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A geokémia a Fold és egyes Ovei asvanyos és kémiai 0sszetételének
meghatarozasaval, az elemek kiilonb6z6 természetes képz6dményekben
(dsvanyokban, kézetekben, vizekben, levegében stb.) tapasztalt eloszlasanak
meghatarozasaval, az észlelt elemeloszlasokban megmutatkozé
torvényszer(ségek feltarasaval és az elemek olvadékban, oldatban vagy
szilard fazisban torténd vandorlasat befolyasold tényezbk feltarasaval
foglalkozik (Goldschmidt, 1933).

A kornyezetgeokémia az emberrel kapcsolatban lévd kdrnyezeti elemek
(Uledék, talaj, viz, levegd) geokémiajaval foglalkozik, az emberi beavatkozas
kdovetkeztében megvaltozo elemvandorlasokat és az esetleg modosuld
elemeloszlasokat vizsgalja a geokémia mar korabban megismert
torvényszer(iségeire alapozva (Hetényi, 1999).



A biogeokémiai ciklus elemei (va és rate, 2009)
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. Esszencialis elemek

D Toxikus elemek
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Az emberi szervezet egészséges mikodéséhez bizonyitottan elengedhetetlen, Un. esszencialis

és a mérgez6 vagy toxikus elemek a periddusos rendszerben

Jelenleg legalabb 25 olyan elem van, amelyre szlikségiink van valamilyen formdban az életlink soran. A periddusos rendszerbél
azonban nagyon kevés elemet lehet kizarni az élettani fontossag lehetGségébdl: csak a nemesgazokat és az erésen radioaktiv
elemeket. A természetben el6forduld elemek koziil majdnem mindet kimutattak mar az emberi szervezetbdl.
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Potenciadlisan toxikus elemek = Nehézfémek?

Bjerrum (1936) — s(irliség >7g/cm?3
Duffus (2002) — tobb mint 40 definicid

Alternativak: s-, p-, d-, f-csoport elemei; kemény/dtmeneti/lagy
savak/bazisok;litofil/kalkofil elemek; potencidlisan toxikus elemek

Hibner et al. (2010) — As, Cd, Cr, Co, Cu, Pb, Hg, Ni, Sn, Zn



Veszélyes anyagok fontossagi sorrendje

Forras: ATSDR (Agency for Toxic Substances and Disease Registry), http://www.atsdr.cdc.gov/

Rank | 2007 2011 Towl | NPL | F Tox | GMMC | GNIMC | GNINIC SC P

Diff | Rank | Rank | o™ CAS Ptz | Freg PT: Tox | by | water | soi | air | °0 | SC | g nE:E t?:! mEﬁ U?;:I En:
] 1 1 ARSENIC 007440-38-2 1685 1123] 535 1| ®00| 6E02 | 5E=01 | 9605 | TEH? | TEHD2? 242 5021 T19) 1791 1 268
i 2 2 LEAD 0074399241 1529 1259 600 10{ 400( 1E01 | 9E+02 | 3E03 | 3E01 | JED2 229 5M| 843 2397 1 300
] 3 3 MERCURY 007435575 1451 829] 395 1| 00| 3203 | 3E=00 | 3E03 | 5E402 | BEDZ 237 167 302 ed0| 1 229
] 4 L] VINYL CHLORIDE 0075014 1381 H91] 282 1| &00| eE-02 | 1E=00 | 9603 | 2E401 | 2E-D1 2590 118 138 410 1 o
] 5 5 POLYCHLORIMATED BIPHENYLS 001336-38-3 1344 B43| 258 1| 00| 12402 | SE=01 | 1E03 | 5E402 | BEA0Z 237 274l 38| B8R4 1 243
0 B 6 |BENZENE 000071432 | 1332 9%8| db1 10| 400| 6EAZ | 1E<00 | 3802 | 5E-07 | BEDZ | 236| 197| 302| 9| 1 | 2%
] 7 7 CADMIUM 007440-43-9 1319 9534| 474 10{ 400( 4202 | 2E+01 | 1E04 | 5602 | 5ED3 19| 280 489) 1113 1 249
-1 9 & BENZO{AJPYRENE 0050-32-8 1306 542| 258 1| ®00| 32402 | TE=00 | JED4 | 4E402 | 4E402 23 95 238 53| 1 216
+1 a 9 POLYCYCLIC AROMATIC HYDROCARBONS 130493-29-2 1282 401 191 1| 00| 2601 | 2E+02 | 1ED3 | 3E01 | 3ED1 Job| 147 184] 830 1 226
i 10 10 |BENZO(B)FLUORANTHENE 00020595-2 1252 448 214 1| ®600| 3E402 | 1E<01 | 7TEDR | 4E402 | 4E4)2 230 0 1811 345] 1 209

Rank Diff = 2011 Rank - 2007 Rank; CAS = Chemical Absiracts Service Reqistry Number; Total Pts = Total Points; NPL Freq = National Priorities List frequency; Freq Pts = Frequency
points; Tox = Reporiable Quantity or Toxicity/Environmental Score; Tox Pts = Toxicity Points; GMMC = Geometric Mean Maximum Concentration for water (maf), soil (mg'kg) & air {mga’m:*];
TDD = Theoretical Daily Dose; SC = Source Contribution; SC Pts = Source Contribution Points; Exp to C (Category 1) = Exposure to Contaminant; Exp to M (Cat. 2) = Exposure o Media;
PExp to M (Cat.3) = Potential Exposure to Media;, Exp Used = Exposure Category used to determine Exposure Points; Exp Pts = Exposure Points.

17. Cr(V1), 52. Co, 57. Ni, 75. Zn, 78. Cr, 97. U, 100. Ra stb.




The World’s Top Ten Toxic Pollution Problems 2011

Blacksmith Institute & Greencross Switzerland

Top Toxic Pollution Problems:

1.
2.
3.

U

10.

Mercury from Artisanal Gold Mining

Lead from Industrial Estates

Pesticides from Agricultural
Production

Lead from Lead Smelting

Chromium from Tanneries

Mercury from Mining and Ore
Processing

Lead from Mining and Ore
Processing

Lead from Lead-Acid Battery
Recycling

Arsenic from Naturally Occurring
Sources

Pesticides from Pesticide Production
and Storage

Top Toxic Pollution Sources:

No Uk WN R

8.

9.
10.

Mining and Ore Processing

Metal Smelting

Chemical Manufacturing

Artisanal & Small-Scale Mining

Mixed Industrial Estates

Agricultural Production

Industrial /Municipal Waste
Disposal

Heavy Industry (metal casting,
rolling, stamping)

Petrochemical Industries

Tanneries



@ Artisanal Gold Mining — Mercury Pollution O Mining and Ore Processing — Mercury Pollution

@ Industrial Estates — Lead Pollution @ Mining and Ore Processing — Lead Pollution

@ Agricultural Production — Pesticide Pollution @ Lead-Acid Battery Recycling — Lead Pollution

@ Lead Smelting — Lead Pollution @ Naturally Occurring Arsenic in Ground Water — Arsenic Pollution
© Tannery Operations — Chromium Pollution @ Pesticide Manufacturing and Storage — Pesticide Pollution

Contaminated Sites from Top Ten Pollution Problems




Estimated
Key Pollutant and Source Industry Population at Risk

. Artisanal Gold Mining 3,506,600
Mercury Pollution

. Industrial Estates 2,981,200
Lead Pollution

. Agricultural Production 2,245,000
Pesticide Pollution (considering only local impact)

. Lead Smelting 1,988,800
Lead Pollution

. Tannery Operations 1,848,100
Chromium Pollution

. Mining and Ore Processing 1,591,700
Mercury Pollution

. Mining and Ore Processing 1,239,500
Lead Pollution

. Lead-Acid Battery Recycling 967,800
Lead Pollution

. Naturally Occurring Arsenic in Ground Water 750,700

Arsenic Pollution

. Pesticide Manufacturing and Storage 735,400
Pesticide Pollution



Egyes nehézfémek felhasznalasa siegel (2002) nyoman

As: allati takarmanyozas, fa véddanyag (Cu-Cr-arzenat), specialis livegek, kerdmiak, baktériumirto, rovarirtd, gyomirtd, gombadlé,
ragcsaloirtd, algadld, parazitairtd (juhok flrdetése), elektronika (pl. Ga-arzenat félvezetd, integralt aramkor, diddak, infravoros
detektor, |ézertechnoldgia), kohaszat, fémipar, széntiizelés(i és geotermas erémlivek, textilipar, bércserzés, festékek,
fénysz(irG, tlzijaték, allatgyodgyszerek

Cd: Ni-Cd elemek, festékek, korroziévédelem, mianyagok stabilizdlasa, 6tvozetek, szénégetés, neutronabszorbens nuklearis
reaktorokban

Co: fémipar (szuperotvozetek), keramia, tGveg, festék

Cr: vasotvozetek (specialis acél), fémbevonatok, festék, textilipar, b6rcserzés, hiit6korok korrézidjanak gatlasa, fakezelés,
adattarolas

Cu: elektromos és hévezetés, vizvezetékek, tet6fedés, konyhai eszkozok, vegyi és gydgyszeripari eszkozok, festék, otvozet

Hg: fémkinyerés amalgdmozassal, mobil katod (NaOH- és klorgaz-termelés), elektronika, gombadlé, katalizator, gyogyszerészet,
fogtomés, oszcillator, elektréda, higanyg6z-ldampa, rontgencsd, forrasztéanyag

Ni: acélotvozet, fémbevonatok, Ni-Cd elemek, ivhegeszt6-pakak, festékek, fogpdtlas, liveg és keramia dnt6forma, szamitogép-
alkatrészek, katalizator

Pb: kopogasgatld, savas akkumulatorok, festékek, Givegaru, keramia, mlianyag, 6tvozetek, lemez, kdbelburkolas, forrasztdanyag,
csovek, vezetékek

Zn: 6tvozet, korrdzidgatld bevonat, elemek, tartdlyok, PVC stabilizator, aranykicsapatas cianid oldatbél, gydgyszeripar, gumiipar,
festékek, forrasztas, hegesztés




A vilag As-, Cd-, Hg- és Pb-termelése az elmult években www.bgs.ac.uk
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A KEMIAI ELEMEK KORFORGALMA

A nyomelemek a vitaminokkal szemben nem az é16 szervezetekben képz6dnek, hanem kdzvetve vagy
kdzvetlenl az asvanyokbdl, k6zetekbdl kerilnek az emberbe. Az emberi tevékenység jelent6sen
megvaltoztatta a kémiai elemek természetes kdrforgalmanak egyensulyat, amely jelent6s mennyiségl

potencialisan mérgez6 elem mobilizalédasat is eredményezte az emberi kbrnyezetben, elsésorban az
ipari terlletek és a nagyvarosok kozelében.

Vulkanizmus > LEVEGO

EMBER

KOZET
(kémiai elemek)

Mallas



Kémiai idozitett bombak stigiiani, 1991)
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Figure 1. Trend in per capita GNP in the USA determined by classical
economic indicators (solid line), and adjusted for the costs of environmental
damage (dashed line). (Source: Daly and Cobb, 1989.)

A chemical time bomb (CTB) is a concept that refers to a chain of events
resulting in the delayed and sudden occurrence of harmful effects due to the
mobilization of chemicals stored in soils and sediments in response to slow
alterations of the environment.



Nehézfémek felhalmozddasa a talajban Nehézfémek felhalmozddasa a

kiilonb6z6 kornyezetekben (Golia et al., 2008) taplaléklanc elemeiben (zhuangetal., 2009)
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Természetes és mesterséges mobilizalddas (e és Graedel, 2004)
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Figure 3 Graphic comparison of the ratio of anthropogenic and natural mobilization flows. Human activities mobilize
more of each element on the left side of the diagram; natural processes mobilize more of each element on the right side of
the diagram.



Természetes és mesterséges mobilizalddas (kiee és Graedel, 2004)
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Figure 5 A periodic chart of the relative anthropogenic dominance of the mobilization flows of the
elements. Unfilled boxes indicate elements for which dominance is undetermined.



Természetes és mesterséges mobilizalddas térbeli eloszlasa (rauch, 2010

Fa.
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FIGURE 5. Global map at 1° x 1° of the Klee—Graedel Index for copper for the year 2000. Positive values (orange to red) indicate
anthropogenic dominance and negative values (greens) indicate natural dominance. Note that the K—G Index is composed of
unitless values on a log scale.



Depth (cm)

Antropogén hatas id6beli megjelenése - Az dlom dusuldsa egy Jura
hegységi t6zeglapban (shotyk et al., 1998)
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Potencialisan toxikus elemek
kdrnyezetgeokémiaja

Természetes el6fordulas, forrasok, szennyezések
elktlonitése
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Nehézfémek mennyisége a kulonbozo foldtani kepzodményekben (mg/kg)

Fels6 Mdrevald | Bazisos | Savanyu | Agyagos | Homokos | Meszes Talaj Novény
kéreg érc magmas | magmas | uledékes | Uledékes | Uledékes (Kritikus)
As 4,8 20000 0,3-16 0,2-14 0,1-15 0,6-10 0,1-8 0,1-70
Cd 0,09 0-0,2 0,003- 0-11 0,001-0,1 | 0,001-0,1 | 0,01-3 5-10
0,18
Cr 92 320 000 1000- 2-90 30-590 5-50 2-25 1-1100 1-2
3400
Co 17 90-270 1-15 5-25 0,1-0,8 | 0,01-0,5 0,1-70 10-20
Cu 28 7000 2-100 4-30 18-120 0,5-5 0,1-10 1-140 15-20
Pb 17 20000 2-5 6-30 16-50 0,1-31 0,1-15 1,5-170
Hg 0,05 1000 | 0,004-0,5 | 0,005-0,4 | 0,005-0,5 | 0,001-0,3 | 0,01-0,22 | 0,008-1,1 0,5-1
Ni 47 10000 | 270-3600 2-20 20-250 0,1-4 0,1-35 0,2-450 20-30
Sn 2,1 1000
Zn 67 30000 40-240 5-140 18-180 2-41 5-45 3-770 150-200




A fontosabb kézetalkot6 asvanyokban el6fordulé nyomelemek (Bradi 2005 nyoman)

Asvéany Képlet Nyomelem

olivin (Mg, Fe),[SiO,] Ni, Co, Mn, Li, Zn, Cu, Mo
hornblende = NaCa,(Mg,Fe);[Si,AlO,,(OH),] Ni, Co, Mn, Se, Li, V, Zn, Cu, Ga
augit (Ca,Na),Fe**Mg,(ALFe**,Ti),[Si;,AL,O 4] Ni, Co, Mn, Se, Li, V, Zn, Pb, Cu, Ga
biotit K(Mg,Fe),[AlSi,O,,(OH),] Rb, Ba, Ni, Co, Mn, Se, Li, V, Zn, Cu, Ga
apatit Ca;[F(PO,),] ritkafoldfémek, Pb, Sr

anortit CaAl,Si,Oq Sr, Cu, Ga, Mn

albit NaAlSi,Oq Cu, Ga

granat (Mg, Fe?*,Mn,Ca),(ALFe3*,Cr),[Si,O,] Mn, Cr, Ga

ortoklasz KAISi,Oq4 Rb, Ga, Sr, Cu

muszkovit KAIL[AISi;O10(OH,F),] F, Rb, Ba, Sr, Cu, Ga, V

titanit CaTi[SiO;] ritkafoldfémek, V, Sn

ilmenit FeTiO, Co,Nij, Cu, V

magnetit Fe?*Fe**,0, Zn, Co,Ni, Cu, V

turmalin Na(Mg,Fe?*,Mn,Li,Al), Al [(OH),(BO,),.5i,O;] Li, F, Ga

cirkon Zx[SiO,] Hf, U

kvarc Si0, -




Néhany elem duasuldsa a miireval6 érctelepeken

Clark-érték Miirevalosag
% %
As 0.00018 2
Au 0.0000004 0.0002
Cr 0.01 32
Cu 0.0055 0.7
Fe 5.63 30
Hg 0.000008 0.1
Mo 0.00015 0.1
Ni 0.0075 1
Pb 0.00125 2
Pt 0.0000005 0.0002
Sh 0.00002 2
Sn 0.0002 0.1
Ti 0.57 2.5
0.00027 0.01
\% 0.0135 25
w 0.00015 0.5
Zn 0.007 3
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Nyomelemek néhény fontosabb ércdsvanyban

Ercasvany Képlet Nyomelem

antimonit Sb,S, As, Ag, Au

arzenopirit FeAsS Co, Fe, Os, Ry, Ir

auripigment As,S, Ba, Ce, Co, Cr, Cs, Fe, Hg, Sc, Tb, Th, U, Zn

cinnabarit HgS As, Zn, V, Sn, Mn, Cd

enargit Cu,AsS, Sb, Zn, Pb, Ag

galenit PbS Ag, Cu, Zn, Ge, Bi, Fe, As, Sb, Mo

goethit FeO(OH) Mn, Co, Ni, Zn, Pb

greenockit Cds In

hematit Fe,O, Ti, Mg

kalkopirit CuFeS, Au, Ag, Zn, Sn

kassziterit SnO, Fe, Ta, Nb, W, Mn, Zn, Ge, Zr, Ga, Be, Hf, In,
\%

koblatin CoAsS Fe

kromit FeCr,O, Mn, Zn, Ti

magnetit FeFe,O, Mg, Mn, Ni, Zn, Ti, AL, V, Cr

molibdenit MoS, Re

nikkelin NiAs Fe, Co, S

pentlandit (Fe, Ni)gS, Co

pirit FeS, Ni, Co, Cu, Zn, Ag, Au, Tl, As, Se

pirrhotin FeS Ni, Pt, Pd

realgar As,S, Ba, Ce, Co, Cr, Cs, Fe, Hg, Sc, Tb, Th, U, Zn

szfalerit /nS Fe, Mn, Cd, Ba, In, T1, Hg, Cu, Sn




Nehézfémek a hidroszféraban: felszinalatti vizek nyomelemtartalma (Edmunds és Smedley, 199)

S

TRACE ELEMENTS IN GROUNDWATER AND THEIR
SIGNIFICANCE IN TERMS OF HEALTH AND
ENVIRONMENTAL PROTECTION

CONCENTRATIONS IN DILUTE, OXYGENATED GROUNDWATER AT pH 7
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Fig. 1. Major and trace elements in groundwater and their significance in terms of health. Concentrations shown
are those typical of dilute oxygenated groundwater at pH 7. Elements outlined are those considered to be essential
(or probably essential) for health. Those elements which have guideline ot statutory limits set by the CEC or
WHO (see Tables 1, 2) are indicated,



Nehézfémek az atmoszféraban

Fable 1. Global lead emission from natural and anthropogenic
sources (from Nriagu and Pacynn 1988; Nriagu 1089)

Source Production
(in 1000 tons
per year)

Natural Windborne soil particles 03-75

Scasalt spruy 0-28
Volcanoes 0.5-6.0
Wild forest fires 0.1-38
Biogenic processes 0-34
Totl 09-235

Anthropogenic Fuel combustion

Coal 1.8-14.6

il G939

Gasoline 248

Wood 1.2-3.0
Nonferrous metal industry

Primary 30.0-682

Secondary 0.1-14
Other industries and use 5.1-338
Waste incineraton 1.6-3.1

Total 288.7-376.0




Antropogén hozzajarulas mértéke a globalis fémemisszidhoz (nriagu, 1989)

27. tablazat

Antropogén és természetes forrasokbol légkorbe jutott mikroslemek
mennyisége a Foldon 1983-ban Nriagu (1989) becslése nyomén

(1000 t/év)

Elem Antropogén Természetes  Ossz. emisszi6  Antropogén
jele Médian Meédian Madian Y-ban
Mo 3.3 3.0 6.3 52
Sb 3.5 2.4 5.8 58
Hg 3.6 2.5 6.1 59
Se 6.3 8.3 15.6 42
Cd 7.6 1.3 8.9 85
As 18 12 31 61
Cr 30 a4 74 41
Cu 35 28 63 56
Mn 38 317 355 11
Ni 56 30 86 65
v 86 28 114 75
Zn 132 45 177 66
Pb 332 12 344 S6
Elem Min/Max Min/Max Min/Max Természetes %-a
Mo 08-54 0.1 - 5.8 0.9- 11 48
Sb 1.5-855 0.1-4.7 16 - 10 41
Hg 0.9 - 6.2 0.1 -4.°9 1.0- 11 41
Se 3.0 - 9.7 0.7 - 1.8 25- 24 48
Cd 3.1- 12 0.2-26 3.2- 15 15
As 12 - 26 0.9- 23 13 - 48 38
Cr 7 - 54 45 - 83 12 -137 59
Cu 20 - 51 23- 54 22 -105 a4
Mn 11 - 66 52 -582 63 -648 89
Ni 24 - 87 3- 57 27 -144 35
Vv 30 -142 2- 54 32 -220 25
Zn 70 -184 4 - 86 74 -280 34
Pb 288 -376 1- 23 290 -398 4q

Természetes: Oceanok és a talaj alapvetéen
Antropogén: Kohaszat, tuzelés, kozlekedés dontden

natural emissions (volcanoes,

forest fires, etc.) B
Million
kg/year

- 4
Cadmium 2
(anthropogenic
emissions only)
coal burning
ore smelting 300
gasoline ehric
additives buming Lead L 200
3% (anthropogenic
emissions only) 100
= 30
natural
— 20
Nickel
. 10
(anthropogenic
emissions only)

I I \
1960 1980



Antropogén szennyezG forrasok: a mezégazdasag

Nehézfémek mobilizacidja reduktiv Uledékek kihelyezése esetén (cappuyns et al., 2006)

S0.* (g/L) 10000 7 ke (mgn) 1000 Ca (mglL)
i 1000
100
1 W 10 W %
]

0.1

—pH 1000 10000
9 1 Stagel 500 oo AHmok) Mn (mgiL) S000 | Co (mgiL)
100
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4 400 ) 1
c
300 ™ & &1 0.1
E g °°1 - f \ ooo1 :
200 3 8 o
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Time (days) .
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0.01 T 1 00001 " 0.001

T|me (days)

Figure 2. Evolution of concentrations of major and trace elements in the porewater during simulated
land-disposal of sediment KB, at 2 cm (open symbols) and 10 cm (closed symbols) from the sediment

surface,



Antropogén szennyez0 forrasok: a mez6gazdasag

Nehézfémek dusulasa

szennyviziszappal kezelt talajokban
(McLaren et al., 2005)

Nehézfémek felvehetbsége

szennyviziszappal kezelt talajokban
(Morera et al, 2002)
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Antropogén szennyezs forrasok: a mez6gazdasag

Nehézfémek az allati hulladékokban (adriano, 1986)

AprPENDIX TABLE 1.9. Concentrations (ppm) of trace elements in animal wastes.

Waste As B Ba Be Cd Co Cr Cu Hg Mn Mo Ni Pb Sb Se Sn Ti \Y /n
Feedlot diet"” 0.10 — 18 <0.03 0.05 010 075 3.0 <001 17 <25 — 0.36 <0.08 0.19 <08 8.1 057 20
Cattle manure (low

fiber diet)"” 088 — 105 <0.03 028 1.7 20 24 0.05 117 30 — 2.1 <0.08 0.35 4.7 55 32 115
Cattle manure (high

fiber diet)"’ 22 — 305 <0.03 024 22 31 21 <0.03 161 49 — 330 <0.08 0.32 7.4 129 8.0 86
Processed cattle

waste pellets” 0.60 — 70 <0.03 0.14 1.1 5 19 <0.09 100 16 — 33 <0.08 0.36 3.7 50 3.0 77
Poultry waste with

litter*” 0.57 — 54 <0.03 042 2.0 6 31 0.06 166 5.0 — 2.1 <0.08 0.38 2.0 12 39 155
Poultry waste

without litter”” 0.66 — 57 <003 058 1.2 5 20 <0.04 242 7.2 — 3.4 0.10 0.66 4.1 27 43 IS8
Poultry waste” —_— —_- - — — 50 10 44 — 187 42 — 90? — — = —_ — 36
Swine waste” —_ = - — — 11,0 14 13 — 168 34 — 1687 — — — = — 198
Farmyard manure” = — - — 110 12 2.8 — 69 21 — 1207 — — — — 15
Cow manure' 40 24 268 — 08 5.9 56 62 0.2 286 14 29 16 05 24 3.8 28007 43 71

Sources: " Capar et al (1978)

! Typical feedlot diet = 70% corn, 3% hay, 5% beet pulp, 20% corn silage, and 2% mineral supplement.

? From feedlot heifers fed 59% comn,
' From feedlot heifers fed 24% comn,

* A commercial high-protein feedlot animal waste product similar to item 3 pelletized.

5 Includes wood shavings: used layer ration.
* Arora et al (1975); high Pb results may be due to contamination of samples,

© Furr et al (1976),

2% alfalfa hay, 3% molasses, 33% corn silage, and 3% mincral supplement.
2947 alfalfa hay, 3% molasses, 41% corn silage, and 3% mincral supplement.



Antropogén szennyezs forrasok: a mez6gazdasag

A mez6gazdasagban alkalmazott mdtragyak
nehézfémtartalma (adriano, 1986)

AprpENDIX TABLE 1.3. Concentrations (ppm) of trace elements in fertilizers.

Fertilizer Zn Cu Mn B Mo Co Cr Ni Pb Vv Cd
Diammonium phosphate (20-48-0)"
Reagent grade 1O 1.6 06 - — — 02 LI 05 0.3 09
Idaho phosphate rock s 2.7 195 — - — 485 64 44 1600 30
North Carolina phosphate rock 285 1.0 93 — — — 195 38 4.7 90 30
Rock phosphate® 87 32 975 72 555 109 184 — 962 - -
Single superphosphate (0-16-0)" 165 15 8% 132 335 77 87 — 488 — —
Triple superphosphate (0-45-0)° 418 49 75 212 270 47 392 — 238 _ =
Diammonium phosphate” 12 7.2 307 39 75 16 80 — 195 —_ -
Fluid fertilizer (10-15-0)%:
Idaho phosphate rock 673 L1 125 —- — — 344 80 90 1,150 44
North Carolina phosphate rock S00 0 1.4 25 — — — 175 s 52 52 17
Urea (45-0-0)" 40 06 05 1.0 5.3 — 63 - — — —
Calcium ammonium nitrate (25-0-0) 76 28 25 90 56 66 85 — 116 —_ -
Ammonium sulfate (21-0-0)* 1M 08 35 — 60 24 40 — — R
Muriate of potash (0-0-60)" 10 3.1 35 16 26 22 13 — 17 R —
N-P-K mixture (12-12-12)" 88 18 132 61 200  SI 116 — 444 — -
Superphosphate from apatite’ — — — — 10 - 20 5 — 5 -

Sources; * Mortvedt and Giordano (1977). * Arora et al (1975);°

Ermolenko (1972)

A mitragyazas mértéke
és a nehézfém-
felhalmozddas kozti

osszefliggés
(Nzigubeha and Smolders, 2008)
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Fig. 2-Trace metal concentrations in fertilizers are correlated
with the P concentration. Similar significant correlations
(p<0.05) were found for Cr, As and Zn.



