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This study’s aim is fo be a continuation of the research conducted by Mihoc et al, 2012 to deternine the heavy
metal content for the hemp seeds of five romanian varieties by following the distribution of Fe, Mn, Zn, Cu
and Ni in the two fractions: hulled hemp seeds and shell as opposed to whole hemp seeds. Microelements
content in hemp seeds are: Fe (130-164 mg/kg), Mn (89-108 mg/kg), Zn (42-57 mg/kg), Cu (10-12 mg/kg),
Ni (1.6-6.1 mg/kg), Cr (598-877ug/kg) and Mo (265-652ug/kg). The Pb analysis shows a high dispersion of
the results with many values under the quantification limit. Therefore the Pb concentration in hemp seeeds
belongs to the range of 217-626 ug/kg excepting the Armanca variety. Iron is concentrated in shell, zinc and
nickel in hemp heart, while manganese and copper are equally balanced in both the core and the shell.
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Hemp (Cannabis Sativa L.) belongs to the Cannabaceae
family, the Cannabis genus. Hemp fruit is a round achene,
consisting of a single seed covered with endosperm and
protected by the pericarp. Raw hemp seeds produce a
series of derivate products: hulled seeds, hemp flour,
protein powder and shell with high-fiber, oil and hemp cake
content.

Hemp seeds contain some heavy metals extracted from
the soil [1,2]. Iron and manganese are two widespread
metals in the soil, therefore they are found in plants taking
their food directly out of the natural substrate.

Heavy metals are present in the soil, naturally, in small
concentrations or, due to anthropogenic activities, in high
concentrations. Plants have a different capacity to absorb,
metabolize or transport heavy metals from soil.

Hemp (Cannabis sativa L.) is known for its tolerance for
elevated heavy metals content soils and even for the ability
to extract metals from the soil. Many studies [2-5] report
an accumulation of Ni, Pb, Cd, Zn and Cr in hemp which
makes the plant to be considered in soil phytoremediation
processes. As a consequence, the use of hemp seeds in
human or animal food raises questions about the potentially
negative effects of the heavy metals content.

The aim of this study was to evaluate the fractions
resulted from the hulling of the hemp seeds from the five
romanian varieties and the distribution of Fe, Mn, Zn, Ni
and Cu in the two fractions (shell and kernel).

Experimental part
Materials and method
Sample preparation

Hemp seed samples were taken from monoecious
hemp seed production (Zenit, Diana, Denise) and dioecious
(Armanca, Silvana), obtained in 2011 in the area of
experimental plots at SCDA Lovrin -Timis, in the south west
of Romania. From each sample of monoecious and
dioecious seeds hulled seeds, hull and whole seeds were
analyzed. The seeds sampling was recorded according the
EC Regulation No.333/2007 [6].

Samples of each variety of seed were weighed, then
they were used to determine the metal content compared
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to whole seed. Then another 3 samples of each variety of
seed were weighed and were manually husked thus
obtaining the two fractions: hulled seed and shell. Each
fraction thus obtainined was weighed and then was subject
to analysis. During the shelling process and during sample
handling contact with metal surfaces or instruments was
avoided to minimize the risk of contamination of the
samples and alteration of the result.

Samples of about 0.1g of hulled seeds, shell or whole
seeds were mineralized with 10mL nitric acid (HNO3) 65%
with low metal content (Ultrapur Merck). Digestion to bring
in the solution the solid sample of seed and seed fractions,
was carried out using the Berghof Speedwave MWS-2
microwave by the 3050B EPA method[7], using the
program presented in the table 1.

Digested samples, cooled at room temperature, were
passed through a paper filter of cellulose acetate with a
pore size of 0.45 pum. Filtrates containing acid metals
extract from seed samples were collected in 25 mL flasks
and were brought to final volume with double distilled
water.

The microelements determination

The metal content determination was performed in the
laboratory of the Basinal Administration of Water “Crisuri,
with atomic absorption spectrophotometers (Thermo M
Series and Unicam Solaar 969).

The acid extract was analyzed for the following metals:
Fe, Mn, Zn, Cu, Ni, Cr, Pb and Mo. The metal content of the
extract was determined using two different techniques,
depending on the metal concentration to be determined.
Thus for Fe, Mn and Zn air-acetylene flame AAS was used
and for Cu, Ni, Cr, Pb and Mo by graphite furnace.

