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Abstract  
Iron, copper, zinc, manganese, nickel, cobalt, lead, cadmium and chromium in various apricot 
and soil samples were determined by atomic absorption spectrometry in this study. Microwave 
digestion method and wet ashing method efficiency were compared for digestion of the 
samples. Recovery values were nearly found quantitative. The analysis results were evaluated. 
The accuracy of the digestion procedures was confirmed by analyzing Montana Soil and Apple 
Leaves certified reference materials. There are no important differences between digestion 
methods. The results were compared with literature values. Relative standard deviations were 
found below 10 %. Heavy metal levels in analyzed samples were not found toxic limits. 
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1. Introduction 

The most important environmental pollution is sourced 
from heavy metals. Food contamination is now 
accepted as an indisputable fact all over the world. 
Toxic elements found naturally in foodstuffs are not 
generally harmful to human health [1]. Chemical 
contamination can be of natural, environmental and 
technological origin. Since food contamination is 
difficult to prevent and control, the consequences 
appear in a long time and can be even more effective 
in terms of health [2, 3]. Apricot is a product that is 
consumed throughout the year in the form of fresh, 
dried and fruit juice. Apricot has positive effects on 
human health through organic and inorganic 
substances contains [4]. Heavy metals are passed to 
apricot from soil and its irrigation water. The other 
source of heavy metals is traffic [5]. 

Iron, copper, zinc, manganese and cobalt are known 
essential heavy metals, but nickel, lead, cadmium and 
chromium are toxic element for human, animal and 
environmental health. Essential elements can be also 
harmful effects when their high consumption [6]. So, it 
is very important for accurate and sensitive 
determination of heavy metal levels in food, soil and 
environmental samples. Digestion procedure is very 
important step before determination of heavy metals in 
solid matrix. Various digestion procedures such as dry 

ashing, wet ashing and microwave digestion are used 
for this aim. Dry ashing and wet ashing procedures are 
slow and time consumption but microwave digestion 
method is fast, clean and environmentally friendly [7, 
8].  

Various instrumental detection system such as 
inductively couple plasma mass spectrometry (ICP-
MS), inductively couple plasma optic emission 
spectrometry (ICP-OES), energy dispersive x-ray 
fluorescence spectrometry and atomic absorption 
spectrometry (AAS) have been used for the 
determination of traces heavy metal ions in food and 
environmental samples [9-12]. Atomic absorption 
spectrometry is the main instrument for the 
determination of heavy metals in food, soil and 
environmental samples because of its simplicity, low 
cost and sensitivity [13, 14]. According to our literature 
survey, multi element levels were not determined in 
apricot and soil samples collected from Malatya, 
Turkey after different digestion methods. It is aimed to 
determine the levels of traces heavy metals in apricot 
and soil samples and to evaluate them in terms of 
environment and human health. In this study the 
performance of wet ashing and microwave digestion 
methods were compared by using real apricot and soil 
samples. The accuracy of the digestion procedures was 
confirmed by analyzing Montana Soil and Apple 
Leaves certified reference materials. 
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2. Materials and Methods 

2.1. Reagents  

Analytical reagent grade chemicals were used in this 
study. Double distilled deionized water (Milli-Q 
Millipore (Bedford, MA, USA) 18.2 MΩ cm-1) was 
used for the dilutions of all solutions. All plastic and 
glassware were soaked with HNO3 (10 %) and then 
rinsed with deionized water before use. 1000 mg L-1 
stock solutions of the elements were prepared their 
salts purchased from Merck company (Darmstadt, 
Germany). Working solutions of elements were 
prepared daily from stock solution by using dilution 
procedure. NIST SRM 1515 Apple Leaves and NIST 

SRM 2711 Montana Soil certified reference materials 
were used to check the accuracy of the method. 

