
INTRODUCTION

Currently, the fast growth of global population and the

rapid development of industries lead to the dramatical increase

of clean water requirement and waste water discharge. Each

year, around 420 billion tons of waste water in the whole world

are discharged into rivers, lakes and seas, resulting in water

pollution1. When thiocyanate ions in sewage, industrial

effluents and pesticide residue solution is chlorinated during

the waste water treatment, the more toxic product cyanuric

chloride2 is created to generate a significant impact on environ-

ment, human health and aquatic organisms. Thiocyanate ions

could inhibit the transportation of iodine in human body, giving

rise to endemic goiter3. Its toxicity is realized by converting it

to cyanide through thiocyanate acid oxidase4.

A number of methods of determining thiocyanate ions

have been reported, such as chromatography5-8, spectro-

metry9-11, electrochemistry12,13, titration14,15 if the amount is high

enough and other methods16. However, the determination of

thiocyanate ions by atomic fluorescence spectrometry has not

been found in literature. The proposed method is based on the

formation of the compound between thiocyanate ions and Hg2+

in an acidic medium. After the compound is extracted into an

organic solvent and introduced into the instrument, the mercury

is determined proportionally to thiocyanate ions, thus, the

amount of thiocyanate ions is measured. Due to the direct

introduction of organic solvent, it necessitates the carrier flow
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and reductant to be dissolved into an organic solvent to

guarantee mercury in the sample extract to be reduced into its

element. Hydrochloric acid diluted and potassium borohydride

dissolved with ethanol, respectively, were prepared for both

carrier flow and reductant solution. Excellent separation and

enrichment of the analyte were obtained, making it possible

to determine thiocyanate ions with merits of low interference

and detection limit.

EXPERIMENTAL

AFS-2202E Atomic fluorescence spectrometer (Beijing

Kechuang Haiguang Instrument Inc, China) equipped with

mercury hollow cathode lamp (Beijing General Institute for

Nonferrous Metals, China) was used to determine the target

element.

Stock solution of thiocyanate ions: KSCN of 0.1672 g,

which was dried in an oven for 4 h at 100 °C and stored in a

desiccator, was accurately weighed, completely dissolved with

a small quantity of water, then transferred into a 100 mL

volumetric flask and diluted to mark. The stock solution was

1 mg/mL thiocyanate ion. When needed, the stock solution

was prepared to 1 µg/mL.

Mercury work solution: The required solution was

prepared using the mercury standard solution of 1 mg/mL

(National Center of Standard Materials of China).

NaOH solution (2 %): NaOH of 2 g was weighed and

made 100 mL using water.
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Potassium borohydride solution (10 g/L): Potassium

borohydride (1 g) was weighed and dissolved in 200 mL of

2 % NaOH, then anhydrous ethanol was added to 100 mL.

Freshly prepared when used.

Seawater samples: Samples were from offshores of muni-

cipal Xianmen in Fujian province and municipal Beihai in

Guangxi province, China; hydrochloric acid, nitric acid, methyl

isobutyl ketone, anhydrous ethnol, ethyl acetate, petroleum

ether, isoamyl alcohol, sodium hydroxide, potassium thio-

cyanate and potassium borohydride were all of analytic grades.

Water was double distilled water.

Experimental processes

Instrumental parameters: Negative voltage 270 V, lamp

current 20 mA, the height of atomizer 10 mm, carrier gas flow

rate 400 mL/min, shield gas flow rate 900 mL/min, delay time

1s, read time 10s, read mode: peak; measurement mode: standard

calibration curve.

Sample preparation: The seawater samples were settled

for while to let the sediments precipitate, if some floating

impurities exited, filtration had to be conducted. In a 50 mL

volumetric flask, 20 mL of 1:1 HNO3 were added, then, the

supernatant was poured the flask to mark, which made the

acidity of solution 0.025-0.05 mol/L. The volume of seawater

sample was taken as 30 mL when the calculation of result was

conducted.

Experimental method: Mercury solution (1 mL) with

concentration of 1 µg/mL was pipetted into a 60 mL separatory

funnel, an appropriate amount of thiocyanate solution and

1 mL nitric acid of 1 mol/mL were added and the final volume

was made to 10 mL using water and was mixed throughly.

After the reaction inside the flask took place for a while, 8 mL

of methyl isobutyl ketone was added for extraction. The

solution rested for 0.5 h after the extraction completed. The

organic phase was transferred into a 10 mL colorimetric tube

and the mercury was determined, a blank was prepared and

determined in parallel to the samples.

RESULTS AND DISCUSSION

Selection of organic solvents and acidity: When 1.5 mL

thiocyanate of 1 µg/mL and 1 mL mercury of 1 µg/mL were

added into a separatory funnel according to experimental

method, the routinely used organic solvents isopentanol,

diethyl ether, petroleum ether, methyl isobutyl ketone and ethyl

acetate were investigated in the range of 0-5 mol/mL nitric

acid. Result demonstrated that isopentanol and methyl isobutyl

ketone produced almost the same extraction efficiency when

the acidity was 0.1 mol/mL (Fig. 1). However, the alcohol

was more volatile than ketone and partially dissolved in water.

In a result, nitric acid of 0.1 mol/mL and methyl isobutyl ketone

were used as extraction acidity and solvent, respectively.

