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Abstract: Heavy metal contamination in water and food samples is thought as the result of human activities such
as agriculture, traffic and industrial process in this century. Trace metal contents in the soil have increased with
the contributions of both industrial and agricultural operations. Chemical fertilizers cause unbalance of the food
in the soil. When these facts considered heavy metal accumulation in the vegetables may be occurred because of
the over fertilization. In recent years interest on vegetables that fertilization is not applied has increased. In this
study some heavy metal contents such as Cu, Fe, Mn, Ni and Zn have determined via ICP-OES by using
microwave solubilisation system in vegetable samples from four different regions on which greenhouse and
chemical fertilization process is not applied. The validity of the method is controlled with certified reference
material (Tomato Leaves (NIST1573a). Recovery values have found over 95 %. Univariate ANOVA test is
applied on experimental results. Since Sig. value is p>0.05 and F<F for each vegetable samples, it is seen that
group variants are homogenous and there is not a significant difference between the soils of the four region.

Keywords: Microwave digestion; heavy metal; vegetable sample; ICP OES. © 2017 ACG Publications. All
rights reserved.

1. Introduction

A tillage technique which improves the biodiversity of the soil, protect the organic material of
the soil and prevent the erosion is used for growing vegetable production [1]. Frequently consumed
and fertilized food cause immune system disorder and increase on cancer susceptibility by weakening
the cells. When these facts are considered heavy metal accumulation may be occurred as the result of
the over fertilization of the vegetables [2].

The effect of the agriculture on environment is very important [3, 4]. Agricultural lands are
mostly treated with chemical fertilizers. This causes heavy metal contamination in the soil. Numerous
consumers are started to prefer to use organically produced food because of pesticide residues. This
has caused an increase on the popularity of the organic food [5-7]. Organic Agriculture is generally
offered as a solution in order to decrease the effect of the agriculture on environment [8]. There are
crop yield differences between organic and conventional systems [9, 10]. “Organic Agriculture” is
appeared as an alternative to conventional agriculture [11]. Organic Agriculture is a kind of production
which aims to establish missing natural balance again, to forbid use of synthetic chemical drugs and
fertilizers, to protect the soil, to increase the resistance of the plants and to increase to amount as well
as the quality of the product [12].

Due to organic agriculture, agricultural productivity, recovery on the biodiversity of the soil, a
better environment and decrease in the ecological risk is occurred [13-15]. Organic Agriculture has
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begun in the middle of the 1980s in Turkey and spread very fast [16]. The first organic agricultural
products are dried grape and fig in our country [17]. There are many efforts to protect the agricultural
biodiversity which is disappeared because of the effect of the modern agriculture. [18-20]. Organic
agriculture is growing continuously in the world and now 1.8 million farmers applies organic
agricultural techniques on more than 37 million hectare in 162 countries [21].

A trace element which is essential for the creatures creates toxic effect on the organism when
exposed to over dose as the result of the pollution [22]. Trace metal contents in the soil have increased
by the contribution of the industrial and agricultural operations. As the time passes by, heavy metals
which have become a great risk may be taken by humans, animals and plant from environment via
food [1]. Heavy metal contamination at the agricultural environment may be come by pesticide
formulations, chemical fertilizers and contamination on weak quality water [23] and natural metal
resources and production packaging processes can cause Cu, Fe and Zn contamination [24-26].

The major contamination because of the fertilizer is the nitrate contamination in water [27-
28]. Unconsciously used nitrogen fertilizers cause nitrate contamination at vegetables [29]. Increase on
the heavy metal amount because of the fertilization may effect human health negatively.

Microwave solubilisation technique which is used for laboratory application provides various
advantages by dissolving samples rapidly [30-33]. Mineral analysis on vegetables is very wide and
there are numerous techniques in the literature. Some of them are inductively coupled plasma optical
emission spectrometry (ICP OES) or inductively coupled plasma mass spectrometry (ICP-MS) [25,
31].

