"

(= “) UNIVERZITET U BEOGRADU
¥ TEHnIEK) FAKULTET U BORU

ZBORNIK RADOVA
PROCEEDINGS

5. 5IMPOZIJUM “RECIKLAZNE TEHNOLOGIJE | ODRZIVI RAZVDJ"

5a medunarodnim ucescem

5° GYMPOSIUM “RECYCLING TECHNOLDGIES AND 5USTAINABLE DEVELOPMENT"

with international participation

Urednici / Editors
Grozdanka D. Bogdanovic
Milan Z. Trumi¢

Goko Banja,
18. — 21. septembar 2011. godine



6. Simpozijum ,Reciklazne tehnologije i odrzivi razvoj*
sa medunarodnim ucescem

6™ Symposium “Recycling Technologies and Sustainable
Development”, with international participation

1ZDAVAC/PUBLISHER
Univerzitet u Beogradu, Tehnicki fakultet u Boru
University of Belgrade, Technical Faculty in Bor

ZA 1ZDAVACA / FOR THE PUBLISHER
DEKAN / DEAN Prof. Dr Milan Antonijevic¢

UREDNICI/EDITORS
Prof. Dr Grozdanka D. Bogdanovi¢
Prof. Dr Milan Z. Trumi¢

TEHNICKI UREDNIK/TECHNICAL EDITOR:
Mr Dejan V. Antic

STAMPA/PRINT: ,Grafomed — Trade" Bor

Tiraz 250.

CIP - Karanoruaauuja y nyénukaumju
HapogHa 6ubnuoteka Cpbuje, beorpapn

502.131.1:628.477.6(082)
628.477.6(082)
502.174:502.521(082)

CUMMO3UJYM "PeumknaxHe TEXHONOruje U oapX1siu
pa3Boj" ca mefhyHapoaHuM ydelhem (6 ; 2011 ;
Coko batba)

Zbornik radova = Proceedings / 6.
simpozijum "Reciklazne tehnologije i odrzivi
razvoj" sa medunarodnim ugeSéem, Soko Banja,
18.-21. septembar 2011. godine = 6th
Symposium "Recycling Technologies and
Sustainable Development" with International
Participation ; urednici, editors Grozdanka
D. Bogdanovi¢, Milan Z. Trumig. - Bor :
Tehniéki fakultet = Technical Faculty, 2011
(Bor : Grafomed Trade). - XIV, 614 str. :
ilustr. ; 24 cm

Radovi na srp. i engl. jeziku. - Na vrhu
nasl. str.: Univerzitet u Beogradu. - Tiraz
250. - Napomene uz tekst. - Bibliografija uz
veéinu radova. - Abstracts. - Registar.

ISBN 978-86-80987-86-6

a) OtnagHe Martepuje - Oppxueiu passoj -
360pHuum b) OTnagHe matepuje - Peumnknaxa -
360pHuLm c) 3emrbulute - Pemeaujaumja -
360pHULK

COBISS.SR-ID 186160908




B. GIMPOZILY

“RECIKLAINE TENNOLOGIJE | GORZVI RAZTVES”
Hatet , Zdravijak”, Suko Banja, 18.-21. septemfar 201, godine

Tehricki fakultet u Boru Univerziteta u Baggradu
Voiske jugoslavije 12, 19210 Bor, Srhija
Telefon: +38130 424 555, 424556, Fax +38130 421 078

THE EFFECT OF ORGANIC AMENDMENTS ON UPTAKE ON
HEAVY METALS IN SAFFLOWER (CARTHAMUS TINCTORIUS L.)

