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Forty-four acacia honey samples from beekeepers and hypermarkets were collected examined in our laboratory. Five elements (Al, Cu, Fe,
Li, Sr, Zn) were analysed by ICP-OES and seven elements (As, Ba, Cd, Cr, Ni) were also determined by ICP-MS. Aluminium, iron and
zinc were the most abundant elements found in our samples under study. The concentration was ranging between 100.0 and 4910 ug kg
for Fe, 319.0 and 4440 pg kg™ for Zn and 242.0 and 3095 pg kg™ for Al. The lowest values were 4.648+4.184 pg kg* for Cd, 27.12+13.62
ug kg! for Cr and 42.49+20.37 ug kg™ for As. The element concentration increased in the following order: Cd < Cr < As < Li < Ni<Ba<

Cu<Sr<Al<Zn<Fe.
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Introduction

Honey is a very important and healthy food product that is
defined by the EU (Eu Council Directive 2001/110/EC) as
“The natural sweet product produced by Apis Mellifera bees
from the nectar of plants from secretions of living plants,
which bees collect, transform by combining with specific
substances of their own, deposit, dehydrate, store and leave
in honeycombs to ripen and mature.” In the year 2010 the
honey production of the world was 1.540.242 tons and in
EU was 202.871 tons. Hungary was the fourth biggest honey
producer in EU with 16.500 tons. Hungarian acacia honey is
widely known famous due to his purity.

Quality of honeys depends on various parameters such as
sugar, moisture, vitamin, amino acids, element content,

enzyme activity, electrical conductivity, solid corpuscles, etc.

Mineral content of honey is very low.2 Some of the metals
such as chromium, copper, iron, manganese and zinc are
essential for human body,? but at the same time these
elements can be toxic to human beings in high doses.?

Mineral content of a honey may be the indicator of the
environment.? The collecting area of the honey bees is about
7 km?. Due to this large surface area the honey bees and
their products is suitable to show the status of this area (e.g.
chemical pollution).

Methods
Samples
Examined acacia honey samples were collected from

beekeeper and hypermarkets, the collecting area was
Hungary. Ten samples each collected in the year 2007, 2008
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2011 and 14 samples in 2009 respectively and stored in
glass jars at room temperature in dark until analysis.

Reagents and solutions

All chemicals were of analytical-reagent grade or better.
Nitric acid 69% and hydrogen peroxide 30% were
purchased from VWR. Ultrapure water (Milli-Q® Integral
3/5/10/15 System, Millipore, France) was used to the
preparation of solutions and dilutions.

Instrumentation

Samples were prepared according to the method of
Kovacs et al. .® Determination of aluminium, copper, iron,
lithium, strontium and zinc was carried out by inductively
coupled plasma-optical emission spectrometry (ICP-OES)
(Thermo Scientific iCAP 6300, England). Measuring of
arsenic, barium, cadmium, chrome and nickel concentration
was carried out by inductively coupled plasma-mass
spectrometry (ICP-MS) (Thermo Scientific X Series 2,
England). All measurement was performed in triplicate.

Results and discussion

The results are shown in Table 1. and Table 2. lIron was
the most abundant element presented in most of the honey
samples where as the cadmium was found at the lowest
amount in all samples.

The quantity of iron was the highest in samples of the year
2007 and 2008. This value was four times higher in the year
2007 (1787-4913 pg kg™) as compared to year 2011 (100-
1781 pg kgh). Zinc concentration was very high in 2009
(2190-4440 pg kg*) and 2011 (319.1-3924 g kg*) samples
which was two to three times higher than in other years.
The zinc concentration in 2009 and 2011 samples was
higher than the iron concentration. Aluminium content was
nearly same in all years. The content of this element was
higher in 2011 than the iron concentration.
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Table 1. Trace element content by ICP-OES
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Al Cu Fe Li Sr Zn
2007 13244262 269.2+56.9 3771+571 56.1842.13 283.7+22.3 10324472
2008 16784273 302.6+42.3 2238+568 56.28+2.08 249.1441.6 144244212
2009 10274224 406.2+44.3 1696609 58.53+0.89 350.0+£51.8 32944560
2011 15524255 358.6+63.9 8444262 54.88+3.04 550.6£161.8 1838+423
Average 1463211 324.94+59.9 2178+772 56.32+2.41 340.5+£119.1 1747+471
Table 2 Trace element content by ICP-MS
As Ba Cd Cr Ni
2007 40.98+9.46 135.6440.5 2.29440.291 34.66+15.44 141.5432.4
2008 33.97+12.25 97.98+18.91 6.995+0.307 31.56+10.96 123.6+32.8
2009 55.75€11.91 84.60+£17.57 10.45+3.94 19.20+6.75 71.88+36.81
2011 17.61+7.71 67.35+9.14 1.7734£0.368 17.76+11.21 68.314+26.18
Average 42.49+20.37 98.07+47.37 4.641+4.184 27.12+13.62 98.19+47.69

The three elements

in the lowest concentration were

Concentration of other elements was lower then 1000 pg
kg™, Lithium content wasn’t shown any change during the
four years. Nickel and barium were found in the samples in
the same level. Copper concentration was the highest in
2009 (338.2-454.3 ng kg') and the lowest in 2007 (210.7-
374.5 pg kgt). Strontium content was two times higher in
2011 (327.2-831.3 pg kgt) than 2007 and 2008 (261.4-
319.3 and 185.2-400.7 ng kgl).

BaAs OBa BCd OCy OCu OLi OMi

cadmium, chromium and arsenic. Cadmium level was very
low, its value ranged between 0.112 and 15.5 pg kg™. The
concentration of this element was more times higher in 2009
(6.49-15.5 ug kg?) than 2011 (0.11-4.07 pg kg'). Chrome
content was higher in 2007 and 2008 than 2009 and 2011,
this value was nearly duplex. The lowest arsenic
concentration (5.65-26.5 ug kg!) was measured in 2011 and
the  highest (33.8-69.1 png kgb) in 2009

The average concentration of the examined elements

decreased in the following order:
5000 - Fe>Zn>Al>Sr>Cu>Ni>Ba>Li>As>Cr>Cd. In 2009 the
barium concentration of the honey samples was higher than
- 400 1 the nickel content (Figure 1.). The iron concentration was
| 4 3m. the highest in 2007 and 2008 but in 2009 and 2011 the zinc
E = M content was the higher. In 2007 and 2008 the zinc content
& X 201 was followed by aluminium concentration that was lower
o than the iron content in 2009. The concentration of
1001 ] ﬂ aluminium and iron was inverse of the previous year (Figure
04 L -M 2.).
2007 2008 2009 2011
Among the elements examined so far there was no
Vears significant relation found. The nearest correlation was
) . r’=0.536 between the cadmium and arsenic content. This
Figure 1. Element content of acacia honeys I. was followed by cadmium and lithium concentration with
r’=0.511.
Table 3. Comparison of trace element content of honey types from
different country
4000 — Tuzenetal. Pisanietl. Terrabetal. Our results
] Al  83-325 No data 445-25400 242-3095
g . o il As  Nodata 2.78-20.20  0.00-1930 5.65-69.12
E Héo | — = Ba No data 218-2634 280-1116 18-302
g T 20007 Cd 0.90-17.90 1.00-15.30  0.00-50.00 0.11-15.52
E — | Cr No data No data 20.0-440.0 3.3-48.4
(4] 10010 - Cu 230-2410 172-5900 2620-7800 139-552
| Fe 1800-10200 970-13700 4920-24100 100-4912
0 07 e 2000 011 Li  Nodata No data 11700-27700  53-61
Vears Ni  5.3-29.9 ;;:00 170.0-660.0  45-392.6
Sr  No data 850-2010 0-1010 185-831
Figure 2. Element content of acacia honeys I1. Zn 1100-12700  720-3660  70-16800 319-4440
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Compared to our results Terrab et al.” reported higher
element concentrations of avocado honeys from Spain.
Tuzen et al. measured lower aluminium concentration in
the multifloral honeys from Turkey, but determined iron,
nickel and zinc content was higher than our values. The
barium, copper, iron, nickel and strontium content in the
honey samples from Siena County® showed higher
concentrations (Table 3).

The lithium content in Spain honeys samples was more
than two times higher than our values. In case of cadmium
concentration, the difference among the countries was not
very important.

From our results it can be concluded, that the
concentration of some element may alter year after year, but
in case of main toxic elements (As, Cd) this alteration does
not mean much as regards to food-safety instance - these
elements are found in a very low concentration.
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Urban airborne particulate matters and dusts can be both ingested and inhaled, causing health damage due to their size, shape and nature of
toxic components. Our aim was to characterize the concentration, enrichment and host phases of lead and zinc in total suspended particulate
matter (TSP) and settled dust (SD) samples from Budapest, Hungary. TSP samples were collected from the air filters placed in the
respiration channels of thermal power stations, while SD samples were collected in glass pots next to a busy street. Detailed mineralogical,
chemical and magnetic susceptibility analyses were carried out on these samples. The concentrations of both elements were generally
higher in the TSP (330-3597 mg kg* for Pb and 1342-19 046 mg kg* for Zn) than in the SD samples (58-474 mg kg™ for Pb and 399-1140
mg kg for Zn). Additionally, they showed moderate contamination in the SD samples, while moderate to heavy contamination in TSP
samples with enrichment factors up to 4.9 for Pb and 5.3 for Zn. Transmission electron microscopy (TEM) analyses showed that magnetite
may contain significant amount of Zn (up to 2.60 wt%) and Pb (2.50 wt%). However, Zn could be also associated with layer silicates (up to
5.06% by wt) and Ca-carbonates. Moreover, Zn also appeared as major phase constituent in carbonates and oxides. Magnetite particles are
resistant to weathering releasing its toxic components slowly to the environment, while layer silicates (and carbonates, Zn-oxides) may be

the potential source of mobile toxic metals in the studied materials.
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Introduction

Airborne particulate matter has been widely associated with
health disorders as presented by various studies. The settled
dust (SD) sediment is created by particles with great
sedimentation power and their retention time in the
atmosphere is very short, while the total suspended particles
(TSP) may travel great distances due to their small particle
size causing contamination far away from their sources®.
Recent attention has focused on the characterization of their
size fractions below 10 pum as they may cause the most
intense health damage due to their easy penetration to the
innermost regions of the lung?. However, particles with a
diameter of up to 100 um can be inhaled by nose or mouth,
and those below 32 um may reach the bronchial tubes too®.
These particles, after their sedimentation, can also
contaminate soils, groundwater (and even the food chain) by
their mobile toxic components®.
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Lead and zinc are among the most frequent heavy metal
pollutants in the urban environment®. Soils, road dusts and
airborne particulate matter generally show significant
enrichment in their Pb and Zn contents there. The most
important source of these metals is the traffic but they may
also originate from domestic and industrial combustion for
heating purposes and are the common component of
construction materials of the built environment, too®.

Studies on sources, compositions, and distribution of dust
and particulate matter components are necessary for their
risk assessment to atmospheric quality, ecology and human
health. This is especially true for the urban environment,
where population and traffic density are relatively high, and
human exposure to hazardous substances has expected to be
significantly high”. In this study detailed mineralogical, as
well as geochemical and magnetic analyses were carried out
on total suspended particles and settled dust samples from
Budapest Hungary.

Our aim was (1) to study the concentrations of and the
degree of enrichment for lead and zinc, and (2) to identify
and characterize the mineral phases associated with these
chemical elements in such materials.

Materials and Methods

Settled dust (SD) samples were collected according to the
Hungarian standard (MSZ 21454/1-83 1983)%. Two parallel
sampling pots were placed at the front and the backsides of a
building at a busy road and at 2 meters height. The number
of crossing vehicles and trains are over 50,000 and 250 per
day respectively. The seasonal sampling was carried out for
two continuous years. Samples were not collected in winter
due to potential freezing and breaking of the sampling pots.
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Total suspended particle (TSP) samples were collected
from the air filters placed in the respiration channels used
for the air supply of the methane-heated turbines in four
thermal power stations (Csepel — CS, Kelenfold — KF,
K8banya — KB, Ujpest — UP). The filters are in use until
their transmission is high enough (up to even a year). During
this time such a filter may filter more than one million m® of
air monthly. They are generally placed at 5-15 m height so
the contribution of soil to TSP material is minimal. However,
contribution of soot and carbonaceous particles may be
overrepresented with this sampling method due to the result
of methane combustion in the thermal power stations.
Samples were removed from the filters mechanically. Large
plant and animal debris were removed by passing them
through a 2 mm sieve.

A Fritsch Analysette Microtech A22 laser diffraction
analyser determined particle size distribution of the samples.
Magnetic susceptibility (MS) measurements were carried
out using a KLY-2 Kappabridge instrument operating with
one frequency. The bulk samples were characterized for
their mineralogical composition by a Philips PW 1710 X-ray
diffractometer (XRD).

Concentrations of Pb and Zn in the bulk samples were
analysed by a Thermo Niton XL3 type X-ray fluorescent
spectrometer (XRF). Enrichment factors were calculated
after Ji et al.® and using the geochemical background values
from the geochemical map of Hungary?°.

High resolution transmission electron microscopy (HR-
TEM) and selected area electron diffraction (SAED)
analyses were carried out to characterize the mineralogical
and chemical composition of individual mineral particles in
the samples with special emphasis on those containing Pb
and Zn. The dust samples were suspended in ethanol, and
then they were dropped onto a holey carbon coated Cu grid
for the analyses. The measurements were performed on a
Philips CM 20 TEM with a LaB6 filament, equipped with a
Noran energy dispersive spectrometer (EDS). For the
chemical analyses a 20 nm spot size and counting times of
100 s were used. The relative standard deviations of the
EDS analyses are below 2.5%, 10% and 50% for element
concentrations >10%, 1-10%, and <1%, respectively. We
pretended to analyze only one discrete particle in each case,
which could be confirmed from the corresponding
diffraction pattern.

Results and Discussion

Samples characterization

The settling dust (SD) samples consist of particles with a
size generally below 100 pm with two maxima (Figure 1): a
higher one at around 35 pm and a lower one at around 11
um. Between 10 and 30% of the particles are below 10 um.
In contrast, total suspended particulate (TSP) samples
consist of much smaller particles as it is expected. Their
particles are generally lower than 50 um, and can be
characterized mostly with one maximum at around 11 pm.
Between 45 and 80% of their particles are below 10 pm.
TSP samples from the UP thermal station, however, show a
secondary maximum at around 35 pm. A slight shoulder at
around 3 pum is characteristic of each sample types.
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Figure 1. Characteristic particle size distribution types of
the studied samples

The bulk mineralogical composition of the samples
reflects primarily the geological characteristics of the
sampling areas. The main components of the SD samples
are in the order of their frequency: quartz (60-90%),
dolomite (2-20%), calcite (1-15%), feldspar (3-6%), mica
(1-5%), chlorite (1-5%). Such phases also appear in the TSP
samples with different ratios: quartz (20-30%), carbonates
(dolomite and calcite 10-20%), clay minerals (5-15%) and
feldspars (around 5%). These phases are characteristic
natural components of urban dusts'. However, Zhao et al.*?
found that some portion of these phases (quartz, feldspar,
carbonates) could appear also in amorphous forms in the
urban settled dust that suggest their anthropogenic origin.
Significant amount of amorphous (organic?) material was
found in the summer SD samples, probably due to increased
contribution of plant materials (debris, pollen etc.) and the
unfortunate presence of algae in the sampling pots. The
presence of amorphous materials may be as high as 40% in
the TSP samples, which is composed both of soot and debris
of plant and animal remains. Trace amounts of gypsum also
appear in the autumn SD samples. It also appears in the TSP
samples (up to 5%) together with halite (up to 10%).
Gypsum is general component of the construction materials,
but it may form also due to the reaction between sulfuric
acid and calcic material in several anthropogenic processes,
while halite is common deicing agent®. Additionally, both
XRD and MS analyses showed the presence of large
amounts of magnetite (up to 15%) in the TSP samples. This
mineral was detectable in the SD samples only by magnetic
analyses. Such particles have long been recognized to be
associated with atmospheric particulates in the urban
environment!4. They are mainly derived from combustion
processes, such as industrial, domestic and vehicle
emissions or from abrasion products from asphalt and from
vehicles brake systems?®.,

Magnetic properties of the studied samples show large
variation. Apparent susceptibility values for SD samples
were found to be between 6 and 253 10 SI, while their
mass susceptibility values varied between 0.7 and 9.4 10°
mékg?. These values were found to be much higher for the
TSP samples, as it was expected from their much higher
magnetite content. Their apparent and mass susceptibility
values were in the ranges of 383 - 2316 10° Sl and 7.7 - 45
10 m3 kg?, respectively. These latter values are similar to
those of PM10 samples.
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Table 1. Concentrations, monthly deposition rates and enrichment factors of Pb and Zn in the settled dust (SD) samples.

