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Abstract: Boron is an essential nutrient for plants and an essential element for many organisms, but can be toxic to 

aquatic and terrestrial organisms above certain concentrations. The aim of this research is determining the Boron 

content of four varieties of Hazelnut (Corylus avellana L.) from Sakarya. Inductively coupled plasma optical 

emission spectrometry (ICP-OES) with ultrasonic nebulization (USN) was used for the determination of Boron 

contents. This method is based on microwave digestion system and reduced memory effect of Boron by using 

sorbitol. Different conditions were optimized for this method. Four hazelnut varieties, eight soil samples and 

certificated reference material (NIM-GBW10012) were analyzed. The Boron contents were found as 18.27, 28.3, 

38.6, 17.6 mg/kg in Kara, Sivri, Delisava and Tombul hazelnut varieties, respectively. And Boron contents of soil 

samples were between 30.44 to 196.79 mg/kg. The results revealed that the Turkish hazelnut is a good natural source 

of Boron. 

 

Keywords: Boron; microwave digestion; hazelnut; memory effect; ICP-OES; USN. © 2018 ACG Publications. All 
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1. Introduction 

Turkey is generally the origin of hazelnut for cultivated and wild varieties and has suitable ecological 

conditions for growing up high quality hazelnut varieties. Also, hazelnut is a very important commercial 

product for Turkey and is widely used in the food industry [1,2]. Hazelnut has a major role in human 

nutrition due to its special nutrient values such as proteins, carbohydrates, fats, vitamins and minerals 

[1,3,4]. Turkish hazelnut varieties are rich in Boron and can be used as nutritional source for Boron [5]. 

Boron with Ca, P and vitamin D helps maintaining strong bones [5,6,7,8]. Furthermore Boron is important 

for immune system, Calcium and Magnesium metabolism, endocrine functions and energy metabolism 

[5]. 

In recent years, the role of Boron in human and animal nutrition has increased and importance on the 

natural and human life has begun to be realized [6]. Plants need Boron for their development but extreme 

amounts of Boron turn into an herbicide [5,9]. Also extreme amount of Boron is toxic for humans.  Daily 

intake of Boron up to 500 mg may cause nausea, vomiting and diarrhea [5]. 
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The demand for determination of Boron in food and biological samples is increased [6, 10]. Many 

methods for determination of Boron are defined in the literature [5, 12]. The use of ICP-OES and ICP-

MS is developing for determination of Boron and there is no considerable difference between them [9, 

11]. However, the instrumental cost and spectral interference of 12C limit the extensive application of ICP-

MS in Boron analysis, so it makes ICP-OES a preferred technique [9]. ICP-OES with typical pneumatic 

nebulizer is not sensitive enough to detect Boron when amount of samples is limited and the concentration 

of Boron is very low. Advantages of USN are more than those of pneumatic nebulizer but USN has not 

been applied easily to detect Boron due to memory effect. [6]. 

ICP-OES created a new dimension in Boron determination because of its simplicity, sensitivity and 

multielement capability [13]. Other methods for mineral analysis are less sensitive to Boron and 

complicated for chemical sample pretreatment [9].  

Many digestion methods were used for different materials to prepare samples; dry digestion, wet 

digestion and microwave digestion. Dry ashing and acid digestion procedures are reliable, but they have 

disadvantages as well.  Dry ashing procedure needs 2-3 days to digest samples. Acid digestion (3-4 hours) 

is faster than dry ashing digestion but it is difficult to control the operation [14]. 

In recent years, microwave digestion method is widely used to prepare samples [9]. Compared to 

other methods, microwave digestion is not only faster, easier and more reliable but also less dangerous 

and uses less amount of chemicals [9, 14-16]. It has more accuracy and high recovery [16-19]. Using a 

closed high-pressure polytetrafluoroethylene (PTFE) vessel in microwave digestion system prevent 

external contamination and loss of the volatile elements [9, 14, 21, 22].  Furthermore, in the microwave 

digestion system vessels, temperature, pressure and power are controlled by a computer.   

In this work, the aim of using sorbitol is to develop a new method to decrease or overcome memory 

effect. Boron content of samples is determined by using ICP-OES and USN.   

 

2. Experimental 

2.1. Chemicals and Reagents 

65% HNO3, 30% HCl, and 30% H2O2 used were Suprapur quality (Merck, Darmstadt, Germany).  

D(-) Sorbitol was analytical-grade (Merck, Darmstadt, Germany). A 10 μg ml-1 Boron solution 

(Spectrascan - Breitlander Gmbh D-59077 Hamm, Germany) was used as standard solution. All glassware 

and polyethylene bottles were cleaned with 10% HNO3. Samples were diluted with distilled deionized 

water (chemical resistivity: 18 MΩ cm-1). Corn flour (NIM-GBW10012, China National Center for 

Standard Materials, Beijing) was used for certified reference material. 