Violina Angelova'®, Radka Ivanova’, Jivke Todorov?, Krasimir lvanov',
Mariana Perifanova-Nemska®, Galina Uzunova®, Vanja Ivanova’'
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"University of Food Technology, Plovdiv, Bulgaria

ABSTRACT - The effects of organic sotl amendments (compost and vermicompost) o
uptake of keavy metals (Ph, Cd. Zn and Cu) in safflower {Carthanius tinctoring L. were
studied. Field experiments with randomized complere black design with five treafments
(conrrol, compost amendments added ar 5 and 10% . and vemicompost amendnents
added ar 5 and 10%) were carvied oul. Heavy melal contents in roots, stems, leaves and
seeds of safflower were analysed. Compost and verymicompost application fed fo cffective
imtnobilizarion of Ph, Zn and Cd mobile forms in soil. A corvelation was found between
ihe gquantity of the woebile forms and the uptake of Pb, Zn and Cd by the safflmver.
Compost and verndcompost [rearments were offective neganic amendments and reduced
heavy metals i safflower sceds. oifs and meals. Tested organic amendnients increased
Umodeic agid and patmitic acid, and decreased olefe acid tn safflowsr oit.

Keywords: safflower, heavy metals, organic amesdments

ANTRODUCTION

Safflower ( Carthamus tinctorius L., Asteraceas) an anoual oilseed crop has
heen cultivated on small plots in the world, Safflower is une of the alternative oil
crops, particularly in dry land due to tolerance to cold, drought and salinity stress
[1.21. According to hull types of seeds, the seed oil content ranges from 20 % te 45
%. The oil is high in linoleic acid, an unsaturated fatty acid that aids in lowering
the cholestern! level in the blood. In addition, this oil is used in soft margarines
and as salad oil besides being used raw for edible purposes [3]. Because of rapid
drying, the oil is in high demand in paint and emulsion jndustries t43.

Addition of organic matter amendments, such as compost, fertilizers and
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wastes, is a common practice for immobilization of heavy metals and soil
amelioration of contaminated soils [5]. Organic amendments are able to Improve
soil physical, chemical and biological properties by: (i) raising the pH, (i)
increasing the organic matter content, {iii} adding essential nutrients for plant
growth, (iv) increasing the water holding capacity, and (v) modifying heavy metals
bicavailability (6,7].

The use of crop plants for phytoremediation of contarinated soils has the
advantages of their high biomass production and adaptive capacity to variable
environments [8.9]. However, ta succeed they must be tolerant 1o the
contaminants and be capable of accumulating significant concentrations of heavy
metals in their tissues. Additionally, crops could make the long time-periods for
decontamination more acceptable, economically and environraentally. [f the
contaminared biomass may be further proceed for added value products (not only
concentrated on deposits of hazardous wastes), then such fact represents an
improvement of economical efficiency of phytoremediation  technaology.
industrial plants, i.e. enerey crops or crops for bio-diesel production, are therefore
the prime candidates as plants for phytoremediation. The use of energy and/or
big-tiesel crops as ptants for phytoremediation would give contaminated soll @
productive value and decrease remediation costs,

The aim of this experiment was to assess the effect of organic additives on
the guantity of mebile forms of Ph, Zn, Cd and Cu [i) to compare the effect of the
selected additives on accumulation of heavy metals by the safflower (Carfhamus
tinetorius L.}, i) to compare the effect of the selected additives on the oil content
and farty acid composition of safflower and (i) to estimate the effect of the
introduction of additives on rhe phytoremediation of contaminated with heavy
metals soils.

MATERIALS AND METHODS

The experiment was performed on an agricultural field contaminated by
the Non-Ferrous-Metal Works near Plovdiv, Bulgaria. The field experimental was
a randomized complete block design containing five treatments and four
replications (20 plats). The treatments consisted of a contrul tne organic
amendments), compost amendments (added at 5 and 10%), and vemicompost
amendments (added at 5 and 10%). Plof size was 24 m® (3 mx 8m). The soil was
excavated from each plot and combined and mixed with amendments a 6 week
before safflower planting. Characteristics of soil (control and soil amended with
compost and vermicompost} are shown in Table 1.

