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ABSTRACT

Key words: coal ashmetalloids, metals, pollution, soil

Around the city of Tuzla, BiH, soil covered coahatisposal sites have been used for
food and fodder production since 1992. To the bésur knowledge this is the first report on
the cultivation of coal ash disposal sites for agjture purposes. During the war, in the
nineties of the past century, the chronic lackgrfaultural land in the area of thermo electric
power plant, Tuzla (TEP) and in the surroundingdras forced refugees and local farmers to
cultivate the surface of dried ponds in order td g@ble land and to use it as pastures,
meadows or for food production. Nowadays, 63 hsoilfcovered disposal sites (Dreznik and
Plane) are still used for agricultural purposes.

High concentrations of As, B, Cr, Cu and Ni in dilka (pH = 8.77 in 1M KCI, as
1:2.5 (/v)) coal ash (analysed in aqua regia extract, HCQgIN 3:1 (/v) on ICP-MS
(ELAN 9000 DRC-e, Parkin Elmer) as 1:1&/¢) were observed and their mass ratio were
112 mg As/kg, 204 mg B/kg, 281 mg Cr/kg, 85.9 mdkgwand 593 mg Ni/kg, respectively.
According to soil classification damage criteri@ thash from Jezero disposal site belongs to
the 8" class or waste soil in respect to As, Cr and ither to the % class or polluted soil in
respect to B and Cu, next to tH& &ass or high polluted soil in respect to Zn, S, Co and
Cd, to the ¥ class or low polluted soil in respect to Cs, Pb,aRd U and to theiclass or
clean soil in respect to Mo, P and Se, keepingimdrthat this is ash not soil, but still this ash
is used for food and fodder production.

This study investigated metals (Cr, Cu, Ni, Cd, Mg, Co, Pb, Fe, Zn, Rb and Sr),
metalloids (As and B), non-metals (Se and P) anishide U transport and accumulation in
winter barley Hordeum vulgard.. cv. Rex) and soybeafslycine max.. cv. Dora) grown on
substrates made up of different soil and ash radiog six treatments were as follows: (1) soil
/ ash = 100 % mass / 0 % mass, (2) soil / ash =a¥%s / 100 % mass, (3) soil / ash = 75 %
mass / 25 % mass, (4) soil / ash = 50 % mass / 5ta%s, (5) soil / ash = 47.5 % mass / 47.5
% mass + 5 % mass saw dust amendment of beechnue@®) soil / ash = 25 % mass / 75 %
mass.

After three vegetation seasons: two of winter hafldordeum vulgarelL. cv. Rex)
grown from 15.11.05. until 26.06.06. - barley (hdarom 09.11.06. until 18.06.07. - barley
(2) and one of soybealycine maxL. cv. Dora) grown from 03.07.06. until 20.10.06n
the same substrate and in controlled conditioreddysomponents, total elements of nitrogen,
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sulphur, carbon and hydrogen in grain (by dry costibn method, Vario Macro CHNS
analyzer, Elementar, 2006) and total elements God Cr, Cu, Fe, Mo, Ni, Pb, Rb, Sr, U, Se,
Zn, Cs, As, B and P) content in grain (in HM&@0, = 5:1 {/v) extract on ICP-MS at 1:30

(w/v) ratio) were determined for barley and soybe@uality management, internal and

external QC were conducted. The analyses of daterebd in the experiment were
performed by statistical SoftwaB8AS 9.1 (SAS Inst. IncTihe level of significance was set at
5 % in all statistical tests.

Soybean grain grown on pure alkaline coal ash oitdifferent soil mixtures was
high accumulator, in at least one treatment, of C8, P, Mo, Rb and Se, moderately
accumulator of Cr, Cs, Cu, Ni and Zn, low accunaraf Pb and Sr and non accumulator of
As, Co, Fe and U and barley grain grown on puralel& coal ash or on its different soil
mixtures was high accumulator, in at least ondrimeat, of B, P, Mo, Rb and Se, moderately
accumulator of Cs, Cu, Cd and Zn, low accumulatd?lmy Cr and Sr and non accumulator of
As, Co, Fe, Niand U.

The observed data showed that barley and soybeen seasible and in their grains
were high accumulators (EC > 1) of: P in all treatits of soybean and all treatments of
barley; Rb only in pure ash treatments of soybeath @ barley; Mo in all treatments of
soybean and in some treatments (No. 1, 2 and Bartdy; Se in all treatments of soybean and
all treatments of barley; B in some treatments (Blo4, 5 and 6) of soybean and in one
treatment (No. 3) of barley; Cd only in pure agatment of soybean.

The content of As, Co, Cu, Fe, Pb and Zn in soylmeahbarleys grains was below
normal values according to the available literatarall treatments, although a considerably
high concentration of As and Cu was noted in the as

These findings support the conclusion that veryrgaoelds and visible plants damage
in some treatments, especially in treatment witte@sh compared to treatment with pure soil
of both species soybean and barley, were probadged by toxicity (B, Ni, U, Mo) or
deficiency (N, Cu, Zn, Fe). Non-essential tracenaets (As, Co and Pb) were within normal
concentration ranges and significantly below aaiticl mg As/kg, 1 mg Co/kg and 6 mg
Pb/kg) levels in all treatments for both species.
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PROSIRENI SAZETAK

Fitoakumulacija metala i metaloida iz tla on€is¢enog ugljenim pepelom
Kljuénerijedi: metali, metaloidi, on@Scenje, tlo, ugljeni pepeo

uvoD
U okoliSu Termo-elektrane Tuzla (TEP) u Bosni i eétgovini (BiH) oko 1 % povrSine

prekriveno je otpadom ugljenog pepela. TEP opskjdlyiSe od 20 000 potro&ai proizvodi

50 % ukupne godiSnje drzavne proizvodnje elék&ienergije. U zadnjih je 50 godina na 5
odlagalista (Dreznik, Plane, Jezero, DiviWii II) u okolici Tuzle skladisteno vise od 40
mil. m® §ljake i pepela. Ukupna prekrivena povrsina otpradsepelom iznosi vise od 300 ha.
Kroni¢cni nedostatak poljoprivrednog zemljiSta u okoliciEA-a nagnalo je lokalno
stanovnistvo, posebno izbjeglice i poljoprivredndapa@nu kultivirati povrSine suhih bazena
odlagaliSta s ciliem dobivanja obradivih i/ili ploith povrSina zemljiSta odnosno koriStenje za
paSnjake, livade i uzgoj hrane. Trenutno se okba@3lom prekrivenog odlagalista (Dreznik i
Plane) koriste u poljoprivredne svrhe. Navezenor@ako tlo je pseudoglej koji dominira u
okolici Tuzle. Do danas na ovim prostorima nije y@deno niti jedno istrazivanje stupnja
rizika od koriStenja odlagaliSta kao poljoprivredntta u kojem bi se razmatrala opasnost i
Skodljivost onéiscivaca (metala i metaloida) i njihova fitoakumulacijailjkama kao prvog
koraka ulaska u hranidbeni lanac konzumacijom hraresle na odlagaliStu direktno od
strane ljudi ili indirektno preko zivotinja (zbogpaSe). Najzastupljenije uzgajane kulture na
odlagalistima su kukuruzZzéa mayd..), pSenica {riticum aestivurmL.), jecam (Hordeum
vulgareL.) i krumpir (Solanum tuberosum),.te st@éne kulture; lucernaMedicago sativd..)

i crvena djetelinaT(rifolium pretense..), manje zastupljene kulture su sofalycine max_.) i
grah Phaseolus vulgarit.). Svaka od tih kultura moze biti tolerantna, areno senzibilna
ili senzibilna na odrdene metale i metaloide koji se nalaze u tlu, addtgi o mnogim
faktorima. Biljka mozZe biti akumulator, umjereniuakulator i ne akumulator odtenog
metala ili metaloida.

Ugljeni pepeo moze pak biti i jako luznat i jakesé®d | moze sadrzavati zfggne koltine
elemenata u tragovima. Nekoliko studija bavilo se&razivanjem sudbine elemenata u
tragovima u okoliSu tvornica kojima je pogonskoigorspaljivanje ugljena. Analiza ulaznog

ugljena i produkata koji nastaju nakon spaljivaojkazala je da su Ba, Ce, Co, Cs, Cu, Dy,
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Ga, Ge, La, Lu, Mn, Ni, Rb, Sr, Th, Th, Y, Yb, Z&ii zadrZani u krutom otpadu (Sandhu i
sur., 1993); da su As, B, Be, Cd, Cr, Li, Mo, Pb, Sn, Ta, Tl, U, V i W samo djelotimo
zadrzani u krutom otpadu (Sandelin i Beckman, 20@lg su Hg i Se primarno emitirani u
atmosferu (Lorens i sur., 2001; Sandelin i Beckma®01). U poljoprivredi pepeo kao
nusprodukt procesa spaljivanja ugljena ima potahciijenjanja teksture tla i po¥enja
kapaciteta zadrZzavanja vode pjeskovitih tala zbmpkog sadrZajaestica praha i gline
(Ghodrati i sur., 1995) takier moze i smanijiti potencijal otapanja P i njegoisgiranja iz tla
(Stout i sur., 2000). Mitim, mora se uzeti u obzir da su ukupno 25 pojaina toksénih
elemenata u dosadasnjim istrazivanjima bili pdama u znatnim kotiinama u pepelu koji je
nusprodukt procesa spaljivanja ugljena. Neki ocetémenata (Ba, B, Mo, Se, S, Sr, As i Al)
bili su nateni u poviSenim koncentracijama u biljkama izraska tlima kojima se kao
poboljSiva& dodavao pepeo (Adriano i sur., 1980). Prema isaima (Keefer, 1993) te
manje doze nisu prouziie fitotoksikacijske probleme u billkama (izuzev 8 nekim
billkama), no mogle bi biti potencijalno Stetne dinjama koje se hrane tim biljkama kao i
ljudima kao konzumentima poljoprivrednih proizvodaaslima na takvim tlima. Gragme
vrijednosti mobilnih elemenata u tragovima (ioneklici) utvrdeni su za poljoprivredna tla,
pri cemu su Cu, Pb, Cd i Tl metali koji imaju najvetjecaj vezanja na biljke koje se koriste
kao st@éna hrana (Priess, 1994). Menon i sur., 1993 nawdaderistupanost toksinih
elemenata biljkama varira u ovisnosti o tekstujedmih vrsta pepela. Weinstein i sur., 1993
zabiljezili su da se selen (Se) akumulira u&ohma i do 50 puta ¥em u biljkama izraslim
na odlagaliStima ugljenog pepela nego u biljkamasim na kontrolnim varijantama (u
cistom tlu). Takder je zabilieZeno da dodavanje i primjena gipsaEem smanjuje unos i
pristup&nost selena u travama (Woodbury i sur., 1999). Kuku soja pokazali su snazne
simptome toksikacije borom, kada su izrastali maalu kojima je pepeo kao nusprodukt
procesa spaljivanja ugljena bio dodavan kao pobalfs u pokusima gdje se pepeo mijeSao
sa 5% stajskog gnoja (Kukier i Summer, 1996; Schwab3). Dodatno uz toksikaciju borom
u soji su ndene i visoke koncentracije Zn, Mo i Cd (Schwab, 39%naté& tomu Sto je
identificirano nekoliko korisnih alternativnih &iaa upotrebe pepela kao nusprodukta u
procesu spaljivanja uglijena umjesto odlaganja wet@zvé su velike povrSine u Jugo-
Istocnoj Europi (JIE) i u svijetu pokrivene odlagaliSémglienog pepela i u buélnostice jos
biti potrebe za njegovim odlaganjem. Stoga je sti@ za optimalnu reintegraciju i
produktivnu upotrebu takvog zemljiSta hitna i neogha, posebno u podiima gdje je
aktualan nedostatak poljoprivrednog tla. Neke gtufllala i Goyal, 2006) su pokazale da
upotreba ugljenog pepela u poljoprivredi ima poijarec i da uzgoj zdrave hrane na
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odlagalisStima pepela moze biti mdgkada je odlagaliSte prekriveno dovoljnom Ewlom
tla. Medutim, ne postoji jos dovoljno dostupnih informacijanajbolje odabranim vrstama u
smislu bezopasnih koncentracija elemenata u tiagoviako su provedena brojna
istrazivanja o fitoakumulaciji oddenih elemenata i prinosu, te naravno njihovoj a¥$$hno
optimalnim debljinama i tipovima primijenjenog poknog tla, te o optimalnim omjerima
pokrovnog tla i pepela kao supstrata koji bi seigtior u uspjesSnoj biljnoj proizvodniji
(Kabata-Pendias i Mukherjee, 2007; Huang i Gob20Q5; Adriano, 2001; Dos Santos
Utmazian i Wenzel, 2007; Puschenreiter i sur., 2603 i Wenzel, 2002; Unterbrunner i sur.,
2007; Wenzel, 2009; Wenzel i sur., 1999; Wenzeiri,2004; Latkoczy i sur., 2000; Vego i
sur., 2008; Kisic i sur., 2005; Custovic, 2005; IBetonio i sur., 2008).

Pretpostavla se dée testirane kulture (soja i ozimicgm) koje izrastu na supstratu s
razlicitim udjelima pepela raalito reagirati na kvantitetu i kvalitetu zrna u smisdreienih
sastavnica prinosa i kemijskog sastava zrna tedazItito akumulirati odrédene metale (Cr,
Cu, Ni, Cd, Mo, Cs, Co, Pb, Fe, Zn, Rb i Sr) i nate (As i B) u svojim jestivim
dijelovima. U suglasju s navedenom hipotezom defimiisu i slijedéi ciljevi:

- utvrditi utjecaj razkitih udjela pepela na sastavnice prinosa sojénmnge

- istraziti utjecaj udjela pepela na akumulacijualeei metaloida u zrnu testiranih kultura

- usporediti akumulaciju metala i metaloida u zswje i j&ma uzgajanim na istim udjelima
pepela

- utvrditi utjecaj vegetacijske sezone na akumidatietala i metaloida u zrnugma

MATERIJALI | METODE

Lokacija i uvjeti istrazivanja

Eksperiment je bio postavljen u kontroliranim uwje u stakleniku na Agronomskom
fakultetu SvetiliSta u Zagrebu. Istrazivanjem su obubeae sljedée vrste i sorte u
vegetacijskom periodu sjetva-Zetva:

- 0zimi je&éam Hordeum vulgarel. cv. Rex) uzgajan tijekom dvije vegetacijske @sz od
15.11.05. do 26.06.06. kaoc¢gm (1) i od 09.11.06. do 18.06.07. kadam (2) na istom
supstratu

- soja Glycine max_. cv. Dora) uzgajana tijekom jedne vegetacijsgeosie od 03.07.06. do
20.10.06.

Osnovnu parcelu (ORJnila je plasténa posuda promjerap(= 27 cm) sa 5 kg supstrata, u
koju je bilo posijano po 100 zrna ozimogijea, odnosno 15 zrna soje. Gnojidba je bila
uklju¢ena i ukupne doze primijenjenog gnojiva iznosile su
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- za ozimi j¢éam: 0,72 g N/OP; 0,72 g P/OP i 0,48 g K/OP
- za soju: 0,72 g N/OP; 0,72 g P/OP i 1,08 g K/OP
Na dno svake OP stavljeno je priblizno 2 cm oblatakog bolje vodo propusnosti.
Pepeo koriSten u eksperimentu uzet je prema metoaligzorkovanje prosjaih uzoraka kao
¢ista homogena smjesa sa odlagalista pepela Jezero.
Osnovni supstrat je pseudoglejno tlo, uzeto u $asin Hrvatska, koje prema analiziranim
fizikalnim i kemijskim karakteristikama odgovarai tiz okolice Tuzle, a koje se koristi na
odlagalistima kao pokrovno tlo.
Eksperimentalni dizajn
Pokusi s ozimim jgmom i sojom postavljeni su po ghjnom bloknom rasporedu s 4
ponavljanja. Tretiranja u pokusima predstavljajlitgti maseni udjeli pepela i to od 0 do 100
%, odnosno:

1. Tlo/ pepeo =100 % /0 %n(m)

2. Tlo/ pepeo =0 % /100 (m

3. Tlo/ pepeo =75 % / 25 %{m)

4. Tlo/ pepeo =50 % /50 9%(m

5. Tlo/ pepeo =47,5% /47.5 %(m + 5 % (n) poboljSiva&a (piljevina bukovine)

6. Tlo/ pepeo =25% /75 %mn{m
Piljevina bukovine uzeta je iz obliznje tvorniceréinih proizvoda “Manico”, Mala Brijesnica,
BiH.
Uzorkovanje i analiza supstrata
Neposredno prije prve sjetve sa svake OP, uzetzstci supstrata, i u njima je odeno:
- ukupni maseni udio Cd, Co, Cr, Cu, Fe, Mo, Ni, Rb, Sr, U, Se, Zn, Cs, As,Bi P
- biljci pristupani maseni udio Cd, Co, Cr, Cu, Mo, Ni, Pb, Rb,&rSe, Zn, Cs, As,Bi P
- standardni kemijski parametri: pH, EC, pristépeP i K i ukupni C, H, Ni S
- kationi: Li*, Na', NH,", K*, C&*, Mg?*i anioni: F, CI, NO,, Br, NOs, SO i PO
Uzorkovanje i analiza biljnog materijala
Nakon Zetve ozimog ¢ea (26.06.06. i 18.06.07.) i soje (20.10.06.) sakevOP, uzeti su
uzorci biljnog materijala (cjelokupna nadzemna kasa), u njima su utdene sastavnice
prinosa, a jestivi dio biljke (zrno) analiziranorja dolje navedene promatrane varijable.
Odreiene sastavnice prinosa:
- 0zimi jeéam: broj biljaka s klasom i bez klasa, ukupan lbippka, duljina stabljike i klasa,
broj i masa zrna i kalina vlage u zrnu

- soja: ukupan broj biljaka, broj mahuna, masa zkwic¢ina vlage u zrnu
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Analiza zrna (ozimi jgam i soja):
- ukupni maseni udio Cd, Co, Cr, Cu, Fe, Mo, Ni, Rb, Sr, U, Se, Zn, Cs, As,Bi P

- ukupni maseni udio C,H,Ni S

Metode
Tablica 1 Popis metoda koriStenih u istrazivanju
Parametar Metoda Protokol / Norma
suSenje/mljevenje/ Priprema uzoraka tla za fizikalne i kemijske aralizz HRN ISO 11464:2006
sijanje/homogeniziranje
w(ST), w(H:0) Odretivanje suhe tvari i sadrzaja vlage - gravimetrijskaHRN ISO 11465:2004
[%0] metoda
pH Kakvata tla - Odrdivanje pH vrijednosti u HRN ISO 10390:2004
0,01 M CaCl, 1 M KClI i H,O u omjeru 1:2.5rH/\)
EC Kakvoca tla - Odrdivanje specifine elektréne HRN ISO 11265:2004
[uScm'] vodljivosti u HO u omjeru 1:5 i 1:10nG/\)
P,Os i KO Pristup&ni fosfor i kalij u AL ekstraktu u omjeru AL metoda
[mg/100g; g/kg] 1:20 MmN) (ekstrakcija sa amonij
laktat octenom kiselinom
TS Kakvoca tla - Odrdivanje ukupnog sumpora metodom HRN ISO 15178:2005
[% ST; g/kg] suhog spaljivanja
TC Kakvoca tla - Odrdivanje organskog i ukupnog ugljika HRN ISO 10694:2004
[% ST; g/kg] metodom suhog spaljivanja («elementarna analiza»)
TN Kakvoca tla - Odrdivanje ukupnog duSika metodom HRN ISO 13878:2004
[% ST, g/kgl suhog spaljivanja («elementarna analiza»)
anioni i kationi u tlu vodeni ekstrakt tla u omjerii0 fmh) ONORM L 1092-93
F, CI, NO,, Br, NOs, Kakvoc¢a vode - Odrdivanje otopljenih fluorida, HRN ISO 10304-1:1998
SO i PO klorida, nitrita, ortofosfata, bromida, nitratauilata
[mg/kg] pomdciu ionske tekéinske kromatografije - 1. dio.

Metoda za slabo zagene vode
Li*, Na, NH,", K*, C&" | Kakvoéa vode - Odrdivanje otopljenih Li, Na', NH,", | HRN ISO 14911:2001

i Mg®* K*, Mn?*, C&*, Mg**, SP*, B&" ionskom
[mg/kg] kromatografijom - Metoda za vode i otpadne vode
ekstrakcija (digestija) Kakvoca tla -Ekstrakcija elemenata topljivih u ONORM L 1085
ukupnih metala i zlatotopci (HCI/HNQ = 3:1 {/v) digestija) u omjeru HRN ISO 11466:2004
metaloida u tlu 1:12 MmN)

ekstrakcija (digestija) HNO,/H,0, = 5:1 {/V) digestija u omjeru 1:301{/V)
ukupnih metala i
metaloida u biljci

ekstrakcija pristupmih | Kakvoca tla - Ekstrakcija elemenata u tragovima s 4 M 1SO/DIS 19730:2006

metala i metaloida u tlu|  otopinom amonij nitrata (NJNOs) u omjeru 1:2,5 DIN 1SO 19730
(M)
ICP-MS analiza, Kakvoca tla - Odrdivanje elemenata u tragovima u,  1SO/DIS 22036:2006
ukupni i pristupani ekstraktu tla metodom induktivno vezane plazme |-HRN EN ISO 11885:1998
metali (Cr, Cu, Ni, Cd, atomske emisijske spektroskopije (ICP-AES)

Mo, Cs, Co, Pb, Fe, Zn| Kakvota vode - Odréivanje 33 elementa metodom
Rb i Sr) i metaloidi (Asi| atomske emisijske spektroskopije induktivno vezane
B), ne-metali (Se i P) i U plazme

[mg/kg]

Statisticka analiza
Za statistiku obradu dobivenih podataka koriSten jéurzalni programSAS 9.1 (SAS Inst.

Inc.). Razlike izmdu tretiranja (maseni udjeli pepela) za sve proma&r@arametre u

pokusima s ozimim jamom i sojom analizirane su analizom varijance (We-ANOVA) i
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testirani, ako je bilo potrebnppst-hoctestom (Fishers LSD). Za sve statiké testove prag

znaajnosti iznosio je 5 %.
REZULTATI, RASPRAVA | ZAKLJU CClI

Karakteristike pepela
Alkalni ugljeni pepeo (8,77 u KCI; 8,75 u Cal8,86 u HO; n=4) uzorkovan na odlagaliStu
Jezero ima sljede karakteristike:
Elektricna vodljivost izmjerena u vodenom ekstraktu, u emjg5 M/N) iznosila je 1 591
uS/cm, a u omjeru 1:10m(v) 2 380uS/cm (n=4), maseni udio vlage u pepelu iznosio,#6 0
%, pepeo je slabo opskrbljen s biljci pristépan P.Os (6 mg/100g; n=4) i dobro opskrbljen s
biljci pristupanim K;O (44 mg/100 g, n=4), dobro opskrbljen ukupnim kaosi, TN (0,110
% u ST, n=4), ukupna masena koncentracija uglgkasila je 2,772 % u ST, ukupna masena
koncentracija sumpora bila je relativno niska 0,84% ST, a ukupna masena koncentracija
vodika 0,433 % u ST (n=4). Omijer ugljika i duSika €/N odnos iznosio je 25. Prema
dobivenim rezultatima dominantna sol u ispitivanpapelu je kalcij sulfat (CaSn=4).
Neke vrijednosti biljci pristupmih elemenata izmjerenih u pepehs(B, Cr, Mo, Ni, Sr, U
I Zn) a koji su ekstrahirani u 1M NNO3z u omjeru 1:2,5r0/\) (n=4) bile su vée od
vrijednosti koja uptuje na oprez (referentna vrijednosd)vrijednosti su im redom iznosile,
100 ug As/kg, 630ug Ni/kg, 50ug U/kg i 250ug Zn/kg, neke pak izmjerene vrijednosti bile
suvece od vrijednosti kod kojih je potrebna reakcijanfeslijacijska vrijednostkao 122,5 mg
Mo/kg i 1 mg Cr/kg. Ostale su pak izmjerene vrijesin bile vece od prirodnih (u 1M
NH4ACc) kao 39,3 mg B/kg (>>0,97 mg/kg) i 10,7 mg Sr/kg (r§/kg).
Pepeo je bogats, B, Cr, Cu i Ni, a izmjerene vrijednosti ukupnih masenih konceaa
iznosile su 112 mg As/kg, 204 mg B/kg, 281 mg Cr8%9 mg Cu/kg i 593 mg Ni/kg (n=4).
Prema Klasifikaciji oSt&enja tala, pepeo sa odlagaliSta Jezero pripad&uipnju on&séenja
(So) ili zag@enom tlus obzirom naAs, Cri Ni; 4. So ili on€is¢enom tlus obzirom naB i
Cu; 3. So ili tlu velike onéiS¢enostis obzirom n&n, Sr, Fe, Ca Cd; 2. So ili tlu povéane
oneiiscenostis obzirom neCs, Pb, Rh U te pripada 1. So ilistom tlu s obzirom na Mo, P i
Se, imajdi stalno na umu kako to nije tlo #@epeo, ali ono koje se koristi kao supstrat za
proizvodnju ljudske i sttne hrane.