Antropogén szennyezl forrasok: a mez6gazdasag

Nehézfémek a novényvéedds-szerekben (in radi, 2005)
Table 7

Pesticide-containing metals recommended in Ontario, Canada, from period 1892-1975

Chemical Metal composition Period of Crops
of product ‘ ~___recommendation

Insecticides
Copper aceto- 23 % As, 39 % Cu 1895-1920 Apples, cherries
arsenite (Paris green) 1895-1957 Vegetables, small

fruit
Calcium arsenate 0.8 —-26 % As 1910-1953 Fruit, vegetables
Lead arsenate 42-9.1% As 1910-1975 Apples
11-26 % Pb 1910-1971 Cherries

Mercuric chloride 6 % Hg 1932-1954 Cruciferous crops
Zinc sulfate 20-30 % Zn 1939-1955 Peaches

Fungicides
Copper sulfate- 4-6 % Cu 1892-1975 Fruit and vegetables
calcium salts
Fixed copper salts 2-56 % Cu 1940-1975 Fruit and vegetables
Maneb 1-17 % 1947-1975 Fruit and vegetables
Mancozeb 16 % Mn, 2 % Zn 1966-1975 Fruit and vegetables
Methyl and phenyl 0.6-6 % Hg 1932-1972 Seed treatment
mercuric salts
Phenyl mercuric 6 % Hg 1954-1973 Apples
acetate
Zineb and ziram 1-18 % Zn 1957-1975 Vegetables

Topkiller
Calcium arsenite 30 % As 1930-1972 Vegetables
Sodium arsenite 26 % As 1920-1972 Vegetables

Modified after Ref. 2.



Antropogén szennyez0 forrasok: a banyaszat

Acid Mine Drainage

2FeS, + 2H,0 + 70, = 2FeSO, + 2H,S0O,

4FeSO, + 20, + 2H,SO, = 2Fe,(SO,); + 2H,0
Fe,(SO,); + 6H,0 = 2Fe(OH), + 3H,SO,

AFe?* + 0, + 4H* = 4Fe3* + 2H,0

FeS, + 14Fe3* + 8H,0 = 15Fe 2* + 250, + 16H*

Thiobacillus ferrooxidans



Antropogén szennyezs forrasok: a banyaszat

Az ibériai pirit v AMD jellemzdi (Espana et al., 2005):
- Ferrovasas/anoxikus: pH = 1,4-4; Eh = 400-640 mV; DO = 0-20% sat.; Fe(ll)/Fe, = 0,5-1

- Ferrivasas/szuboxidkus: pH = 2-3,5; Eh = 640-800 mV; DO: 50-100% sat.; Fe(ll)/Fe, = 0,1-0,5
- Aluminiumos: pH = 4-5,7; Eh < 500 mV; DO = 100% sat.; Fe (lll) = 0 mg/L

Kémiai Osszetétel:

S0,2=033-4385g/L  Cd=0-8238mg/L

C = 0,08-16,95 g/L Co = 60-47839 mg/L
Fe = 4-5848 mg/L Cr=1-1216 mg/L
M = 0-440 mg/L Ni = 0-16700 mg/L
As = 1-11375 mg/L Pb =2-299 mg/L

Ba =2-27 mg/L




Antropogén szennyezd forrasok: a banyaszat

A gyongyosoroszi Toka-patak

nehézfém-szennyezés csokkenése a

pata ktdl tavolodva (Horvéth és Gruiz, 1996)

distance [m] 1 5. '

Fig. 5. Heavy metal content (mg/kg dry wt.) plotted against the distance from the stream.
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yellow s

A gyongyosoroszi Toka-patak

nehézfém-szennyezése és a ,,sarga
homok” kozti 6sszefliggeés (dor et al., 1998)
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Antropogén szennyez6 forrasok: a kohaszat

Kohok kornyékén lévo talajok nehézfémtartalma a tavolsag figgvényében

(Adriano, 1986)

ApPENDIX TABLE 1.13. Concentrations (ppm) of trace elements in surface soils impacted by smelters.

Pb smelter” Cu and Ni smelter”
Distance from Distance from
smelter, km Cd Sb Ag Pb Zn Se As smelter, km Cu Ni Co Zn Ag Pb Mn \%
0.4 83 155 30 7.900 13,000 4.6 100 1.1 2,892 5.104 199 96 7.9 82 255 103
1.1 25 h 93 3,200 870 0.76 49 1.6 2,416 1,851 80 65 35 53 202 63
2.4 — 32 6.0 1,700 970 — 69 2.2 2,418 2,337 92 82 7.8 58 174 115
3.2 32 260 31 6,700 1.400 5.1 94 2.9 1,657 1,202 41 50 33 48 143 25
3.7 - 28 2.7 2.000 200 — 24 7.4 1,371 1,771 46 87 29 46 299 165
5.3 I8 18 2.8 1,000 940 — 36 10.4 287 282 54 72 2.3 28 364 137
8.1 — 20 3.6 300 320 — 53 13.5 233 271 42 100 43 23 602 151
12.6 - 20 3.7 890 804 — 24 19.3 184 306 24 61 ND° 28 264 55
19.0 - 40 10 2.200 3.000 - 37 24.1 45 101 I8 46 5.5 19 207 33
32.1 46 35 16 55 1.9 26 195 96
38.6 2 39 29 62 ND 28 192 169
498 26 35 22 83 1.0 20 168 23
Sources:

“ In Kellogg, Idaho. Samples (0-2 cm surface soil) were not taken on a transect (Ragaini ¢t al, 1977).

" In Sudbury Basin in Ontario, Canada. Samples (top 10 ¢m soil) were taken along a transect from smelter (Hutchinson and Whitby, 1974).

" Not detectable.



Antropogén szennyezd forrasok: a kohaszat

1.22. tablazat.
A kiskertek talajanak nehézfém-szennyezettsége a Metallochemia nagytétényi
gyaranak kirzetében (SZABO, 1991)

Mintavételi  Mintavétel Elhelyezkedés a Osszes
hely szama mélysége 0 ponthoz képest Pb Cd Cu Zn Cr Ni
cm Egtij  Tavolsig,m mg/kg

1 0-10 E-EK 1300 112 1,5 100 122 60 4
2 0-10 EK 1400 61 26 49 106 52 44
3 0-10 E-EK 700 196 28 127 264 60 48

5 0-10 DK 500 898 3,8 755

10-20 DK 500 1170 3,6
20-40 DK 500 1130 3,1

6 0-10 D-DK 700 404 4.0 224 493 54 43
7 0-10 D-DK 700 665 6,6 389 845 64 46
8 0-10 DNy 500 65 3,0 46 121 58 47
9 0-10 DK 800 951 5,5 284 838 60 49
10 0-10 K-DK 1600 70 2,0 22 87 52 40

19 0-10 DK 500 958 4,7 846

10-20 DK 500 986 4,7 841

20-40 DK 500 1062 4,8 843
30 0-10 DK 500 1321 7,2 581 1244 106 50
31 0-10 K 300 1100 6,1 271 1106 50 41
Megengedhet6 koncentricié vilyogtalajokban, mg/kg® 100 20 100 250 100 50

* MI-08-1735 - 1990 Miszaki irdnyelvek hatarértékei.



Antropogén szennyezl forrasok: egyéb ipari tevékenységek

Nehézfémek az er6mdvi pernyékben és hamukban (sradi, 2005)

Table 8
Typical concentration of heavy metals in fly and bottom ash
Fly ash Bottom ash
Element ' Mean Range Mean Range
Al 113,000  46,000-152,000 101,000 30,500-145,000
As 156.2 7.7-1385 7.6 <5-36.5
Ba 1880 241-10,850 1565 150-9360
Cd 11.7 6.4-16.9 <5 <5
Cr 2473 37-651 585 <40-4710
Fe 76,000 25,000-177,000 105,000 20,200-201,000
Mn 357 44-1332 426 56-1940
Mo 43.6 7.1-236 144 2.8-443
Ni 141 22.8-353 216 <10-1067
Pb 170.6 21.1-2120 46.7 4.6-843
Sb 425 11-131] <10 <10
Se 14.0 5.5-46.9 4.1 <1.5-9.96
Sn 43.6 7.9-56.4 28.2 <9-90.2
Ti 6644 1310-10,100 5936 1540-11,300
Vv 2715 <95-652 176 <50-275
Zn 4492 27-2880 127 3.8-515

Modified after Ref. 2. The total numbers of observation were 39 for fly ash and 40 for
bottom ash, respectively.



Antropogén szennyez0 forrasok: egyéb ipari tevékenységek
Szénégetésbdbl az atmoszféraba kerilé elemmennyiségek (adriano, 1986)

ApPENDIX TABLE 1.11. Estimated annual US discharge of trace elements from
coal combustion.”

Flows (10* tonnes/year)

Annual flow
Discharged as percent of
slag and Atmospheric Weathering weathering Atmospheric
Element fly ash discharge mobilization  mobilization enrichment
As 1.72 0.029 8 21 4.9
Ba 22.7 0.13 480 4.7 1.7
Cd 0.16 0.0046 0.6 27 8.3
Co I 0.0063 7.3 13.7 1.8
Cr 6.2 0.066 90 6.9 3.1
Cs 0.38 0.003 5.4 7 2.3
Cu 2.9 — 28 10 —
Hg 0.005 0.038 0.12 4 260
Mn 11.7 0.06 770 1.5 1.5
Mo 3.1 - 2.7 115 —
Ni 5.6 — 36 15.6 —
Pb 1.7 0.06 13 13 10.8
Sb 0.17 0.0036 5 34 6.1
Se 0.66 0.11 0.5 132 42
Sr 8 - 370 2.2 —
Ti 176 1.1 4,500 39 1.8
Vv 9.9 0.09 90 11 2.7
Zn 26.8 0.5 75 36 5.3

“ Source: Adapted from Klein et al, 1975, with permission of the authors.



Antropogén szennyez0 forrasok: a kozlekedés

Olomkibocsatas az USA-ban (tonna/év) (USEPA, 2000)

1970 1980 | 1990
Hulladékégetés 1995 1097 | 729
Tilizel6anyag égetés 9269 3899 | 454
Fémfeldolgozas 21971 | 2745 | 1968
Benzinfogyasztas 164800 | 58688 | 1086

Total sedimentary Pb (..g/g)

0 200 400 600 800 1000 1200 1400
2000 A A A A A A A A i A A A A A

S

Az 6lom id6beni

1980
eloszlasa USA-beli

tavi Uledékekben

1970

(Callender, 2004)

1960 1

“ & Mystic Lake, Boston - Urban

¢ Lakewood Park Lake, Atlanta - Urban
e Lake Washington, Seattle - Suburban

Lorance Creek Lake, San Anionio - Suburban

-

Approximate date of deposition

= Clyde Potls Reservoir, New York - Reference Site
Lake Houston, Texas - Reference Site

Callender (2004)

1840




Antropogén szennyezd forrasok: a kozlekedés

Data from Kadar (1995) lm
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Data from Péti et al. (1997) Im
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Average data from Olajire and Ayodele (1997)
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Varosi kornyezet: komplex szennyezés-torténet
Antropogén szennyez0 forrasok a varosi kornyezetben (wong et al., 2006)
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Varosi kornyezet: komplex szennyezés-torténet

Nehézfémek a varosi talajokban: Hong Kong (uietal, 2004)
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Fig. 4. Distribution of Pb and Zn in the urban soils of Kowloon, Hong Kong (from Li et al., 2004).



Varosi kornyezet: komplex szennyezés-torténet

Ut menti talajok nehézfémtartalma (Hjortenkrans et al., 2008)
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Varosi kornyezet: komplex szennyezés-torténet

Ut menti talajok nehézfémtartalma (cubelic et al., 1997)

-# Pt(0-2cm) ¥ Rh(0-2cm)
- Pb(2-5cm) X Cu(2-5cm) -e Zn (2-5cm)

1,000 10,000
100 1,000
2
2
= 10 - 100
(4
o
1 10
-y
0.4 +—+——+— T
0 2 4 6 8 10

distance from traffic lane (m)

Fig. 2. Concentrations of Pt. Rh. Pb. Cu and Zn each in the most
contaminated depth ranges (0-2 cm and 2-5 cm. respectively:

Cubelic et al.. 1997).
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Fig. 3. Influence of the prevailing wind direction on Pt-concen-
trations in the upper soil (0-2 cm: site Walldorf near Heidelberg,

Cubelic et al.. 1997).
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Fig. 5. Concentrations of Pt and Rh in urban road-dusts and soil
from Karlsruhe versus traffic intensity.



Varosi kornyezet: komplex szennyezés-torténet

Maximalis fémtartalmak varosi talajokban (ajmone-Marsan és Biasioli 2010 )

Elem Mennyiség (mg/kg) Varos
Pb 26 500 Gibraltar
14 900 Wolverhampton
Cu 12 500 Gibraltar
12 107 Newcastle
Zn 44 900 Gibraltar
25210 Wolverhampton
Cr 1445 Gibraltar
870 Torind
Ni 648 Gibraltar
769 Berlin
Cd 318 Gibraltar
55 Wolverhampton
Hg 71 Berlin
As 1351 Gibraltar
9740 Calcutta




Varosi kdrnyezet: komplex szennyezés-torténet o L
NEHEZFEMEK MEGOSZLASA AZ ULEPEDO PORBAN

-~ 22,71 Mmg=0,04%

In Takacs, 1991




Varosi kornyezet: komplex szennyezés-torténet

A PM10 frakcié 6lomtartalmanak valtozasa Pekingben 2001 és 2006 kozott
(Okuda et al., 2008)

3.5

€ Pb(observed)
- Pb(model)

w
*
L 4

log [Pb concentration]
(ng/m®)

25
4
L 4
Annual Change Rate = 19.8 %
* r=0.73, n=59, p<0.001
l Il |

2.0

07/2001 01/2002 07 01/2003 07 01/2004 07 01/2005 07 01/2006

Fig. 2. Representative five-year trend in Pb concentrations in aerosols collected in Beijing, China from March 2001 to March 2006. The trend was estimated by a regression
model based on the least squares method.



Szennyezési és hattérkoncentraciok elvalasztasa

Geokémiai hattér: egy adott elem koncentracidjanak a vizsgalt
teruleten ill. képz6dményben, a mintazasi kozegtdl fuggben varhato
tartomanya

Geokémiai anomalia: egy vagy tobb elemnek a kézetekben,
uledékekben, talajban, vizben stb. észlelt olyan koncentracidja, amely
szignifikansan tobb, mint a vizsgalt tertleten a geokémiai hattérre
jellemz6 atlagos mennyiség

Szennyezettségi hatarérték: egy adott elem azon koncentracidja a
kiilonb6z6 kornyezeti elemekben, amelyeknek még elviselhetd
(elfogadott) a kockdazata



A geokémiai hattér meghatarozasa
a 2s és a szamitott eloszlas fuggvény
modszer (Matschullat et al. 1999)
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B |l L | 100
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60
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60- ! . . . _40
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20 — |
/| O ) 0
10 20 30 40 50 60 70 80 90 =95

Concentration class (mg kg'lj

Frequency per width of class

Fig. 5
Example for the iterative 2o-method. The bars show the
histogram in the given concentration intervals; the line
represents the cumulative frequency curve (see also Fig. 4), and
the arrow points at the upper limit of the 2o-derived
background subcolective
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Fig. 6
Example for the calculated distribution function. The two lines
represent both the original (open circles) and the calculated
distribution (open squares)
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Fig. 7

Example for the frequency distribution of the calculated
distribution function with upper threshold: mean+ 2o (arrow)



Szennyezési és hattérkoncentraciok elvalasztasa

Példak Magyarorszag Geokémiai Atlaszabol www.mafi.hu)

MAGYARORSZAG GEOKEMIAI ATLASZA MAGYAR ALLAML FOLDTANI [NTEZET

AS a flnomszema Artéri filedékben
Odar Ldszld - Horvdth I[stvdn - Filgedi Fbul

JELKULCS
g/t

[ » 80
Bl 145 - 30
B 5 -145
s
l:l nines 6nalld
vizgyiijtd
@ hatéron tuli lehordasi terilet

Salétromsavas kioldds MintdAz4ai szink: 50 - 60 cm




Szennyezési és hattérkoncentraciok elvalasztasa

Példak Magyarorszag Geokémiai Atlaszabol www.mafi.hu)




Nehézfémek mennyisége Magyarorszag geokémiai nagytajain (mg/kg)

www.mafi.hu

A: tartomany
B: varhato érték

elem

1. nagytdj
2. nagytaj
3. nagytdj
4. nagytaj

elem

1. nagytdj
2. nagytaj
3. nagytaj
4. nagytdj

As

<2,5-19
<2,5-57

5,8-13
5,4-22

Cu

8,542
5,5-33
18-32

21-103

7,3
6,3

12

19
15
24
40

Ba

53-158
22-158
87-190
88-160

Hg

A
0,04-0,2
0,03-0,37
0,06-0,12
0,08-0,75

95
68
135
113

0,08
0,08
0,09
0,14

Cd

<0,5-1,5

<0,5-3,4
<0,5

<0,5-10,4

Ni

11-36
7-30
25-37
25-41

<0,5

<0,5

<0,5
1,0

22
16
32
29

Co

4,9-13
1,7-10
10-15
9,4-14

Pb

10-34
5,3-23
16-26
32-90

5,7
12,8
11,1

17
13
18
46

Cr

8-39

4-32
25-39
27-92

Zn

A
32-150
14-180

69-96
100-600

21

14,5
36
36

65
46
82
132




1. melléklet a 6/2009. (1V. 14.) KvVM-EiiM-FVM egyiittes rendelethez

Anyagcsoportonként (B) szennyezettségi hatarértekek foldtani kdzegre

CAS szam = Chemical Abstract Service azonositd szama
HIi = a veszélyességet jellemzo besorolas, mely szerint K1 a minden esetben veszélyes anyagokat jeldli

B = (B) szennyezettségi hatarérték

1. Fémek (,Gsszes” kioldhatd) és félfémek (mértékegység: mag/kg szarazanyag)

CAS szém B K;
7440-47-3 Krom Gsszes 73 K2

Krém VL 1 K1
7440-48-4 Kobalt 30 K2
7440-02-0 Nikkel 40 K2
7440-50-8 Réz 75 K2
7440-66-6 Cink 200 K2
7440-38-2 Arzén 15 K1
7782-49-2 Szelén 1 K2
7439-98-7 Molibdén 7 K2
7440-43-9 Kadmium 1 K1
7440-31-5 On 30 K2
7440-39-3 Barium 250 K2
7439-97-8 Higany 0,5 K1
7439-92-1 Olom 100 K2

f440-22-4 Ezlist 2 K2



2. melleklet a 6/2009. (1V. 14.) KvVM-EiM-FVM littes rendelethez

Anyagcsoportonként (B) szennyezettségi hatarértckek felszin alatti vizekre

CAS szam = Chemical Abstract Service azonositd szama
I'-ti = a veszélyességét jellemzd besoroldas, mely szerint K1 @ minden esetben veszélyes anyagokat jeldli

B = (B) szennyezettségi hatarértek

1. Fémek és félfémek (mértékegyseg: ug/L)

CAS szam B Ki
7440-47-3 Krém 50 K2

Krém VL 10 K1
7440-48-4 Kobalt 20 K2
7440-02-0 Nikkel 20 K2
7440-50-8 Réz 200 K2
7440-66-6 Cink 200 K2
7440-38-2 Arzén 10 K1
7439-98-7 Molibdén 20 K2
7782-49-2 Szelén 10 K2
7440-43-9 Kadmium 5 K1
7440-31-5 On 10 K2
7440-39-3 Barium 700 K2
7439-97-8 Higany 1 K1
7439-92-1 Olom 10 K2
7440-42-8 Bdr (B) 500 K2

7440-22-4 Eziist 10 K2



MAGYARORSZAG GEOKEMIAI ATLASZA MAGYAR ALLAMI FOLDTANI [NTRZET

A regiondlis kdrnyezeti terhelés
Odar Ldszlé - Horvath [stvdn - Filgedi Fbul

JELKULCS

nincs onalld
vizgyujto

- haetaron tuali
lehordasi teriilet

I_»‘ Legalabb egy elem koncentracioja
J nagyobb, mint a C2 hatarérték

- Legaldabb egy elem koncentracidja
megkodzeliti a C2 hatarérteket

b

Mintdzdsl szint: 0 - 10 em

Eegionalis kdrnyezeti
Salétromgsavas klioldds .

terhelest nem észleltunk

A terkep Osszeallitasanal figyelembe vett elemek: Cd, Co, Cr, Cu, Hg, Pb, Zn.




Potencialisan toxikus elemek
kornyezetgeokémiaja

Mobilitas, megkotddés, felhalmozddas



A szennyez6 anyagok viselkedését meghatarozo folyamatok a felszin alatti kozegben
(Berkowitz et al., 2008)

Contaminant
mass transfer

Adsorption Dissolution/
and 1onic precipitation
interaction

Contaminant
concentration
in subsurface

Redox lT Acid-base
reaction reactions

Complex
formation




Az ionpotencial és a kationok mobilitasa

(Railsback nyoman)

lonic potential =
charge + radius = 32 16 12 " Oxidized
| | Mof+w6*
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6 ‘ ° e o o
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A pH és az Eh hatasa a nehézfémek mobilitasara (siegel, 2002)

Environmental changes Changes in mobility

Fig. 3-2. pH-Eh (reduction-oxidation potential) diagrams illustrating the re-
lationship between environmental changes and main mineral groups and the
resulting trends of increasing mobilities of some potentially toxic metals (after
Siegel, 1998; modified from Forstner, 1987 and Bourg, 1995)



A talajkolloidok fontosabb tulajdonsagai

TABLE 2.1 Major Properties of Selected Soil Colloids

Surface @ea, mz,.{g'

fm‘erf-:éuer b
Colloid Type Size, urr Shepe Exterrial Irtermal gacihe e MNet chave | arwl Sl
Stnectite 2:1 silicate 00110 Flakes BO-150 SE0-R50 1020 —80to —150
Werrmiculite 2:1 silicate 0105 Plates, tlakes FO-120 GO0—=700 1015 =100 to — 200
Fine mica 2:1 silicate 0=2=2.0 Flakes F0-175 — 10 —10 to —40
Chlorite 2:1 silicate 0120 “ariable F0-100 — 141 —10 to —40
Kanlinite 1:1 silicate 0.1-5.0 Hexagonal crystals 530 — 072 —1lto—1%
Tibhaite Al-oxide <01 Hexagonal crystals B0—200 — 0.48 +10to -5
Goethite Fe-oxide =01 “ariable 100300 — D4z +20to —5
Allophane & Noncrystalline <01 Hollorw spheres 1001000 — — +20 to — 150
[rmogolite silicates or tubes :

Hurms Organic 0.1-1.0 Arnorphous Yariable — — — 100 to — 500

B rom the of cre lamer to the nest similar 1a ,lnm=10§559m=10.i.
b top T e
- Centimoles of charge per klogram of colleid fmelgfkg), a measire of ion exchange capacity (s=e Section 8.7).

It is very difficult to determine the sarface area of crganic mater. Different proc edures give values mnging from 20 o 500 mifs.



Talajkolloidok tipusai: az agyagasvanyok (mcaride, 1994)

(+)

{ oxG (@0 o

KAOLINITE 5 5 2 (+)

ILLITE : %
VERMICULITE

HO ) ®®® 0 ey

HALLOYSITE

CHLORITE

SMECTITE

Figure 2.16. Common groups of layer silicate clay structures found in soils, pictured
in terms of their tetrahedral () and octahedral (m) sheets. The usual locations of
structural charge and exchange cations are indicated by — and + signs.



Talajkolloidok tipusai: az oxiddsvanyok (McBride, 1994)

Oxyanion
Formula Name Packing?®
a-FeOOH Goethite hcp }
a-AIOOH Diaspore hep
v-FeOOH Lepidocrocite cep
v-AIOOH Boehmite ccp
Fe,O;-nH,0 Ferrihydrite Disordered
a-Fe,0; Hematite hcp
v-Al(OH), Gibbsite hep (open

packed)

v-Fe, 0, Maghemite cep
Fe;0, Magnetite ccp

*Hep and ccp refer to hexagonal and cubic closest packing.



Talajkolloidok tipusai: szerves anyagok

Readily Bacteria &
decomposable  Actinomycetes
7-21% 30%

Fauna 10%

Yeast, algae,
protozoa,

nematodes
10%
Mineral Stable Humus
particles 70-90%
\ ! \ £ X
Soil Soil Organic Soil Microbial
Matter Biomass
SOIL ORGANIC MATTER
TRANSFORMED PRODUCTS

(umu.mso DEBRIS J (HUMUS)

RECOGNIZABLE
POLYMERS

AMORPHOUS
COMPOUNDS
acid-soluble

36. tabldzat. A humuszképzddésben részt vevd fontosabb szerves anyagok
gyakori szerkezeti egységei

Reaktiv csoportok Kaotéstipusok

sa-soluble

'POLYSACCHARIDES, ( LIGNINS ) (FULVIC ACID )

g
> ( HUMIC AClDJ

‘ POLYPEPTIDES ' ‘ HUMIN '

Figure 2.21. A classification scheme for soil organic matter. (After M.H.B. Hayes an

R.S. Swift. 1978, The chemistry of soil organic colloids. In D. ). Greenland and
M.H.B. Hayes (eds.), The Chemistry of Soil Constituents. New York: Wiley.)
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loneloszlas a kolloidok szolvatrétegében (stefanovits, 1999)

Feliileti Eotenciél
(P)

CEREE
|

Szolvatréteg Talajoldat

7.2. dbra. Toneloszlds a kolloidok szolvitrétegében (S = Stern-réteg; D = diffiiz réteg)



Allandé (permanens) toltések

[zomorf kémiai helyettesités

Mg, Fe** — A"

AP — Si#*

Kicserélhet6 kationok:
kiegyenlitik a negativ
toltéstelesleget




Valtozé (pH-fiiggd) toltések
Agyagasvanyok:
]-AIOH <> ]-AlO+H*, ha pH > 5,5

]-AIOH + H* ¢ ]-AIOH,*, ha pH < 5,5
Vas- és aluminium-oxidok:

— — | - T ) — -
l I I " |
;FC—OH‘?LO_:’.L—"TI-.OH 5 -}FC—OH‘_O‘S’ FOH” ->—l|:c—OH"°--"’
Wit ot v
l i LI X ,/
N Fe—OHL*0:%) N Fe—OH4H0-3)= [ NFe—OH-9%
__/l|:.e 2 = _/ Ie H'.&A/ S -/ | L
pH <IEP l IEP | pH > IEP

7 3. dbra. A vas- (és aluminium-) hidroxidok toltésének véltozasa a kozeg pH-jétol fiiggben

Humuszkolloidok:

]-COOH <> ]-COO+H*, ha a pH semleges, lugos
]|-OH- ¢ ]-O+H*, ha a pH semleges, lugos
]-NH, + H* <> ]-NH,*, ha a pH erGsen savas
]-NH + H* <> ]-NH,*, ha a pH er8sen savas



Talajok feltleti kémiai tulajdonsagai a pH fuggvényében pianget al. 2010.)