By increasing the temperature based on a program, the
sample is dried, pyrolysed and atomized. The dry phase is
carried out at 105 and at 120 °C ensuring the drying of the
sample in 40 s for Pb Ni Cr, 50 s for Mo and 70 s for Cu. The
ash phase needs different temperatures depending on the
element: Pb-700°C (20s), Ni-1000°C (20s), Cr-1200°C (20s),
Mo-1800°C (20s). The inert gas used to release the vapors
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es of the digestion | 1 2 3
’ process Table 1
“’a";e{fg T 0 7 TEMPERATURE USED FOR SAMPLE
POWER [%] 80 85 90 DIGESTION
TIME [SEC] 5 5 20
Variety = Number Whole Hulled Shell Percentage Percentage
of seed  seed seed weight,  hulled shell %
weight, weight,g g seed %
g
1 Zenit 8 0.1208 0.0846 0.0309 70.0 25.6
2 Zenit 8 0.1661 0.0987 0.0605 59.4 36.4
3 Zenit 8 0.1395 0.0810 0.0565 58.1 40.5
Mean , % 62.5 34.2
Standard deviation, % 6.6 7.7
4 Diana 8 0.1650 0.1006 0.0587 61.0 35.6
5 Diana 8 0.1477 0.0866 0.0586 58.6 39.7
6 Diana 7 0.1427 0.0871 0.0542 61.0 38.0 Table 2
Stan3333‘3; :/i“aﬁon ” 61°f 327-17 GRAVIMETRIC ANALYSIS OF HEMP SEED
y /0 B .
7 Denise 7 0.1037  0.0554  0.0464 53.4 447 AND ITS FRACTION
8 Denise 7 0.1268 0.0770 0.0421 60.7 33.2
9 Denise 7 0.1065 0.0614 0.0445 57.7 41.8
Mean , % 57.3 39.9
Standard deviation, % 3.7 6.0
10 Armanca 7 0.1429 0.1075 0.0364 75.2 25.5
11  Armanca 8 0.1718 0.1147 0.0571 66.8 332
12 Armanca 8 0.1947 0.1297 0.0635 66.6 326
Mean , % 69.5 30.4
Standard deviation, % 4.9 4.3
13 Silvana 8 0.1911 0.1086 0.0702 56.8 36.7
14  Silvana 9 0.2974 0.1635 0.1277 55.0 429
15  Silvana 7 0.1358 0.0904 0.0421 66.6 31.0
Mean , % 59.5 36.9
Standard deviation, % 6.2 6.0
Content of hulled seeds, % 61.8 +/-4.5
Shell content, % 35.8 +/-5.2

and fumes from inside the cuvette from oxygen was argon
with a flow of 0.2L/min. The time of atomization for each
studied element was set to 3 s. Based on the data from the
spectrophotometer’s cook book and the optimizations
which were carried out, the temperature of atomization
for each metal is Pb-1600°C, Ni -2500°C, Cr-2500°C, Mo-
2750°C, Cu -2400°C. The clean phase usually has a
temperature higher with 100 degrees than the atomization
phase but it depends on the matrix : Pb-2200°C (3s), Ni-
2600°C (3s), Cr-2600°C (3s), M0-2850°C (3s) and Cu-2800°C
(3s). Determining Pb and Cr implies the use of Mg(NO,),
as a matrix modifier and for Cu of NH,NO,. The
determination of Ni and Mo is performed without the
addition of matrix modifiers.

Equipment calibration was performed using standard
monoelement solutions CertiPUR®, traceable NIST,
solutions in HNO, 2-3% with the concentration of 1000
mg/L metal. For the preparation of the reagents and of the
standard solutions double distilled water was used. The
correlation coefficients of the calibration curves were in
the range of 0.995-0.999. Quantification limits (LOQ) of
the methods used in the laboratory, set for a coefficient of
variation of long-term repetability of 10%, are: Fe (0.06mg/
L), Mn (0.025mg/L), Zn (10ug/L), Pb (1.0ug/L), Cu (1,0pg/
L), Cr (0.6ug/L), Ni (1.5ug/L) and Mo (1.0pg/L).

Statistical analysis

Results are presented as means = standard deviation
(SD) of triplicate measurements. The results of the present
study were processed by ANOVA one-way and the least
significant difference test, in order to compare the mean
values of the investigated parameters.
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Results and discussion

Gravimetric analysis of hemp seed and its fraction

Gravimetric analysis of the fractions of seeds resulted
from shelling and from the preparation phases for the metal
analysis are presented in table 1. The hulled seed fraction
is between 53.4 and 75.2% with an average of 61.8%, also
the shell with an average of 35.8% has a gap between 25.5
and 44.7%. The separation operation is accompanied by
losses of 2.4% (table2).

