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MES 2 — Course Environmental Chemistry

- Introduction to general environmental processes
including metals

- pH

- dissolution/precipitation

- complexation

- redox

- (sorption)

- metals in the environment
- some analytical techniques



MES 2 — General Behavior of Trace Metals in the
environment

- They appear as hydrated or complexed cations (Pb2*, Cd?*, Zn2*, Cu?*, ...)

- Some metals/metalloids appear as oxo-anions (AsO;%, AsO,*, CrO,%, SbO4,...)
- Some metals form metal-organic compounds (Hg, As, Sb...) as methyl mercury
- The pH is a controlling factor for speciation, dissolution and adsorption

- Cations: low pH increases solubility and decreases adsorption
- Oxo-anions: more complex but lower pH tends to favor adsorption

- They tend to adsorb to mineral surfaces and organic carbon
- Dissolved organic matter plays a role as ligand to enhance dissolved concentration and mobility
- The “free” hydrated metal ion is relevant for plant uptake and toxicity

- Complexation by natural organic matter or sorption to soil organic matter and mineral surfaces reduces plant
uptake and toxicity
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wien MES 3 — Inorganic Pollutants

- They appear as hydrated or complexed cations (Pb?*, Cd?*, Zn%*, Cu?*, ...)

- Some metals/metalloids appear as oxo-anions (AsO;%, AsO,3, CrO,%, SbOy,...)
- Some metals form metal-organic compounds (Hg, As, Sb...) as methyl mercury
- The pH is a controlling factor for speciation, dissolution and adsorption

- Cations: low pH increases solubility and decreases adsorption
- Oxo-anions: more complex but lower pH tends to favor adsorption

- They tend to adsorb to mineral surfaces and organic carbon
- Dissolved organic matter plays a role as ligand to enhance dissolved concentration and mobility
- The “free” hydrated metal ion is relevant for plant uptake and toxicity

- Complexation by natural organic matter or sorption to soil organic matter and mineral surfaces reduces plant
uptake and toxicity



: LVQi\e/EFSitét Trace (heavy) metals — why do we care?

Heavy metal pollution and toxicity is still a very prominent issue today
- 8 of the 10 most polluted sites in the world have a major problem with trace

metals or radionuclides

- Heavy metals appear naturally in varying concentrations
- Natural background (what is normal and what is anthropogenic?)

- Heavy metals are persistent — they can‘t be degraded or destroyed
- Emission leads to immision and increase of concentration in their respective

sinks
- Some trace (heavy) metals can be both detrimental/toxic at elevated
concentrations and beneficial as nutrients
- Take up, distribution and accumulation along the food chain from food, water

and air



nutrients eqg.

nitrate, phosphate (NO;-, PO,%)

keywords:

P & N cycles
* limiting nutrient
* eutrophication
« phosphate binding
* redox conditions
* NO; > NH,*
* FeOx dissolution



Wi‘éﬁrsnét Inorganic Pollutants — other thaetalm

dust & fibres e.q.

g -

,fine dust“ as automotive exhaust
asbestos

silicate dust

dust & soot particles from combustion
welding fumes

keywords:

- aerosol

« inhalation

 removal in resp. tract
« particle toxicity

« particle contamination
« uptake

e air transport




radionuclides e.g.

Radon , 222Rn (a) = 2'8Po (a) = 2'4Pb (B)

lodine 131l (B), Cesium '37Cs (B, y)

Plutonium 238Pu (a) I I

226 |

Uranium 224 |

223 |

o [P 21{
[ 0-
218 | |.3,05 min

217 | keyWOI'ds:
216 |
25 |

214 |Pb-214| Bi-214 [Po-214
| 268min | 197 min | 84ys | |

« type of radiation (a,B,y, N)

20 [ —HP Py * intensity versus dose

a [ « low level effects

o I * intake / uptake

v T « chemical toxicity (e.g. Pu)
= | - « long range transport

depleted uranium...



(\versitat  Inorganic Pollutants — other than metals

gaseous oxides e.g.