12000 ~

Positive charge

Negative charge

Surface charge (mmol kg™')
S

—&— Guangxi —&— Guizhou

-100
—&— Jiangxi —&— Hunan
_|20 A A A A A A A A A A ']
25 3 35 4 45 5 55 6 65 7 15 8
pH

Fig. 3. Comparison of positive and negative surface charges for the subsoils of the
Ultisols from Guangxi, Guizhou, Hunan and liangxi.

12000 4

S1 S2
10004 4
10000 4 %
Q Soil Free oxides Amorphous oxides
om0 Fey 04 AlOy Fey04 ALOy
z 0 2 ol v K g & “ . kg ! kg !
- . | E R aky ukg
£ " i - Ultisol from Guangxi 124.0 26.0 04 31
6000+ 1101 253 03 27
3000 i 104.7 253 03 24
I u " s M Ultisol from Guizhou 104.2 36.8 15 52
20004 - m st 4000 1155 335 07 33
o wh N i ' N Ultisal from Hunan 42.7 114 17 43
WU 440 10.2 25 52
[ T T T T T T 2000 T T T v L) . 44.2 I ].7 2.6 SJ
0 10 20 30 40 50 60 10 0 30 40 30 o0 Ultisol from Jlangxi 51.8 12.6 32 51
20CuKA 26CuKa 511 15 31 55

Fig. 2. X-ray diffractograms of the soils from Cuangxi (S1), Guizhou (S2}, Hunan (53), Jiangxi (S4) (V—vermiculite; K—kaolinite; Mi—mica; Q—quartz: G—gibbsite; Gt—goethite;
Hm-hematite; M- magnetite),



Szerves-asvanyi komplexumok in Filep, 1988)

pH>8 pH<38
ligandumcsere elektrosztatikus

7.24. dbra. A humuszsavak és a hidratalt oxid tipusa vegyiietek kapesolédisa Greenland [27, 28] szetint



Szerves-asvanyi komplexumok in Filep, 1988)

pH>6 pH<6
Kationhid/belsé szféra komplex Kationhid/kils6 szféra komplex
aj b)

o) ‘-'_“.'.'L i
Gt Vs e
LIS S 5! f:>-SI

7.25. dbra. Humuszsav—agyagasvany komplexumok kialakulasa (Greenland {2'?] ill. Yariv et al. [T0])



Agyagasvanyok felliletén keletkez6 bevonatok hatasa a feltleti tulajdonsagokra
(Zhuang és Yu, 2002)

Table 2

Table | Effects of sesquiosade and organic matier contmgs on ZPC. xta-potentml. Sunmde sorptxm and release of hydrosyl of the day
Some dusi propass of e sxpoomeensal maxenals minerals

Musterials SSA ‘,m.“ s ] OM (ghe™") Fey (%) Fey %) Al %) Materials pC Zewrpotental (mV) F-adsorption {mmolkg) Hydroxyl redease (mmobfig)

e x589 0.0l 0138 nd od L 32 24 0 62

Kule 1577 0.03 nd 1078 od Ki-Fe 49 £l a2 X

Ke-Al a4 003 od od his Ke-Al FR A% 0% 181

KeOM N2 M2 nd nd nd Kt-OM (& x4 s 10

M: L] 008 om n od Mt 26 M0 6.7 21

M:ibe LAY 0" nd 1478 nd Mi-Fo i &7 131 2.2

Mi-Al 1491 003 nd i 10.96 MuAL 45 5540 181 8.1

O > N

MuOM M52 4285 od od od MEOM 1p w4 14 1

n 114:2 0 |'-z o1 m.: - od It 25 w3 160 21

o i rcs o o =4 Ie 34 Q7 2 03

li-Al\ ;:t + a‘) u): nd ml “ M4 1A a0 o3 %8 NE

OM 140 LR nd nd nd 1HOM 20 %1 126 3.4

o, wol determined, AL sad Feo, oxalmesoluble Al snd Fe, extmcied with 0.2 M ammoniem oulate (Schwertmans, 1964); Fe,,
dithionne-solublie Fe, ostimasal by use of the sodium dithiomto-citrme-bcarbomak method (Mchra and Jackson, [N0); SSA,
measered with HAO-BET method, OM, argunic mtier, messared by Walkky-Black acd digestion soethod
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— Nt
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Fémek mozgasa kolloidokkal (pedrot et al., 2008)

100 -
90 - -
80 -
70 -
60 -

20
10 -

Distribution in thecolloidal phase (%)
g8 & 8

0 . . - . = L || o] 4 jide! 48] =t W la2 Fuil %] 2 =} Y] ¥ Y|
32X 38 B 26 8EJ>3NSZ(TSPREIFELLLIaEZZ2ZZIITRLE
"Truly" dissolved group Intermediate Colloidal group
group
Elements

Fig. 6. Distribution of elements in major colloidal phase {higher than 2 kDa) at the end of the experiment. Three groups are identified with respect to contrasted behaviour
with regard to the colloidal phase: (i) the "truly" dissolved group. (ii) the intermediate group, and (iii) the colloidal group.

Cu, Cd, Co, Ni — fluvosav/Pb — vasoxid+fulvosav



A talajsavanyusag tipusai (stefanovits et al., 1999)

Osszes savany(isag

pesar-cos,__3

Aktiv savanyusag

1. H;O+-ionok a talajoldatban

Potencialis savanyusag

. Kicserélheté H;O+

(permanens toltéseken)

. Kicserélhetd Al3+, AIOHz2+, Al(OH)3

(permanens téltéseken)

3. Adszorbealt Al-hidroxidpolimerek
. Racsszéli —Al-OH, -Al-OH,
5. Hidratalt oxidok felileti

~Al-OH, —AIOH,;
~Fe-OH és Fe-OH,
csoportjai

. Szerves anyagok

—COOH (és —OH) csoportjai

7.12. dbra. A talajsavanytsag felosztasa

|

J

| Kicserélhetd
savanyusag

Nem
— kicserélheté
savanyusag




Protonnyel6 és —termeld folyamatok a talajban (inFilep, 198s)

8.1. tabldzat. Proton (H* }-termeld és protonelnyeld folyamatok a talajban
(van Breemen et al. [51] utan, modositva)

Sor-

ihon H * -termelo folyamatok Reakcidegyenlet H " -fogyaszto folyamatok
1
A) TALAJOLDATBAN, ILL. A TALAJOLDA TLEVEGO KOLCSONHATASAKOR
L. A viz disszociacioja H,0=0H +H' az OH ~ ionok protonalodasa
2. A szénsav disszocidcioja H,CO,=HCO; +H" a HCO, protonalodasa
O 0}
3. Organikus savak disszocidcioja R< o H=R< o- +H"' szerves anionok protonalodasa
4. Fémkomplexek képzodése HL+M'=ML+H" a fémion dekomplexalodasa
5. Al- és Fe-akvakomplexek hidrolizise M(H,0); "=[M(H,0), . JOH), F /4 jH" az akvakomplexek protonalodasa
6. H,S oxidacioja H,S+20,=80] +2H" szulfatredukcio
7. NH; oxidicioja (nitrifikacio) NH,+420,=NO; +H,0+2H" nitratredukcio
8. NO, nitrifikdcioja NO, 4 1/4(5-2x)0, +1/2H,0=NO; +H" denitrifikacio
9. N, nitrifikacioja N;+(5/2)0, + H,0=2NO; +2H" denitrifikacio
B) A SZILARD FAZIS ES A TALAJOLDAT KOLCSONHATASAKOR
10. Asvanyképzodes (forditott mallas) Mt - (z/2H,0=(z/2M ;O +zH" mallas
1. Karbonatok kicsapodasa Ca’* +HCO; +A =CaCO,+A +H" karbonatok oldodasa
12. H,.-M*" ioncsere M** 4z Hpg=Mug +2H" M,-H" ioncsere
13. Fe?* oxidacioja Fe?* +(1/4)0,+(5/2H,0=Fe(OH), +2H" Fe(OH), redukcidja
14. FeS oxidacioja FeS +(9/2)0, +(5/2)H,0=Fe(OH), + SO " +2H" Fe(OH), és SO3~ redukcio
C) BIOLOGIAI RENDSZEREK ES A TALAJOLDAT KOLCSONHATASAKOR
15. Szerves N mineralizacioja és nitrifikdcioja R—NH;+20,=R—OH+NO; +H~ a NO; felvétele
16. Szerves P mineralizalodasa R—H,PO,+H,0=R—OH +H,PO, +H 3 foszforfelvétel
17. Szerves S mineralizalodasa és oxidacioja R—SH +(3/2)H,0 +(7/4)0,=R—OH +80; " +2H" SO; felvetele
18. Fémionok felvétele R( +M *=R< +H" szerves kotésit M * mineralizalodasa
OH OM
19. NH; felvetele R—OH +NH;=R—NH,+H,0+H" szerves N mineralizilodasa




A talaj pufferreakcioi (in mcaride, 1994)

acid inputs
< P
base inputs
’
8 Free CaCO,
carbonate
7+ ngh EXChangGable dissolutiorvprecipitation
E Base Cations
- 6} <@ base cation exchange
O
w
Sk
High Exchangeable
Acid Cations
4 <@§—— aluminosilicate mineral
dissolutiorvprecipitation

% SOIL BUFFER CAPACITY — 9"

Figure 5.12. General relationship between soil pH (a measure of acid intensity) and
quantity of acid or base added. The inverse of the slope of this curve provides a
measure of soil buffer capacity.



Nehézfémmobilizacié a pH fliggvényében (sauvé et al., 2000)

Ky(L kg”)

10.1 1 n 1 1 1 e 1 A 1 A 1 1 L

2 4 6 8 102 4 6 8 102 4 6 8 102 4 6 8 102 4 6 8 10
Soil Solution pH Soil Solution pH Soil Solution pH Soil Solution pH Soil Solution pH

FIGURE 2. Partitioning coefficients (Ks) as a function of soil solution pH for Cd, Cu, Ni, Pb, and Zn (data calculated from refs 34, 36, 37,
40, 46, and 51—83). The upper and lower lines represent the 95% prediction intervals.



Redoxifolyamatok a talajban (in mcaride, 1994)

WATER DECOMPOSITION
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A redoxifolyamatokban résztvevs fontosabb elemek (in Fitep, 198s)

5.3. tablazat. A talajok redoxifolyamataiban részt vevo fontosabb elemek (oxigén, szén, nitrogén, kén,
mangan) gyakori oxidacios allapota

Elem O'x idacson El6fordulas

allapot

Oxigén 0*~ viz, szénhidratok, aluminium-szilikatok
0° molekularis oxigén (O,)

Szén C*= alifas és aromas szénhidrogének
c? (névleges oxidacios allapot) szénhidratok, fehérjék, humusz
c* CcoO,

Nitrogén N3~ NH,, NH; (ammoniumso6k, aminosavak és fehérjék)
N° molekularis nitrogén (N,)
N3* NO; (nitritek)
N7 * NOj; (nitratok)

Kén S%- szulfidok (FeS, H,S) és kéntartalmd aminosavak
8 elemi kén (S)
e szulfatok (SO2)

Mangan Mn?* Mn?* [ion és Mn(II)-vegyiiletek pl. Mn(OH),, MnCO;, Mn,0,]
Mn?* Mn,0,
Mn** MnO,

Vas Fe?* Fe?* [ion és Fe(Il)-vegyiiletek]

Fe** Fe®* [ion és Fe(Ill)-vegyiiletek]




Nehézfémmobilizacid az Eh flggvényében (frohne etal, 2011)

Cd[mg I

Cu[mg ]

0407 v_0.05652+3128BE-4 X+1.795E-7 X2
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] / X
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Anionos fémek lehetséges kémiai formai kiilonféle oxidacios allapotban és

legfontosabb oxiddld/redukdld fazisai (corelis et al., 2008)

Table 3
Redox states of oxyanionic species and their forms of occurrence in alkaline leachates
Element Oxidation state
—11 0 +111 +I1V +V +VI
As As” H,AsO; AsO;]
7 H;AsO) HAsO]~
CX o Cr(OH), CrO;~
Se HSe~ Se” SeO3~ SeO;
Mo Mo" MoO;"
Sb Sb” Sb(OH), Sb(OH),
Sb(OH)}
\% Ve V(OH), VO(OH); VO,
W w* WO;
Element  Oxidizing Reducing agents
agents
As MnO- HS™
()Z(aie.—FdOHm
Cr MnO» Organic matter;
Onads—cz0) Fe', Ho, A", Fe" -
compounds
0,
Se MnO, Fe’, Fe" -
compounds
Sh MnO», HS™
()Zmds"Fcl,()H 9]
Vv O2(ads-AL,0;) Organic matter,

0,

HS™




Az E,-pH 6sszeflgges (in mcaride, 1994)
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Figure 7.1'. The relationship of redox potential, £, to pH for important half-cell
reactions in water. The bold broken lines denote the £, at which water is oxidized to

O; (upper line) or reduced to H, (lower line).
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Figure 7.6. Estimated degrees of soil oxidation and reduction, based on pe-pH or [
pH values. The broad line labeled “aerobic soils” is the pe-pH relationship measured
by electrode in aerated soils. (Data from P. R, Hesse. 1971. A Textbook of Sail
Chemical Analysis, New York: Chemical Publishing; and W. L. Lindsay. 1979.

Chemical Equilibria in Soils. New York: Wiley.}



Kémiai elemek megkotédési formai (koretsky, 2000)

eFizikai szorpcio
eloncsere ] nem specifikus szorpcio
eKemiszorpcié/Adszorpcié | specifikus szorpcio

eKicsapodas
Sorption

e Abszorpcid/Fixacié / I

Adsorption Absorption Precipitation




Kilsé és belsd szféra komplexek (koretsky, 2000)

SN
AQUEOUS moill

Kulsd Bels)
szféra ! szféra
komplex komplex




Cinkionok megkotédési modellje talajfazisokon (manceau et al., 2003)

Zn-containing phyllosilicate (ZnPh) Zn-sorbed goethite (ZnGt)




Nehézfémek megkotddési formai agyagasvanyokon (sajidu et al 2008.)
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loncsere

e Sztochiometriai reakcio - egyenérték( cserél6dés
e Nem feltétlenul teljes cserél6dés zajlik

e Dinamikus egyensulyra vezet

e Elektrosztatikus er6k hatnak (Coulomb-eré)

e Egyensuly esetén a cseréld és a cserélt ion is jelen van
az oldatban és a szilard fazison is

e Az ionok abszolut és relativ mennyisége nem egyenlé
az oldatban és a szilard fazison

e Kicserélhet6 — reverzibilis folyamat

e A folyamat nem maodositja a kolloid toltését



loncsere (Filep, 1988)

Ca

Ca

Ca Ca
Kolloid | Ca+4Na*=Ca
Ca Ca
Ca Ca
Kolloid | Ca+10Na*=Ca
Ca Ca

Ca Ca

Kolloid

Ca Ca

Ca NaNa

Kolloid

Ca Ca

Na

Na

Na
Na

+ 2Na* +Ca%"*,

+ 6Na* +2Ca?",



Nem specifikus adszorpcido humuszanyagokon (ritep, 1988

Q) Anionadszorpcio

0 +

‘_-NHE* - — ,..-NHE —

R H} ST — - R""*COOH} cl
anicncsere

NHy 1Y NO3Z NHz ING=

—— 3 - + 3 a— 3 3 -
R 1 R

"“COOH] - - "“CDOH} Het

b) Kationodszorpcid

—~CO0(HH- = _ coa 1°
= ZO|+hH + Na - ]Nﬂ"‘ +H20

7.19. dbra. A nem specifikus anion- és kationadszorpeid vazlata humusz anyagoknal



Nem specifikus adszorpcio asvanyi kolloidokon (ilep, 198s)

a) Nem specifikus anionadszorpcid (pH<IEP)

\/

M
/

\I/
g..-D

7.18. abra. Nem specifikus anion- és kationadszorpcid valtozd toltésit asvanyi kolloidokon

~OHF%®
~0 =-0,5

~-——
- 0OH -05

~0H

2

LS

0

B/M

+Ng" —= 0

rDHZ*D'E
‘»D H - 0:5

ct

Nat
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Az ioncserét befolyasolo tényez6k — az ion tulajdonsagai

eméret
evegyértek
otoltésslrlség

ehidratburok

e

NH K+ Nat Ca?*

@ nem hidratalt ion hidratalt ion

7.7. dbra. A talajban gyakori kationok méretének Gsszehasonlitasa




Az ioncserét befolyasolo tényez6k — az oldat és a megkotd fazis tulajdonsagai

eoldatbeli koncentracio

eoldatosszetétel

ofellileten kotott ionok mennyisége és mindsége

ofellilet heterogenitasa

A A

o — Ca
D

R

=

-

o

O

=

®

Q

0

S

o Na

i

-

<

- S - h
Oldatkoncentracio

7.8. dbra. A vegyérték hatasanak csékkenése,
ill. ndvekedése a tatajoldat koncentricidjanak valtozdsakor



A fontosabb talajalkotok kationcserél§ képessége (stefanovits et al., 1999)

7.6. tdbldzat. A fontosabb talajkolloidok kationcsere-kapacitdsa

: ] Kationcseréld kapacitas (T),
Talajkolloid mgeé/100 g (= crngl (+) - g{?')

Kaolinit 5-15
it 20-40
Vermikulit 120-200
Montmorillonit 60-120
Klorit 10-40
Allofinok 50-100
Vasoxidhidroxid 3
Humusz a talajban 200-300
Humuszsavak 800-900

Textiira osztdly T mgeé/100 g (cmol(+) - kg™)

homok <5

homokos vilyog 5-10

valyog 10-20

agyagos vilyog 20-30

agyag > 30



A talaj kationcserél6 képessége (stefanovits et al., 1999)

kotott H* és AL

\ o
100 3 100 r N
v _r 2
‘-,'EE
/i
807 stett HY és AL3* 3
? <
L -
60 / 9 4
2 kics. H* és A3+ /] E 0
< \Cdt g g
L&) / > -0
8 b
g E
& | kicserelhetd bazisok—d 3
L) -'Om
e
Pg:o-; :
J-U R = ’
0 ¥ | — T 0 T “¥ t Aieaq
4 B 8 7 8 5 6 7 8
Talaj pH Talaj pH
SZERVES TALAJ ASVANYI TALAJ (241 TIR)

7.8. abra. Egy szerves és egy montmorillonitban gazdag asvanyi talaj aktudlis cserekapacitdsanak, s
bazistelitettségének pH-tol fiiggd valtozasa Mehlich (cit. [8]) szerint



Kemiszorpcio

e Specifikus a megkotddod ion és a megkoto felilet szempontjabdl is
e Barmilyen toltésd fellleten végbemehet

e Az adszorpcid annyi protont/OH-iont eredményez, ahany toltésnyi
kation/anion megkot6dott

e A folyamat mddosithatja a kolloid toltését
e Sztatikus egyensulyra vezet
e Kémiai kotés jon létre (kovalens kotés)

e Kvazi irreverzibilis folyamat — a deszorpcio sokkal lassabb, mint az
adszorpcio

e Tagabb értelemben a fellleti kicsapddas is idetartozik



Specifikus kation-adszorpcio: ligandumcsere (rilep, 1988)

OH‘_O'“‘; ~ ! (—1,5) (+2) " 0

O [M(H,0);"“]
+[M(H,0)]** === (M +H,0+H".
QH(~ %%

Ligandumcsere



Specifikus anion-adszorpcid: ligandumcsere (Filep, 198s)

— - -1 _1 \M/OH OH - N /OH
—0 OH OHl-%4 = =M—0
N S Ny / o—lo \ OH
P == Al +OH- O T o +K*t==0 p/
0/ Nou l\O——PéOH ;M/“Q'}-{ ---- - w.g o
“NOH PN —
L _ _ OH, ] e \OHI
10 70
OH - OH32
=M~ { ,oH] _:_.-M:: _OH
- \.-—- 0-P=0 / ~0-P=0 -
! \‘ “OH 0 ToH| *+OH
N T T ) o
=M =M
OHz | OH; |
oy ~OH2° L
;M\C O 7§ No-P=0
[ "  H)--0-PRO / RN B
0 — e OH 0 +H2
N\ _on - :\M,OH

7.22. dbra. Specifikus anionadszorpeid elekiromosan semleges feliileten [33]

+K* +H,0.



Megkotddést befolyasolo tényez6k — a felulet tulajdonsagai (mcsride, 1994)

a. \ /H b \O/
AI/O \AI Af/ \H

\O/ d \o /
VAN 7\

Az O atom kotési kornyezetei

Table 4.1. Acid Dissociation Constants of Oxide Surface
OH Groups

Group pK* pK,® Valence/Coordination No.
>8Si—OH <2 67 +4 =1
>Ti—OH 3-4 7-9 +% = 0.67
>Fe—OH 6.5 9 +% =035
>Al—0OH 5-7.5 8-10 +% = 0.5

*K, = {S—OH}[H"]/S—OH;+) (S is the metal ion of the particular surface
group).

K> = {S—O7)[H*]/{S—OH).

Source: Adapted from P. W. Schindler and W, Stumm. 1987. The surface
chemistry of oxides, hydroxides and oxide minerals. In W. Stumm (ed.),
Aguatic Surface Chemistry. New York: Wiley.,



Megkotddeést befolyasolo tényez6k — a megkotd fazis minGsége (mctaren et al., 1981)

{a) Clay minerals
o Montmorillonite

e |llite
240 4 Kaolinite
200¢
160 (c) Organic materials
1200+ o Humic acid (NaOH)
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FIG. 3. Copper adsorption isotherms for soil materials.
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Megkotddést befolyasolo
tényez6k — a megkotd fazis
MinGsége (po és park, 2011)
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Fig. 4. Langmuir adsorption isotherms of each phase of Cd



Megkotddeést befolyasolo tényez6k — a megkotd fazis mindsége: bekérgezések
jelenléte (zhuangés vu., 2002)

70000 2 70000 3 000 "
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Fig. 2. Effects of Fe-oxide and Al-oxide coatings on Pb sorption on the surfaces of montmorillonite (Mt), kaolinite (Kt) and illite (It).



Megkotddést befolyasold tényez6k — a fémion tipusa (welp és Brimmer, 1998)

s (mg kg™)

Cd Cambisol |

sl ' T T l‘rrrwrl
L ol ) T e e o e nas s bl s ]

D1 0.0 0.1 1 10 100 1000
c(mgl’)

Figure 8: Q/l relations for ten metals and soil .san}ples ff'o_m‘tl;e‘AE
horizon of an Eutric Cambisol (e, metal concentration m.tt_ne sonll.so ution;
s, amount of metal adsorbed by the soil sam_ple or precipitated including
the EDTA extractable native fraction; lines fitted by hand).

Abbildung 8: Q/1-Beziehungen fiir zchn Metalle und Boder_lpmb_en Sus
dem Ap-Horizont einer Braunerde (e Meta]lkonzemra-uon ‘}n der
Bodenlosung; . adsorbierte und/oder gefillte N_[e.tallrnenge inklusive der
mit EDTA extrahierbaren natiirtichen Gehatte; Linien per Hand angepaGt).

Table 2: Sequences of the K values (mg kg™") for nine metals in four topsoil samples (sorption classes: A, very low, Kr <2; B, low, Kr 2-20:
C, mediun, 20-50; D, high, 50-200; E, very high, >200; *: values extrapolated}.
Tabelle 2: Reihenfolge der Kr-Werte (mg kg™') von neun Metallen in vier Oberbodenproben.

Haplic Podzol Fimic Anthrosol Eutric Cambisol Calearic Regosol
metal Ke class metal Kg class metal Kr class metal Kr class
Sr 0.6 A Mg 1.9* A Mg 3.9% B Mg 19% B
Mg 0.9% A Sr 3.1 B Sr 6.4 B Sr 21 C
Co 11 A Co 10 B Co 25 C Ni 120 B
Zn 1.8 A Zn 19 B Ni 34 C Co 143 D
Ni 24 B Ni 21 C Cd 104 D Cr 185 D
Cd 2.5 B cd 38* C Zn 109 D Zn 301 E
Cu 30 C Cu 262 E Cu 442 E Cd 405% E
Cr 43 C Cr 473 E Cr 746 E Cu 1200* E
Pb 76 D Pb 925 E Pb 2540) E Pb 4110 E
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Megkotbdést befolyasold tényez6k — az ionok mindsége: ionpotencial és
elektronegativitas
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Megkotddést befolyasolo tényez6k — az ionok mindsége: ionpotencial és
hidrolizal6 képesség

Na+
141" Live S;2+ Weakly Hydrolysing Hidratacios energia
.. (kJ/mol)/hidratalt
g ionsugar (nm)
:z: 10} Pb =-1481/0,401
]—
% 8 Cd=-1807/0,426
2 4 Ni =-1980/0,430
>
o °f Zn = -2046/0,419
(o]
T Lt Cu = -2100/0,404
Cr =-4010/0,461
2r Strongly Hydrolysing ,:.93+
I TR

IONIC POTENTIAL (Z2/r)

Fémek hidrolizald képessége az ionpotencial fuggvényében
(McBride, 1994)



Megkotddést befolyasolo tényez6k — az ionok mindsége: elektronegativitas és

sav-bazis tulajdonsagok osszefliggése a fém-szerves komplexek képzédésével
(McBride, 1994)

Table 4.3. Observed Order of Affinity of Divalent Metal lons for Soil Organic Matter
Related to Electronegativity

Affinity sequence Cu> Ni > Pb » Co >» Ca* > Zn > Mn > Mg
Electronegativity (Pauling) 2.0 1.91 1.87 1.88 1.00 1.65 1.55 1.31

The affinity of humus for the essential macronutrients, Ca?* and K., is (fortunately for plants and animals) higher
than electronepativity would predict, suggesting that certain complexing or chelating groups in humus select for these
metals on the basis of 10ni¢ size.