Cisto tlo koristeno u eksperimentu bilo je tako obogéeno sAs (27,7 mg/kg) iNi
(96,4 mg/kg) i prema kriterijima Klasifikacije, pada 4. So ili ongas¢enom tlu za oba

elementa.
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Rezultati kemijskih i fizikalnih analiza pepelapnavljene poéetkom 2005. godine

tijekom preliminarnih istrazivanja pokazuju da pemeodlagaliSta Jezero pripada teksturnoj
klasi na granici izm#u ilovastog pijeska (IP) i praskaste ildea(Pl) [n=4;sa75,1 % pijeska
(20-200um); 19,1 % praha (2-20m) i 5,7 % gline (< 2um)], volumna gustéa (0,7 g/cm),
gustaa &vrstih ¢estica (1,9 g/cr), poljski kapacitet (60,9 vol. %), tka venda (8,6 vol. %),
dostupna voda (52,3 vol. %), volumni udio zrak& (/Ql. %) i porozitet (68,5 vol. %)(n=2),
kapacitet zamjene kationa (CEC) iznosio je 318 rglikgpl ukupna masena koncentracija
karbonata (CaCg) iznosila je 49 g/kg (ili 4,9 % u ST) i ukupna reaa koncentracija
organskog ugljika () iznosila je 26,4 g/kg (ili 2,6 % u ST) (n=3).

Sastavnice prinosa 0zimog jmna

Kod jecma (1) najloSiji rezultat zabiljeZzen je u tretmadnu5 (tretiranje koje ukljtuje
piljevinu bukovine kao poboljSivd gdje je izmjeren najmaniji broj biljaka s klasom PP
(23), najmanja srednja vrijednost duljine stabljie3,6 cm), najmanja srednja vrijednost
duljine klasa (1,4 cm), najmanji broj zrna (175%manja masa zrna (3,4 g) | najvéroj
biljaka bez klasa po OP (83 sterilne biljke), asparedbi s rezultatima izmjerenim na svim
ostalim tretmanima.

Godinu dana kasnije, a zagn (2) najlosiji rezultat zabiljezen je u tretmagistim
pepelom (br. 2) na kojem je zabiljezen najmanijij lmbaka s klasom po OP (28), najmaniji
ukupni broj biljaka (32), najmanja srednja vrijedhauljine klasa (2.3 cm), najmanji broj
zrna (51) i najmanja masa zrna (1.1 g) po OP, sponedbi s rezultatima izmjerenim na svim
ostalim tretiranjima. Zn&jno manji u usporedbi s tretmanomanstom tlu bio je broj biljaka
s klasom (28) i srednja vrijednost duljine klasg(@m) na tretiranju &stim pepelom.

Najbolji rezultat kod jema (1) zabiliezen je na tretmanucstim tlom gdje je
izmjerena najvéa srednja vrijednost duljine stabljike (36,9 cmajuweta srednja vrijednost
duljine klasa (3,5 cm), najga masa zrna (15,5 g) i najmaniji broj biljaka beaskl po OP (6
sterilnih biljaka) dok je kod jama (2) najbolji rezultat zabiljezen na tretmanubs4 tla i 25
% pepela gdje je izmjerena napaesrednja vrijednost duljine klasa (3,8 cm) i &gymasa
zrna po OP (6,3 g).

Sastavnice prinosa soje
NajloSiji rezultat zabiljezen je u tretmanuc¢stim pepelom gdje je u usporedbi s
tretmanom <istim tlom izmjeren zn&jno manji broj mahuna po OP (11), broj mahuna po
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stabljici (1) i masa zrna (0,5 g). Najbolji rezalfestignut je na tretmanwsstim tlom gdje je
zabiljeZen najvé broj mahuna po OP (33), najiebroj mahuna po stabljici (4) i najva

masa zrna po OP (11,9 g).

Zrna soje izrasla na tretmanwistim ugljenim pepelom ili na njegovim ra&tim
mjeSavinama s tlom bila su jak akumulator, u bajganom tretmanu, B, Cd, P, Mo, Rb i Se,
umjeren akumulator Cr, Cs, Cu, Ni i Zn, slab akusod Pb i Sr i ne akumulator As, Co, Fe i
U dok su zrna jma izrasla na tretmanu &stim pepelom ili na njegovim razltim
mjeSavinama s tlom bila jak akumulator, u barerm¢ed tretmanu, B, P, Mo, Rb i Se,
umjeren akumulator Cs, Cu, Cd i Zn, slab akumulBtorCr i Sr i ne akumulator As, Co, Fe,
Nii U.

Dobiveni podaci pokazuju da su ozimégen i soja bili senzibilni, te u zrnu bili jaki
akumulatori (EC > 1): fosfora (P) u svim tretmanis@e i svim tretmanima ¢ena; Rb samo
u tretmanu <istim pepelom, a za obje kulture i soju ¢aen; Mo za sve tretmane za soju i
neke tretmane zadam (br. 1, 2 i 3); Se u svim tretmanima soje i instretmanima jéma; B
u nekim tretmanima soje (br. 3, 4, 5 and 6) i in@d tretmanu (br. 3) §ma; Cd samo u
tretmanu <istim pepelom za soju.

Ukupne masene koncentracije As, Co, Cu, Fe, Pbu Zmu soje i ozimog §ena bile
su u rasponu vrijednosti koje su ozeae kao prirodne, a prema dostupnoj literaturey gk
poviSene koncentracije As i Cu zabiljezengstiom pepelu.

Na osnovi dobivenih rezultata zakipjemo da su u nekim tretmanima vrlo siromaSan
prinos i vidljiva oStéenja biljaka, a posebno u tretmanwistim pepelom u usporedbi s
tretmanom sc¢istim tlom, a za obje istrazivane kulture najvjetajji uzrokovani zbog
toksiénosti (B, Ni, U i Mo) ili deficita (N, Cu, Zn i Fe)Ne-esencijalni elementi u tragovima
(As, Co i Pb) bili su u granicama normalnih, prinddkoncentracija i znzjno ispod krittnih
koncentracija od redom 1 mg As/kg, 1 mg Co/kg amagePb/kg u svim tretmanima i za obje

promatrane kulture.

Usporedba dviju vegetacijskih sezona ozimagn, prve od 15.11.05. do 26.06.06. -
je¢am (1) i druge od 09.11.06. do 18.06.07.¢aja (2), a koji su rasli na istom supstratu u
kontroliranim uvjetima, pokazuje z&gne razlike izméu nekih promatranih parametara:
U tretmanu <istim tlom zabiljezeno je zn@jno povéanje ukupne masene koncentracije N,

S, B, Cs, Fe, P, Pb, Rb, Sri Zn u zrnu izraslo20Q7. nego u onom izraslom u 2005., a
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zn&ajno smanjenje duljine stabljike, broja zrna, masa i ukupne masene koncentracije As,
Cr i Mo.

U tretmanu scistim pepelomzabiljezeno je zn&jno povéanje duljine stabljike, duljine
klasa, te ukupne masene koncentracije N, S, BFEUP, Sri Zn u zrnu izraslom u 2007. u
odnosu na onom izraslom u 2005., dok je zabiljezamajno smanjenje broja biljaka bez
klasa, ukupnog broja biljaka, broj zrna, masa zmakupna masena koncentracija C i Cr.

U tretmanu br. 3 sa 75 % tla i 25 % pepatadeno je zn&ajno povéanje u 2007. u odnosu
na 2005. i to duljine klasa, te ukupne masene kunaeije N, S, H, Cu, Fe, Mo, P, RbiZnu
zrnu, i zn&ajno smanjenje broja biljaka sa klasom, ukupnoggbbdjaka, broja i mase zrna i
ukupne masene koncentracije C, As, Cd, Co, Se i Sr.

U tretmanu s jednakim masenim udjelom tla i pep@@ %) zabiljezeno je zri@jno
povetanje u 2007. u odnosu na 2005. i to ukupne masenecktracije H, Fe, Mo, P i Zn u
zrnu, te zn&jno smanjenje broja biljaka sa klasom, ukupnogabodjaka, broj i masa zrna,
te ukupne masene koncentracije N, C, S, Cd, Se i Sr

U tretmanu s poboljSiv@m (piljevina bukovine) i s jednakim masenim udfelta i pepela
(47.5 %) utvrdeno je zn&ajno poveéanje broja biljaka s klasom, duljine stabljike, johd
klasa, i ukupne masene koncentracije N, H, Cs,Rey,Mo, P, Rb i Zn u zrnu izraslom u
2007. u usporedbi s onim izraslim u 2005., tecajre smanjenje ukupnog broja biljaka, broja
zrna, te ukupne masene koncentracije C, As, CANG&e i Sr.

U tretmanu br. 6sa 25 % tla i 75 % pepeleabiljiezeno je zr@jno povéanje u 2007. u
odnosu na 2005. i to duljine klasa, te ukupne makencentracije N, H, Cu, Fe, Mo, P i Zn u
zrnu, a zn&jno smanjenje broja biljaka sa klasom, broja kdjdgez klasa, ukupnog broja

biljaka, broja i mase zrna, te ukupne masene kdragje C, Cd, Co, Cr, Se i Sr.
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1 INTRODUCTION

The widespread black coal mining in South-Easbper(SEE) has been caused by the
construction of several thermal power plants. Ttsalzustion of enormous quantities of coal
used for energy production is closely related ® pinoduction of large amounts of waste
materials, mostly ash and cinder that is usuallgnped into large disposal sites. Disposal
sites cover a large area of land in some regior&=#. In the environment of Thermoelectric
Power Plant Tuzla (TEP) in Bosnia and HerzegovBi&l), around 0.06 % of total Canton
land is covered with waste coal ash (3.33% km333 ha), or around 1 % of the Canton area,
account for mineral extraction sites and dump sité& energy capacity of TEP is 715 MW
which makes it the largest thermal power plantiiH.BAverage annual production of electric
power is 3 100 GWh (50 % of total annual state pation) and annual coal consumption is

around 3.5 to 4 million tons (Figure 1-1).

“"Google
Sat Atkn

....... o 111l

Figure 1-1 TEP Tuzla, (left, I Ki&i April 2005) and (right, Google earth, 2009)

TEP Tuzla supplies more than 20 000 consumers heittiing energy. TEP was built in 1959
(Elektroprivreda BiH, 2009)and during the last 50 years more than 40 niilofnash and

cinder have been disposed in Tuzla surroundings,dsposal sites (Dreznik, Plane, Jezero,
Divkovici | and II, Figure 1-2). Permanent lack africultural land in the area of TEP and
surroundings has forced refugees and local farmeecsiltivate the surface of dried ponds in
order to get arable land and to use it for fooddpotion or as pastures and meadows.
Nowadays, 63 ha of soil covered disposal sites4{ilkeand Plane) are used for agricultural
purposes. Cover soil is Glaysols (Pseudogley) wligch predominant soil type in Tuzla

region.
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Figure 1-2 Disposal sites in Tuzla Regi®@HCOAL, Handbook, 2008

So far, no investigations have been conducted is part of the World regarding
determination of risk assessment due to the usatieese dumping sites as agricultural land,
that would consider unsafety and harmfulness odfaits (metals and metalloids) and their
phytoaccumulation in crops as the first stage ofep=tion into the food chain with regard to
the intake of plants grown on disposal sites, diyear indirectly through animals (due to
grazing). In this unusual and specific situatiomying and after the war, new borders
prevented migration of people and transport of gpaghd the need to achieve a stable
agriculture and therewith to ensure sufficient $ypd food has become a very important
issue in SEE area. Nowadays, major cultivating €rajpdisposal sites are maizZeé mays
L.), wheat Triticum aestivuni.), barley Hordeum vulgard..), potato Solanum tuberosum
L.) and fodder crops; alfalfaviedicago sativalL.) and red clover Trifolium pretensel.).
Crops that are also cultivated in this area ardsay Glycine maxL.) and beanRhaseolus
vulgarisL.) (Figure 1-3). All of these crops can be totdranoderately sensitive or sensitive
to certain metals and metalloids that are presetiie soil, and this characteristic depends on
various factors. Plants can also be accumulatorsdenately accumulators or non-

accumulators of certain metals or metalloids.

Figure 1-3 Crops at disposal sites: alfalfa, wheadtato, barley (M Markovi 2005)
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2 LITERATURE REVIEW

Soil is essentially a non-renewable resource and a #ggnamic system which delivers
functions and services vital for human activitiesd aecosystems survival. Available
information suggests that soil degradation proce$se been increasing over the recent
decades, and there is evidence that these proosskasther increase if no action is taken
(EU Directive, 200k

Main soil functions are: (1) Food and other biomass production; (2yifenmental

interaction: storage, filtering and transformati@®) Biological habitat and gene pool; (4)
Source of raw materials; (5) Physical and cultimalitage and (6) Platform for man-made
structures: buildings or highwayB4Sc, 2009.

Soil degradation is a process associated with the loss of equibrof a stable soil and
occurs where human activities (either directly wodiiectly) make it less vigorous or less
healthy. Land/soil degradation can occur eitheraagesult of natural hazards or due to

unsuitable land use and inappropriate land managemectices EAO-ESCAP, 200D

Acidification, salinity, organic depletion, compaxet, nutrient depletion, chemical
contamination, landslides and erosions are all forms of soilrddgtion that can be caused

by inappropriate land use practicEummings, 1999 Soil contamination is caused by

presence of man-made chemicals or other alteratronsitural soil environment. The most
common chemicals involved in this process are pmiro hydrocarbons, solvents, pesticides
andheavy metals(HM) (EUROSTAT, 1999%.

Heavy metals occur naturally in the ecosystem \eitge variations in concentration. Soil is

the main source of trace elements for plants, lagtmicronutrients and as pollutants. The
soil-plant transfer (phytoaccumulation) of traceneénts is a part of chemical element cycling

in the natureKabata-Pendias and Mukherjee, 2A@ modern times, anthropogenic sources

of heavy metals, i.e. pollution, have been intradlto the ecosystem. Heavy metal emissions
are caused by mining and industrial activities.nBport and spreading of fertilizers and
sewage sludge also discharge heavy metals intenvieonment EUROSTAT, 199%.

Soil damage process with heavy metals contaminatgoording to the soil degradation

classification Basik, 1994, belongs to the " damage state (moderate level - hardly
restorable, conditionally reversible). This kind dégradation results in unusable food,
depression in plant growth and phytotoxic effectd also puts other ecosystems in jeopardy,
due to mutagenic, cancerogenic or teratogenictstfec

Mr.sc. Z. Zgorelec - Disertacija - Fitoakumulacija metala i metaloida iz tla ofi&'enog uglienim pepelom
15/109




DissertatiorPhytoaccumulation of Metals and Metalloids from $uilluted by Coal Ash

According toAdriano, 200] the termtrace elementsrefers to elements that occur in natural

and perturbed environments in small amounts (As,BAda, Be, Cd, Co, Cr, Cu, F, Hg, Mn,
Mo, Ni, Pb, Sb, Se, Sn, Tl, V and Zn) and, whensen¢ in sufficient bioavailable
concentrations, are toxic to living organisms. @tteems that are used and for all practical
purposes considered synonymous with the term tedements aretrace metals heavy
metals, micronutrients andminor elements The term micronutrients is usually used to refer
to elements that amequired andessentialby higher plants in small concentrations (Zn, Mn,
Cu, Fe, Mo, B and ClI), whilst term heavy metalsised for elements with densities greater
than 5 g/cmand it denotes metals and metalloids that are Eedcwith pollution and
toxicity (Cd, Pb and Hg). It also refers to elements thatequired by organisms (Cu, Zn and
Mn) at relatively low concentrations.

Alloway, 1995 explains the difference between soil pollutior amontamination. Although

there are several interpretations of terms “padhitiand “contamination”, a definition given
by Holdgate, 1979 is widely accepted: “pollution is the introductidoy man into the

environment of substances or energy liable to caazards to human health, harm to living
resources and ecological systems, damage to stegctur amenity, or interference with
legitimate uses of the environment”. The term “eomihation” is used when the
anthropogenic inputs do not appear to cause obviaunful effects and “pollution” is used
only if toxicity occurs. However, in Holdgate's dafion, “pollution” refers to any
concentration of potentially harmful substancesetivlar or not adverse effects are observed.
In practice, the terms contamination and pollutene frequently used interchangeably,
although the term pollution is more pejorative.riyaividely adopted convention for soils is
to use the term contamination for any situationvhliich elevated concentrations of harmful

substances occur.

One of the anthropogenic HM sources which are bajlenvironmental concern is fossil fuel

combustion (ashXeefer and Sajwan, 2000

Coal ash can become highly alkaline or acidic @nchin contain considerable amounts of
trace elements. Several studies have investighte@nvironmental fate of trace elements in
coal-fired power plants. Analysis of feed coal aothbustion by-products has shown that Ba,
Ce, Co, Cs, Cu, Dy, Ga, Ge, La, Lu, Mn, Ni, Rb, By, Th, Y, Yb, Zn and Zr are retained in
solid wastes$andhu et al, 1993As, B, Be, Cd, Cr, Li, Mo, Pb, Sb, Sn, Ta, T|,Wand W
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are only partly retained in solid waste€saqdelin and Beckman, 200and Hg and Se are

primarily emitted into the atmospheleofens et al, 20Q1Sandelin and Beckman, 2001

In agriculture, fly ash has the potential of chawggsoil texture and increasing the water
holding capacity of sandy soils due to high contdrgilt and clay-sized particle§&bhodrati et
al, 1995, and it can also decrease the potential of $oilelease dissolved P as well as its

export from soils $tout et al, 2000 However, a total of 25 potentially toxic elememtere

found in fly ash in considerable amounts. Somehes¢ elements (Ba, B, Mo, Se, S, Sr, As
and Al) were found in elevated concentrations ian@ grown on fly ash amended soils
(Adriano et al, 198D According toKeefer, 1993this does not pose a phytotoxicity threat to

plants (except B in certain plants), but may beeptélly harmful for animals which are
eating these plants as well as for humans as carsuai agricultural products grown on
these soils. Threshold values for mobile trace el@gmhave been established for agricultural
soils, where Cu, Pb, Cd and Tl are the metals aftrooncern, associated with fodder-plants

for animals Priess, 1994

Menon et al, 1993found that the availability of toxic elements pants varies with the

texture of various types of asheé#leinstein et al, 1993reported that selenium (Se) is

accumulated in amounts > 50 times higher in plagnésvn on coal ash landfill sites than in
control plants. Application of gypsum to ash redu&e uptake by grasse&/godbury et al,

1999. Corn and soybean show severe symptoms of B itpxiwhen grown on fly ash
amended soils or fly ash mixed with 5% of manufelkier and Summer, 199&chwab,
1993. In addition to B toxicity,Schwab, 1993 also found Zn, Mo, and Cd at high

concentrations in soybean.

Although several alternative uses of fly ash hagerbidentified to replace ponds disposal,
there are large areas throughout SEE countriesoaedthe world that are already covered
with coal ash landfill sites and more land for dsgposal will still be needed in future. Thus,
strategies for an optimized reintegration and adpctive use of this land are urgently

required, especially in areas that lack agricultiznad. Jala and Goyal, 200&ave shown that

the use of fly ash in agriculture has a developnpenéntial and growing healthy crops on
landfill sites might be possible when sufficienil sover is applied. However, there is still
not enough available information on the best periog plants relative to specific trace
element concentrations, although some phytoaccuenstadies have been donéabata-
Pendias and Mukherjee, 200Huang and Gobran, 200%Adriano, 2001 Dos Santos

Utmazian and Wenzel, 200Puschenreiter et al, 200bitz and Wenzel, 2002Jnterbrunner
et al, 2007 Wenzel, 2009Wenzel et al, 1999Venzel et al, 2004 _atkoczy et al, 2000vVego

Mr.sc. Z. Zgorelec - Disertacija - Fitoakumulacija metala i metaloida iz tla ofi&'enog uglienim pepelom
17/109




DissertatiorPhytoaccumulation of Metals and Metalloids from $uilluted by Coal Ash

of optimal thickness and types of soil covers, al as the optimal ratio of soil cover and ash

as substrate for useful and safe plant growth.
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3 HYPOTHESIS AND GOALS OF INVESTIGATION

Hypothesis:

Investigated plants (soybean and winter barleyyvgron substrate with different ash ratios

will produce different quantity and quality of gnajFigure 3-1), regarding yield components
and chemical composition of grain and they wilfgifin accumulation of investigated metals

(Cr, Cu, Ni, Cd, Mo, Cs, Co, Pb, Fe, Zn, Rb and 8rtalloids (As, B), non-metal Se and

actinide U in their edible parts.

In accordance with this hypothesis, followiggalswere defined:

- determine the influence of different ash ratiasy@ld components of soybean and barley

- investigate the influence of ash ratio on metaid metalloids accumulation in grains of

tested plants

- compare metals and metalloids accumulation imgraf soybean and barley grown on same
ash ratios

- determine the influence of vegetation season etalm and metalloids accumulation in

grains of barley
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Figure 3- 1Visible influence of substrate on plant qualityagghouse experiment
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4 MATERIALS AND METHODS

4.1 Location and conditions of investigation

The experiment was conducted under controlled ¢omdi in a greenhouse at Faculty of
Agriculture, University of Zagreb. Investigationsciuded the following species and cultivars

in vegetation period seeding time — harvest timguife 4-1):

- winter barley Hordeum vulgareL. cv. Rex) grown on the same substrate during two
vegetation seasons, from 15.11.05. to 26.06.08eypdt) and from 09.11.06. to 18.06.07.
barley (2)

- soybean Glycine maxL. cv. Dora) grown during one vegetation seasoomf03.07.06. to
20.10.06.

Figure 4-1 Barley (1), soyber and barle (2) frp005 CO?, though three vgetatioh‘
years

Base parcel (BP) was a plastic pot with 27 cm ditamé = 27 cm)filled with 5 kg of

substrate, in which 100 seeds of winter barley abdgrains of soybean were seeded.

Fertilization was done and total applied dose<dilizer were:

- winter barley fertilization: 0.72 g N/BP; 0.72RgBP and 0.48 g K/BP

- soybean fertilization: 0.72 g N/BP; 0.72 g P/&Rl 1.08 g K/BP

Plants were watered at intervals, and approxima®elym of pebbles were placed at the

bottom of the pots to improve water permeability.