NO - SOZ - C02

X

keywords:

acid rain (SO, NO,)

climate change (CO,, CH,, NH,)

smog (SO,)

acidification (CO,, soil, oceans)

effective pollution control (SO,)
gypsum cardboard...

« (fake) reduction (NO,)

* hopeless (?) situation (CO,)
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some Trace Elements with high toxicity
PERIODIC TABLE OF THE ELEMENTS »,heavy metals*

Mews [T

1A VIIA 0

1 Nonmetals |:| 17 18

] Metalloids [ ] , 3

1 H 1A A IVA VA VIA H He
1.008 2 13 14 15 16 1.008 | 4.0026

3 4 5 6 7 8 9 10

5| Li Be B C N (0] F Ne
6941 | 9.0122 1081 | 12011 | 14.007 | 15999 | 18.9984 | 20.1797

11 12 VIR 13 14 15 16 17 18

3| Na Mg s IVB VB VIB  VIEB B ne Al Si P S Cl Ar
22,9898 [ 24.3050 3 4 E 6 7 8 9 1] 1 12 269815 | 28.085 | 309738 | 3206 | 35453 | 39.948

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

4 K Ca Se Ti A% Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39.0983 | 40078 | 44.9559 47867 | 509415 | 51.9961 | 54.9380 | 55845 | 58.9332|| 58.6934 || 63.546 | 6538 | 69.723 | 7263 | 749216 || 7896 | 79.904 | 83798
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

5| Rb Sr Y Zr Nb | Mo Te Ru Rh Pd Ag Cd In Sn Sh Te | Xe
854678 | 87.62 | 88.9058 91.224 | 92.9064 | 9596 98) | 101.07 |102.9055| 10642 | 107.8682 | 112.411 |[ 114818 | 118.710 | 121.760 | 127.60 | 126.9045 | 131.293
55 56 ST |« 7 73 74 75 76 77 78 79 80 81 82 83 84 85 86

6| Cs Ba La Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
132.9055 | 137.327 | 138.9055 17849 | 180.9479 | 183.84 | 186.207 | 19023 | 192217 | 195.084 | 196.9666 | 20059 | 20438 | 2072 [2089804| o9y | @) | 2
87 88 89 [ws 104 105 106 107 108 109 110 11 112 113 114 115 116 117 118

71 Fr Ra Ac Rt Db Sg Bh Hs Mt Ds Rg Cn | Uut Fl Uup | Lv Uus | Uuo
223) | (226) 227) (265 | @68) | @) | @m | @ | @) | @81) | @80 | (285 | (284) | (289) | (28%) | (293) | (294 | (294)

*Lanthanide Series
58 50 60 61 62 63 64 65 66 67 68 60 70 71
Ce Pr Nd Pm Sm Eu Gd Th Dy Ho Er Tm Yb Lu
140116 | 1409076 | 144242 | (145) | 15036 | 151964 | 157.25 | 1589254 | 162500 | 164.9303 [ 167259 | 168.9342 | 173.054 | 174.9668

“_3Nc)te: Atomic masses are 2009 #% Actinide Series
UPAC values (up to four decimal 90 9] 92 93 oF 95 9% 97 98 99 100 101 102 103

e oo s s e | Th | Pa | U | Np | Pu | Am | Cm | Bk | Cf | Es | Fm | Md | No | Lr
able inside the back cover. 2320381 | 231.0359 | 238.0280 | (237) | @44 | @43) | @7 | @n | @y | @52 | esn | ess | ese | e

