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Summary

Significant part of not cultivated area of Hung#@ynot suitable for agricultural utilization beceusf industrial
pollution. Technologies of biorefinery make reugiion of contaminated areas possible. Biomasslaftp
produced on polluted soils can be raw materialadfiable products. Applicability of biorefinery weested on a
heavy metal polluted soil, where the contaminataginated from previous mining activity. Compldi®mass
utilization was aimed to obtain cosmetic ingredsemtharmaceutical agents, and precursors. Duringesgarch
work 88 plant species and varieties were producetl tasted for potential utilizable components. Lewef

possible contaminants in these plants were monitaad amounts of carbohydrates, protein, orgaciit and

cellulose were determined as well. Different plaxiracts were tested as potential sources of hizdtlg effective

components or as raw materials for lactic acid &ntation. Our results show that biorefinery is @ possibility

for utilization of polluted areas. Numerous plantaild be cultivated on contaminated areas withnateased
levels of contaminants in their tissues, thus tteay be sources of valuable compounds.

INTRODUCTION

Biorefinery is a complex technology where biomaas be converted to useful materials
(e.g. fuels, solvents, plastics, cosmetic and phaemtical materials) or energy carriers in
an integrated manner, thereby it can maximize t@nemic value of the biomass used
while reducing the waste streams produced [8, H]ization of arable lands to produce
non-food plants causes social resistance curremihyever, there are some so called brown
field areas (suffering from industrial contaminajipwhere agricultural use is not possible
due to high levels of contaminants, such as heastalnons. Some plants are able to grow
in heavy metal polluted environment [6, 5] and @b accumulate heavy metal ions in toxic
levels for humans. Sorghum and sunflower can easi§orb and translocate heavy metals
to plant foliage [7]. However, accumulation of hgametal ions in plants is limited by their
phytotoxicity at levels safe for humans and anim&arious plants, such as lavender
contain lots of effective compounds, which can tikzad for different industrial purposes,
like isolation of antimicrobial agents [2]. Moreay@lants of high sugar or starch content,
such as sorghum or millet, provide valuable raw emals for ethanol or lactic acid
production [10]. Lactic acid might be utilizablegooduce biodegradable plastic [1].

In 2007 a consortium was generated by the Elgaz@@é Ltd., by the Institute for
Biotechnology and the Institute of Logistics anddRiction Engineering of Bay Zoltan
Foundation for Applied Research, by the Karcag BeteInstitute of CAAES RISF of
Debrecen University and by the Biocentrum Ltd fog purpose of execution of a scientific
research program supported by the Hungarian Ndti@difice for Research and
Technology on the field of integration of phytoradiaion of different polluted fields and
of plant biomass biorefinery. The main goal of pheject was to elaborate a new complex
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technology, which can guarantee the proper tredtraaed the profitable utilization of
polluted fields. For this purpose biomass produrctdility and potential availability for
industrial utilization of numerous plant speciesd avarieties were tested in a field
experiment and in a pot trial on a soil extremadilyied by heavy metals.

Some results of the pot experiment are demonstiattds paper to illustrate our research
work and our screening technologies.

MATERIAL AND METHODS

With the purpose of fulfillment of our scientifiaqggram regarding to utilization of heavy
metal polluted fields a pot experiment (Fig. 1) wasried out at Gydngydsoroszi in 2008.

Figure 1. View of the pot expriment

Great amounts of heavy metal containing slop wesem at the Matra Metal Mines during
ore enrichment processes. Some of this slop wad fiito two types of pots. One type was
of 50 dnf for herbaceous plants and the other type was of d60for arboreal plants.
Biomass production capacity, heavy metal toleraar potential availability for industrial
utilization of 88 different plant species and vées were tested in this experiment. The
total number of the plots was 428.

Some chemical properties of the used slop are sliowme Table 1. These analytical data
proved the significant Zn-, Cu-, Cd-, and Pb-padintof the slop. Ground limestone of 5
m% was mixed with the slop to mitigate the solupibf the heavy metal compounds. The
used slop did not contain any phosphorus, hendficiaft P-fertilization (analogous with
200 kg BOsha' dose) was applied in each plot.