The coal ash used in the experiment was takenrashmmogenous component from disposal

site Jezero in TEP surrounding (Figure 4-2), adogrdo methodology for sampling

composite sample.
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Figure 4-2 Disposal site Jezero, near Tuzla, Bish ased in experiment

Basic substrate was GleysoBAO-WRB, 2006 (or Pseudogley) soil taken as composite

sample from Sasinovec in Croatia, which was acogrdo preliminary analysis of physical
and chemical characteristic analogous to soli céreen Tuzla surroundings (Figure 4-3).

Figure 4-3 Sasinovec, Croatia, Glaysols (Pseudgglegd in experiment

Saw dust of beech tree, taken from “Manico” sawl,rMiala Brijesnica in BiH, was used as

amendment in treatment No. 5.
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4.2 Experimental design

Experiments with soybean and barley were set upaadomized complete block

design with four replications (Figure 4-4).

Different treatments varied in mass ratio of asimfiO % to 100 %, as follows:

1.
2.
3.
4.

. soil /fash =47.5 % mass / 47.5 % mass + 5 % sasslust amendment of beech tree

soil / ash = 100 % mass / 0 % mass
soil / ash = 0 % mass / 100 % mass
soil / ash =75 % mass / 25 % mass

soil / ash =50 % mass / 50 % mass

. soil / ash = 25 % mass / 75 % mass

i)
/ x 00 % @
SO as ~
0 % /100 %% s,
& O 5% /47.5 9

. soil /-ash 5 % saw dus
{ 50%/50 AtiTendmne
- . . 6. soil / ash

25 % 175 %

TH e
. e ] &
£

| 'Fihgur‘é 4-4 Experifhental desi“.

4.3 Substrate sampling and analysis

Before the first seeding substrate samples weéwentérom each BP, and following

parameters were determined:

- total content of Cd, Co, Cr, Cu, Fe, Mo, Ni, Rb, Sr, U, Se, Zn, Cs, As, B and P

- plant available content of Cd, Co, Cr, Cu, Mo, Rlb, Rb, Sr, U, Se, Zn, Cs, As, B and P
- chemical parameters: pH, EC, plant available dPkartotal C, H, N and S

- cations: LT, Na', NH,", K*, C&€" and Md"; anions: F CI, NO,, Br, NO;, SQ* and

PO*>
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After the winter barley harvest (26.06.06. and0687.) and the soybean harvest
(20.10.06.), samples of plants (whole above grohimmnass) were taken from each BP
(Figure 4-5), yield components were determined aedible parts of plants (grain) were
analysed on investigated parameters.

Yield components:

- winter barley: number of plants with ear per patmber of plants without ear per pot, total
number of plants per pot, length of stems, lendtkears, number and weight of grains and
water content in grains

- soybean: total number of plants per pot, numibgods, weight of grains and water content
in grains

Grain analysis (winter barley and soybean):

- total content of Cd, Co, Cr, Cu, Fe, Mo, Ni, Rb, Sr, U, Se, Zn, Cs, As, B and P

- total content of C, H, Nand S

s

Fgure 4-5 Harvest time, >26 June 2006

Mr.sc. Z. Zgorelec - Disertacija - Fitoakumulacija metala i metaloida iz tla af@‘enog uglienim pepelom
23/109




iORE FAKy,
) é&“ e,

Vs . . . . .
%L«}é DissertatieriPhytoaccumulation of Metals and Metalloids from $alluted by Coal Ash
VBT Ayt

4.5 Chronology of field work

This is the chronology of filed work that was ddaethe experiment (Figure 4-6).

15.11.2005. - winter barley seeding + base fedtiion + taking samples of substrate -
approximately 200 g

22.02.2006. additional fertilization- approximatélgrains (0.2 g) of NPK per BP
06.04.2006. additional fertilization- approximatélgrains (0.2 g) of NPK per BP
26.06.2006. winter barley harvest + taking sampfgdants

03.07.2006. soybean seeding + fertilization

20.10.2006. soybean harvest + taking samples ofpla

09.11.2006. winter barley seeding + fertilization

26.02.2007. additional fertilization - approximgt&0 grains (0.4 g) of NPK per BP
18.06.2007. winter barley harvest + taking sampfgdants

Fure 4-6 Field work during the experiment |
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4.6 Methods

Table 4-1 shows the list of methods for each ingasbn parameter used in the experiment.

Table 4-1 List of methods used in investigation

Parameter

Method name

Protocol / Norm

drying/grinding/
sieving/homogenizing

Soil samples preparation for physical and chemic
analysis

A

HRN ISO 11464:2006

w(DM), w(H,0)

Determination of dry matter and water content -

HRN ISO 11465:2004

[%0] gravimetric method
pH Soil quality - Determination of pH HRN 1SO 10390:2004
in 0.01 M CaC}, 1 M KCl and HO at 1:2.5W/\) ratio
EC Soil quality - Determination of specific electric HRN ISO 11265:2004
[uScm'] conductivity, in HO at 1:5 and 1:10a(V) ratio
P,Os and KO Available phosphorus and potassium in AL extract AL method

[mg/100g; g/kg]

at 1:20 w/V) ratio

(extraction with
ammonium lactate acetig
acid)

TS Soil quality - Determination of total sulphur widny HRN ISO 15178:2005
[% DM; g/kg] combustion method

TC Soil quality - Determination of organic and totatison| HRN ISO 10694:2004
[% DM; g/kg] with dry combustion method («elemental analysis»)

TN Soil quality - Determination of total nitrogen wittny HRN ISO 13878:2004

[% DM; g/kg]

combustion method («elemental analysis»)

anions and cations soil

soil water extract at 1:1Qv(V) ratio

ONORM L 1092-93

extract

F, CI, NO,, Br, NO5, Water quality - Determination of fluorides, chlcei] HRN ISO 10304-1:1998
SO and PQ* nitrites, orthophosphates, bromides, nitrates and
[mg/kg] sulfates with ion liquid chromatography - part 1.
Method for water with low contamination

Li*, Na', NH,", K*, C&" | Water quality - Determination of LiNa" NH,", K*, HRN ISO 14911:2001

and M¢* Mn?*, C&*, Mg®", SF*, B&* with ion liquid

[mg/kg] chromatography — Method for water and waste water

extraction of total metals
and metalloids in soil

Soil quality - Extraction of elements soluble iruaq
regia (HCI/HNQ = 3:1 {/v) digestion) at 1:12n/V)
ratio

ONORM L 1085
HRN ISO 11466:2004

extraction of total metals
and metalloids in plants

in HNOs/H,0, = 5:1 ¢/V) digestion at 1:30w/V) ratio

extraction of available
metals and metalloids in
soil

Soil quality - Extraction of trace elements usinigl1
ammonium nitrate solution (NJNO3) at 1:2.5 Ww/v)
ratio

ISO/DIS 19730:2006
DIN ISO 19730

ICP-MS analysis,
total and available(labile
metals (Cr, Cu, Ni, Cd,
Mo, Cs, Co, Pb, Fe, Zn
Rb and Sr),
metalloids (As and B)
and nonmetals
(Seand P) and U

[mg/kg]

Soil quality - Determination of trace elements in
extracts of soil by inductively coupled plasmacraic
emission spectrometry (ICP-AES)
Water Quality - Determination of 33 elements by
inductively coupled plasma atomic emission
spectroscopy

ISO/DIS 22036:2006
HRN EN ISO 11885:1998
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4.6.1 Samples preparation for physical and chemical anasis

Substrate

Substrate samples were air-dried in a room withtroled temperature (T < 40°C).
Samples were then grinded on knife mill (Euclid, MY, sieved through < 2 mm sieve
(Retsch) and homogenized. Each sample was subdilagénand into two sub-samples and
stored in plastic boxes. One sub-sample was prégareéaboratory analysis and the other for

archive (Figure 4-7).

Figure 4-7 Substrate samples preparation

Plants

After the plant sampling (whole above ground biosheend determination of yield
components, grain parts of the plants were drietthénoven at 60°C. After drying, samples
were grinded with a knife mill (IKA, M20) and siev¢hrough a < 20Qum sieve (Retsch). As
well as the substrate samples, plant samples (pdwaze then homogenized and each was
subdivided by hand into two sub-samples and storgulastic boxes. One sub-sample was

prepared for laboratory analysis and the otheafohive (Figure 4-8).

Figure 4-8 Plant samples preparation
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4.6.2 Determination of dry matter and water content

In substrate and plant samples water content andndtter content were determined
by gravimetric method. Samples (approximately 1(b-g) were dried in the oven at 105°C +
5°C untill constant mass was reached (24 h). Sawpdze then cooled, first in a drying oven
and then in a desiccator, until room temperature reached. Water content and dry matter
content were determined from differences in massreeand after drying (Figure 4-9).

" 6 002

Figure 4-9 Drying oven and the balance for dry reattetermination

4.6.3 Determination of substrate pH

The substrate pH was measured using the electiometthod with the Beckman pH-
meter @™ 72 (1990), with combined glass electrode (BlueLité pH BNC, Schott
instruments) in three different suspensions (Figui®):

1. pH in ultra pure HO (ultra pure water electroconductivity < 0.05Scm") a ratio of

1:2.5 (v/vV) (10 g substrate / 25 mL,B)

2. pHin 1M (mol/L) KCI, a ratio of 1:2.54/V) (10 g substrate / 25 mL KCI)

3. pHin 0.01 M CaCl a ratio of 1:2.5W/V) (10 g substrate / 25 mL Cafl
After substrate weighting, solutions of accuratehpown pH were added, suspensions were
stirred (homogenized) for 1 h + 10 min, and pH ealwere measured in suspension, until the
value of pH was stabilized.
Buffer solutions were used for calibration (pH 8@+ 0.05 and pH = 7.00 + 0.05). Accuracy
and repeatability were checked with buffer solutpdh = 5.00 + 0.05 and were satisfactory

according to those regulated in norms.
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In soil analyses pH measurements in KCI or Gaté more common than in@. In soll
H,O extract only free Hions can be measured (active acidity), while KECaCh extracts
give information on free, as well as on kbns that are bonded in adsorption complex

(potential or substitute acidity).

4.6.4 Determination of substrate specific electric conduovity

The substrate specific electrical conductivity (E@js measured using the
electrometric method with the Conductometer Lab, @OHOTT Instruments (2006), with Pt
electrode (measure cell, Schott LF413T) yOHsuspension in different ratios (Figure 4-10):

1. EC in ultra pure KD, a ratio of 1:10W/v) (10 g substrate / 100 mL.8),

2. EC in ultra pure kD, a ratio of 1:5W/V) (20 g substrate / 100 mL.8),
Suspensions were shaken over a period of 30 = h0ma horizontal shaking machine.
After the substrate weighting, liquid was added] anspensions were filtered through filter
paper. EC values were measured in filtrates. Cdodcueter had a temperature auto correction
up to 25 °C. Standard KCI solution was used foibecation (0.01 mol/Ly = 1.41 mS/cm).
Accuracy and repeatability were checked with KClugon 0.001 mol/L and were

satisfactory according to norms.

Figure 4-10 pH meter and Conductometer for pH adetermination

4.6.5 Determination of available phosphorus and potassiunn substrate

Available phosphorus (P) in substrate, expressd®@s and available potassium (K)
in substrate, expressed as(K were determined by AL method. AL method consists
extraction with ammonium lactate acetic acid aretspphotometric detection of phosphorus
and flame photometric detection of potassium. grens of substrate were mixed with 100
mL AL solution in plastic bottles (1:2@/v ratio). Bottles were shaken in rotating shaking
machine for a period of 2 h + 10 min. Suspensioageviltered through a filter paper.®
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and KO values in filtrates were measured with differéetection methods (phosphorus with

spectrophotometric and potassium with flame photao)gFigure 4-11).

Figure 4-11 Fpoometer and spectrophotometeK and P determination

Potassium, KO was measured in original filtrates using the Flphztometer
Jenway, (1999) (Figure 4-11). Samples were disgeirsanebuliser. Under the influence of
heat of flame, caused by gas (fuel) activity, lijtakes the form of aerosol. In aerosol state,
ions are reduced to atoms, which are then exciaedigher energetic levels. When excited
atoms return to ground state, they emit energy @t a characteristic wavelength and the
emission intensity, measured on detector, is ptapw@l to concentration of this element in
the sample. Atoms in gaseous form give line speutrhcoloured glass filter can separate the
lines of different elements (with specific waveldéng Potassium emission wavelengtiA is
766 nm and it has a specific violet flame colour.

During the calibration standard,® solutions were used (10, 20, 30 and 40 mg/10dilyas
well as pure AL solution (0 mg/100 g soil). Accwyaand repeatability were checked with
K0 solution (40 mg/100 g soil) and were satisfactory

Phosphorus, BOswas measured by colorimetric method using the spglobtometer
DR/2000 HACH, (1996) (Figure 4-11). In 100 mL Emeeyer flasks 15 mL of ultra pure
water, 10 mL of sample, 2 mL of molybdenum-fotoe®stution and 1 mL of Snglsolution
were added. Calibration standards and blanks weygaped at the same time and in the same
way as samples. Calibration blanks were preparéd ¥ mL of AL solution instead of 10
mL of sample, and standards were prepared with [LOomstandard FOs solutions with
different concentration (10, 20, 30 and 40 mg/10€od). Accuracy and repeatability were
checked with FOs solution (20 mg/100 g soil) and were satisfactory.

Thus prepared probes were shaken by hand andoleéact for a period of 1/2 h. Probes
developed blue color, and after exactly 1/2 h colatensity (optical density) waks = 620
nm, measured by spectrophotometer. The amounteatremagnetic radiation of specific
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wavelength which was absorbed by determined congpoas measured, and this absorption

was proportional to the concentration of phospharibe sample (Lambert-Beer law).
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4.6.6 Determination of total nitrogen, sulphur, carbon ard hydrogen with dry
combustion method in substrate and plants

Total nitrogen (TN), total sulphur (TS), total carb(TC) and total hydrogen (TH)
content in substrate and plants grain were simediasly determined using the dry
combustion method (elemental analysis) with theid&/dtacro CHNS analyzer, Elementar
(2006) (Figure 4-12). The content of TN, TC, TS afd in substrate and plant was
determined by heating the sample in oxidation coldma temperature of at least 900 °C for
TN, TC and TH and 1150 °C for TS in the presenceoxyfgen gas (the temperature of

oxidation column was 1150 °C, p4C= 2.5 bar;v(0,)=from 10 to 75 mL/min depending on

the chosen method) and in the presence of;\&a catalyst for complete combustion of
sample. Mineral and organic element compounds xitkzed and/or volatilized. Combustion
products are a mixture of different oxides: N®O and NQ), N,, SG;, SG,, CO, and HO.

In a reduction column (the temperature was 850t°@hich Cf was oxidised into Cii) all
nitrogen forms were transformed (reduced) ingplphur forms into S§) carbon forms into

CO; and hydrogen forms into-B. All these gases were transported by the cagesrhelium

(p (He) = 2.0 bary(He) = 500mL/min) to the thermal conductivity detector (TCD) anteaf
adsorption and desorption in specific columns {€@umn at 230°C; kD column at 150 °C
and SQ column at 220 °C) the content of TN, TC, TH andw& measured. Pressure in the
system was 1.24 bars.

Standard sulphanilamide was used for daily calidnaand daily factor calculatio(®9 %,
Sigma; 16.27 % TN; 41.85 % TC; 4.68 % TH and 186ZS).

The amount of test sample for analysis dependedhenexpected TN, TS, TC and TH
content. Approximately200 mg+ 2 mg of oven-driedubstrate sampleand approximately
100 mg+x 2 mg of oven-driedblant samplesavere weighed in tin foils. In solid sample,
capsules were formed by pressing and compressimglea in folded tin boats. Samples
prepared in this way were placed in autosamplenasté ready for analysis. Methods used in
analysis weremethod planfor plants (flow of Qup to 60 mL/min) ananethod soil 10 %or
substrate (content of TC between 4-10 % and flo@.afp to 75 mL/min).

Analyses were carried out in accordance with thenufacturer’'s instructions for the

apparatus.
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Accuracy and repeatability were checked for eaahpéa batch (sample feeder with 40

positions for samples) with RM and CRM and werésattory.

T J Q]
. ok

Figure 4-12 CHNS analyzer, Vario Macro, Elementar

4.6.7 Determination of anions and cations in soil (subsate) water extracts

Simultaneous determination of 13 ions, whereoéreanions (F CI, NO,, Br, NOs,
SO and PQ*) and six cations (Lj Na', NH,", K*, C&€* and Md") in substrate was done
using the ion chromatography method with two IC A89stems, Dionex (2004) (Figure 4-
13). The separation and determination of ions vierged on the principle of different ion
exchange on stationary phase (column). Typical doromatographic system consists of:
pump for eluens (mobile phase), pre column and neolustationary phase), injector,
suppressor, detector and PC.
Ten grams of substrate were weighed and mixed WdthmL of ultra pure water in 500 mL
plastic bottles (1:10v/v ratio). Bottles were left to settle over night andhe morning they
were shaken in rotating shaking machine for 1 19 #rin. Suspensions were allowed to settle
for 15 minutes and extracts were taken from cléaate by syringe (10 mL). Filtrates were
filtered through a membrane filters (thickness Qud%. Samples were placed in plastic vials

in autosampler for analysis.

Figure 4-13 lon chromatographic system, in OPBLaEagreb
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Simultaneous analysis was enabled by a splittetalied on autosampler AS40, which split
the sample in two pipelines, one for anion systemd ather for cation system. For
identification or qualitative determination of ioretention time of specific ions on column
was used (compared with retention time of standa@i)antification of specific ions in
unknown sample was determined in relation to cafibn curves derived from analysis of
standards. The area below the peal&xmin] was calculated by Chromeleon® software (this
area is proportional to mass concentration of [amgL] in the sample). Eluent was degassed
with inert helium (99,999 % and p (He) = 1 barjar&tard solutions (1000 ppm or mg/L) used
to identify calibration curves were prepared froiftedent salts of high purity.

For the purpose of verification of data collectedthe Analytical laboratory of
Department of General Agronomy, Faculty of Agriaudt, University of Zagreb (OPBLab),
comparative analytical measurements were done atetdity of Natural Resources and
Applied Life Sciences, Vienna (BOKU), Austria (Frgu4-14).

1 =

Figure 4-14 lon chromatographic system in BOKU nie

4.6.7.1 Determination of anions in soil water extracts

IC 1000 anion system, Dionex

Eluens reservoir for ultra pure water (EC < 0,055uS/cm), polypropylene, capacity of 2 L.
Eluens reservoir for KOH (100%, EG Dionex), EGC-KOH, RFC-3@Juens generator
module with on lineeluens preparationand additional cleaning of entering ultra pure wate
Eluens flow: 1.00 ml/min, constant during the whole analysis

Eluens concentration (KOH) was changed from 10-35-10 mmol/L during the ansaljy
eluens generator (EGC-KOH, RFC-30) module withina eluens preparation. This module
can change ratio of mobile phase (eluensOQ(lind KOH)). For the first 5.5 minutes of
analysis eluens the concentration was 10 mmol/Lthaed it was increased to 35 mmol/L,
which was reached in 16.5 minutes. Total time abmas analysis was 18 minutes. After 18

minutes all seven anions left the column and westeaded on a detector, but due to
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simultaneous analysis of cations, which takes 3@uies, for the last 12 minutes the

concentration of anion eluens was 10 mmol/L.

Pump, piston, two in serial with a very low effect ollpation, microprocessor with
electronic gradient control

Injector, 25uL (injection valve)

Guard column, lonPac AG 17 (4 x 50 mm), thermostated at 30°C

Separation column lonPac AS 17 (4 x 250 mm), thermostated at 30°C
Suppressor,ASRS-ULTRA Il (4 mm)self-regenerating anion suppression
Conductometer detector (ECD), microprocessor controlled with digital sajn
(conductometer cell temperature: 35°C)

Maximal pressure: 5000 psi

Minimal pressure: 0 psi

Current power in suppressor. 90 mA

Velocity of data collecting:defined with frequency of 5.0 Hz

Total time of analysis 30 min.

4.6.7.2 Determination of cations in soil water extracts

IC 1000 cation system, Dionex

Eluens reservoir for MSA (methasulfonic acid, 99Ftuka), polypropylene, capacity of 2 L.
Eluens flow: 1.50 ml/min, constant during analysis

Eluens concentration (KOH) 30 mmol/L, constant during analysis

Pump, piston, two in serial with a very low effect olulpation, microprocessor with
electronic gradient control

Injector, 25uL (injection valve)

Guard column, lonPac CG 16 (5 x 50 mm), thermostated at 40°C

Separation column lonPac CS 16 (5 x 250 mm), thermostated at 40°C
Suppressor,CSRS 300 (4 mm), self regenerating anion sup@essi

Conductometer detector (ECD), microprocessor controlled with digital san
(conductometer cell temperature: 35°C)

Maximal pressure: 5000 psi

Minimal pressure: 0 psi

Current power in suppressor. 88 mA

Velocity of data collecting:defined with frequency of 5.0 Hz
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Total analysis time 30 min.

4.6.8 Determination of total and available metals and metlloids in substrate and
total metals and metalloids in plants

All extracts were analysed using inductively caapplasma mass spectrometry, ICP-
MS (ELAN 9000 DRC-e, Parkin Elmer) at BOKU, Vienfigure 4-15).

Sample digestion (extraction) for the analysistaihl (Figure 4-16) and available
(Figure 4-17) metals and metalloids in substrates wlane at BOKU, while digestion
(extraction) for the analysis of total metals anetatioids in plants was done at FAZ (Figure

4-18). Both digestions were done in open Heatiggster (DK, Velp, Scientifica).

Figure 4-15 Analysis of all extracts on ICP-MS @KU, Vienna

4.6.8.1 Extraction of total metals and metalloids in substate

Extraction (digestion) of the substrate for deteation of total metals and metalloids
content was done in aqua regia, HCI:HNGB:1 {/v). All laboratory dishes used in digestion
were initially cleaned in a washing machine, afemé in 5 % HN@ acid bath (minimum
cleaning time was 3 h) and finally in ultra puretera All substances used in digestion were
high purity chemicals (p.a.).

Substrates were dried, grounded, sieved and hormmgenand 0.500 g+(0.010 g) was
weighed on analytical balance (Sartorius, 1991 fnbes that were placed in the fume hood.
Acids were then added from dispensers: first 4.fHCl and then 1.5 ml of HN{(1:12
wl/v ratio). One drop of octanol was added to inthibaming. When the whole sample came
in contact with the acid, the coolers were put wines and samples were left to react over
night. In the morning the digestion block was tarnen (Velp, 2003) the soil-digestion
programme 2 (1 h at 65°C and 3 h at 150 °C) (Figui®). After digestion the inside of the
cooler was rinsed with ultra pure water, which walected into the tube and more ultra pure

water was added to approximately 50 ml. The sampkethen mixed using the vortex-shaker
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and the exact weight of the tube was measuredu@img: tube + sample + acid + water). The
sample was filtered into an appropriate vial. Sawgrepared in this way were ready for

analysis.

|
!

Figure 4-16 Determination the totallrmetals and rfieids in substrate at BOKU, Vienna

4.6.8.2 Extraction of available metals and metalloids in shstrate

The extraction of substrate for available (labie¢tals and metalloids content was
done in 1 M NHNO; solution. All laboratory dishes were cleaned icadance with the
procedure for total metals and metalloids (explaimechapter 4.6.8.1).