SD sample Concentration, mg kg Monthly deposition, mg m Enrichment factor
Pb Zn Pb Zn Pb Zn
Spring/2009/Front 293 £25 546 + 50 41 7.6 24 18
Spring/2009/Back 99 + 14 462 £48 0.3 1.2 14 1.6
Summer/2009/Front 79 £ 15 553 +52 0.6 4 11 1.8
Summer/2009/Back 58+13 399 + 44 0.1 0.8 0.8 1.4
Autumn/2009/Front 135+ 18 812+ 62 0.6 3.3 1.7 2.2
Autumn/2009/Back 474 £33 1095 + 74 0.6 13 29 24
Spring/2010/Front 119+20 525+ 47 1.7 7.7 1.5 1.7
Spring/2010/Back 352+29 555+52 0.6 1 2.6 1.8
Summer/2010/Front 200 + 21 613 +54 0.7 2 21 19
Summer/2010/Back 209 +£23 1140 £ 78 0.3 14 21 24
Autumn/2010/Front 162+ 19 692 + 57 11 4.8 1.9 2.0
Autumn/2010/Back 304 £ 28 592 +57 0.1 0.3 25 1.8

Metals concentrations and enrichment

The average Pb (207 mg kg?) and Zn (665 mg kg?)
concentrations and their ranges (Table 1) in the SD samples
are in the similar range as found in 12 Polish towns?®. There
is no significant linear relationship between Pb and Zn
concentrations in these samples (r = 0.49; p = 0.05). Both
metals show moderate contamination in these samples with
similar ranges and averages (EF=1.9) of their enrichment
factors. The TSP samples show much higher metal
concentrations (Table 2) with averages of 846 mg kg* for
Pb and 4837 mg kg™ for Zn. Consequently, they can also be
characterized by much higher enrichment factors suggesting
generally heavy contamination for both metals (EF=3.5 for
Pb and 3.9 for Zn). During a study concerning to 15 Chinese
cities, it was found that the total fraction of the urban dusts
(<100 pm) is practically uncontaminated, while the fine
fractions (<10 um) were mostly heavily contaminated with
Pb, Zn and other metals (Cr, Co, Cu)!’. So the higher
concentration and enrichment of the studied metals in TSP
than in SD samples is not unexpected as the former samples
can be characterized by much greater ratio of PM10
particles.

Table 2. Concentrations and enrichment factors of Pb and Zn in the total suspended

Interestingly, metal concentrations are often higher in the
backside SD samples than in the front-side ones in spite that
the intense traffic should affect primarily the front-side of
the building. As the mass of SD samples could be also
affected by the contribution of algae or remnants of
algaecide, monthly deposition values are much more useful
for comparison. These values are much higher at the front-
side for both metals than at the backside as it is expected
(Table 1). These values were found to be in the
characteristic range for urban areas*®.

The deposition rates of the studied metals show significant
linear relationship to each other (r = 0.83; p = 0.05)
suggesting the similar deposition characteristics of their host
phases. Our unpublished data on the deposition
characteristics of the dust around the study building suggest
the dominance of re-suspension of roadside dust and soil in
dust deposition. Threshold limit value is only given for Pb in
Hungary that is 1.2 mg m2 %°, This value is exceeded only in
two times in the spring samples at the front-side of the
building.

particle (TSP) samples.

Concentration, mg kg™ Monthly deposition, mg m
TSP sample Pb Zn Pb Zn
KF 06-08/2010_1 2785+ 88 5297 + 152 4.7 4.0
KF 06-08/2010_2 1782 £ 59 2679 +91 4.2 3.3
KF 06-11/2010 1 3533+ 87 4902 + 128 49 3.9
KF 06-11/2010_2 3597 + 89 4837 + 128 4.9 3.9
KB 07/2009-07/2010 496 + 32 1463 £ 69 3.0 2.7
KB 04-09/2010 559 +£35 1342 £ 67 3.1 2.7
UP 01-12/2010 846 + 41 19046 + 237 3.5 53
UP 03-08/2010 434 +29 12880 + 189 2.8 4.9
CS 03/2010-08/2011 330+ 20 2340 + 90 2.6 3.2
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Figure 2. Characteristic Pb and Zn bearing phases in the studied samples. Transmission electron microscopy micrograph, diffraction
pattern and EDS spectra of a smectite with Zn (A) and a magnetite with Pb and Zn (B) from a settled dust sample, as well as that of a
magnetite with Pb and Zn (C) and smectite with Zn (D) from a total suspended particulate sample.
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Either apparent or mass susceptibility values do not show
any linear relationship with Pb and Zn concentrations both
in the SD and TSP samples. Although these metals are often
associated with magnetic particles in urban environment?,
several studies showed that significant proportion (up to
60%) of total metal concentration in dust could be dissolved
by weak acids, which did not mobilize them from
magnetite?*. In contrast, apparent susceptibility and metal
deposition values show strong linear correlation both for Pb
(r = 0.89; p =0.05 and Zn (r = 0.92; p = 0.05). Both
apparent susceptibility and metal deposition values are not
influenced by the possible errors in weight measurements of
SD samples. This suggests that these metals travel together
at least party with magnetic particles primarily in case of re-
suspension of road dust and roadside soils.

Host phases for Pb and Zn

TEM analyses showed that the most significant
components of the SD samples are different mineral phases.
The most frequent particles are gypsum, quartz, feldspar,
layer silicates, calcite, dolomite as well as Fe and Ti oxides
as XRD analyses also showed partly. The most
characteristic size range is between 10 and 20 um for most
of the particles, but its dominance may be affected by the
samples preparation technique. The most important Pb and
Zn bearing phases are magnetite and clay minerals in these
samples (Figure 2a. and b.). Additionally, Zn was found to
be associated with a calcite particle in one case. This metal
could be associated both with clay and Fe-oxide particles,
while lead primarily to the latter ones. The silicate and oxide
particles are often form aggregates with each other. The Zn
content of clay minerals can be as high as 5 wt%, while Fe-
oxides are characterized by a slightly lower Zn content (up
to 2.5 wt%). The Pb content of the latter one phases is
generally between 2 and 3 wt% and they also contain other
trace metals (~0.5 wt% Mn). Among Fe-oxide particles both
magnetite and hematite were identified. Additionally,
ilmenite and titanite were also found in the samples but they
do not contain detectable amount of Pb and Zn.

The soot aggregates consisting of nano-sized (few tens of
nm) soot particles are the dominant phases in the TSP
samples. This is in good agreement with the presence of
high amounts of X-ray-amorphous (organic) material found
in the samples by XRD analyses. The most important Pb and
Zn bearing mineral phases were found to be spherular or
xenomorphic magnetite particles (Figure 2c). They
sometimes contain 2-3 wt% Pb and Zn. These magnetite
particles often form aggregates and are closely associated
with soot and/or clay minerals. In samples with high
magnetite content metal-free magnetite spherules up to a
few um sizes also appeared. Samples also contain
ferrihydrite and probably hematite, but their amount is much
lower than that of magnetite. Clay minerals and mica
particles were found to contain significant amount of Zn (up
to 5 wt%) and also Pb in much smaller amount (up to 0.41
wt%) (Figure 2d). Additionally, single ZnO and ZnCOs;
(smithsonite) particles were also found in the sample with
highest Zn content (collected at the UP thermal station).
Again a single aggregate consisting of iron oxide and
calcium carbonate was also found to contain significant
amount of Pb (4.88 wt%) suggesting the presence of Pb also
in carbonates. However, more direct data is needed to
support this latter supposition.
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Anthropogenic magnetite particles often contain Pb and
Zn as showed by the close relation between their
concentrations in the urban particulate matter and magnetic
properties®®. Additionally, Zn mostly associated to layer
silicates both in natural and contaminated soils?2. Magnetite,
metal-carbonate and Zn-oxide particles in the dust may be
primarily originated from anthropogenic emissions, while
clay particles derived rather from the re-suspension of
roadside dust and urban soils. Magnetite particles are
resistant to weathering releasing its toxic components slowly
to the environment?3. However, layer silicates, carbonates
and oxides are much less resistant than magnetite* so they
may be the potential source of mobile Pb and Zn metals in
the studied samples.

Conclusions

TSP characterized by smaller particle sizes contain much
higher ratio of potentially anthropogenic phases (amorphous
phases, salts, magnetite), while they can be hidden by the
large amount of coarse particles of soil origin in the SD
samples. Accordingly, the concentrations and enrichment of
the studied metals is also higher in the TSP samples as
compared to SDs. Lead and zinc concentrations do not show
any linear relationship with magnetic susceptibilities in both
types of the samples. Only the close correlation between the
metal deposition and apparent susceptibility values suggests
the partial association of Pb and Zn with magnetic particles
in the SD samples where the particles from soil re-
suspension dominate.

Although trace-metal-free magnetite particles also appear
in the studied samples, this phase is the most important host-
phase for Pb and it often contains also Zn supporting the
relation between metal deposition and apparent
susceptibility of settling dust samples. On the other hand,
highest amounts of Zn were found to be hosted with clay
minerals. This latter metal also associated with carbonates
and Zn-oxide phases in much smaller rate. Magnetite
particles are resistant to weathering releasing its toxic
components slowly to the environment, while layer silicates
(and carbonates, oxides) may be the potential source of
mobile toxic metals in the studied materials.
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DOPED-123-Y.85Pro.15Ba2CuzsO7 SUPERCONDUCTOR
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The pure YBCO (YBa2Cu3O7) and optimally praseodymium containing superconductors with general formula; Y 1xPr«Ba2CusOz,where x =
0.15 mole respectively, were synthesized by solution route and characterized by XRD, SEM and Raman spectra. X-ray analyses indicated
that both of pure and Pr-doped-123-YBCO has orthorhombic superconducting phase. Visualization investigations were made depending
upon crystallographic data of pure and Pr-doped 123-YBCO. Both crystals are formed via DIAMOND IMPACT CRYSTAL visualizer.
Comparison of structural parameters such as bond length, angles and torsion on angles of pure and Pr-doped 123-YBCO was performed to

find out why this ratio of doping ( x ~ 0.15 mole ) in most cases is reported to be optimum one in literatures.
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Introduction

Cuprate compounds of perovskite structure have formed a
big group. In recent years a research field of perovskite and
related oxide materials has emerged. Because of
complicated structure, it is difficult to understand the
properties of cuprate. The relationship between T, value and
carrier concentration in the high T. systems has been
understood well based on an electronic phase diagram. But,
the change of the carrier concentration simultaneously
causes the change of the structure of the superconductors.
The effect of the structural change on the T, value has not
been studied in detail. Xiao et al. observed the existence of
two subtle thermal transitions in YBa,CuzO7.; (YBCO) and
the Bi-system compounds. Some workers even reported the
existence of more than forty different phases in Bi-system
compounds®® . However, it is noticed that few detailed
reports about the effect of Zn- and Pr-doped on the
structural change of YBCO are available in literature. In the
present paper, we report the subtle structural changes of the
Zn- and Pr-doped YBCO, and analyze the different roles of
Zn and Pr. We also suggest that the structural change has
some relation with the T value.

The cuprate layered 123-YBCO is considered the most
interesting superconducting materials for various reasons,
such as their high critical temperature Tc and high critical
current density J.. Many researchers have investigated the
effect of metal cation dopants on thel23-YBCO
superconducting system*®, Delamare et al.® have studied the
effect of CeO; and PtO4 mixed oxide additives on the micro-
structural and critical current density J.. They reported that
(Ce + Pt) oxides added to the melt-textured YBCO have
significantly improved the value of J. ~ 4.3x10* A cm™.
The role of additives as impurity phases like (silver, silver
oxide) to improve processing magnetization and
microstructure of YBCO system was studied by many
authors!®16, Tomita et al.!’ investigated effect of Nd-
substitution partially for yttrium sites on Raman spectra of
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YBCO system and reported that, Raman shifts of the
vibrational modes of oxygen O, and of the couple O,-O3 are
affected sharply by an internal pressure effect resulted from
yttrium substitution.

The aim of the present work is to optimize the influence of
Pr-doping ratio x=0.15 mole on yttrium sites on the different
structural parameters affected on lattice stability. The
selected optimum Pr-doped sample was quoted from the
work already done by the author himself and the selection
was based on superconducting properties (best Te.offset = 92.3
K at x=0.15 mole).

EXPERIMENTAL

Samples Preparation

The pure YBCO (YBa.Cus07) and the optimally Pr-doped
YBCO  superconductor  with  general  formula;
Yo.85Pro.1sBa2CusO; were prepared by solution route and
sintering procedure using two different precursors.

(a) First precursor was formed from the appropriate
amounts of oxides (Pr.0Oz + Y203) which were dissolved in
few drops of concentrated nitric acid with formation of
praseodymium and yttrium nitrates that finally diluted to
100 ml by distilled water and pH-adjusted to be neutral by
ammonia solution.

(b) Second precursor was prepared from the appropriate
amounts of BaCOsz and CuQ, each of chemical grade purity
with dissolution in a few drops of concentrated nitric acid,
diluting the net solution to 100 ml by using distilled water
and pH-adjusted to be neutral by ammonia solution .

The mixtures (a + b) were shifted to 1 L a round flask
while 0.5 M urea/NH; solution was added carefully
dropwise with continuous stirring with formation of a heavy
gelatinous precipitate. The precipitate were filtered off and
dried, then calcinated at 850 °C under a compressed O>
atmosphere for 30 hrs, then grounded and pressed into
pellets (thickness 0.2 cm and diameter 1.2 cm ) under 8 Ton
cm2. Sintering was carried out under oxygen stream at
940 °C for 100 h. The samples were slowly cooled down
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(20 °C h) till 500 °C and annealed there for 25 hrs under
oxygen stream. The furnace is shut off and cooled down
slowly to room temperature. Finally the materials are kept in
vacuum desiccator over silica gel dryer. A levitation
preliminary superconductivity test was thoroughly applied
for the achievement of superconductive phase and hence
superconductivity.

Phase Identification

The X-ray diffraction (XRD) measurements were carried
out at room temperature on the fine ground samples using
Cu-K,, radiation source, Ni-filter and a computerized STOE
diffractometer/Germany with two 8 step scan technique .

Scanning Electron Microscopy (SEM) measurements were
carried out using a small pieces of the prepared samples by
using a computerized SEM camera with elemental analyzer
unit (PHILIPS-XL 30 ESEM /USA).

Raman Spectroscopy Measurements

The measurements of Raman spectra were carried out on
the finally ground powders with laser wavelength = 632.8
nm (He-Ne laser with power = 1mW) and laser power
applied to the site of the sample = 0.4 mW with microscope
objective = x20, accumulation time = 1000 - 4000s, up to
more than an hour.

Visualized Investigations

To visualize the parasedymium doped 123-YBCO crystal
structure DIAMOND-IMPACT CRYSTAL version 3.2
GERMANY program was used depending up on the lattice
coordinates given in Table.2. The visualized studies
included 12 atomic parameters, 8 symmetry operation and
the constructed unit cell has 14 atoms . The lattice contains
(created bonds ~ 136 bonds , 8 cell corners and 12 cell edges
and created atoms in it ~ 101 atoms ).

A visualized studies made is concerned by matching and
comparison of experimental and theoretical data of atomic
positions, bond distances, oxidation states and bond torsion
on the crystal structure formed. Some of these data can be
obtained free of charge from ICSD-Fiz-Karlsruhe-Germany.

RESULTS AND DISCUSSION

Phase Identification

Fig. 1.a and b displays the X-ray powder diffractometry
patterns of pure 123-YBCO (YBa,CuzO7) and optimally Pr-
doped superconductor which prepared via solution route
technique respectively. Analysis of the corresponding 26
values and the inter-planar spacings d (A) were carried out
and indicated that the X-ray crystalline structure mainly
belongs to a single superconductive orthorhombic phase
123-YBCO in major besides few peaks of Pr,Os as
secondary phase in minor as clear (black squares) in Fig.1b.
The unit cell dimensions were calculated using the most
intense X-ray reflection peak and found to be a=3.8234 A,
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b=3.8662 A and c=11.7941 A for the pure 123-YBCO phase
and a=3.8124 A, b=3.8532 A and c=11.8303 A for Pr-
doped-123-YBCO. These lattice parameter values are in
complete agreement with the mentioned ones in the
literature.®8

¥y P By CayOf

e Fr-Droped -Y BCO

1......z|-.....;......4.-.....;-.....‘..
Tww Thein (Depres)

Figure 1a and b. X-ray diffraction patterns for pure YBCO and
optimally doped-Pr-123-YBCO superconductors

It is obvious that, the doping with Pr-ions have a
negligible effect on the main crystalline structure of the
123-YBCO regime as shown in Fig. 1a and b.

One can indicate that c-axis increases in case of optimally
Pr(111) dopant concentration x = 0.15 mole than the pure
123-YBCO .This is an indication for (Pr®) ions substitute
successfully by high extent in the superconductive lattice
structure and cause elongation in c-axis on the basis of
atomic radius since prasedymium ion is larger than that of
yttrium (Pr3* = 113 while Y3* is 90 pm).

