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Introdution 

School supplies raw material presents a great variety 

of samples matrices (paper, wood, ink, rubber, 

caulim, polymers/masterbatch, among others). In 

addition, this type of material is considered toys in 

several countries and metals content are very 

restrictive. Elements like Ba, Cd, Cr, Hg and Pb can 

cause several healthy problems, mainly in children
1-

3
. In this case the aim of this study is to evaluate a 

procedure to extract Ba, Cd, Cr, Hg and Pb in solid 

samples, using microwave oven with closed vessels. 

The development of this study was based on 

directive 2009/48/CE
4
, which specifies the levels of 

elements in the materials used by children. 

Chemometric strategies were used to evaluate the 

results obtained. 

Results and Discussion 

A total of eight type of samples (masterbatch, 

polymer, pigment, caulim, paper, acrylic ink, fabric 

and moulding mass) were used to evaluate the 

extraction process using MARSXpress (CEM) tubes. 

This system (low pressure) permits the preparation 

of up to 40 samples simultaneously and presents 

high analytical frequency. Masterbatch is a polymer 

with high pigment content. Two full factorial designs 

were performed and in the first one a 2
3
 was done 

and principal component analysis (PCA) was used to 

select only critical samples (simultaneously high 

remaining solid content and metals concentration) 

for the proposed process, reducing the number of 

samples tested. The variables tested were H2O2 

content, analytes addition and the possibility to 

perform a sequential extraction. The analytes were 

determined using ICP OES (inductively coupled 

plasma optical emission spectrometry). Masterbatch, 

polymer and caulim were simultaneously related to 

high solid content and high metals concentration. 

These samples were selected for the next factorial 

design (2³) and the following variables investigated: 

addition of H2O2, addition of analytes and HNO3 

volume. The responses observed for the second 

factorial design were recoveries of analytes (Ba, Cd, 

Cr, Hg, and Pb) and desirability function
5
 was used 

to combine all responses. Caulim and polymer 

presented the same trend and required similar 

extraction conditions (2 mL H2O2 and 5 mL HNO3). 

On the other hand, masterbath required only high 

volume of HNO3 (10 mL). These samples were also 

analyzed using a high pressure system (XP1500, 

CEM). This system permits the preparation of 12 

samples with the same chemical composition due to 

the use of monitoring vessel. The obtained results 

for Pb were compared with those obtained with the 

low pressure system (see Table 1, n = 3). 

 

Table 1: Pb content (mg kg
-1

) in the selected 

samples. 

Sample MARSXpress XP1500 

Caulim 21.2 ± 1.7 25.6 ± 3.2 

Masterbatch 32.7 ± 4.5 25.5 ± 1.2 

Polymer 1.1 ± 0.8 6.6 ± 0.5 

  

The maximum Pb content permitted
4
 in this type of 

samples is 13.5 mg kg
-1

 and both tested systems 

(low and high pressure) were able to identify 

concentrations higher than this limit. For samples 

where the Pb concentration is between 10 µg L
-1

 

(Limit of quantification obtained by ICP OES) and 

13.5 mg kg
-1

 a high pressure system (XP1500) must 

be used in order to confirm the result.  

Conclusions 

It is not possible to prepare some samples with 

different physicochemical characteristics 

(masterbatch and polymer, for example) in the same 

batch and the proposed system can be used in order 

to perform a sample screening. 
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