Table 1.3. Classification of Lewis Acids and Bases According to
the Pearson Hardness Concept

Acids Bases
Hard HY, Lit, Na*,K* NH;, R —NH, (amines)
Mg, Ca?t, St H,0, OH~, 0?~, R—CH (alcohols)
Ti*t, Cr*+, Mn?t, Fe*t, Co®t, AP CH,C00~, CO3, NO5, PO}~, S0 ,F

Si*+

Borderline  Fe?*, Co?*, Ni**, Cu®t, Zn%,*Pb?*  C4HsNH, (aniline and other aromatic amines)
C;H;N (pyridine), NO3, SOf~, Br~

Soft Cu*, Agt, Cd**, Hg*, Hg** CN™, CO, §~, R—SH (sulfhydryl), R—5~

Irving-Williams sorozat:

Ba<Sr<Ca<Mg<Fe<Co<Ni<Zn<Pb<Cu



Megkotbdést befolyasold tényez6k — az anionok tulajdonsagai:
toltésmegoszlas, elektronegativitas (mceride, 1994)

Table 4.2. Chemical Characteristics of Important Anions

in Soil Chemistry” O
Oxyanion Formula  “Shared Charge”  Electronegativity \ c /

+
Borate B(OH), % =075 2.04
Silicate SiO4~ % =10 1.90 / \
Hydroxyl OH~ ¥ =1.0 2.2 +1. 2
Phosphate PO}~ % = 1.25 2.19 -2 075 O 2
Arsenate AsO3~ % = 1.25 —
Selenite Se(}~ % = 1.33 —
Carbonate CO;5 % = 1.33 2.55 vy s ,
Molybdate  MoOj~ % = 1.5 2.35 TOItesmegOSZtaS aZz
Chromate  CrO§~ % = 1.5 — anionokban
Sulfate SOi~ % =13 2.58 (in McBride, 1994)
Selenate SeQ;™ % = 1.5 —_
Nitrate NO3 % = 1.67 3.04
Perchlorate  ClOy o= 1.75 3.16
Halide
Fluoride F~ — 3.98
Chloride Cl™ — 3.16
Bromide Br~ — 296
Iodide | —_ 2.66

#The shared charge and the electronegativity (Pauling) are properties of the
oxygen atom {Lewis base) and central atom of the oxyanion, respectively.
For the halide anions, shared charge is not a meaningful concept.



Megkotbdést befolyasold tényezék - pH
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Megkotddést befolyasold tényez6k — koncentracid (cuetal, 2010)

06%F O 1=01M
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04} O 1=0001M
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e
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Relative proportion of metal adsorbed by montmorillonite.

Fig. 4. The relative proportions of adsorbed metal cations onto Na-montmorillonite at different ionic strengths. Symbols are experimental
data and lines are fitted using the parameters in Table 3.



Megkotddést befolyasold tényez6k — mas fémek jelenléte (antoniadis és Tsalidis, 2007)
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Fig. 1. Metal sorption isotherms in mono- and multimetal
systems: (a) Cd isotherms, (b) Ni isotherms, and (¢) Zn 1sotherms.



Megkotddést befolyasolo tényez6k — mas fémek jelenléte (ingetal, 2007)
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Fig. 4. The desorption of adsorbed Hg®" in the soils as a function of
competitive ion concentrations. (a — SLS soil; b — YRS soil; ¢ — PCS soil).
Data are means of three replications. The error bar represents the
standard deviation of duplicate results.



Megkotddést befolyasolo tényez6k — oldott szerves anyag jelenléte (wonget al., 2007)
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Megkotbdést befolyasolo tényez6k — oldott szerves anyag tipusa (wu etal., 2003)
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Fig. 6. Influence of initial pH on (a) final pH and (b) on the amount
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Megkotbdeést befolyasolo tényez6k — az id6 (Han etal,, 2001)
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Megkotddést befolyasolo tényez6k — az id8 (mcpride, 1994)
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A megkotbdés reverzibilitasa: deszorpcio
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Reverzibilis és kevésbé reverzibilis megkot6dés energiaprofiljai (in McBride, 1994)



Kicsapodas (mcaride, 1994)

Table 4.4. Solubility Products of Metal Carbonates, Oxides, and Sulfides?

Carbonates: Ko = (M2 H)CO37)
Pb Cd Fe Mn Zn Ca
—log Kso 13.1 11.7 10.7 10.4 10.2 8.42

Oxides and Hydroxides: Kgo = (M" ' XOH )"

Fe’* AP*  Hgt Cu®* Zn*™ Pp*
—log K¢o 39 31.2 254 20.3 16.9 15.3
Sulfides: Kso = (M2*)(S2")

Hg Cu Pb Cd Zn Fe
~log Kgp  52.1 36.1 27.5 27.0 24.7 18.1

Fﬂ2+
15.2

Mn
13.5

Cd2+ Mn2+ Mg2+
14.4 12.8 112

“Data from C. F. Baes and R. E. Mesmer. 1976, The Hydrolysis of Cations New York: Wiley; and from W, Stumm

and J. I. Morgan. 1981. Aquatic Chemistry. 2nd ed. New York: Wiley.



Fixacio

A —Kkiilsé planaris feliilet

B — rétegkozi tér

C — racsszélek

D — ditrigonalis szilikat-
gylirik kdzepe

E — oktaéderes vakanciak

@ Kkicserélhetd kation (Ca®", Na")
™ Cu

®» H,0
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A geokémiai csapdak osztalyozasa (pereiman, 1986)

1) Mechanikai Fiziko-kémiai csapdak tipusai:
2) Fiziko-kémiai A) Oxidalo
3) Biokémiai B) Redukald glejes
4) Antropogén C) Redukald kénhidrogénes
D) Alkali
E) Savas

F) Evaporizacios
G) Adszorpcios

H) Termodinamikai



Elemdusulasok a geokémiai csapdakon (pereiman, 1986)

Table 1. Classes of elements concentrated at physico-chemical geochemical barriers in the supergene (hypergene) zone

Neutral and weakly

Strongly atkaline

Strongly acidic Weakly acidic alkaline sodic
{(pH<3) (pH 3-6.5) (pH 6.5-8.5) {(pH > 8.5}
Oxidizing waters
Geochemical barrier
series
A. Oxidizing Al Fe A2 Fe Mn.Co A3 Mn Ad —
B. Rerlucing B1 Tl Cu. Hg, Pb. Cd. B2 T1.Mn, Co. Ni, B3 T1,Cr.Mo,U.Se. B4 Cu, Ag.Zn.Cr,
hydrogen sulfide Bi.Sn, As. Sb, Mo. Cu,Zn,Pb.Cd. Re.V Mo, U.V_ As
w. U Hg.Sn.Cr,Mo, U
C. Reducing gley C1 Cu.tJ. Mo C2 Cu.U Mo C3 Cu.Cr.U, Mo, C4 Cu, Ag.Cr. Mo,
Re.Se.V U.Re.Se. V. As
D. Alkaline D1 Mg, Ca. Sr,Ba, Ra. D2 Mg, Ca. Sr. Ba, D3 — D4 —
Mn. Fe, Co,Ni.Cu. Ra, Co,Ni, Cu,
Zn.Pb,Cd.Hg,Be, Zn,Pb,Cd, Hg,
AlLGa,Y,REE.Cr. Be,(U)
P.As. U
E. Acidic El — E2 — E3 Si, Mo E4 (Cu,Zn), Ag,Be,
Al ,Ga, 8c. Y,
REE,Si.(Ge),
Zr,(Ti). Mo, Cr,
v
F. Evaporation F1 Na,K.Rb,T1,Cl, F2 — F3Li,Na,K,Rb, Tl, F4Li,Na.K.Rb,
Mg, Ca, Sr, S, Mn. N,B,F,Cl.Br,1, T, N,B.F,Cl,
Fe,Co, Ni, Cu, Zn, Mg,Ca,Sr, 8, Zn, Br,I,Cu, Zn,
Ph,Cd, Al Mo, U Mo, 1], V. 8¢ Mo, U,Se,V
G. Adsorption G1 Al,Sc,Ga,Si,Ge.P, G2 8Si,Ba,Zn,Cd, G3Li,Na,K,Rb,Cs, G4 Li,NaK,Rb,Cs,
V. As Ni, Co, Pb.Cu, Tl, Zn,(ClL, Br. 1, TL (CL.Br. LB,
U.CL,Br,ILF.S, F.B.5.P.V Mo, F,5,P,V Mo,
P,V,Mo, As As) As)
H. Thermodynamic HI1 — H2 Mg, Ca, 81, Ba, H3 (Li},Mg,Ca,Sr.  H4 Zn,{Cu,U}
Mn, Zn, Pb, Co, Ba,Zn.Pb

Ni




Elemdusulasok a geokémiai csapdakon (pereiman, 1986)

Neutral and weakly

Strongly atkaline

Strongly acidic Weakly acidic alkaline sodic
nH <3} (nH3-6.5) (cH6.5-8.5) {pH > 8.5}
Reducing gley waters
Geochemical barrier
series
A. Oxidizing A Fe A6 Fe,Mn, Co A7 (Fe),Mn, Co A8 (Mn)
B. Reducing BS TI,Pb, Cd, Bi, Sn Bé Tl Fe,Co. Ni, B7 Ti,Fe.Co,Ni, B8 T1,Cu,Zn,Cd,
hydrogen sulfide Pb,Cu. Zn,Cd, Cu.Zn.Cd. Hg. Hg,Mn. (Fe.Co,

Hg, U {Mo,U) Ni, U)

C. Reducing gley C5 Cu, U. Mo Cé Cu,U. Mo C7 Mo. U C8 Mo. U

D. Alkaline

E. Acidic

F. Evaporation

G. Adsorption

H. Thermodynamic

D35 Mg, Ca, Sr, Ba, Ra,
Mn.Fe,Co,Ni,Cu,
Zn.Pb,Cd, Hg. Be,
Al,Ga.Y,REE,Cr,
P.As. (U}

E5 —

F5 Na,K.Rb, TL Cl,
Mg.Ca,Sr,S. Mn.
Fe,Co,Ni,Cu, Zn,
Pb,Cd,Al. Mo, U

GS Al Sc.Ga, 5, Ge P,
V. As

H5 —

D6 Mg, Ca, St,Ba,
Ra,Mn, Fe, Co,
Ni, Cu, Zn,Pb,
Cd,Hg, Be, Al,
Ga,Y,REE,Cr,
P. As,(U)

E§ —

Fé6 —

G6 Si.Ba.Zn,Cd,
Ni, Co. Pb, Cu.
U,Cl, Br,LLF,S,
P.Fe.Mn

Hé Mg, Ca, 5r.Ba,
Mn, Zn. Pb, Co,
Ni.Fe

D7 Mg, Ca, Sr, Ba,
Zn. Cd . Mn,Co,
Ni

E7 Si,Mo

F7 Li,Na.K,Rb.Tl.
N,B.CL Br.l,
Mg.Ca,.S5r. 8, Zn

G7 Li,Na,K,Rb,Cs,

Tl,Zn, (C1.Br, 1.
F.B.S.P)

H7 {L1), Mg, Ca, 51,
Ba.Zn, Pb.Mn

D8 —

E8 {Cu, Zn),Be, Al,
Ga,Sc. Y. REE.
Si,Zr. (Ti), Mo

F8 Li,Na.K,Rb,
TI.N.B.F.Cl.
Br,I.Zn

G8 Li,Na.K,Rb,Cs.
TI,(Ci.Br.1.B,
F.S.P)

H8 Zn,(Cu,U)

Note. Elements in parentheses are less commonly found in the association.

(continued



Elemdusulasok a geokémiai csapdakon (pereiman, 1986)

Table 1 continued

Neutraland weakly

Strongly alkaline

Strongly acidic Weakly actdic alkaline sodic
{pH <3) {pH 3-6.5) {pH6.5-8.5) (pH > 8.5)
Reducing hydrogen sulfide waters
Geochemical barrier
series
A, Oxidizing A9 §.5¢e.(Fe) Al0 S, Se All S, Se Al2 S, Se
B. Reducing BY — B10 — BI1 — B12 —
hydrogen sulfide
C. Reducinggley C9 — C10 — Clt — Ci2 —
D. Alkaline D9 Mg, Ca.Sr.Ba, Ra, D10 Mg, Ca.Sr.Ba D11 — D12 —
Mn, Fe, Co,Ni, Zn,
Pb,.Cd, Be, Al, Ga,
Y.REE.Cr,P, As
E. Acidic E9 — E10 — E1l Si.Ge E12 Be. Al,Ga, Sc,
Y,REE, Si, Ge,
Zr.(Ti)
F. Evaporation F9 Li,Na,K.Rb,F.Cl, F10 — Fi11 Li,Na,K.Rb.F. FI12 Li.Na,K,.Rb,
Br.1,Mg,Ca,Sr1,S 1. Br.I,Mg.Ca, N.B.F.CL Br.1

G. Adsorption

H. Thermodynamic

G9Y Al, Sc,Ga, Si,Ge. P,

V.As

HY —

G10 Sr.Ba. (Cl.Br.

I.F.B.S.P)

H10 Mg, Ca,Sr,Ba

5r,S

G11 Li, Na, K. Rb.Cs,
(CL Br.1.F,B.
S.F)

H11 Mg, Ca, Sr.Ba

G12 Li.Na, K, Rb,
Cs.(CLBr,L.F.
B.P)

H12 —

Note. Elements in parentheses are less commonly found in the association.



Potencialisan toxikus elemek
kdrnyezetgeokémiaja

Esszencialitas és toxicitas, felvehetdseg, toxikus
elemek a taplaléklancban, hatasuk az él6lényekre



Az él6lények szervezetében megtalalhato elemek csoportositasi modjai (takacs, 1991)

Tomeg szerint:
Makrtdpoelem: pl. Ca, P, K, Na, Cl. A szovetekben g/kg mennyiségben van jelen

Mikrotapelem: pl. Cu, Zn, Mo, Co, Pb. A szovetekben mg-ug/kg mennyiségben
van jelen

Funkcio szerint:

Esszencialis: pl. Cu, Zn, Cr, Co. Nélkulik az él6 szervezetek nem léteznek, nem
lehet szintetizalni, a vitaminokhoz hasonlé jelent6séggel bir, csokkent bevitele
jellemz6 klinikai tiinetekkel jaré hianyallapotot okoz, potlasa az elvaltozasokat
megszinteti, hianya és tulzott bevitele egyarant okozhat forditott dozis-hatas
reakciot, eloszlasa normalis

Szemi-esszencialis: pl. F, Br, Ba, Sr. Tulajdonsagai hasonlitanak a fentiekhez, de
azok osszes jellemz6it nem hordozzak

Toxikus: pl. Cd, Pb, Hg. Az él6 szervezetekre, azok életfunkcioira kiilonb6z6
koncentracidokban karos vagy pusztitd hatast gyakorol, eloszlasa log-normalis



Kritériumok a veszélyes anyagok fontossagi sorrendjének felallitasahoz

(Palmquist és Haneaus, 2004)

Property Feature Subdivision

Persistence Resistance to chemical, Based on lifetime and related to
physical, biological biological uptake
degradation

Bioaccumulation Available for uptake but Strength of binding to biological

Toxicity in water and soil

Consumption patterns and
substance pathways
through society

Physical and chemical
properties

excreted slowly

active molecules (metals):
ability to bind

Harm to living organisms—time Carcinogenic, mutagenic,

and dose dependent

Technologically consumed and
disposed of in relation to
human activity

Inherent physical and chemical
properties

reproduction—toxic: endocrine
disruptive

“Everyday”™ chemicals in waste
walter treatment

Solubility in aquatic or
nonaqueous systems: volatility,
chemical reactivity




Nehézfémek veszélyesség szerinti csoportositasa (vodyanitsky, 2010)

Table 1. Hazard classes of heavy metals and metalloids and
their toxicity coefficients Kt

Hazard class Kt Chemical elements
| 1.5 | Arsenic, cadmium, mercury, seleni-
um, lead, zinc, nickel, and chromium
2 1.0 | Boron, cobalt, molybdenum, copper,
and antimony
3 0.5 Barium, vanadium, tungsten, manga-
nese, and strontium




Nehézfémek altalanositott toxicitasi sorrendje (ross, 1994)

Table 2.4. Generalised pattern of metal toxicities published for a range of different organisms

Organism Toxicity sequence Source
I Animals
- Protozoa (Paramecium) Hg, Pb > Ag > Cu, Cd > Ni, Co >.Mn > Zn Shaw (1954)
Annelida (Polychaete worm) Hg>Cu>Zn>Pb>Cd Reish et al. (1976)
Vertebrata (Stickleback} Ag>Hg>Cu>Pb>Cd>Zn>Ni>Cr Jones (1939)
If Bacteria
N-mineralising bacteria Ag>Hg>Cu>Cd>Pb>Cr>Mn>Zn=Ni>S8n Liang and Tabatabai (1977}
Il Plants
Algae (Chlorella vuigaris) Hg>Cu>Cd>Fe>Cr>Zn>Ni>Co>Mn Sakaguchi et al. (1977)
Fungi Ag>Hg>Cu>Cd>Cr>Ni>Pb>Co>2Zn Lukens (1971) _
Higher plants (Barley) Hg>Pb>Cu>Cd>Cr>Ni>Zn Oberlander and Roth {1978)

Source: Modified from Nieboer and Richardson (1980).



Elemek toxicitasat befolyasolo tényezbk (ross, 1994)

Table 2.2, Factors influencing the toxicity of heavy metals in solution

1. Form of metal in solution

—

2. Presence of other metals or toxins ———

3. Factors influencing
(a) physiology of organism
(b) form of metal in solution

]

4. Condition of organism
(and behavioural response)

organic, soluble ion

inorganic — —— complex ion
— chelate ion
—— molecule

- particulate colloidal

t—— precipitated
—— adsorbed

joint action, more than additive

no interaction, —— additive

antagonism ——-- L— less than additive

temperature,

pH

dissolved oxygen

light

salinity

stage in life history (egg, larva, etc.)

changes in life cycle (e.g. moulting, reproduction, etc.)
age and size

sex

starvation

activity

additional protection (e.g. shell}

adaptation to metals

altered behaviour

Reproduced by permission of Academic Press {(London) Lid from Bryan (1976).



Esszencialitas és toxicitas a novényekben és az allatokban (adriano, 1986)

TapLE 1.1. Essentiality and effects of trace elements on plant and animal

nutrition in terrestrial environment,®

TABLE 1.1. Continued

Essential or

Essentiat or

beneficial to Potential toxicity to beneficial to Potential toxicity to
Element Planis Animals  Plants Animals Comments Element Plants  Animals  Plants Animals Comments
Ag No No Yes Interacts with Cu and Se Se Yes Yes Yes 4 ppm Narrow margin for animals;
As No Yes Yes Yes Phytotoxic before animal interacts with other trace
toxicity; may be carcinogenic metals
B Yes No Yes Narrow margin, especially in Sn No Yes Yes Relatively nontoxic; very low
plants uptake by plants
Ba No Possible Insoluble; relatively nontoxic Ti No Possible Insoluble; relatively nontoxic:
Be No No Yes Yes Speciation important; possibly carcinogenic
carcinogenic Tl No No Yes Very mobile in plants
Bi No No Yes Yes Relatively nortoxic Vv Yes Yes Yes Yes Narrow margin and highly toxic
Cd No No Yes Yes Narrow margin; enriched in food in animals; high enrichment
chain; carcinogenic; Itai-itai factor; carcinogenic
disease W No No Very mobile in plants; very rare
Co Yes Yes Yes Yes Relatively nontoxic; high and msaluble
enrichment factor; carcinogenic Zn Yes Yes Wide margin; easily complexed
Cr No Yes Yes Speciation important; Cr®* very in soils; maybe lacking in some
toxic; otherwise relatively diets; relatively nontoxic
m.mtOXIC; carcmf)gem_c * Exiracted from Allaway (1968); Hewitt and Smith (1974); Loehr et al (1979); Zingaro (1979}, Wood and
Cu Yes  Yes Yes Easily complexed in soils; Goldberg (1977); Luckey and Venugopal (1977); Underwood (1975; 1977): Van Hook and Shults (1976);
narrow margin for plants Miller and Neathery {1977).
F No Yes Yes Accumulative toxicity for plants
and animals
Hg No No Yes Enriched in food chain; aquatic
accumulation; Minamata
disease
Mn Yes Yes <pH 5 Wide margin; toxic in acid soils;
among the least toxic
Mo Yes Yes 5-20 ppm  High enrichment in plants;
narrow margin for animals
Ni No Yes Yes Yes Very mobile in plants; relatively
nontoxic; carcinogenic
Pb No No Yes Yes Aerial dispersion and primarily
surface deposited; cumulative
poison
Sb Neo No Yes Insoluble; relatively nontoxic



Fémek (potenicalis) felvehetfsége a talaj-névény rendszerben (semple et al., 2004)

Cellular membrane

Bound

contaminant \

Association A Dissociation D

Absorbed
contaminant in
organism

Site of biological
response

Released /
contaminant &
- L]
o Bioavailability processes (A, B, C and D)
Contaminant Transport of  Passage across Circulation within organism,
interactions contaminants  cellular accumulation in target organ,
between phases  to biota membrane toxicokinetics, and toxic effects
- c
Bioaccessibility . ; L : .
(Processes A, B, C and D) Bioavailability

(Process D)

Figure 3.1. Bioavailability processes in soil or sediment, including release of a solid-
bound contaminant (A) and subsequent transport (B), direct contact of a bound
contaminant (C), uptake by passage through a membrane (D) and incorporation into a
living system (E). Process E is not considered bioavailability processes per se because soil
and sediment are no longer a factor (Semple et al., 2004).



Nyomelemek forrasai a ndvényekben (in adriano, 1986)

APPENDIX TABLE 1.14. Sources and pathways of trace elements to plants,”

Sb As Be B Cd Cr Co Cu Pb Hg Mo Ni Se Sn V Zn

Uptake by roois

A. Soil or groundwater X X X X X X X X X X X X X X X X
B. Fallout to soil from air pollution X X X X X X X X X X X X X
C. Sewage sludge soil amendments X X X X X X X X X
D. Biocides applied to soil and/or seed X X X X X X X X
E. Surface water contamination X X X X

F. Fenrtilizers X X X X b X X X X
G. Industrial pollution X X X X X X X X
Uptake by leaves and stems

A. Pollutant faliont from industrial sources X X X X X X X X X X X X
B. Pollutant fallout from auto emissions X X
C. Biocide applications to plants X X X X X X X X
D. Pollution fallout from incineration of fossil X X X X X X X X b 4 X X X X X X X

fuels and refuge

® Source: Adapied from Jenkins {1981).



Nyomelemek forrasai az allatokban (in adriano, 1986)

APPENDIX TABLE 1.15. Sources and pathways of trace elements in animals.”

Sb As Be B Cd Cr Co Cu Pb Hg Me NI Se Sn Zn Mn

Terrestrial
A. Breathing contaminated air X X X X X X X X X X X X X
B. Eating contaminaled plant or animal tissue X X X X X X X X X X X X X X X
C. Drinking contaminated water X X X X X X X X X X X X X X X
D. Licking or preening fur or feathers X
E. Receiving therapeutic drugs (domestic X

animals)
F. Eating biocides or poison baits X X
Aguatic
A. Meial in water b X X X X X X X X X X X X X
B. Runoff and fallout X X X X X X X X X X X
C. Sewage and industrial waste outfalls X X X X X X X X X X X X X
D. Mine tailings or smelter waste leachate b3 X X X X X X X X
E. Contaminated plants, animals, or sediment X X X X x X X x X X X X X X X X
F. Biocides or runoff X X X X X
G. Lead shot X

“ Yource: Adapted from Jenkins (1981).



Nyomelemek forrasai az emberben (in adriano, 1986)

[ Air v =1 Filtration :} Inhalation

S - H
0 _ IE“" h ******** -r;‘__":; --------- U
:>| Water / .Trautment | ¥ ;’ *-‘:
u oy \ M
R 4 Aguatic Food Chain i A
Fi

/ -

4 Food .
c J ;—Processinq"'" Ingestion N
E S

Soil b—1 Land Food Chain

- = Hond-to-Mouth Activity [——

FIGURE 1.6. Pathways of trace elements to humans (cross-hatching denotes path of
fine airborne fallout). Source: Nriagu (1984), with permission of the author.



Az egyes forrasok jelent8sege a kiilonb6z6 elemek esetében (piant et al., 2000)

Selenium lodine Mercury

Food and soil A Water

Cadmium

ittt
S
S

-
o




Table 7

Talajtulajdonsagok hatasa a fémek mobilitasara és felvehet8ségére (sradl, 2005)

Effect of soil/sediment factors on heavy metal mobility and bioavailability

Soil factor Causal process Effect
Low pH Decreasing sorption of cations onto oxides Increase
of Fe and Mn
Increasing sorption of anions onto oxides Decrease
of Fe and Mn
High pH Increasing precipitation of cations as Decrease
Carbonates and hydroxides
Increasing sorption of cations onto Decrease
oxides of Fe and Mn
Increasing complexation of certain cations Increase
by dissolved ligands
Increasing sorption of cations onto (solid) Decrease
humus material
Decreasing sorption of anions Increase
High clay Increasing ion exchange for trace cations Decrease
Content (at all pHs)
High OM Increasing sorption of cations onto humus Decrease
(solid) material
High (soluble) Increasing complexation for most Lrace cations Decrease/
humus content Increase?
Competing ions Increasing competition for sorption sites Increase
Dissolved inorganic Increasing trace metal solubility Increase
hgands
Dissolved organic  Increasing trace metal solubility Increase
ligands
Fe and Mn oxides  Increasing sorption of trace calions with Decrease
increasing pH
Increasing sorption of trace anions with Decrease
decreasing pH
Low redox Decreasing solubility at low redox potential Decrease
as metal sulfides
Decreasing solution complexation with Decrease/
Lower redox potential Increase

Reprinted with permission from: D.C.Adriano, Trace Elements in Terrestrial Environ-
ments, Springer, New York, 2001, p. 56.



Nehézfémek felvehet6sége a talajtulajdonsagok fliggvényében (in kabata-Pendias, 2004)

Table 1
Bioavailability of trace metals under different soil conditions
So1l condition Bioavailability
Redox pH Lasy Moderate
Oxidizing <3 Cd, Zn, Co, Mn, Hg, V
Cu, Mi
Oxidizing =5 Cd, Zn Mo, Se, Sr,
Te, V
Oxidizing =5 Non Cd, Zn
Fe-rich
Reducing =5 se, Mo Cd, Zn, Cu,
Mn, Pb, Sr
Reducing, =5 Non Mn, Sr
with HaS

* After Kabata-Pendias and Pendias (2001) and Smith and
Huyck { 1999).