Table 1. Characteristics of orgatuc amendments and treatiment

Tredatement
et Vermi- - ” R £
Parametes Compost Ccompost Controd § % . mr,‘_,_ vermi- VErTTL-
Cutapas!  campost QEpOST compost
pH 5.4 7.5 2.8 6.1 6.3 6.5 70
Grganac | 72.9 385 22 4.9 86 1.0 9.4
matrer i%ol
Pl g iigd 12.0 323 3765 3345 5600 LYE N 931.3
Cuimgkel 422 53.3 124 8 136.0 1344 136.5 139.0
Znimygikyl 1708 2703 1430.7 14398 15014 14535 16153
Ceimg gt (.19 .69 314 323 33.5 338 38.6
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The soil is characterized by acid reaction (pH 5.8). loamy texture and a
moderate content of crganic matter {2.2%). The total eontent of Zn, Pb and Cd is
high (1430.7 mg/kg Zn, 876.5 mg/kg Pb and 31.4 myskg Cd, respectively} and
exceeds the maximum permissible concentrations (200 mg/kg Zn, 70 mg/kg Ph,
1.5 mefke Cdl.

The test plant was saflower (Carthamus finctorius I.). Saffiower seeds
were sown in each plot; between row and within row distances were 60 and 28 cm,
respectively. Each hole was 5-6 cm deep, containing 3 seeds. Afrer safflower had
grown for 15 days, the safflower was thinned to one plant per hole.

Uporn reaching commercial ripeness, the safflower plangs were gathered
and the concentrations of Pb, Cu, Zn and Cd in their different parts (roots, stems,
leaves and seeds) were determined. The oil from safflower was derived under
laboratory conditions through an extraction method with Socksle's apparatus. The
cantents of heavy metals (Ph, Zn and Cd) in the plant material {roots, stemns,
leaves and seeds) and in the oils and meals of safflower were determined by the
method of the dry mineralization. The content of crude oll in safflower was

determined by weight after the extraction method. Fatty acid composition was

established by gas liquid chromatography.

Toral content of heavy metals in snils was determined in accordance with
1SO 11466, The mobile heavy metals contents (sometimes referred as the
weffective hipavailable metal fraction”) in soils were determined by 1 M NHNG;
{1SO 19730). The mobilisable heavy metals contents in soils, considered as a
“potentially bioavailable metal fraction”, were extracted by a solution of AB-DTPA
{1 M NH.HCO; and 0.005 M DTPA, pH 7.8) [101.

To determine the heavy metal content in the plant and soil samples,
inductively coupled emission spectrometer {Jobin Yvon Horiba "ULTIMA 27,
France} was used.

RESULTS AND DISCUSSION
Effect of soil amendments on the mebile forms of Pb, Zn, Cd and Cu

In many plants there is direct relation berween the conlent of
microelements in the soil solution and their uptake by the plants. This relation is
maost evident with cadmium and less evident with zine and lead f11]. The soil
amendments used for phytostabilization may have a significant effect on the
mobile forms of Pb, Zn and Cd as a result of sedimentation, absorption and
change in the degree of oxidation. The guantity of mobile forms of Pb, Zn, Cd and
Cu depended on the soil amendments and the treatment (type and ratel The
results presented in Figure 1 showed that the impact of soil amendments on
mobile forms of Ph, Zn, €d and Cu was explicitly expressed and led to their
effective immobilization,

The tested amendments decreased NHANG3-extractable Ph, Zn, Cd and
Cu (mobile fractions? and AB-DTPA — extractable metals {mobilisable fractions).
These results can be explained by the fact that acidity is one of the most
important factors controlling solubility and adsarption—desorption of metal in
soils  [6.12]. Consequently, the amemndments decreased metal  mobility!
bioavailability mainly because they raised soil pH. Another important factor
conirolling metal bioavailability is the guantity and quality of the organic matter
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present [12]. Organic amendments that contain & high proportica of humified
organic matter can also decrease the mobility of some heavy metals due to the
formation of stable chelates [6.13].