SEM measurements

Fig. 2a and b show the SEM-micrographs for pure and
optimally Pr-doped YBCO with x=0.15 mole applied on the
ground powders that prepared by solution route.

The average particle size was calculated and found in the
range of 0.43 and 0.74 um. The EDX examinations for
random spots in the same sample confirmed and are
consistent with our XRD analysis for polycrystalline doped—
YBCO composites, such that the differences in the molar
ratios EDX estimated for the same sample is emphasized
and an evidence for the existence of 123-YBCO
superconductive phase with good approximation in contrast
with real molar ratios.

From Fig.2a and b it is so difficult to observe
inhomogeneitiy within the micrograph due to that the
powders used are very fine and the particle size estimated is
too small.
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Figure 2a and b. SEM-micrographs recorded for pure YBCO and
optimally doped-Pr-123-YBCO superconductors.

The grain size for 123-YBCO-phase was calculated
according to Scherrer’s formula®

B =0.87

1)
Dcosé@

where D is the crystalline grain size in nm, 0 is the half of
the diffraction angle in degree , A is the wavelength of X-ray
source (Cu-K« ) in nm, and B, degree of widening of
diffraction peak which is equal to the difference of full
width at half maximum (FWHM) of the peak at the same
diffraction angle between the measured sample and standard
one. From SEM-maping, the estimated average grain size
was found to be (2.43-3.91 um ) which is relatively large in
comparison with that calculated applying Scherrer’s formula
for pure 123-phase (D ~ 1.69 um) . This indicates that, the
actual grain size in the material bulk is smaller than that
detected on the surface morphology. Furthermore, in our
EDX (energy disperse X-ray ) analysis, Pr®* was detected
qualitatively with good approximate to the actual molar ratio
but not observed at 123-YBCO grain boundaries which
confirms that, Pr (I11) has diffused regularly into material
bulk of superconducting 123-YBCO-phase and Pr¥*-ion
induces in the crystalline structure through solid state
reaction by high extent specially at optimum concentration
x=0.15 mole.

Table 1. Mode Frequencies of Raman spectra recorded for Pr-
doped-123 YBCO in the present work in contrast with some
references.

References YBCO Doping

Ref.Y’ Ref 1920 x = 0 mole x = 0.15 mole

229 229 224.6s 223s

336 336 314m 318m

500 575 337.8m 330m

575 592 386.28b -

440 633 438w 481m
495.37s 580b
571.2b 631s

s = strong, m = moderate, b = broad and w = weak.

Raman Spectroscopy

Fig. 3a and b show the Raman spectrograms recorded for
pure and optimally Pr-doped -YBCO superconductors. From
the modes frequencies which are listed and compared with
the work already done.’®2° Table 1, one can indicate that
123-YBCO phase is the domainating phase present in
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polycrystalline YBCO superconductors beside small traces
of impurity phases such as unreacted prasedymium oxide
in very minor traces.

From Raman spectrograms it is clear that, the fundamental
vibrational modes of composites with Pr-content x = 0.15
mole and pure 123-YBCO sample (Fig.3a and b) were
nearly identical with those reported earlier'®® while sample
with Pr-content x=0.15 mole exhibited strong peak at (631
cm™®) which is attributable to the impurity phase BaCuO'®
besides very broad line lies at ~ 480 cm™ that appears also
in pure sample but shifting by +£10 cm™ may be attributable
to parasedymium(lll) ions interactions make as raman
scattering materials with other different M-O vibrational
modes.

Y8587, 15822 Cuz Oy

[ =——Pure YBCO

Figure 3a and b. Raman spectrograph recorded for pure YBCO
and optimally doped-Pr-123-YBCO superconductors.

The vibrational Raman active-phonon mode lies at ~ 480
+10 cm* originally is due to the apical oxygen O4 (Aig )8 .
This vibrating mode became flat and very broad to be
noticeable in the YBCO —composites with x = 0.15 mole.
This flattenning is attributed to disturbances and changes
occurred in the inter-atomic distances of apical oxygen O4
to the two copper layers (Cu2) whearas Pr3* substitutes Y-
sites by high extent at low concentration optimum doping
ratio (x = 0.15 mole) and as a result O4-Cu2 interatomic
distances became more closer. In addition to a disorder is
occurred on the Cu-O chain which is due to oxygen
defficiency on the 123-YBCO lattice structure. Further more
Pr,O3 which appears as impurity phase as confirmed in our
X-ray measurements Fig.lb can play as strong raman
scattering material®.

It is known that the vibrational mode lies at 330 = 10 cm™*
is the out-of-phase Big of the couple O»-Os which in our
results strongly shifted down due to Pr —ions substitutions.

According to results reported by Thomsen et al.?? the two
lines lie at 224 and 570 £10 cm™ (which in our results
shifted down ~10-20 cm™) have been identified as the
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Table 2: Lattice coordinates data of Pr-doped-YBCO.
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Atomic parameters

Atom Ox. Wyck. Site S.O.F. x/a y/b zlc
Bal 2t mm?2 0.99 1/2 1/2 0.18200
Y1 2t mm?2 0.005 1/2 1/2 0.18200
Prl 2t mma2 0.005 1/2 1/2 0.18200
Y2 1h mmm 0.850 1/2 1/2 1/2
Pr2 1h mmm 0.150 1/2 1/2 1/2
Cul la mmm 1.00 0 0 0
Cu2 2q mm?2 1.00 0 0 0.35000
01 1b mmm 0.03 1/2 0 0
02 le mmm 0.97 0 1/2 0
03 2r mm2 1.00 0 1/2 0.19500
04 2r mm2 1.00 0 1/2 0.37200
05 2s mm?2 1.00 1/2 0 0.39400

forbidden vibration modes of copper and oxygen in the Cu-
O chain layer respectively. Based on the selection rules
generally these modes are forbidden in case of samples
having sufficient oxygen content .

Duong et al.*® confirmed that when the number of oxygen
atoms in the unit cell is < 7, the CuO chain could start to
become disordered and its inversion center of symmetry is
broken and then the mentioned two lines (at 229 and 567
cm?) can appear.

Regarding these informations reported?8 present results
are partially agreement and consistent with them since the
optimally Pr-doped sample displays two lines with different
intenesities as per the oxygen content inside lattice. From
Fig.3a and b one can notice that there is no monotonic
behaviour on the recorded Raman spectrograph due to high
sensitivity of both 123-YBCO systems and Raman spectra
favour applicable variables, such as structure quality which
depends upon oxygen content and impurity phases. All of
these variables can make a change on the Raman phonon
modes as mentioned in literature before. Figure 4a.
Orthorhombic crystal structure of Pr-optimally doped-123-
YBCO superconductor.

Structural Visualization

The pure crystal and prasedymium doped crystal were
built up depending upon the atomic parameters and lattice
coordinates in Table 2 with the help of DIAMOND
visualizer and can be seen at Figs. 4a-c. The comparison
between fingerprint peaks in Fig.1la and b and theoretical
XRD-pattern Fig.4b indicated that there are good fitting
between both the patterns which reflect the success of

7628/ECB.2012.1.455

prasedymium doping (x=0.15 mole) to substitutes without
distorting the original orthorohombic structure. It is well
known fact that superconduction mechanisms inside these
cuprates layered structures are maily depend upon Cu-O
chains and planes as shown in Fig.4c. Furthermore any kind
of shortening or lengthening in these (chains and planes)
could damage superconductivity nature inside these
superconductors?34,

Figure 4a. Orthorhombic crystal structure of Pr-optimally doped-
123-YBCO superconductor.

So a visualized studies made is concerned by matching and
comparing of experimental and theoretical data of atomic
positions, bond distances, oxidation states and bond torsion
on the crystal structure formed.

Intensify

XRD profile of Pr-Doped-123-YBCO with Pmmmn Space Group

10 20 30 40 30 60 0
Two Theta (Degree )

Figure 4b. Visualized XRD-profile recorded for Pr-optimally-
doped-123-YBCO.

The analysis of tables (3, 4 and 5) indicated that there is no
violation in bond lengths especially for praseodymium-—
oxygen since praseodymium found in two types symbolized
as Prl and Pr2 respectively.

It was noticed that Prl linked with five types of oxygen
atoms namely O1, 02, 03, 04 and O5 recording the
following bond lengths 2.8763, 2.8551, 1.9165, 2.9251 and
3.1432 A respectively.
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Cu-O Planes and Chains in 123-YBCO-Lattice

Fill space Mode 123-YBCO

CuO6-Polyhedra in 123-YBCO

Figure 4c. Copper—oxygen planes and chains and CuOs-poly
octahedrons.
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These recorded data for type one are slightly different
from those of type two (Pr2) which linked with Os and O4
and recording 2.3018 and 2.4242 A respectively. The
differences in bond lengths could be interpreted on the
basis that Pr-ions have more than one oxidation state inside
crystal lattice. With respect to stability of CuOs
polyhedrons inside the optimally-Pr-doped YBCO crystal
lattice, it was observed that bond distances between copper
and oxygen atoms environment are within the limits and no
violation was recorded except only in Cul-O5 is longer
than others due to axial positioning of O5. Furthermore, no
abnormal torsions observed on the angles of copper which
support and increase stability of lattice.

Table 3. Some selected structural data inside crystal lattice of Pr-doped-YBCO.

Atom1l Atom2 diz A Atom3 dis A A213°

BallPri|Y1 03 1.9165 03 1.9165 170.929
03 1.9165 02 2.8551 136.537
03 1.9165 02 2.8551 52.535
03 1.9165 01 2.8763 93.344
03 1.9165 BallPri|Y1 3.8840 90.000
03 1.9165 BallPri|Y1 3.8840 90.000
03 1.9165 02 2.8551 52.535
03 1.9165 Cul 3.4530 59.804
03 1.9165 Y2|Pr2 3.7072 85.464
03 1.9165 BallPri|Y1 3.8210 4.536
03 1.9165 BallPri|Y1 3.8210 175.464
03 1.9165 BallPri|Y1 3.8840 90.000
02 2.8551 Cul 3.4530 85.043
02 2.8551 Cul 3.4530 34.223
02 2.8551 Y2IPr2 3.7072 137.999
02 2.8551 BallPri|Y1 3.8210 47.999
02 2.8551 BallPri|Y1 3.8210 132.001
02 2.8551 BallPri|Y1 3.8840 90.000
02 2.8551 BallPri|Y1 3.8840 90.000
02 2.8551 BallPri|Y1 3.8840 90.000
01 2.8763 o1 2.8763 84.934
01 2.8763 04 2.9251 123.958
01 2.8763 04 2.9251 123.958
01 2.8763 05 3.1432 175.692
01 2.8763 05 3.1432 99.374
01 2.8763 Cu2 3.3552 145.224
01 2.8763 Cu2 3.3552 145.224
01 2.8763 Cu2 3.3552 92.282
04 2.9251 Cu2 3.3552 35.518
04 2.9251 Cu2 3.3552 35.518
04 2.9251 Cu2 3.3552 85.979
04 2.9251 Cul 3.4530 145.758
04 2.9251 Cul 3.4530 95.965
04 2.9251 Cul 3.4530 145.758
04 2.9251 Cul 3.4530 95.965
05 3.1432 Cul 3.4530 146.164
05 3.1432 Cul 3.4530 97.798
05 3.1432 Y2IPr2 3.7072 38.159
05 3.1432 BallPri|Y1 3.8210 90.000
05 3.1432 BallPri|Y1 3.8210 90.000
05 3.1432 BallPri|Y1l 3.8840 128.159
05 3.1432 BallPri|Y1 3.8840 51.841
05 3.1432 Cu2 3.3552 84.181
05 3.1432 Cu2 3.3552 84.181
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Table 4. Selected structural data inside crystal lattice of Pr-doped-YBCO.
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Atom1l Atom2 di2 A Atom3 dis A A213°
Y2|Pr2 05 2.3018 05 2.3018 180.000
05 2.3018 05 2.3018 64.939
05 2.3018 05 2.3018 115.061
05 2.3018 Cu2 3.2372 102.481
05 2.3018 Cu2 3.2372 102.481
05 2.3018 Cu2 3.2372 37.238
05 2.3018 Cu2 3.2372 37.238
05 2.3018 Bal|Pri|Y1l 3.7072 57.530
05 2.3018 Bal|Pri|Y1l 3.7072 122.470
05 2.3018 Y2|Pr2 3.8210 90.000
05 2.3018 Y2|Pr2 3.8210 90.000
04 2.4242 Cu2 3.2372 37.096
04 2.4242 Bal|Pri]Y1 3.7072 127.992
04 2.4242 Bal|Pri]Y1l 3.7072 52.008
04 2.4242 Y2|Pr2 3.8210 37.992
04 2.4242 Y2|Pr2 3.8210 142.008
04 2.4242 BallPriY1 3.7072 52.008
04 2.4242 Bal|Pri|Y1l 3.7072 127.992
04 2.4242 Y2|Pr2 3.8210 142.008
04 2.4242 Y2|Pr2 3.8210 37.992
04 2.4242 Y2|Pr2 3.8840 90.000
04 2.4242 Y2|Pr2 3.8840 90.000
04 2.4242 Y2|Pr2 3.8840 90.000
04 2.4242 Y2|Pr2 3.8840 90.000
Cu2 3.2372 Cu2 3.2372 72.339
Cu2 3.2372 Cu2 3.2372 114.607
Cu2 3.2372 Cu2 3.2372 73.726
Cu2 3.2372 Cu2 3.2372 106.274
Cu2 3.2372 Y2|Pr2 3.8210 126.169
Cu2 3.2372 Y2|Pr2 3.8840 53.137
Cu2 3.2372 Y2|Pr2 3.8840 126.863
BallPri|Y1 3.7072 BallPriY1l 3.7072 180.000
BallPri|Y1l 3.7072 Y2|Pr2 3.8210 90.000
Bal|Pri|y1 3.7072 Y2[Pr2 3.8210 90.000
Bal|Pri|y1 3.7072 Y2[Pr2 3.8840 90.000
Y2|Pr2 3.8210 Y2|Pr2 3.8210 180.000
Y2|Pr2 3.8210 Y2|Pr2 3.8840 90.000
Y2|Pr2 3.8210 Y2|Pr2 3.8840 90.000
Table 5. Selected structural data inside crystal lattice of Pr-doped-YBCO.
Atom1l Atom2 diz A Atom3 dis A A213°
Cul 01 1.9105 o1 1.9105 180.000
o1 1.9105 02 1.9420 90.000
o1 1.9105 02 1.9420 90.000
o1 1.9105 03 2.9899 90.000
01 1.9105 BallPrl|Y1l 3.4530 56.407
01 1.9105 02 1.9420 90.000
01 1.9105 03 2.9899 90.000
01 1.9105 Cul 3.8840 90.000
02 1.9420 BallPrl|Y1l 3.4530 124.223
02 1.9420 Cul 3.8210 90.000
02 1.9420 Cul 3.8210 90.000
02 1.9420 Cul 3.8840 0.000
02 1.9420 Cul 3.8840 180.000
02 1.9420 03 2.9899 130.506
02 1.9420 Bal[Pri|y1 3.4530 124.223
03 2.9899 03 2.9899 81.012
03 2.9899 03 2.9899 98.988
03 2.9899 03 2.9899 180.000
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Table 5 (cont.). Selected structural data inside crystal lattice of Pr-doped-YBCO.

Atom1 Atom?2 di2 A Atom3 dis A A213°

Cul 03 2.9899 BallPri|Y1 3.4530 146.357
03 2.9899 Cul 3.8840 49.494
03 2.9899 Cul 3.8840 130.506
03 2.9899 BallPri|Y1 3.4530 33.643
03 2.9899 BallPri|Y1 3.4530 84.151
BallPri|Y1 3.4530 BallPri|Y1 3.4530 75.826
BallPri|Y1 3.4530 BallPri|Y1 3.4530 180.000
BallPri|Y1 3.4530 BallPri|Y1 3.4530 67.186
BallPri|Y1 3.4530 Cul 3.8840 124.223
BallPri|Y1 3.4530 Cul 3.8840 55.777
Cul 3.8210 Cul 3.8210 180.000
Cul 3.8210 Cul 3.8840 90.000
Cul 3.8210 Cul 3.8840 90.000
Cul 3.8210 Cul 3.8840 90.000
Cul 3.8210 Cul 3.8840 90.000

Conclusions

The conclusive remarks regarding this article can be
summarized in the following points;

Doping with Pr-ions at optimal ratio have a negligible
effect on the main crystalline structure of the 123-YBCO
regime (x = 0.15 mole).

The average particle size was calculated and found in the
range of 0.43 and 0.74 pm.

The vibrational mode lies at 330 + 10 cm™ is the out-of-
phase Biy of the couple 02-O3 which in present
investigations strongly shifted down with Pr- doping x= 0.15
mole.