Elemek dusulasa a névényekben talaj C szintjéhez képest (reimann et al., 2001)

Table &
Plant /C-horizon ratio for all plants and all elements. A value equivalent to half the detection limit was used for the calculation
where values of the median in a plant (or all plants) was below detection. These results are marked in italics

Moss Blueberry Cowberry Crowberry Birch Willow Pine Spruce All
5 20 55 43 38 53 89 30 30 39
K 7.5 12.5 71 7.2 147 235 7.2 100 8.5
B 1.3 10.8 4.5 ] 13.1 6.4 5.6 5.5 53
Ca 27 7.0 5.0 54 9.7 9.7 27 57 4.6
P 44 4.6 32 35 73 11.4 35 4.6 43
Mn 2.6 13.4 8.5 o6 104 22 38 57 4.1
Sr 19 1.0 1.4 1.5 6.1 6.2 0.7 3.0 1.0
Cd 32 0.22 0.17 .06 6.1 16.5 1.6 0.74 LY
Zn 1.7 0.7 1.3 0.7 103 6.3 20 2.1 1.6
Ba 0.79 .56 1.89 0.99 201 0.54 0.10 1.31 104
Ap 162 019 019 019 0o 0.54 1.77 0.62 0.62
Na 1.24 020 .20 0.60 .20 0.45 0.49 0.20 0.52
Si 0.79 0.50 0.46 0.46 0.20 0.24 0.32 1.00 0.49
Mg 026 0.62 .38 0.44 1.06 0.81 0.25 0.26 0.39
Cu 0.38 0.50 0.31 0.40 0.44 0.59 0.21 0.16 0.38
Sh 203 017 0.17 017 017 017 .33 0.17 .33
Mo 0.65 0.17 0.20 0.31 0.23 0.75 0.13 0.07 0.31
Rb 023 0.48 0.23 0.22 0.44 0.56 0.17 0.24 0.28
Pb 209 0.07 0.09 0.18 0.16 0.11 0.16 0.07 0.18
Ni 0.17 0.07 0.05 0.19 0.20 0.66 0.08 0.10 0.15
Bi 0485 0.030 0.030 0.061 0.030 0.030 0.061 0.030 0.061
Co 0.053 0.008 0.008 0.000 0.067 0.324 0.013 0.012 0.031
Be 0.067 0.021 0.021 0.021 0021 0021 0.021 0.021 0.021
As 0.108 0.016 0.013 0.013 0.014 0.011 0.015 0.012 0.021
Tl 0.159 0.009 0009 0.009 0009 0009 0.088 0.083 0.021
Al 0.036 0.010 0.011 0.006 0.003 0.002 0.020 0.004 0.011
Se 0.047 0.008 0.008 0.008 0008 0.008 0.008 0.008 0.008
V 0.113 0.003 0.005 0.009 0.003 0.002 0.008 0.002 0.007
Li 0029 0.002 0.0602 0.007 0002 0.002 0.006 0.006 0.006
Fe 0.035 0.004 0.003 0.005 0.006 0.006 0.004 0.003 0.006
Cr 0.053 0.005 (.0035 0.005 0005 0.005 0.005 0.005 0005
Y 0.038 0.002 0.002 0.004 0.003 0.016 0.003 0.002 0.0035
u 0020 0.002 0.002 0.002 0.002 0.002 0.002 0.002 0.002
Th 0.010 0.002 .02 0.002 0002 0.002 0.002 0.002 0002
Zr 000164  0.00012 0.00012 0.00028 0.00023 0.00016 0.00020 0.00012 0.00024

Elements sorted according to decreasing Plant,/C-horizon ratio for all plants (All).



Néhany flféle nehézfém-akkumulacidja (sun és pavies, 2007)
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Fig. 4. The total mass accumulation of metals by different plant species at the low (top) and high (bottom) metal loadings.



Novények csoportositasa a fémfelvétel szerint (in Bradi, 2005)

——

I

Hyperaccumulator . ---~

-7 Accumulator

Uptake

Intensity

.7 Excluder

Metal Concentration in Soil o

Fig. 27. Relative uptake and bioaccumulation potential among plant species (redrawn
after Ref. 183).



A kulénboz6 elemek felhalmozddasa a novényekben (kabata-pendias és Pendias, 1984)
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Fémfelhalmozddas hiperakkumulator novényekben (kabata-pendias és pendias, 1984)

Element

Ni
Zn

Cr
Co
Ni
Se
Sr

Cu
Hg

Zn

Table 30

THE GREATEST ACCUMULATION OF
SOME METALS (PERCENT AW)
REPORTED IN VARIOUS PLANT

SPECIES*™-¢12

Mant
>10%

Alyssum bertolonii
Thlaspi calaminare

10 3%

Pimelea xuteri and Leptospermum scoparium
Crotalaria cobaliica

Alyssum bertolonii

Astragalus racemosuy

Arabis siricta

Uncinia leptostachva and Coprosma arborea

0.110 1%

Becium homblei
Betula papyrifera
Pinus sibiricus
Equisetum arvense

ternye (kaposztafélék cs.)
tarsoka (kdposztafélék cs.)

boroszlanfélék cs. és mirtuszfélék cs.
hiivelyesek r.

ternye (kaposztafélék cs.)

cstidfti (pillangésviragtak cs.)
ikravirag (kaposztafélék cs.)

sasfélék cs. és mazlevél (rubiafélék cs)

arvacsalanfélék cs.
papirnyir
szibériai feny6
mezei zsurlo



(e) Trafficking and sequestration

A novényi elemfelhalmozas molekularis
mechanizmusai (clemens etal,, 2002 )

Cytosalc
" metalloenzyme

(d) Unloading and tissue distribution

—. J "J M,
Anion channdls | Malate
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A rizoszféra (Adriano et al., 2004)

Plant Root Soil Solution Soil
Constituents
<- uptake H.0 —» [C'][A] < desorption o
:‘_ <- uptake CA- adsorption ——> . .

excretion > HYHCOs — 5 pH < dissolution ®)

precipitation — .
respiration >

C

< respiration CO; ..'

leakage——=> Oz —/ »> pe < redox reaction = .' o
exudation—> OC :,d;:,;: —_—» L] < chelation (@]

ligand < complexation = . .

Fig. 2. Schematic of the rhizosphere, showing the various exudates and how they can influence abiotic factors and mechanisms in the soil—
solution interface. Legends: OC =organic carbon; C™ =cation; A~ =anion; L™ = ligand; pe = redox potential. Modified from Hinsinger (2001)



A rizoszféra és a teljes talaj geokémiai jellemz8inek 6sszehasonlitasa (turpautt et al., 2007)

Table 2
Mean chemical characteristics of 30 soils samples (B=bulk; R =rhizospheric; RI=rhizospheric interface) sampled in March and in June at three soil layers (1, 2 and 3)
Layer March June
B R RI B R RI
pH | 3.93 (0.13)" 3.94 (0.09)" 3.90 (0.12)™ 3.98 (0.16)™
2 4.30 (0.12)™ 439 (0.13)™ 4.39 (0.12)™ 431(0.12)™ 443 (0.13)™ 4.47 (0.14)Y
3 4.40 (0.06)™ 4.53 (0.09)™ 4.42 (0.05)™ 4.55 (0.10)™
Cgkg' | 118 (25)™ 120 (24)™ 125 (19)™ 122 22)™
2 49 (R)™ 56 (7)™ 61 (9 49 (6)™ 55 (9)% 61 (11)°*
3 27 (6)* 35 (6)™ 40 (8) 29 (7Y 35 (7 45 (13
CEC cmol, kg ' | 17.0 2.1)™ 16,9 (2.2)™ 18.3 2.2y 18.8 (2.5
2 10.7 (1.6)™ 11.8 (1.4)™ 12.0 (1.4)™ 1.1 (1.3y™ 12,1 (1.9 12.7 (1.6)Y
3 7.3 (Lo 7.8 (1.0 8.4 (1.2 7.9 (1.3 8.4 (1.4)% 9.9 (1.
BS % 1 24.0 (4.4 24.1 (7.3~ 22.5 (3.5 24.1 (6.6
2 1.1 3.0 122 2.1 17.1 (4.0)™ 12.0 3.0y 14.6 (4.9 22,5 (5.2)
3 10.1 (3.9)™ 13.2 4.3)™ 18.7 (5.5 110 (3.6 14.9 (5.0 24.4 (6.6)"
K/CECY% ] 3.0 (0.4y™ 5.6 (1.6)™ 3.7 (24 7.0 (3.0)%
2 2.6 (0.4)" 5.6 (1.4)™ 8.7 2.7 3.1 2.0/ 8.2 (3.8)® 13.3 (4.0
3 2.9 (0.7)* 7.4 (3.1)™ 10.5 (2.8)™ 2.6 (0.7 9.9 (3.8)"™ 16.0 (4.6)°Y
Mg/CEC% 1 4.5(1.5)" 3.6 (1.2 4.1 (0.9y™ 2.9 (1,0)%
2 2.9 (1.9)™ 1.9 (0.7 2.7 (1.6 3.0 (1.5 1.5 (1.5)% 28 (1.4
3 32 (3.2 1.8 (0.9)" 2.9 (1.6)™ 3.0 (L8Y™ 0.9 (1.5)% 1.9 (L.7)yM¥
Ca/CEC% | 16.5 (3.6)™ 15.0 (3.0 14.6 (2.7 14,2 (3.8)*
2 5.6 (1.6)™ 4.7 (1.2)™ 5.7 (1.3)™ 5.9 (L6y™ 4.8 (1.6)™ 6.4 (1.5
3 4.1 (1.6)™ 4.0 (1.5)™ 5.3 (2.0 5.5(2.2)% 4.0 (1.7y™ 6.5 2.2)
EA/CEC% I 76 (4)™ 76 ()™ 77 3.5 76 (6.6)™
2 80 (3)™ 88 (3)™ 83 (4)™ 88 (3™ 85 (5™ 77 (5)°¥
3 90 (4)™* 87 (4™ 82 (5) 89 (4™ 85 (5)™ 76 (1Y
HUCEC% | 14.5 2.3 11.2 (1.6)™ 16.0 (1.8)" 15.6 (2.4YY
2 9.0 (1.1)» 52 (3.6 53 (3.0 8.85 (1.2)™ 8.8 (11" 8.7 (1.5)Y
3 8.1 (2.5 49 (3.8 40 (3.9™ 7.7 2.3y 7.9 (0.9 7.6 (2.6)Y
AIWCEC% 1 62 (4)™ 65 (8)™ 62 (4™ 60 (6)™
2 80 (3™ 83 (4™ 78 (5™ 79 (3y™ 77 (5 69 (3)°Y
3 82 (4™ 82 (6.5 77 (6)™ 81 (4)M 77 (5)™ 68 (6)
AlJ/CECY% | 76 (8)™ 72 (100" 65 (7YY 72 (8)B
2 96 (6)™ 91 (13)™ 89 (12)™ 81 (5)™ 93 (10)* 85 (12)™
3 98 (9)™ 90 (12)™ 83 (11)™ 83 ()™ 90 (10y™ 79 (9)°*

CEC: cation exchange capacity; BS: Base saturation; EA: Exchangeable acidity; Alt: titrated aluminium: Ald: Aluminium determined by inductively coupled plasma
emission spectrometry and affected of three charges (+). Mean followed by standard deviation in between parentheses. The letters a, b and ¢ are used to compare B, R
and RI soils sampled in March; A, B and C are used for B, R and R1 soils sampled in June; x and y are used to temporal effect between March and June for each soil (B,
R and RI). Different letters indicate that the differences are significant at 95%.



Szerves savak anionjai a talajoldatban

] O :
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Oxalat anion
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Feladatuk: savanyitas és komplexképzés
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Fém-szerves komplexek (ksrss, 1980)

Cu(H,0)¥* +NH; = Cu(H,0),;NH;™ +H,0
6 Cu(H,0);NH2* +NH; = Cu(H,0):(NHy)i* +H;0
2,4 Cu(H,0),(NH)E* +NH, = Cu(H,0) (NH);* +H,0
6

Fe'™ 6 Cu** 4, Cu(H,0) (NHy)i* +NH; = Cu(NH,);* +H,0.
.. 9 < -
Co* 43 6 Zn?* 4
“O0C—CH, /mlwcoo‘
N—CH,—CH,— N
-0OC—CH; CH,~CO0~
= b 20,0
2-4. ibra. Etilén-diamin-tetraacetat
L 16.0
' L12.0
7.0 - i
. -
co 60 8.0
- - Lo40
O k)
\CH, 5.0 1 o
5 40 -
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oc” T AT o
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T g L HNGH,CHNH
CHZ—-———-C{i2 10~ o glicin
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(o]
H.C
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2-28. dbra. Kapcsolat a komplexstabilitas és a toxicitds kizott egyes kétértékd atmenetifém-

2.5. &bra. Fém -EDTA komplex térbeli felépitése ionok esetében, K a kétertékii Aémenetifém-ion etilén-diamin-, illetve glicin-komplexének stabili-

tisidllandéja. pM annak a fémion-koncentraciénak a negativ logaritmusa, amely ahhoz sziikséges,
hogy adott szimd Daphnia 509%-at elpusztitsa vagy felére cstkkentse a diasztiz enzim hatisat



Fém-szerves komplexek: a Pearson-féle koncepcio (xsrss, 1980)

2-6. tablazat

2-7. tablazat

Sav
kemény lagy Savak
— — = o ~Kemény” savak »Lagy” savak Hatéresetek
kicsi polarizdlhatdsig nagy —
kicsi elektronegativitds nagy H*, Nat, K+ Cut, Ag" Fe2t, Co®t, Niz¥, -
nagy pozitiv toltés kicsi Mg+, Ca2*, Mn2+ Pi2+, Hg?t, Pb*+ Cu?+, Zn2*+
kicsi méret nagy ART, Bedt :
10108 kotéstipus kovalens, a-kotés
LR S = . vlifos gss Bazisok
Bizis »Kemény” bazisok »Ligy” bazisok Hataresetek

kemény lagy
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Fém-komplexek képzése szerves savakkal ones, 199s)

Table 4. Stability constants of organic acid-metal complexes
(Martell and Smith, 1976-1989). Where possible stability constants
represent conditions at 25 *C and zero 1omic strength. M:H:L ratio
indicates the stoichiometry of the complex where m indicates metal,
L indicates ligand and H mdicates protons

Metal M:L:H ratio Malate Citrate oxalate
HT 1:1 5.10 6.40 427
2:1 3.46 476 1.25
31 - 313 -
K+ 1:1 0.40 0.56 0.90
Mg2+ 1:1 1.55 484 3.43
1:2 - - 424
1:1:1 0.77 2.59 -
Calt 1:1 2.72 485 3.19
1:1 HyO(g - - —8.80
12 - - 2.69
1:1:1 1.39 2.93 1.38
Mn2t 1-1 224 3.70 3.95
12 - - 440
Znt 1:1 3.32 4.70 487
12 5.90 7.65
1:1:1 2.00 2.96 1.72
Cut 1:1 333 5.90 6.23
122 8.40 - 4.00
1:1:1 1.96 3.70
22 8.0 132
Fe3+ 1:1 7.1 11.50 7.74
12 - - 13.64
13 - - 18.49
22 12.85 - -
FNERy 1:1 6.00 7.87 6.1
12 - 117 1.1
13 - - 15.12

100 T
N 80 -
& Citrate
£
2 Oxalate
ﬁ 40
n -
=
S
Q
£
- 20 A
Malate
S
0 \
3 4 5 8 7 8

Soil solution pH

Figure 5. Ability of three orgamic acids to form stable complexes

with Fe>T as a function of pH as predicted with the chemaical spe-
ciation program Geochem-PC (Parker et al.. 1993). The Fedt+ and

organic acid concentration was fixed at 100 M.



A kelatképzb8k hatasa a felvehet8ségre (evangelou et al., 2007)

Table 1
Efficct of the addition of EDTA on the mobilisation and uptake of heavy metals in variows studies
EDTA
Amount added Heavy Plant available heavy metal in soil Heavy metal Crap Side efiects Reference
(mmaol kg™ ) metal uptake
i Fh Approx, 23-fald (HyO-cxtractable) 2i-fold Indian mustard Mo side effect (=1 0mmal kg~' hiomass and Epstein et al.
(B. jurcea) transpimtion reduction) (1955
5 Cu 1{2-fald 12-fold Corn (2 maps Decrease of plant growth to 60% of contral Luo et al. (2EE)
Fh A%-fold 27-fold
n S-fnld 1.4-fald
d 114-fold (HyO-extractable) 3.3Fold
Cu 14-fold white bean (P. vulparis) Ta T6% and signs of chlorosis, necrosis
Fh Ti-fold
Zn 1.7-Fold
Cd 3.3-fold
16 n From maobilised 1.5fold Sunfower { H. anrsaus) Mo toxicity symptoms Meers et al
Cu fraction only 1.5told {205)
Cd 2,2% Zn, (L.8% 2-fold
i Cu, 7.3% Mi were taken 1% fald
up { HyO-extractable)
5 Cd 42-fald 11-fold Rainbow pink (DManthus Mot mentioned Lai and Chen
n 6. 3-fiold Mat sig, chinesis) {2005)
Fh Si-fold (HaO-extracta ble) 15-fold
013 Cd A-fold (HyO-extractahle) Upto 24ald Indian mustard Biomass reduction Jiang et al.
(B.a funces) {2003)
4 times 10 Fh 35(-finld 59 Tfold Chinese cabhage Biomass reduction, necrosis and chlorosis Cyréman et al.
d S4-fold 3-fold (B. rapa) {2003
n S-fold (HyO-leaching) 3-fold
i Cu 3-fold 2 6-fold Indian mustard Mo toxicity symptoms Wu et al (2
n 1.3+fold Mat sig, (B. jurcea)
Fh 5. 7-fold 2. 8-fold
Cd Mot sig, (NMHyMNOy-extr. ) Mat sig,
1.3% Fh 315Fold (HyO-extractahle) 5T.4-fald corn (2 maps) Praobahly biomass meduction Huang et al.
111-fold (199Ty
5 Fh 1{7fold (HyO-extractahle) 4i-fold White mustard (5. alba) Mo symptoms mentioned Kos et al (2003)




A fémek felvehet6ségéhez hozzajarulod folyamatok (ross, 1994)
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Figure 2.3. Soil and plant cell processes contributing to bioavailability and uptake of metals by plants




A gyokér szerkezete a felvételi mddokkal (ross, 1994)

endodermis with the
Casparian band
air space \ phloem  xylem

. _CYEELE!SE?
plasmalemma /

- 7

%_elhwail /|

plasmodesma )

Fig. 2.6. A schematized root cross section showing apoplast and symplast pathways, as
well as plasmodesmata, which allow the transfer of water and ions from one cell to the
next.



A gyokérsejt-membran egyszerd(sitett szerkezete (marschner, 1997)

Extrinsic
protein

Intrinsic
proteins

~_Polar
lipids

Fig. 2.4 Model of a biomembrane with polar lipids and with either extrinsic or intrinsic,
integrated proteins. The latter can cross the membrane to form ‘protein channels’.



lon- és szerves sav transzport a sejtmembranon keresztul pones, 199s)

Cytoplasm (10 mM, pH 7.1)

Organic acids
(e.g. malate?, citrate’)

Organic acids +

Soil Solution (0.01 mM, pH 5.5)

Figure 3. Schematic representation of the two main routes of organic acid efflux from the cytoplasm of root cells into the soil solution. The first
(1) represents the slow passive diffusion across the lipid bilayer, whereas the second (2) represents efflux through a plasma membrane channel

protein. The direction of transport by both mechanisms i1s controlled by the electrochemical potential gradient (charge and concentration) across
the membrane which 1s partly generated by the Ht-ATPase (3).



A protonpumpak mikodése a sejtmembranon és a tonoplaszton keresztul
(Marschner, 1997)

membrane Tonoplast
Apoplasm | Cvioplas ; Vacuol
G N 777/

Counter-
Cat* Jtransponﬁ
- ez
----- h ~ %
S H+
..... o H" (1-3 H*)
(aﬁpon)

NAD(P)*

pH ~55 pH 7.3-7.6 pH 4.5-5.9

-120to -180 mV ~-100 mV
Fig. 2.9 Model for the functioning and location of electrogenic proton pumps (H*-ATPase,

PPjase), transmembrane redox pump (NAD(P)oxidase), ion channels, and transport of cations
and anions across the plasma membrane and tonoplast.




Lehetséges novényi reakcidk a vashidanyra (in Lambers et al., 1998)

Strategy |
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Ficure 17. Induction of the capacity to absorb Fe as affected by Fe-deficiency in cucumber (strategy 1) and bariey
(strategy [1} (Romheld 1987). Copyright Physielogia Plantarum.



Elemfelvétel segitése a mikorrhizak altal (in Lambers et al., 1998)

)

FiGure 6. Schematic presentation of components of the
nutrient acquisition from the soil by vesicular-arbuscular
mycorrhizal roots (right). The thickness of the circle indi-
cates the importance of VAM in acquiring this nutrient (2
indicates lack of definitive information). Additional com-
ponents in ectomycorrhizal roots are also shown (left).
Note that all mycorrhizas enhance the availability of soil
nutrients by enlarging the soil volume that is exploited and

|
: i

RULHRTHILLL

-

that this is most relevant for those nutrients that are least
mobhile (e.g., phosphate). Ectomycorrhizas excrete hydro-
lytic enzymes, which allows them to use organic forms of
both P and N, and chelating organic acids, which allows
the use of poorly soluble forms of inorganic P (after’
Marschner & Dell 1994). Copyright Kluwer Academic
Publishers.



Toxikus hatasokhoz kapcsolddé folyamatok a ndvényekben (sowen, 1979)

A sejtfal permeabilitasanak megvaltozasa: Ag, Au, Br, Cd, Cu, F, hg, |, Pb, UO,
eTiol-csoportok kolcsonhatasa kationokkal: Ag, Hg, Pb
eEsszencialis nyomelemekel torténd versengés: As, Sb, Se, Te, W, F

eFoszfat-csoportokkal és az ADP vagy ATP reaktiv csoportjaival lezajloé reakcidk:
Al, Be, Sc, Y, Zr, nehézfémek

eEsszencialis ionok helyettesitése: Cs, Li, Rb, Se, Zr

eKotddési helyek elfoglalasa esszencialis ionok eldl: As, F, B, Br, Se, Te, W



Elemek toxikus hatdsa a n('jvényekben (Kabata-Pendias és Pendias, 1984)

Table 29

GENERAL EFFECTS OF TRACE ELEMENT TOXICITY ON COMMON

Element
Al
As

B

Cd

Fe
Hg

Mn

Mo

Ni

Rb
Se

CULTIVARS®6:241,31,395.53),731
Symptoms

Overall stuming, dark green leaves, purpling of stems, death of leaf
tips, and coralloid and damaged root system

Red-brown necrotic spots on old leaves, yellowing or browning of
roots, depressed tillering

Margin or leafl tip chlorosis, browning of leaf points, decaying
growing points, and wilting and dying-off of clder leaves

Brown margin of leaves, chlorosis, reddish veins and peticles,
curled leaves, and brown stunted roots

Interveinal chlorosis in new leaves followed by induced Fe chlo-
rosis and white feaf margins and tips, and damaged rool tips

Chlorosis of new leaves, injured root growth

Dark green leaves followed by induced Fe chlorosis, thick, short,

or barbed-wire roats, depressed tillering

Margin and leaf tip neerosis, and chlorotic and red-brown points of
leaves

Dark green foliage, stunted growth of tops and roots, dark brown to
purple leaves of same plants (e.g., “‘bronzing™ disease of rice)

Severe stunting of seedlings and roots, leaf chlorosis and browning
of leaf points

Chlorosis and neerotic lesions on old leaves, blackish-brown or red
necrotic spots, accumulation of MnQ, padticles in epidermal cells,
drying tips of leaves, and stunted roots

Yellowing or browning of leaves, depressed root growth, depressed
tillering

Interveinal chiorosis in new leaves, gray-green leaves, and brown
and stunted roots

Dark green leaves, wilting of older feaves. stunted foliage, and
brown short roots

Dark green leaves, stunted foliage, and increasing amount of shoots

Interveinal chlorosis or black spots at Se content at about 4 ppm,
and complete bleaching or yellowing of younger leaves at higher
Se content, pinkish spots on roots

Chlorotic and necrotic leaf tips, interveinal chlorosis in new leaves,
retarded growth of entire plant, and injured roots resernbla barbed
wire

Sensitive crop

Cereals

Cereals, potatoes, tomatoes,
cucumbers, sunflowers,
and mustard

Legumes (bean, soybean),
spinach, radish, carrots,
&nd Dats

Cereals and legumes, spin-
ach, citrus seadlings, and
gladiolus

Gladiolus, grapes, fruit
trees, and pine trees

Rice and tobacco

Sugarbests, maize, and
roses

Cereals, legumes, polatoes,
and cabbage

Cereals

Cereals

Cereals and spinach



Lehetséges nehézfém tolerancia-mechanizmusok névényekben (marschner, 1995)

® O _

*’4\‘1\”\ - Se]tfal = l ;’:\

; A : <
- ' Y Citoplazma \ = @
- @ Fitokelatin LM & Fém
- = Szerves savak <
\ Anorganikus "7‘\,.\/
komplexek T
—~ LM /,/7/
~——Kel{1t0r*."-,: A //L_\
L
B T ‘,_\\/ — . el | ,\/;_/\\ k
- Sejthirtya -+ S@Yal T Fém -

(1). immobilizacié az apoplasztban, (2). csokkent bearamlas a membranon keresztil,
(3). aktiv transzport az extracelluldris tér irdnyaban, (4). raktarozas a sejtliregbn, (5).
sejten kivili kelatizacié a plazmamembranon, (6). kelatizalds a sejten bell



Fitokelatin — a novények komplexképz6 és inaktivaldoszere

A e Kilonb6z6 novénytipusokbdl izolalt fitokelatinok
i NN /—\ /\ Mo ST (zenk, 1996)
HO,C/ ’, H n :
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A Cd-PC komplex szerkezete. A fekete korok

0, o koordinalatlan karboxilat csoportok, amelyek
Ii K , . oy e ,
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y-Glutamylcysteine [ pmol xg°"]

Cd-detoxifikacid novényekben fitokelatinnal (zenk, 1996)
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A Cd-komplex kialakulas és a
sejtiregben torténd tarolasa



Antagonizmus és szinergizmus a novényekben (kabata-Pendias és Pendias, 1984)
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Table 31
INTERACTIONS BETWEEN MAJOR ELEMENTS AND
TRACE ELEMENS IN PLANTS251-581.531,354.683

Major
element Antagaonistic elemenis Synergistic elements
Ca Al, B, Ba, Be, Cd, Co, Cr, Cs. Cu, Mn, and Zn
Cu, F. Fe, Li, Mn. Ni. Pb, Sr,
and Zn
Mg Al Be, Ba. Cr. M, F. Zn. Niv. Al and Zn
Co*, Cu*, and Fe*
P Al As. B. Be. Cd. Cr. Cu. F. Fe. Al, B. Cu. F. Fe. Mo, Mn,
Hg, Mo. Mn. Ni. Pb. Rb, Se, Si. and Zn
Sr, and Zn
K Al. B, Hg. Cd. Cr. F. Mo, Ma, —_
and Rb
S As, Ba. Fe. Mo, Pb, and Se F* and Fe
[l B. E, and Cu B, Cu, Fe, and Mo
1 Brand [ —

Reported Tor microorganisms.
Mutual paifution causes significant injury.