10
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The Goldschmidt classification of elements

wien
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
Group —
| Period
1 2

1 H He
2 3 4 5 6 7 8 9 10
Li Be B C N 0] F Ne
3 11 12 13 14 | 15 16 | 17 | 18
Na | Mg Al Si P S Cl Ar
4 19 20 21 22 30 | 31 32 | 33 | 34 || 35 | 36
K | Ca Sc | Ti Zn | Ga | Ge | As | Se | Br | Kr
5 37 38 39 40 48 | 49 | 50 | 51 52 | 83 | 54
Rb | Sr Y Zr Cd In Sn | Sb | Te I Xe
6 55 | 56 . "1 72 80 | 81 82 | 83 | 84 | 85 | 86
Cs | Ba Lu Hf Hg || TI Pb Bi Po | At | Rn
- 87 | 88 - 103 | 104 | 105 | 106 | 107 | 108 | 109 | 110 | 111 | 112 | 113 | 114 | 115 | 116 | 117 | 118
Fr | Ra = Lr Rf | Db | Sg | Bh | Hs | Mt | Ds | Rg | Cn | Nh FI Mc | Lv Ts | Og

57 58 | 59 | 60 61 62 | 63 64 | 65 66 67 68 | 69 | 70

*lLa Ce | Pr Nd Pm|Sm Eu |Gd | Tb Dy  Ho  Er | Tm | Yb

« | 89 | 90 | 91 92 93 | 94 | 95 | 96 | 97 | 98 | 99 | 100 | 101 | 102

* | Ac | Th | Pa U Np | Pu| Am | Cm | Bk | Cf | Es | Fm | Md | No

Goldschmidt classification:  Lithophile  [JISI@SIGPRIEN Chalcophile Atmophile Synthetic

developed by Victor Goldschmidt (1888—1947)




LVQi\e/EFSitét The Goldschmidt classification of elements

1 2 3 4 5 6 7 8 9 0 M1 12 13 14 15 16 17 18

ek Classification stems from the behavior of the metals during the formation
HHHM of Earth. But still usable to get an idea of their general behavior

AR |
e Lithophile elements are those that combine readily with oxygen
i /B\?; 'gfh Pa u Np | Pu | Am | Cm | Bk ?; Es | Fm 1?\23 “ ‘V\?j
Due to their strong affinity for oxygen, lithophile metals, were never available as
free metals before the development of energy-intensive electrolysis

Chalcophile elements are those that remain on or close to the surface because
they combine readily with sulfur

They can easily be extracted by the reduction with coke (not without relevant
emissions of SO,)

Siderophile elements tend to concentrate in (molten) iron.

Although not directly relevant for their current behavior, this means that they are
seldom (even precious metals) and do very little associate with oxygen. They
rather take sulfur or carbon, but not to an extent that they would classify as
chalcophile.

...well... that is of course not the case for Fe and Mn...



Wl\éﬁrﬂtat Abundance in crust relative to silicon

10°

Rock-forming elements

6

10°

107°

Major industrial metals in red
Precious metals in purple
Rare-earth elements in blue

Rarest "metals" It

Abundance, atoms of element per 10° atoms of Si

0 10 20 30 40 50 60 70 80 90
Atomic number, Z

13



Another concept: hard and soft acids and bases

|

! B[]

3 hard soft intermediate
Li | Be

I 12

19 20 21 22 23 24

K |Cal|Sc|Ti|V |Cr Ga (Ee As

RE 390 40 41 S0 S

Rb| Sr| Y | Zr |[Nb Sn | Sb
Cs|Ba|La|Hf

87 S8 <)
Fr |Ra|Ac

La Ce |Pr INd [Pm|Sm|Eu |Gd|Tb |Dv |Ho|Er (Tm|Yb|Lu

Ac|Th| Pa| U |Np|Pu]Am|{Cm| Bk




uiversitat  Another concept: hard and soft acids and bases

. ml I hard acids and hard bases tend to have certain properties:
H
l:i ée hard soft intermediate
T AE + small atomic/ionic radius
=TT S » high oxidation state
LS BN RALS. e s * low polarizability
ilbid DAL/l S1LLSD « high electronegativity (bases)
Cs|Ba|La|Hf
FriRajAc Some hard acids are:
La |Ce |Pr [Nd [Pm|Sm|Eu |Gd[Tb Dy |Ho| Er [Tm|Yb|Lu
Ac|Th| Pa| U |Np| Pu|Am|Cm| Bk H', L%, Na, K
C x al L D[ Pu nem < . .
! Ti4*, Cr3+*, Crb*, As3*, Sed*, Si*t

Some hard bases are:

CIO,, CO.%, F-, H,0, NCS-, NH,, NO,-, O,, OH-, PO,*, R-CO,", SO,2

R-: alkyl groups

The bonding between hard acids and hard bases is mainly ionic in nature.