Twenty grams of substrate were weighed and mixed 80 mL of 1M NHNO; solution in
100 mL plastic bottles (1:2\W/v ratio). Bottles were shaken in rotating shakinginiae for a
period of 2 h £ 10 min. Suspensions were left tbleséor 5 minutes and then filtered using
filter papers. Clear filtrate extracts were plageglastic vials and acidified (by adding 1 % of

concentrated HN@of extract volume) and were ready for analysigFe 4-17).
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4.6.8.3 Extraction of total metals and metalloids in plants

The extraction of plants for total metals and riheitds content was done HNO; and
H>0, mixture, HNQ:H,O, = 5:1 {/v). All laboratory dishes used in digestion wereaaked in
KemexXJA, Kemika and in ultra pure water. All substancesdiin digestion were high purity
chemicals (p.a.).
Substrates were dried, grounded, sieved and horregerand 0.2000 g+(0.0100 g) was
weighed on analytical balance (Sartorius, 1991 taobes that were placed in the fume hood.
After that, acids were added using the dispensiess:5 ml of HNG; and then 1 ml of bD;
using Pasteur-pipette (1:30 w/v ratio). When th@llsample came in contact with the acid,
the coolers were put on tubes and samples wertlefact over night.
In the morning the digestion block was turned oelfy 2007) the soil-digestion programme
3 (1h at 65°C and 3h at 150 °C).
After digestion the inside of the cooler was ringéth ultra pure water, which was collected
into the tube and more ultra pure water was addexpproximately 50 ml. The sample was
then mixed using the vortex-shaker and the exaghwef the tube was measured (including:
tube + sample + acid + water). The sample was fitiered into an appropriate vial. Samples

prepared in this way were ready for analysis (FegiHl8).

%)
Q
=)
=
w
=

Figure 4-18 Extraction of total metals and metal®in plants at FAZ, Zagreb
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4.6.9 Quality management and quality control

In 2005 Faculty of Agriculture University of ZagrdBAZ) has established quality
management (QM) system in compliance with HRN ER E®01:2000.

Analytical laboratory of General Agronomy is estslbing (QM) system in line with the
standard HRN EN I1SO 17 025.

In 2006 Croatian Ministry of Environmental Protectj Physical Planning and
Construction granted licences to Department of Gedmggronomy (cro.OPB) for conducting
studies in (1) influence on environment, (2) momitg environment conditions and (3)
elaborates in environment protection.

The analytical laboratory of Department of Genefgironomy (cro.OPBLab)
integrates Internal and External quality controC{Q

4.6.9.1 Internal quality control

During their daily proceedings in laboratory arsédy are working according to

standard operating procedures (SOPSs) respectirgpthe: laboratory practice (GLP).
Internal QC involves checking the accuracy and atgimlity of measurements by analysing
the reference material (RM) and doing a minimumtloee consecutive measurements.
Standard solutions with known concentrations araetones prepared in the laboratoy, for
the same purpose.

RM samples from different interlaboratory trials wersed in the laboratory|SE
(International Soil analytical Exchange Programme organized by WEPANggeningen
EvaluatingPrograms forAnalytical L aboratories, organized by Soil Chemistry and Chaimic
Soil Quality group, Department of Soil Quality of ageningen University (WU),
Netherlands]), anMOEL (Soil ring test organized by National Office for daulture [germ.
Thiringer Landesanstalt fir Landwirtschaft] froormaeGermany) fosoil, IPE (International
Plant analytical Exchange Programme organized by WEPAL) fadant, IFA (Water
Proficiency Testing scheme organized by BOKU, Depant for AgrobiotechnologyfFA -
Tulln, Canter for Analytical Chemistry) fowater, CRM (Certified reference material)
Eurosoil for soil (Joint research Centre - Institute for Referen@dvlals and Measurements,
JRC - IRMM).
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4.6.9.2 External quality control

OPBLab is annually participating in different goiéncy testing (PT) programs in
plants, soil and water fields.
Samples with unknown concentrations of specifi@peaters are brought into the laboratory,
and after analyses the data is sent to a datactioleand evaluation center. After statistical
calculations each participating laboratory is infed of accuracy and precision of their
results. If there are any unallowed deviations edusy define error it is necessary to take

adequate corrective actions.

OPBLab participates in following proficiency tests:

Water

Since 2006 OPBLab participates in water ring té#s#s(Test Systems PT) Scheme organized
by University of Natural Resources and Applied Liféciences, Department for
Agrobiotechnology, IFA-Tullin, Center for Analytic&hemistry, Vienna, Austria.

The purpose of IFA ring test is testing the methiodsietermination of quality of ground and
surface water for numerous inorganic and organiarpaters.

http://www.ifatest.at/

Soil

In soil ring test MOEL, organized by National O#icfor Agriculture (Thuringer
Landesanstalt flr Landwirtschaft, from Jena, Gegh@PBLab participated in 2007.
MOEL test which included pH, P, K and Mg analyses.

http://www.tll.de/

Since 2009 OPBLab participates in soil ring testsI$E (International Soil-analytical
Exchange) Programme organized by WEPAL (Wageningsaluating Programs for
Analytical Laboratories), Soil Chemistry and CheahiSoil Quality group, Department of
Soil Quality of Wageningen University (WU), Netheamnts.

http://www.wepal.nl/
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Plant

Since 2009 OPBLab participates in plant ring testdPE (International Plant-analytical
Exchange) Programme organized by WEPAL (Wageningsaluating Programs for
Analytical Laboratories), Soil Chemistry and Cheahi§oil Quality group, Department of
Soil Quality of Wageningen University (WU), Netheamnts.

http://www.wepal.nl/
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5 RESULTS

All data observed in this experiment were analysed performed using statistical Software
SAS 9.1 (SAS Inst. Inc\ariability between treatments (mass ratios i) dsr all monitored
parameters in experiments with winter barley angbsan were evaluated with analysis of
variance (One-Way ANOVA) and tested, if it were eesary, with adequatpost-hoc

(Fishers LSD) t tests. In all statistical testsgigance level was 5 %.

All tables of results show mean values (superscapital letters), which were the results of
statistical data analysis performed using SAS (SAS Inst. Inc.Mean values of certain
parameter that have the same superscript for pett@atments of that parameter were not

significantly different with 95 % confidence (p <08).

All tables of results also show the relative stadddeviation (RSD in [%]) calculated from
four measurements, and it was notedtasumber, which was the measure of spread in the

observed data.

If the concentration of investigated element wal®wehe limit of detection (LOD) of the
instrument on which certain parameter was detemiaanot detected (n.d.) abbreviation was

used in tables.
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5.1 Initial content of elements in growing substrate

Mean values of pH (at 1:2.5v(v) ratio of KCI, CaC} and HO), electrical conductivity (EC

in 1:5 and 1:10wW/V) ratio of water extract), moisture content in %anp available potassium

and phosphorus in mass ratios and total mass dontecarbon, sulphur, hydrogen and

nitrogen in percent of dry matter and C/N ratio swrad in substrate, are shown in Table 5-1.

Table 5-1Mean values of pH, EC, moisture content, availd&bnd K and total nitrogen,

Parameter

1 M KCl,
1:2.5 (W)
0.01 M
CaCl,
1:2.5 W)
H20,
1:2.5 W)

H.O 1.5
(W/V) uS/cm
H,O 1:10
(w/v) uS/cm

w (H.0), %

g PO+ kg
substrate

g KxO/ kg
substrate

TN, % in
DM
TC, % in
DM
TS, % in
DM
TH, % in
DM

C/N

carbon, sulphur and hydrogen in substrate
Treatments

1 2 3 4 5 6
pH, Mean £ RSD

738 +0.71 8.7F+141 8.87P+0.37 893%+0.80 8.94®+0.18 9.0 +0.42
73F+147 878+069 871+038 8.7£+0.71 8.7£+034 8.87+0.22

8.11°+0.69 8.86+0.71 8.92°+0.66 8.90*+0.23 887°%+0.14 893 +0.33
EC, Mean + RSD
172.F+2.0 2380'+3 987 + 6 1559 + 12 151F + 7 1947 + 6

123.6+1.2 1591 +5 628 + 6 949 + 6 944 + 8 1238 + 4

Moisture, Mean + RSD
021°+21.6 0.268%°+18.7 025°+6.4 027%+6.4 030+56 0.27%+10.0
Available P and K, Mean =+ RSD

040 +23 006+146 02P+54 020+129 020+153 0.1FP+22.9

02F+152 044'+152 02P+3.25 0.36+6.66 038+540 0.4F+1.31
Total NCSH, Mean + RSD

0.15%' + 4 0110 +5 0.1488+2 0.136+5 0.124+5 0.11F +11
1.98% +2 2772+9 2323°+10 2523B+5 40938+7 2512B+12
0.5908 + 8 0.349 + 8 0519 +5 0.48F +5 0.789' + 6 0.397P+7

0.06F+ 67 0433 +25 0.151%+20 0.244+18 0.454+39 0.422+12
C/N ratio, Mean £ RSD
1P +2 258+ 9 16 + 10 1€ +11 400+ 9 23+ 10

Means with the same letter are not significantffedént (p < 0.05SAS 9.1
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Seven anions: fluoride {f chloride (CI), nitrite (NQ,), bromide (B7), nitrate (NQ"), sulfate
(SO) and phosphate (R®) and six cations: lithium (C), sodium (N&), ammonium
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(NH,"), potassium (K), magnesium (M) and calcium (CZ) mass ratios measured in 1:10
(w/v) water extract are shown in table 5-2.

Table 5-2 Mean values of anions and cations irssale measured in 1:10 (w/v) water

extract

Parameter Treatments
1 2 3 4 5 6
Anions, mg/kg, Mean £ RSD
F 459%+3 85F+18 2200+8 798 +5 443 +15 6.92+20
o) 18.3® + 27 10.£°+50 n.d< 10.8+7 220°+70 14.9®+31
NO, 418+5 791+22 244 +16 698 +10 7.30°+17 7.84'+3
Br 021" + 13 n.d® n.d® n.dB n.d® n.dB
NOs 257+5 247F+4 13.P+11 39.3+5 34F+4 32.F+9
SO 27.F+42 11843 +1 863FP+9 5920+14 6015+11 8800 +8
PO> 10.2' + 3 n.d® n.d® n.d® n.d® n.d®
Cations, mg/kg, Mean + RSD
Li* n.d® 1.16"+ 3 n.d® 049 +10 051°+10 0.7P+13
Na' 54£+25 34.28+8 55F+12 23.0+5 359'+39 41.3'+27
NH," 831+10 242 +41 13£+103 6.08'+13 6.98'+50 3.1F+72
K* 424 +15 647P+6 87P+20 587F+3 821+5 604£+7
Mg?* g6P+8 118'+6 89FP+13 51.F+15 60.F+15 80.7+11
ce’ 22P+3 46600+2 40P +8 250F+13 258F+9 3548 +7

n.d. — not detectedeans with the same letter are not significantffedént (p < 0.05SAS 9.1
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Nz oyt

Table 5-3 shows mean values of twelve total metadmium (Cd), cobalt (Co), chromium
(Cr), copper (Cu), iron (Fe), molybdenum (Mo), rétkNi), lead (Pb), rubidium (Rb),
strontium (Sr), zinc (Zn) and caesium (Cs); two afleids: boron (B) and arsenic (As); non-

metals phosphorus (P) and selenium (Se) and adtim@nium (U), content in substrate
analysed in aqua regia (HCI/HN®& 3:1,v/V) extract. In table 5-3, and all following tables,

elements (metals, metalloids and non-metals) aengn alphabetical order.

Table 5-3Mean values of total metals, metalloids and nonafeeh substrates analysed in
agua regia extract, at HCI/HN$= 3:1 (v/v) ratio

Parameter Treatments
1 2 3 4 5 6
Total element content, mg/kg, Mean + RSD
As, 75 27.F+1 112+11  48.6° 69.6° 67.7+8 90.6°
B, 10 n.df 204' + 6 51.F 10F 89.0° + 17 153
Cd, 111 02F+2 05*+16 0.35 04dF  037P+4 046
Co, 59 16.7+1 341 +2 20.7 25.1° 229 +5 29.6°
Cr, 53 59.7 +2 281" + 2 115 17¢° 153 + 10 225°
Cs, 133 277 +2 13.68'+1 5.47F 818 659+12 109
Cu, 63 247 +1 85.9"+ 2 39.6° 55.0° 49.2+9 70.5°
Fe, 57 22695 +2 33480'+2 25398 2808% 2557P+2 3078%
Mo, 95 04F +2 1.68 +8 0.74 1.06° 1.05 + 9 1.37
Ni, 62 96.4 + 2 503' + 1 220F 344 308 + 11 46F
P, 31 752 + 3 21F +1 618 485° 454 + 24 357°
Pb, 208 289'+2 298'+11  29.0° 29.2 26.P+2 29.3
Rb, 85 21.86+2 48.7'+ 1 28.5° 35.% 295 +6 42.0°
Se, 82 006+13 0.23+14 010 014 01F+44 018
Sr, 88 87.9 +2 182.2+1 1115 135.¢ 119.89+4 158.6
U, 238 1.67+13 507'%2 2.5F 3.3F 29F +7 4.27
Zn, 68 60.9 +1 101.8+9  71.7° 81.3 747 +2 91.4

n.d. — not detected; Means with the same lettenarsignificantly different (p < 0.05AS 9.1
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Mean values of eleven plant available (labile) nseteadmium (Cd), cobalt (Co), chromium
(Cr), copper (Cu), molybdenum (Mo), nickel (Ni)atk (Pb), rubidium (Rb), strontium (Sr),
zinc (Zn) and caesium (Cs), than two metalloids:obo(B) and arsenic (As), non-metals
phosphorus (P) and selenium (Se) and actinoid wmau), content in substrate analysed in 1

M ammonium nitrate (NENOs, 1:2.5,w/v) extract, are shown in table 5-4.

Table 5-4 Mean values of labile metals, metall@dd non-metals in substrate measured in
1 M ammonium nitrate (NAMOs) extract, at 1:2.5 (w/v)ratio
Parameter Treatments
1 2 3 4 5 6
Labile element content, mg/kg, Mean + RSD

As, 75 0.0 0.1 +15 0.07+14 0.08°+10 0.10'+6 0.09%=+5

B, 10 0.0F 308 +12 11.P+14 181 +13 17.4£+10 252 +7
Cd, 111 n.d? n.d? n.d? n.d? n.d? n.d?
Co, 59 0.0 0.0 0.08 0.08 0.0 0.0 + 29

Cr, 52 0.0F 1.000+4 027+16 039 +21 03F7+10 0.74+13
Cs, 133 0.0F 069 +10 0.0P+29 0.1F+24 0.18+20 0.45+19
Cu, 63 0.07 014'+22 008+8 0.08+8 0.08+6 0.12+22
Mo, 95 10.F 1228'+10 508 +16 75.0+13 87.5+11 105.F + 10
Ni,62 014£+10 063'+7 028+9 03F+11 03F8+4 059 +11
P, 31 1.20'+3 036+6 068+7 04F+11 04F+6 03P+7

Pb, 208 n.d? n.d? n.d? n.d? n.d? n.d?
Rb,85 0.08+10 227°+5 03P+15 0.7F+20 0.70+17 15F+15
Se, 78 n.dP 0.03' +23 0.01° 0.02 0.02 0.03' + 18

Sr,88 99PP+2 10.F+4 11.2+2 11.3+2 11.%+x1 11.77+04
U, 238 n.dP 005+11 008 +6 008+10 0.08+6 0.07P+14

Zn,68 0768+3 029+13 049 +21 03£+15 035+9 036+6
n.d. — not detected; Means with the same lettenarsignificantly different (p < 0.05AS 9.}
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According to the available literatur&dcheffer and Schachtschabel, 1992; Essington, 2004;

Kabata-Pendias and Mukherjee, 2007; Mengel andbiirdk 9873, table 5-5 shows normal

range of total content of investigated elementsaitls and threshold or maximal acceptable
content (MAC) values according to the Croatiangkgion for agricultural soilsHR NN 15,

1992. In Croatian regulations MAC values for soils dedined according to soil texture, and

are different for light and heavy soils.

Table 5-5 Normal ranges and threshold values @il twoncentration of trace elements in

soils according to the available literature
Total metal content extracted in aqua regia, mg/kg

Maximal acceptable
content (MAC) in Croatian

Normal ranges for
soil, Scheffer and

Agricultural soils, Schachtschabel,
HR NN 15/1992 1992
light soils  heavy soils
As 20 30 2-20
B
Cd 1 2 5-80
Co 50 50 2-40
Cr 60 100 5-100
Cs
Cu 60 100 2-40
Fe
Mo 10 15
Ni 50 60 5-50
P
Pb 100 150 2-60
Rb
Se
Sr
U <0.5
Zn 200 300 10-80

Normal
ranges for
soail,
Essington,

Normal ranges
for soil, Kabata-
Pendias and
Mukherjee, 2007

Normal ranges
for soil, Mengel

and Kirkby,
1987

2004

4.4 -30
22-134
0.37-27
5.5-65

0.8-30
1-140
300 - 35 000
0.6-3.4
13-110
200 - 15 000

22-70

10 - 140

0.25-1.9
87-210
1.2-11
31-100

0.1-2
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Table 5-6 shows normal rangBr{iess, 1994; Khan et al., 2009; Reimann et a03 2td

Vago, 2008 of labile content of investigated elements il satracted in ammonium nitrate
(1 M NH4NOs, at 1:2.5 W/v) ratio) and in ammonium acetate (1 M Md (or according to

nomenclature ofl[UPAC, 2009 NH,OOCCH; or NH,O,C;H3), 3:50 (v/v)), as quoted in the
available literature.

Table 5-6 Normal values of labile concentratiorirate elements in soil as quoted in the
available literature

Labile metal content extracted in 1 M Medians In North Europe  Range for 50

NH;NO;3 (1:2.5wW/), pg/kg Agricultural soils, Hungarian
. . inlM (39 /50 soils, in
In sail, In sail, mL), mg/kg 1M
Priess, 1994 Khan et al., 2009 Reimann et al., 2003 1g/g = mglkg
Vago, 2006
As 45-50 < 0.05 (< 5Qug/kg )
100
B 0.08-0.97
cd 3 134 0.22 (220ug/kg )
20
30-90”
Co 20’:* 0.18 (180ug/kg )
150
Cr 15 0.13 (130ug/kg )
50
n.d.
Cs
Cu 350-400 1230 0.5 (500ug/kg )
800-2 000
2500"
Fe 45 (45 00Qug/kg)
Mo 70-110 < 0.05 (< 5Qug/kg )
500
Ni 200 58 < 0.2 (< 200ug/kg )
1 000
P 35 (35 00Qug/kg)
Pb 3-4 0.7 (700ug/kg )
300
10 006~
Rb n.d.
Se n.d.
Sr 8 (8 000ug/kg)
U 4-5 n.d.
Zn 100-130 2970 1.5 (1 500ug/kg)
5 000"

*precautionary value; **trigger value; ***action W#e; n.d. — not detected;
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5.2 Plant uptake in barley grain grown from 15.11.05.¢ 26.06.06.

Table 5-7 shows yield components of barley grovamfrl5.11.05. to 26.06.06. - barley (1).
Yield components include: number of plants with avithout ears per pot, total number of

plants per pot, average length of stem and earpauand weight of barley grains per pot.

Table 5-7 Yield components of barley (1) growmnfr1b.11.05. to 26.06.06.

Parameter Treatments
1 2 3 4 5 6
Yield components, Mean + RSD

Number of plants
with ear per pot
Number of plants

without ear per pot

Total number of
plants per pot

Length of stem, cm
(average of 10 stems)

Length of ear, cm
(average of 10 ears)

Number of grains per B
oot 406"

Weight of barley
grains per pot, g

62° + 67 32+£31 | 90x10 | 9¢'x7 @ 2Fx29 76°zx14
6°+ 80 78 +7 g+ 27 & +26 83+23  36+£35
68°+67 | 10P+11 98°+8 | 103 +5 10%+14 111+5
36.9'+9 18 P+17 333+15 284+4 186+12 246zx4
3.5'+13 1.4 +6 268+5 1.9+3 1.8+7 | 1.7°+9
+37  22f+15  484+10 391%+6  175+11 | 33%8+10

15.8'+29 | 53P+21  13.f+15 92F+9  3A+12 8.4°+10

Means with the same letter are not significantffedént (p < 0.05SAS 9.1

Total mass ratios of nitrogen, carbon, sulphur laydiogen in barley (1) grain are shown in
table 5-8.

Table 5-8 Total nitrogen, carbon, sulphur and logln content in barley (1) grain

Parameter Treatments
1 2 3 4 5 6
Total NCSH content (%) in DM of grain, Mean + RSD
TN 1.16 + 11 2.04+5 1.26+3 1.46 +3 1.35+5 158 +5
TC 429 +04  437+06 426+03 | 426+02 | 428+04  428°+0.1
TS 0.137+5 | 0.195°+31 | 0.167°+18 | 0.216°+1 | 0.219°+8 | 0.248+2
TH 6.59°+0.4 6.58+04 6.47+02 | 6.46°+0.2  6.48+02 | 6.47+0.1

Means with the same letter are not significantffedént (p < 0.05SAS 9.1
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Mean values of twelve total metals: cadmium (Cdpait (Co), chromium (Cr), copper (Cu),
iron (Fe), molybdenum (Mo), nickel (Ni), lead (Pbdpidium (Rb), strontium (Sr), zinc (Zn)
and caesium (Cs), than two metalloids: boron (B) arsenic (As), non-metals phosphorus

(P) and selenium (Se) and actinoid uranium (U),t@anin barley (1) grain analysed in

mixture of nitric acid and hydrogen peroxide (HM&O, = 5:1 v/V) extract are shown in

table 5-9.

Table 5-9 Mean values of total metals, metall@dd non-metals in barley(1) grain analysed
in mixture of nitric acid and hydrogen peroxideéragt, HNGy/H,O,=5:1 (v/v)

Parameter

As, 75
B, 10
Cd, 111
Co, 59
Cr, 53
Cs, 133
Cu, 63
Fe, 57
Mo, 95
Ni, 62
P, 31
Pb, 208
Rb, 85
Se, 82
Sr, 88
U, 238
Zn, 68

0.1+ 39
14.8 + 156
0.08+ 47
0.028+ 52
3.73' £ 60
0.0+ 115
3.26+18
21.8°+15
0.88+28
0.9f
2058 +5
n.d.
1.47+ 38
0.01+82
1.38+ 16
0.003" + 200
10.5+ 27

Treatments
2 3 4
Total element content, mg/kg, Mean £ RSD
0.53 +57 0.0§ 0.14 +11
15.8+122 | 55.6°+86 | 23.9°+117
0.0f 0.03 0.03® +18
0.036° £+ 27 | 0.015+40 | 0.028°+22
1.85 + 33 073 +15 1.12 + 50
091"+ 32 0.0 0.02 +41
1.08 + 11 228+5 205 +11
16.5 + 18 2095 +7 19.60+6
1.98'+ 19 012 +31 0.24 +36
1.04' + 38 0.08 0.26° + 142
722 +11 202%°+5 2324 +6
n.d? 0.0 +200 | 0.08 + 200
54.0° + 14 3.7%%+6 9.49 +5
0.79'+32 | 0.18°+37 0.58 + 16
1.05 + 20 1.8§°+9 2.18+13
0.003+200 | 0.008+200 & 0.005+200 0.005+115
9.95+11 9.07+7 12.8 + 13

0.47 + 20

50.£% + 166

0.0f+40
0.0406
1.08 + 120
0.0+ 40
1.26+8
24.8 + 16
0.32°+ 60
0.94 + 59
194F+4
n.d}
6.33°+ 11
0.2f+12
271 +6

16.2+9

0.283+17
90.5 + 65
0.02°+ 29
0.030® + 27
1.08 + 21
0.0§ + 48
23F+14
20.2° + 31
0.55%+ 15
0.36 + 57
213§ +3
n.d?
19.8+9
0.66 + 11
1.78 + 23
0.010 + 82
13.84+3

n.d. — not detected; Means with the same lettenarsignificantly different (p < 0.05AS 9.1

According to the available literaturé&s¢heffer and Schachtschabel, 1992; GrbeSa, 2004;
Kabata-Pendias and Mukherjee, 2007; Mengel andbiirk987 HR NN 16, 200% table 5-

10 shows normal range of total content of elemémtplants (in general, in barley or in

soybean grain).
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Table 5-10 Normal ranges of total concentratioirate elements in plants according to the

available literature
Total metal content, mg/kg

As

Cd

Co

Cr

Cs
Cu

Fe

Mo

Ni

Pb

Rb

Se

Sr

Zn

Normal ranges
for plants,
Scheffer and

Schachtschabe

1992

0.01-1
5-100

0.05-0.4

0.04-1

01-1

0.02-0.5
2-20

0.05-15

0.1-3

0.1-6

15-100

Normal Normal Normal
concentrations concentrations ranges for
in barley in soybean plants,
grain, grain, Mengel and
GrbeSa, 2004 GrbeSa, 2004  Kirkby,
1987
0.30 0.20
7 18
185 250
0.8 5
3800 6 700 4 000 —
5000 in
cereal grains
0.10 0.20
32 45

Normal ranges for
plants,Kabata-Pendias
and Mukherjee, 2007

0.79 in soybean

5-30 in plants
0.83 in barley grains
13 — 22ug/kg in barley
grains
5.6 — 32ug/kg in
cereal grains
4.4 — 44 ng/kg in
barley grains
5-— 270ug/kg in cereal
grains
0.01 — 0.02 in barley
grains
<0.1-3

4 — 15 in barley grains
0.3 -13in cereal
31 -98 in grains

(barley, wheat, rye ant

oats)
0.2 —-1.2 in barley
grains
0.9 — 1.6 in kidney
bean seeds
0.10 — 0.67 in barley
grains

0.1 -0.4 in barley
grains
<1 in cereal grains
4.7 in barley grains
220 in soybean seed:s
100 —800Qug/kgin
cereal
1.5-2.5in grains

0.2pg/kg in barley
grains
20-30 in barley grains
18 — 33 in cereal grain

Maximal
acceptable
content (MAC) in
foodstuffs,
HR NN 16/2005

0.5 in cereals

0.1 in cereals
(barley)
0.2 in soybean

0.2 in legume and
in cereals
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5.3 Plant uptake in soybean grain grown from 03.07.060 20.10.06.