Tapelemek be- és kijutasa az emberi szervezetben (takics, 1991)

MIKROELEMEK BEJUTASA A SZERVEZETBE ES AZ

ELTAVOLITAS LEHETOSEGEI E’ELVETEL
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Tapelemek felszivodasat befolyasold tényez6k az emberben (rakacs, 1991)

eTaplaltsag, kilonosen a fehérjeellatottsag

eFehérje és aminosav-anyagcserezavarok

eGyomor és bélnedvek normalis m{ikodése

oA belek taplalék eredetl rost-, csersav, Ca-, P- stb. tartalma
eNyalkahartya allapota

eBevitt mennyiség

eKronikus betegségek

eKivalaszto-szervek miikodése

e A szervezet aktudlis mikroelem-koncentracidja

e égutakbdl a szilard anyag mérete és tomege

*Az anyag kémiai jellemz0i



Az emberi szervezet nehézfémtartalma (in kadar, 1995)

65. tablazat
Az emberi szervek isszetétele és az atlagos test elemkésziete
(Fergusson 1991)

Szervek Cd Hg Pb As Se
mg/kg sz.a.

Vese 40-120 0.4-8 D0.86 0.02-1.2 0.B6
M3j 8-12 0.044 0.8-6 0.080.8 1156
lzom - 0.08-2 0.04-2 - -

Haj 0.5-2 0.5-2 1-20 0.02-2 0.51
Csont 0.5-2 - 0.2-10 0.08-1.6 1-9
ug/di |

Vér 0.050.5 0.2-2 1-25 0.11 5-25
mg/70 kg 50 13 40-120 18 13

A vese, maj és izom adatait D.25 faktorral szorozva a friss sllyban
mért koncentracitkat kapjuk.



A bioldgiai felezési idd (in kadar, 1995)

62. tablazat
Néhany nehézfém biologiai felezési ideje az embenr testben, csontban
és a lagy szivetekben {Fergusson, 1891)

Elem Testben Lagy szovetekben Csontokban
cd 10 - 30 év 10 - 30 év ?
Pb 4- 6 év 21 nap 10 - 20 év
Hg 30-90nap  45-160 nap :

As 10 - 30 6ra -




61. tablézat

Nehézfémek hatdsa a kiilonb6zo6 szervekre (in kadar, 1995)

Nehézfémek karos hatésa a kiilénbszt szervekre (Fergusson 1991)

Szerv, teriilet Elem Egészségkérositd hatésok
Kazponti CHgHg, Hy Agykérosodés
idagrendszer Pb Idegélettani funkeié kérosodésa
Ti Agytumor
Periférikus CHgHg, Hg Abnormélis reflexek és mozgés
idegrendszer Ph Periférias idegkdrosodés
As Periférigs idegelfajulés
Vesemiikidés Cd Vesekarosodés, fehérjevizelés
{proteinuria)
Hg Veseelfsjulés
As Vizeletkivilaxztési zavarok
Méij As Majsorvadéas [Cirrhosis)
Vérrendszer Pb Vérképzidés gatlésa
Cd Enyhe vérszegénység (anemia)
As Vérszegényssg (anemia)
8zéj, orr Hg Szé} és orriireg kérosoddsa
nyélkahértya As Fekély [ulcer)
Haj Ll Hajhullés (alopecia)
Légziszervek Cd Idiilt tiidétagulat
As Tiidotagulat 5s rostelfajulés
Hg Hirgbk kérosodésa
Se Légzdszervek gyulladésa
Csontvéz Cd Csontldgyulés (Osteomalacia)
Se Fogszuvasodas
Keringési rendszer Cd, As Sziv és érrendszer kérosodésa
Szeporodési rerdszer  Hg [(As]) Spontén vetéalés
Torzkeltd hatés CHgHg Deformélt agy és test
Torzsziilott magzet
Rékkepzidés Cd Prosztatarék, tiiddrak
As Bor- és tiidorak
Kromoszéma Cd Utadok kérosodésa
aberrécitk As Utodok kérosodésa




Az elemek kdlcsonhatdsa az emberben (in rais, 1989)

AZ ELEMEK KOLCSONHATASANAK SEMAJA
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Elelmiszerek maximalisan megengedhetd fémtartalma (in kadar, 1995)

20a tablazat 20b tablszat
Elelmiszerek maximalisan megengedhets fémtartaima Elelmiszerek maximalisan megengedhetd fémtartalma
mg/kg anyagban, 8/1985. (X.21.) EiiM rendelet mg/kg anyagban. 8/1985. (X.21.) EiM rendelet
Etelmiszer fajtaja As Hg Pb Cd Cu Zn Elelmiszer fajtaja As Hg Pb Cd Cu Zn
Tej 005 001 01 001 04 5
Kondenz tej, tejpor * ok e * ** ek kA Cukor (kristaly, kocka, por} 0.1 0.01 0.5 002 2 3
Sajt 03 002 05 005 * * Cukorka 01 002 1 005 5 5
Tard _ 0.3 002 025 002 * * Kakaépor 65 002 2 0.5 * >
Tejszin, tejfol 0.1 002 0.5 0.05 * * Csokoladé/készitmeények 05 001 1 0.5 ok
Vaj 01 o002 01 002 * *
Nivény zsir/étolaj/margarin 0.1 002 01 002 04 5

Friss his (sertésjuh,marha) 0,5 002 05 01 5 70 Eckezési s6 1 0012 02 S5 20
Hentesarik D5 ©0.03 05 01 5 70 Fiszerek 1 0055 Q2 * *
Huskészitmények fémdoebazban 1 .03 2 02 10 70 . .
Majkrémek femdobozben 1 0.03 2 0.2 20 70 Csecsemdtapezer tejporok .05 001 02 0.02 = 7
Vadhus és készitményei 1 0.05 1 0.1 5 B0 Bebiételek (2ildség,gyiimblcs) 0.1 0.01 0.2 0.02
Baromfi (izomsz6vet) 05 003 1 005 2 30 Szédaviz, &svanyviz, iveviz  0.05 0.0010.05 0.005 1 1

o . e Uditsk, ivalevek 014 001 0.3 005 & 5
Folsaségek vese nélkd s Bor, sor, szeszesitalok 0.2 001 0.3 005 10 10
szgzaﬁazl:';_ag:m;ﬂtm' ?"I 331 g,'] gga 0;5 ? * Hatéarérték nem sziikséges. Kivétel a Cu-tartalmi névényvédszerrel
Tengeri halak, halkészitm. 5 05 o 0.3 * * kezelt friss gyiimdlcs, zbldség (megengedett: 10 mg/kg).
Liszt, gabonabriemény 01 002 05 01 S 30
Szaraz hivelyesek 05 002 05 D1 * *
Friss/fagyasztott gyimélcs 0.5 001 02 003 * *
Szaritott gyiimbles q 005 @ 0.5 * *
Etkezési zselatin, pektin 05 002 5 02 20 60
Friss/fagyasztott ztidseg 05 001 03 003 * *
Friss burgonya 03 003 03 003 * *
Szaritott zéldség 4 0.058 2 0.3 * *
Zildség/gyiméblcs (fémdoboz) 0.5 0.01 1 0.1 10 10
Zisldség/gytimbics (ivegben} 0.5 0.01 0.4 0.05 10 10
Paradicsompiiré 05 005 3 01 25 20
Friss gomba, gombaételek 0.5 0.05 1 01 10. 20
Tojas 01 002 03 O0.02 * *
Tojaspor 05 008 1.5 0.1 * *

* Hatarérték nem szikséges. Kivétel @ Cu-tartalmi nivényvéddszerrel kezelt
friss gyiimélcs &s ztldség, ehol a megengedett maximum 10 mg/kg
* * Tejjé tirténd visszaalakitas utén a tej slfirésai érvényesek




A metallothionein szerepe (in selinus et al., 2005)

TABLE VII. Characteristics of Metallothionein TABLE VIII. Functions of Metallothionein

Metabolism of essential metals
Detoxification of metals

Protection from metal toxicity

Storage of metals

Protection from oxidative stress
Cellular proliferation and differentiation

I. Molecular weight 60007000, 6| amino acids (aa)

2. 20 cysteine (30%), N-acetylmethionine, C-alanine, no
aromatics, no histidine

3. Metal content {cadmium, zinc, copper, mercury} 5-10%

wet weight
4. Absorption 250nm (cadmiumy), 225nm (zinc), 275 nm

oUW N =

(copper}, 300nm (mercury)

Induced synthesis by cadmium, zinc, copper, and mercury
No disulfide bonds

Heat stability

Cytoplasmic and nuclear localization

Unique amina acid sequence
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Karos mikroelemek hatastalanitasa kelatképz6kkel

¢2,3-dimerkaptopropanol (BAL): As, Hg, Sb, Bi, Au
*Na 2-3 dimerkaptopropan szulfat (DMPS): As, Pb, Hg
¢2-3 dimerkaptoszukcin sav (DMSA): As, Pb, Hg, Cu
eCa-etiléndiamintetraecetsav (EDTA): Pb, Zn
eTrietilén-tetramin (TRIEN): Cu

eD-penicillamin (PEN): Cu, Fe, Pb, Hg, Zn
eDesferrioxiamin (DFOA): Fe, Al
eDietiléntriaminpenta ecetsav (DTPA): Pt

eDietilditiokarbonat (DEDCT): Ni



Mikroelemekkel kapcsolatos ismeretek arra utalnak, hogy

eHatasuk sokiranyu
eHatasmechanizmusuk csak részben tisztazott
eSokuknak nem ismert a kivanatos és/vagy artalmas koncentracidja

e A kdlcsonhatasok (szinergizmus-natagonizmus) nehezitik egy-egy
elem valddi tamadaspontjanak felismerését

e A dinamikus egyensulyi allapotot fenntartd, szabalyozé
mechanizmusok sokrétliek és tovabbi vizsgalatot igényelnek

e A valddi és/vagy relativ hidnyukat-tobbletiiket jellemz6 specifikus
tineteket mas eredetlinek tulajdonitjak



Cd-mérgezés: az itai-itai kor
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As az ivovizben: kronikus arzénmérgezés

Probability of Arsenic Exceeding 0.05 mg/|

[:] <5%

5 - 20%
[ ]20-a5%
B a5 - 70%
B 70 - 100%

Kronikus arzénmeérgezés
|

Figure 1. Indication of arsenic presence in drinking
water in Bangladesh



Hg-mérgezés: a minamata kor

Mercury poisoning in Minamata

Minamata Disease was identified 50 years ago in Japan, but
thousands of victims are still fighting for compensation from the
company that dumped lethal mercury into their fishing grounds.
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Se-hiany: a kashin-beck és a keshan kor

0 500 1000 km
—————
Se content Total in Water-soluble ~ Food grains  Hair (children) Effect
grading topsoil in topsoil
Deficient <0.125 <0.003 < 0,025 <020 Se-responsive
diseases
i 0.125 - 0.175 0.003 - 0.006 0.025 - 0.040 0.20 - 0.25
~ i _ otential
0.175 - 0.400 0.006 - 0.008 0.040 - 0.070 0.25 - 0,50 eficiency
0.400 + 0.008 + 0.070 + 0.50 +
2 3.00 = 0.020 = 1.000 2 3.00 Se poisoning

1

Fig. 3. The selenium ecological landscape of China (adapted from Tan. 1989). Keshan disease and Kaschin—Beck disease are mainly
associated with the Se-deficient landscape that is found from the north-east to the south-west of the country. Selenium toxicity

(selenosis) resulting in hair and nail loss and nervous system disorders has also been recorded in areas of elevated soil Se content.
Concentrations are in mg kg~

Kashin-beck kor



(_DON'T MOVE, or I'll fill you full of LEAD!!! m
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n has an intrinsically low bioavailability and toxicity!!
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Potencialisan toxikus elemek
kornyezetgeokémiaja

Karmentesités, remediacio, kivalasztasi
szempontok, mentesitési moédszerek csoportositasa,
nehézfém-szennyezések esetén alkalmazhato
eljarasok



Karmentesités: olyan kornyezetvédelmi céllal végzett mliszaki, gazdasagi,
igazgatasi tevékenység és intézkedéssorozat, amely a karosodott kdzeg illetve a
szennyezettség megismerése, megszlintetése, utdellenbrzése érdekében
végzunk.

Talajremedidcio: a szennyezett terilet helyrehozatala (latin remedium =
orvoslas, gyogyszer kifejezés alapjan). Vegyi anyagokkal szennyezett kornyezeti
elemek és fazisok kornyezeti kockazatanak elfogadhaté mértékdre csokkentése
(Kornyezet és Természetvédelmi Lexikon, 2002).

Alternativ kifejezések: szennyezettség-csokkentés, rehabilitacio, artalmatlanitas,
talajkezelés. A magyar szakmai gyakorlatban a karmentesités vagy a talajtisztitas
szavak is elterjedten hasznalatosak.

Beavatkozasi szint: a talajszennyez6k azon kiiszobértéke (hatarértéke), amely mar
elviselhetetlen kockazatot jelent az 6koszisztémara és az emberi egészségre.



A kornyezetre potencialisan veszélyes teruletek csoportositasa (szavs, 2002)

1. Régebbi lerakok:

— depomiak, vadlerakok,

-~ medddhanydk,

- lilepitd medencék,

~  vblgy-, gbdor-, banyagddor feltditések,
— nyeletd kutak.

2. Potencialisan kdrnyezetszennyezo tevékenységek teriiletei:

- ipan és {izemi terilletek,

— vegyipari gyarak,

- kokszoldk, katranyfeldolgozok,

- gazmiivek,

— agrokémiai centrumok,

~ toltballomasok, lizemanyag-tarolék,
- vasuti atrakohelyek,

— miltragya tarolok, atrakéhelyek,

-~  mezdgazdasagi repiildterek,

- feliiletkezel6-lizemek,

~ lakk- és festékgyarak, festétizemek,
-~ vagohidak.

3. Nagykiterjedési talajszennyezések teriiletei:

légi Giton, immiszio révén terhelt felilletek (nehézfémek, radioaktiv anyagok),
talajszennyezés elarasztas révén,

nem megfeleld teritlethasznalat (pl. mez6gazdasagi miivelés),

szennyviz, szennyviziszap és trdgydzas okozta szennyezés (pl. higtrdgya-clhelyezés,
Ontozés, stb.),

felszinalatti tartalyok, vezetékek sérillése (pl. olajvezeték),

szallitasi balesetek,

nagy terilleten végzett tiizoltas,

vasutvonalak.

4. Haborus maradvanyok, katonai teriiletek:

lerombolt izemek teriilete,

hadianyag-, |6szer- és hajtéanyag-telepek,
l6terek,

eltemetett |Gszer és harci anyagok.



Orszagos Kornyezeti Karmentesitési Program
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Budapest Allami forrasokbdl inditott 7y
karmentesitési beruhazasok
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Az Orszagos Kornyezeti Karmentesitési Program keretében 2007-ig mentesitett
teruletek

Volt szovjet ingatlanok 115 hely 5,9 Mrd Ft
felmérve, a
legszennyezetteb
bek elkezdése
Privatizalt gyarak 59 db 17,1 MrdFt
MAV 150 helyen 13,05 MrdFt
megkezdve, 81
lezarva
Banyak 13 lezarva, tobb 54,32 MrdFt
még folyamatban
Honvédségi tertiletek 99 db 7,65 MrdFt
Egyéb 70 db 17,2 MrdFt




KARMENTESITESI PROJEKTEK UTEMEI

MODELLEZES J e
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A kornyezeti telImérés megteleld adattorrason alapulo tényteltarassal (1.)
kezdbdik.

A tényfeltaras ket fazisra tagolodhat:
I/A Tényfeltaras (diagnosztikai, felderitd)
I/B Részletes tényfeltaras

A felmérési adatok alapjan valaszthatjuk meg a megfelel6 mdodszert és
intézkedhetunk a karok felszamolasarol a kockazatok csokkentéseérél. A
karmentesites megvalositasa (l1.) szintén két fazisra tagolddhat:

Il/ A Gyorsintézkedeés
Il/B Karfelszamolas

A karmentesités utolso szakasza az utoellenérzes (lll.).



Talajremediacios projektek koltségei (M GBP)
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Szennyez6-anyag Talaj szilard fazis Talajviz Talaj levegé
kemiai szennyezett szennyezett szennyezett
tulajdonsaga
lllékony Gazadszorpcid szilard Bioldgiai immobilizacid Izolacid
fazison Kémiai immobilizacid Kémiai

Kémiai immobilizacio

immobilizacio

Vizoldhato

Bioldgiai immobilizacid
Fitostabilizacié

Szorpcidé novelése
Kémiai oxidacio/redukcid
Fizikai-kémiai stabilizacio

Bioldgiai immobilizacié
Rhizofiltracio
Szorpcid novelése

Kicsapas, oldhatdsag
csokkentése

Kémiai ox./redukcid

Izolacid
Fizikai-kémiai
immobilizacié
(kicsapas, szorpcid
novelése)

é ré

Szorbedlddod

Biolégiai immobilizacid
Fitostabilizacid

Szorpcidé novelése

Kémiai oxidacio/redukcid
Fizikai-kémiai stabilizacio,
Vitrifikacio, keramiaba
agyazas

Bioldgiai immobilizacié
Rhizofiltracio

Szorpcid novelése
Kicsapas, oldhatdsag
csokkentés

Kémiai
oxidacio/redukcid




Szennyez6-anyag
kémiai tulajdonsaga

Talaj szilard fazis
szennyezett

Talajviz
szennyezett

Talaj levegéd
szennyezett

lllékony

Biodegradacion alapuld

Talajg6z kiszivasa és felszini
kezelése

Termikus deszorpcid

Biodegradacion alapuld
remediacio
Sztrippelés

Biodegradacion alapuld
remediacio

Talajgaz kiszivasa és felszini
kezelése

Vizoldhato

Biodegradacion alapulé
remediacid
Fitoremediacié
Talajmosas
Elektrokinetikai eljarasok

Biodegradacion alapulé
remediacio
Fitoremediacio

Talajviz kiszivas &
felszini kezelés

Aktiv résfalak

Biodegradacion alapulé
remediacid

Talajg6z kiszivasa és felszini
kezelése

Szorbedalddo

Biodegradacion alapulé
remediacio

Bioldgiai kioldas
Fitoremediacié
Extrakcio

Szemcseméret szerinti
frakcionalas

Termikus deszorpcid
Talajégetés/Pirolizis
Vitrifikacio
Elektrokinetikai eliaras

Biodegradacion alapuld
remediacio

Talajviz kiszivas és
felszini kezelés

Biodegradacion alapulé
remediacio

Talajgaz kiszivasa és felszini
kezelése




In situ vagy ex situ

1. Nagysag, kiterjedés: nagy kiterjedés az in situ felé tolja a dontés mérlegének
nyelvét

2. Terjedés, toxicitas, veszélyesség: ennek novekedése az ex situ felé tolja a
dontéslinket

3. Szennyezett elemek és fazisok: viz, levegf: ex situ, talaj: in situ

4. Terulet jov6beni hasznalata: pl. lesz-e épitkezés, megbolygatjak-e a terilet
felszinét. Ha igen, ex situ. Természetvédelmi terlilet és nem varhato
terllethasznalat valtozas: in situ. A kett6 kozott folyamatos atmenet szerinti
dontés.

5. A beavatkozas stirgéssége: siirgls: ex situ felé, nem strgds: in situ felé tolja.

6. Kapcsolhatd és kapcsolandd technoldgiak: pl. megel6zésre: résfal vagy aktiv
résfal; kezelés + megel6zés: szivattyuzas és ex situ vizkezelés



A remedialasi modszerek csoportositasi szempontjai

|. Akezelés helye szerint 1. Tisztitasi elv szerint
e Kémiai

 [EX situ — on site/off site o,
e Biologiai

Il Erintett kornyezeti elemek szerint  \\/ £unkcid szerint

 Levegb e Lebontd

* Felsziniviz e Kinyeré/mobilizald
* Felszin alatti viz e Immobilizalé

« Talajlevegd

« Talaj

« Uledék



Nehézfém-szennyezés esetén alkalmazhato karmentesitési

eljarasok 1
Szennyezett talaj, Gledék —in situ

A. In situ bioldgiai

-bioventillacié —

-intenzifikalt bioremediacio +
-talajmdveléses kezelés —
-természetes csokkenés +
-fitoremediacio (+)

-gombas lebontas —

B. In situ fizikai

-elektrokinetikus szétvalasztas +++
-repesztéses fellazitas (+)
-talajmosatas +++

-atlevegOztetés —
-hémeérsékletnoveléssel elbidézett
talajleveg6-kitermelés

C. In situ kémiai

-kémiai oxidacio +
-talajszilarditas +++

- Nem varhato eredmény
(+) Korlatozott eredmeény
varhato

+ Csak bizonyos fémekre
varhato eredmeény

+++ célcsoport



Nehézfém-szennyezés esetén alkalmazhato karmentesitési

UYL ett talaj, tiledek — ex

situ

A. Ex situ biologiai

-bioagyas remediacio +
-komposztalas +
-agrotechnikai talajkezelés +
-iszapfazisu bioldgiai kezelés +

B. Ex situ fizikali

-szetvalasztas +++
-talajmosas +++
-atlevegOztetés —
-detoxifikalas napfénnyel —
-fels6 lezaras (+)

-lezaras vizelvezetéssel (+)
-talajcsere (+)

B. Ex situ fizikai (folyt.)

-forrégazas tisztitas —
-égeteés —

-pirolizis —

-termikus deszorpcio +

C. Ex situ kémiai

-exatrakcio +++
-redukcio/oxidacidé +++
-dehalogenizacio —
-talajszilarditas +++

- Nem varhato eredmeény
(+) Korlatozott eredmény
varhato

+ Csak bizonyos fémekre
varhato eredmeny



Nehézfém-szennyezés esetén alkalmazhato karmentesitési
eljarasok 3
Szennyezett viz — in situ

A. In situ bioldgiai C. In situ kemiai

-metabolikus lebontas - -passziv/aktiv falak +++
-intenzifikalt bioremediacio -

-természetes szennyviz-csokkenés -

-fitoremediacio +++

B. In situ fizikai

-levegOztetés -

-légbekeverés -

-vakuumos usz6 fazis és talajgaz , ] ,
eltavolitas — - Nem varhato eredmeény
-iranyitott ferde furasok (+) ("") K,orlatozott eredmeny
-kétfazisu kitermelés — varhato | ,

-katon beldli sztrippelés — "', C,sak blzqnyos femekre
-forrdvizes dtmosds — varhato eredmeny

-hidraulikus repesztés (+) +++ celcsoport



Nehézfém-szennyezés esetén alkalmazhato karmentesitési

eljarasok 4
Szennyezett viz — ex situ

A. Ex situ bioldgiai

-bioreaktorok —

-mesterségel elmocsarasitas +++

B. Ex situ fizikai

-sztrippelés -
-aktivszenes sz(irés -

-UV oxidacié —
-faziselvalasztas +
-es6ztetd ontozés —
-talajviz-kitermelés (+)
-mélyszinti besajtolas (+)
-résfalazas (+)

C. Ex situ kémiai

-adszorpcio +++
-loncsere +++
-kicsapatas, derités +++

- Nem varhato eredmény
(+) Korlatozott eredmeény
varhato

+ Csak bizonyos fémekre
varhato eredmeény

+++ célcsoport



|. Nehézfém-szennyezések esetén hatékonyan alkalmazhatdé remediacios eljarasok

Fitoremediacio

fitoextrakcio, fitostabilizacio, fitodegradacio, fitovolatizacio és rizofiltracid

— El6nyei: kornyezetbarat technologia, lényegesen olcsébb, mint a
hagyomanyos fizikai vagy fizikai-kémiai talajtisztitasi eljarasok. A fitoremediacid
soran kevesebb masodlagos szennyezdés (pl. szennyezett viz) keletkezik, a talaj
szerkezete nem karosodik, biologiai aktivitasa nem szlinik meg. Az eljaras nagy
felileten alkalmazhato. A betakaritott szennyez6dést tartalmazo biomasszabdl
elégetés utan a koncentralodott nehézfémek visszanyerhetd6k

— Hatranyai: id6igényes folyamat, a névények nem vesznek fel vagy nem
bontanak le minden szennyez6anyag-féleséget, a fitoremedacio soran a
novényeket tapanyagokkal, vizzel kell ellatni. Az eljaras els6sorban a
mérsékelten szennyezett talajok, ipari szennyvizek, felszini vizek tisztitasara
alkalmas. Evszakosan valtozé hatékonysag.



Fitoremediacio — fitoextrakcid (vascimento és Xing, 2006)

>
-

<

High Metal
transfer
from roats
to shoots

avallabllity and
uptake

Figure 1 - Schematic representation of the processes involved in
phytoextraction of metals from soils.



Fitoremediacio — fitoextrakcio (Salt et al., 1998; Nascimento és Xing, 2006)

Novekedés Betakaritis Niovekedés Betakaritds

Table 1 - Main characteristics of the two strategies of phytoextraction of metals from soils.

Chemncally assisted phytoextraction Natural phytoextraction
Plants are normally metal excluders Plants naturally hyperaccumulate metals
Fast growing, high biomass plants Slow growing, low biomass production

Synthetic chelators and organic acids are used to enhance . ; ;

Natural ability to extract high amount of metals from soils

metal uptake

Chemical amendments merease the metal transfer from roots . .
Efficient translocation of metals from roots to shoots

to shoots

Low tolerance to metals; the increase i absorption leads to  High tolerance; survival with high concentrations of metals

plant death n tissues

Risk of leaching of metal chelates to groundwater No environmental drawback regarding leaching of metals




Fitoremediacié — ,biobanyaszat” novényekkel (anderson et al., 1999)

THE PHYTOMINING
OPERATION ———

Crop grown on soil containing metal :
| concentration 100 low for gg;‘l’:m"gg il
cenventional exploitatipn added 10

enhance metal |
\uptake of crop /

I Nickel ! Thallium / Gold

Possibie production
of electricity @

™

Plant material burnt

/'

Small volume of plant ash ;
{nio-ore) containing high Smett bio-ore
concentration of target metal to yield rnetal/‘

Metal S USit Biomasss yield (Uha)
| 10 15 20 0

Platinum = 12, 500, 000 30 30 7 30 T3
Gold * 10, 714, 000 47 47 32 23 L5
Palladium * 3, 787, 000 130 13 88 6.6 43
Thallivm 300, 000 1,670 167 111 83 56
Silver # 152113 3,280 328 218 164 109
Cobalt 48, 000 10, 400 1,040 694 521 347
Uranivm 22,000 22,700 2,270 1,520 1,140 758
Tin* 5. 580 88, 700 8 870 5910 4, 400 3,000
Nickel 4,000 123,000 12, 300 8 220 6, 160 4,190
Cadmium 3,750 133,000 13, 300 8 890 6, 690 4,450
Copper 1.964 255, 000 25, 500 17, 000 12, 700 8, 500
Manganecse 1,700 294, 000 29, 400 19, 600 14, 700 9,800
Zinc 1,192 417,000 41, 700 27, 800 20, 900 13, 900
Lead * 577 869, 000 86, 900 57, 900 43, 500 30, 000

* Induced hypersccumulation probably requared.