Structural visualization studies confirmed that Pr-doping
with optimal ratio x=0.15 mole reinforces the stability of
123-YBCO lattice structure .
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Cadmium (Cd) is a heavy metal and a major environmental pollutant. The general population is exposed to Cd mainly via drinking water
and food products. We have developed a mouse experimental model to investigate the in vivo effects of Cd and the chelating agent
monensin on testis and sperm count during adulthood. Animals were divided into three groups: normal control (receiving distilled water
and food): Cd group, exposed to 20 mg kg b.w. Cd(l1) acetate for the first 2 weeks of the experimental period and Cd+monensin group,
receiving monensin (18 mg kg) after Cd-intoxication (from 15"to 28™ day). Histological observations of the testis demonstrated that Cd
induced desquamation of germ cell and their assembly in the luminal region of the tubules. Areas in the testis without spermatides in latest
steps of differentiation were also observed in this group. Monensin administration to Cd-treated animals restored histology of the testis to
normal to a great extent (despite some Sertoli-cell-only tubules). Statistically significant changes in sperm count were not established for
any of the experimental groups. Monensin can reduce injury of the testis and normalize its morphology after subacute exposure to Cd. The
results of the present study demonstrated that monensin is a good compound in chelating therapy of some heavy metal intoxications.
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Introduction

Cadmium (Cd) is a heavy metal and an environmental
contaminant mostly found in tobacco smoke and industrial
pollution, but also in water and food chain.! Cd is also bio-
accumulative due to its long biological half-life and
depending on its dose, route and duration of exposure it can
affect target organs such as kidney, liver, lung, testis,
adrenals, adipose tissue and hemopoietic system.?® Cd
induces apoptosis and affects cell proliferation,
differentiation and other cellular activities (gene expression,
signal transduction, DNA repair and DNA methylation). Co
interferes with enzymes of the cellular antioxidant system
and generates of reactive oxygen species (ROS).* In fact, the
International Agency for Cancer Research classified
cadmium as the 7™ toxicant in the priority list of Hazardous
Substances®.

Chelation therapy is the preferred medical treatment of
reducing the toxic effects of metals. Chelating agents are
capable of binding to toxic metal ions to form complex
structures which are easily excreted out from the body
removing them from intracellular or extracellular spaces®.
Different compounds have been tested as chelating agents
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for treatment of Cd intoxication. Recent studies have been
demonstrated that polyether ionophore antibiotic, monensin
is much more effective than the traditional chelators as
EDTA (ethylenediaminetetraacetic acid) and DMSA (meso-
dimercapto-succinic acid) in  reducing lead (Pb)
concentrations. Tetraethylammonium salt of monensic acid
forms complexes with other toxic metal ions as Li*, Na*,
Cd(l1) and Hg(ll), suggesting that could be applied for
treatment of intoxications with these metals.”®

The aim of our study was to investigate the in vivo effects
of Cd and the chelating agent monensin on the testis and
sperm count in adulthood.

Materials and Methods

60-day old adult male ICR mice were fed a standard diet and
had access to food ad libitum. Mice were maintained in the
institute’s animal house at 23°C + 2 °C and 12:12 h light -
dark cycle in individual standard hard bottom polypropylene
cages. The animals were left to acclimatize for one week
prior to dosing.

Mice were divided into three groups: The first group was
a control and had free access to distilled water and food
during the experimental period. The second group was
subjected to subacute Cd(CH3COO),.2H,0 intoxication with
daily dose of 20 mg kg! b.w. for two weeks. The
compound was dissolved and prepared with distilled water.
In the next 14 days of the experiment the animals from this
group obtained distilled water and food ad libitum. The third
group was exposed to Cd intoxication as that of the second
group followed by treatment with tetraethylammonium salt
of monensic acid at daily dose of 18 mg kg b.w. from day
15 to day 28 of the experimental process.
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On day 29 the experimental mice were sacrificed. Testes
and epididymides were sampled, weighed and embedded in
paraffin using routine histological practice. Spermatozoa
were isolated from both vasa deferentia and counted using
Buerker’s chamber. Data were statistically processed using
Student’s t-test.

Results

On day 90 spermatogenesis in mouse is completed, and all
the stages of the spermatogenic cycle can be seen. Germ
cells are organized in twelve stages according to the
classification of Clermont and Perey® arranged in 5-6 layers
in seminiferous epithelium. Mature spermatozoa are
released into the tubular lumen in stages VII-VIII of the
cycle (Figure 1). Histological observation of testes after
subacute Cd intoxication demonstrated disorganization of
seminiferous epithelium. Germ cells were sloughed off from
the seminiferous epithelium and were located in the luminal
region of the tubules. Seminiferous tubules devoid of
spermatides in latest steps of differentiation were frequently
observed in this group (Figure 2). After monensin
administration of Cd intoxicated animals we established
restoration of normal morphology of the testis to a great
extent (Figure 3) despite Sertoli-cell-only tubules at some
places. In contrast to our expectations at this stage of the
experiment we did not establish significant negative
alterations of Cd acetate on gonado-somatic index
(calculated as a ratio of testis weight to body weight) or
sperm count in adult mice (data not shown).

Discussion

After subacute Cd intoxication of adult mice we observed
pathological changes of testis morphology. Our data
regarding the germ cell loss is supported by the findings of
Siu et al.%. Cd exerts its effect in the testis by perturbing
blood-testis barrier function, affecting germ cell adhesion in
the seminiferous epithelium that probably explains germ cell
loss and disorganization of the epithelium. In male rodents,
it is well established that Cd works as endocrine disruptor
by affecting the synthesis and regulation of several
hormones (testosterone, LH, FSH)!. For instance, a
significant decrease in serum and testicular testosterone
level was reported in mice exposed to acute doses of Cd
compounds illustrating that Cd can disrupt the
hypothalamic-pituitary-testicular axis by creating a
hormonal dishalance and affecting male fertility.’
Manipulation of androgen (or of the androgen receptor in
Sertoli cells) can be a potential target candidate to manage
Cd-induced testicular toxicity’. Moreover, Cd-induced
toxicity has been associated with generations of reactive
oxigen species (ROS)¥. Spermatogenesis is a sensitive
process and changes in hormonal levels or elevation of ROS
would influence the normal proceeding of spermatogenesis
and the structure of seminiferous epithelium.

The work already done by our group'? demonstrated
significant increase in Cd accumulation in all investigated
organs (liver, kidney, spleen, lung, heart and testes) in Cd-
intoxicated animals. The administration of
tetraethylammonium salt of monensic acid to Cd-treated
animals depleted Cd concentrations to a great extent in all
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organs as compared to Cd-intoxicated mice. In the testis Cd
content was reduced with 55% as compared to Cd-treated
group. These results are in agreement with the good
chelating effects of monensin on testis histology.

Figure 1. Morphology of the seminiferous tubules on control testis
cross sections of adult mice. HE, x 400.

Figure 2. Morphology of the seminiferous tubules on testis cross
sections of adult mice after subacute Cd intoxication (20 mg kg
b.w.) Disorganization of seminiferous epithelium was observed.
HE, x 400.

Figure 3. Restoration of normal morphology of the testis to a great
extent after chelating therapy with monensin (18 mg kg b.w.) of
Cd intoxicated mice (20 mg kg b.w.). HE, x 400.
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We found that Cd accumulation in the testis had no
effect on testicular weight. The data by Teiichiro et al.*® and
Haouem et al.** support our results while EI-Demardash et
al.’® observed that Cd decreased this parameter. Blanco et
al.1® reported that Cd caused a decrease in testicular weight
at concentration in the testis of about 1 pg g*. This value is
much higher than the concentration of Cd observed in the
testes of our experimental animals!? which could be a
possible explanation for the lack of effect on gonado-
somatic index. Usually, impaired spermatogenesis is
associated with reduced testis weight and low sperm count.
Haouem et al.!* established that sperm concentration was
comparable between control and Cd-contaminated rats after
4" and 8" weeks of treatment, while after 12 weeks of
exposure this parameter was significantly decreased in Cd-
treated animals compared to corresponding control.
Probably the effect of Cd on sperm production depends on
the duration of the treatment and therefore prolonged
treatment would induce changes not only on histological
level but also on quantitative parameters of mice
spermatogenesis.

Conclusion

Our investigations demonstrated that subacute Cd
intoxication induced severe changes in testis morphology
but not in the gonado-somatic index and epididymal sperm
count. Monensin reduced testis injury and recovered its
morphology to a great extent that can suggest monensin as a
favorable compound in chelating therapy of some heavy
metal intoxications.
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GERMINATION OF INDIAN MUSTARD

Réka Szo6ll6sil™*, Erika Kalman/?, Anna Medvegy!?, llona Sz. Vargal’!

Paper was presented at the 4th International Symposium on Trace Elements in the Food Chain, Friends or Foes, 15-17 November, 2012,
Visegrad, Hungary

Keywords: copper stress, Brassica juncea L., germination, oxidative stress, callose, lignin.

It is well-known that essential heavy metals like copper (Cu), mainly at higher concentrations usually cause overproduction of reactive
oxygen species (ROS) resulting in oxidative stress in plants. Till date many experiments were carried out to evaluate how Cu toxicity
influences in adult plants but only a few reports are available about the effects during germination. Since this is a very sensitive period and
the effects of heavy metal stress are more serious. The aims of our study were to investigate potential oxidative stress and antioxidative
defense mechanisms beside potential morphological and/or anatomical alterations in germinating seeds of Indian mustard (Brassica juncea
L.) exposed to excess Cu. The following parameters were evaluated to describe oxidative stress: FRAP (ferric reducing ability of plasma),
lipid peroxidation (LP), reduced glutathione content (GSH), total protein content and the activity of glutathione-S-transferase (GST),
superoxide dismutase (SOD), catalase (CAT), guaiacol peroxidase (GPOX) and glutathione reductase (GR). We also made an assessement
of histochemically LP and the loss of plasma membrane integrity in the root tips, the production of callose and the lignification of cell
walls. Our results showed that Cu treatments were followed by notable GSH-depletion. We could detect LP histochemically in the root tips.
The application of Cu increased the activity of SOD in time and dose-dependent manner. The activity of CAT and GPOX increased after
48-96h Cu excess. Morphological symptoms of metal toxicity occurred such as stunted, hooked-formed and brownish root tips. Production

of callose and lignification of cell walls could be visualized, too.
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Introduction

It is well-known fact that heavy metals due to their
common presence in soil-water-plant- animal- human
system may affect development, growth, basic metabolisms
etc. in living organisms. Essential heavy metals like copper
(Cu) which are often co-factors of various enzymes such as
oxidases or components of the photosynthetic system, also
might act as pollutants at higher concentrations in the
environment due to industrial, municipial or agricultural
activities.>* 234 Similarly to toxic heavy metals (e.g. Pb, Cd),
essential heavy metals at higher levels may also provoke
overproduction of reactive oxygen species (ROS) resulting
in oxidative stress in plants, and consequently lipid
peroxidation in the membranes, disorders in various
metabolic processes and visible morphological and/or
histological changes.* > & Though Cu is an important
biometal and its average amount concentration in natural
soils is 2-40 mg kg* DM (dry matter), it can accumulate in
agricultural soils 10-15-fold higher than the recommended
levels due to emission of sewage sludge and fertilizers, and
may trigger remarkable changes in the photosynthetic
activity. 1237

Numerous plants can survive with the excess of Cu, taken
up and allocate it to different plant parts, generally to root or
shoot. These tolerant plants can also accumulate this metal,
hence are called ‘hyperaccumulators’ because of amassing
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metals at levels even 100-fold higher than nonaccumulator
plants.® Indian mustard (Brassica juncea L., Brassicaceae,
Mustard family) is known as Cd-hyperaccumulator but it
can tolerate Cu. Beacuse of its fast growth and relatively
small size it can be a good model.

Most of the earlier studies reported oxidative stress only in
adult plants (including Indian mustard). After heavy metal
stress there are not many reports on the effects in the early
stages of ontogenesis in Brassica juncea L., which was
exposed to heavy metal stress, since germination, which is a
very sensitive period of development and the effects of
heavy metal stress are more expressed and visual than
later. 4% 10

Aims

The aims of our study were to investigate potential
oxidative stress and antioxidative defense mechanisms in
germinating seeds of Indian mustard exposed to copper
excess. We wanted to know whether copper as an essential
heavy metal can cause changes similar to cadmium, which is
basicly toxic for the plants. We intended to answer the
following questions:

-Does heavy metal treatment cause oxidative stress during
the germinative stage ?

-Which biochemical parameters are the most appropriate
to decribe this oxidative stress ?

-How can the duration and heavy metal concentration
influence oxidative stress ?
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-How can oxidative stress be proved and visualized
histochemically ?

-What morphological and/or histological alterations occur
in the root tips after heavy metal exposure ?

Experimental

Plant material and germination conditions

Seeds of Indian mustard (Brassica juncea L.) derived
from Research Institute of the Hungarian Academy of
Sciences, Budakaldsz, Hungary, were germinated in
sterilized Petri dishes at 0, 50, 100 and 200 mg L Cu
concentrations (indicated as Control, Cu50, Cu100, Cu200,
Table 1).

Table 1. Parameters of Cu concentrations applied

Salt form Concentration, Concentration, pH at the
mg L mM beginning
0 0.00 7.07
CuSOq4 50 0.78 4.93
100 157 4.72
200 3.15 4,57

The effect of each concentration of copper was
investigated on 0.5-0.5 g seeds with 8 repetitions. The seeds
were sown on Petri dishes with four-layered filter paper
wetted with 10 mL of metal solutions. Then the Petri dishes
were closed and were kept in dark for 12, 24, 48 and 96 h, at
24+1°C. The control group of seeds was germinated in the
same way by the addition of distilled water only.

Determination of Cu content in seeds

In order to detect the heavy metal content in the
germinating seeds, about 0.5-0.5 g fresh plant material from
each treatment was separated for drying at room temperature
until at least 5 days. The real copper content in Indian
mustard seeds was determined by atomic absorption
spectrophotometry (AAS) (Hitachi, Z-8200, Japan). Values
of Cu concentration in seeds are given in mM g dry weight
(DW).

Preparation of the samples

At each metal concentration 8 replicates of 0.3 g fresh
material (germinated seeds) were homogenised with 1.2 ml
cool phosphate buffer using quartz sand in a cold mortar and
centrifuged for 10 min at 12.000. x g, then the supernatant
layer was used for all assays. In the assays for the
spectrophotometric measurements, Thermo Spectronic
Biomate 5 was used.

Determination of total antioxidant capacity
To evaluate the antioxidant power of the homogenates a

simple and quick method was used called ferric reducing
ability of plasma (FRAP).!! The procedure described in the
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literature was modified and applied for plant material.'? The
total antioxidant capacity was expressed in units of umol g*
fresh weight (FW).

Determination of lipid peroxidation

Since malonyldialdehyde (MDA) is one of the end
products of lipid peroxidation, the assay of MDA was
applied to estimate lipid peroxidation (LP; modified
method).’®* MDA content was determined and is expressed
in units nmol g fresh weight (FW).

Glutathione (GSH) evaluation

Glutathione content was measured using the method of
Sedlak and Lindsay4. Data are expressed in pmol GSH g
fresh weight (FW).

Estimation of total protein content

Protein content of plant homogenate was measured
spectrophotometrically at 675 nm using the method of
Lowry et al.'® These data were used to calculate the enzyme
activities.

Activities of enzymes

The activity of glutathione-S-transferase (GST, EC
2.5.1.18.) was determined according to Mannervik and
Guthenberg.'® Guaiacol peroxidase (GPOX, EC 1.11.1.7)
activity was evaluated by the modified method of Singh et
al., while for catalase (CAT, EC 1.11.1.6) we applied the
assay of Beers and Sizer.'” 8 Total superoxide dismutase
(SOD, EC 1.15.1.1) activity assayed as described by Misra
and Fridovich.’® Glutathione reductase (GR, EC 1.6.4.2)
activity was measured applying the method of Pinto and
Bartley.?’ The values were calculated as the production of 1
mM conjugate per min and expressed as unit mg* protein.

Histochemical detection of oxidative stress and its
consequences

We assessed the loss of plasma membrane integrity in the
root tips in vivo using Trypan blue, Aniline blue was applied
for callose staining, Schiff’s reagent was used for the
detection of LP, and phloroglucinol-HCI for visualization of
the lignification of cell walls as described by Yamamoto et
al., Arduini et al. and Lequeux et al %2223

Statistics

Statistical analysis of the results was carried out using
STATISTICA 9.0 software. We used Kruskal-Wallis
ANOVA to test the differences between the mean values. In
order to determine the relationship between the metal
concentration and the four biochemical parameters,
Spearman’s Rank Order Correlation was used. Data are
given in mean values + standard deviation (SD) and
calculated for fresh homogenate. The level of significance
was generally p<0.05.
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Results and discussion

Parameters of oxidative stress

Oxidative stress occurred in the seeds due to heavy metal
treatments and all parameters were significantly affected by
time duration and metal concentration used. Increase of time
duration and/or metal concentration resulted in higher metal
uptake in germinating seeds of Brassica juncea L. (Table
2A, B) similar to the results of Mihoub et al.?* The data of
the Tables show that the changes of all parameters depended
either on the Cu concentration or the time of exposure, or
both.

