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Accumulation of microelements Cd, Cu, Fe, Mn, Pb, Zn in walnuts (Juglans regia L.)
depending on the cultivar and the harvesting year

Sv. Momchiloval”, S. Arpadjan?, E. Blagoeva®

1Department of Lipid Chemistry, Institute of Organic Chemistry with Centre of Phytochemistry, Bulgarian Academy of
Sciences, Acad. G. Bonchev Str., bl. 9, 1113 Sofia, Bulgaria
2Department of Analytical Chemistry, Faculty of Chemistry and Pharmacy, University of Sofia, J. Bourchier Blvd. 1,
1164 Sofia, Bulgaria
3Agricultural Experiment Station, 1 Minjorska Str., 6600 Kardzhali, Bulgaria

Received November 5, 2014, Revised October 30, 2015

Microelements Cd, Cu, Fe, Mn, Pb and Zn were determined by flame and electrothermal AAS in six walnut
cultivars during four consecutive years. Analysis of variance showed that accumulation of Cu, Fe, Mn and Zn depended
on the cultivar whereas the harvesting year of samples influenced significantly none of the investigated six
microelements. The contents of Cd, Cu, Fe, Mn and Zn were two (Cd) to six (Zn) fold higher in kernels than in shells
while Pb content was higher in shells than in kernels. In addition, a correlation study was performed on Cd and Pb
contents in kernels and in the corresponding shells, involucres, leaves and soil extracts. Strong positive correlation was
observed between i) Cd content in kernels and in soil fractions; ii) Pb content in kernels and in corresponding shells,
involucres and leaves, indicating the soil as the main source for Cd accumulation and the air pollution — for Pb.
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INTRODUCTION

Walnuts (Juglans regia L.) are recognized as a
healthy food [1] and are consumed as pure nuts or
as ingredients in various food products [2]. Regular
consumption of their kernels improves nutrient
intake in humans. Whereas most nuts contain
mainly monounsaturated fatty acids, walnuts are
rich in essential polyunsaturated fatty acids as
linoleic (18:2, omega-6) and linolenic (18:3,
omega-3) acids at levels of above 500 g/kg and 130
g/kg, respectively [3]. Also, walnuts contain many
other bioactive compounds as proteins, minerals,
fibers, tocopherols, phytochemicals [4-8]. The
unique chemical composition, proved health
benefits and suitable climatic conditions in Bulgaria
leads to increased interest in harvesting new walnut
trees with the help of EU subsidy projects on the
agriculture  area.  Until  now,  systematic
investigations on the content of essential and toxic
elements in Bulgarian walnuts are missing.
Although many walnut trees in the country grow on
both sides of roads or in industrially contaminated
areas, the influence of traffic or industrial pollution
on the accumulation of microelements in walnuts
has not been studied yet. In order to estimate the
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effects of environmental pollution, as well as to
make the right choice in organizing new walnut
orchards, it is important to investigate whether the
walnut cultivar has an influence on the elements
accumulation extent. In the present paper we
studied the accumulation of essential (Cu, Fe, Mn,
Zn) and toxic (Cd, Pb) elements in six walnut
cultivars grown in antropogenically polluted area in
Bulgaria during four consecutive harvests (2008-
2011). The toxic elements Cd and Pb were also
measured in the walnut shells, involucres, leaves
and soils in order to elucidate the sources of
contamination.

EXPERIMENTAL

Samples and reagents

Six walnut (Juglans regia L.) cultivars were
studied, namely Adams, Hartley, Izvor 10, Pedro,
Sheynovo and Tehama. They were grown in the
orchard of the Agricultural Experiment Station —
Kardzhali, South-Eastern Bulgaria, near a lead/zinc
smelter. The walnut trees were cultivated without
any irrigation and fertilization. From 2008 to 2011,
samples were taken from the same cultivar trees.
The total number of nut samples for analysis was
24 (6 cultivars x 4 years). The nuts with the
corresponding involucres and leaves were picked
up randomly from under the trees during the first
half of October. The samples were air dried and the
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nuts were unshelled before analysis. Shells,
involucres and leaves were analysed without
preliminary washing. Soil samples (0-30 cm) were
taken under the studied trees according to 1SO
10381-2002. All reagents used were of analytical-
reagent grade (p.a. Merck, Darmstadt, Germany).
Milli-Q water (Millipore, Bedford, MA, USA) was
used throughout.