mobile forms mobilisable forms

Figure 1. Effect of the compost (C) and vermicompost (V3 on the quantity
af the mohile and mobilisable forms of Ph, Zn, Cd and Cu

£ffect of organic amendments en the Pb, Zn and Cd
accumulation in safflower
Accurnelation of Pb, Zn, Cu and Cd by safflower

The resules for the influence of the organic additives on the accumulation
and distribution of Pb, Zo and Cd in the safflower plants are presented in Figure
2. Considerably lower values were established in the roots of safflower compared
to the above- ground parts of safflower. The content of Pb in the roots of safflower
without amendments reached to 142.8 me/kg, Cu — 28.9 mg/kg, Zn— 436.0 mg/kg
and Cd -52.4 mg/kg. Safftower developed a thickened taproot that can extend
down o 2-3 m, with a strong ahility to uptake the nutrients.

The heavy metals conients in the stems of the safflower were considerably
Jower compared to those in the root system, which showed that their movement
through the conductive system was strongly restricted. The content of Pb in the
stems of safflower without amendments reached to 86.3 mgikg, Zn — 207.5
mg/ke. Co ~19.9 mg/kg and Cd —29.4 mg/kg.

The highest was the accumulation of Pb, Zn, Cu and Cd in the leaves of
safflower. where Pb reached to 580.5 mgfkg, Zn — w0 651.9 mg/kg, Cu — 10 34.9
mg/kg and Cd - to 148.1 mg/kg. Their stronger accumulation in safflower was
probably due to the fact that the leaves of safflower were waxy, shiny oval, spiny-
edged Jeaves alternate around the stem, which contributed to the fixing of the
aerosol pollutants and for their accumulation.

The heavy metal content n the seeds of the safflower was lower in
comparison 1o that in the roots and leaves.[The heavy ruetal accuwmitfation in
safflower seeds was likely caused by the conductive system. The content of Fh in
the seeds of safflower without amendments reached to 3.57 mg/kg, Zn ~ 109.6
mg/kg, Cu — 14.67 mg/kg and Cd - 2.0 mg/ke. The contents of Pb, Cu and Zn in
the seeds of safflower were not reached the critical levels of 30 mg/kg Pb, 25
roe/kg Cu and 300 meske Zn recommended for livestocl. However, the Cd
accumulated in gquantities considerably above the proposed maximum levels
oterated by livestock (6.5 mgekeg Ci [145

The contents of heavy metals in safflower oil also was determined. The
obtained resulis showed that the main part of the heavy metals contained in the
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seeds of safflower was not transferred in the oil during during the seed processing,
due to which their content in the oil was considerably lower, Lead in safflower ol
reached 0.21 mg/ke, Cu to 0.64 mg/kg, Zn to 14.18 mgfkg, and the content of Cd
is below the limits of detection of the apparatus. Although the contents of heavy
metals in the ol was lower compared with the seeds, the quantities of Pb. Cu, and
Zn in the safflower oil, were higher than the accepted maximum permissible
concentrations (6.1 mg/kg Ph, 0.4 mgkg Cu and 10.0 mg/kg Znb,

Figure 2. Effect of The compost ¢C) and vermicompaost {¥} on the quanhity of Ph,
Zn, €d and Cu (mgkgd in safflower plants
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The by-product of the extraction of safflower oil is 4 grayish tan to brown
meal that exhibits flakes or shreds of whitish safflower hulls. Heavy metal
content in the safflower meals was higher compared to that in the seeds. Trace
metals observed in the seeds are almost exclusively transferred to meals after seed
crushing [151. The content of Pb in the meals of safflower without amendments
reached to 3.86 mg/ke. Zn~ 155.2 mg/fkg, Cu—21.08 mg/kg and Cd ~ 2.58 mg/kg.
The contents of Pb, Cu and Zn in the meal of safflower were not reached the
criticat levels of 30 mg/ke Pb, 25 mg/kg Cu and 300 me/kg Zn recommended for
livestock. However, the Cd accumulated in guantities considerably above the
proposed maximum levels tolerated by livestock (0.5 mg/kg Cd}.