FRAP showed to be a good and quick semi-quantitative
parameter to prove that oxidative stress caused by heavy
metals is followed by the rapid activation of antioxidant
defence system including e.g. ascorbic acid and phenolic
components.?® Cu-treatment was also followed by GSH-
depletion which was probably due to the increased activity
of GST and the enzymes of Halliwell-Asada cycle and the
elavated synthesis of phytochelatins, as well (Fig. 1).2>26

10 4

OControl @Cu50 @Cul00 = Cu200

GSH (ol g' FW)

12h 24h 48h 96h

Tine of exposure

Figure 1. Time and dose-dependent changes of GSH-level in Cu-
treated B. juncea seeds. Asterisks indicate significant differences
between control and treated plants at *p< 0.05, **p< 0.01 and
***p< 0.001.

The level of lipid peroxidation (LP) determined as
malondialdehyde (MDA) content showed time- and dose-
dependence, too. Generally, lipid peroxidation was higher in

Section C-Research Paper

the beginning of germination at all concentrations, and then
attenuated. Significant differences were observed between
the control and the treated seeds after each period. The
reduction of LP in the second period of the germination was
probably due to the activation of antioxidants and the
elimination of lipid peroxides.?

The application of excess Cu increased the activity of
SOD in time-dependent manner in good agreement with the
results of Wang et al.!® The activity of CAT and GPOX
increased after 48-96h Cu treatment and was in significantly
positive correlation with the changes of SOD activity
(Spearman’s r= 0.63 and r= 0.44; p< 0.001).1% %"

Histochemical detection of oxidative stress and morhological
changes

LP as one the markers of oxidative stress was detected
after staining with Schiff’s reagent in root tips (Fig. 2).
Typical morphological symptoms of metal toxicity occurred
in Cu-stressed plants (stunted, hook-formed and brownish
root tips).2% %

Figure 2. Histochemical detection if LP in the root apices of
germinating B. juncea seeds after 96 h Cu treatment. Bars indicate
1 mm.

Table 2A. The effect of Cu concentration and duration on the parameters (AAS, FRAP, GSH and GR) testing by two-way ANOVA. The

level of significance: * p<0.05, ** p<0.01 and *** p<0.001.

Effect AAS FRAP GSH GR

Cu concentration F 3,80 = 109.44*** F 3,110 = 92.96*** F 3111 = 616.51*** F 3,80 = 104.89***
Time F 3,80 = 297.97*** F 3,110 = 13.63*** F 3,111 = 270.67*** F 3,80 = 71.45***
Conc. x time F o 80 = 28.14*** F o 110 =11.17*** Fo 111 =42.37** F 9,80 = 26.46***

Table 2B. The effect of Cu concentration and duration on the parameters (GST, GPOX, CAT and SOD) testing by two-way ANOVA. The

level of significance: * p<0.05, ** p<0.01 and *** p<0.001

Effect GST GPOX CAT SOD

Cu conc. F 3,93 = 66.37*** F 3,90 = 124.40%** F 3,88 = 127.85*** F 3,76 = 242.80***
Time F 3 93 = 27.57*** F 3 90 = 10.63*** F 3,88 = 15.25%*** F 3 76 = 19.73***
Conc. x time F o 03=27.91%** F 9,00 = 13.74%** F 9,88 = 10.91*** F 9,76 = 24.60***
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After 96 h using Trypan blue we found remarkable
disruption of the rhizodermal and the cortical cells mainly
the elongation zone due to increased level of LP. 2% 23

Decreased root elongation and induced production of
callose could be visualized using Anilin blue as a fast
reaction of the cells to avoid Cu toxicity, while lignification
of cell walls was detected by phloroglucinol-HCI which
refers to the long-term adaptation of the root tips.% 2% 2327
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Corrosion inhibition by amino acids
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Amino acids have the ability to control corrosion of various metals such as carbon steel, zinc, tin and copper. It behaves as an inhibitor in
acid medium, neutral medium and in desecrated carbonate solution. VVarious techniques like weight loss method, polarization study and AC
impedance spectra have been used to evaluate the corrosion inhibition efficiency of amino acids. The protective film has been analyzed by
IR spectroscopy, atomic force microscopy, scanning electron microscopy and auger electron spectroscopy. Adsorption of amino acid on
metal surface obeys Langmuir, Flory-Huggins or Temkin isotherm, depending on nature of metal and corrosive environment. Polarization
study reveals that amino acids can function as anodic or cathodic or mixed type of inhibitor depending on nature of metal and corrosive

environment.
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1. Introduction

Generally amino acids have two polar groups, namely,
one amino group and one carboxyl group. It can coordinate
with metals through the nitrogen atom and oxygen atom of
the carboxyl group. So it has been widely used as corrosion
inhibitor®8, It has the ability to control the corrosion of a
wide variety of metals such pure iron, carbon steel, zinc
aluminum and tin. It behaves as corrosion inhibitor in acid
medium, neutral medium and in deaerated carbonate
solution. Various techniques have been used to evaluate the
corrosion inhibition efficiency of amino acids and to analyze
the nature of protective film formed on the metal surface.
Depending on the nature of metal and nature of corrosive
environment amino acids obeys different types of isotherms
and behaves as different type of inhibitor, namely, anodic,
cathodic or mixed type.

2. DISSCUSION

2.1. Metals

Amino acids and derivatives of amino acids have been
used to prevent the corrosion of a wide variety of metals.
Amino acids and its derivatives have the ability to prevent
the  corrosion of carbon steel (mild  steel)
1,5,6,911,17,19,20,22,23,27,29,31,32,37,50,53,54,56,58.66,69’ Cu-Ni a||0y58'26'35,
aluminum383°5152 gluminum 7075 alloy®#, aluminum sili-
con carbide composite®®, pure iron!®%, stainless steel?,
copper31418:21,25,3643.6L6467.68  alyminum and zinc pigments*,
nickel?%5, tin*, NST-44carbon steel!>?":3444  Pp-Ca-Sn
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alloy?*, Pbh-Sh-Se-As alloy?%, reinforcing steel*?, sulfur on
the corrosion of mild steel*, aluminum and magnesium
alloys*”, Armco iron*°, copper electrode®®, cobalt®, brass’,
and bronze®?,

2.2. Medium

Amino acids and its derivates have been used as inhibitor
to prevent corrosion of metals in various environments-
acidic neutral and deaerated carbonate solutions. The mainly
used acid is hydrochloric acid®6:911:16-18.25,30-32.36555 and rarely
used acids are sulphuric acid®!32428335758 citric acid,
acetic acid?®, sodium chloride”°, sulfamic acid®®, lime fluid
(citrus aurantifolia)?®’3, and nitric acid®%.,

2.3. Techniques

Even though several modern techniques are on the anvil,
the mainly used methods in evaluation of inhibition
efficiency of amino acids in preventing corrosion of metals
are WE‘ight loss methOds'S'11’13'15'21'24’28'31’33’34’36’38‘40'49,
electrochemical studies such as polarization and AC
impedance Spectral,3,4,6-8,11,13,20,21,23—26,28,29,31-33,35-38,40,42,43,45,46,
49.5152545561-69 and cyclic voltammetery®. XPS has been
used to analyze the film formed on carbon steel surface?.
SEM technique has been used to study the morphology of
the corroded surface of zinc in acidic medium in the
presence of luecine and methionine??*, Infrared spect-
roscopy has been used to analyse the protective film formed
on the metal surface®C.

2.4, Adsorption

The protective nature of amino acids is attributed to its
adsorption on the metal surface. Various adsorption
isotherms have been proposed. The adsorption isotherms
include Langmuir isotherms?!1:16:18.1924.28.33,38,39,4669 = F|gry-
Huggins isotherm!®2°52 Freundlich isotherm?® and Temkin
isotherm13,19,30,61,62_
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Corrosion inhibition by amino acids
2.5. Langmuir adsorption isotherm

This type of isotherm is observed when iron immersed in
HCI, in the presence of methionine and tyrosine®. Similar
observation has been made when mild steel was immersed
in HCI, in the presence of cysteine and N-acetylcystein,
methionine and cystine*.

2.6. Flory-Huggins isotherm

This type of isotherm is obeyed when carbon steel is
immersed in HCI, in the presence of decylamides of a-
amino acid derivatives®. Morad observed that Flory-
Huggins isotherm is obeyed when mild steel was immersed
in sulfamic acid in the presence of N-acetylcysteine (ACC),
cysteine (RSH), S-benzylcysteine (BzC) cystine (RSSR)
methionine (CH3SR)™.

2.7. Temkin isotherm

This type of isotherm is obeyed when is Al-SiC(p)
composite in immersed in HCI in the presence of amino acid
glycyl glycine®. The type of adsorption very much depends
on the nature of metal, environment and amino acids used.

2.7.1. Mechanism of corrosion inhibition

Amino acids H;NCH,COOH, has two polar groups,
namely, one amino group and one carboxyl group. It can
coordinate with metals through nitrogen atom and oxygen
atom.

Inhibition of corrosion of metals by amino acids is
attributed to the adsorption of amino acids on the metal
surface. The adsorption obeys Langmuir isotherm or Flory-
Huggins isotherm or Temkin isotherm depending on the
nature of metal and corrosive environment. Adsorption may
be physisorption or chemisorption; film formation is also
attributed 3 % 27 ad 38 The degree of inhibition efficiency
depends on molecular structure of amino acids and its

solubility rather than difference in molecular weights alone *.

Strength of the inhibitor-metal bond also plays a major role
in deciding the degree of inhibition by amino acids 2.
Polarization study reveals that amino acids functions as
anodic inhibitor or cathodic inhibitor or mixed type of
inhibitor depending on the nature of environment and nature
of metal.

2.7.2. Anodic inhibitor

dl-alanine and dl-cysteine, function as anodic inhibitor in
controlling corrosion of copper in HCI medium 3¢

2.7.3. Cathodic inhibitor
Glycine, valine, alanine, and tyrosine behaved as cathodic

inhibitors in controlling corrosion of carbon steel in
hydrochloric acid 2.

Eur. Chem. Bull. 2012, 1(11), 470-476

DOI: 10.17628/ECB.2012.1.470
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2.7.4. Mixed type inhibitor

cysteine (RSH), methionine (CH3SR), cystine (RSSR) and
N-acetylcysteine (ACC) system retarded both the anodic and
cathodic partial reactions of mild steel in phosphoric acids
solutions®’.
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Introduction

Wax during the oil refinery process is one of the important
chemical products.! Wax plays an important role in Chinese
industries such as lighting, packaging, farming, chemicals,
rubber, medicine and homecare products, etc. China is No. 1 in
production and consumption of wax in the world. The
production and consumption of wax in China has reached to a
tune of 16 and 7.81 million tons respectively in 2011. 2
Although China has a lot of wax, it still imports special wax
products from other countries due to the high quality
performance. Sinopec Fushun Research Institute of Petroleum
and Petrochemicals have developed new hydrofining catalysts
for petroleum wax such as FV series wax hydrofining catalysts
such as FV-1, FV-10, FV-20 and FV-30 have large pore
volume, high specific surface area and concentrated pore
structure which are suitable to wax hydrofining. They have good
activity, selectivity and stability, high mechanical strength,
especially highly condensed aromatics saturation activity.
Catalysts have good repetition characteristics. Successful
commercial application of FV series catalysts is used under
medium pressure, low temperature and low H-to-wax ratio
conditions. Wax hydrofining process can produce petroleum
wax products which meet requirements for the national standard
of wax (food grade) (GB7189-94). 3 RIW-3 wax hydrofining
catalysts have been applied on a 100,000 t/y Wax Hydrofining
Plant of Jingmen Petrochemical Company. It is a tri-lobe shape
for wax hydrofining catalysts with Ni-W as its active
component. RJW-3 wax hydrofining catalysts have high activity
for aromatic hydrogenation, anti-cracking ability, proper pore
structure, small diffusion resistance and improving mass transfer
in gas-liquid dispersions of a reactor.*

In the present paper, catalytic properties of FV series and
RFW-3 wax hydrofining catalysts have been reviewed. Effects
of different catalysts such as FV-10, FV-30, RIW-2 and RJIW-3
on the quality of wax at a pilot plant have been also introduced,
in comparison to product quality and performance of FV and
RJW series wax hydrofining catalysts. FV-30’s life has been
also studied at a large-scale plant.

Eur. Chem. Bull. 2012, 1(11), 477-479

Discussion

Comparing catalytic properties between FV series and
RJW-3 wax hydrofining catalysts

Table 1 shows catalytic properties of FV series and RFW-3
wax hydrofining catalysts.*> FV series and RFW-3  wax
hydrofining catalysts consisted of Ni element. Furthermore, FV-
20, FV-30 and RJW-3 had the same components (Mo-Ni). On
the other hand, FV-1 and FV-10 only included W element. The
catalysts had different shapes except FV-20 and FV-30. FV-10
and FV-20 almost have the same performance such as diameter,
pore volume, surface area, porosity and mechanical strength. In
addition, FV-1 and FV-30 have the similar properties such as
diameter, pore volume, surface area and mechanical strength.

Effects of different catalysts such as FV-10, FV-30, RJW-2
and RJW-3 on the quality of wax at a pilot plant

Zhang Yanxia 2 introduced a new catalyst (FV-30). She
described how to produce FV-30 and studied effects of different
catalysts (FV-10 and FV-30) on the quality of wax in Table 2.
The experimental results showed that F\VV-10 and FV-30 had the
same performance except easy absorbance, however easy
absorbance of FVV-30 is very close to that of FV-10.

On the other hand, wax products met the requirement of
Chinese wax standard except needle penetration when FV-10
and FV-30 as catalysts were used. FV-30 had good catalytic
performance, high strength, small particular and more adaptable
to wax feedstock. Its shape was five tooth balls.

Liu Yuging “ studies on catalytic properties of RIW-2 and RJW-
3. Table 3 showed effects of different catalysts (RIW-2 and
RJW-3) on the quality of wax at a pilot plant. The experimental
results showed that RJW-2 and RJW-3 had the same
performance except readily carbonizable substances and UV
absorbance of condensed-nuclei aromatics. When RJW-2 was
used as a catalyst, readily carbonizable substances of wax
products did not meet Chinese food grade wax standard. RIW-3
had the high catalytic activity, high performance for aromatics
saturation, anti-cracking ability and high compressive strength.
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Table 1. Properties of FV series wax hydrofining catalysts and RFW-3 hydrofining catalysts.

Section D - Review

Quality parameters Catalysts
FV-1 FV-10 FV-20 FV-30 RJIW-3
Active metal components W-Ni W-Mo-Ni Mo-Ni Mo-Ni Mo-Ni
Catalysts’ shape Five tooth Sphere Cloverleaf Cloverleaf Butterfly
balls /sphere pattern pattern
Diameter (mm) 2.2-2.6 1.1-15 1.1-1.2 2.0-2.4 1.6
Pore volume, (mL-g?) >0.40 >0.35 >0.34 >0.42 >0.22
Surface area, (m?g?) >150 >150 >150 >160 >110
Bulk density, (g-em) 0.90-0.95 0.82-0.88 0.74-0.81 0.70-0.76 0.97
Porosity (%) 35 44 42 45 -
Mechanical strength (N'-mm™) >30 (N/grain)  >18 >16 >30 (N/grain)  >18
Table 2. Effects of different catalysts (FV-10 and FV-30) on the quality of wax at a pilot plant

Quality parameters FV-10 FV-30 #58 semi- FV-10 FV-30 #64 fully

refined wax refined wax

standard standard
Feedstock No.1 No.1 No.2 No.2
Temperature (°C) 260 260 260 260
Pressure (MPa) 6.0 6.0 6.0 6.0
Volume hour space velocity 1.1 11 1.0 1.0
()
Ha-to-wax ratio 300 300 500 500
Saybolt colour (number) +30 +30 >+17 +30 +30 >+25
Light stability (number) 5-6 5-6 <7 3 3 <5
Thermal stability (number) +15 +15 +25 +25
Melting point (°C) 58.90 58.90 58-60 65.8 65.8 64-66
Weight of oil (%) 1.10 1.10 <1.80 0.30 0.30 <0.50
Needle penetration, 25°C 28 28 <20 17 17 <16
(0.1mm)
Easy absorbance (cm™)
280 nm 0.466 0.473 0.102 0.106
290 nm 0.242 0.244 0.510 0.502

Table 3. Effects of different catalysts (RIW-2 and RJW-3) on the quality of wax at a pilot plant
Quality parameters RJW-2 RJW-3 Food grade wax
Feedstock Product Feedstock Product standard

Temperature (°C) 243 235
Hydrogen pressure (Mpa) 6.50 5.70
Weight hour space velocity (h') 14 16
Colorimetry colour (number) 7
Saybolt colour (number) +16 +30 +30 >25
Melting point (°C) 63.6 63.6 60.7 60.8
Mechanical impurities No No Yes No No
Water No No No No No
Light stability (number) 6 3 6 3 <5
Weight of oil (%) 0.36 0.38 0.45 0.48 <0.50
Readily carbonizable substances Fail Fail Fail Pass Pass
UV absorbance of condensed-nuclei
aromatics (cm)
280-289nm 0.09 0.011 0.20 0.11 <0.15
290-299nm 0.16 0.006 0.24 0.076 <0.12
300-359nm 0.19 0.001 0.31 0.052 <0.08
360-400nm 0.01 0.001 0.03 0.004 <0.02

Eur. Chem. Bull. 2012, 1(11), 477-479
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FV-30’s life tests at a large scale plant
Wang Shixin ® explained more details about FV-30’s life tests at

a large scale plant. Table 4 showed results of FV-30’s life tests
at a large scale plant. The experimental results showed that FV-

Table 4. Results of catalyst life tests at a large-scale plant

Section D - Review

30 kept the same catalytic performance such as light stability,
thermal stability, Saybolt colour and readily carbonizable
substances after 2505 hours. However, products’ easy
absorbance and UV absorbance of condensed-nuclei aromatics
did not follow any rules.