Selection of solvent volume: In 11 separatory funnels of

60 mL, according to the method, 1 mL of 1 µg/mL mercury

ion, 1.5 mL of 1 µg/mL thiocyanate and 1 mL of 1 mol/mL

HNO3 were added and 6.5 mL water were joined to make final

volume of 10 mL in each. Then, the extraction was conducted

with variation of different volume of methyl isobutyl ketone.

It was observed that the extraction efficiency was in agreement of
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Fig.1. Effects of aqueous acidity and different extractants on the extraction

efficiency of thiocyanate ions complex

the increase of solvent volume, which leveled off after the

volume arrived at 7 mL (Fig. 2). Thus, the solvent volume

was optimized 8 mL in the method.
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Fig. 2. Effect of methyl isobutyl ketone volume on the extraction efficiency

of thiocyanate ions complex

Time of agitation and settlement: In accordance with

the method, in 6 separatory funnels of 60 mL, 1 mL of 1 µg/mL

mercury ion, 1.5 mL of 1 µg/mL thiocyanate, 1 mL of 1

mol/mL HNO3 and 6.5 mL water were added to make final

volume of 10 mL in each. The agitation took place in the

different time period after the addition of 8 mL methyl isobutyl

ketone. It was found that the fluorescence intensity enhanced

as the extraction time elongated. After 3 min, the intensity

stabilized. Followed the same manner, the settlement time was

0.5 h for the best separation between organic and aqueous

phases.

Amount of mercury in the aqueous phase: In a series of

7 separatory funnels, based on the method, 1.5 mL of 1 µg/mL

thiocyanate and 1 mL of 1 mol/mL nitric acid were added in

each, then 0.4, 0.8, 1, 1.4, 1.8, 2, 2.5 mL of 1 µg/mL mercury

ion were added in the series, respectively, then in each funnel,

water was added to make a final volume of 10 mL. After the

reaction inside the funnel completed, 8 mL of methyl isobutyl

ketone were added and agitated. The organic phase was trans-

ferred when the separation of the two phases was throughly

finished. Fig. 3 depicted that the fluorescence intensity arrived

its stability when the solvent volume was 1 mL, suggesting

1 mL used in the experiment.

3918  Lu et al. Asian J. Chem.



E
x
tr

a
c
ti
o
n

 e
ff
ic

ie
n
c
y
 (

%
)

Volume of Hg  (mL)
2+

0 0.5 1.0 1.5 2.0 2.5 3.0

750

700

650

600

550

500

450

400

350

300

Fig. 3. Effect of Hg2+ amount on the extraction efficiency of thiocyanate

ion complex

Interferences: Under experimental condition, the often

occurring ions and the potential ions Fe3+, Cu2+ and Mo6+ which

could complex with thiocyanate were examined for their

interference. It was found that 1000 folds of Ca2+, Mg2+, K+,

Na+ and NO3
-, Cl-, Br-, I-, SO4

2- did not generate any inter-

ference, 1000 folds of Fe3+, Cu2+ and Mo6+ did interfere the

thiocyanate determination. However, in a real world, their

amounts are much less than the added amounts, thus, their

interference could be ignored.

Standard calibration curve and detection limit: In 6

of 60 mL separatory funnels, 1 mL of 1 µg/mL mercury ion

solution, 1 mL of 1 mol/mL nitric acid, 0.0, 0.5, 1, 1.5, 2,

2.5 mL of 0.1 µg/ mL thiocyanate solution were added,

individually, then water was added to make each to final

volume of 10 mL. Each funnel was mixed thoroughly, 8 mL

of methyl isobutyl ketone were added and agitated and rested

for separation. The organic phase was transferred into 10 mL

colorimetric tube and mercury was determined in terms of

thiocyanate. In the optimum condition, the linear relationship

between atomic fluorescence intensity and thiocyanate concen-

tration of 0.2 - 150 ng/mL existed. The linear equation was y

= 23x + 365.14 with relative coefficient of 0.9927. The detec-

tion limit of 1.33 ng/mL was obtained from the calculation on

3 times of standard deviation when a blank sample including

all reagents without target was determined 11 times. The

relative standard deviation was 2.1 %.

Sample analysis: The proposed method was applied to

determine the thiocyanate in the samples from offshores in

Xiamen City of Fujian Province and in Beihai City of Guangxi

Province in China. Meanwhile, the samples were spiked with

standards, showing recoveries of 99.50-100.3 % listed in

Table-1.

TABLE-1 
ANALYTICAL RESULTS OF SAMPLES AND 

RECOVERIES (N = 6) 

Sample 
Determined 

(µg/L) 

Added 

(µg/L) 

Founded 

(µg/L) 

Recovery 

(%) 

Xiamen 8.38 10.00 18.44 100.3 

Beihai 5.90 10.00 15.85 99.5 

 

Conclusion

The optimum conditions were investigated for the extrac-

tion of complex between mercury and thiocyanate using methyl

isobutyl ketone. It was found that the extraction efficiency

was more than 95 % when the aqueous acidity was 0.1 mol/

mL and 8 mL of methyl isobutyl ketone was utilized. The

linear relationship existed in the range of 0.1-150 ng/mL thio-

cyanate and the detection limit was 1.33 ng/mL. When samples

were determined, the recoveries were obtained in 99.5-100.3 %.

This method showed simple operation, low cost performance

and accuracy.
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