 

values. The results of this study show noticeable effect 

of Esfahan Steel Company pollution on two leafy vege-

tables cultivated near the factory. 
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