Yield components of soybean grown from 03.07.062@d10.06. are shown in table 5-11.
Yield components include: total number of plantaipot, number of pods per pot, number of

pods per stem and weight of soybean grains per pot.

Table 5-11 Yield components for soybean

Parameter Treatments
1 2 3 4 5 6
Yield components, Mean £ RSD
Number of plants perpot | 8%¢+17 | 9® +7 | & +17 | F+32 | & +5 7C

Number of pods perpot | 33*+12 @ 1f+13 | 32+12 | 2%+21  23+5 28 +7

Number of pods per stem | 4" + 21 r+19 4 + 23 4+ 22 Z+5 PF+7

Weight of soybean grains
per pot, g 11.9°+6 05+63  108+6 7.7+10 4F+9  57P=+9

Means with the same letter are not signifigadifferent (p < 0.05SAS 9.1

Total mass ratios of nitrogen, carbon, sulphur Bydrogen in soybean grain are shown in
table 5-12.

Table 5-12 Total nitrogen, carbon, sulphur anddoggn content in soybean grain

Parameter Treatments
1 2 3 4 5 6
Total NCSH content (%) in DM of the grain, Mean £ RSD
TN 6.73'+ 3 5.4% + 4 6.50% + 1 6.3P°+2 6.09 2 6.26°+ 3
TC 51.0'+04 | 51.3+15 | 508+02  51.2+04 513+04  509+03
TS 0.327+5 | 0.338+5 | 0372+1 | 034%8+2 | 033%4+7 @ 0338+1
TH 778+14 | 778+14 | 775+03 | 807+09  8089+03 | 804+04

Means with the same letter are not significantffedént (p < 0.05SAS 9.1)
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copper (Cu), iron (Fe), molybdenum (Mo), nickel X\Nead (Pb), rubidium (Rb), strontium
(Sr), zinc (Zn) and caesium (Cs), than two metdHioboron (B) and arsenic (As), non-metals
phosphorus (P) and selenium (Se) and actinoid wmar{lJ) in soybean grain analysed in

mixture of nitric acid and hydrogen peroxide (HM&O, = 5:1 v/Vv) extract are shown in

table 5-13.

Table 5-13 Mean values of total metals, metallaidd non-metals in soybean grain
analysed in mixture of nitric acid and hydrogem@ade extract, HN@H-»0,=5:1 (v/v)

Parameter

As, 75
B, 11
Cd, 112
Co, 59
Cr, 52
Cs, 133
Cu, 65
Fe, 57
Mo, 98
Ni, 60
P, 31
Pb, 208
Rb, 85
Se, 82
Sr, 88
U, 238
Zn, 68

Treatments
1 2 3 4 5 6
Total element content, mg/kg, Mean £ RSD
0.08+79 0.47+8 0.03+6 0.03+9 01%+21 | 0.18+15
19C° + 19 19+ 3 256" + 21 125 +22 156+ 26 | 178+ 20
n.d® 0.90" + 113 n.d® 0.0%+200 | 0.25°+139 0.08+200
0.18+ 29 016+5 | 016+16 @ 0.16+9 0.05 + 18 0.16+5
17.8 +140 1.38z+6 096+5 | 187P+111 | 097P+14 & 1.03+18
0.02+ 62 1.68'+ 8 0.03+7 0.05 + 19 0.05+10 0.16 + 24
7.46+8 4.08+5 6.39%°+9 | 57%+17 3.68+2 6.46° + 30
122+11 | 89.8°+34 | 99.7%*+6 | 75.0+12 | 88.4°+13  87.8°+14
26.1"®+108 | 31.8°+11  17.2+7 21.P+14 40.9 +6 19.7+8
33.5+61 54.% + 8 16.6+6 | 22.8%+41  224%+3 | 26.4%+10
4968+4 | 5072+2 | 62983+1  6368+4 | 302P+3 | 5638+5
0.14+200 | 0.3%+115  0.48+156  052+184 0.2%+200 @ 0.14+117
4.87 + 23 100 + 2 8.060+7 123+ 11 13.4+5 27. P+ 16
0.06+ 46 213+2 | 017P+27 | 024+6 0.16° + 12 042 +4
2.77FP+7 3.77+28 | 2168+9 | 298°+5 221 +1 358%+7
0.003'+200 | 0.009+84 0.007+23  0.006+32 0.006+77 | 0.004+ 24
14.8+ 13 31.6+3 17.6+ 4 21.B+9 18.F+ 4 324 +36

Means with the same letter are not significantffedént (p < 0.05SAS 9.1
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5.4 Plant uptake in barley grain grown from 09.11.06.¢ 18.06.07.

Table 5-14 shows the yield components of barleyvgrérom 09.11.06. to 18.06.07. barley
(2). Yield components were analysed with the saararpeters as barley (1), namely: number
of plants with and without ears per pot, total nembf plants per pot, average length of stem
and ear, number and weight of barley grains per pot

Table 5-14 Yield components for barley (2) gromamf09.11.06. to 18.06.07.

Parameter Treatments
1 2 3 4 5 6

Yield components, Mean + RSD

Number of plants
with ear perpot | 45°+36 = 28+62 | 56 +10 58 +5 50" + 16 5% +5

Number of plants

without ear per pot, 25+ 38 4+ 35 g8*+ 15 g8*+ 15 114+ 12 114 + 32
Total number of
plants per pot 46°°+35 | 3X+50 64"+ 7 67" +5 61" + 12 66 + 4

Length of stem, cm
(average of 10
stems) 30.2'+10 26.5°+9 27.6°+8  26.f°+15 | 22.85+5  24.6°x10

Length of ear, cm
(average of 10

ears) 35'+11 | 23+13 | 3.8+13 | 3% +11 2.P+9 38 +11
Number of grains

per pot 71%¢+32 | 5f+61 | 189 +41 179+31 | 128%°+23 190 +19
Weight of barley

grainsperpot,g | 1.9°+32  1.P+58  6.3+43  52%2+28 3F°+36 54%+26
Means with the same letter are not significantffedént (p < 0.05SAS 9.1

Total mass ratios of nitrogen, carbon, sulphur laydrogen in barley (2) grain are shown in
table 5-15.

Table 5-15 Total nitrogen, carbon, sulphur andogen content in barley (2) grain

Parameter Treatments
1 2 3 4 5 6
Total NCSH content (%) in DM of the grain, Mean + RSD
TN 2.78°+9 2.5% +8 2.06 +18 2.08+8 1.8%2+6 2.69 +10
TC 427+11 | 41.%+05 @ 41.4+08  418+15  41%+06  41.8+0.2
TS 0.321'+32  0.284°+9 | 0.214+9 | 0205+3 | 0.19F+3 | 0.23§“+4
TH 657+31  663°+11 | 6.7f+05 674+13 | 6.72+11 | 6.75+0.3

Means with the same letter are not significantffedént (p < 0.05SAS 9.1
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Table 5-16 shows mean values of twelve total metaldmium (Cd), cobalt (Co), chromium
(Cr), copper (Cu), iron (Fe), molybdenum (Mo), retkNi), lead (Pb), rubidium (Rb),

strontium (Sr), zinc (Zn) and caesium (Cs); threstaitoids: boron (B), selenium (Se) and

arsenic (As); non-metal phosphorus (P) and actincashium (U), content in barley (2) grain

analysed in mixture of nitric acid and hydrogenopéte(HNOyY/H,O, = 5:1v/V) extract.

Table 5-16 Mean values of total metals, metall@aidg non-metals content in barley(2) grain
analysed in mixture of nitric acid and hydrogesrgxide extract, HNgH,O,=5:1 (v/v)

Parameter

As, 75
B, 11
Cd, 112
Co, 59
Cr, 52
Cs, 133
Cu, 65
Fe, 57
Mo, 98
Ni, 60
P, 31
Pb, 208
Rb, 85
Se, 82
Sr, 88
U, 238
Zn, 66

0.08+23
120" + 41
0.0+ 119
0.028+ 24
0.59% + 25
0.02+33
2.54+ 27
814+ 44
0.46 + 28
0.78% + 29
343%+15
0.28+ 68
415+ 11
0.1%3+ 115
2.66" + 27

0.008' + 46 | 0.007® + 107

18.£+ 10

Treatments
2 3 4
Total element content, mg/kg, Mean £ RSD
0.57+27 0.0%4 + 48 0.16 + 40
160 + 19 43.9° + 60 36.6 + 29
0.08 + 200 n.d. n.d?
0.044 + 40 0.005+50 | 0.015°+76
0.54% + 31 0.73 +57 0.69° + 38
1.46' + 36 0.0 +32 0.03+7
4.46° + 20 5.07 + 45 2.85¢+ 28
72.9% + 38 448+ 18 39.5+17
1.83' + 17 1.08 + 47 0.76°+ 12
1.81 + 40 1528 +161 | 0.84°%+42
3805 +7 4811 +11 4745 +6
0.24 + 196 1.8%+167 | 0.04+200
70.4' + 21 6.9f +11 9.92+2
0.87" + 24 0.0 + 25 0.13+10
2.03+30 1.34+16 1.38+3
0.003° +196 | 0.002 + 135

43.4 + 15 20.8+13 26.8+10

0.06°+4
56.6 + 34
n.d?
0.00% + 116
0.3%+9
0.02+10
2.88¢+17
32.6+12
0.88°+4
0.1 + 29
4 409° + 12
n.d}
10.4+9
0.0 + 49
1.3%+14
0.002 + 56
27.8+19

Means with the same letter are not significantffedént (p < 0.05SAS 9.1

0.26+8
26.6 £ 75
n.d?
0.007 + 74
0.59%+9
0.12 +17
4.20%C + 19
36.7+23
0.9%+26
0.46°% + 19
4 048°+ 10
n.d?
20.P+9
0.17+19
1.15+11
0.00% + 113
38.5+6
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5.5 Enrichment Coefficients

In various literature enrichment coefficient iscatzalled enrichment raticChesworth, 2008

translocation coefficientHismes et al., 2005transfer factor@obrin et al., 200% soil-plant
transfer coefficient Adriano, 2001and Alloway, 1995, accumulation factorkhan, 200},
phytoaccumulation factorZ(rayk, 2002, bioaccumulation factorSanborn and Brodberg,
2006, biological adsorption coefficient (BACKébata-Pendias, 20pMalayeri et al., 2008
and uptake coefficien§fnha and Singh, 1976

In his work on accumulation of Pb, Cu and Zn iniveplant grown on contaminated sites

Liu et al., 2008 quoted some authors saying that enrichment co&fti is an important factor

when considering the phytoremediation potentiad plant specieZbao et al., 2003 There

are 4 rules for hyperaccumulator. One of the statsdas enrichment coefficient, the
enrichment coefficient > 1 shows a special abitifya plant to absorb and transport metals
from soil and store them in their above-ground p@tker and Brooks, 198Brown et al.,

1995. But at the same time some research indicates siime plants are heavy metal
hyperaccumulator even though they have enrichnafficients < 1, Zu et al., 200k

In this study the enrichment coefficient (EC) wafcalated with this equation:

Cyrain aNdCsoj represent the metal or metalloid concentration émaso) in the grain parts of
the plant and in the soil (substrate) on dry welmgsis (mg/kg in DM), respectively.

Malayeri et al., 2008rouped plant species according to their heavyalmgitake capacities

and sensitivity to metal pollution:

High accumulator plants EC between 1 - 10
Moderately accumulator plants EC between 0.10- 1.
Low accumulator plants EC between 0.01 - 0.1
Non accumulator plants EC<0.01

Since one of the goals of this experiment was topgare metals and metalloids accumulation

in grains of soybean and barley grown on the sasheatios, table 5-17 shows EC for As, B,
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calculated for winter barley (1) and (2) and foylsean.

Table 5-17 As, B, Cd, Co, Cr, Cs, P, Pb, Cu an@&ERechment coefficients (EC) calculated
for winter barley and soybean

EC Arsenic (As) Boron (B)
treatment barley(1) soybean barley(2) barley(1) soybean barley(2)
1 0.004 0.001 0.001 n.d. n.d. n.d.

2 0.005 0.004 0.005 0.08 0.93 0.78
8 0.002 0.001 0.001 1.09 5.01 0.86
4 0.002 <0.001 0.002 0.23 1.21 0.36
5 0.007 0.003 0.001 0.56 1.78 0.64
6 0.002 0.001 0.003 0.59 1.14 0.17
EC Cadmium (Cd) Cobalt (Co)
treatment barley(1) soybean barley(2) barley(1) soybean barley(2)
1 0.10 n.d. 0.13 0.002 0.011 0.002
2 0.02 1.75 0.05 0.001 0.003 0.001
3 0.09 n.d. n.d. 0.001 0.008 <0.001
4 0.07 0.03 n.d. 0.001 0.004 <0.001
5 0.03 0.69 n.d. 0.002 0.002 <0.001
6 0.04 0.05 n.d. 0.001 0.003 <0.001
EC Chromium (Cr) Caesium (Cs)
treatment barley(1) soybean barley(2) barley(1) soybean barley(2)
1 0.062 0.298 0.010 0.002 0.008 0.008
2 0.007 0.005 0.002 0.067 0.122 0.108
8 0.006 0.008 0.006 0.002 0.005 0.002
4 0.007 0.011 0.004 0.002 0.006 0.003
5 0.007 0.006 0.002 0.002 0.004 0.003
6 0.004 0.005 0.003 0.008 0.014 0.011
EC Phosphorus (P) Lead (Pb)
treatment barley(1) soybean barley(2) barley(1) soybean barley(2)
1 2.74 6.6 4.56 n.d. 0.005 0.010
2 3.32 23.4 17.5 n.d. 0.010 0.008
8 3.27 10.2 7.78 <0.001 0.017 0.062
4 4.80 13.1 9.79 0.003 0.018 0.001
5 4.27 6.6 9.70 n.d. 0.010 n.d.
6 6.10 16.1 11.5 n.d. 0.005 n.d.
EC Copper (Cu) Iron (Fe)
treatment barley(1) soybean barley(2) barley(1l) soybean barley(1)
1 0.13 0.31 0.13 0.001 0.005 0.004

0.01 0.05 0.01 <0.001 0.003 0.002
0.06 0.16 0.06 0.001 0.004 0.002
0.04 0.11 0.04 0.001 0.003 0.001
0.03 0.07 0.03 0.001 0.003 0.001
0.03 0.09 0.03 0.001 0.003 0.001

o 01k WN
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Table 5-18 Mo, Ni, Rb, Se, Sr, U and Zn Enrichneefficients (EC) calculated for winter
barley and soybean

EC Molybdenum (Mo) Nickel (Ni)

treatment barley(l) soybean barley(2) barley(l) soybean barley(2)
1 1.92 60.3 1.06 0.009 0.35 0.008
2 1.16 19.0 1.09 0.002 0.09 0.003
3 0.16 23.4 1.39 <0.001 0.08 0.007
4 0.23 20.0 0.67 0.001 0.07 0.002
5 0.30 38.8 0.77 0.003 0.07 0.001
6 0.40 14.4 0.68 0.001 0.06 0.001
EC Rubidium (Rb) Selenium (Se)

treatment barley(l) soybean barley(2) barley(l) soybean barley(2)
1 0.07 0.22 0.19 0.18 1.06 2.37
2 1.11 2.06 1.45 3.46 9.35 3.81
3 0.13 0.28 0.24 1.78 1.72 0.90
4 0.27 0.35 0.28 4.11 1.73 0.91
5 0.21 0.46 0.35 2.07 1.53 0.18
6 0.47 0.66 0.49 3.27 2.27 0.95
EC Strontium (Sr) Uranium (U)

treatment barley(l) soybean barley(2) barley(1) soybean barley(2)
1 0,015 0,032 0,030 0.001 0.002 0.005
2 0,006 0,021 0,011 <0.001 0.002 0.001
3 0,017 0,019 0,012 0.001 0.003 0.001
4 0,016 0,022 0,010 0.001 0.002 0.001
5 0,023 0,018 0,011 0.002 0.002 0.001
6 0,011 0,023 0,007 0.002 0.001 <0.001
EC Zinc (Zn)

treatment barley(l) soybean barley(2)
1 0.17 0.23 0.30
2 0.10 0.31 0.43
3 0.13 0.24 0.29
4 0.16 0.26 0.33
5 0.22 0.24 0.37
6 0.15 0.35 0.42
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5.6 Influence of vegetation season on monitored paramets of barley

Table 5-19 shows the influence of vegetation seasolyield components of barley, total

nitrogen, carbon, sulphur and hydrogen contenefarh treatment. Year 2005 (05) refers to
barley (1) grown from 15.11.05. to 26.06.06. andry2007 (07) refers to barley (2) grown
from 09.11.06. to 18.06.07., on the same subsairadeunder controlled conditions.

Table 5-19 Influence of vegetation season on yietdponents and total nitrogen, carbon,
sulphur and hydrogen content in barley

Parameter Treatment
Mean 1 2 3 4 6
Year 05 07 05 07 05 07 05 07 05 07 05 07
Number of
plants with | 62 45" 3 28" 90" 56° 96" 58° 23 50" 76" 55°
ear per pot
Number of
Pplants 6" e 75° 48 g g g g 83 | 11 3¢ 118
without ear
per pot
Total
numberof | “gea g 102 32 | o8 | 648 10 67 108 68 117 66
plants per
pot
I;?enr?wthc(;: 369 || 302 187 262 [ 333 |270° 284 267 1868 @ 223 240 240
nggtgnﬁ’f 358 38 14# 23 268 38 19 35 |18 27 1P 358
Number of
grains per | 408  71® 221* 51° @ 489" @ 18F¢ 391 17¢ 178 128 333" 19C°
pot
Weight of
barley grains| 158 19 53 11° 131 63 920 52 @ 34 @39 84 54
per pot, g
TN, % DM | 1.16 278 208 258 12 200 140 204 138 182 158 269
TC,% DM | 42.9" | 427 437 417 4268 418 428 4153 429 4148 428 41.¢
TS, % DM | 0.137 0.32f 0.19%5 0.284" 0.167 0.214 0.218 0.208 0.219" 0.197 0.248 0.239
TH,% DM | 659" 652 653 6.63 647 6.7 6468 674 643 672 647 678

Means with the same letter in the same treatmemair significantly different (p < 0.05AS 9.1

Mr.sc. Z. Zgorelec - Disertacija - Fitoakumulacija metala i metaloida iz tla ofi&'enog uglienim pepelom

58/109




DissertatiorPhytoaccumulation of Metals and Metalloids from $uilluted by Coal Ash

The influence of vegetation season on metals, toataland non-metals phytoaccumulation

in grains of barley in different treatments is giva table 5-20.

Table 5-20 Influence of vegetation season on meatadtalloids and non-metals uptake in

barley grain
Element Treatment
Mean 3
Year 05 07 05 07 05 07 05 07 05 07 05 07

As 01  00%F o053 057 | 009 004 014 0168 | 047 | 009 023 0.26
B 149 | 1200 156 160" | 5568 | 439 239" 3668 < 50.1* @568 9058 26.68
Cd 0.0 004 o0.01 003 | 003 nd® 003 nd® 00 | nd® 002 nd®
Co 0.028'  0.028° 0.03¢" 0.044' [0.013 | 0.008 0.023 0.012 0.04¢ 0.00f 0.03¢ 0.007
Cr 378 059 183 o054 | 073 @073 112 069 | 1.08 | 037 1000 0.5¢
Cs 0.0 | 002 o091 146 | 00 | 0.0 002 003 | 002 002 009 o012
Cu 328 | 254 108 440" | 228 | 507 203 283 @ 1268 281" 238 420
Fe 2168 814 1658 729" | 209 @ 448 196 393 | 248 | 320 2027 367
Mo 083 046 198 183 | 017 104 024 o070 032 08" 058 0.93
Ni 09 078 104 187" | 003 152 028 084 | 094 | 019 0.30° o040
P 2058 3431 722 3803 202F 4811 2324 4748 [ 194F 4409 213F 4048
Pb nd® | 028 nd* 024 |00 | 18" 008 004  nd®  nd* nd*® nd?
Rb 147 | 418 540 704 | 378 | 691 949 992 @ 63%F | 104 198 207
Se 0.0 013 079" o087 | 018 @ 009¢ 058 01F |02 | 002 060" 0417
Sr 138 | 2668 1.0 203 | 189 | 138 214 138 27 | 13F 1.7 118
U 0.003  0.008 0.003 0.007 [0.003 |0.003 0.008 0.002 0.008 0.002 0.01¢ 0.002
zZn 108 181 993 434 | 907 @ 208 128 269 | 162 | 278 13.# 388

n.d. — not detected; Means with the same lettéhénsame treatment are not significantly differgnk 0.05,

SAS 9.1

Correlation coefficients for substrate pH and EQiga measured on three different media are

shown in table 1 in Appendix. Table 2 in Appendregents the substrate pollution levels

(PL) of investigated elements according to soil dgenclassificationBasi, 1994. Figures 1

to 17 in Appendix present the phytoaccumulatioAsfB, Cd, Co, Cr, Cs, Cu, Fe, Mo, Ni, P,

Pb, Rb, Se, Sr, U and Zn, in barley and soybeangyreespectively.
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6 DISCUSSION

According to substrate mean pH values measureme@sured at 1:2.5v(V) ratio of KClI,
as shown in table 5-1, the values varied from Ti3%pure soil) to 9.01 (in treatment with soll
/ ash ratio 25 % / 75 %) or from weak alkaline likatine (Skori¢, 1989. At 1:2.5 (v/V) ratio
of CaC} the range of mean pH values was from 7.35 (in goiB to 8.87 (in treatment No.
6) and pH values measured at 1:20Vv] of H,O varied from 8.11 (in pure soil) to 8.93 (in

treatment with soil / ash ratio 25 % / 75 %able 1 in Appendixshows calculated correlation

coefficients (CC) for substrate pH values measuwedhree different media and CC for EC
measured in extracts with different ratios.

