
“Determination of zinc in biological and environmental 

samples using modern instrumental analysis methods” 

 Determination of elements at the level of traces is one of the most critical tasks 

of modern analytical chemistry. Due to the fact that each tested material is different, 

no universal methodology for sample preparation or analysis exists which would 

enable any analyte to be determined. Important trace elements found in living 

organisms include, among others, zinc. In an appropriate amount, it performs the 

function of a life-essential micronutrient, while in excess, it exhibits toxic effects.  

For that reason, the level of this element must be monitored. 

 Adequate preparation of material for zinc analysis constitutes a major 

analytical challenge. This element is commonly present in the environment. Therefore, 

the risk of contamination is particularly high. As a consequence, the number of steps 

in the sample preparation process should be as small as possible. It is also important 

to properly select the analytical method and operating parameters of the apparatus in 

order to ensure that the sensitivity of the measurement matches the expected content 

level of the element in the matrix. In addition, in order to obtain reliable results, the 

analytical procedure should be validated in terms of the precision and accuracy  

of determinations. 

The aim of the present research was to develop sample preparation procedures 

and conditions for zinc quantitative analysis using modern instrumental analysis 

methods such as Graphite Furnace Atomic Absorption Spectrometry (GF-AAS), Flame 

Atomic Absorption Spectrometry (FL-AAS), and Inductively Coupled Plasma - 

Optical Emission Spectrometry (ICP-OES).  The work also assessed the usefulness  

of two most commonly used sample preparation methods i.e. microwave 

mineralization and thermal mineralization in a graphite heating block for digesting 

the organic matrix before the proper analysis of zinc. Mineralization conditions such 

as time, temperature and composition of the oxidation mixture were optimized using 

the Box-Behnken design and the response surface method. Ultimately, the complete 

decomposition of the organic matrix (no solid residues) was obtained using 1.8 mL  



of 65% HNO3 and 3.4 mL of deionized water, heated for 90 min. at 120°C.  

The effectiveness of mineralization was also confirmed by the high recovery of zinc. 

The response surface methodology was also used to establish the optimal 

operating settings for ICP-OES to ensure high stability and sensitivity of the Zn signal. 

The optimal parameters were as follows: plasma, nebulizer and auxiliary gas flow 

rates of 14 L/min., 0.5 L/min., and 0.5 L/min., respectively, generator power of 1400 

W and sample introduction rate of 1.5 mL/min. 

In the FL-AAS, the influence of the basic parameters of the apparatus settings 

and the addition of the matrix modifier (KCl) on the intensity of the recorded zinc 

signal were assessed. The position of the burner analysis zone was adjusted in the 

range of 4 - 6 mm, and the flow of fuel in the range of 40 - 65 L/h. An acetylene-air 

mixture (5:5, v/v) was used as fuel. The best results were obtained for the zone  

of 4 mm and the flow rate of 40 L/min., all without the addition of the ionization buffer 

to the matrix. 

In the GF-AAS, the parameters of the time-temperature program of the graphite 

furnace were optimized: pyrolysis temperature (in the range of 200ºC to 400ºC), 

atomization temperature in the range of 1200 – 2000ºC. Additionally, the impact of the 

modifier on the zinc signal was examined. The optimal conditions for the time-

temperature process were as follows: 1. Without the addition of the modifier: pyrolysis 

temperature of 300ºC (process duration of 24 seconds), atomization of 1300ºC (process 

duration of 4 seconds); 2. With the addition of the modifier: pyrolysis temperature  

of 600ºC (process duration of 24 seconds), atomization of 1700ºC (process duration  

of 4 seconds). It was found that the addition of the modifier was beneficial and 

increased the signal intensity more than twofold.  

Basic validation parameters were defined for all methods 

i.e. linearity range of the calibration curve, detection and quantification limits. 

The methods were validated on the basis of appropriate certified reference materials 

(CRM). 

Taking into account the validation parameters and the speed of the analyses, 

ICP-OES turned out to be the most universal method. It was successfully used to 



determine zinc in samples with different matrices: human tissues, body fluids, 

environmental samples and plant material. 

 