ANOVA test which is used on the univariate analysis of the results essentially handles the
factors used in the experiment or the total of the square of the result variables in order to determine the
contribution of their interactions on the experiment and determines the total variances. And then
makes possible the election of the most suitable factor/parameter by calculating the contribution
percentage of the change [34].

This study is performed in four different regions of Sakarya; Erenler, Sogiitlii, Karasu and
Beskdprii for the determination of heavy metals such as Cu, Fe, Mn, Ni and Zn is performed by using
ICP-OES via the microwave solubilisation technique of the samples of tomato, pepper, hot pepper,
pepper sauce, cucumber, runner beans, aubergine, corn, potato and carrot on which chemical
fertilization is not applied and grown in greenhouse. In order to determine if there is significant
difference between four different region univariate ANOVA test is applied.

2. Experimental

2.1. Instrument

Cu, Fe, Mn, Ni and Zn concentrations of the heavy metals which are examined in this study
are measured with SPECTRO ARCOS model ICP-OES. Ultra-pure water, analytical grade H,O, and
HNO; and NIST 1573a Tomato Leaves Multi standard solutions are used in the analysis. The
operating parameters of determination of elements by ICP-OES: Viewingheight 12 mm; Wavelength:
Cu: 324.754 nm, Fe: 238.204 nm, Mn: 257.611 nm, Ni: 231.604 nm, Zn: 213.856 nm; RF Power:
1450 W, Plasma Gas Flow: 18.0 L/min.; Auxiliary Gas Flow: 1.5 L/min.; Sample Pump Rate: 25 rpm.

2.2. Reagent and solutions

In order to prepare the solutions in the experimental study distilled deionized water (Milli-Q
Millipore 18.2 MQ cm resistance) is used. Suprapur® nitric acid (65%, w/w) and analytical grade
hydrogen peroxide (30%, w/w) were purchased from Merck (Germany). All plastic and glass materials
are remained in % 10 v/v HNO; solutions for a night and then washed with ultra-pure water. An ICP
multi-element standard solution of 1000 mg L'l(Merck), as the calibration standard, was diluted to the
desired concentrations using ultra-distilled water with ICP-OES are prepared between 0.08-4 mg/L
ranges.The accuracy of the proposed method was evaluated by analzying certified reference materials
of SRM 1573a Tomato (National Institute of Standards and Technology, Gaithersbur, MD, USA).
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2.3. Microwave Digestion of Samples

Vegetable samples are washed with tap water and ultra-pure water before starting analysis.
Then the samples are dried in the oven at 65 °C for 48 hours and pounded in the porcelain mortar.
Approximately 1.0 g of the vegetable samples and 0.3 g of the reference material are digested with 7
mL HNO; (65%) and 1 mL H,O, (30%) in microwave system in order to solubilize the pulverized
vegetable samples. Digestion program is set 5 min for 90 °C, 4 min for 90 °C, 5 min for 180 °C, 16
min for 180 °C, ventilation: 8 min, respectively.

3. Results and discussion
3.1. Analysis of Reference Materials

This method is validated with NIST 1573a Tomato Leaves. Standard reference material is
digested with approximately 0.30 g of 7 mL HNO; (65%) and 1 mL H,0, (30%) in microwave system
and recovery values for Cu, Fe, Mn, Ni and Zn are calculated over 95 %. Results are given in Table 1.

Certified value

Element (mg/ka) Microwave % Recovery
Cd 1.52 +0.04 1.48 +0.03 97.4
Cu 470+£0.14 450 +0.08 95.7
Fe 368 +7 350+5 95.1
Mn 246+ 8 23514 95.5
Ni 1.59 + 0.07 1.52+0.03 95.6
Zn 30.9+£0.7 305+£0.2 97.4

Table 1. The results for certificated standart materials (N=3) and % recovery values
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Table 2. The result of the heavy metal determination in a dried greenhouse vegetables (ug g™).
(average + S.D., N=3) N.D: not detected

As it can be seen in the table to the values gathered by the experimental data cohere with the
certified values. These results show the validity of the solubilisation via microwave method offered for
the heavy metal analysis at the real samples. Recovery values which are calculated for each element is
over 95%. The result of the heavy metal determination in a dried greenhouse vegetables are given in
Table 2.