The two-factorial pot experiment provided possilei to examine the tolerance of the
tested plants (88 species) to heavy metal contdimis and the effects of different
TERRASOL compost doses (analogous with 30'thad 50 thd doses) on the biomass
production of these plant species.
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At the beginning of blooming or ripening plant sdegowere taken from the plant standings
of plots to establish the biomass production anthaée different chemical analysis.

Tablel
Some chemical properties of the used slop pollutdry heavy metals
Humic AL-soluble
pH(H,0) | pH(KC) | y1 matter POs | KxO | Ca | Mg | Na
content 1
(%) (mg kg")
6,63 6,37 10 1,24 <2| 112l 21470 1118 4B
KCI+EDTA soluble
Zzn | Ccu [ Fe ] Mn [ cr | Co | N | cd | Pb
(mg kg)
648 | 230 | 258] 270 | 4 | 24| 2 | 6,3 35p
Total element content
Zn | Cu | Fe | Mn | Cr | Co | Ni | cd | Pb
(mg kg”)
1715 | 675 | 42666 964 | 33| 10| 7| 7] 478

Establishment of common plant ingredients

0.2 g plant sample was homogenized in 0.1 N fittdgSO, of 5 ml and centrifuged for 20
min (13500 rpm). The supernatant was diluted bp® to 20-fold and analyzed by
GynkoTek isocratic HPLC arrangement, on CAR-H caluamd at 30 °C, and the mobile
phase was 0.01 N filtered,850, Sugars were detected by refractive index detectdrtiae
organic acids were detected by UV detector. Dateevimtegrated by the Chromeleon
program. Cellulose content was determined fromlagtmsample by the nitric acid—ethanol
mixture methodology [9]. During the protein assa¥ @ plant sample was homogenized in
0.1 N NaOH of 6 ml and incubated in water-bath@t'€ for 2 hours and centrifuged for
10 minutes at 13000 rpm. The supernatant was dilloyedistilled water to 20-fold. 250 ul
taken from the prepared sample was analyzed biydlwey method [4]. The concentration
of the reduced Folin’s reagent is measured by &lbsae with a Unicam Heés a UV-VIS
spectrophotometer at 750 nm.

Heavy metal analysis

Amounts of heavy metal contaminants of the plamt soil samples were determined by
Balint Analitika Ltd. (Hungary) using HP 4500 pll38P-MS.

Lactic acid fermentation

Shoots of the plants were physically crushed aadtitned by an Angel juice extractor.
The liquid phases were tested as potential mediwm ldctic acid fermentation.
Lactobacillus delbruckii spp. lactis was applied to convert the sugar content of plant
extracts to lactic acid. The liquid phase was kted at 115 °C for 30 minutes then
centrifuged at 5000 rpm for 20 minutes. The inooulvas grown in modified DSM-186
medium and incubated at 37 °C for 72 hours. Inqoulf 20 pl was added to 1 ml
supernatant of the liquid phase and incubated atC37or 48 hours. The initial glucose
content and the amount of produced lactic acid werasured by HPLC.
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Biogas production

After crushing and fractioning the solid phase odig sorghum were tested for biogas
production. The reactor volume was 1000 ml. 80Canderob sludge and 20g dried solid
phases were applied. Reactors were incubated & J#fe produced biogas were trapped
and monitored for the total amount of gases inanl30 days. The methane content of the
biogas was investigated at the end of the expoalestiase (18 day). The gas analysis was
carried out by Gas Chromatograpith 5975 MS Detector (Front Inlet: 250 °C; sphitte:
1:50; GS-GASPRO (60m x 0,320mm) column; at 40°C6fanin., heating to 130 °C by 30
°C/min; at 130° C for 2,0 min.; methode: C1-C2GAS.Mletecting in AUTO tune mode;
carrier gas: He (Linde).

RESULTS AND DISCUSSION

Heavy metal pollution tolerance of the tested plant species

On the basis of the experimental data we estaldithat the amount of biomass was
increased by the compost application in case ofid of the tested plant species and
varieties. Data of the Table 2 show the positiieafof the applied TERRASOL compost
on the green biomass of some plant species. We mestion that the extremely high
compost dose of 50 t fiadecreased the amount of the green biomass inafaseveral
plant species. Under the circumstances of the ewpat buckwheat, grain sorghum,
energy poplars, energy willows, hemp, purple cavedr, white mustard and sunflower
could reach relatively high amount of biomass.