Chemical analysis

The microelements Cu, Fe, Mn and Zn were
determined by flame atomic  absorption
spectrometry (flame AAS) on a Perkin Elmer
AAnalyst 400 equipment (Perkin Elmer, Norwalk,
Connecticut, USA) using appropriate agueous
standard solutions for external calibration.
Electrothermal AAS (Zeeman Perkin Elmer
3030/HGA-600) was applied for determination of
cadmium and lead wusing standard addition
calibration mode. Kernels, shells, involucres and
leaves were digested with 65% HNOs; and 30%
H.O, (modified USGS Method B-9001-95) [9].
With each run of these samples two certified
reference materials CRM NCS ZC73011 soy bean
and INCT-MPH-2 Mixed Polish Herbs (LGC
Standards, Lomianki, Poland) were analyzed in
parallel in order to check the accuracy of the entire
analytical procedure. The obtained mean values for
the analytes were not significantly different
(p>0.05) from their certified values. Accuracy of
the data for element content in nut kernels was also
checked by analysis of spiked walnut (cv. Adams,
Pedro) samples. The difference between the
obtained and spiked values was not significant
(p>0.05). The soil samples were digested with aqua
regia and HF (ISO 13656) for determination of the
total content [10]. The accuracy of determination of
total Cd and Pb in soils was checked measuring
Soil CRM NCS DC 73386 and the differences
between the experimental and certified values were
not significant (p>0.05). The bias calculated from
the means of certified and measured values was
0.8% for Cd and -0.3% for Pb. EDTA and acetic
acid soil extracts were prepared according to a
harmonized BCR protocol [11]. The quality control
of the procedure for evaluation of soil EDTA and
acetic acid extractable Cd and Pb was performed
using certified reference material BCR-700.
Recoveries from the analysis of BCR—700 were in
the range of 95-101% for Cd and in the range of
93-104% for Pb, which was considered as
satisfactory [12].

Statistical analysis

For each sample, three independent analytical
portions were weighed and analyzed together with
corresponding procedural blanks. The statistical
data calculations were performed using the

Microsoft Excel (Microsoft, Redmond,
Washington, USA) and STATISTICA 7.0
(StatSoft, Tulsa, Oklahoma, USA) software
packages.

RESULTS AND DISCUSSION

The results for microelements content,
corresponding to 24 walnut samples, are
summarized in Table 1 (different cultivars) and
Table 2 (different harvesting years). The statistical
analysis of data was performed by analysis of
variance as the cultivar and the harvesting year of
samples were the variables. Table 1 shows the
mean content of analytes for four harvesting years
(2008-2011) depending on the walnut cultivar, the
standard deviation between varieties (SDv), the
standard deviation (SD) of triplicate analysis of all
24 samples (N=72) and the calculated Fisher’s F-
test (Feac=SDV?/SD?) values. It can be seen that in
relation to the cultivar, significant differences
(Fcac>F) were registered for Cu, Fe, Mn and Zn
whereas cadmium and lead had Fcac (1.93 and 1.96,
respectively) lower than F (2.40) at p=0.05
significance level. Influence of variety on the
microelements content was reported also for
walnuts from Turkey [13,14] and Romania [15,16].

Table 2 shows the mean values for the six
walnut cultivars obtained during four consecutive
years. In relation to the harvesting year, no
significant differences were found for the contents
of Cd, Cu, Fe, Mn, Pb and Zn, i.e. the accumulation
of these elements had not been affected by climatic
conditions as rainfall amounts, wind direction, etc.
It could be assumed that the uptake of these six
elements is only from the soil and proceeds through
mechanisms that are independent of the soil
moisture content. To the best of our knowledge no
data have been published yet concerning the
influence of harvesting year on the accumulation of
microelements in walnuts.

Furthermore, the correlation between the
contents of cadmium and lead in kernels, shells,
involucres, leaves, and soils as total (S-total),
EDTA (S-EDTA) and acetic acid (S-acetic)
extractable forms was studied.
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Table 1. Content of microelements in walnuts in dependence on the cultivar (mean values for four harvesting years);
F (P=0.95; F1=5; F,=48) = 2.40.