Since Cd and Ni metal content are very low in the greenhouse vegetables it is not calculated
according to the Table 2. The highest metal content among the samples is corn with Fe (28.91 pg g™)
and the lowest is pepper with Ni (0.26 ug g™). The highest Cu amount is determined in hot pepper and
the lowest is determined in runner beans. The highest Fe amount is determined in corn and the lowest
is determined in carrot. The highest Mn amount is determined in corn and the lowest is determined in
carrot. The highest Ni amount is determined in corn. The highest Zn amount is determined in runner
beans and the lowest is determined in potato. When compared to vegetables which chemical fertilizer
is not applied generally heavy metal levels are calculated highly.

Heavy metal content in the dried vegetables in four different regions is given in Table 3.

3.2. ANOVA Test Results

Since the single different factor is soil in the analysed samples ANOVA factor test is applied.
sig. (significance (p)) value in the ANOVA table is examined. The group averages are measured with
F value if they are same or not. If p > 0.05 is bigger and p>0.05, variances are distributed
homogenously. Gathered results are given in Table 5. When you consider the p value in the table, the
variance of the groups are homogenous because p>0.05.

Since Cd and Ni metal contents are quite low, it is not possible to calculate the values. The
highest metal content in the samples is the Zn amount and the lowest is the Cu in the corn. The highest
Cu amount is found in hot pepper and the lowest is found in aubergine. The highest Fe amount is
determined in hot pepper and the lowest is determined in cucumber. The highest Mn amount is
determined in pepper and the lowest is determined in cucumber. The highest Zn amount is determined
in hot pepper and the lowest is determined in cherry tomato. Heavy metal content on which fertilizer is

Greenhouse vegetables

Samples
Cu Fe Mn Ni Zn

Saucepepper 3.26+0.01 8.19 £0.03 3.28 £+0.04 N.D 7.66+0.07
Cherry tomato 2.59+0.02 8.78 £0.03 3.78 £0.02 N.D 9.42+1.16
Corn 2.89+0.01 28.91 +3.32 6.26 £0.01 2.78+0.02 14.63+1.12
Cucumber 2.49 £0.07 6.32 £0.03 4.12 £0.02 N.D 10.95+0.09
Aubergine 4.29 £0.02 15.41 £2.18 4.43 £0.03 N.D 12.38+1.14
Runner beans 0.84 £0.04 9.48 £0.04 2.57 £0.07 N.D 16.63+2.24
Hot pepper 5.09 £0.02 12.7 £1.15 457 £0.02 0.26+0.01 13.37+1.09
Pepper 4.47 £0.06 17.45 £3.10 4.70+0.11 N.D 12.72+2.10
Tomato 3.47 £0.04 8.29 £0.07 3.16+0.04 N.D 16.46+3.19
Potato 0.97 £0.01 27.49 £3.15 2.52+0.02 0.55+0.01 6.20+0.20

Carrot 2.55+0.03 7.94£1.12 2.33+0.03 1.05+0.02 14.14+2.17
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applied is calculated lower than the greenhouse vegetables. The lowest values for heavy metals are
found at the vegetables in the So6giitlii region.

ANOVA test results are given in Table 4. P value is examined in the ANOVA test results
and p>0.05 variance of the groups are accepted as homogenous. According to gathered data it is
p>0.05 for each element in all regions. It provides information it F averages same or not and it should
be F<F,. F<F type and group averages are distributed homogenously. Since the variances distributed
homogenously, it is seen that there is not a significant difference between soil samples.