 

2.2. Instrumentation 

A Milestone Start D Microwave Digestion System (Via Fatebenefratelli Sorisole, Bergamo, Italy) 

was used for sample digestion.  The samples were nebulized by a U5000A+ ultrasonic nebulizer (CETAC, 

Omaha, Nebraska, USA). The sample analysis was carried out ICP-OES (Spectro Analytical Instruments 

GmbH, Germany). Optimization conditions for ICP-OES are displayed in Table 1. 
 

Table 1. ICP-OES Instrument Plasma Conditions 
 

 

 

 

 

 

 

 

  

Plasma Power                      
 

1450 Watt 

Pump Speed                         30 rpm 

Coolant Flow                       13.0 L/min 

Auxiliary Flow                      
1.0 L/min 

 

Nebulizer Flow                    0.8 L/min 
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2.3. Sample preparation 

 

Four varieties of hazelnut were collected from two different districts of Sakarya province. 

Delisava and Sivri hazelnut varieties were collected from Ferizli, Kara and Tombul hazelnut varieties 

were collected from Yanıkköy-Sapanca. Hazelnut samples were hulled and powdered. Then powdered 

hazelnuts were dried 24 hours at 100˚C. Dried samples were stored until the analysis. 

The samples (0.5 gram) were accurately weighted into PTFE vessels then 7 ml HNO3 (65%) and 

1 ml H2O2 (30%) were added. The program in Table 2 was used for microwave digestion.  The hazelnut 

samples and certified reference materials were prepared using this program. After digestion period 

dissolved samples were transferred into 100 ml flasks followed by addition of 10 ml 5% sorbitol solution 

in each flask and diluted to volume with distilled deionized water. 

 
Table 2. Microwave digestion program applied for hazelnut samples 

 

 

 

 

 
Soil samples were also taken for Boron content analysis where hazelnut varieties were cultivated. 

These samples (0.5g) were dried and transferred into PTFE vessels, then 9 ml HCl (30%) and 3 ml HNO3 

(65%) were added. The program in Table 3 was applied. The same procedures were used for hazelnut 

samples and applied to Boron analysis. In addition, reagent blank solutions were prepared by using the 

same procedure. 

 
Table 3. Microwave digestion program applied for soil samples 

 

 

 

 

 

 

3. Results and discussion 

 

3.1. Method optimization 

As desolvating temperature of USN was increased, the effect of sorbitol was decreased during the 

optimization step. However, while condensing temperature of USN was increasing, the effect of sorbitol 

was also increased. Different amounts of sorbitol were used in order to determine the most suitable amount 

and most suitable temperatures for USN. 

 

 

3.2. Optimization the amount of sorbitol 

  

Solutions containing 0%; 0.05%; 0.1%; 0.25%; 0.5%; 0.75%; and 1% sorbitol and 1 mg L-1 

Boron were prepared respectively. They were analyzed by ICP-OES and the results are displayed in 

Figure 1. 

 

Step Time Power Temperature 

1 10 min 800 watt 200 ˚C 

2 20 min 800 wat 200 ˚C 

Step Time Power Temperature 

1 10 min 800 watt 200 ˚C 

2 15 min 800 wat 200 ˚C 
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Figure1. Optimization of the amount of Sorbitol 

 

3.3. Optimization of USN temperature 

 

There are two kinds of temperature in USN system; these are desolvating and condensing 

temperature. 1.00 mg L-1 standard solution of Boron containing 0.5% sorbitol was analyzed at five 

different desolvating temperature 120˚C; 130˚C; 140˚C; 150˚C; and 160˚C, respectively and the results 

are displayed in Figure 2. 

 
Figure 2. Optimization of desolvating temperature 

 

It was found that 120˚C is suitable as desolvating temperature. 1.00 mg L-1 standard solution of 

Boron containing 0.5% sorbitol was analyzed at five different condensing temperatures 2˚C; 4˚C; 6˚C; 

8˚C; 10˚C, respectively and the results are displayed in Figure 3. It was found that 10˚C is suitable as 

condensing temperature. 
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Figure 3. Optimization of condensing temperature  

 

 

3.4. The memory effect of boron  

 

      The memory effect is a major problem for determination of Boron by using ICP-OES and USN. 

Memory effect is formed by reaction of Boron with the glass walls of aerosol chamber and by condensing 

and desolvating tubes. Boron binds the glass wall, therefore Boron signals decrease [6, 9]. 

        USN was used to provide sufficient sensitivity instead of a typical pneumatic nebulizer which do not 

have sufficient sensitivity to detect low concentrations of Boron and memory effect occurs with using 

USN. Sorbitol therefore was used to reduce memory effects. 