2.2. Apparatus 

Perkin Elmer AAnalyst 700 model deuterium 
background corrected atomic absorption spectrometry 
(Norwalk, CT, USA) was used for the measurement of 
elements. Flame atomization was performed in air-
acetylene environment. Working conditions of element 
in FAAS were given in Table 1. Hollow cathode lamps 
were used. Milestone Ethos D model (Sorisole-Bg, 
Italy) closed system microwave oven (maximum 
temperature 300 oC, maximum pressure 1450 psi) was 
used to dissolve standard reference materials and 
apricot samples. 

 
Table 1. Working conditions of element in FAAS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.3. Sampling 

In this study, apricot and soil samples collected from 
various regions of Malatya city, Turkey were used. The 
samples were dried in an oven at 105 °C and ground 
into powder. The samples were then packaged and 
stored. 

2.4. Digestion procedures 

2.4.1. Microwave digestion 

Apricot samples (0.5 g) and standard reference 
material (NIST SRM 1515 Apple Leaves) (0.25 g) 
were taken into microwave container and 6 mL of 65% 
HNO3 and 2 mL of 37 % HCI were added. Soil samples 
(0.5 g) and NIST SRM 2711 Montana Soil (0.1 g) were 
taken into the microwave container and 6 mL of 37 % 
HCl, 2 mL of 65% HNO3, 0.5 mL of 40% HF were 
added. The samples were digested in microwave 
system. The following program was used in the 
digestion process; 4 min, 250 W; 7 min, 400 W; 10 
min, 550 W; ventilation: 10 min. The samples 

dissolved in the microwave system then particles 
filtered through the blue band filter paper. Then it was 
completed to 10 mL with distilled deionized water. A 
blank digest was also prepared. 

2.4.2. Wet digestion 

1 g of apricot samples and 0.2 g of NIST SRM 1515 
Apple Leaves were taken into a conical flask and 6 mL 
of 65% HNO3 and 2 ml of 37% HCI were added. Soil 
samples (0.5 g) and NIST SRM 2711 Montana Soil 
(0.1 g) were taken into a conical flask and 6 mL of 37 
% HCl, 2 mL of 65% HNO3 were added. The samples 
were put on the hot plate and heated 30 min in 150 °C 
until dryness. This process was repeated two times. 
The samples were cooled and filtered by using blue 
band filter paper. The final volume was completed to 
10 mL with deionized water. A blank digest was also 
prepared as the same way. 

 

 

Element Acetylene 
(L/min) 

Air 
(L/min) 

Wavelengths 
(nm) 

Slit wave 
(nm) 

Fe 2.0 17.0 248.3 0.2 

Cu 2.0 17.0 324.8 0.7 

Zn 2.0 17.0 213.9 0.7 

Mn 2.0 17.0 279.5 0.2 

Cd 2.0 17.0 326.1 0.2 

Ni 2.0 17.0 341.5 0.2 

Co 2.0 17.0 345.4 0.2 

Cr 2.0 17.0 357.9 0.7 

Pb 2.0 17.0 283.3 0.7 
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3.   Results and Discussion 

Analytical characteristics such as correlation 
coefficient, linear range, regression equation and RSD 
values of trace elements in FAAS were given in Table 

2. RSD values were found below 10 %.   The 
comparison of the microwave and wet ashing digestion 
performance of trace elements by using NIST SRM 
1515 Apple Leaves and NIST SRM 2711 Montana Soil 
were given in Table 3 and Table 4, respectively.  
 
 

 
Table 2. Analytical characteristics 

Element Correlation 
coefficient 

Linear range 
(mg L-1) 

Regression equation RSD, % 

Co 0.9999 0.25-5.0 A=0.0383C+0.0013 5.5 

Pb 0.9999 0.5-10.0 A=0.0048C+0.0005 4.5 

Ni 0.9996 0.25-5.0 A=0.0219C+0.00002 3.9 

Cu 0.9999 0.25-5.0 A=0.02667C-0.0006 6.4 

Fe 0.9996 0.25-5.0 A=0.0202C+0.0036 5.9 

Cd 0.9995 0.02-2.0 A=0.1405C+0.0076 7.2 

Cr 0.9998 0.50-10.0 A = 0.0245C+ 0.0011 8.5 

Mn 0.9995 0.10-3.0 A = 0.081C+ 0.0029 9.0 

Zn 0.9996 0.02-1.0 A = 0.2831C+ 0.0041 10 

 A: Absorbance, C: Concentration, RSD: Relative standard deviation 

 