A ,bioérc” hagyomanyos olvasztassal kinyerhet6

*Az olvasztasa kevesebb energiat igényel

Kénmentes

Fémtartalma nagyobb a szulfidos ércénél

*Kisebb taroldkapacitast igényel



Fitoremediacio — fitostabilizacid (Mendez és Maier, 2008)

Tahlo 1, Plant tamibes of poteettial phwtostabdization candidates.

Aare? Metal contaminants Location Comment and mioence
Anscardiases
Pastacro tvebenthos Bieber st Cu Cyprus Freld study using chidien fertliver and 1.1 30l and mee waste Lioharrsson of ol 2005)
Shwnus molle L 4, Cu Mn, b, Zn Mexicn Piam surwey (Gonzaler and Gonrales-Chaver 2006)
fasracom
Brochans negincta ine Az Mexco Plant suresy (Fores-Taveon of al 2003)
Bdans haowds HB K Ag, As, Cd Cu, P 2n Ecuador Piant survey [Boch ot ol N0T)
Socoma vaneta Kenth) Geasna G4, Cu, Mo, P, In Mesico Plant survey (Goreales and Gonzaler-Chavea 2006)
Wanere Ansans {Cav.| Sch
Crempodinoeas
Ty grawekens (WKL | WA Weber 4, Cu, Mo, 1o, 2n Mexico Plant surwey [Gonesler and Gonabes-Chaver 2006]
Aenplex lentiforme {Torr ) S Wats As Cu, Mo, Pb, In us Creenhy study asing compost {(Mesdes et o 2007)
Atnplox conescons(Pursh] Nute Aa Hg Mn Pt us Finld study (Rosaie ot 2. 7007)
Eughotuacese
‘c'-.nﬁr/ﬁw.- P Cd, Cu, Mo, P, Zn Mexnco Plant survery (Gonealer and Gonrakee-Chaver 2008
shacese
Dalos Ivcofor Humb & Bospl ex \Wild Cd, Cu, Mo, ¥, In Mexicy Plant suresy [Gonzaler snd Gonealae-Chaver 2008)
Plunbaginaceze
[ygewm sparmim | Cu, P, &0 Spain Plant servoy (Conesa of al, 2008
Poacses
Potathenm mbaceum (L) Coss Cu, P, 2n Sgain Pistit survey (Coneea &4 al. 2008/

Plares imad woe 2amve speies documemed m tha respecave paper with plare metal sccumslation m above-ground bonses that dees not exteed domewsc armal sonizey ke INRC 2006

Anacardiaceae - Kesufafélék csaladja
Pistacia terebinthus - terentinpisztacia

Schinus molle — perui borsfa
Asteraceae - Fészkesek csaladja
Baccharis neglecta - borfafaj
Bidens humilis - farkasfogfaj
Isocoma veneta

Viguiera linearis
Chenopodiaceae -

Teloxis graveolens

Atriplex lentiformis - labodafaj

Euphorbiaceae - Kutyatejfélék csaladja

Euphorbia sp. - kutyatej

Fabaceae - Pillangésvraguak csaladja

Dalea bicolor

Plumbaginaceae - Istacfélék csaladja

Lygeum spartum - Esparto fi
Poaceae - Pazsitflifélék csaladja

Piptatherum miliaceum - sokviragu bajuszos kasafi

Figure 1. Schematic showing phytostabilization mechanisms including precipitation of metals by bacterial
and root surfaces, precipitation of metals by bacterial and root exudates, bacterial uptake and sequestra-
tion of metals, and root uptake of metals. In phytostabilization, accumulation of metals in plant shoot
tissues is undesirable.



Fitoremediacid — fitostabilizacié soran hasznalatos adalékanyagok (in Bradi
2005)

Table 12

Most Common Soil Amendments in Phytostabilization

Amendment Type Possible Target Suggested Mode of

Metals Inactivation

Phosphate Materials Pb Formation of insoluble

H3POy, apatite, calcium orthophosphates, Pb phosphate minerals

Na;HPO4, KH,POq, other phosphate fertil- e.g. Pb Pyromorphites

izers, high-phosphate byproducts

Hydrous Fe oxides As, Cd, Cu,Ni, Sorption of contami-

Iron rich or other byproducts containing Pb, Zn nants on oxide surface

hydrous Fe oxides, isolated hydrous Fe exchange sites, copre-

oxides cipitation, or formation
of contaminant-Fe
compounds

Organic Materials As, Cd, Cu, Pb Sorption of contami-

Manures, composts, sludges, and other bio- nants on exchange

solids sites, or incorporation
into organic material

Inorganic Clay Minerals As, Cd, Cu, Mn, Sorption of contami-

Synthetic zeolites, natural alumosilicates,  Ni, Pb, Zn nants on mineral sur-

or alumosilicate byproducts from burning face exchange sites, or

of coal refuse incorporation into the

mineral structure

Modified after Ref. 211.



Fitoremediacio — rizofiltracio

Levegoztetes ' e Poliuretan
hab
lartéhalo

Rizofiltracios egység (Duschenkov és Kapulnik, 2000)



Bioremediacio — épitett mocsarak (in siegel, 2002)

. R T

Stage 1, Series of settling ponds (hydrodynamic)
- submergent aquatics to
slow water flow

(cattails, rushes, etc.) e A . el ¥y
- seguesters and retains

Stage 3, Rooted, submerged veagetation
heavy metals 4 g 9 e

(chara)
- removes heavy metals

R ISP IO
f\: ‘o. - > =g !
\ G o
\.\-——-__ - == - o il M
Stage 5, Controlled fishery Stage 4, Floating vegetation

(water hyacinths)
- absorbs heavy metals
{Ag, Cd, Co, Ca, Cr, Cu

Stock Lake Manzala FE, Pb. Hg' Sn, As, Nl]
Market - modified from GEF (1992}
consultants report

Fig. 8-2. Plan for managed, engineered wetlands for Manzalah lagoon, Nile delta,
Egypt (modified by Siegel, 1995, after GEF, 1992)

*hosszu tavu alkalmazhatdosaga nem ismert
*a teruletek kialakitasa helyspecifikus

*koOltséges



V4

Epitett mocsarak (in siegel, 2002)

Lila vizijacint
(Eichhornia Crassipes

Table 8-3. Pollutant removal potential for water hyacinths (modified from
Stephenson et al., 1980). NG = Not given

Metal Accumulation Value if Recoverable
g/ton dry wt. ($ US)

Ag 650 4.46/troy oz. 2/23/2001
Cd 670 3.80/1b 12/19/2000
Co 568 14.50/1b 2/23/2001
Cr 286 0.50/1b 1998
Cu 570 0.80/1b 2/23/2001
Fe 70 0.06/1b 2/23/2001
Hg* 136 2.00/1b 2/26/2001
Ni* 454 2.98/1b 2/23/2001
Pb 3200 0.30/1b 2/23/2001
As NG 0.40/1b 6/16/2000
Sn NG 2.33/Ib 2/23/2001
Zn NG 0.51/1b 2/26/2001

* Accumulation data from Wolverton et al. (1976).



Fitoremediacios modszerek jellemzbi (prasad, 2004 )

Table 2. Advantages and limitations of some of the sub-processes of phytoremediation (Prasad 2004b).

Advantage

Limitation

Phytoextraction

The plant must be able to produce abundant biomass in short

time. E.g. in green house experiments, gold was harvested from
plants (Anderson et al., 1998).

Metal hyperaccumulators are generally slow-growing and bio-
productivity is rather small and shallow root systems. Phytomass after
process must be disposed off properly.

Phytostabilization

It circumvents the removal of soil, low cost and 1s less disruptive
and enhances ecosystem restoration/re-vegetation.

Often requires extensive fertilization or soil modification using
amendments, long-term maintenance is needed to prevent leaching.

Phytovolatilization

Contaminant/Pollutant will be transformed in to less-toxic forms.
E.g. elemental mercury and dimethyl selenite gas. Atmospheric
processes such as photochemical degradation for rapid
decontamination/transformation.

The contaminant or a hazardous metabolite might accumulate in
vegetation and be passed on in later products such as fruit or lumber.
Low levels of metabolites have been found in plant tissue.

Phytofiltration/rhizofiltration

It can be either in situ (floating rafts on ponds) or ex sifu (an
engineered tank system); terrestrial or aquatic.

pH of the medium to be monitored continually for optimizing uptake
of metals; chemical speciation and interactions of all species in the
influent need be understood; functions like a bioreactor and intensive
maintenance is needed.




Bioremediacidé — biofiltracio (Srivastava és Majumder, 2008)

Microorganisms having heavy metals removal capabilities

Microorganisms Removable toxic and heavy metals References

Bacterial species

Rhodospirilium species Cd, Hg, Pb, Mi Chatterjee [28]

Gallionella feruginea As, Mn, Fe Katsoyiannis and Zouboulis [29]

Leptothrix species As, Mn, Fe Katsoyiannis and Zouboulis [29]

Fseudomonous species Cr, As Valls et al. [30]

Desulfovibrio species Cu, Zn, Ni, Fe, As Jong and Pany [31]

Thiomonous species As, Fe Casiot et al. [32]

Escherichia coli Hg. Mi Deng et al. [33]

Thauera selenatis Zn, Cd, Co, Cu, Ni, Pb, Cr, Hg Mergray et al. [34]

Alealigenes faecalis As Phillips and Taylor [35]
Fungal species

P Chrysogenum Zn, Cu, Ni, As Loukidou et al. [36]

Aspergillus niger Ni, Cu, Pb, Cr Dursun et al. [37]

Coriolus hersutus Cd Miyata et al. [38]

Trametes versicolor Cr. Co Blanquez et al. [39]

Mucor rouxi Pk, Cd, Zn, MNi Yan and Viraraghavan [40]
Algal species

Brown algae Cd, Cu, Zn, Ph, Cr. Hg Davis et al. [41]

Green algae Cu, Hg, Fe, Zn, Pb, Cd Haritonidis and Malea [42]

Scenedesmus genus Cu, Mi, Cd, Cr, Cu Pena-Castro et al. [43]




Talajmosatas (in Bradi, 2005)

Contaminated Soil

!

Separation of
Impurities /Crushing

Wet Liberation
*high pressure washing

eattritor washing

A

Classification/Sorning
ssicves
*hydrocyclones

eclassifiers

+

Wash Water

Treatment

|

Impurities
(metals,
wood,
rubbish)

Tap water

Additives

Cleaned
gravel/sand
Contaminated
light-density
matenal
Contaminated fine

fraction

Fig. 1. General flow sheet of the soil washing process.

('L\\'l SILT SAND

Area S (m7em”)

pecihic Surface
I

0 + ] 4
0,1 | 10 ¥ 1000 10000

Parscle Dmmeerd (um)

Specific surface arca of spherical particles dependent on the particle diameter

*Kis permeabilitasu vagy
heterogen kozeg tisztitasa
nehézkes

*Szennyviz keletkezik,
amelyet kezelni kell

A mosofolyadék hatasara
valtozas allhat be a
rendszerben



Talajszeparalasi modszerek (permont et al., 2008)

Tahle 2

Summary of physical separation types

Operation unit

Basic principle

Deseription and main objectives

Comiments

Typical technologies
implementead

Mechanical screening

Hydrodynamic classification

Gravity concentration

Froth flotation

Magnetic separation

Electrostatic separation

Attrition serubbing

Separation based on particle

size

Separation based on settling

velocity

Separation based on density
of particles

Separation based on
hydrophobic properties of the
surface of particles

Separation based on magnetic
properties of particles

Separation based on electrical
conductivity properties of
particles

Mechanical
particle-to-particle scrubbing

Mechanical screening uses size
exclusion through a physical barrier
to provide suitable dimensions for
treatment

Hydrodynamic classification
separates the particles by difference
of settling velocity or by centrifugal
force into a water flow. These
methods are often used for size
separation

The gravity concentration
technologies separate high density
from low density minerals or
particles in a slurry of water and soil
irelatively high solid content)

The differences in hydrophobic
properties of particle surfaces are
exploited to separate certain minerals
from soil by attachiment to air bubbles
injected in a pulp (low solid content)
Mineral particles are separated
according to their different magnetic
susceptibilities

The separation is based on the
difference in the surface electrical
conductivity of the particles to be
separated

Attrition scrubbing uses high energy
agitation of soil slurry (high solid
content) to remove coating of particle
surface and to disperse soil
aggregates

Widely used. Fine screens

are fragile

Widely used. Difficult
when clay and humic
s0ils are present

Widely used. Difficult
when clay and humic
s0ils are present

Widely used. Chemical
additives are required

Moderately used. High
capital and cperating
costs

Rarely used. Materials
must be completely dry

Widely usad.
Pre-treatment that
improves separation

process

Vibrating grizzly: barrel
trommel; vibrating or
gyratory screens

Hydrocyclones, elutriators,
mechanical classifiers { screw

classifier)

Spiral concentrator, shaking
table, jig, MGS-Mozley,
dense media separation
iDMS)

Flotation in cell or in column
(agitation or nonagitation

syslem)

Diry or wet separators using
high intensity (HIMS) or low
intensity (LIMS)
Electrostatic and
electrodynamic separators

Various types of scrubbers




Szemcseként torténoé elvalasztas (permont et al., 2008)

(@) Metal phase included in volume
Carrying phase Malsi phase
¢ Liberation degree is very low
* Density depends primarily to minerals of carrying phase
* Surface properties are constant but depend to carrying phase
* Physical separation is very difficult or impossible
*® Crushing is required
(0) Metal phase associated
Metal phase
Carrying phase
/ ® Liberation degree is medium
® Density depends to minerals of metal phase and carrying phase
¢ Surface properties are not constant
® Physical separation can be applicable (gravity concentration)
(c)

Metal phase

N ph@ ‘/

Metal phase weakly bounded on surface

¢ Liberation degree is medium
® Physical separation can be applicable if metal phase particles are
liberated by e.g., attrition scrubbing

(d)

Metal phase

Metal phase liberated or free

¢ Liberation degree is very high

® Density depends only to minerals of metal phase

* Surface properties are constant

* Physical separation is applicable (e.g., gravity concentration froth flotation)

Fig. 2. Applicability of physical separation according to liberation degree of the metal phase for the particulate forms.




Szemcseként torténd elvalasztas (permont et al., 2008)

Electostatic
separation

Magnetic
separation

Flotation

Gravity
concentration

Hydrodynamic
classification

Mechanical
screening

Operation Unit

Electrostatic separators

Wet HIMS
Dry HIMS
Wet LIMS
Dry LIMS

Froth Flotation

MGS-Mozley
Bartles-Mozley table
Knelson concentrator
Reichert cone
Shaking table

Spiral concentrator
Mineral jig

DMS cyclone

DMS cone

Hydrocyclone
Mechanical classifier
Hydraulic classifier (elutriator)

Giratory screens
Vibrating screens
Trommel

Grizzly

Technologies

L —
I
——————————
e —————
e ——
I
T
(USSR L 112 S 2 St L B SR G R R L ER |
10 100 1000 10 000 100 000 1 000 000

Particle size range (um)

DMS= Dense media separation; HIMS= High intensity magnetic separation; LIMS= Low intensity magnetic separation; MGS= Multi gravity

separator

Fig. 3. Feed particle size range for application of physical separation techniques. Adapted from [9,14-16.126].



Flotacios talajelvalasztas (polat és Erdogan, 2007)

100
\ol o
¢ 100 ° 2
5 (b) 288 mg/L SDS =
Q. D g0
a >
Q O 3
% i
v =4 —&— pH =4, SDS
® g —O— pH=6, SDS
g —W¥— pH=8,SDS
O 20 —O— pH=10, SDS
—— pH =12 HTAB
- . - - - . ) . —O— pH=10,HTAB
AL B e 0 20 40 60 80 100
Time, min. Water Recovery, %
“ig. 2. Copper recovery as a function of time for different SDS and ethanol  Fig. 4. Copper recovery vs. water recovery plot as a function of pH (initial
:oncentrations. copper concentration: 10 mg/L).
80 100
®)
o\°_ 60k . 80F ¢
a‘ -
: g cof
8 g |
© 40F 3]
& & 40f
© — —&— 10mg/L copper in double
g . Zinc § disblled water
2 () —{— 50mg/L. copper in double
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v Chromium —W— 10mg/L copper in tap water
-V- CODDO! 0 2 T—(\— 50mg/\,. copper in tap yater
A \ A 20 40 60 80 100
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Water Recovery, % i N o
Fig. 6. Effect of ionic strength on copper recovery (SDS: 144 mg/L, ethanol:
Fig. 5. Metal recovery vs. water recovery plot as a function of metal type at pH 0.5%. pH:10, airflow rate: 50 mL/min).
4 (SNS- 1dd mo/T  athanal* 0 8¢ MIRC .- 0 18 airflow rates SO ml /min)



Elektrokinetikus remediacio

(Www.frtr.gov)

Process Control System

—=

Anode+

//-/"

Acid Front
andior Anodic
Process Fluid

Extraction/ Extraction
Exchange Exchange
H H AC/DC
Processing Processing Converter
( —> «— [
1 1 ='
" Cathode

Processed
Media

Cathadic
Process




Elektrokinetikus remediacio (in Brad

2005)
Table 2
Electrochemical processes during electrokinetic remediation ) ul
_ Cathode (-) . B Anqdc_ (+)
pr()ccssf 7 reduction oxidation
redox processes 4 H,0+4e — 2Ha(g) 2H,0 —20;:(g)
+4 OH +4e
pH alkaline acidic
heavy metals precipitation as (hydr)oxides, dissolution

Carhonagcs etc.
Modified after Ref. 30.

-Legnagyobb hatékonysag 14-18%-0s nedvességtartalom mellett
*Fémes elektrodak oldédhatnak
*Sok negativ fellleti toltésl anyagot tartalmazo talajban hatékony

*Oxidacio/redukcid miatt nemkivanatos melléktermékek keletkezhetnek
(klérgaz)

*Megfelel6 permeabilitas szikséges



Talajszilarditas/stabilizalas adalékanyaggal

Waste Material

Conveyor
"HHE!I HI" = eizht Feeder
|m

4
la

Auger

Water Supply _—— MOZENIIET
{if required)

al
-

Reagent
Storage

(

!
l
.

Chute to Truck Loading Area

*A szennyezes mélysege meghatarozza az alkalmazott technikat
A szilarditas korlatozza a kés6bbi terulethasznalatot
*Talajvizszint sullyesztése szukséges lehet

*Utomonitoring nehézkes



Talajszilarditas cementtel (gohnson, 2004)

1.E+00
CaSeOq
1.E-01 4
CLAY SILT SAND GRAVEL ;
* -
100 —
1; Antificial Resins o 1E-02 A _—___——/
£ CaCrO,
y 2: Water-Glass 1
_ 80 i 3 c
3 3. Special Cement O 1.E-03 4
= ! = -
] 60 — 4: Cement " g Se(VI)-AFt
=
3 c 1.E-04 4 Cr(VI}-AFt _  Se(VI)-AFm
g 8
. 40 - c
2 8
2 20 g 1.6-05 1 Cr(VI)-AFm
/ c CaMoO.
0 ‘,>‘:, 1.6-06 4
0002 0.06 20 60 o)
Panicle Diameter d (mm) 1.E-07 -
Fig. 3. Application of diffcrent injection materials as a function of particle diameter 1.E-08 z . . X - T X
(modified after Ref.14). 1 1105 11 15 12 125 13 135 14
pH

Fig. 8. Solubility of Ca metallates, AFm and AFt phases of MoO? . SeOj , and CrO}



Talajstabilizalas adalékanyaggal (peng et al., 2008; Kumpiene et al.,

2008)

Table 3

The immaobilization technologies for heavy metal in dredzed sediment

Amendments Immobiliz ation mechanisms Key components Metal species removed Reference

Red mud Shift exchangeable metals to Fe-oxide A kind of alkaline material rich Cd, Zn, Pb, Miand Cu [29,55,56]
fraction; decrease acid extractability iniron (Fe) (typically 25-40%)
metals; chemisorption; diffuse into and Al oxides (15-20%).
oxide particles; increase pH values

Lime Precipitated as carbonates or OH- Cd, Zn, Pb, Miand Cu [55,55]
hydroxides;

Beringite Increase pH values; directly adsorb and Fe and Mn-bearing materials; Cd, Zn, Pb, Cu and Ni [29,57]
fix metals aluminosilicate.

Iron oxides/hydroxides Adsorption Steel shot; limonite; goethite Cd,Cu, Zn and As [29]

Clays Adsorption Sepiolite; palyzorskite; Cd, Cu and Zn [58]

palygorskite; bentonite

Rock phosphate Shift non-residual metal to residual Apatite Pb, Mn, Co, Cu, Cd,Zn, Mg, Ba, U, Th and Cr [59,60]
fraction

Zeolites High cation exchange capacity; Aluminosilicates Cd, Cu and Zn [58]

Summary of the reported efficiencies of the amendments

Amendment As Cu Cr Zn Ph
Phosphorus materials - 1 i -4
Organic matter bf— b= +4 bf— b=
Clays i 1 +4 1
Alkaline materials — } — £ F/—
Fe oxides £ Hf— 1 ! i
Mn oxides 4 —

(++) = Very good, (+) = satisfactory to good, (+/—) = varying results
showing week improvements or both positive and negative effects on the
element mobility, (—) = avoidable due to obvious negative effects on the
element leaching, () = not found in the reviewed literature.



Talajstabilizélés foszfatokkal (Chrysochoou et al., 2007; Bradl, 2005)

Table 6
_Solubility products (K,) of selected Pb compounds,
Name Reaction - c log Kip
Anglesite PbSO, = Pb*" 4+ SO,° 7.79"
Galena PbS =Pb"" + §° 2751"
Litharge PbO = Pb’ + H,0 - 2H' 12.8¢"
Cerrusite PbCO, = P + COY° -13.1°
Lead oxyphosphate PbHPO;  =Pb* + HPO, -11.45°
Lead phosphate Pby(POy); =3Pb*' + 2P0, 44 36"
Hydroxypyromorphite Pbs(PO:),0H =5Pb*" + 3P0, + OH 76.79
Chloropyromorphite Pbs(PQ4);Cl= 5Pb** + 3P0, + Cl 83,707
Fluoropyromorphite  Pby(POy:F = 5Pb* 4 3P0, + F 7163
Bromopyromorphite  Pbs(PO.):Br= 5Pb™* + 3PO," + Br -78.14"
Corkite PbFes(POOMSOMOH), = Pb™ + 3Fe™ + PO+ -1126
SO, + 60H
Hinsdalite PbAL(PONSONOH), = Pb™ + 3A17 + PO+ -99.1°
SO+ 60H
Plumbogummite PbAL(POL)(OH)H,0 = Pb™ + 3AIY + 2P0+ -99.3
SOH

“Modified after; "Ref. 111, "Ref. 110, “ Ref. 112

Chemical properties of commeon phosphate sources for Pb treatment

Phosphate source Abbreviation Chemical formula/composition Log Kgp"
Phosphoric acid PA HaPOy -
Monocaleium phosphate MCP CaiHa POy - 2H O —1.14
Dicalcium Phosphate DCp CaHFOy —6.66
Tricalcium Phosphate TCP Caz( POy )n —24.0
Triple Super Phosphate TSP Mostly Ca(Hz POy )2-2H20 n.a.
Diammonium Phosphate DAFP MH4(H2 POy n.a.
Hydroxyapatite HaA Casi POy niOH) —55.9
Phosphate Rock PR Casi POy ni{OH. F) also with CD;E_ substitution n.a.
Apatite I1 Ap-11 Cas_yMNag (PO4)13_ 3 CO4 1 (OHj2 —20

n.a. not available.
* All Ksp values from Snoeyink and Jenkins [20], except Ap-II [21]. Congruent dissolution reactions written with respect to the containing phosphate species (e.g..
CaHPO4 — Ca™ + HPO4*7).



Table 1

Approximate Ranges of Solubility of Elements in Silicate Glasses

"y wgny s _wx sS 1 wt%; 1, Ar, Au, Br, H, He, I, Kr, N, Ne, Pd, Pt, Rh, Rn,
VltrlflkaC|O (www.frtr.gov) Less than 0.1 wt Qﬁ, ;’(\z Au, Br, H, He. I, Kr, N, Ne, Pd, Pt, Rh, Rn
Between 1 and 3 wt%: As, C,Cl, Cr, S, Sb, Se, Sn, Tc, Te
Between 3 and 5 wit%: Bi, Co, Cu, Mn, Mo, Ni, Ti
Between S and 15 wt%: Ce, F, Ge, Gd, La, Nd, Pr, Th
Between 15 and 25 wit%: Al, B, Ba, Ca, Cs, Fe, Fr, K, Li, Mg, Na, Ra, Rb,
Sr, U, Zn
Greater than 25 wt%:; P,Pb.Si

chrinlcd@ji.lh permission from: L.N. Reddi, and H.I. Inyang, Geoenvironmental Engi-
neering, Marcel Dekker, New York, 2000, p. 306.

Off-Gas
Collection

Electrodes

Subsidence
Due to
Densification
Floating Layer
Porous Cold Cap (Rocks, Ceramics)
(Rocks, Ceramics)

Volatiles
(Disassociation
Destruction)

Non-volatiles
(Distribution,
Incorporation)

= e a’ve




Kémiai extrakcio (www.frtr.gov)

Emissions . Treated
Central Emissions

Recycled Solvent=s

Excavate _ Waste | Extractor | Separator
Preparation

Saolvent

with Concentrated

Organic Coritaminant
Cortarinant=s

*Nagy agyag- e€s nedvességtartalom

# Solids
csokkenti a hatékonysagot » ster
*Szerves és szervetlen szennyezdk Gvercized
egylitt mobilizalédnak ©

*Koltséges
*Oldoszer maradhat a talajban

*Szigoru elbirasok betartasa miatt
gazdasagtalan lehet



Kémiai extrakcios eljérésok (Dermont et al., 2008)

Tabde 5
Examples of experimental msults in metal removal efficiency according 1o the leaching method and the soil charcteristics
Leaching method Reagents (molfL)y  Soil description Soil pH  CECY (cmalikg) Tex ture® OM® (%) Ca¢%) Metal Conc. (pgfg) KE? (%) Ref
SISIC (%)
Batch | h, 3 steps, pH 4.5 (chelation) EDTA (0.0225) Soil contaminated by T4 14.3 GRS 82 - Fb 65,200 56 [55]
smelting and battery Cd 52 37
recy cling operations
Batch 24 h, 12 steps, pH 7-8 (chelation)) EDTA (000275 Urban =oil contaminated by 803 12.8 G247 2.8 18 Cd 63 53 [&]
industrial activity Cu T 49
Fh 800 Th
Zn 2650 84
Batch 1 h, 1 step, pH 6 {chelation) EDTA (0.1 Soil contaminated with slags 7.0 - - - 6.2 As T.540 13 571
and metallurgical washes Cu 4, 100 41
Fh 64,195 44
Zn 55,900 38
Batch 22 h, 2 steps (chelation) EDTA (0.25) Calcareous soil (51) B3 - 42% <63 pm - 116 As 1200 8 [65]
contaminated by mining and Cd 100 37
smelling activities Fb 32,000 71
Zn 449
Batch | h, 2 steps, pH 4 (acid leaching + Cl-=  HCl+MaCl (4.3)  Soil from batkery recycling 7.0 a5 S136M13 kS a0 Fh 67 400 =07 [
complexation) site
Batch 1 h, | step, pH 4 {acid leaching +C1™ HCl+MaCl (5.5 Fine-grained fraction of - - 100 =20pm - 57 Fh 2,730 ] [123
complexation) industrial =oil
Codurmn: three steps with HCI HCL +CaCl; Fine-grained soil 56 - 320,280 - 07 Cd 34 T5-E8D [51]
(020 +CaClz (1.9M) at pH = | contaminated by mining Zn 3600 T5-E0
followed by T steps with CaCly (2 M) at activities Fh 1 6,000 a0-95
pH 6.5 (acid leaching +C1™
complexation + ion exchange with Ca+)
BEatch | h, three steps. pH 4.5 (acid leaching)  HCL (1) Soil contaminated by 74 143 GRS 8.2 - Fb 65200 35 [55]
smelting and battery Cd 52 56
recy cling operations
Batch | h, one step, pH 4 (acid leaching) HIC1 23 Soil contaminated with slags 7.0 - - - 6.2 As T.540 a2 671
and metallurgical wastes Cu 4. 100 42
Fh 64,195 57
Zn 55,900 67

2 Cation exchange capacity.

" Sandssilticlay.