Quality parameters 201 h 449 h 1217 h 1593 h 2025 h 2505 h
Light stability (number) 3 3 3 3 3 3
Thermal stability (number) +29 +29 +28 +28 +28 +28
Saybolt colour (number) +30 +30 +30 +30 +30 +30
Readily carbonizable Pass Pass Pass Pass Pass Pass
substances
Easy absorbance (cm™)
280nm 0.024 0.013 0.022 0.026 0.023 0.013
290nm 0.015 0.006 0.011 0.016 0.012 0.007
UV absorbance of conden- Pass - Pass - Pass Pass
sed-nuclei aromatics (cm™)
280-289nm 0.013 0.013 0.048 0.009
290-299nm 0.009 0.009 0.036 0.007
300-359nm 0.004 0.003 0.012 0.005
360-400nm 0.001 0 0.001 0
Conclusion References

Based on the above review and discussion, RIW-3 used to
refine wax products is better than that of FV-30. RIW-3 has the
high catalytic activity, high performance for aromatics
saturation, anti-cracking ability and high compressive strength.
Wax products obtained meet Chinese food grade wax standard.
On the other hand, although FV-30 has a lot of advantages such
as it has good catalytic performance, high strength, small
particular and more adaptable to wax feedstock, wax products’
needle penetration does not meet the requirement of Chinese
wax standard, so RJW is one of the best catalysts for refining
wax products.
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According to statistical data the amount of sewage sludge does not increase as it was prognosed some years ago. Although this is a positive
effect, we have to solve the problem of recycling of the sewage sludge. The appropriate chemical composition of municipal sewage sludge
compost is suitable for nutrient supply in the agriculture. The small-plot experiment with sewage sludge compost was started in the spring
of 2003. Three doses of compost (9, 18, 27 t ha!) and a control treatment were used in the experiment. The small-plot experiment was re-
treated in the fall of 2006 and 2009. In the composting process bentonite, rhyolite and wheat straw were used as additives for improving the
quality of the compost. Our purpose was to stabilize or increase the fertility of sandy soil and contribute to the reduction of environmental
pollution. In the plot experiment there were three test plants: triticale, maize and pea. These three plants were sawn in crop rotation. We
examined the concentration of nickel (Ni) and zinc (Zn) in two soil layers, 0-30 and 30-60 cm in 2008-2009 years. We could not observe
toxic effects on the test plants. The aim of the experiment was to investigate whether the application of sewage sludge compost cause

hazardous accumulation of toxic elements in the soil and plants.
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Introduction

Sewage sludge is an organic waste which usually contains
high levels of nitrogen and phosphorous as well as
significant concentrations of micronutrients 2. The use of
sewage sludge in soil has very beneficial effects on the
quantity and availability of nutrients, on the restoration of
structural stability of the soil and on resistance against soil
erosion 34,

Composting offers an effective method for treating
sewage sludge by stabilizing organic matter, reducing odour,
and killing human pathogens and weed seeds by the heat
generated >8, The products can be used as soil conditioner to
improve soil physical properties by increasing soil organic
matter content. In this way the water holding capacity and
aggregate stability are increased, but soil bulk density is
reduced’. Sewage sludge compost also represents a source
of nitrogen (N), phosphorus (P), potassium (K) and trace
elements such as zinc (Zn), copper (Cu) and molybdenum
(Mn) for plant growth®.

However, the presence of toxic elements in composts is
the main cause of adverse effects on animal and human
health, transmitted through the food chain from soil,
groundwater and plants®.
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The sewage sludge contains toxic elements within an
organic matrix. This may lead to the increased solubility of
some of the metals (due to the formation of soluble organic
complexes) or to their immobilization and subsequent
reduced possibility of being assimilated by the plant®,
Consequently, exact analyzing the contents of toxic
elements in composts is very important for the routine
monitoring and risk assessment and regulation of
environmental protection.

In the present study, we aimed to measure toxic element,
such us nickel (Ni) and potential toxic element, like zinc
(Zn). During the experiment we would like to follow the
movement of toxic elements in the food chain.

Experiments

Experimental design

The small-plot experiment was established in spring, 2003
at the Research Institute of CAAES of University of
Debrecen, at the town of Nyiregyhaza, located in the NE
part of Hungary. It was re-treated in 2006, when the field
experiment was re-arranged and the size of plots was
enlarged.

The size of small-plots was 19 x 36 meters. The
experiment was done in five replications on sandy soil. Our
compost fills the requirements of the Agricultural Ministry
Order of 36/2006 (V.18.). The compost includes 40%
sewage sludge, 25% straw, 30% rhyolite and 5% bentonite.
These materials have good effects on light textured sandy
soils especially when they are mixed with organic material
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(e.g. sewage sludge). The compost was applied at 9, 18, 27 t
ha! doses, ploughed into the 0-30 cm soil layer before
sowing. The effect of the applied compost on triticale (x
Triticosecale Wittmack), maize (Zea mays) and pea. (Pisum
sativum L.) was studied.

Toxic elements of plant samples were measured after
harvesting. In the case of triticale and maize the toxic
elements content of grain was measured. The toxic element
content of pea plants were measured in its three parts (root,
straw + pods and grain). Composite soil samples were
mixed from 5 subsamples in each plot from 0-30 and 30-60
cm soil layers after harvesting of all test plants.

The applied compost

In the Table 1 can be seen the important parameters of the
applied compost

Table 1. Main characteristics of the applied compost

Parameter Value
pH (H20 1:10) 7.2
Dry matter content [m/m% raw matter] 54
Organic matter content [m/m % dry matter] 26
Total N-content [m/m% dry matter] 1.68
Total P20s-content [m/m% dry matter] 0.7
Total K20-content [m/m% dry matter] 0.4
As (mg kg?) 5.26
Cd (mg kgt 0

Co (mg kgt 0

Cr (mg kg 21.96
Cu (mg kgt 149.7
Hg (mg kg™t 1.42
Ni (mg kg3)] 12.09
Pb (mg kg™t) 23.33
Se (mg kg?) 2.51

In the composted sewage sludge there were nitrogen (N),
phosphorus (P) and potassium (K), which are useful for
enhancing the available nutrients content of soil. The toxic
elements content of compost was low therefore it is good for
agricultural utilization. In the applied compost amount of
nickel was under the limit value determined by the
Agricultural Ministry Order of 36/2006 (V.18.).

Chemical and statistical analysis

The Zn and Ni content of soil and plant samples were
measured according to the MSZ —08-0012/16-87. Briefly,
the samples were digested with cc. HNOs : H,O, and after
filtering, the heavy metal contents of solutions were
measured by using an ICP-OES emission spectrometer.

Statistical significance (P<0.05) of the differences was
determined by one-way ANOVA and Tukey’s multiple
range test. Statistical analysis was performed with SPSS
13.0., with five replications.
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Results and Discussion

Toxic elements in the soil

The utilization of sewage sludge in agriculture may cause
to get a certain amount of toxic elements into the soil. This
could result in the contamination of soil and plants by toxic
elements. In our data reveal the fate of Zn and Ni in the
sewage sludge-soil-plant chain.

The heavy metal content in soils comes from two sources:
first, from the natural heavy metal content of soil and on the
other hand, as a result of soil pollution. The measurable
concentration of the micronutrients in the soil usually
increases when the amount of heavy metals entering into the
soil is higher than their leached or utilized quantity?®.

In the Table 2 the Ni and Zn concentrations of soil of the
three test plants measured in 2008 are shown. The Ni and Zn
content of the soil were below the 40 and 200 mg kg™ limit
in all treatments in this year. Concentration of Zn was
increased after the treatments in the upper 0-30 cm soil layer,
but this increase was not statistically significant. The
measured Zn concentrations were around 30 mg kg®. In
Canada?? various crop responses were measured to a mixed
municipal solid waste compost and the fate of certain metals
associated with compost were examined. Plant and soil
samples were collected after the compost application to
analyse for content of Arsenic (As), Cupper (Cu), Zn,
Mercury (Hg) and Lead (Pb). The research results showed
that the compost slightly increased the heavy metal
concentrations of the soil. The amount of Ni did not increase
in the top soil under triticale.

Similar results were found when sea weeds compost was
applied (leaves of beached Posidonia oceanica were used),
which had high concentrations of heavy metals. Except of
Ni, they measured higher heavy metal concentrations in soil
samples amended with compost than in the control ones.
The low concentration of Ni in soluble and exchangeable
form explains its low mobility and biological activity 3.

Toxic elements content of soil samples measured in 2009
can be seen in Table 3. Ni concentrations of soil samples
were similar in both soil layers (7.35 — 10.09 mg kg) in
2009 and neither was above the 40 mg kg threshold limit.
The compost treatment did not increase its concentration.
Low increase of Zn concentration in all treatments was
found in the top soil samples collected from green pea’s
plots. On the contrary a researcher'* observed significantly
higher levels of Zn, manganese (Mn) and Cu in soil
amended with compost at a rate of 19 t ha™ but their applied
compost had high heavy metal content (Zn: 566 mg kg*,
Mn: 176 mg kg * and Cu: 226 mg kg ).

Concentrations of measured elements were under the limit
value (Ni: 40 and Zn: 200 mg kg™).

Toxic elements in the test plants
Pea (Pisum sativum L.)

In Table 4 presents the ratio of toxic elements content in
different parts of pea in the sewage sludge compost
treatment. The amount of Ni measured in the pea grain yield
was slightly higher than the plants growing in unpolluted
sites but among the treatments the differences are not
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significant. The amount of Zn was higher in the grain yield 2009 the amount of Zn increased only in the 9 and 27 t ha™*
compared to other two parts of the plants in the year 2008  treatments compared to the control plots, while the Zn
and 2009. Due to the 18 and the 27 t ha™* treatment the Zn  concentrations measured in the 18 t ha treatments were
concentration increased in different parts of the plants. In  similar to the control ones.

Table 2. Nickel and zinc content in two layers of soil under test plants in the sewage sludge compost experiment in 2008

Plant Dose of compost Ni (mg kg) Zn (mg kg?)
(tha)
0-30cm 30-60 cm 0-30 cm 30-60 cm
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
control 4724 6.364 9.116 1.648 33.84 2.64 29.22 1.13
Triticale 9 4.230 5.649 9.274 1.494 35.26 1.79 28.40 1.54
18 4.280 5.588 8.295 0.246 36.76 4.29 28.45 1.39
27 4.058 5.065 10.768 3.353 35.48 4.97 29.36 1.81
control 0.065 0.055 9.860 1.120 32.53 2.29 28.46 1.11
Maize 9 3.878 5.236 9.380 1.176 33.04 2.17 29.17 0.32
18 4.118 5.110 9.393 0.405 34.98 2.33 29.42 2.51
27 3.908 4.917 9.394 0.973 35.96 1.35 29.24 1.81
control 0.123 0.037 10.478 1.100 32.15 7.48 26.88 1.28
Green pea 3.828 4.808 10.010 1.174 36.46 10.37 31.64 6.85
18 3.746 4.974 9.862 2.059 33.94 3.57 27.84 2.85
27 4.894 6.488 9.584 1.741 33.40 1.78 27.80 1.98
approved limit! (mg kg) 40 200

1(50/2001. Government regulation). There was not significant difference among treatments, according to the Tukey’s test

(p>0.05)

Table 3. Nickel and zinc content in two layers of soil under test plants in the sewage sludge compost experiment in 2009

Plant Dose of compost Ni (mg kg%) Zn (mg kg?)
(tha)
0-30cm 30-60 cm 0-30 cm 30-60 cm
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
control 8.256 1.177 8.294 0.275 21.857 2.547 21971 2.703
Triticale 7.924 0.734 8.992 0.816 22.201 2172 21.989 1.370
18 7.761 1.130 8.616 1.576 22.137 1.726 19.755 4213
27 8.058 0.377 7.994 1.623 22.580 2.325 20.258 5.766
control 8.510 1.528 10.099 1.228 20.082 1.423 20.270 5.449
Maize 9 9.625 3.265 9.411 2.593 23.016 4.989 22221 9.451
18 8.322 1.680 8.381 2.760 20.941 1.057 17.681 3.592
27 7.703 1.617 8.390 1.729 20.673 0.989 17.249 3.363
control 8.203 1.297 8.346 2.680 22.677 2.779 20.359 3.167
Green pea 8.503 1.454 8.509 0.426 23.665 3.686 22.375 1.463
18 8.034 1.308 7.356 2.572 24.137 2.708 21.104 4.664
27 8.161 1.511 7.845 3.304 27.806 3471 19.502 4.702
approved limit' (mg kg?) 40 200

1(50/2001. Government regulation) There was not significant difference among treatments, according to the Tukey’s test
(p>0.05)
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Table 4. Nickel and zinc concentrations in different parts of pea in the sewage sludge compost experiment

Dose of Ni, mg kg Zn, mg kg'!
compost
(tha) 2008 2009 2008 2009
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
control 33.58 23.25 15.08 5.25 20.52 8.24 26.33 6.23
Root 9 32.87 23.47 14.25 7.64 15.26 11.77 29.16 6.72
18 36.39 30.23 5.77 2.69 22.24 12.18 22.87 9.07
27 52.40 51.23 3.64 1.47 23.88 8.10 32.59 5.66
control 1.75 1.03 12.48 7.33 13.04 5.14 25.29 3.66
Straw + 9 2.59 2.75 20.88 15.83 15.04 2.70 21.45 3.81
Pods 18 1.61 124 33.30 30.31 13,60 2.57 24.27 4.99
27 1.71 0.71 25.52 18.45 19.10 8.11 24.78 6.93
control 12.36 8.87 7.92 3.48 48.27 11.13 46.91 5.27
Grain 9 7.61 5.34 5.55 2.52 43.99 20.87 44,72 7.73
18 8.69 3.22 2.38 0.94 51.08 4.20 45.15 411
27 9.02 2.95 2.39 1.40 51.82 5.95 49.13 2.80
in unpolluted plants, mg kg 0.1-5.0 25-150
There was not significant difference among treatments, according to the Tukey’s test (p>0.05)
Maize (Zea mays)
In Figure 1 presents Zn content in maize in the sewage o ﬁntcgn:e:tt ',nzg]_ Ezem Kot
sludge compost experiment. Zn concentration was under 30 400 unpotiuted prants- 9 9
mg kg? in the test plant. The quantity of Zn measured in
maize was higher in the 9 t ha® dose of compost treated T
plots in 2008. —l_ — BN 0 2008
. . 82009

In 2008 we did not find significant differences between
the three treatments, as it is showed in Figure 2. Other
researchers found significantly increased Ni concentration in
the roots of the lettuce plants after compost application. The
Ni concentration was particularly higher in the leaves of the
control sample'®. Quantity of Ni in the maize crop was
lower than detection limit in 2009.

Triticale (x Triticosecale Wittmack)

Figure 3 shows Zn content of triticale crop in the sewage
sludge compost experiment in 2008 and 2009. We can see
that amount of Zn was increased in the treatments in 2008.
Measurements by Chaney® demonstrated that in plant tissue,
the concentration of Zn was the highest in the compost
treatment which reflect the high Zn concentrations in the
compost material.

In the year 2009 the amount of Zn increased only in the 9 t
ha'* treatment in comparison with the control plot, while the
measured Zn concentrations of the other two treatments
were similar to the concentrations of control samples. Figure
4 presents the Ni concentration in triticale in the sewage
sludge compost treatment. Effect of compost treatment did
not increase the amount of Ni in 2008.