Table2

Effect of compost doses on the green biomass (gof some plant species grown in a heavy metal paied
soil (Gyongydsoroszi, 2008)

Plant species/varieties Compost treatments

control 30 tha' 50 tha®
grain sorghum (Alfoldi 1) 0 640 320
sweet sorghum (Cellu) 0 694 1032
grain sorghum (Albita) 0 434 408
grain sorghum (GK Emese) 0 416 378
sweet sorghum (Monori édes) 0 502 706
sweet sorghum (Roéna 1) 0 592 584
sudan grass (Gardavan) 0 370 482
grain sorghum (Zador) 0 360 306
sweet sorghum (Sucrosorgo) 0 196 566
hemp 0 1016 848
evening star 0 286 312
lozenge 22 106 156
French marigold 0 650 664
Arundo donax 220 633 426
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We established that the following plant species aarikties could tolerate the unfavorable
chemical, hydrological and microclimatic conditiomthe heavy metal polluted trial site:

each sweet sorghum hybrid, castor-oil plant, chicetch, amaranth, lozenge, coriander,
millet, facelia, bluebottle, oenothera, evening,stad poppy, Arundo donax, onion, French
marigold, bean, dill, white clover. From the tesfant species and varieties the following
ones could not tolerate the unfavorable ecologaaiditions of the trial site: maize,

sunflower, pumpkin, lupin, perennial flax, Canaryagp, pine, spruce, oak, wattle,
rosemary, milfoil, anise, basil, green pea, pomejery and parsley. The sensitivity of these
plant species to heavy metal contamination was festeid in limited germination.

Anthocyanine pigmentations were observable on thng seedlings and their growth was
slow. As a consequence of these processes mentamee, the sensitive indicator plants
died in June and July when additional climaticsgréhigh air temperature) was formed out.

We observed that the actual biomass productiomefalerant plant species covered on a
part of their genetic potential only. By our opinjadhe biomass production of these plant
species can be increased by improvement of agrogical conditions (water regime,
organic matter content, nutrient supply, etc.) miduction sites polluted by heavy metals.

Analysis of heavy metal contents of the produced biomass

After preparation of plant samples by juicer, 9&1% of heavy metal ions could be
detected in liquid fraction. We found that heavytatewere concentrated in roots (Table 3)
consequently. The tested plants did not transpuent to their shoots. The compost
treatments had no obvious influences on the heatglmptake and distribution.

Heavy metal recovery was calculated for differemglum varieties based on their biomass
yields and the measured heavy metal contents. &igntb the heavy metal distribution, the
applied compost treatments did not resulted in fadde differences in the heavy metal
uptake (Fig. 2). However, approximately 0.5-1 kg aimc was recovered in the biomass of
Cellu and Monori édes sweet sorghum varieties. Tdusding indicates the possibility of
utilization of these varieties for phytoremediatibpurposes.

Table 3
Heavy metal contents of different parts of some plat species and varieties
o crop Cd | Cu | Pb | Zn
Crop varieties part compost treatments (t had)
30 50 30 50 30 50 30 50
Albita (sorghum) shoot| 0.57 0.19 1.59 0.54 0.64 1.4p 18.10 10J40
root 7.71 1.69 43200 114 204.00 193)00 486.00 9®j.
Cellu (sorghum) shoot| 1.46 2.16 1.37 3.42 1.40 6.2 30.40  32)60
root 5.62 2.38 26.100 145 147.00 205j00 9440 ®q1
GK Emese shoot| 0.31 0.31 0.53 2.06 0.7 12.40 27.p0 2110
(sorghum) root 4.78 2.59 17.20f 13.6 92.2p 211p0 85000 DiP.0
Monori édes shoot| 1.86 0.17 2.67 2.5] 2.81 1.04 99.80  30]60
(sorghum) root 6.56 2.59 12.000 49.1 384.00 22600 96)80 (OLP.
Roéna 1 (sorghum) shoot| 0.44 0.18 0.57 1.05 0.91 1.3B 23.50 11)40
root 3.23 2.02 9.03 20.0( 8.77 124.p0 186|00 3590
Zador (sorghum) shoot| 0.69 0.11 1.23 0.55 1.9 1.0p 30.50 12J30
root 7.22 1.29 31.60] 8.19] 315.00 3230 21600 8700
balm shoot| 0.97 0.13 74.7( 17.2p  95.20 14.80 134.00 034.1
lavender shoot| 0.23 0.16 37.3( 12.4p  27.90 27.y0 7830  34.50
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Figure 2. Effects of compost doses (30 and 50 tHaon the heavy metal uptake of different sorghum
varieties