Izvor She Teha Mean of
Element Adams  Hartley 10 Pedro novg ma thesix ~ SDV® SD™  Feac
cultivars

Cd (ug/kg) 29.8 29.7 235 285 255 265 27.3 2.5 1.8 1.93

Cu (mg/kg) 15.7 17.2 15.7 16.7 157 16.3 16.2 0.6 0.3 4.00

Fe (mg/kg) 24.8 28.2 24.2 29.2 318 328 28.5 3.5 2.0 3.06

Mn (mg/kg) 39.5 42.5 35.2 320 370 352 36.9 3.7 2.0 3.42

Pb (ng/kg) 95.0 120 115 102 116 95.0 107 112 8.0 1.96

Zn (mg/kg) 26.8 28.5 27.5 278 28.0 342 28.8 2.7 1.0 7.29
*SDv: standard deviation between the varieties
**SD: standard deviation of triplicate measurements of six samples during four consecutive harvests (N=72; n=24)
™ Fealc = SDV?/SD?

Table 2. Content of microelements in walnuts in dependence on the harvesting year (mean values for six walnut
cultivars); F (P=0.95; F1=3; F,=48) = 2.80.

Mean of the four

Element 2008 2009 2010 2011 years SDy" Feac™
Cd (ng/kg) 29.7 27.7 25.3 25.8 27.1 2.0 1.23
Cu (mg/kg) 16.3 16.1 16.3 16.2 16.2 0.1 0.11
Fe (mg/kg) 26.0 27.0 28.0 29.0 27.5 1.3 0.42
Mn (mg/kg) 34.0 37.0 40.0 36.5 36.9 2.5 1.56
Pb (ng/kg) 98.0 114. 99.0 110. 105. 8.0 1.00
Zn (mg/kg) 29.0 28.0 29.0 29.0 28.8 0.5 0.25

*SDy — standard deviation between harvest years
“Feac= SDy?/SD?; SD —see Table 1

Table 3. Correlation between the content of Cd in walnut kernels, in corresponding shells, involucres, leaves, in
soils as total (S-total), EDTA (S-EDTA) and acetic acid (S-acetic) extractable cadmium.

Shells Involucres Leaves S-total S-EDTA S-acetic

r 0.24 0.15 0.21 0.82 0.62 0.60

Kernels P NS* NS NS 0.0002 0.001 0.002

Shells r 0.04 0.76 0.34 0.19 -0.01
P NS 0.0001 NS NS NS

Involucres r 0.45 0.13 0.21 0.14
P 0.027 NS NS NS

Leaves r 0.19 -0.04 0.25
P NS NS NS

r 0.80 0.58

S-total 0 0.0001 0.003
r 0.51

S-EDTA - 0011

*NS — not significant

Table 4. Correlation between the content of Pb in walnut kernels, in corresponding shells, involucres, leaves, in soil
as total (S-total), EDTA (S-EDTA) and acetic acid (S-acetic) extractable lead.

Shells Involucres Leaves S-total S-EDTA S-acetic
r 0.97 0.68 0.52 0.23 0.21 0.20
Kernels p <0.001 <0.001 0.01 NS* NS NS
Shells r 0.71 0.53 0.22 0.21 0.20
p <0.001 0.008 NS NS NS
Involucres r 0.66 0.29 0.29 0.31
p < 0.001 NS NS NS
Leaves r -0.11 -0.11 -0.11
p NS NS NS
r 0.96 0.98
S-total D <0001  <0.001
r 0.98
S-EDTA 0 <0001
* NS — not significant
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The results for the correlation coefficient (r) and
significance level (p) are shown in Table 3 for
cadmium and in Table 4 for lead. According to the
results (Table 3) Cd in kernels correlated positively
only with the Cd content in all soil fractions: total
soil Cd (r=0.82; p=0.0002); EDTA extractable Cd
(r=0.62; p=0.001) and acetic acid extractable Cd
(r=0.60; p=0.002). This confirms the assumption
made from the analysis of variance that walnuts
accumulate mainly soil Cd.

Cadmium in the leaves and involucres resulted
from air pollution and had no influence on the
element content in kernels. It could be concluded
that cadmium content in walnuts mainly depends on
the soil pollution. The measured contents of
cadmium (mean for six walnut cultivars in four
consecutive years) were 1.7, 0.7 and 0.03 mg/kg,
respectively in the total soil, EDTA- and acetic
acid-extractable soil fractions, which were below
the maximal allowed content (2 mg/kg Cd in soil)
according to the Bulgarian legislation [17]. The
lead contents in the investigated soil fractions (97.6,
46.7 and 0.17 mg/kg, respectively in the total soil,
EDTA- and acetic acid-extractable fractions) were
also lower than the maximal allowed content (100
mg/kg Pb in soil [17]). However, unlike cadmium,
lead showed opposite correlation behaviour (Table
4), as no significant correlation was registered
between Pb content in kernels and in soil fractions.
This is probably because walnut tree roots act as a
barrier for translocation of soil lead to the kernels.
The strong positive correlation between Pb in
kernels and in corresponding shells (r=0.97;
p<0.001), involucres (r=0.68; p<0.001) and leaves
(r=0.52; p=0.01) shows that some lead
accumulation could proceed through polluted
environment during kernels ripening.
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Fig. 1. Distribution of microelements between
kernels and corresponding shells as mean values for six
walnut cultivars and for four harvesting years.