Analysis of microelements content

The microelements analysis was done on three parallel
samples for each variety and for each fraction. For the series
of samples obtained from whole hempseeds, the results
of the analysis are presented in table 3.

The graphic analysis of the results obtained (fig. 1)
produces a grouping of the analyzed metals in three groups.

Concentration of Fe, Mn, Zn, Cu, Ni in
whole hempseeds
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Fig. 1. Concentration distribution of Fe, Mn, Zn, Cu, Ni depending
on varieties
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Yariety Ke Mn n Cu N1 Cr Mo Pb
mg/kg mgkg mg/kg me/ke mghkg peks peks pg/kg
Zenit 133 103 52 10.3 6.0 598 296 626
Diana 145 106 52 10.9 6.1 799 386 217
Denise 139 108 57 11.8 2.1 877 652 248
Armanca 130 89 46 11.9 3.5 856 265 <LOQ*
Silvana 164 96 42 12.0 1.6 821 569 343 Table 3
min 130 89 42 10 1.6 598 265 <LOQ*
max 164 108 57 12 6.1 877 652 343 METAL C}(l)E];\I/'lTPES]\]IE]];]I)l\; WHOLE
mean 142 100 50 114 39 790 421 358
Standard deviation 22 8 7 1.6 2.0 271 188 168
Standard deviation
% 16 8 14 14 52 34 42 90
* LOQ —limit of quantification
Variety Fe Mn Zn Cu Ni
mg/kg
Zenit 135 124 72 10.5 72
Diana 103 124 65 13.2 8.6
Denise 155 121 92 11.0 33
Table 4
Armanca 124 85 68 7.5 3.6
Silvana 117 87 63 91 23 HULLED HEMPSEEDS METALS
Min 103 85 63 7.5 2.3 CONTENT
Max 155 124 92 13.2 8.6
Mean 127 108 72 10.3 5.0
Std. deviation 20 20 11 3.2 2.7
Std deviation % 15 19 12 22 56

Thereby, there is the group of iron and manganese with
values of over 100 mg/kg, the group of metals whose
values are situated between 10 - 100 mg/kg (Zn, Cu) and
the group of the microelemnts whose values are situated
under 1 mg/kg, Cr, Mo and Pb which can’t even be shown
on the same graphic. Nickel has a separate position which
although has values between 1-10 mg/kg, it seems that it
has a variability which depends on the variety of hemp
(table 3).

This grouping is mainly due to the natural spread of the
studied elements in the soil. Thus iron and manganese are
main constituents of the soil and of parental rocks, being
situated on the fourth (Fe) and twelfth (Mn) places in the
clark [8]. The placement of Zn ahead of other elements
with smaller clark is due to the hemp high capacity of
accumulating zinc, as well as to the higher content of zinc
in soil in comparison to the rest of the studied elements
[2,9,10]. By studying the variation of Fe, Mn, Zn and Cu
from a variety to another, a quasiuniformity can be observed.
The limited study does not allow that because of the small
decrease of the metal content in the Armanca variety to
jump to the conclusion that the Armanca variety has the
lowest metal content.

The analysis of the fraction representing the core
produced the values in table 4 and for the fraction
representing the shell the results are in the table 5.

From the study of the values shown in tables 4 and 5, a
growth of the standard deviation can be observed, together
with a decrease in the metal concentration regardless of
the analyzed fraction. In comparison with the standard
deviation of the values for the whole seeds (table 3), a

larger variation in the determination of the metal content
in fractions than in whole seeds can be seen (altough this
is not the case for nickel which has a special place at the
border of the domains). This appears normal because the
separation in fractions requires many operations.

Iron is a microelement with a catalytic role and a
dynamic role. His lack produces the yellow coloration of
the young leaves and then their whitening. Iron in moderate
quantities facilitates the production of red blood cells and
energy. The iron concetrations in the soil of the experience
are significantly higher than for other metals [2].