Correlation coefficients according to Roemer-Orpsedle Yasilj, 2000 calculated for all
three media varied from 0.9949 (among KCI and @afol 0.9954 (among Cagand HO)
which means that the strength of correlation betvtbem was completely positive.

Electrical conductivity (EC) measured at 1.5 wagstract (v/v) ratio varied from 172.7
puS/cm (in pure soil) to 2 380S/cm (in pure ash) and EC analysed at 1:10 wateaaxnv/v)
ratio varied from 123.QuS/cm (in pure soil) to 1 59uS/cm (in pure ash) (table 5-1).
Correlation between EC measured at 1:5 water ex{wag) ratio and at 1:10 water extract

(w/v) ratio was completely positive and CC was 0.997b(e 1 in Appendix

After air drying, moisture content was determinedubstrate samples and varied from 0.21
% (in pure soil) to 0.30 % (in treatment with samstlamendment) (table 5-1).

Plant available phosphorus (P) expressed &% Varied from low suppliedSkori¢, 1989
0.06 g/kg (6 mg/100 g) measured in pure ash, umpgb supplied 0.40 g/kg (40 mg/100 Q)
measured in pure soil (table 5-1).

Mass ratio of plant available potassium (K) expedsss KOwas in the range from minimum
but still high supplied $koric, 1989 0.22 g/kg (22 mg/100 g) measured in pure soiltap
high supplied 0.44 g/kg (44 mg/100 g) measuredure @sh (table 5-1). Bioavailability of
potassium and its fixation is strongly affectedtiy soil texture\ukadinovic, 2005

Total content of nitrogen measured in substratéedairom 0.110 % in DM (in treatments
No. 2 and 6) or good supplied according to Wohltr{tkoric, 1962, to good supplied 0.155

% in DM in treatment with pure soil (table 5-1).

The lowest total carbon content was measured ah titatment with pure soil 1.989 % in
DM, and the highest was noted in trial treatmerthvgaw dust amendment 4.936 % in DM
(table 5-1).
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Total sulphur mass content varied from high 0.349n%OM up to 0.789 % DM, in trial
treatment with pure ash and trial treatment witlh dast amendment, respectively (table 5-1).

According toSimon-Sylvestre, 1969TS levels depend on the OM content and on clonati

conditions and for temperate regions natural camagans in soils are in the rage of 0.005 %
- 0.04 %. But according tdeefer, 1993 TS in natural soils is in the range of 0.003 %%
and could be from 0.04 % to high 7.40 % in ashallstlphur content in ash depends on coal

characteristics used as fossil fuel in power plabicause coal is a sedimentary rock
composed primarily of carbon, and carbon contentvay from low 60 % in lignite to high
98 % in anthracite. The content of hydrogen in a@ales from 3 % to 6 %, the content of
oxygen from 2.5 % to 35 % and of sulphur from 0.5t863 % Coal, Wikipedia, 2000
Optimal C/N ratio in soils is from 10 to 13ARE, 2009.

Physical and chemical analysis of coal ash takdezgro in 2005 was done and published by
all participants of RECOAL ProjectDgllantonio et al., 2008RECOAL, D7-Annex soil,
2005.

Physical properties of Jezero ash

Mean values (n=4) for sand content (20-200) of Jezero ash were 75.1 %, 19.1 % for silt
content (2-20um) and 5.7 % for clay content (<|#n), and these values showed that the
Jezero ash is on the border of two texture clas$easmy sand (LS) and sandy loam (SL).
Mean values for two (n=2) measured samples werengfer: bulk density (0.7 g/ct
particle density (1.9 g/ch field capacity (60.9 vol. %), wilting point (8¥&l. %), available
water (52.3 vol. %), air (7.7 vol. %) and porog®g.5 vol. %).

Chemical properties of Jezero ash

Mean values (n=5) of pH were calculated for sampieasured in 1:2.5 soil suspensianj
and were 9.37 and in 1:10 water extraeh] they were 9.41. EC was measured in 1:10 water
extract v\ and was 731S/cm.

Total content of nitrogen (n=3) was 0.05 % in Ditat content of carbon 3.23 % in DM and
total sulphur content 0.41 % in DM.

Plant available phosphorus (P) expressed.@g Was also determined according to Olsen’s
method and mean values (n=14) were 0.0097 g/ky (h§/100g). Mean values (n=3) for
cation exchange capacity (CEC) were 318 myukg] for carbonates content (Cag@nean
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values were 49 g/kg (or 4.9 % in DM) and for orgacarbon content (§) 26.4 g/kg (or 2.6
% in DM).

Radioactivity ('Be, */Cs, *'Cs, *%K, ?!%Pb,?*Ra, ***Ra, ***Th and?**U) of coal ash samples
(from all 5 disposal sites) was determined usingn@aspectrometry and the values were
within thresholds of BiH legislation. However, vaki for *Ra and®*®Pb were above
clearance levels for solids, liquids and excavattset by Austrian and German regulations
(Dellantonio et al., 2007

In order to quantify themicrobial activity of ash, the C@ production from microbial

respiration was measure®RECOAL, D8, 200% In the experiments conducted the basal

respiration (BAS), and after the addition of glueothe substrate induced respiration (SIR)
were measured for the ash material. In this armlylse Heinemeyer-method was used
(Martens, 199p The basal respiration (BAS) was measured forpiieod of 10 days. The
substrate induced respiration (SIR) was measuneth&period of 4 hours, and also for the
period of ten days. Median values of BAS 10 days3(r15.8ug CO, g* h'), SIR 4 hours
(n=3; -2.3pug CO; g* h'Y) and SIR 10 days (n=3; -2\8) CO g* h) of Jezero ash (up to 10

years old ash) showed negative respiratory dataerummbth limited and excessive C

availability. These findings suggested that theréed negative respiratory values for Jezero
ash werecaused by C@fixation to Ca(OH) in the ash. However, the additional observation
of the amount of mineral nitrogen that was produdadng the experiment suggested that
microbes werg@resent in Jezero ash, but that their,@@duction could not be measured due

to CO, sequestration.

Mean anions contentvaried forfluorides from 2.20 mg/kg (in treatment with 75 % of soil
and 25 % of ash) up to 44.3 mg/kg (in treatmenhw@w dust amendment), fohlorides
from not detectable (n.d.) content in treatmentbwib % of soil and 25 % of ash up to 22.0
mg/kg (in treatment with saw dust amendment),riitrites from 2.44 mg/kg (in treatment
with 75 % of soil and 25 % of ash) up to 7.91 mg(ky treatment with pure ash), for
bromides content was not detectable in all treatments extweppure soil in which content
was 0.21 mg/kg, fonitrates from 13.3 mg/kg (in treatment with 75 % of soilda25 % of
ash) up to 39.3 mg/kg (in treatment with equal gtyaof soil and ash), fosulphatesfrom
27.1 mg/kg (in treatment with pure soil) up to hih 843 mg/kg (or 11.8 g/kg) (in treatment
with pure ash) and fgghosphates,that behave like bromides, the content was ncatieble
for all treatments except in pure soil in whichwias 10.2 mg/kg, (table 5-2). According to
RECOAL, D7-Annex soil, 200%nean values of anions in ash (n=6) were: for files 4.6
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mg/kg, for chlorides 11.4 mg/kg, for nitrites 0.8¥g/kg, for bromides not detectable, for
nitrates 19.5 mg/kg, for phosphates 1.05 mg/kgfandulfates 10 589 mg/kg (or 10.6 g/kg).

Mean cations contentvaried forlithium from not detectable (n.d.) content (in treatments
with pure soil and with 75 % of soil and 25 % ohpsip to 1.16 mg/kg (in treatment with
pure ash), fosodium from 5.44 mg/kg (in treatment with pure soil) up4®.3 mg/kg (in
treatment with 25 % of soil and 75 % of ash),darmonium from 1.34 mg/kg (in treatment
with 75 % of soil and 25 % of ash) up to 8,31 mg(ky treatment with pure soil), for
potassium from 8.71 mg/kg (in treatment with 75 % of soil aB8 % of ash) up to 82.1
mg/kg (in treatment with saw dust amendment), foagnesium from 8,60 mg/kg (in
treatment with pure soil) up to 118 mg/kg (in treaht with pure ash) and foealcium from
224 mg/kg (in treatment with pure soil) up to 4 66Q/kg (or 4.6 g/kg) (in treatment with
pure ash)(table 5-2).

The observed results suggested that the dominget @y salt in Jezero ash waalcium
sulphate (CaSQ).

Table 5-3 shows thabtal contents of arsenic, boron, chromium, copper and nickel in
treatment with pure ash were higher than normahigher than MAC (normal and MAC
values for all seventeen elements are given iretéabb) and were 112 mg As/kg, 204 mg
B/kg, 281 mg Cr/kg, 85.9 mg Cu/kg and 593 mg Nillagpectively.

According to soil classification damage criteriBag, 1999 there are five classes of
pollution, from clean soil ficlass) to waste soil {Eclass). Qualification to a certain class is
calculated through substrate pollution level (Ph¥y mass ratio of elements present in
substrate expressed in %, in accordance to MAC.

When classified according to soil classificationmadge criteria thble 2 in Appendik

keeping in mind that this is not soil, the ash rak®m Jezero disposal site belongedstb
class or waste soil in respect to As, Cr andtold™ class or polluted soil in respect to B and
Cu, to 3 class or high polluted soil in respect to Zn, Be, Co and Cdto 2™ class or low
polluted soil in respect to Cs, Pb, Rb anéand to ' class or clean soil in respect to Mo, P

and Se.

It is interesting that the treatment with pure sals also enriched with As (27.7 mg/kg; table
5-3) and Ni (96.4 mg/kg; table 5-3) and accordmgadil classification damage criteriagSk,
1994 these elements belong t8 dlass or polluted soitgble 2 in Appendix In treatments
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from No. 3 — 6, arsenic, boron, chromium, coppet aickel content was also higher than in

natural soils (table 5-3).

Labile elementswere measured in NfNOs, 1:2.5,w/v substrate extract (table 5-4). For some
of the elements there is no data in literaturetfieir natural labile concentration in NKO3
extracts so it was compared with 1 M Md extract (values of labile elements found in
literature are given in table 5-6). Some of theraets As, Ni, U andZn; table 5-4) had
concentrations that were higher or equgbtecautionary value@riess, 1994able 5-6) and

in treatment with pure ash concentrations were d@®@s/kg, 630ug Ni/kg, 50ug U/kg, 250
Ug Zn/kg, respectively. Some of the elemeriis &nd Mo) had higher concentrations than
trigger valueqPruess, 1994able 5-6) and in treatment with pure ash weg2 & mg Mo/kg
and 1 mg Cr/kg) an& andSr (39.3 mg B/kg and 10.7 mg Sr/kg) had concentraita was
higher thannatural (Reimann et al., 200&nd Vago, 2006 table 5-6; in 1M NHAC) in

treatment with pure ash. Labile valuesviad, SrandZn were higher than normal in treatment
with pure soil as well. Most micronutrients availdy is impacted by soil pHL{onc¢ari¢ et al.,
2008.

After three vegetation seasons: two of winter hafldordeum vulgarel. cv. Rex) grown
from 15.11.05. to 26.06.06. - barley (1), grownnir©9.11.06. to 18.06.07. - barley (2) and
one season of soybea@lycine maxL. cv. Dora) grown from 03.07.06. to 20.10.06.tbe
same substrate, yield components, total elementgrofjen, sulphur, carbon and hydrogen in
grain and total elements (Cd, Co, Cr, Cu, Fe, Mo, Rb, Sr, U, Se, Zn, Cs, As, B and P)
content in grain (in extract of HN{MH,0,=5:1, v/v) were determined for barley and soybean.
Visible influence of the substrate on the plantligu# shown in Figure 1-4.

Yield components of barley

For barley (1) and barley (2) yield components (hamof plants with ear per pot,
number of plants without ear per pot, total numifgolants per pot, length of stem, length of
ear, number and weight of grains per pot) are shoviables 5-7 and 5-14, respectively.

For barley (1) the worst results were noted iattrent No. 5 (treatment with saw dust
amendment): minimum number of plants with ear (28Rimum average length of stem
(18.6 cm), minimum average length of ear (1.4 cmpimum number and grains (175),
minimum weight of grains (3.4 g) and maximum numbémplants without ear (83 sterile

plants), and these valuegre significantly lower than in treatment with pusoil.
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In second vegetation season, barley (2), the wesstits were noted in treatment with
pure ash: minimum number of plants with ear (28nimum total number of plants (32),
minimum average length of ear (2.3 cm), minimum bhamand grains (51) and minimum
weight of grains (1.1 g). The number of plants wedr (28) and average length of ear (2.3
cm) in treatment with pure ash was significanthyéo than in treatment with pure soil.

The best results for barley (1) were observedéaatinent with pure soil: maximum
average length of stem (36.9 cm), maximum averaggth of ear (3.5 cm), maximum weight
of grains (15.5 g) and minimum number of planthaiit ear per pot (6 sterile plants) and for
barley (2) in treatment with 75 % of soil and 250%ash: maximal average length of ear (3.8

cm) and maximum weight of barley grains per po3 (.

Yield components of soybean

Soybean yield components (total number of plantsppé& number of pods per stem,
and weight of grains per pot) are shown in tablEl5-The worst results were in treatment
with pure ash, significantly lower than in treatrhenth pure soil: minimal number of pods
per pot (11), minimal number of pods per stem (I minimal weight of soybean grains (0.5
g). The best results were in treatment with puie s@aximal number of pods per pot (33),

maximal number of pods per stem (4) and maximatjitedf soybean grains per pot (11.9 g).

Total nitrogen, carbon and sulphur content in barley and soybean grain

Dry plant material contains 2 - 4 % of N which agggerather low in comparison with the C
content of about 40 %, and rather high in comparisih the total S content in plant tissues
whichis in the range of 0.2 - 0.5 % in DNMéngel and Kirkby, 1987 Deloch, 1960 noted
that sulphur content in grains of barley was 0.1BRband 0.32 % DM in soybean grain.
Table 5-8, 5-12 and 5-15 shows TN, TC and TS casterbarley and soybean grains.

Total nitrogen content was in the range of 1.16i%oplre soil) - 2.04 % (in pure ash) in

barley (1) grain and smomewhat higher, 1.82 % r@gatment with saw dust amendment) -
2.69 % (in treatment with 25 % of soil and 75 %ash) in barley (2) grain, but lower than in
soybean grain where TN content varied from rel&tivegh 5.49 % (in treatment with pure

ash) to 6.73 % (in treatment with pure soil).

Total carbon content varied in range from 42.6 Bot{eatments No. 3 and 4) to 43.7 % (in
pure ash) in barley (1) grain and it was somewbael in barley (2) grain: from 41.4 % (in

treatments No. 3 and 5) to 42.7 % (in treatmenh wiire soil), but lower than in soybean
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grain where TC content varied from 50.8 % (in tneeit No. 3) to 51.3 % (in treatments No.
2 and 5).

Total sulphur content was in range of 0.137 % (nepsoil) - 0.248 % (in treatment with 25
% of soil and 75 % of ash) in barley (1) grain @ndaried from 0.197 % (in treatment with

saw dust amendment) to 0.321 % (in pure soil) ielga2) grain, but it was lower than in
soybean grain where TS content varied from 0.32m%eatment with pure soil) to 0.372 %

(in treatment with 75 % of soil and 25 % of ash).

Plant uptake of metals and metalloids

Mercury (Hg) and thallium (TIl) were not presentconsiderable concentrations in ash
and were not present in considerable concentraiiormrley leaf (28 ug Hg/kg; < 50 ug
TI/kg; n=1) grown at disposal site DreznRRECOAL, D8, 200%which is in accordance with
data given by other authorEdbata-Pendias and Mukherjee, 2081t Adriano, 200} who

observed normal range of Hg concentration in baffeyn 1.1 pg/kg up to 34 pg/kg
(Wiersma et al., 1986or gave reference content (50 pug/kg) of Tl innpdafMarkert, 1992.
According to Echeffer and Schachtschabel, 1pA@rmal ranges of Tl and Hg for plants are
10 — 500ug Tl/kg and 2 — 4qug Hg/kg.

Plant uptake from purelkaline coal ash enriched with As, B, ©@uyandNi and from

its mixtures with different soil amounts was ditfat for barley and soybean for different
metals and metalloids.

Table 5-10 gives normal ranges of total elementardnn plants found in available literature
(Scheffer and Schachtschabel, 1:9GPbeSa, 2004Kabata-Pendias and Mukherjee, 2G0W
Mengel and Kirkby, 1987 Total content of Cr, Cs, Mo, Rb, Se, Sr and s \wagher than

normal in some treatments of barley (1) grainsl€t&h9). In barley (2) grains besides above

mentioned (Cs, Mo, Rb, Se, Sr and U, except Can& P were higher than normal in some
treatments (table 5-13) and in soybean grain B,@dCs, Mo, Ni, Rb, Se, Sr and U were
higher than normal in some treatments (table 5-16).

Content ofAs, Co, Cu, Fe, Pb and 4n soybean and barley gramsre below normavalues
according to the available literatureall treatmentgtables 5-9, 5-13 and 5-1bigures 1, 4,

7, 8,12 and 17 in Appendialthough considerably high concentration/af and Cu was

measured in ash (table 5-3).
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Arsenic (As) concentration in barley and soybean grain was l@mydespite its relatively
high concentration in ash (112g/kg; table 5-3) and its relatively high concetitma in pure
soil (27.7mg/kg; table 5-3) and it varied from 0.03 mg Asikgreatments No. 1, 3 and 4 of
soybean grain and in treatments with pure soilasfdy (2) grain, to 0.57 in treatment with
pure ash of barley (2) graifrifure 1 in Appendixtables 5-9, 5-13 and 5-16). According to

(Bask et al., 1993 plant uptake of As is very low and in naturalmavaries from 0.1 mg/kg

to 1 mg/kg. Enrichment coefficients (table 5-17xevalso very low and varied from < 0.001
(uptake lower than 0.1 %) (in treatment of soybeath equal ash and soil content) up to
0.007 (treatment of barley (1) with saw dust amesatn In barley lordeum vulgard..)
leaf, grown at disposal site Dreznik at the begigrof 2005, the measurements showed 0.15

mg/kg of total mass ratio of As (n=RECOAL, D8, 200% The comparison of results for

plant uptake of As and Ni and their EC was previppsiblished Zgorelec et al., 2008The

results of this study support the conclusion thétarley grains, as well as in soybean grains,
As content was not high in any of investigatedttremnts (although As content in barley and
soybean grain was significantly higher in treatmeith pure ash compared to treatment with
pure soil) and was below upper value (1 mg/kg) @fmal As concentrationScheffer and
Schachtschabel, 1992lespite the fact that plants were grown on Asched ash or on its

different soil mixtures. This is in accordance wilie conclusions of other authoisdfiano,

2001 and Kabata-Pendias and Mukherjee, P00 found that As is naturally present in

plants (although there is no evidence that As isemigal for plant nutrition), but As
concentrations in plant tissues rarely exceed lkgngind As distribution, in general,

decreases from root to stem and leaf to edibles mdiplants.

Relatively high concentration @foron (B) in ash (204 mg/kg; table 5-3) remains a concern
for barley and especially for soybean growth, altffo boron is an essential element for
growth and development of higher plants and, adogrdo Adriano, 2001 barley and

soybean are among plants tolerant to boron. Lowecentrations were noted in barley in
comparison to those noted in soybean grain. Minicoatent (14.9 mg/kg) was observed in
barley (1) grain grown in treatment with pure saihd maximal content (256 mg/kg) was
noted in soybean grain grown in treatment No. 3%/6f soil and 25 % of ash. Higher than
upper value (100 mg/kg) of normal concentrationplants, according td&cheffer and

Schachtschabel, 199%as noted in two treatments of barley, those \pithe soil and with

pure ash of barley (2) grain, while all concentasi of B in soybean were higher than upper

value of normal concentration rangédure 2 in Appendixtables 5-9, 5-13 and 5-16). There
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is a very narrow range between beneficial and tBxancentrations in growth substrate and

deficient and sufficient concentration in plantscarding toAdriano, 2001 B toxicity of

plants occurs if B concentration exceeds 100 mddkgmost plants, in barley tissue > 70
mg/kg, in barley straw > 46 mg/kg and in soybeavds > 63 mg/kg. According griksson,
2001, normal B concentration in barley grains is 0.88/kg. EC of B varied from not
detectable (n.d.) in barley and soybean growneattments with pure soil, up to high 5.01 in
soybean grown in treatment No. 3 (table 5-17).drdy leaf grown at disposal site DreZnik
concentration of 11.02 mg/kg of total B mass rat@s noted (n=3RECOAL, D8, 2005

Given these facts, it can be concluded that B resnaiconcern for barley and especially for

soybean growth, even though both barley and soyaesaplants tolerant to boron.

Low content ofcadmium (Cd) in ash (0.52 mg/kg; table 5-3) resulted with lomtsmt of Cd
in soybean and barley grains, which was below upméue (0.4 mg/kg;Scheffer and

Schachtschabel, 19P®f normal concentration value for plants in adlatments, except for

one extreme (0.90 mg/kg) noted in soybean graigro treatment with pure aski@ure 3
in_Appendix tables 5-9, 5-13 and 5-16). According BasSt et al., 1993 normal Cd

concentration in plants is in range of 0.05 mg/kg@ -mg/kg, and toxicity occurs at
concentrations higher than 3 mg/kg. EC of Cd wdatively low and varied from not
detectable (n.d.) in six treatments: in soybeaattnents No. 1 and 3 and in barley (2)
treatments from No. 3-6, to high 1.75 observeddiybgsan grown in treatments with pure ash
(table 5-17). In barley leaf grown at disposal iteznik very low Cd concentration was also
noted (<0.10 mg/kg; n=RECOAL, D8, 200% Cadmium is not an essential element in plant

nutrition. The primary factors that affect mobilind bioavailability of Cd in soils are soil

pH, texture, organic matter, Cd concentration, @ecges, Zn statugCpga et al., 20Q7and

salinity (Ondrasek et al, 2009 Soil pH is the most important single soil prdgethat

determines Cd bioavailability to plant&driano, 200). In alkaline conditions more Cd was
probably adsorbed by substrate in stable CfG@ISQ and CdOH forms, than it was
soluble in substrate solution (in all treatmentsilable Cd was not detectable; table 5-4).

According toKabata-Pendias and Mukherjee, 20Bibtic factors such as plant species, root

activity and crop cultivation may have an impact ©d uptake by plants, however, Cd
availability to plants depends rather on soil paters than on plants species. In this study

soybean grain was more sensitive to Cd uptakelibday grain.
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Cobalt (Co) concentration was low in ash (34.1 mg/kg; table) 243d considerably below
upper value (1 mg/kg) of normal concentration raimg@lants, according t&cheffer and
Schachtschabel, 199 all investigated treatments of barley and @ft®an grainKigure 4

in Appendix tables 5-9, 5-13 and 5-16). These results a@caordance with the results of
other authors who noted concentration in barleyngrap to 44ug/kg and concentration in

soybean grains from 53g/kg to 176ug/kg (Adriano, 2001; Kabata-Pendias and Mukherjee,

2007 and GrbeSa, 2004 Above-mentioned authors also claimed that Cadtrient or soil

solution is easily accessible to plants and thsgmsality of Co to microorganisms, as well as
to higher plants, has not been fully establishej gthough there is some evidence of
favorable effects that Co has on plant growth asg@eeially on N-fixing processes.

Enrichment coefficients (table 5-17) were also véow and varied from < 0.001 (in

treatments No. 3-6 of barley (2)) to 0.011 (in tne@nt of barley (1) with pure soil).

