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The pollution of the environment by transition metals has to be monitored by sensitive 

methods due to the possible accumulation in humans and toxicity with respect to 

human health. For the first time, dispersive liquid-liquid extraction followed by back-

extraction using the automation technique Lab-In-Syringe has been studied for the 

determination of Cd, Cu and Pb by inductive coupled plasma atomic emission 

spectrometry (ICP-AES).  

The method was automated using the void of a syringe pump of a sequential injection 

analysis (SIA) system as extraction vessel. A magnetic stirring bar was used for mixing 

the syringe's content and to disperse the extraction solvent. A motor holding 

neodymium magnets was used to force stirring rotation. Controlled by software, stirring 

could be stopped for phase separation.  

After setup and adjustment of the system and the operation procedure for automated 

extraction, preliminary experiments were done to evaluate the appropriate reagents. 

Ammonium pyrrolidindithiocarbamate (APDC) was chosen as chelating reagent and 

toluene as an extraction solvent for the pre-concentration of the complexes of APDC 

and the metal analytes formed in-syringe. Ammonium-acetate and formic-acetate 

buffers were used to adjust a moderately acidic pH in the system.  

The parameters of the extraction method were optimized using a Box-Behnken 

experimental design including the pH value of buffer, the extraction time, and the 

volume of extraction solvent. All experiments were evaluated by off-line measurement 

of the extracts transferred to the aqueous phase by ICP-AES. 

In the second configuration, in-system back-extraction followed immediately after 

extraction. For this, the aqueous mixture was dispensed to the waste while the organic 
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phase remained in the syringe. The instrumentation for back-extraction was rebuilt in 

such way that syringe pump was placed upside-down. Back-extraction was tested with 

two concentrations and volumes of nitric acid as a back-extraction solution. A stripping 

agent (Pd2+) was added to accelerate the back-extraction kinetics.  

The optimized extraction time was 8.9 min and back-extraction time was set to 3 min 

allowing to perform the entire procedure including the cleaning steps within 17 min. 

Complete recovery was achieved using 3.5 mL of back-extraction solution for Cd and 

Pb. 

Potential improvements such as on-line coupling of extraction system with 

spectrometric techniques or correction of the data by internal standard addition are 

critically discussed. 

 