The iron concentrations from the seed samples analized
is in the 130-164mg/kg range, with an average of 142 mg/
kg. From the iron analysis based on the varieties, as it is
suggestively represented in figure 1, the conclusion that
resulted is that there is a random repartition of the iron
content which is not based on the plant type: dioecious or
monoecious. This and the large values of the iron
concentration, produce a standard deviation of 16% for all
the values. Except for the Denise variety a high content of
ironin shell can be observed as opposed to the hulled seeds
(table 4 and 5). The light fraction which represents 35.8%
has an average iron content of 158 mg/kg, while core, the
major component (61.8%) in the whole seed, has an
average concentration of 127 mg/kg.

The concentration domain of Mn in the studied seed is
between 89-108 mg/kg, with an average of 100mg/kg.
The very small gap indicates, as in the iron case an almost
uniform repartition of manganese in all the five varieties
and, with a standard deviation under 10%. By manually
shelling the hemp seeds, the separation of the two fractions

Variety Fe Mn Zn Cu Ni
mg/kg
Zenit 145 98 22 8.9 3.6
Diana 144 115 23 114 2.8 Table 5
Denise 146 120 68 14.1 1.5 HEMPSEEDS HUSK METALS CONTENT
Armanca 170 101 40 10.0 4.8
Silvana 187 109 34 7.7 14
Min 144 98 22 7.7 1.4
Max 187 120 68 14.1 4.8
mean 158 109 37 10.4 2.8
Std. deviation 28 24 20 3.6 1.7
Std deviation % 17 22 54 34 59
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is not net. As a result, the Mn concentration registered in
the hulled seed and the shell is the same, 108 mg/kg but
with standard deviations of 19%, and 22% a lot smaller
than for the whole seeds. According to the National
Research Council (NRC)[11] the recommended dose of
manganese is 5 mg/day/person, provided in this case by
approximately 50 g of hemp hard.

The 42-57 mg.kg! (tab.2) concentration of Zn in the
whole Romanian hempseeds is comparable to the one in
the Turkish seeds (46 -72 mg.kg"'), but higher than the
concentrations for the Russian varieties (7.3-17.8 mgkg™")
[12]. The Zn concentrations in the plants raised in this area
confirms hemp capacity of depollution through Zn
amassment in seeds for plants raised on a soil with 54-64
mg.kg![2]. By comparing the zinc repartition in the core
and shell fractions, an accumulation in the hulled
hempseed can be observed with an average value of 72
mg/kg, in comparison with the lighter fraction of shell with
an average content of 37 mg/kg. By analyzing the results
from tab. 4 and 5 it can be observed that this difference in
the accumulation in the core is larger than for the Zenit
and Diana varieties (of about 3 times) than for other
varieties, with the accumulation ratio of 1.4-1.8 times.

Copper has a large prevailence in nature, water, air, soil
and living organisms. The concentration domain of Cu from
the experience soil is between 1-2 mg/kg [9]. Copper is an
essential micronutrient for plants in the seeds germination,
in supplying water as well as in photosynthesis, but in high
concentrations it becomes toxic. Copper deficit produces
chlorosis and the wilting of young leaves. Hemp (Cannabis
sativa L.) is prone to accumulate Cu prefferentially in leaves
without afecting the primary liberian fibers [4,13]. The
average copper concentration in the whole hemp seeds,
monoecious and dioecious, is 11.4 mg/kg, much lower
than the critical concentration of 20 mg/kg [14] in plants.
The small gap of the experimental values and the standard
deviation of 14% emphasize the idea of the copper
accumulation in seeds not depending on the variety, only
under the influence of this element in the soil (fig 1). The
near average concentrations of Copper in the two fractions
of seed indicate a balanced distribution of this element in
the core and in the shell. The losses produced by the shelling
operations bring forth standard deviations higher than the
copper concentrations obtained in the two seed fractions
(22%-hulled seeds and 34%-shell) as opposed to the whole
seed (14%).

Nickel is present naturaly in soil, usually, in low
quantities. In the soil of the experiment area the
concentration is of 1.27 mg/kg [9]. The nickel ion is easily
absorbed by plants and its concentration varies between
0.05-5.0 mg/kg [15-17]. Hemp seeds accumulate nickel
in a high range of values 1.6-6.1 mg/kg, higher than the
results published in [18] for the turkish varieties (0.55-
1.66mg/kg), but lower than the ones found by Eboh
(2005)?19?in the hemp grown in Nigeria..