 

3.5. Sample analysis  

 

Hazelnuts, soils, and CRM containing 0.5% sorbitol were analyzed with ICP-OES and USN at 

249.773 nm. The USN condensing temperature and desolvating temperature were set 10 ˚C and 120 ˚C, 

respectively. Blank solutions were prepared without sample. All samples were analyzed with three 

replicates and blanks were analyzed with ten replicates. Table 4, Table 5 and Table 6 show the Boron 

content of hazelnut samples, soil samples and CRM, respectively.  

 

Table 4. Boron content of hazelnut samples (mg/kg ± RSD %) 

 
Hazelnut Variety            Boron content Boron content 

 Our Results Others[2]       Others[22] 

Delisava (Çakıldak) 38.6 ±1.8     16.8                  14.28 

Kara 18.2 ±0.7     17.8            13.31 

Sivri 28.3 ±0.6     15.7            17.27 

Tombul 17.6 ±1.0     17.3            13.63 

 

           The hazelnut samples among the varieties of Delisava and Sivri from Ferizli, and Kara and Tombul 

from Yanıkköy-Sapanca were analyzed according to results of the method optimization. Furthermore, the 

soil samples were analyzed with the same method. 

The results of Boron content in hazelnut varieties are given in Table 4. Simsek et al. [5] studied 

Boron content of hazelnut varieties by using ICP-OES. The results were varied between 15.7 mg/kg to 

16.8 mg/kg (Table 4). And also Simsek, A. & Aykut, O. studied Boron content of hazelnuts and results 

are shown in Table 4 [23]. The results are between 13.31 - 17.27 mg/kg. 
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Table 5 shows the amount of Boron in soil samples which were taken from hazelnut varieties cultivated. 

In the literature Sun et al. studied on determination of total Boron in soils by ICP-OES using microwave 

digestion method and the results were found between 19.0-79.0 mg/kg [9]. 

 

Table 5. Boron content of soil samples  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        

Emiroglu et al. investigated Boron concentrations in sediment and various matrixes. Sediment samples 

were taken from different areas and Boron contents were found between 10.0-36.0 mg/kg [24]. Also 

Sungur, S. and Okur. R. studied on Boron determination in Hatay region. Boron contents of the study 

were found between 32.43 mg/kg and 93.43 mg/kg [25]. 

 The differences between the present study and the literature, in terms of the Boron contents, can 

be explained by the differences in the geological, ecological, organic matter, and temperature and pH 

between soils, the methods used for Boron determination, and the fertilizer used for the plants [25].  
 

3.6. Statistical analysis 

 

Recovery test for Boron in Corn flour certified reference material (NIM-GBW10012) is shown in Table 

6 to evaluate the reliability of the method used [26, 27]. 

. 

 

Table 6. Boron content of CRM (mg/kg ± RSD %). 

CRM Our Value CRM value Recovery% 

Corn Flour(a) 0.88±0.12  0.86±0.11  102.3 

                                      (a) NIM-GBW10012 corn flour certified reference material 

 

 

4. Conclusions 

All of the results showed that sorbitol influences memory effect in a positive way and it has been 

observed that the memory effect of Boron was decreased with the use of sorbitol. When different 

condensing and desolvating temperatures were applied in USN, different signal intensities of ICP-OES 

were observed. The signal intensity of ICP-OES was affected by different concentrations of Sorbitol. The 

results showed that hazelnut varieties and soil samples have rich Boron contents. The Boron content of 

hazelnut varieties is highest in Delisava and Tombul variety is of the lowest quantity.  When the soil 

samples were analyzed it was seen that Tombul hazelnut variety is rich in Boron content. 

Soil Samples 
Results 

(mg/kg± RSD %) 

Kara (5 cm) 32.46   ± 2.14 

Kara (20 cm) 30.44   ±1.18 

Tombul (5 cm) 196.79 ±10.12 

Tombul (20 cm) 157.68 ±13.45 

Sivri (5 cm) 38.83   ±2.36 

Sivri (20 cm) 35.90   ±3.14 

Delisava (5 cm) 49.89   ±1.78 

Delisava (20 cm) 35.06   ±3.65 
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The memory effect is a major problem for determination of Boron by using ICP-OES and USN. 

It is formed by reaction of Boron with the glass walls of aerosol chamber and by condensing and 

desolvating tubes. Memory effect of Boron occurs while using Ultrasonic Nebulizer, and therefore 

Sorbitol was used to reduce memory effects. 

The analytical sensitivity of Boron was notably enhanced and the memory effects were significantly 

reduced in ICP-OES with an ultrasonic nebulizer and the addition of mannitol. 
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