15



. \iversitat — Another concept: hard and soft acids and bases

soft acids and soft bases tend to have certain properties:

i |
l:i B4e hard soft intermediate
IR AE * large atomic/ionic radius
o | i . . .
Da Ms PN R AL * low or zero oxidation state bonding
e GalGelAs| . high polarizability
e A * low electronegativity
Cs|Ba|La|Hf
Er [RalAc Some soft acids are:

La Ce [Pr [Nd |Pm|Sm|Eu |Gd|Tb|Dy [Ho|Er [Tm|Yb|Lu

+ + 2+ + 3- + 2+ 2+ R+ 2+ 2+ 4+
T ,_?_\I% TA|t°>li , Cd?*, CdR*, Co(CN)s*>,, Hg*, Hg,**, Hg**, Hg-R*, InCl;, Pd?*, Pt¢*, Pt**,

R-: alkyl groups

Some soft bases are:
As-R;, BH, -, CN-, CO, I, P(OR),;, R-Se", R-SH, S%, SCN-
R-: alkyl groups

The bonding between hard acids and hard bases is mainly covalent in

nature.
16



Lvr\}i\éﬁrsitéit Another concept: hard and soft acids and bases

From a qualitative approach we could deduce that
H L1 9 PP
lji BJe hard soft intermediate
T T - Ti, Si and Al would rather react with oxygen to form TiO,, SiO, and Al,O4
R — el - Hg would rather react with sulfur or R-SH (sulfhydryl groups)
K |Ca|Sc|Ti|V |Cr Gal|Gel|As
37 38 30 40 41 30 31
Rb| S| Y | Zr [Nb Sn | Sb
é‘s Ba La l-ff
Fr |Ra]Ac - But! Also Cu and Zn “love” to form sulfides

La Ce |Pr [Nd|Pm|Sm|Eu [Gd|Tb|Dy |Ho|Er [Tm|Yb|Lu

- Check https://www.chemicool.com/examples/hard-soft-acids-bases.html for
Ac|Th|Pa| U |Np|Pu|Am|Cm Bk . ; .
more, especially organic molecules and metal-organic compounds

17


https://www.chemicool.com/examples/hard-soft-acids-bases.html

Wi\éﬁmitét Reactions, transport and fate in the environment

evaporation / seaspray
export through foodchain

Industry
WWTP
agriculture

<:| immission
<:| immission

(Christian; v.d. mer; Baalousha; Hofmann: Ecotoxicology 2008)

AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

o e i e
b i S e e )
o i e el ]
o e ]

[~ ) Sediment

groundwater/aquifer hyporheic zone A freshwater

mixing zone seawater

deposition / surface runoff | | Interaction with suspended sediment/porewater remobilisation from
transport in soil & particulate matter transformations or with sediment
in groundwater
root/plant uptake

—> process understanding & system knowledge
18
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Pivotal processes involving trace metals

@)

transport

reduction

@

immobilization
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Sorption!
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To understand contaminant fate and
transport, we need to first understand
sorption in the environment

Solute Transport Bioavailability

21



Sorption from water to
particulate matter strongly
influences the fate
compounds

Sorption controls:

" Transport in surface and
subsurface water

" (Phase transfer)

® Bioavailability and, thus, (bio-
degradation) and toxicology

" (Direct photolysis)
" (Radical oxidation)
® Chemical reactions

Schwarzenbach et al. 2003.