The distribution of the heavy metals in the organs of the safflower has a
selective character that in safflower decreases in the following order: leaves >
roots> sterns = seeds.

Oreanic additives impact

According to the literature the content of organic substance in soil has a
significant impact on uptake and (ranslocatioi of heavy metals in soil and their
uptake by plants. Zn, Pb and Cd are adsorbed on organic matter, which generate
stable forms and lead to rheir accumulation in organic horizons of soil and peat
{11].

The results obtained by us showed that Pb, Zn, Cu and Cd uprake by
saffiower plants depended on the soil amendments and treatment {type and ratej.
The application of conmpost and vermicompost significantly influenced the uptake
of Pb, Cu. Zn and Cd by the tested plant. Changes in heavy metals content in
saftlower organs were rather complex. Impact of organic amendments on heavy
metals accumulation in organs of safflower depended sigmficantly on their
quantity. The application of compost and vermicompost led to decreased Ph. Cu,
7n and Cd content in the roots and stems of safflower. When the soil was treated
with 10% compost and 10 % vermicompost heavy metal contents in the leaves of
safflower increased (Fig.2).

However, heavy metal contents in sceds of safflower decreazed in the
plants trealed with all amendments used in the experiments. lmpact of organic
amendments on Ph, Zn and Cd accumulation in seeds of safflower depended
significantly on their quaniity. lncrease in the quantity of compost and
vermicompost (10%) ted to a decrease of Pb content in safflower seeds to 1.37
mgikg and 1.5 mgrke, respectively and these concentrations were below the
maximiim permissible concentrations for fodder (30 mg/kg). The application of
10% compost and 10% vermicompost led to a decrease of the Zn content in seeds
1o 72.4 mg/ke and $0.45 me/kg, respectively and these cencentrations were below
the maximum permissible concentrations (300 mg/kg). Cd showed similar
tendency. When the soil was treated with 10% compost and 10% vermicompost Cd
content in seeds decreased to 0.5 mg/ky, and this concentration were within
maximum permissible concentrations (.5 mg/kg) for fodder {141,

Organic amendments significantly reduced heavy metals concentration in
safflower oils and meals, but the effect differed among them. Also, there was a
dose effect for amendments. Increase in the quantity of compost and.
vermicompost (10%) led to a decrease of Pb. Zn and Cd content in safflower ails
and meals. The 10% compost and 10% vermicompost addition was pspecially
offective for the reduction of Pb and Zn content in safflower oils bellow the
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requlated limits (0.1 mg/kg Pb and 10.0 mg/kg Zn, respectively). and eil can be
used for human consumption.
3.2.3. Safflower oll

Safflower oil quality is high due to its fatty acids composition {16]. As
known, the fatty acid composition of vegetable oil is a main factor affecting on its
commercial uses. Standard safflower ail contains about 5-8 % palmitic acid, 2-3 %
stearic acid, 8-20 % oleic acid, and 68-83 % linoleic acid [17].

Safflower oil naturally contains the lowest levels of total saturated fatty
acids among cultivated oil crops [18]. O quality Is a significant concern of
consumets, particutarly for the contents of oleic and Hinolelc acids which are
proven as healthy sources of oil for human body. Satflower is thought to be one of
the highest quality vegetable oils and its ol consists of mainly palmitic, stearic,
olele and linolelc acids [19,201. Thus, we performed oil analyses to determine the
content of aforesaid fatty acids in the present study. The mean stearic acid and
palmitic acid ratios were 1.91 and 6.04 %, respectively. Very low levels of lauric
1009 %) and arachdic {0.32 %) acids were recorded in oil. Thus, the mean
saturated fatty acid ratio was found to be 8.2 %. The safflower oil is high in
linoleic acid. The oleic acid ratio (14.93 %) was lower than the linoleic scid ratio
(76.22 %). Very low levels of €18:3 {0.08%), C20:1 (0.13%) and C2Z:1 (0.20%)
acids were recorded in safflower oil. Thus. the mean unsaturated fatty acld ratio
was found to be 91.8 %.