Analysis of common plant ingredients

Amounts of common plant ingredients, for exampluésse, sugars, organic acids and
proteins were measured in the biomass of all tgsigeut species grown on a soil extremely
polluted by heavy metals and treated with differentnpost doses. According to the
experimental data, the applied compost doses hagffaot on amounts of the monitored
plant ingredients. While the biomass production wah lower in the experiment than the
usual biomass production, the proportion of thesmpounds were not affected by the
presence of heavy metal ions.

Lactic acid fermentation

The shoots of different Sorghum varieties were gtbin an Angel juice extractor, and the
liquid phases of the produced samples were incedilatith Lactobacillus delbruckii spp.
lactis cells In some cases, the proportion of lactic acid tecgse was higher than one;
consequently, other carbon sources from the platta@ could be used for lactic acid
fermentation by the bacterium. Compost treatmethindit affect the effectiveness of lactic
acid production. In some cases the yield of laatiil was more than 50 ¢ (Table 4),
which can be considered to be quite high concaatrah comparison with the literature
data [10]. The high lactic acid concentration isdfecial for the purification of lactic acid,
which might be utilizable to produce polylactaté [1

Biogas production

The solid phase of grain sorghum biomass was te&iedenergetic application. We
established that the total amount of biogas formasd higher in case of compost treatment,
but the methane content of the biogas measurdtbatrid of the exponential phase of gas
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formation was higher in case of biomass samplegraied from untreated pots (Fig. 3A
and 3B).

Table4
Lactic acid fermentation from the liquid phase of dfferent sorghum varieties originated from pots treated
with different compost doses (30 and 50 t h)

Lactic acid fermentation

Plants | [ produced lactic acid
glucose g

gl
Albita 30tha 40.61 24.29
50t ha* 25.29 8.52
Cellu 30tha® 60.14 22.37
50tha’ 20.32 20.30
GK Emese 30tha? 98.54 54.28
50t ha* 66.79 52.25
Monori édes 30tha® 53.43 31.75
50tha’ 93.85 53.65
Rona 1 30tha? 48.81 47.09
50t ha* 182.37 62.53
Zador 30tha’ 86.82 60.71
50tha’ 107.23 63.85
Total mmenait of biogns produced Tetarys comterd ofthe hingns
by g sorgem [ Aot prodased by gradn sorghom [ AT i)
1]
35
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cotdent
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Figure 3. Biogas production of grain sorghum
A: Total amount of biogas B: Methane content oftifegas at the end of the exponential phase (uettend
treated by 30 t hhcompost)

We found that the methane content changed duriadgnttubation, hence definite effect of
the compost treatment on the quality of formed a#ogould not be observable.
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CONCLUSIONS

On the basis of the experimental data we estaldlish&t some plant species can adapt to
the unfavorable ecological conditions of heavy metdluted soils. The amount of biomass
of these plant species was increased by the corapp#itation significantly.

According to the results, biomass of numerous @aeties can be utilized as raw material
of valuable products, like lactic acid, biogas dmdlogically active compounds (e.g.
antimicrobials), without significant accumulatiorf beavy metal contaminants. These
results suggest that plants cultivated on heavyahtetntaminated areas can be valuable
sources of base materials for biorefinery.

Development of a complex purification method ofstheactive compounds is necessary,
taking the presence of heavy metal contaminatitmdonsideration.
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