H

- he] P H Heg
oH ° A H Mg ) HO Hee o HoH HopHyg

H*0 " H H H H H H=0
H-0 e H-O.H H=0 o] H
H H
Y

dissolved organic molecules settling with particles for
colliding with air-water interface sorbed organic molecules

and volatilizing

air P

water H H
) y H o H oy 0 H=0 Ho (D)
.0"H o H=0 £ O H-O ° H 0O=H o
H H H HH H Heg &0 H H
H H_O _ H ) .0, 0o=H H H H_o
H H=0 : H=O " H 'H H H H=0
'O H

H

H

o
H H-O H H, .
0 H-g H 7 H H

H

KA OH H H

. H O-H ° ‘o Q.

H/ ‘\.\_\ H u H H 'H

O=H
HoH " bR oH

ROO* +H-0o 0 OTHY H -0

H H H H O-H H

H . o- H H H . H

H H H, H H H, H H=O

dissolved organic molecules are more accessible to light, to other dissolved
chemicals, and to microorganisms than sorbed molecules

22
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Sorbent Sorptive
(material USW_ ‘ . ./ Dissolved in water
sorb liquids or gas (not yet sorbed)
(a material that has been or is capable
. of being taken up by another substance
Absorptlon by either absorption or adsorption)
. @ ©
Adsorption
Desorption
Absorption .

23



* Absorption
* precipitation, co-precipitation, inclusion
* matrix-sorption

* adsorption
* physisorption
weak, reversible
Van der Waals & electrostatic interactions
ion exchange

* chemiesorption
strong, not always reversible
hydrogen bonding, covalent bonding
surface complexation

Absorption

Adsorption

24



lon exchange — capacity and selectivity

requires a charged surface terminated by exchangeable ions

exchange of ions against others of the same polarity (+ for +)
mainly from immobile ions that are associated with a surface
against those that are dissolved in a solute

e.g..
2 X-SO;Na + Ca?* - (X-S0O,),Ca + 2 Na*

cation exchangers (+)  anion exchangers (-)  amphiphilic exchangers (+/-)

with industrial exchange resins the selectivity of the exchange increases with valence of
the ion and hydrated ion radius

weakly bound €< Na < Ca < Fe(ll) < Cd < Ni < Pb < Cu < Hg - strongly bound
selectivity increases by about 1000 to 10,000 times in this sequence

influencing factors are the nature of the exchange groups, pH, concentration and
composition of the liquid phase



lon exchange — capacity and selectivity

cation exchange capacity (CEC) calculated:

CEC¢ory (Meq/100g) ~ 51 pH — 59 (Scheffer & Schachtschabel 1970)
CEC, (meq/100g) ~ 0.7 (% clay) + 3,5 (% C,,)
CEC=3,97x(1-0,183x(8,2-pH))xC_.+ 0,57 x(1-0,102x (8,2-pH))x C

clay

selectivity of some natural phases:

montmorillonite Ca>Pb>Cu>Cd>2Zn>>Na
ferrihydrite Pb>Cu>2Zn>Ni>Cd>>Na
peat (org. carbon) Pb>Cu>Cd=2n>Ca

26
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WIen lon exchange — capacity

determining the CEC:

we know that a large concentration of a cation can replace all exchangeable cations

1)  wash the material (soil) with an electrolyte of high concentration (NaCl, BaCl,) >1 mol/L

2) keep the wash solution if you wish to determine the exchanged (formerly bound) components
3) exchange the cation against e.g. MgCl, or NH,CI

4) determine the amount of the back-exchanged cation (Ba or Na)

For Na you can use a flame photometer (~ € 4000) for Ba you would need an

ICP-OES (€ 50,000)




Wi\éﬁmitét Adsorption is pH and species dependent

100
80 pH 8
g 60
=
g 40
o
X
e 20
+/- H*
0
pH abhiingige Sorption von Metallkationen an Eisenhydroxid (n. Drever 1997)
pH 3

100

80

60

40

20

% sorbiert

0

pH abhiingige Sorption von Anionen an Eisenhydroxid (nach Drever 1997)

Merkel & Planer-Friedrich 2002 o8



Wi\éﬁmitét Adsorption is pH and species dependent

100

pH 8

& 8 8

% sorbiert

n
o
I

+/- H*

(=]

pH 3

100

80

60

40

20 |

% sorbiert

0 1 1

pH abhiingige Sorption von Anionen an Eisenhydroxid (nach Drever 1997)