By following the dependence of the Ni concentration
based on the variety, results a net delimitation in two groups
of values obtained for nickel. The first group consists of the
Zenit and Diana varieties, with the average values of 6 mg/
kg in the whole seeds and with a Niin core : Ni in shell ratio
of 2-3 and the second group consisting of the Denise,
Armanca and Silvana varieties, with average values
between 1.6-3.5 mg/kg. In this second group the Ni in core:
Ni in shell ratio is between (.8-2.0. Because the Denise
variety is monoic and grown in the same area as the Zenit
and Diana varieties, the experiment should be continued
so that an explanation can be found. A balanced quantity
of nickel in organism ensures a good functioning of the
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liver and pancreas. An intake of nickel higher than 1 mg/
day (FDA, 2001)[20] determines toxic effects on the
organism, from alergic reactions to lung cancer.

The last group represents Cr, Pb and Mo heavy metals,
toxical and with risks for human health. In small quantities
Cr and Mo have a pozitive role in the enzimatic processes
and in metabolism, but the toxic effect prevails.
Characteristical for the results obtained in the experiment
are the small quantities and large variability of the results.

Chromium, in different oxidation states and
concentrations, produces modifications in the plants
germination, in the development of the root, stem and
leaves, has a negative impact on the photosynthesis
process and in the absorption of minerals from the soil
[21]. Plants have an increased process and in the Cr
concentrations in soil of 5-100 mg/kg [22-24] even with
toxic effects for crop plants. Thus, concentrations of 5-30
mg / kg [25, 26] in plant determines large decreases in
yield. In Romania the normalized value of chromium in
soil, must be under 30 mg/kg the basis of order 756/1997
[27]. The Cr concentrations from soil, must be under 30
mg/kg the basis of order 756/1997 [27]. The Cr
concentrations from the Romanian hemp seed samples
are situated in the range of 598-877 nug / kg. After the
experiments carried out, a lower Cr value can be observed,
of about 600 pg/kg for the Zenit variety, in comparison to
the rest of the varieties for which the chromium value is
situated around the value of 840 pg/kg with a relative
standard deviation of 4%. These values are situated a lot
under the ones reported by Eboh (2005) of 15.2+0.25 mg/
kg. The close concentrations of chromium in whole hemp
seeds from the two areas of the experiment are dependent
only of the level of the Cr concentration from the soil and in
a small amount of the variety.

Molibden is an essential oligoelement which can be
found in the composition of some enzymes with role in
plant nitrogen metabolism. The molibden concentration
from plants is situated in the range of 500-5000 pg.kg!
(28], and values between 10000-50000 pg.kg™! are,
generally, toxic for plants [29]. The Mo concentrations from
the Romanian hemp seeds are in the range of 0.26 -
0.65ug.kg ! like the Turkish varieties studied by Kormaz,
2010. The Zenit, Diana and Armanca varieties have an
average Mo concentration of 315ug.kg?! representing
almost half of the average value (611ug.kg™"') of the Denise
and Silvana varieties.

Lead is a powerful pollutant present in the atmosphere,
with a bioaccumulation effect. For the soil, the maximum
admitted concentration is of 20000 ug/kg according to
Order 756/1997[27]. According to the CE regulation nr
1881/2006[30], in Romania, the maximum level of Pb in
cereal is of 200 ng/kg. In plant, lead has a negative impact
on photosynthesis and may reduce the calcium
assimilation. The study performed indicates large
variations of the lead content in seeds. To note is also the
fact that values under the quantification limit of the analysis
method as well as values up to the concentration level of
626 ug/kg (Zenit variety) have been obtained. Because of
this the data were not statistically processed and do not
allow the establishment of rigorous conclusions.

Conclusions

In terms of this study’s aim, the metal content of the
Romanian hemp seeds, with few exceptions, which may
be due to the experiment conditions, do not depend on the
hemp variety studied. All the hemp varieties studied have
alow metal content, situated within the limits of the actual
reglementations, which allow and actually recommend
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them for the alimentary use. The oligoelements (Fe, Mn,
Zn, Cu and Ni) are found in concentrations of over 1 mg/kg
in whole hemp seeds, and the microelements (Cr, Mo and
Pb) determined are under 1 mg/kg. The hulled seed fraction
and shell are in a ratio of aproximately 1.6:1. A repartitions
of Fe, Zn, Mn, Cu and Ni in the two fractions differently,
based on the metal, can be observed. Thus iron is
concentrated in shell, whilst zinc and nickel in hulled seeds,
whereas manganese and copper have a balanced
distribution in the core and in the shell.
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