Table 3. Comparison of the digestion performance of trace elements using NIST SRM 1515 Apple Leaves, N=4 

Element Certified value (µg/g) Method Observed value (µg/g) Recovery (%) 
Co (0.09)a Microwave digestion 

Wet ashing 
BDL 
BDL 

- 
- 

Pb 0.47 Microwave digestion 
Wet ashing 

0.48±0.03 
0.45±0.03 

102 
96 

Ni 0.91 Microwave digestion 
Wet ashing 

0.90±0.05 
0.86±0.08 

99 
95 

Cu 5.64 Microwave digestion 
Wet ashing 

5.55±0.10 
5.36±0.30 

98 
95 

Fe (83) Microwave digestion 
Wet ashing 

80.7±2.5 
78.9±4.7 

97 
95 

Cd 0.013 Microwave digestion 
Wet ashing 

BDL 
BDL 

- 
- 

Cr (0.3) Microwave digestion 
Wet ashing 

0.31±0.03 
0.28±0.03 

103 
93 

Mn 54 Microwave digestion 
Wet ashing 

53.1±3.1 
51.8±4.2 

98 
96 

Zn 12.5 Microwave digestion 
Wet ashing 

12.2±0.9 
11.9±0.8 

98 
95 

anot certified, BDL: Below detection limit 
 

 

 



 

295 
 

Kaygusuz, Tüzen  / Cumhuriyet Sci. J., 42(2) (2021) 292-298 
 

Table 4. Comparison of the digestion performance of trace elements using NIST SRM 2711 Montana Soil, N=4 

Element Certified value (µg/g) Method Observed value 
(µg/g) 

Recovery (%) 

Co (10)a Microwave digestion 
Wet ashing 

9.8±0.4 
9.5±0.7 

98 
95 

Pb 1162 Microwave digestion 
Wet ashing 

1127±30 
1103±75 

97 
95 

Ni 20.6 Microwave digestion 
Wet ashing 

20.1±1.5 
19.6±1.7 

98 
95 

Cu 114 Microwave digestion 
Wet ashing 

110±5 
108±8 

96 
95 

Fe 28900 Microwave digestion 
Wet ashing 

28033±250 
27455±530 

97 
95 

Cd 41.7 Microwave digestion 
Wet ashing 

41.4±2.6 
40.1±3.1 

99 
96 

Cr (47) Microwave digestion 
Wet ashing 

45.4±1.9 
45.1±2.7 

97 
96 

Mn 638 Microwave digestion 
Wet ashing 

625±20 
606±45 

98 
95 

Zn 350.4 Microwave digestion 
Wet ashing 

352±23 
336±30 

101 
96 

anot certified 

 

The recovery of trace element in NIST SRM 1515 
Apple Leaves were found in the range of 93-95 % for 
wet ashing, 97-103 % for microwave digestion. The 
recovery of trace element in NIST SRM 2711 Montana 
Soil were found in the range of 95-96 % for wet ashing, 
96-101 % for microwave digestion, respectively. 
Recovery values were nearly quantitative for analyzed 
iron, copper, zinc, manganese, nickel, cobalt, lead, 
cadmium and chromium ions. The results were close to 
each other for wet and microwave digestion methods. 
Microwave digestion method has been applied in real 
samples because the recoveries in microwave is higher, 
the analysis time is shorter and the risk of 
contamination is less. HF was not used in wet ashing 
method because of its can be damage to glassware. HF 
is important for solubilization of silicates in soil 
samples. But, the recovery values were found 
quantitative without HF. 