Eur. Chem. Bull. 2012, 1(11), 480-484
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Figure 1. Zinc (Zn) content of maize in the sewage sludge compost
experiment
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Figure 2. Nickel (Ni) content of maize in the sewage sludge
compost experiment in 2008
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Zn content in triticale
in unpolluted plants: 25-150 mg kg™

32008
B 2009

control 9 18 27

Dose of compost (tha™)

Figure 3. Zinc (Zn) content of triticale seed in the sewage sludge
compost experiment

Ni content in triticale
in unpolluted plants: 0.1-5 mg kg™

15

control 9 18 27

Dose of compost (tha™)

Figure 4. Nickel (Ni) content in triticale seed in the sewage sludge
compost treatment in 2008

Similar to the Ni content of the corn, Ni content of
triticale samples could not be measured in 2009.

Conclusion

Our results proved that the repeated use of composted
sewage sludge for crop production did not cause any danger
for agriculture and feed/food safety. We have not found
toxic elements accumulation in the measured layers of the
soil. The green pea accumulated Ni primarily in its root ,
which is important from food safety aspect, because it is not
edible part of the plant. The other two test plants (triticale
and maize) contain similar quantity of Zn in the grain while
green pea concentrated this element in its grain with a
higher quantity. The content of Zn and Ni were the lowest
in the grain of maize.

Eur. Chem. Bull. 2012, 1(11), 480-484
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Both measured elements were in the soil and plants, but
these Zn and Ni did not accumulate hazardous in soil-plant
chain. In conclusion it can be stated that the good quality
and the circumspect application of the sewage sludge
compost could guarantee its safe utilization.
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In order to produce good quality products it is necessary to find out about the quality of pastures to be grazed. It is also important to know
the element composition of grazed herbs and the demands of animals bred on pastures, especially where the environment may influence the
feed safety conditions of plants — as in the case of floodplains. Our objective was to determine that what the element composition (Cu, Zn,
Mn and Fe contents) of herbs grown on a floodplain which was subsided by a heavy metal contaminated sediment. Our results call an
attention to the differences in the accumulation of herbs. Bidens tripartitus, Lotus corniculatus and Vicia cracca grown in the floodplain
showed the higher amounts of Fe and Zn, but the effect of heavy metal contamination on the element contents of other examined plants

cannot be proved.
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Introduction

At the beginning of year 2000, dams broke at two
Romanian mining companies (at Baia Mare first and Baia
Borsa second). The first one releasing 100 000 m® of
contaminated water with cyanide to the river Tisza via its
tributary Szamos. The heavy metal content of the polluted
water was several times higher than the limits for heavily
contaminated surface water (Ministry for Environment,
2000).! While the cyanide caused severe damage to
organisms in the river, other heavy metals present in the
water may also have been deposited in the sediments.

The second disaster sent about 20 000 tons of mud
containing heavy metals into the river Tisza along with a
simultaneous flood settling, forming a layer of

approximately 5-10 cm in depth on the pre-existing soil (Fig.

1 and Fig. 2). As most of the affected areas were under
agricultural use, and the economy of the region depends
heavily on their continued productivity, it is important to
study the heavy metal concentration within herbaceous
plants in the floodplain.

The composition of herb varieties of a pasture is very
important considering animal husbandry.? Mineral element
composition is one of its most important quality
parameters.® However, pastures are often that kinds of fields
that are close to rivers and its alluvial deposits cover them
yearly. The heavy metal contamination of the flood of Tisza
river in the year 2001 caused considerable injuries for the
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ecosystem?, and the long-term effects of the metals settled in
the floodplain are not known.

Our objective was to determine the element composition
(Cu, Zn, Mn and Fe contents) of herbs grown on this
exhaustively examined (to 300 cm depth) soil. The results of
in-depth soil analysis were presented by Gydri et al.®

We present the sediment analysis data on the Fig. 1 and
Fig. 2. The samples came from the banks of the river and the
terraces of the holiday houses, at the altitudes of 112.750
mB.a.; 114.670 mB.a.; 108.940 mB.a. and 105.450 mB.a. in
samples 1 to 4 respectively. For comparison this data with a
chernozem soil data we can see on Fig. 3. We have to
underline that in the most fertile soil Zn and Cu content was
twofold lower than in floodplain soil.

250

OCu
200 BPb
B Zn
150
(=2
<
>
€
100
50
; .l
sediment sediment sediment sediment
sample | sample 11 sample 11 sample IV

Figure 1 Total Cu, Pb and Zn content of sediment samples
(Tivadar, 2001)

Considering that this 300 cm depth sediment of the
floodplain subsided in the last 150 years, a control plot
selection was almost impossible. This is the reason we used
the results of Tolgyesi® and also Hungarian measurement’
results by Leanyvar for comparison.
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Figure 2. Lakanen-Ervio soluble Cu, Pb and Zn content of
sediment samples (Tivadar, 2001)
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Figure 3. Lakanen-Ervio soluble and total Cu, Pb and Zn content
of chernozem soil (Latokép, 1998)8

Materials and methods

Samples were taken in a floodplain meadow of upper the

Tisza River near Tivadar and Gergelyiugornya in 2001-2003.

Samples of 42 herb varieties from natural flora were
collected from 1x1 m plots (ten times) near the boreholes in
the floodplain.

‘\ ) &Y

"’\m

Figure 4. Sampling sites on the river Tisza, Hungary

Plant samples were dried at 60°C and grounded by Retsch
SK-1 hammer mill with 1 mm sieve. The chemical analysis

was carried out with analytical grade HNO3-H,0, (E. Merck,

Darmstadt, Germany) digestion by the method of Kovacs et
al.*1% by PERKIN-ELMER OPTIMA 3300 DV type ICP-
OES (Inductively Coupled Plasma - Optical Emission

Eur. Chem. Bull. 2012, 1(11), 485-488
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Spectrometry). Ultrapure water was use to prepare the
solutions (Millipore, Paris, France). The easily available
element contents extracted according to the Lakanen-Ervio
method.™

Table 1. Geographical data of sampling sites

Sampling site Geogr_aphlcal River kilometers
coordinates
. N 48° 04’ 00.6”
Tivadar E 22°31° 04.8” 708.7
N 48° 07’ 46.5”
Gergelyugornya E 22° 19”39 57 683.0

We determined the following elements: Al, B, Ba, Ca, Cd,
Co, Cr, Cu, Fe, K, La, Li, Mg, Mn, Mo, Na, Ni, P, S, and Zn.
Out of the 20 elements examined, Cu, Fe, Mn, and Zn are
discussed in detail in the present study. We used the SPSS
17.0 for Windows and Microsoft Excel 2007 programs for
statistical analysis of data. Results are mean values of two
replications.

Results and discussion

Previously To6lgyesi®analyzed seventeen varieties in 1969,
so this was the base of our comparison. We found that the
newly measured Mn values representing the herb samples
collected at Tivadar were lower than the previous findings at
Leanyvar exception of Salvia nemorosa, while the Zn
content of new samples were higher in the case of most of
the examined herbs.

These systematic differences are taken into account for the
differences in the basic of soil properties or analytical
methods. The differences in Cu and Fe content were varied
by herb to herb (Table 1).

Comparing our results to the previous findings, we found
significant differences in several cases. Tolgyesi® found that
Solanum dulcamara, Symphytum officinale and Taraxacum
officinale accumulate Cu in high degree.

We confirmed these results and recommend that the list of
Cu accumulating herbs can be complement by Salvia
nemorosa and Bidens tripartitus. We found high Fe content
in the case of Salvia nemorosa, Althea officinalis, Rumex
acetosa and Solanum dulcamara (above 500 mg kg?). The
highest Mn contents were measured in the case of Salvia
nemorosa, Althea officinalis and Equisetum arvense (in
descending order). Lotus corniculatus, Salvia nemorosa and
Bidens tripartitus contained the highest concentrations of Zn.

As we mentioned above we analyzed more than forty herb
varieties from the floodplain of upper Tisza. The
microelement contents of additional 21 herb varieties are
summarized in Table 2.

The copper content in case of Convolvulus arvensis and
Ranunculus repens were more than 25 mg kg*. These values
were the maximum among the studied herb varieties. Two
high iron contents (more than 600 mg kg™) were determined
in case of Cephalaria transsilvanica and Xanthium
strumarium.
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Table 1 Mineral element content of different herbs Legend: L = Leanyvar, 1963., T = Tivadar, 2001.

Mineral elements mg kg in dry matter
Herbs Cu Fe Mn Zn
L T L T L T L T

Althea officinalis 6.9 8.4 494 732 98 415 28 325
Bidens tripartitus 24.2 18.7 278 86.8 118 244 31 59.0
Cichorium intybus 12.1 11.3 209 296 35 18.5 35 444
Equisetum arvense 7.7 6.0 253 177 117 41 27 37.9
Galium verum 6.6 114 200 63.5 40 336 21 450
Lotus corniculatus 7.0 10.2 83 226 - 38.8 22 66.1
Lathyrus tuberosus 9.0 4.8 170 121 46 14.5 19 395
Poa pratensis 6.1 8.0 143 74 43 29.8 22 15.8
Potentilla argentea 5.4 7.12 362 171 96 38.9 22 29.6
Ranunculus acris 8.3 7.8 138 163 65 37.6 25 26
Rumex acetosa 4.7 8.7 145 572 37 26.3 25 23.1
Salvia nemorosa 9.2 17.5 369 869 56 67.1 44 61.8
Solanum dulcamara 154 14.8 315 509 91 331 20 31.7
Sonchus arvensis 15.7 10.2 754 154 49 25.6 63 55.4
Symphytum officinale 14.8 15.7 405 301 55 194 34 26.9
Taraxacum officinale 14.6 12.4 286 401 44 33.9 40 33.6
Vicia cracca 12.5 11.8 412 136 59 36.7 33 52.4

The manganese content of these varieties group was
higher than in the recorded in previous table. Compare with
the Salvia nemarosa’s manganese content we found that
Plantago major, Potentilla reptans, Trifolium repens, and
Gleochoma hederacum are near 60 mg kg™* manganese.

Table 2 Microelement content of other herbs

Mineral content [mg kg]
Herbs

Cu Fe Mn  Zn
Agrostis alba 86 137 36.1 495
Ambrosia elatior 151 369 335 864
Bromus arvensis 49 746 448 76
Cephalaria transsilvanica 9.0 670 353 508
Convolvulus arvensis 29.6 249 485 385
Gleochoma hederacum 9.8 330 59.6 935
Lathyrus vernus 83 151 284 494
Lolium perenne 55 208 33 42.6
Matricaria maritima ssp. inodora 116 217 356 485
Plantago lanceolata 99 159 25 71
Plantago major 7.3 317 615 182
Potentilla anserina 50 134 414 398
Potentilla reptans 76 180 623 549
Ranunculus repens 268 284 816 554
Rorippa austriaca 6.3 246 312 528
Trifolium pratense 121 130 321 294
Trifolium repens 9.7 446 622 243
Vicia angustifolia 83 173 306 311
Vicia grandiflora 89 381 379 387
Vicia sepium 86 421 50.7 327
Xanthium strumarium 120 638 387 322
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It seems the Ambrosia elatior, Gleochoma hederacum,
and Plantago lanceolata varieties accumulate the zinc (more
than 70 mg kgl).

We also investigated the mineral content of Rorippa
austriaca. This variety was the first to grow from the drying
up mud layer. Four places were the origin of samples out of
which two came from the floodplain and two from arable
fields. The iron, sulfur and the zinc content were higher in
the floodplain samples (see Table 3). The zinc content of
Rorippa austriaca was higher (50 mg/kg) with twenty
percent in the floodplain samples.

Table 3. Mineral content of Rorippa austriaca samples from
different sampling sites (2000)

Elements Sampling sites

content, , . Gergely-
1 Csaroda  Beregsurany Tivadar

mg kg ugornya

B 252 285 335 27.6

Cd <0.05 0.1 <0.05 <0.05

Cr 0.4 0.7 0.6 1.6

Cu 5.7 7.7 6.6 10.0

Fe 75.4 128 183 222

Li 0.7 0.9 0.9 0.8

Mg 1295 1837 1537 1138

Mn 20.8 285 22.7 23.9

Na 298 331 371 376

Ni 15 4.0 2.2 1.6

P 2243 2016 1834 2253

Pb <0.02 <0.02 <0.02 <0.02

S 6957 7001 8515 8638

Zn 31.8 44.3 44,2+ 55.1
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This result demonstrates the high sulfur content of the new
sediment contains sulfide and sulfate chemical form of zinc.

We analyzed the Trifolium pratense samples (Table 4)
collected in different time to get information about the
changing of mineral content time to time.

Table 4. The changing of mineral content during the vegetation
period (Trifolium pratense)

Mineral content, mg kg Sampling time

! May June July
Al 97.6 108.5 34.7
Ba 14.4 19.8 15.1
Ca 10971 18025 9549
Cd 0.03 0.04 0.04
Co 0.07 0.1 <005
Cr 0.5 0.9 0.4
Cu 11.2 10.1 12.1
Fe 142 263 130
K 27446 19668 23888
La 0.4 0.4 0.1
Li 0.3 0.5 0.4
Mg 2828 3074 2398
Mn 30.9 38.4 32.1
Mo 0.6 1.0 0.5
Na 276 275 195
Ni 1.3 15 1.2

P 2401 2652 2872
S 1685 2254 1997
Zn 22.7 54.8 29.4

The copper content was very stabile during the sampling
period. On the other hand the iron, calcium, manganese, and
zinc content were higher in June than in May or July.

Conclusions

Comparing the plant varieties element by element we
found that as regards several elements it was Althea
officinalis, Salvia nemorosa, Bidens tripartitus, Lotus
corniculatus, Symphytum officinale, Taraxacum officinale
and Vicia cracca that accumulated high amount of studied
elements.

Eur. Chem. Bull. 2012, 1(11), 485-488
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In terms of micro-element contents we found these plants
are the most valuable ones of the plant community we
analyzed.

The heavy metal contamination on the studied varieties
cannot be proved.
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Beside anthropogenic sources, trace metals can be found in the parent material from which the soils develop. Whether these inputs will
become toxic and to what extent mobility depends upon a number of factors: specific chemical and physical trace metal characteristics, soil
type, land use, geomorphological characteristics within the soil type and exposure to emission sources. Processes that control the mobility,
transformation and toxicity of metals in soil are of special importance in the soil root developing zone — the rhizosphere. For this reason,
there is a considerable interest in understanding trace metals behaviour in soil, with special emphasis on the way they enter the soil and on
processes by which plants take them up. Full understanding and prediction of chemical behaviour of an element in the environment is
possible only by identification of all forms in which that element can be found under different environmental conditions. Various chemical
methods, geochemical models and biotests are used for assessment of the bioavailable metal fraction in soil. However, these methods are
not universally applicable for all elements and different soil characteristics. Chemical methods for assessment of metal bioavailability are
commonly grouped within methods for identification of total metal content in soil, methods for assessment of currently available and
potentially available fractions, methods for prediction of metal speciation in soil solution. This article offers a critical review of
methodologies available for assessing metal speciation in solid and liquid phases in soils taking into consideration the array of parameters

that might influence uptake and effects upon the plant.
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Introduction

Two thirds of all elements found in nature are metals.
According to their chemical definition, metals are elements
and as such cannot be synthesized or degraded by biological
or chemical processes, though these processes can change
chemical forms of metals. Metals are contained in the
Earth's crust and in parent rocks. By weathering of rocks
soils are formed, so their presence differs in different
geographic regions. Terms like heavy metals, metalloids and
microelements are the most commonly encountered in
ecological studies. Among the 96 known metals, 17 are
semimetals or metalloids (e.g., B, Si, Ge, As, Sn, Te, Po ...).
The term heavy metal refers to a group of 53 metals with
density higher than 5 g/cm?®. From the geochemical point of
view, trace elements are metals whose percentage in rock
composition does not exceed 0.1% (e.g., Cu, Cr, F, Fe, Mo,
Ni, Se, Zn, As, Cd, Hg, Pb). In very small amounts, some of
these elements are essential for normal growth and
development of living organisms and they are, from the
physiological aspect, called micronutrients or microelements
(e.g., Fe, Mn, Zn, Cu, Mo, Ni, Se), while others are toxic
even in small concentrations'. The issue of toxicity is
usually simply a matter of quantity, with the range varying
for each element. The concentration of metals in
uncontaminated soil primarily depends upon the chemical
composition of the parent material from which the soil was
formed.
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Metals are chemically very reactive in the environment,
which results in their mobility and bioavailability to living
organisms. Metals can be present in all environmental
compartments as different species, with the parent element
associating with different ligands, but never being
irreversibly transformed or metabolized, and in those terms
metals are different from organic compounds. People can be
exposed to high levels of toxic metals by inhaling air,
drinking water, or eating food products that contains them.
As a consequence, metals get into the human body by
different routes - by inhaling, over skin, and ingestion of
contaminated food via food chain. The issue of toxicity is
usually simply a matter of quantity, with the range varying
for each element.