There is no clear evidence tHabromium (Cr) is essential in plant metabolisms, and thus,
described positive effects of Cr on plant growtd development may be artefact. Content of
Cr in plants has recently received more attentioe ¢b its importance as an essential
micronutrient in human metabolic processes>{Crbut also because of its carcinogenic
effects (CF"). Chromium is slightly available to plants and reatsily translocated within
them, thus it is concentrated mainly in rootsaljata-Pendias and Mukherjee, 2D07

Chromium (Cr) concentration in barley (1) and soybean grain waghdn than its
concentration in barley (2). Chromium concentraiiopure ash was (281 mg/kg; table 5-3)
considerably higher than MAC (100 mg/kg) and sigaiftly lower (59.1 mg/kg; table 5-3)
than in pure soil. Concentration of Cr in plantsied from 0.37 mg/kg in treatment with saw
dust amendment (No. 5) in barley (2) grain, up.@83ng/kg in treatment of barley (1) with
pure soil. Extremely high concentration was notedaybean grain grown in treatment with
pure soil (17.8 mg/kg) with considerable data sgprbatween replication (RSD = 140 %)
which could be considered an exceptigig(re 5 in Appendixtables 5-9, 5-13 and 5-16). In

barley leaf grown at disposal site Dreznik consaté higher concentration than in barley
grain in pot experiment was noted (6.88 mg/kg; nRECOAL, D8, 200% Enrichment

coefficients (table 5-17) were relatively low andried from 0.002 in barley (2) grown in
treatment with pure ash, to 0.062 in barley (1Jrggrown in treatment with pure soil, with
the already mentioned exception of soybean growmnegtment with pure soil where the EC
value was 0.298. According BaSk et al., 1993normal Cr concentration in plants is in range
of 0.02 mg/kg - 1 mg/kg and toxicity occurs if maa$io is higher than 5 mg/kderiksson,
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2001, noted normal concentration range of Cr in Swelgmey grains of 0.01 mg/kg - 0.02
mg/kg and Adriano, 200} reported that phytotoxicity of plants in genesagpears when

levels of available form in growing substrate siointare from 1 mg/kg to 5 mg/kg, for barley
if available CF* in growth media is > 8 mg/kg, if available®q€rO,?) in growth media is >

50 mg/kg (stunted growth) and death of plant océfuasailable C#*(CrO;*) is > 500 mg/kg.

According to results of alkali substrate and itfedent soil mixtures analisys, available Cr
did not exceed 1 mg/kg (table 5-4) in neither meait and the explanation is probably
connected to pH (table 5-1), the most importantolawhich has the influence on Cr forms,
its solubility, sorption by growing substrate andavailability to plants, since Cr is probably

immobilized and precipitated as stable Cr(@id)alkali conditions.

Although caesium (Cs) concentration in pure ash was the range of natural soil
concentration (13.6 mg/kg; table 5-3), accordingabata-Pendias and Mukherjee, 2007

normal range varies from 0.8 to 30 mg/kg (table),5&s concentration in edible parts of
plants grown in treatment with pure ash of barlBy barley (2) and soybean, waigher than
natural (0.5 mg/kg; table 5-1@nd significantly higher than in all other treatrisenf both
species and was 0.91 mg/kg, 1.46 mg/kg and 1.6kgnggspectivelyKigure 6 in Appendix

tables 5-9, 5-13 and 5-16). In all other treatmé®dsconcentration in edible parts of plants
(barley and soybean) was below 0.5 mg/kg. Enrichraegfficients (table 5-17) were very
low, in accordance with concentration data, andedairom 0.002 in five treatments, No. 1, 3,
4 and 5 of barley (1) and No. 3 of barley (2) u®1014 in treatment No. 6 of soybean. EC in
treatment with pure ash of barley (1), barley (8) @oybean were considerably higher and
were 0.067, 0.108 and 0.122, respectively. Caesaimon-essential to plants, thus, its
distribution in plant samples has not been intezigistudied, but based on available data,
normal range of Cs in various plants is estimated @.1 mg/kg — 3 mg/kgK@abata-Pendias
and Mukherjee, 2007

Copper (Cu) concentration in barley and soybean grain was i@mydespite its relatively
high concentration in ash (85.9 mg/kg; table 54%) aas in the range from 1.08 mg/kg in

barley (1) grain grown in treatment with pure aghto 7.46 mg/kg in soybean grain grown in

treatment with pure soilF{gure 7 in Appendix tables 5-9, 5-13 and 5-16). Normal
concentration of Cu in vegetation is in range frermg/kg up to 12 mg/kg and Cu toxicity
can be found at acid soils when Cu concentratiohigber than 100 mg/kgB&st et al.,

1993. In barley leaf grown at disposal site Dreznigher concentration than in barley grain
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grown in pot experiment was identified (14.2 mg/kg:3, RECOAL, D8, 200%. In barley

grains Cu concentration was in the range from mg#&g (in barley (1) treatment with pure
ash) to 5.07 mg/kg (in barley (2) treatment with%%f soil and 25 % of ash). Enrichment
coefficients (table 5-17) varied from 0.01 (in legrl(1) treatment with pure ash), up to 0.31

(in soybean treatment with pure soil). Copper is ohseven micronutrients (Zn, Cu, Mn, Fe,
B, Mo and CI) essential for normal plant nutritidfhe amount of Copper required by plants
is very small: 5-20 mg/kg in crop tissue is suffiti for normal growth, < 4 mg/kg is
considered deficient and > 20 mg/kg is consideedct (Adriano, 200), while normal
concentration is 7 mg/kg in barley grain and 18 kggh soybean grainGrbeSa, 2004

According toKabata-Pendias and Mukherjee, 20@06rmal range of Cu concentration in

cereal is from 0.3 mg/kg to 13 mg/kg, therewith lihveest concentration of Cu is identified in

oats and the highest concentration in rye.

Iron (Fe) concentration in ash was in normal range for nasods and considerably below
normal concentration in barley (185 mg/kg) and sayb (250 mg/kg) grains, according to
GrbeSa, 2004in all investigated treatmentSiQure 8 in Appendixtables 5-9, 5-13 and 5-16).

Enrichment coefficients (table 5-17) were also Mery and varied from < 0.001 in barley (1)
grain (in treatment with pure ash), up to 0.005saybean (in treatment with pure soil).

Kabata-Pendias and Mukherjee, 20tted that the mechanisms of Fe uptake by plamds a

transport within plants, as well as its metabolindtions, have been thoroughly studied
because Fe is the key metal in energy transformatgeded for syntheses and other life

processes and cell activity. According Romic and Romic, 20Q03Fe accumulation in

agricultural topsoils is not influenced by urbandamndustrialised (anthropogenic)

environments, mainly of geogenic, i.e. pedogemnigii.

Although molybdenum (Mo) concentration in pure ash wedatively low (1.68 mg/kg; table
5-3) compared to MAC (15 mg/kg; table 5-5), Mo cemication in plants grown in treatments
with pure ash was above natural (1.5 mg/kg; takl®)%in barley (1) it was 1.95 mg/kg and
in barley (2) 1.83 mg/kg. Mo concentration in sagevas very high compared to natural
value in all treatments and was in the range fr@m Ing/kg in treatment with 75 % of soil
and 25 % of ash (No. 3), up to 40.9 mg/kg in treattwith saw dust amendmemigure 9 in
Appendix tables 5-9, 5-13 and 5-16). AccordingBask et al., 1993 andKabata-Pendias

and Mukherjee, 20Q/atural content of Mo in plants is relatively I¢gw 1 mg/kg), and high

concentration of Mo (> 10 mg/kg) in forage couldisa disturbance in animal metabolism or
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so called molybdenosis (Cu deficiency). Molybdensran essential nutrient to all plants, but
most plants require small amounts of this elem&he average Mo content in barley grain

varied from 0.2 mg/kg to 1.2 mg/k&iiksson, 2001 The uptake of Mo by plants is, in most

cases, controlled by pH. Usually a positive cotrelais observed between Mo content in
plants and the soil pHK@bata-Pendias and Mukherjee, 2DOEC identified in this

experiment were in accordance with these reswtdgt5-18). Very high EC were noted for
soybean, from 14.4 (in treatment with 25 % of smitl 75 % of ash) up to 60.3 (in treatment
with pure soil) and high EC were noted for barldy and (2), particularly in first three

treatments where EC were > 1, EC for barley vafieoh 0.16 in barley (1) treatment No. 3

up to 1.92 in barley (1) treatment with pure soil.

Nickel (Ni) concentration in soybean grain was higher thanoNcentration in barley (1) and
(2) grain. Nickel concentration in pure ash was3(B®y/kg; table 5-3) considerably higher
than MAC (60 mg/kg). Considerably high concentmataf Ni was also noted in treatment
with pure soil (96.4 mg/kg; table 5-3). Concentratbf Ni in barley was below upper value
(3 mg/kg) of normal concentration range for plantsgcording to Scheffer and
Schachtschabel, 199ih all investigated treatments and concentratibii in soybean was

above 3 mg/kg in all investigated treatmerig(re 10 in Appendixtables 5-9, 5-13 and 5-

16). Minimal concentration of Ni in soybean graiasm 6.6 mg/kg, observed in treatment No.
3 (75 % ash and 25 % soil), and maximal conceotmatvas 54.5 mg/kg, in treatment with

pure ash. According to Croatian authdagi et al., 1993 normal Ni concentration in plants

is from 0.5 mg/kg to 5 mg/kg. Ni enrichment coa#itts were in accordance with this data
(table 5-18 andgorelec et al., 2008 EC in barley were lower than EC in soybean famd

barley (1) and (2) varied from < 0.001 (in barl&y {reatment with 75 % of soil and 25 % of
ash), up to 0.009 (in barley (1) treatment withepaoil), whereas for soybean they varied
from 0.06 (in treatment No. 6, 25 % soil and 75 8l)ao 0.35 (in treatment with pure soil).

In barley leaf grown at disposal site Dreznik highencentration (3.99 mg/kg; n=3) of Ni

was noted in comparison with barley grain in popezxment RECOAL, D8, 200% Some

investigators Eskew et al., 1983have suggested that Ni might be essential fontpla

However, there is still no evidence for metabatiterof Ni in higher plants, although reported
beneficial effect of Ni on plant growth are in favof thesis that this metal may have its
function in plants. Although Ni is already consig@ran essential element for higher plants,
its toxicity to plants has been closely surveyedeny studies. The most common symptom

of Ni phytotoxicity is chlorosis followed by yellang and necrosis of leaves. The phytotoxic
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Ni concentrations vary widely among plant specias eultivars and have been reported from

> 40 mg/kg Kabata-Pendias and Mukherjee, 2D0he same author noted the range of Ni in

barley grains from 0.10 mg/kg up to 0.67 mg/kg &uhrwala et al., 1977compared the

phytotoxicity of other metals with Ni in barley arnide effectiveness of metals in inducting

visible toxicity symptoms was in following orderi M Co > Cu > Mn > Zn.

Despite the fact that the supstrate had relatilely supply of phosphorus available to plant
(60 mg/kg as #Os or 26.2 mg/kg as P.BPs; table 5-1) or water soluble orto-phosphates (not
detectable; table 5-2jotal Phosphorus (P)content in pure ash was in normal range (217
mg/kg; table 5-3 and table 5-5). Despite high galbstpH, supposed P fixation to stable Ca-
phosphates minerals and weak solubility, plantlalble P content was still greater than

critical level (8 mg/kg; Soltanpour and Schwab, 1977or agronomic crops. Normal

concentration of total P in barley (3 800 mg/kgy an soybean (6 700 mg/kg) grains, as
given by GrbeSa, 2004are shown in table 5-10. In Barley (1) and inlssgn observed

concentrations of P were lower than natural inralitments, but in barley (2) the content of P

was higher (probably due to fertilization) and vedmve normal in all treatments except in
treatment with pure soiFfgure 11 in Appendixtables 5-9, 5-13 and 5-16). Phosphorus EC

(table 5-17) were very high in barley and in soyheia the range of 2.74 (in pure soll
treatment of barley (1)), up to 23.4 (in pure asatment of soybean).

As already observed for As, Co, Cu and Fe, sinfiraviour was noted foead (Pb). Lead
content in barley and in soybean was very low umaximal 1.81 mg/kg in treatment No. 3
of barley (2)), considerably lower than upper valéeng/kg) of normal concentration range
for plants according t&cheffer and Schachtschabel, 1982 all treatmentsHKigure 12 in
Appendix tables 5-9, 5-13 and 5-16). AccordingBaSt et al., 1993normal concentration

in vegetation is in the range of 0.1 mg/kg - 5 ngg/though in vegetation near traffic roads
concentration could vary from 5 mg/kg to 100 mg/Rlp is mainly accumulated in cell

membrane and toxic Pb concentrations could caushition of whole spectrum of enzymes
in human and animal metabolism. Enrichment coeffits for Pb (table 5-17) were also very
low and varied from not detectable in six treatrsefMo. 1, 2, 5 and 6 of barley (1) and
treatments No. 5 and 6 of barley (2)), to 0.062b@ney (2) treatment No. 3 with 75 % of soil
and 25 % of ash). In barley leaf grown at dispastd Dreznik noted concentration (0.51
mg/kg; n=3) was in the range of those observeditelp grain in pot experimenRECOAL,

D8, 2009. Lead occurs naturally in plants, however it md been shown to have an
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essential role in their metabolism. The absorptibRb by root is passive and thus the rate of
its uptake from soils is rather low. Pb transfepliants is very limited and its great proportion

is accumulated in rootéabata-Pendias and Mukherjee, 2D03ther authors also noted that

the distribution of trace elements in plants canchgegorized into three groups: (1) more
uniformly distributed between roots and shoots (d@n, Ni and B); (2) more in roots than in

shoots, with moderate to sometimes large quaniiieshoots (Cu, Cd, Co and Mo) and (3)
mostly in roots with very little in shoots (Pb, Sn, Ag, Cr and V)Adriano, 200]).

Rubidium (Rb) concentration in pure ash (48.7 mg/kg; table 5-8sww normal range for
soil according taKabata-Pendias and Mukherjee, 2000 mg/kg - 140 mg/kg; table 5-5)

although its concentration (total and availablepime ash was significantly higher than in all

other treatments (table 5-3 and table 5-4). Norooaicentration of total Rb in barley grain
(4.7 mg/kg) and in soybean seeds (220 mg/kg),\@ndyy same authors, is shown in table 5-
10. Significantly higher Rb concentration was oledrin plants grown in treatment with
pure ash, than in all other treatments: 54.0 mgilgarley (1), 70.4 mg/kg in barley (2), and
100 mg/kg in soybearfF{gure 13 in Appendixtables 5-9, 5-13 and 5-16). Still, all noted
values of Rb in edible parts of plants were belawmmal concentration for soybean seeds

(220 mg/kg) and most of them were above naturateoination of total Rb in barley grains

(4.7 mg/kg), exceptions were: 1.47 mg/kg in bargy grain and 4.15 mg/kg in barley (2)

grain grown in treatment with pure soil and 3.78kggn barley (1) grain grown in treatment
No. 3. Unlike other investigated elements, compjgpesitive correlation was noted between
Rb concentration in grains for both species andasiferatio in growing substrate. Enrichment
coefficients (table 5-18) were > 1 in pure ashttremt of both species: barley (1) 1.11,
soybean 2.06 and barley (2) 1.45. In all otherttneats EC for all cultures varied from 0.07
(in barley (1) treatment with pure soil) up to maately high 0.66 (in soybean treatment with
25 % soil and 75 % of ash). Rubidium, as other matemt cations, is easily taken up by
plants. The radius of Rb (298 pm) is similar toinadof K (277 pm) and therefore Rb can
substitute at K sites in plants, but cannot belstswte for K in metabolic processes. High Rb
concentrations in plants might become toxic. Symmst@f its toxicity are dark green leaves,
wilting and stunted foliage, and short brown rodiswever in field conditions they are

practically unknown. Despite the chemical similaritf Rb and K there is significant

difference in uptake of these metals. The availgbdf Rb to several plants increases with
soil acidity, while K is not easily taken up fromi@ soils Kabata-Pendias and Mukherjee,
20079.
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Selenium (Se)concentration in pure ash wasnormal range for natural soils (0.23 mg/kg;

table 5-3) according tBssington, 2004(0.1 mg/kg - 2 mg/kg; table 5-5). Se concentratio

barley (1) and (2) and in soybean grown in treatmeti pure ash was higher than its natural

concentration according tGrbesSa, 2004(0.10 mg/kg in barley grain and 0.20 mg/kg in
soybean grain), and was significantly higher tharall other treatments: 0.79 mg/kg, 2.13
mg/kg and 0.87 mg/kg, respectivelyiqure 14 in Appendixtables 5-9, 5-13 and 5-16). In
three treatments of barley Se content in grain Veager than 0.10 mg/kg, namely in:

treatment with pure soil of barley (1) and treattsddo. 3 and 5 of barley (2). In the same
three treatments of soybean Se content in grainlevasr than 0.20 mg/kg. High EC was
noted in barley and especially in soybean (tabl8b-EC in soybean varied from 1.06 (in
treatment with pure soil) up to 9.35 (in treatmwith pure ash) and in barley (1) and (2) from
0.18 (in treatments with pure soil of barley (1§ amth saw dust of barley (2)) up to 4.11 (in
treatment with equal soil and ash content of baflgy. It is known that Se is non-essential
for plants growth although it is an important eletme human and animal nutrition. The

content of Se as nutrient and as poison to animals a narrow range. Selenium is toxic to
plants; it can reduce germination and produce stumind brown spotted plants, chlorotic
plants, it can also decrease the yield or causd amid severe toxicity depending on its
concentration in growing substrate. The amount.®friig/kg in barley grain shows toxicity

symptoms Walsh and Fleming, 1952Selenate (Sef) is a more toxic source of Se than

selenite (Se¢¥) and depends on soil pH and S concentration inumedf S content is > 30

mg/kg, Se as Sef can become more toxiti(rd-Karrer, 193Y. In this experiment with

alkali conditions high content of S (water soluBi€, " in ash was 11 843 mg/kg; or 3948
mg/kg S-S@; or 0.3948 % S-S§ in DM) probably increased mobility and uptake of Se
SeQ?, because the two ions are antagonists, with analbgpgeochemical reactions, and in

the same active uptake processes in competitidnesith other.

Strontium (Sr) concentration in pure ash wasnormal range for soil as given {abata-
Pendias and Mukherjee, 2Q0ftable 5-5), but a significantly higher concehtla was

observed in pure ash (182.2 mg/kg; table 5-3) thgure soil (87.9 mg/kg; table 5-3) and in

all other treatments. The range of normal concéatrdor total Sr in grains (1.5 mg/kg - 2.5

mg/kg), given by the same author, is shown in t&b1€). Figure 15 in AppendiXtables 5-9,
5-13 and 5-16) shows that only two values in bavkeye above normal range in grains (2.66
mg/kg in barley (2) grown in treatment with purel smd 2.71 mg/kg in barley (1) grown in
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treatment with saw dust amendment) and in soybedntwo values were in normal range

(2.16 mg/kg in treatment No. 3 and 2.21 mg/kg eatment with saw dust amendment).
Enrichment coefficients (table 5-18) were also Mery and varied from 0.006 in of barley (1)
treatment with pure ash up to 0.032 in soybearirtreat with pure soil. These results show
that more Sr was uptaken by soybean grain thanabigyograin. Although Sr is apparently
not a plant micronutrient, it is adsorbed owing netabolic requirements for Ca. The
interaction between Sr and Ca is complex, and atthdhe two elements can compete with
each other, Sr cannot replace Ca in biochemicattimms. The increased level of Ca in
growth medium may both inhibit and stimulate Sraketby plants, depending on several soil
and plant parameters. Most often, however, the tiaddiof Ca to soil increases its
concentration in soil solution and decreases Stgawailability. Main sources of Sr pollution

are associated with coal combustitalbata-Pendias and Mukherjee, 2D07

According toKabata-Pendias and Mukherjee, 20@@ble 5-5)uranium (U) concentration in

pure ash (5.07 mg/kg; table 5-3) wimsnormal range for soils (1.2 mg/kg — 11 mg/kg)
although U concentration in pure ash was signitigahigher than in all other treatments.

Llorens et al., 200lestimated average content of U in coal as 6.kgngthile in fly ash its

content increased above 22 mg/kg. Accordindgetixsson, 2001 normal concentration for

total U in barley (0.2ug/kg) grains in Sweden is shown in table 5-10. éliserved
concentrations for total U in barleys (1 and 2) aogbean grains were above normal (0.2

ug/kg) value for barley grains in all investigatedatmentsKigure 16 in Appendixtables 5-

9, 5-13 and 5-16). Enrichment coefficients (tabl@8) were very low and varied from <
0.001 in barley (1) grown in treatment with pur@,as barley (2) grown in treatment with 25
% of soil and 75 % of ash (No. 6), to 0.005 in &gr2) grown in treatment with pure soil. U
occurs naturally in terrestrial environment and?¥& isotope exists in relatively large
guantities as long-lived nuclide. Geochemicallygxist in +4 and +6 oxidations states in most
geological environments. Mobilized U is very likaly be quickly precipitated in hydroxides
or adsorbed, and can form organic complexes andusstable compounds such as oxides,
carbonates, phosphates, vanates and arsenatesurtdrexhibits affinity for absorption by
organic matter and accumulation by microorganisans, due to easy U sorption by organic
matter significant accumulation in coal and peatoften reported. Little information is
available about the transfer of U and transuraadtanuclides from soil to plants, although
this process is very important in environmentakbagshes Kabata-Pendias and Mukherjee,
20079.
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As for As, Co, Cu, Fe and Pb, similar behaviour whserved forzinc (Zn). Zn content in
barley and in soybean was low, lower than uppeuer&100 mg/kg) of normal concentration
range for plants according fcheffer and Schachtschabel, 19@P2all treatmentsKigure 17

in Appendix tables 5-9, 5-13 and 5-16) and near normal cdraton in barley (32 mg/kg)
and soybean (45 mg/kg) grains according&ideSa, 2004in all investigated treatments.

According toBask et al., 1993plant uptake of Zn depends on its availabilitysails and on

type of species (for example, normal Zn concemnain apple is 0.6 mg/kg and in hemp it is
83 mg/kg). Enrichment coefficients for Zn (tabld.8) varied from 0.10 in pure ash treatment
of barley (1) up to 0.43 in pure ash treatmentardy (2). In barley leaf grown at disposal
site DreZnik concentration noted was 20.21 mg/k@8(RECOAL, D8, 200% which is in the

concentration range in barley grain noted in p@eexnent. According t&Kabata-Pendias and

Mukherjee, 2007 in cereal grains grown in different countries ldaide, the mean Zn

concentrations vary from 18 mg/kg to 33 mg/kg, beline lowest in rice and the highest in
oats. Zinc plays essential metabolic roles in glamtd it is an active component of a variety
of enzymes, such as dehydrogenase, proteinasesidgssls and phosphoryrolases. It
influences the permeability of membranes and srasil cellular components. There is
evidence that Zn stimulates the resistance of atpla dry and hot weather and also to
bacterial and fungal diseases. StudiesHsier, 1997 indicated that Zn concentrations in
plant parts follow this pattern: roots > foliagéranch > trunk.
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Influence of vegetation season on monitored paramets of barley

The comparison of vegetation seasons of winterepafthe first one from 15.11.05. to
26.06.06. - barley (1) and the second one from1006L to 18.06.07. - barley (2)), that grew
on the same substrate in controlled conditions sldogignificant differences between some
monitored parameters (table 5-19 and table 5-20).

In treatment with pure soihere was a significant increase of total nitrqgetal sulphur and
total B, Cs, Fe, P, Pb, Rb, Sr and Zn content ainggrown in 2007 than in 2005, and a
significant decrease of length of steam, numbegrains, weight of grains and total content of
As, Cr and Mo.

In treatment with pure asiiere was a significant increase of length of steemgth of ear,
total nitrogen, total sulphur, total B, Cu, Fe,3?,and Zn content in grain grown in in 2007
than in 2005, and a significant decrease of nunadbgslants without ear, total number of
plants, number of grains, weight of grains andl tdatent of C and Cr.