Optimized method was applied to real apricot and soil 
samples collected from different region of Malatya 
city, Turkey. Soil samples were collected from near 
and far from traffic areas. The results are given in 
Table 5. Trace element contents of analyzed soil 
samples collected near the traffic areas were found 
higher than other samples. The highest and lowest 
values of the samples were found in iron and cadmium. 
Lead, chromium and cadmium concentrations in some 
apricot samples were found below detection limit of 
FAAS. Cadmium levels were also found below 
detection limit in some soil samples. Heavy metal 
levels in analyzed samples were in agreement with 
literature values [15-22]. The maximum iron, lead and 
cadmium levels permitted for food samples is 15 mg 
kg−1, 0.1 mg kg−1 and 0.05 mg kg−1, respectively 
according to Turkish Food Codex [23]. Heavy metal 
levels in analyzed samples were not found toxic limits. 
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Table 5. Trace element contents of apricot and soil samples collected from Malatya, Turkey (µg/g), N=3 

Sample Pb Cd Fe Cu Zn Cr Ni Co Mn 

Apricot 1 
 

BDL BDL 8.93±0.50 3.97±0.10 3.38±0.14 BDL 4.05±0.10 1.52±0.10 0.67±0.05 

Apricot 2 
 

BDL BDL 5.91±0.32 2.50±0.15 0.58±0.03 BDL 7.07±0.27 2.92±0.20 0.81±0.06 

Apricot 3 
 

BDL 0.33±0.01 14.6±1.1 3.23±0.20 1.47±0.12 BDL 4.48±0.15 2.57±0.11 1.10±0.10 

Apricot  4 
 

BDL BDL 8.94±0.30 3.73±0.12 2.36±0.16 BDL 2.33±0.12 1.87±0.13 1.25±0.11 

Region 1  
(near 

traffic) 
Soil   

24.6±1.5 0.49±0.02 4340±50 54.6±2.3 162±20 39.7±2.5 56.6±3.8 12.9±1.1 179±7 

Region 1 
(far traffic) 

Soil  

21.2±1.1 0.67±0.03 4192±25 37.8±2.7 26.2±1.7 37.5±1.5 44.3±3.1 14.2±0.9 199±10 

Region 2 
(near 

traffic) 
Soil 

24.5±1.3 0.84±0.05 5799±30 39.7±2.1 23.5±1.9 38.5±2.4 52.1±2.8 12.8±0.8 233±16 

Region 2 
(far traffic) 

Soil 

27.8±1.5 0.67±0.04 6266±55 51.9±1.9 27.8±2.2 55.8±3.6 62.2±4.8 16.3±1.2 309±21 

Region 3 
(near 

traffic) 
Soil 

17.9±0.9 BDL 17377±76 16.7±0.8 29.0±2.1 56.8±2.8 57.3±3.5 29.7±1.9 671±32 

Region 3 
(far traffic) 

Soil 

17.9±0.8 BDL 13410±80 17.2±0.9 20.3±1.5 50.7±2.7 49.4±2.6 24.0±1.4 580±27 

 
BDL: Below detection limit 

4. Conclusions 

The performance of wet ashing and microwave 
digestion methods were compared for the digestion of 
apricot and soil samples collected different regions 
according to near and far traffic area from Malatya, 
Turkey. Recovery values were tested by using certified 
reference materials. There are no important differences 
between digestion methods. RSD values in microwave 
digestion method were found lower than wet ashing 
method. Trace element contents of soil samples 
collected near the traffic areas were found higher than 
other samples. Microwave digestion method has been 
used in real apricot and soil samples because of its 
higher recoveries and shorter digestion time. 
Microwave digestion has also some advantages with 
respect to the risk of contamination, reduce to some 
volatile species and environmental protection. Food 
samples collected from industrial and traffic areas 
should be more analyzed with respect to toxic heavy 
metals. Contaminated food samples should not be 
consumption in all time.    
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