Trace metals occur naturally in rocks and soils, but
increasingly higher quantities of them are being released
into the environment by anthropogenic activities. There are
environments (or areas) in which anthropogenic loading of
trace metals puts ecosystems and their inhabitants at a health
risk. Repeated use of metal-rich chemicals, fertilizers, and
organic amendments such as sewage sludge and wastewater
may cause contamination at a larger scale. So far, it is
believed that most soils in Europe?, have not been
significantly riche in trace metals by anthropogenic activity.
This is changing as livestock production expands, fertilizer
application increases, and bio-solids and effluent
applications to agricultural soils become more common.
Increased concentration of Cu and Zn in soils under long-
term production of grapevine, citrus and other fruit crops
have been recorded in various studies®*%6. Phosphate and
micronutrient fertilizers contain potentially harmful trace
elements, such as arsenic (As), cadmium (Cd), and lead (Pb).
Chen et al.” observed significant correlations between Cd
and Pb and soil phosphorus in California vegetable
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croplands, indicating the application of P-fertilizers
contributes significantely to the accumulation of Cd and Pb
in soils. Romic et al.® pointed out that the application of P-
fertilizers also contributes significantely to the accumulation
of Cd in horticultural soils of fluvial terraces in the Croatian
coastal region.

The focus of this overview is methodologies available for
assessing metal speciation in solid and liquid phases in soils
to study the origin and fate of these metals in terrestrial
environments.

Metal bioavailability approach

The concepts of «Bio-availability» and «Bio-
accessibility» were introduced to express whether the actual
concentration of a toxic element would have effects on
organisms®. The main challenge that comes out from the
assessment of loads of trace and toxic metals is the
methodology of determination or prediction of the trace
element content in a soil that results in toxicity.

Metal-soil interaction is such that when metals are
introduced at the soil surface, their mobilisation does not
occur to any great extent unless the metal retention capacity
of the soil is overloaded, or metal interaction with the
associated waste matrix enhances mobility®. The impact of
trace metals on soil and the surrounding environment mostly
cannot be predicted simply by measuring the total
concentration. This is because only the soluble and mobile
fractions have the potential to leach or to be taken up by
plants and enter the food chain.

Metal bioavailability is a complex issue that depends on a
series of properties appertaining to the soil matrix, plant
properties and environmental conditions. Different
definitions and uses of the term metal bioavailabilty can be
found in scientific literature, but most of them refer to the
proporton of total metals that are available for incorporation
into biota. The issue of bioavailability and bio-accessibility
often determines whether or not the concentration at which a
chemical is present will have effects on organisms.
Peijnenburg and Jager!'! define «bio-available fraction» as
the fraction of the total amount of a chemical present in a
specific environmental compartment that, within a given
span of time, is either available or can be made available for
uptake by micro-organisms or plants, from either the direct
surrounding of the organisms or the plant, or by intake in
food.

Distribution, mobility, bioavailability and toxicity of
metals depend not only on metal species and concentration
but also on the form in which metals exist in soil. Full
understanding and prediction of chemical behaviour of an
element in the terrestrial environment is possible only by
identification of all forms in which that element can be
found in soil under different environmental conditions.

Metal speciation is one of the most important properties
that determine the behaviour and toxicity of metals in the
environment. Chemical speciation of an element refers to its
specific form characterized by a different isotopic
composition, molecular structure, and electronic or
oxidation state'?. Speciation is the process of identification
and determination of different chemical and physical forms
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of elements present in a sample!®. Metals that occur in
cationic forms have a higher ability of binding to negatively
charged soil colloids, and are thus less bioavailable, but
more easily accumulate in soil, unlike the anionic forms that
are mainly present in soil solution and are more bioavailable,
but are more readily leached from the soil.

Soil extraction methods

Soil properties, speciation of trace metals and transfer
mechanisms between tropic levels (like human intake of Cd
from plant seeds that is limited by nutritional factors) have
to be characterized to assess the bioavailability of metals
and to get the respective data gaps filled in. Major soil
properties that affect changes in metal speciation, and
thereby also their fractionation, are soil pH“'® redox-
potential'®, soil mineralogy” 8 and existence of different
organic and inorganic reactants — ligands*®%,

Metals that occur in cationic forms have a higher ability of
binding to negatively charged soil colloids, and are thus less
bioavailable, but more easily accumulate in soil, unlike the
anionic forms that are mainly present in soil solution and are
more bioavailable, but are more readily leached from the
soil. Various metals distribute them differently among
fractions of soil solid and liquid phases. Several forms of
trace metals in soils can be emphasised:

e Soil solution forms (ionic, molecular, chelated and
colloidal forms), characterized by high metal
mobility.

e lons at the exchange interface, non-selectively
sorbed, readily exchangeable ions in inorganic or
organic fractions;

e lons specifically sorbed by inorganic colloids,
more firmly bound ions, medium mobility;

e lons complexed or chelated by organic colloids, as
well as elements present in decomposing organic
materials and the soil biomass, medium to high
mobility because of the decomposition of organic
mater with time;

e lons occluded by, or structural components of,
secondary minerals and other inorganic
compounds; strongly dependant on environmental
conditions, medium metal mobility

e Elements incorporated in precipitated sesquioxides
and insoluble salts, or fixed in crystal lattices of
clay minerals, or present in the structure of primary
minerals; low metal mobility, available after
weathering or decomposition.

Single chemical extractions

All fractions of metals are in dynamic equilibrium, and
only metals in aqueous soil solution are directly available to
biota. Soil solution is in direct contact with the soil solid
phase and transformations going on in it are a consequence
of mineral equilibrium, exchange processes and sorption
processes in the soil mineral phase and organic matter, as
well as complex formation with organic matter in the solid
phase and in solution?:. The concentration of metals in the
soil solution, at any given time, is governed by a number of
interrelated processes, including inorganic and organic
complex formation, oxidation-reduction, precipitation
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/dissolution and adsorption / desorption reactions
respectively. McLean and Bledsoe?? emphasize the
importance of the accuracy with which the multiphase
equilibria can be determined or calculated for the prediction
of the concentration of a given metal in the soil solution.

Most assessments of metal availability have involved
single chemical extractants (e.g. EDTA, DTPA, acetic acid,
diluted inorganic acids) intended to remove the entire
reservoir of reactive metal and have been used primarily in
soil fertility assessment. Single chemical extractions provide
inexpensive and rapid assessment methods, and they are
generally used to assess available amounts of soil metals and
usually aim to extract the water-soluble, easily exchangeable
and some of organically bound metals. For example, dilute
salt solutions of replacing cations, such as MgCl,, CaCls,
NaNOs, are commonly use to extract the soluble and easily
replacing cations.

Dilute HCI is one of the most widely used reagents, in
techniques which employ acid solutions to isolate the non-
residual phase, in a variety of solid environmental media,
and it is assumed to extract metals on exchange sites, due to
its acidic properties®. Several studies suggest that HCI
extraction might lead to overestimation of soil available
metals?* or that its correlation with metal plant uptake is
generally low?,

Single chemical extractability of trace metals by using
0.43 M HNO;3 appeared strongly related to the estimated
anthropogenic enrichment and therefore used to assess the
hazard of human-induced enrichment of Cd, Cu, Pb and
Zn?8. The procedure recommended for estimation of “mobile
fraction” indicating the “potential availability” has been
standardized within the framework of harmonization of
leaching procedures for risk assessment of trace metals in
soils?.

Diethylenetriaminepentaacetic acid (DTPA) is a potent
synthetic chelating agent, and the method of extraction with
DTPA was developed for the purpose of determining zinc,
iron, manganese or copper deficiency in neutral and
carbonate soils®. Haq and Miller?® reported negative results
of the DTPA test, which they explained by their failure to
determine  important  significant relations  between
concentrations of metals (copper and manganese) extracted
from soil and those found in the tested plants.
O’Connor®gave a number of comments on the DTPA test,
based also on non-significant correlation between DTPA-
extractable metals in soil and their concentrations in plants.
Regardless of the above considerations, DTPA is the most
widely used agent for extraction of “available” cadmium,
copper, nickel and zinc, and thereby also the most
standardized one®.-3232, Starting from the fact that the data
on total copper content reveals very little about its bio-
availability, such strong correlation between copper
extracted with aqua regia and DTPA actually indicates that
neither the latter extraction method is suitable for assessing
copper availability to plants.

Romic et al.** applied multiple linear regression analysis
to establish the relation between copper fractions after
particular single extractions (aqua regia, DTPA and CaCly)
and soil properties that may affect their behavior in soil and
availability to plants. Most of the colloidal particles in soil
strongly adsorb copper, which forms stronger organic
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complexes than other bivalent transition metals and
therefore soils rich in organic matter can retain it more,
without causing plant toxicity. As shown in Table 1, DTPA-
extractable copper was largely explained by the total copper
contents, but it was also found that the DTPA-extractable
copper decreased with increasing cation exchange capacity
of soil.

Table 1. Linear regression of DTPA-extractable (Cuptra) as a
function of CaClz-extractable (Cucacrz) and soil organic matter
(Org.C)%.

Source of Degree of  Sum of F Pr>F
variation freedom squares
Cucaciz 1 685.7 240.0 0.0000
Org.C 1 4454 15,59  0.0002
Total 63 1224

In the same study, two parameters were included into the
regression model of CaCly-extractible copper: organic
matter content (Org-C) and pH, and the model explains 62%
of total variance (Table 2). Concentrations of CaCl,-
extractable copper mainly depend on pH, which relation was
also confirmed by this investigation. However, since these
are predominantly alkaline soils, this relation is not as strong
as in the case of soils with a more varying pH®®.

Soil extraction 0.01 M CaCl; is the method that was
increasingly used in the last decades for soil testing to
determine soil fertility and the behaviour of nutrients and
contaminants in it¥%, Due to the availability of advance
instrumental techniques it has become possible to determine
very low concentrations of nutrients and pollutants in soil
extracts. The advantage of this method for determining
metal concentrations in soil is that the concentration of
electrolytes  stays practically constant and metal
concentrations reflect the difference in binding strength or
solubility between soils. The extractant is an un-buffered
solution and therefore the measured metals reflect their
availability at the pH of the soil. The best criterion of the
efficiency of the method for determining the soil bio-
available fraction is the high correlation between the Cu
content observed in plants grown in situ, at least for neutral
to acid soils®.

Peijnenburg et al.** gave the comprehensive overview of
empirical methods for extraction of metals from soils and
noted that, depending on the purpose of the study,
information on general soil properties is needed to properly
interpret the results of any extraction.

Sequential extraction procedures

Changes in soil conditions may cause trace metal
mobilization and favour the contamination of surrounding
environmental compartments. Major soil properties that
affect changes in metal speciation, and thereby also their
fractionation, are soil pH, redox-potential, and existence of
different organic and inorganic reactants - ligands.
Therefore, identification of the main binding sites and phase
associations of soil trace metals is needed to evaluate their
remobilisation potential and the risks induced*.

The sequences of different chemical extractions, usually
starting with the weakest, least aggressive and ending with
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the strongest and most aggressive, are commonly used to
quantify the different fractions of metal retention in soils.
Despite the fact that the procedures have been widely used
since early 1970s*>, many questions regarding the
uniformity in procedures, problems of poor selectivity,
redistribution during extraction, and the dependency of
results on operating conditions have been still frequently
raised*>#4*>, The principal advantage claimed for sequential
extraction over the use of single extractants is that phase
specificity is improved. One of the most widely-applied
extraction procedures proposed by Tessier et al.*® distributes
metals into five operationally — defined chemical fractions:

Exchangeable fraction

Metals extracted are weakly-sorbed species, retained on
the soils surface by relatively weak electrostatic interactions
or those released by ion-exchange processes, commonly
extracted using dilute salt solutions of replacing cations
(MgCly, CaCl;, NH4NOs, NHs-acetate).

Acid-soluble fraction

Metals bound to carbonates, susceptible to changes of pH,
a buffered acetic acid/sodium acetate solution generally used.

Fraction bound to hydrous oxides of Fe, Mn and Al

Iron and manganese oxides exist in soil as nodules,
concretions, cement between particles or coatings on them;
these oxides bond trace metals and their dissolution rate is
controlled by Eh and pH of reagents used; reducing agents
such as ammonium oxalate, hydroxylamine and sodium
dithionite have been mostly used to release metals bound in
oxides.

Section C —Review Paper
Fraction bound to organic matter

Soil trace metals are bound to various form of soil organic
matter, and organically bound fraction may be released
using oxidising agents such as hydrogen peroxide,
pyrophosphate or sodium hypochlorite.

Residual fraction

Residual fraction basically contain primary and secondary
minerals holding metals within their crystal structure; strong,
concentrated or boiling nitric acid, with or without
hydrofluoric acid or perchloric acid, have been used to
assess occluded metals in soil.

Selective sequential extraction was applied to investigate
the potential of mobilizing trace metals in agricultural soils
of Northwestern Croatia®’. In alluvial soils developed on
Quaternary (Upper Pliocene to Holocene) deposits,
extraction with 1M Mg(NO3), (pH 7)*® indicated possible
remobilization of elements from the solid phase into soil
solution, particularly in the case of copper. There are several
possible mechanisms that increase solubility of metals in the
surface layer: 1) the soil mineral component is more
susceptible to weathering in shallower than in deeper soil
layers owing to faster infiltration of precipitation, higher
biological activity and greater changes in temperature; 2)
shallower soil horizons are richer in organic matter, which
can stimulate metal desorption by formation of soluble
organic complexes; and 3) exchangeable complex of
shallower soil layers contains more basic cations (Na*, K*,
Ca®*, Mg?*), which can also reduce sorption of metals by
increasing the competition for exchange sites. All these
processes are even more pronounced in the anthropogenic
horizon of arable soils.

Table 2. The partitioning of metals among different extraction reagents in selective extraction of soil samples and comparison with aqua

regia extraction

Metal Soil Exchangeable Carbonates, Fe/Mn Organic Residue, Total Total RE!
depth, Metal concen- (CARB), %  oxides, matter, (RES), %  extractby extract, by
cm tration, (EXC), (OXD), % (ORG), % aqua SSE, %

mg kgt regia, %

Cr 0-25 n.d. 0,2 0,51 2,05 35,06 33,79 37,82 10,7
25-40 n.d. 0,2 0,51 1,02 37,1 34,82 38,83 10,3
40-100 n.d. 0,21 1,03 1,03 42,63 39,22 449 12,7

Cu 0-25 2,05 2,05 1,02 4,61 11,3 18,43 20,99 12,2
25-40 2,25 2,25 1,02 1,54 13,3 17,41 20,37 145
40-100 1,86 2,89 1,03 0,52 175 21,67 23,84 9,1

Ni 0-25 0,41 0,2 1,54 2,56 25,6 28,67 30,31 54
25-40 0,2 n.d. 1,02 2,56 29,7 31,74 33,48 52
40-100 0,62 0,21 1,55 2,58 36,1 39,22 41,08 4,5

Pb 0-25 0,82 3,28 4,61 5,12 20,48 35,84 34,31 -4,5
25-40 0,82 1,64 2,05 0,51 18,43 26,62 23,45 -13,5
40-100 0,62 1,86 3,61 1,55 19,61 28,9 27,25 -6,1

Zn 0-25 43 5,94 5,63 4,1 64,5 78,85 84,48 6,7
25-40 43 2,66 2,05 3,07 58,4 69,63 70,45 1,2
40-100 3,51 2,68 2,58 3,1 56,8 71,21 68,63 -3,8

RE (%) = (Total extracted by SSE — Total extracted by aqua regia )*100/Total extracted by aqua regia
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Table 2 shows the distribution of metals among the
defined geochemical fractions of the studied soil. Only a
small portion of metals (less then 6% for zinc and less then
4% for copper) was in the exchangeable fraction. A
significant portion of copper and lead was associated with
the organic fraction, in agreement with the known affinity of
Cu for organic matter. Metal fractions of Pb and Zn
associated with the oxides reflect the dynamic of eluviation
processes within the soil profile. Metals were mostly
associated with the residual fraction.

Table 2. The partitioning of metals among different
extraction reagents in selective extraction of soil samples
and comparison with aqua regia extraction

The authors concluded from this study that the relative
mobility of the metals is as followed: Cu>Zn>Pb>Ni>Cr.

Conclusions

The most common observation in most of the articles that
study sequential or partial extraction of soil trace metals is
that they are not completely specific to metals or chemical
phases. The complexity of bioavailability phenomenon
comes out from an array of matrix-related*, species-
related and metal-related®* issues.

Generally, most of the laboratory methods for evaluating
bioavailability of metals in soil overestimate actual available
fraction. Therefore, further studies using biota have to be
performed to understand the contribution of biological
factors that control bioaccumulation and toxicity of trace
metals.
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