© irganic matter content.

4 Removal efficiency.

* Oirganic carbon content (%),

T The soil was agglomerated before the soil leaching teatment.



Kémiai redukcid/oxidacio (www.frtr.gov)

Rejects Permanganate Storage ang
Delivery System

1 Disposal

*Részleges oxidacio esetéen
atmeneti vegyuletek
kepzddnek

‘Nagy koncentracioknal nem |
gaZdaSégos Gl TCE Contamination




Adszorpcid www.frtr.gov)

N

Contaminated—M
Wiater

— E{fluent

sorbent —

*Elemspecifikus
*Koltséges nagy koncentraciok esetén

*A szorbens veszélyes hulladek



Lehetséges adszorbensek (Yadanaparthi et al., 2009)

Tahle 1 (Contmued )

Tabie 1
Surmimary of adiorhesss
Arsenicun References  ArsenklV) Belerences  Cadmium References  Lead !
ALOL TR/ OH ), 193] ALy R OH), 113) Aluligenes eutropliss  [14] Adsacbents. 5]
agricultaral
Alurmiing, actvaced 116] Anginate bead with ieon  [17] Algae, marine dead  [18] Khghe, tariew, doad - [10]
Dhomass blomass
Aluming, son bydroxide costed 120} Adsominy, activated [21-23] Algae, Nede wirter [24] Aginate beads 23]
Banoosol, activated 12627} Alaming, ron 120 Alginate cartiers {28] Ageicot stoe 129]
hydrowsde coated
Biomazs 130} Basuxite, cakined 131 Aluminosilicates 132} A, defck hiles 23]
Cactaceous powder 134} Banxsol (3% Aluminum electrodes  [36] Azola fMiculsides 137
Carbon, hir 138} Baunsolcoatod sand — [35] Anthracite 139 Bactiria, sulfate [40)
reducing
Carbon, coonut sk 41) Beowsol, activated [36.27] Aragomte shells 42} Bazasse fly oy (1008)  [43)
Cellubese (bead) with ioo axyhydroxide  [44) Blomass, yeast. [45] Ascaphyum modasun  [46] Bagasse fly ash [2004)  [47)
methybted
Cement, inon oxide coated 1481 Carbon, activated [49] Aspergilus niger, live  150) Bed sedimencs 151
Cement, Fortland 1521 Carbon, char 138] Haciley arbiis cell 1531 Blomass of Splruling [54)
wally maxivn
Ciar, cak bark 155} Carbon, coal based 1381 Bagasse ly ash 1561 Blomass, filimentous 1571
fungi
Char, oak wood 554 Carbon, coconut shell |53 Bark pine 39} Blomass, Macor reaal,  [59)
dead
Char, plese bark 1551 Cafbon, peat-bised [49] Bifurcaris Wureara 46§ Blomass, Mecor reant,  [39]
live
(ST —p—y 155} Culhidoss (bead) with |44 Riedidm 160} Binmass, o (G|
{rom axyhydroxde svestris cone
Fe-Mn bmary made 16254] Cement, iron axidy (45| Tl |64} Biosurfactant [65)
coated
Fe-Mn minesal materal (66} Cement, l'orthand 152} Thomnass, saTgassum [67) Hlone powder 58]
wirste
Fel'0y (amorphous) (521 Chitosan ™l Calate inl Carhon, activated s8]
FePOy (eryse] 169§ Cocnnut coir e 1721 Candilo urity 1731 Carbon, commercul [6%]
Ferric bydroxide, granulas 174] Fe-Mn tosary cide 162.63| Carboey activated, |60} Carbonate 73]
Bl covered hydronyapatite
Ferriglnous manganese ore |76} Fe-Mn mineral |65 Carboa, buclogical 647 Ceramics |68)
materal actreated
Gibihsie 177} Foldspar 78] Carboe, F-400 active  [78) Cereal ¢hatt 1&0|
Goethite {62771 FePOy (amarphous) |69] Carbon, granular (60} Charcoal, natural (3]
Activaed, with Bofiln
Hematite 121.52] FePoy (crystalline) 59| Carbosacecus maserial,  [39] Chitin. natural 153)
natwral
Hyhrid [ polymes \mocganic] |84} Fernbydnne 185] Caustic magnesia |86) Chirin. phosphorylared |83
B W )-Joaded chetating resin (87} Fermginous Iy Charenal, coconut shell.  [88) Chitin. xanthated %3]
IDANEANESC Ofe Activased
Kaolinite. surfactant encdified |89} Gibbsite il Clodosporiam resinae |90} Chitins, surface %3]
wodified
Eamarack seed powdes 191 Goethite [62.77] Clay, mied 92} Chiorela yulgon's cells,  [25]
dead
Laterite sail |93} Hematite |9485]  Coal bitumincus 138 Chbrella vulgans cells,  [25)
live
Mody, 196} Humam bair 971 Cobalt-nickel sodations  [98) Clinoptitolite, natural 199
Ovange juice residue [100] Hybnd |54) Coke 39§ Cocog shells [y
[pedymesfmeeganicl
Orange waste, phosphocylated [az| Hydrotalcite 13| Conk 139) Coconut (04|
Ontisedl 177 Hydmtalcite, symibwtic  [105] Fly ash, hagasse [108] Compaost, leaf [107]
Plant blomsass, fresh and immobilized e Tean(11}Jowsed 17 Fly ash, reared |10 Duotiee C - 433 1y
dhelating resin
Red oarth 1) Kaolinite 77 Fucws |12} Egg shells (Ez]]
Red mud fanz) Kaolinite, surfactant 591 Fusinite (ELN Fernbydnee (107]
madified
Sand, kon exkde-cosed 3] Lamarak seed powder |91 ] Gilits of goidtish e Fashi scale, Stlastic cod . [113)
Caraxsey auratug
Sea sodules. polymietaiie 16| Laterse soll =) Gramdar activated |644 Fly ash, bagasie 7}
carbon
Siderite 19495)  Layered double [118) Inoeganic ligands |1eaf Fy ash, medifed, 20}
hydroxdes, cakined surfactant solution activated
Shag, irew 1) onide-Soaded 121 Misoeporous silie 1224 Tron elwctrodes 123 Groen abgaw (Spirgyns  [124)
media compared with speches|
abmiing, actvated
Spange. Fe loaded |125] MoO; 196] Juniper fiber |125] [ron peaterial, recycles  |127)
10y, (125320 Orange juice residus (100} Kanolinite [10] Leaves, Casmring glosca [ 131
(1
Vokcanic stone i22] QOrange waste, (102} Laminanz ochireéenco Jan} Maize cobs (1331
phiosphorylaced
Zeolite, surfactant modified [EEREXT) st kel Lavkymus sarivas husk |835] Okra waste (136}
Zuchitey 1152 Pisodite, activaed 1137 Loaves, Matosn s} Palryra palm from (139}
avkentols seed carbon

Arsenial ) Ifereeces  Arsenici V) Nefeveoces  Calimiam Hoderomoes  Load Hotrrevons
Zircomssm ovadee, monoclinic fydross  [140] Kare earth oxide, moeed  [341] Leomardite 1399 Peach stone 29}
Zf pesin 1142} Red canth (BRI Ugnite 39} Pedagenic oxides. 1307
SPAS-1 5M8-2
201V hoaded chbating resin |143] Red mud [31544) Macalgae, brown 1461 Mol valgars L, [4as)
marine
Ked mud, newtralized [146] Manganese dioxide [147] Phosphiate, activited | 48|
Sand, sulface-modified,  |149} Memease, hollow 1150 Prosphate, natural |38)
{ron aide-coated fiber
Sea nodubes, (116§ Multiser g 100 [19] PNt paader 168]
poymetalic
Sidenee 194,951 Nanitubis 1951) Piastage majiv | {445)
Slag, wan W} nay Nickel beaching residue  |152| Pieudemonas [353)
axide-{oaded from prodection genginien PUZT beads
Soil, Olhvier 1358] e stones 1155 Red mud 1155
Soll, Sharkey [154] Foecilompves vl 150} Ked sool 11571
Sponge, B (125} Peat 39} Rice husk 1133
TiOy 1128129 Pevetis costoulaes [45] Sago wasse [158]
Valcani stoes (132} Terite [158] Sand. River Rl 133§
Zeollte, surbacrant 159334 Poe cone, ground | ¥60] Sawdust |61
modified
Zeolites 1132 Protein, Immobilzed |62 Seaweed, browa 1963|
metallothwnen
Zeconium axide, [140] Pamice sand columny - [164] Seed hull [%04)
monechoe bydrous
Zaconium-loaded 17| Rt 1165) Sepdite, nanus ol [130]
carbon
Zaconium(VHoaded  [343] Fhodatarter | 166] Sificate MCM-4), [967]
chelating resin sphocrodfes MESOPOTOUS
Zaconium{IVHoaded [ 368] Rhodoyulum [v66] Slag. granutar [a69]
phasplocic chelate
adsorbent
2 tesin 342} Soccotbiza polysckides  [46] Soil, Nee anry |¥70]
V) loaded 1y Slilca. mesoporoes. |372] Staphpocecius |73
phosghoric sapraphtions
cheiating
Silicate MCM-A1, 1%7] Sugarbeetpectingels  [1M]
Mesofancus
Soll, biosohd amended | 175) Tea waste 133)
Soil, Canw |17 Vegetable Biomes (77
Soll, Fox {176] Zeolite taff 8|
Soil, Guelph: |¥7%5) Zeolites Amasyn (]
Soll, Hadserand Al 1176]
Soil. Maddemand Ap [1%]
Soll, Hatery 1176]
Soil, Welland 1)
Soils, Ontafio {175]
Soybean plants |380]
Tea waste |361]
Thicdeciius 1182}
Jerroonidans
Whater biyacinis [183]
Wood, sprice 391
Yoast, haker's [184]
Zeolite, symtheckc 1185)
pellety
Zeolites. natarally 1185)
modified and synthesic




Table 1

Szerves anyagok az immobilizalasban (cadepalle et al., 2007)

Observations on metal immobilising capability of composted organic waste.

Immobilising agent

Application rate

Observation

Biosolid compost 10%
Cao and Ma (2004)

Composted sewage sludge (SS) —
Compost of organic houschold
waslte
Compost + woodchips (C 4 WC)
Compost + barkehips (C + BC)
Gardens soil (GS)
Birch leaves
Humus or peat
Kikkili et al, (2002}

Cow manure

Compost from olive leavesfolive
mill wastewater

Walker et al. (2004)

2.7% dry compost
2.6% cow manure

Compost from olive husk (504) 10%
Sewage sludge (25%)

Vegetal waste (255)

Castaldi et al. (2005)

Paper mill sludge 30%
Petruzzelli es al, (1995)

Dried municipal waste and 5%
biosolid compost.
Cao et al, (2003)

Biosolids
Rate et al, (2004)

1.7%, 4.3%, 8.7%

69-88% reduction in arsenic
uptake by carrot and 56-96%
in lettuce,

Biomass of carrot and lettuce
increased by 3-3 times.

Exchangeable copper
concentration decreased with
SS.GS. C 4 BC.C 4 WC.

Cow manure was cffective in
reducing bioavanlability of
metals as it increased the pH of
soil helping in immobilising
metals, Tissue concentrations
of Pb, Zn, Fe and Mn were
reduced,

87% reduction in Pb in acnal
parts of the plant Lupinus
albus. Zine was 31% lower
than the control sample in the
aerial parts of the plant. The
biomass above ground was
increased by a factor of 3,6
after adding the amendment.

Decrease in heavy metal mobile
fractions: Cu, Zn, N1, Pb and
Cd-35%. 42%, 30%. 51% and
389 respectively.

Due 1o an increase in water
soluble arsenic and conversion
of As ([T} to As (V),
mobilisation of arsenic was
observed,

As, Co, Cu, Pb and Cr uptake by
the plant increased. With
liming, metals in plant tissues
were lower than unlimed soil.
This was due to decrease in
bioavailability of metals due to
liming (increase in pH) or
metal adsorption onto organic
mutter in hosolids,




Zeolitok az immobilizalasban (Gadepalie et al., 2007)

‘lable 2

Observations on metal immobilising capability of zeolites.

Immobilisation agent

Application rate

Observation

P. 4A and Y synthetic zeolite.

Edwards et al. (1999)

Synthetic zeolite from flyash.

Lin et al. (1998)

Chnoptilolite
Haidouti (1997)

Synthetic zeolite 4A, 13X
Gworehk (1992)

Clinoptilolite
Moiron et al, (2001

Fajuasite and phiilipsite

Shanbleh and Kharnsheh
(1996)

Alfisol and clinoptilolite

Ponizovsky and Tsadilas
(2003)

Clinoptilolite

Zorpas et al. (2000)

13X type zeolite
Geebelen et al_(2002)

Organo-zeolitic conditioner
Coppola et al. (2003)

Chinopilolite
Nishita et al. (1968)
Clinoptilolite
Stead (2002)

0.5%, 1%, 5%

0.5%-16%

1-5%

1%

25-30%

0.5%

25%, 5050, 75%

5%, 10%, 20%

Reduction in mobile metal fraction
between 42-70%. Reduced
phytotoxicity.

Cd concentration in the leachate soil
sample was less than 0.05 mg/l,
Higher zeolite to soil mixture with
high pH favoured Cd stabilisation.

Hg solubility reduction up to 58% in
roots and 86% in shoots of alfalfa
and ryegrass.

Reduction in Cd concentration in
leaves of lettuce up 1o 86% compared
to the control. Good plant growth.

Solubility reductions were 38% for Pb,
33% for Zn, 32% for Cd using TCLP
procedures. 559 for Pb, 74% for Zn
and 46% for Cd with ETP test.

Leaching of Pb reduced by 40-97%, Ni
by 50%. and Cd by 60%.

1% zeolite added retained 750 mg Pb
kg 'soil

Used for immobilising Cd, Cr. Cu, Fe,
Mn, Ni, Pb and Zn from sewage
sludge. 100% Cd, 28-45% Cu,
10-15% Cr, 41-47% Fe, 9-24% Mn,
50-55% Niand Pb, 40-46% of Zn
were retained by the zeolite (from
metals bound in carbonate and
exchangeable fractions),

Lettuce was grown as bioindicator 71%
decrease in extractable Pb was
observed. Significant growth
reduction in root and leaf area was
observed.

The dry matter of wheat plant {shoot)
wis 2.7 g/pot was observed at no
addition, With 25% addition it was §
gfpot, at 50% there was a strong
decrease in dry matter. Practically no
growth was observed at 75%
addition.

10% decrease in the yield of bean plant
was observed with clinoptilolite,

Rye grass and clover were grown in the
pots showed long thin stems, yellow
leaves and short root depth.




Table 3

Ipari hulladékok az immobilizalasban (cadepalle et al., 2007)

Observations on metal immobilising capability of industrial waste-by products

Immobilisation agent

Application rate

Observation

Red mud
Brunoi et al. (2005)

Red mud

Zeolite

Lime

Friesl etal {2003)

Red mud
Zhao et al. (2004)

Water treatment sludges A and
B (WTS-A&B)

Red mud

Red gypsum

Lombi et al. (2004)

Ferrous sulphate
Warren and Alfoway (2003)

Phosphogypsum
Red gypsum
Dolomitic residue
llera et al, (2004 )

1%
10 g/l

15
2%
3%

Zn and Cd in excess of 99%; Ni,
Co and Cu in excess of 94%
and 80% of Mn were
immobilised.

70% arsenic was removed as
opposed to 35% with 2 g/l.

Metal extractability due to red
mud was 705 for Cd, 89% for
Zn. 74% for Ni and plant
uptake in the treatment was
reduced by: 38-87% for Cd,
S0-81% for Zn. 66-87% for
Ni when compared to the
control.

Complete grass cover observed
on 5% treated pots. Decrease
in metal concentration of Ni,
Cu, Zn and Cd.

WTS-A improved lettuce
growth.

WTS-B, red mud and red
gypsum improved rye grass
growth. Extractable copper
concentration decreased by
84%.

Vegetables grown for
bioavailability test were
spinach, beetroot, calabrese,
cauliflower, lettuce, potato and
radish, With 0.29% addition,
arsenic bioavailability reduced
by 229 in all except spinach,

Red gypsum and
phosphogypsum showed 98%
reduction of Pb from the metal
spiked solution. Red gypsum
showed a 9% decrease in
copper and phosphogypsum
showed less than 1% decrease
in copper concentration from
the solution.

Cd concentration was decreased
by 2.4% and 6.5% by
phosphogypsum and red
gypsum respectively.




loncsere www.frtr.gov)

Raw Water j

—

N

-_— ‘“-_._\_\—‘_,_,_a—"'
med L Raw Water L Acid

Principle of mixed-hed ion exchange: (a) Service period; (h) Baclswash period
{c) Simultaneous Hegeneration

Source: Chemical Engineer’s Handhook, Perry and Chilton (Sth Edition)

E —

. Baclowash Simultaneous

Service Regeneration
Anion
Anion
Mixed :
Resin g Cation *
Drain

M%

hIixing

Mhxed
Resin

"'\—\_\_\_\_\—'_'_'_,_;—F"
Lﬂir

*Nagy lebegbanyag-tartalom eltomiti az ioncserelot

*pH flggb

*Oxidalé anyagok tonkreteszik a gyantat

*Kezelendd veszélyes hulladék keletkezik



Kicsapatas www.frtr.gov)

Ground Water =——

Table 4

Polymer

Oxidation/ Effluent

Reduction
(for
Hydroxide pH Adjustment and
Process) Reagent Addition

4 .

Clarification

Solids to Disposal -t Sludge

Filtrate Thickener

f———————————

Sludge
Dewatering Sludge Thickening

pH range for removing heavy metals by precipitation from start of precipitation to point

of redissolving

Precipitating Agent

High Effectiveness Low Ef fcctivene§§ |

Digested Sludge
Precipitation with Fe salts
Precipitation with CaOH

Cu, Pb, Zn, Cd Ni

Ag, Cr,Pb, Cd, Hg,Sn  Mn, Co, Sb, Se
Ag, Co, Cr,Pb,Ni,Cd Sb, Se, As
Ag,Be, Hg, Cr,Cd,Pb Zn, Mn, Ni

Precj_pitation with Al salts
Modified after Ref. 85.



Kicsapatas (in Bradl, 2005)

Table 3
Effect of different precipitating agents on the elimination of heavy metals
Metal pH at start of pH at point of Metal hydroxide
precipitation redissolving solubility product
Fe 2.8 - Fe(OH); 9-10°
Al 43 83 AI(OH); 2107
Cr 58 92 Cr(OH); 3-10%
Cu 58 . Cu(OH), 2-107"
Pb 6.5 . Pb(OH), ~107"
Zn 76 11.0 Zn(OH), 4-10"
Ni 7.8 . Ni(OH), 6-107"
Cd 9.1 - Fe(OH); 1-10™"

Modified after Ref. 84.

Fig. 16. Solubility of heavy metal hydroxides and sulphides.

Concentration of dissolved metal (mg/l)
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Permeabilis reaktiv falak (in Bradi 2005)

OO - =
i__g P R ——

LSS TS Contaminant
e e Immission
Pumping Station R ;
v -‘;’:&Aii A5 ‘;;'.g‘-" " -' .’ “ -‘ “ .’ k
| Degasing
Permeable & { ;
v Reactive Wall ¥
T - -~ - v 9 -
\/\ﬁ r o Sor-lOn '..
. e lefUSlOﬂ-_ _Pl = {
= ys -— -
_ _— oM, e, - =y 5 —~
'*'" S POTI q.\_’AdVLCIION :
Matrix Diffusion Ccmtammam Rl

Aquifer Base

Fig. 5. Principle of a permeable reactive wall (redrawn after Ref. 42).



Permeabilis reaktiv falak — tolcsér és kapu rendszerek (in Bradi 2005)

-
a)
Decontaminated
= Groundwater
Flow Direction - ——
b) Contamination \  Reactors
Y '
' Decontaminated

Groundwater

Flow Direction

Fig. 7. Two principle arrangements used for PBR: (a) continuous permeable reactive
wall and (b) funnel and gate system.



ll. Nehézfém-szennyezések esetén csak bizonyos elemekre alkalmazhat6
remediacios eljarasok

Bioagyas remediacio www.frtr.gov)
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Ag rotechnikai tal aj kezelés (www.frtr.gov)

r Poly Tunnel { Optional)
Existing ----------%

Ground i !

surface

Manhole
h 4 C oncrete
Retaining
Wall Footing
Polyethylene
1 e A_T Geomembrane
L eachate
T o Wastewater | Collection Compacted
Treatment Pipe Subgrade
Plant surface
*Nagy teruletigény

*Nehezen szabalyozhato
*Por elleni védekezés fontos

*Csurgalékviz-elvezetés szukséges



Intenzifikalt bioremediacio www.frtr.gov)

Groundwater
Reiniection Wdls

spray
Groundwater  Irrigation

Pumping Wdl

Fill Soil
AL e AT
Mlonitoring = ._(_.ff_;’;-Eedruck"ﬂ' B

Groundwater T able

= Local Aquifer
Low Permeabhility Layer
Regional Aquifer

*A vizes oldatok cirkulaltatasaval egyes szennyez6k mobilitasa ndéhet
*Rétegzett, agyagos képz6dményeknél nem alkalmazhaté
*Nagy fémkoncentracio karos lehet a mikrobak szamara

A talajszerkezet és 0sszetétel befolyasolja a mikrobak és a szennyez6k
kolcsOnhatasat



|szapfazisu biologiai kezelés

(www.frtr.gov)
Soil From Air
Mixing Process kererereresssssananananans h: prrsnsnananas B Discharge
:, .............. 'v . ;

Hutrient S
Solution = 1 :
-

Ambient
Bir  [ererererencienan
SPARGER

Stirred Batch Reactor

*Szennyezett talaj kitermelése szukséges
*Iszap kezelés utani viztelenitése draga

*Mosoviz utokezelése szukseges



Termikus deszorpcio www.frtr.gov)

Gas

— Treatment
System

Desorption

Excavate

Oversized

Rejects

Treated
Medium
*Csak illékony fémekre alkalmazhaté

*A talaj szemcsemeéret szerinti frakcionalasa szukseges
*Nagy nedvességtartalom hatrany

*Maradék nehézfém tovabbi kezelést igényel

Clean

P Offgas

Spent
Carhon

Concentrated
Contaminants

Water



Természetes csokkenés www.frtr.gov)

Air-Tight Monitoring Well
{C ap/Water Sensor \

SoueE e LN
! I':*t: " i

e ]
s

X3

|
Il

Electronic Water
Sensor

*Monitoring draga
*Felszin alatti vizek nem hasznalhatok fel
*Egyes szennyezOk eltavolitasa szukseéges lehet

A fémek csak ideiglenesen valnak immobilissa



lll. Nehézfém-szennyezések esetén korlatozottan alkalmazhaté remediacios
eljarasok

Fels6 lezaras (www.frtr.gov)

. ) ] ) |
vepetation —me= i W0 W M Al
SR T IR T T ] - topsnil

=~ . T —— | B0cm

protection layer —e

-— franular or geotexile filter

drainage layer ﬂ“__g-ﬂ ‘M yeamembrane wioverlying
geamembranelsail \ e e — == protective geotexile

barrier layer E == - ———-——
oM o e --— geotexile gas collection [ayer

*Mélygyokerl novényzet megtelepedeése kerulendo

*Terulethasznalat ne veszélyeztesse a lezaras épsegét




FelsO lezaras vizelvezetéssel és rekultivacioval

(www.frtr.gov)

EVAPOTRANSPIRATION

“LIMITED ORNO
PERCOLATION

| T — . l |
= G G )
(RUNOFF ENHANCING STRUCTURES |
[ COVER SOIL ] Sod Trap [j
|

| WASTE I

£ Runoff Collection
Bamsl

Leachate Collection
Bamel



Talajcsere (www.frtr.gov)

Contaminated
Soil

*Kitermelés soran felszabadul6 gazok problémat okozhatnak
*KUlon lerakd szukséges

A legkozelebbi lerakdhely kozel kell legyen

*A szennyezett talaj mennyisége, elhelyezkedése fontos

*A szennyezett talaj szallitasi utvonala



Repesztéses fellazitas (www.frtr.gov)

r - Pneumatic Pressure
+ source
v
Nem agyagos talajban a repedések |
bezarddhatnak i
*A repedések nemkivanatos
mozgasokat is eldidézhetnek Y. ¥ T
o |t ----- > Fracture
. , - .- , T s Interval
Terulet részletes feltarasa szukseges “ A




Hidraulikus repesztés www.frtr.gov)

Water
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o 0 Jet 22y
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Kemeény kbzetben nem alkalmazhato
*A szennyez6dés nemkivanatos terjedése lehetséges

A keletkezett repedések helyének és méretének ellendrzése
nem lehetséges

*Az Uregek beomlasanak veszélye fennall
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Iranyitott ferde furas www.frtr.gov)

Extraction of Air Containing Volatile Compounds
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Kutbeomlas lehetséges

*Koltséges

*Specialis berendezések szUukségesek, jelenleg maximum 15 m-es
melységig lehetseges



Talajviz-kitermelés (www.frtr.gov)
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Extraction Wells with Hadius of Influences Well

*Tovabbi tisztitast igényel

*Mas technoldgiakkal kombinalni kell



Mélyszinti besajtolés (www.frtr.gov)
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