4. Conclusions

Heavy metals such as Cu, Fe, Mn, Ni and Zn in the vegetables on which greenhouse and
chemical fertilization procedures are not applied. As the result of this heavy metal amount in the
vegetables on which chemical fertilization procedures are not applied is calculated as low. The lowest
heavy metal amount among these vegetables is the vegetables grown in Sogitlii and the lowest
amounts are determined in carrot and aubergine. Highest heavy metal amount of Zn and lowest
heavy metal amount of Cu are determined in corn.

Univariate ANOVA test is applied to vegetables gathered from four different regions. Because
sig value of the Cd, Cu, Fe, Mn, Ni and Zn metals in the vegetables in each region is p>0.05 and F<F,
zero hypothesis is accepted. The variances of the groups are homogenous with 95 % reliability and
there is not any significance between the soil samples of four different regions. It is seen that the
difference between the samples in which chemical fertilization are not applied and greenhouse is not
caused by the soil, there is heavy metal accumulation because of the fertilization.
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Beskoprii vegetables Karasu vegetables Sogiitlii vegetables Ereneler vegetables
Samples
Cu Fe Mn Ni Zn Cu Fe Mn Ni Zn Cu Fe Mn Ni Zn Cu Fe Mn Ni Zn
317+ 3.30+ 10.2+ 23+ 664+ 178+ 9.0+
Saucepepper 5" 10£1 0 S5pe  ND T 01 o002 o003 NP
158
Cherrytomato 198+ 558+ 261+ N.D 5.89+ Y 6.42+  1.69+ ND 9.1+
001 004 001 : 0.07 oL 002 003 04
1045
0.88+ 334+ 102+
Corn + ND
002 g 003 23
313+ 693+ 273+ 1520+ 297+ 757+ 3.02+ 1097 248+ 819+ 213+ 9.93+ 184+ 588+ 9.33+0.
Cucumber 003 008 004 NP 170 002 o004 o001 NP o i006 003 o004 003 NP g0z NP 03 g0 NP T
. 25+ 848t 37+ 1582+ 171+ 74+ 27+ 933+ 074+ 355+ 177+ 7.54+
Aubergine 02 o041 03 NP ysa 002 04 01 NP o000 002 002 003 NP o006
13.37 12.85
Runner beans 157+ + 46106; ND +
009 ¢ 0.01
11.74 10.96
5.86+ 417+ 1641+ 333+ 3.5+ 925+ 204+ 706+ 211+ 7.68+
Hotpepper 553 £ 902 NP o oot 002 NP 906 o001 o006 o002 NP 004
0.08 0.06
Pepper 35 158 gm0 nss:
oo 11 003 1.10
Tomato Lozt 762t 237+ o 804 275+ 718 216 . 793 348 613 175+ | 1183
002 003 001 006 004 009 002 001 01 002 002 0.07
175
377 121 7.88
Carrot 1o 001 2020 ND 4004

N.D: (Not Detected)
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Table 4. Univariate ANOVA test results in vegetables.
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Greenhouse vegetables Erenler vegetables

Beskoprii vegetables

Karasu vegetables

Sogiitlii vegetables

Elements P-value F F P-value F F P-value F F P-value F F P-value F F
factor factor factor factor factor
Cu 0.999 0.004 3.354 0.990 0.009 4.256 0.999 0.0008 3.885 0.974 0.0263 3.682 0.979 0,020 3,885
Fe 0.391 0.971 3,354 0.969 0.001 4.256 0.998 0.0018 3.885 0.980 0.01978 3.682 0.977 0,023 3,885
Mn 0.998 0.001 3.354 0.967 0.033 4.256 0.968 0.0323 3.885 0.993 0.0068 3.682 0.861 0,151 3,885
Ni 0.990 0.009 3.354 - - - - - - - - - -
Zn 0.999 0.000 4.255 0.975 0.024 4.256 0.986 0.0131 3.885 0.914 0.09038 3.682 0.598 0,535 3,885
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