Figure 1 presents the distribution coefficients of
all six studied elements, calculated as a ratio
between elements content in kernels and that in the
corresponding shells. As can be seen, only lead has
a distribution coefficient below 1, i.e. its content in

shells is higher than in kernels. Thus, in order to
prevent high levels of lead in walnut kernels,
special care must be taken to avoid air pollution
with lead containing aerosol particles.

CONCLUSIONS

The accumulation of Cu, Fe, Mn and Zn in
walnuts is dependent on the cultivar. The
harvesting year and the herewith connected
particular climatic conditions do not significantly
influence the microelements contents. Lead content
is higher in walnut shells than in corresponding
kernels. The contents of Cd, Cu, Fe, Mn and Zn are
two (Cd) to six (Zn) fold higher in kernels in
comparison to shells. Correlation analysis showed
that the main source for Cd accumulation was soil
cadmium, as long as for lead it could be also the
polluted environment.
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HATPYIIBAHE HA MUKPOEJIEMEHTH (Cd, Cu, Fe, Mn, Pb, Zn) B OPEXHU (Juglans regia L.)
B 3ABUCHUMOCT OT COPTA UTOJMHATA HA OTTJIEXXIAHE
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Toctenmna Ha 5 HoemBpu 2014 r.; kopurnpana Ha 30 okTomBpr 2015 T.
(Pesrome)

MuxpoeaeMeHTHTe KaAMHM, MeEI, JKeIs30, MaHraH, OJOBO W IMHK OsXxa ONPEIENeHH Ype3 IUIAMBKOBa U
ENIEKTPOTEPMUYHA aTOMHO-a0COPOIMOHHA CIIEKTPOMETPHSL B IIECT COPTa OPEXH IIPE3 YETUPH HOCIIEA0BATSIHH [OJHHH.
AHamM3pT HAa BapHALMKMTE [OKa3a, 4e HATPYIBAHETO HA MeI, JKENIA30, MAHTAH W IWHK 3aBHCH OT COPTa, HOKATO
rOMMHATA Ha OTIVIOKIAHE HAa OPEXHTe HE BJIMAC 3HAYMMO BBPXY HHUKOW OT M3CICIBAHUTE IECT MHKPOCIEMEHTA.
ChIbpKaHHETO HA KaJIMHIA, MEI, JKeJs130, MaHTaH U [HHK Oerire oT 7Ba (Ipu KaaMus) 10 IrecT (MU MUHKA) MBTH [O-
BHCOKO B SIIKATE, B CPaBHEHHE C YCPYIKHTE, JOKATO CHIBPKAHMETO HA OJIOBO Oelle MO-BHCOKO B YEPYIIKHTE,
OTKOJIKOTO B siikute. ChIo Taka Oelie MPOBEACHO KOPENAlHMOHHO M3CICABAHE HA KOJIMYECTBATA KaJMHUH U OJOBO B
SJKUTe W B CHOTBETHHTC MM YCPYIKH, ME30Kapll, JIUCTA M TMOYBEHH EKCTPAaKTH. Pe3ynrature paskpuxa CUIHA
HOJIOXKUTEIIHA KOPEIalns MEXIY: a) ChIbPKAHHETO HA KaJMHUIl B SAKATE U B IIOYBEHUTE (pakuuu; G) ChABPIKAHHETO
Ha OJIOBO B SIOKHTEC M B CHOTBETHHTE WM UYEPYIKH, ME30KapIl U JIHCTa, KOSTO MOKa3Ba, Y€ OCHOBEH M3TOYHHUK 32
HATPyIBaHe Ha TOKCHYHH CJIEMCHTH B SIKUTE € I0YBATa — 33 KaJMHI U 3aMbPCABAHETO BBB BB3IyXa — 3a OJIOBO.
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