In treatment No. 3, with 75 % of soil and 25 % shahere was a significant increase of
length of ear and total nitrogen, total sulphutatdydrogen and total Cu, Fe, Mo, P, Rb and
Zn content in grain grown in 2007 compared with208nd a significant decrease of number
of plants with ear, total number of plants, numiskegrains, weight of grains and total content
of C, As, Cd, Co, Se and Sr.

In treatment with equal content of soil and ash¥g§Ghere was a significant increase of total
H, Fe, Mo, P and Zn content in grain grown in 2@@mpared to 2005, and a significant
decrease of number of plants with ear, total nunabgslants, number of grains, weight of
grains and total content of N, C, S, Cd, Se and Sr.

In treatment with saw dust amendmeéntequal content of soil and ash (47.5 %) there wa
significant increase of number of plants with dangth of stem, length of ear and total
content of N, H, Cs, Cu, Fe, Mo, P, Rb and Zn aanitein grain grown in 2007 compared to
2005, and a significant decrease of total numbeaanits, number of grains and total content
of C, As, Cd, Co, Ni, Se and Sr.

In treatment No. &vith 25 % of soil and 75 % of ash there was aiigant increase of length
of ear and total content of N, H, Cu, Fe, Mo, P &mlcontent in grain grown in 2007
compared to 2005, and a significant decrease obeumf plants with ear, number of plants
without ear, total number of plants, number of gsaweight of grains and total content of C,
Cd, Co, Cr, Se and Sr.
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7/ CONCLUSIONS

Ash characteristics

For alkaline coal ash (8.77 in KCI; 8.75 in Ca®.86 in HO; n=4) taken from Jezero
disposal site following conclusions were made:

Electrical conductivity was 1 591S/cm measured in 1:5v(v) water extract or 2 380
uS/cm measured in 1:10vfv) water extract (n=4), moisture was 0.26 %, ash loas
supplied with available s (6 mg/100g; n=4) and high supplied with availaKlgO (44
mg/100 g, n=4), good supplied with TN (0.110 % iMDPn=4), total carbon content was
2.772 % in DM (n=4) and total S content was re&tiMow 0.349 % in DM (n=4) with C/N
ratio of 25. According to the observed data, domingpe of salt in Jezero coal ash is
calcium sulphate (CaSp

Some plant available (labile) elements in & B, Cr, Mo, Ni, Sr, U andZn) which
were measured in 1M NJNO; 1:2.5 (v/v) ratio (n=4) werehigher than precautionary value
and were respectively, 1Q@) As/kg, 630ug Ni/kg, 50ug U/kg, 250ug Zn/kg, some were
higher than trigger valuwith 122.5 mg Mo/kg and 1 mg Cr/kg and other weigher than
natural(in 1M NH,Ac) with 39.3 mg B/kg (>>0.97 mg/kg) and 10.7 mgk8r(>8 mg/kg).

Ash was enriched witAs, B, Cr, Cu andNi (n=4) and their mass ratios were 112 mg
As/kg, 204 mg B/kg, 281 mg Cr/kg, 85.9 mg Cu/kg &8 mg Ni/kg, analysed in aqua regia
extract in 1:12W/V) ratio.

According to soil classification damage criterigh aaken from Jezero disposal site belongs to
5" class or waste scilh respect ta\s, CrandNi; 4" class or polluted soih respect td and

Cu; 3 class or high polluted sdih respect t&n, Sr, Fe, CandCd; 2™ class or low polluted
soil in respect taCs, Pb, RlandU and to ' class or clean soil in respect to Mo, P and Se,
keeping in mind that this is ash not soil, but et is used for food and fodder production.

Pure soil was also enriched with As (27.7 mg/kg) Bin (96.4 mg/kg) and according
to soil classification damage criteria, in respedhese elements pure soil belongs'taiass
or polluted soil.

Some chemical and physical analyses of Jezerovash done at the beginning of
2005 during preliminary investigations and the lsswere following: texture classes of
Jezero ash were on the bordetaaimy sand (LS) andsandy loam (SL)ash [n=4,with 75.1
% of sand content (20-2Q0m); 19.1 % of silt content (2-20m) and 5.7 % of clay content (<
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2 um)], bulk density (0.7 g/cf), particle density (1.9 g/ci) field capacity (60.9 vol. %),
wilting point (8.6 vol. %), available water (52.®lv %), content of air (7.7 vol. %) and
porosity (68.5 vol. %; n=2), cation exchange cayaCEC) was 318 mmgkg, carbonates
content (CaCg) was 49 g/kg (or 4.9 % in DM) and content of origasarbon (G,g) was 26.4

g/kg (or 2.6 % in DM) (n=3).

Radioactivity (‘Be, **'Cs, *'Cs, *K, #'%Pb, #Ra, #**Ra, ?*Th and®*) of coal ash
samples (in ash from all 5 disposal sites) wasrdeted using Gammaspectrometry and was
within thresholds of BiH legislation, however, vedu for ?*Ra and?Pb were above
clearance levels for solids, liquids and excavatgtset by Austrian and German regulations.

In order to quantify themicrobial activity of the ash, the COproduction from
microbial respiration was measured. Median valuesbisal respiration (BAS) during 10
days (n=3; -15.8ig CO, g* h'"), substrate induced respiration (SIR) during 4rago=3; -2.3
Hg CO g* h') and also during 10 days (n=3; -218 CO, g* h") of Jezero ash (ash up to 10
years old) showed negative respiratory data undr lomited and excessive C availability. It
is assumed that the recorded negative respirataty fbr Jezero ash was caused by, CO
fixation to Ca(OH) in the ash itself. However, additional observatminthe amount of
mineral nitrogen that was produced during the drpemt brought the conclusion that
microbes were present in Jezero ash, but that@®@improduction could not be measured due

to CO, sequestration.
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- Influence of different ash ratios on yield compoants of soybean and barley

Yield components of barley

For barley (1) the worst results were obtainettéatment No. 5 (treatment with saw
dust amendment) where the measurements showeditiaum number of plants with ear
per pot (23), minimum average length of stem (8%, minimum average length of ear (1.4
cm), minimum number of grains (175), minimum weiglfitgrains (3.4 g) and maximum
number of plants without ear per pot (83 sterilenm), in comparison with the results of all
other treatments.

One year latter the worst results for barley (2revobtained in treatment with pure
ash where the measurements showed minimum numipdardé with ear (28), minimum total
number of plants (32), minimum average length af(888 cm), minimum number of grains
(51) and minimum weight of grains (1.1 g). Sigrafntly lower than in treatment with pure
soil was the number of plants with ear (28) andaye length of ear (2.3 cm) in treatment
with pure ash.

The best results for barley (1) were obtainedr@atment with pure soil where the
measurements showed maximum average length of(8&® cm), maximum average length
of ear (3.5 cm), maximum weight of grains (15.5ag5 minimum number of plants without
ear per pot (6 sterile plants) and for barley (2)reatment with 75 % of soil and 25 % of ash
where the measurements showed maximal averagehlafgear (3.8 cm) and maximum

weight of barley grains (6.3 g) per pot.

Yield components of soybean

The worst results were measured in treatment witie psh where the measurements
showed significantly lower values than in treatmerih pure soil: minimal number of pods
per pot (11), minimal number of pods per stem (i minimal weight of soybean grains (0.5
g). The best results were obtained in treatmerit pitre soil where the measurements showed
maximal number of pods per pot (33), maximal numifepods per stem (4) and maximal
weight of soybean grains (11.9 g) per pot.
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- Influence of ash ratio on metals and metalloidsa@umulation in grains of tested plants
and comparison of metals and metalloids accumulatioin grains of soybean and barley

grown on the same ash ratios

Mercury (Hg) and thallium (TIl) were not presentconsiderable concentrations in ash
and were not present in considerable concentraiiormarley leaf (28 ug Hg/kg; < 50 ug

TI/kg; n=1) grown at disposal site Dreznik.

Contents ofAs, Co, Cu, Fe, Pb and Zin soybean and barley grains werelow
normalvalues according to available literatuneall treatmentsalthough a considerably high

concentration ofAs andCuwas measured in ash.

Soybeangrain grown on pure alkaline coal ash or on iffedént soil mixtures was
high accumulator of B, Cd, P, Mo, Rb and Se ireast one treatment, moderate accumulator
of Cr, Cs, Cu, Ni and Zn, low accumulator of Pb &rdand non accumulator of As, Co, Fe
and U.Barley grain grown on pure alkaline coal ash or on iteedent soil mixtures was high
accumulator of B, P, Mo, Rb and Se in at least toe&tment, moderate accumulator of Cs,
Cu, Cd and Zn, low accumulator of Pb, Cr and Srraovd accumulator of As, Co, Fe, Ni and
U.

The observed data showed that barley and soybesn sgeasitive and in their grains
were high accumulators (EC > 1) of: P in all treatits of soybean and all treatments of
barley; Rb only in pure ash treatments of soybeah @ barley; Mo in all treatments of
soybean and some treatments (No. 1, 2 and 3) tybha&e in all treatments of soybean and
all treatments of barley; B in some treatments (Blo4, 5 and 6) of soybean and in one

treatment (No. 3) of barley; Cd only in pure agatment of soybean.

Very poor yields and visible plants damage in str@atments, especially in treatment
with pure ash compared to the treatment with pore af both species, soybean and barley,

were probably caused by toxicity or deficiency e¥eral elements.

Regardless the macronutrients (C, N, S and P) ileyoand soybean; the observed
data showed thabtal Scontent was near to normal concentration in sayl§@82 %) and in

barley (0.18 %) grains in all treatmenitstal N content was relatively high (> 4%) in soybean
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grains in all treatments, while it was relativebw in barley (1) grains (<2 %) and a little

above 2 % in barley (2) grains in all investigateshtmentsiotal carboncontent was near
normal content in plants (40 %) in barley graind aansiderably higher in soybean (~ 50 %)
grains in all studied treatmentsfal P contentdespite high substrate pH, expected P fixation
to stable Ca-phosphates minerals and its weak ititjuand plant availability, was still
considerably higher than its critical level (8 mg/lor 0.8 mg/100 g) for agronomic crops,
thus, P deficiency was not expected to cause conckr barley (2) grain higher
concentrations (~3 800 mg/kg) were observed thabantey (1) (<< 3 800 mg/kg) and in
soybean grains the concentrations were somewhagrldivan normal (~6 700 mg/kg)
depending on treatment.

Soybean plants showed symptoms Boftoxicity (> 100 mg/kg) in all treatments,
although B is micronutrient, while for barley plarm toxicity might have occured only in two
treatments of second barley vegetatidi. toxicity remained a concern in soybean in
treatment with pure ash (> 40 mg/kg), althoughlliother treatments Ni content in grain was
higher than natural (>3 mg/kg) but lower than caiitoxicity level (40 mg/kg). Ni in barley
grains was not dubious since low Ni concentratien 3( mg/kg) was observed in all
treatmentsUranium concentratiowasabove natura(0.2 pug/kg) in barley grains calculated
in Sweden, in all treatments and in both speciasl€ip and soybean), but it is necessary to
keep in mind that observed U concentration was Jewy (2-10 pg/kg), compared to
concentration of U in other plants, found in litewe, as well as U enrichment coefficients,
and there is still no data available in the literaton U phytotoxicityCu deficiency in barley
grains (<4 mg/kg) was noted, especially in firstiéavegetation, but also in three treatments
of second barley vegetation, although, in literaturarley is known as a crop sensitive to
copper deficiency. Cu deficiency can also providplanation for relatively low content of
total N in barley, since Cu is an essential elenfi@nplans nutrition and has a major role in N
uptake and metabolism procesdés.toxicity in soybeamgrains (>10 mg/kg) was observed in
all treatments. It is very interesting that Cu aylsean and Mo in barley (except in treatment
with pure ash where Mo content was somewhat hitgteer natural 1.5 mg/kg, but still <<10
mg/kg) were within normal natural ranges. In aflatments Cu/Mo ratios in soybean grain

were lower than recommended guideline (2Ailtimore and Mason, 1971and in barley they

were above it; therefore these ratios should rermaioncern when soybean or barley grown
at disposal sites are used as forage, becausengramimals are at risk of molybdenosis
(hypocuprosis).
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Very similar behaviour was observed for micronuttseZn and Fe. In all investigated

treatments Zn and Fe concentations in barley ansoybean were within normal natural
range (15-100 mg/kg for Zn; or 32 mg Zn/kg in barggains and 45 mg Zn/kg in soybean
grains), not exceeding natural 185 mg Fe/kg indyagrains and 250 mg Fe/kg in soybean
grains, although reduced leaf size sugge&tedind Fe deficiencespeciallyin first barley
vegetationin all treatments and in soybean in some treatsnemfiere concentration <20 mg
Zn/kg was observed, which is a critical Zn deficigrevel. Observed <<185 mg Fe/kg in
both vegetations of barley and << 250 mg/kg in saybmight also be critical. Such Fe and
Zn behaviour can probably be explained by high ptd &igh content of S in growing
substrate (water soluble $0in ash was 11 843 mg/kg; or 3948 mg/kg S*3@r 0.3948 %
S-SQ% in DM) and its influence on mobility and uptake Fé and Zn which were possibly
reduced, since these elements are more likely to bebstrate in stable Zn(OklFe(OH) or

Zn and Fe carbonates and sulphates forms.

For Cd andCs as elements which are non-essential to plamts¢entrations higher
than normal(0.4 mg Cd/kg and 0.5 mg Cs/kg) were obserget/ in plants grown in
treatments with pure ashamely, Cd in soybean and Cs in both species¢cdntentrations
were below toxic levels (<3 mg/kg).

Cr, Se, SandRbmight require continued monitoring.

Chromium concentration®@s a non-essential plant element, were higher tioamal
(1 mg/kg) in barley (1) grains in 5 treatments andoybean grains in 4 treatments. In barley
(2) grains noted Cr concentrations were in the @bmange in all treatments. All observed Cr
concentrations in all treatments of both speciesevielow the level at which toxicity can
occur (< 5 mg/kg). At the same time, all observed:@centrations in all treatments of both
species were (>>0.02 mg/kg), which is normal bagein content. Non-essential element for
plants but essential for animals and humargglisnium whose concentrations in both species
in treatment with pure ash were significantly higtien in all other treatments; and only in 3
treatments in barley grains and in 3 treatmentsoybean grains, concentrations lower than
normal were noted (0.10 mg/kg for barley and 0.2§/kap for soybean). In all other
treatments concentrations above normal were obdebue toxic levels (> 7.2 mg/kg) were
not observed in any of the treatments. §oontiun which is not one of the micronutrients of
plants, the investigation showed that more Sr wkert up by soybean than by barley grains;
only in 2 treatments of barley higher concentraidiman normal were noted in grains (2.5
mg/kg), and for soybean lower than normal valueseweoted only in 2 treatments.

Rubidium as well as other monovalent cations, is easikertaup by plants and at high
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concentrations in plants it can become toxic. Unlither investigated elements, Rb showed
completely positive correlation between concerdrain grains for both species and the ash
ratio in growing substrate. Opposite to Sr behavioneasurements of Rb concentrations
showed that more Rb was taken up by barley thasdypean grains, compared to normal
concentrations found in literature (4.7 mg/kg irrléa grain and 220 mg/kg in soybean
seeds); significantly higher Rb concentrations welserved in both species grown in
treatment with pure ash than in all other treatmeAll noted values in edible parts of
soybean were below natural (220 mg/kg) value, buo&d values in barley grains were
above natural (4.7 mg/kg).

In all treatments of both species other investigatien-essential trace elementss(
Co andPb) werewithin normal concentration ranges dad below critical level{mg As/kg,
1 mg Co/kg and 6 mg Pb/kg).
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- Influence of vegetation season on metals and métads accumulation in grains of

barley

The comparison of vegetation seasons of winteepathe first from 15.11.05. to 26.06.06. -
barley (1) and the second from 09.11.06. to 1806-(barley (2), that grew on the same
substrate in controlled conditions, showed sigaiiicdifferences between some monitored
parameters.

Treatment with pure soghowed a significant increase of total nitrogemalt sulphur and
total B, Cs, Fe, P, Pb, Rb, Sr and Zn content ainggrown in 2007 than in 2005, and a
significant decrease of length of steam, numbegrains, weight of grains and total content of
As, Cr and Mo.

Treatment with pure asthowed a significant increase of length of staangth of ear, total
nitrogen, total sulphur, total B, Cu, Fe, P, Sr @mdcontent in grain grown in 2007 than in
2005, and a significant decrease of number of plavithout ear, total number of plants,
number of grains, weight of grains and total contérC and Cr.

Treatment No. 3 with 75 % of soil and 25 % of ablowed a significant increase of length of
ear and total nitrogen, total sulphur, total hy@mogand total Cu, Fe, Mo, P, Rb and Zn
content in grain grown in 2007 compared to graiomgr in 2005, and a significant decrease
of number of plants with ear, total number of pkamumber of grains, weight of grains and
total content of C, As, Cd, Co, Se and Sr.

Treatment with equal content of soil and ash (50sk@wed a significant increase of total H,
Fe, Mo, P and Zn content in grain grown in 2007 parad to grain grown in 2005, and a
significant decrease of number of plants with ¢éatigl number of plants, number of grains,
weight of grains and total content of N, C, S, 8d,and Sr.

Treatment with saw dust amendmentequal content of soil and ash (47.5 %) showed a
significant increase of number of plants with dangth of stem, length of ear and total
content of N, H, Cs, Cu, Fe, Mo, P, Rb and Zn caniie grain grown in 2007 compared to
grain grown in 2005, and a significant decreaseot#l number of plants, number of grains
and total content of C, As, Cd, Co, Ni, Se and Sr.

Treatment No. 6vith 25 % of soil and 75 % of ash showed a sigaiiit increase of length of
ear and total content of N, H, Cu, Fe, Mo, P anacdmtent in grain grown in 2007 compared
to grain grown in 2005, and a significant decrealsaumber of plants with ear, number of
plants without ear, total number of plants, nuntdfegrains, weight of grains and total content
of C, Cd, Co, Cr, Se and Sr.
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In general, observed negative environmental impaftsoal ash disposal include the
destruction of landscapes and contamination of awibind water:
» changes in the hydrological system, both in terfsedefinition of the underground

flows and their chemical composition
¢+ pollution of associated surface waters
% potential contamination of underground waters,ipaldrly fresh water springs
» air-pollution and deposition of ash particles (werdsion)

» introduction of pollutants such as heavy metal® itite ecosystems and potential

distribution of these pollutants into the food chai

In terms of land use, tests on soils and diffetantl cover options showed that agricultural
and pastoral use of the coal ash disposal sitdeast in the first 20 or so years, could pose
significant risks to transferring pollutants inteethuman food chain.

An improvement in the regional economic situation mployment opportunities in the last
10 years could render cultivation of the sites wessary. Aside from demands for
agricultural land, there is a more general demandldt areas suitable for creating a healthy
environment and expanding the productive areaetity (recreational green space).

But if this coal ash disposal sites are to be ueedgricultural purposes, for risk reduction
(RECOAL, Handbook, 20Q&ollowing measures should be considered:
» establishment of safe soil cover (expensive)

- reasonable depth of good quality availabirounding topsoil
» potential use of ash amendment (unpolluted orgaairials)

- different combinations of amendments aspast, produced from locally available
municipal and industrial organic residues as aaraiment to ash to improve substrate
fertility (pH |, N and Pt)

» possibility of using cultivar alternatives
- each crop and cultivar tends to respond to gothudlifferently, tolerating and taking
up different amounts and kinds of pollutants pnése the air, growing substrate and
water. Results confirm the well-known observatibat grassy species (Monocots,
graminaceous plants, e.g. barley) are known &rdté higher metal levels in soil and
take up less amounts of disadvantageous traceesterthan herbal plants (Dicots e.g.

soybean). Our investigation suggested that in t@rtnace element uptake is safer to
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grow barley than soybean but at the same time esmna@analysis showed that
agricultural crops such as winter wheat, barleg aat were not profitable but could
form a part of subsistence farming

» safe cultivation and crop rotation system
- two key points will contribute to a safe cultivat: (1) Prevent tillage on the disposal
sites and (2) Ensure that the surface is covewemgl the warm period of the year,
thus preventing dust dispersion. Only crops thlaindt require tillage or crops that
provide thick coverage and do not require tillimgdeep ploughing are recommended.
For example, two rotation alternatives that cowdelmployed, from spring to winter,
are: (1) Alfalfa — Alfalfa — Alfalfa — Winter wheand (2) Red Clover — Red Clover —
Winter Barley — Oat (which requires the Oat to tenfed with the Red Clover in
spring). It is not recommended to cultivate motmla-intensive crops such as corn or
potato, due to the working/disturbing of the stk amount of exposed soil, and the
crops/cultivars’ uptake of pollutants. Focusinggoassland may also help

» compulsory monitoring system and long-term tests
- interdisciplinary monitoring system, the influenon soil, plant, water, forest,

animal, human
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APPENDIX

Table 1 Correlation coefficients for substrate phtlEEC values measured in three different
media

pH, 1 M KCl, pH, 0.01 M CaCl, pH, H-0, EC, H:0, EC, H:0,
1:25 1:25 1:25 1.5, 1:10,
puS/cm uS/cm

Correlation coefficient

pH, 1 M KCI, 1:2.5 1
pH, 0.01 M CaCl 1:2.5 0.9949 1
pH, H,0, 1:2.5 0.9950 0.9954 1
EC, HO, 1:5,uS/cm 1
EC, KO, 1:10,uS/cm 0.9970 1

Table 2 Substrate Pollution levels of investigatiinents according to soil damage
classification (Bagi, 1994)

Substrate pollution level (PL) in %
treatment/element| 1 2 3 4 5 6

As, 75 138 558 243 348 338 453
B, 10 0 152 38 76 66 114

cd. 111 29 52 35 40 37 46
Co. 59 32 68 41 50 46 59
Cr, 53 100 | 468 192 | 284 255 376

Cs, 133 9 45 18 27 22 36
Cu, 63 40 143 66 92 82 117
Fe. 57 65 26 73 80 73 88
Mo, 95 4 17 7 11 11 14
Ni, 62 193 1185 441 689 617 937
P, 31 5 1 4 3 3 2
Pb, 208 29 29 29 29 27 29
Rb, 85 16 35 20 25 21 30
Se, 82 3 11 5 7 5 9
Sr, 88 42 87 53 64 57 76
U, 238 15 46 23 31 27 38
Zn, 68 30 51 36 41 37 46
1% class 0-25 % Clean soil

2" class 25-50 % Low polluted soil

3% class 50-100 % High polluted soil

4" class 100-200 % Polluted soil

5" class > 200 % Waste soil
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Figure 1 Phytoaccumulation of As in barley and s@bgrain
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Figure 2 Phytoaccumulation of B in barley and s@rbgrain
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Figure 3 Phytoaccumulation of Cd in barley and smsograin
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Figure 4 Phytoaccumulation of Co in barley and ssograin
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Figure 5 Phytoaccumulation of Cr in barley and segb grain
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Figure 6 Phytoaccumulation of Cs in barley and saybgrain
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Figure 8 Phytoaccumulation of Fe in barley and ssafibgrain
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Figure 9 Phytoaccumulation of Mo in barley and segi grain
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Figure 10 Phytoaccumulation of Ni in barley andlsegn grain
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Figure 11 Phytoaccumulation of P in barley and sy grain
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Figure 12 Phytoaccumulation of Pb in barley andtsmn grain
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Figure 13 Phytoaccumulation of Rb in barley ands@n grain
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Figure 14 Phytoaccumulation of Se in barley andogay grain
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Figure 15 Phytoaccumulation of Sr in barley andiszan grain
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Figure 16 Phytoaccumulation of U in barley and segh grain
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Figure 17 Phytoaccumulation of Zn in barley andisgn grain
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