Oil content of seeds is a very importan! economic trait for safflower
cultivars and considered one of the most important factors affecting the success of
safflower introduction in new areas [21]. Cil content is known to chance
depending on factors like cultivar, soil characteristics and climate 122]. Oil content
of safflower cultivars from different production areas of the word was reported as
23.86- 40.33 % (23], 26.72-35.78 % i2[, 26.3-28.5 % [24] and 31.3-36.3 % {25].
Evaluating our results of 0i} content measurements, it can be established that our
results are in accordance with those of previous reports.

Table 2. il content and fatty acid composition of safflower oil

Control | 5%C | 10%C | 5%V | 10%Y S:;‘:::;‘m
Oii cantent. % 27.45 24 87 2088 28,59 27.35
Lauric acid C 12:0 0.09 0.09 010 0.10 3,10 ni
Palmitic acid C 16:0 6.04 6.83 6.54 6.66 657 5.3-84
Patmitoleis acid C16:1 0.07 0.08 01 nd nd i -0.2
Stearie acid C 18:0 1.91 1.58 1.73 1.80 1.57 1.9--32.9
Oleic ocid C18:1 14.93 $4.03 14 45 14.44 14.48 84-213
Linoteic and C 182 J6.22 76,37 7646 76.64 76.70 67.§5-83.2
u- Linglenic © 18:3 0.07 0.08 0.0 nd nd nd- 3.1
Arachide acd C 20:0 0.32 Q.30 0.33 025 028 0.2 0.4
Ficnsenuic acid C 204 015 0.13 51 nd nd ni-03 ¢
Lrucic acd C 22:1 .20 .20 3 nel Tl nd-1.0 |
Saturared Unsaturated E0:02.0 B.5012 3W9LE 37913 { 8915

Data illustrated in Table 2 showed the effect of compost and
vermicompost amendment treatments on ot content of safflower plants and fatty-
avids composition. As shown in Table 2, oil content in seeds and farty acid
composition varied among tested organic amendments significantly. Also, there
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was a dose effect for amendments. Similar of heavy metal contents in seeds, oil
contents were affected significantly by compast and vermicompost amendment
treatments in the present study. In general, VErmicompost treatments ingreased
oil content in seeds when compared to the control. All treatments increased
finoleic acid and palmitic acid. and decreased oleic acid when compared to the
control.

CONCLUSIONS

1. The tested organic amendments corrected soil acidity and raised sofl organic

mater and improved soil chemical properties.

Organic amendment application led to an effective immabilization of Pb, Zn

and Cd mobile forms in soil. A correlation was found between the quantity of

the mobile forms and the uptake of Pb, Zn and Cd by the safflower seeds.

3 Tested organic amendments significantly influenced the uptake of Pb, Cu, Zn
and Cd by safflower plant. The compost and vermicompost treatments
significantly reduced heavy metals concentration in safflower seeds. meals
and oils, but the effect differed among then. Alsa, there was a dose effect for
amendments. The 10% compost and 10% vermicompost treatment led to
decreased heavy metal contents in safflower oil bellow the regulated limits.
The possibility of further industrial processing will make safflower
econnmically interesting crops for farmers of phytoremediation technology

4. 0Oil content and fatty acids copmosition were alffected by compost and
vermicempost amendment treatments. Vermicompost treatments increased
oil content in seeds. Tested organic amendments increased linoleic acid and
palmitic acid, and decreased oleir acid in safflower oil.
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