Merkel & Planer-Friedrich 2002 29
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g7 niversitat How does the metal distribute between solution and

=z (5 il

Z\Z a‘\ il L%’

“flv 5 o;, ¢ '5
JIgnisS~

solid? Concept of Kd

Distribution coefficient (Kd):
Kd [L/kg] = Msorb [mg/kg] / Mdiss [mg/L]

'4 Y

Sorbed portion Dissolved portion

M = any substance

30



How does the metal distribute between solution and
solid? Concept of Kd

Distribution coefficient (Kd):
Kd [L/kg] = Msorb [mg/kg] / Mdiss [mg/L]

'4 Y

Sorbed portion Dissolved portion
M in soil = dissolved species
soil organic matter free metal ion
oxides inorganic complexes
clays NOM complexes

quartz

31



- huversitat  How to determine the distribution coefficient Kd

wien

shake until separate soild
equilibrium + solution
analyse solution for free sorbate
analyse solid for bound sorbate (mass balance!)
solid phase (soil, sorbent) sorbate equlibrates between

+ solute (metal ion, sorbate) aqueous and solid phase

several experiments will be conducted with different amounts of dissolved metal and sorbent!
the ratio of adsorbed metal ion to free metal ion (distribution) is determined by

- type of the sorbent
- pH
- speciation of metal

- temperature (sorption might be exothermic or endothermic)

- other competing ions

- substances that reduce the activity of the sorbate (complexation)
- concentration of the sorbent

32



The 3 standard types of sorption isotherms

Csolid - KD " dissolved
| n
. . . Henr = .
With a series of experiments ,’ y Csolid K i Cdissolved
(=] ! .
you can draw the dependency of = Freundlich
()]
. =
adsorbed metal concentration to —
i : § ___.---—"""""I _____ — KL ) Cmax ) Cdissolved
dissolved metal concentration - angmuir =
2 o1+ K, -C
(/2] . .
and gain a sorption isotherm o L dissolved

(means: at constant

temperature)

dissolved [ug/L]

Abb. 2: Saorptionsisathermen zur guantitativen Beschreibung der Wechselwirkung von Schad-
stoffen mit der Bodenmatrix.



va\}i\éﬁmitét The 3 standard types of sorption isotherms

Henry isotherm (Ky-approach) : :

linear unlimited

Freundlich

Csolid — KD ) Cdissolved

e
o
—
-
-

sorbierte Konzentration S [ug g

Freundlich Isotherm
non-linear and unlimited

) ) eloste Konzentration C [ug L™
n = 1: Henry; n < 1: decrease of sorption sites o kg L]

n > 1: double layers

solid f dissolved Abb. 2: Sarptionsisathermen zur guantitativen Beschreibung der Wechselwirkung von Schad-

stoffen mit der Bodenmatrix.

Langmuir Isotherm

. .. KL ) Cmax ) Cd
non-linear and limited =

C issolved
solid ~— 1 K C
+K,-C,

issolved

34



Lniversitat But soil is a complex environment...
wien and the isotherms are empiric!

40
Aﬁ-Hﬁnﬁrizﬂnt So, the determined Kd value only holds
Cd* | KAK 111 mmol kg true for the sorbent (soil, sediment)
adr?ﬂcérr%%rte 304 determined
(mmol kg™') -
204

Al-Horizont

pH 4,1
KAK 58 mmol kg™

Bt-Horizont

pH 4,2
KAK 103 mmol kg™

00 02 04 06 08 10
Konzentration in der
Gleichgewichtslésung (mmol I'")

Adsorptionsisothermen von Cadmium fur 3 Horizonte einer Parabraunerde
Bodendkologie, Gisi, 1997



Wi\e/ﬁmitét Sorption to SPM or small particles (colloids/nanoparticles)!
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anoxic

groundwater
—

Fe2*

o}
> Fe? Fe*

attachment \ preupltatlon

c- detachment

Na
F 3+
PO,> @ ’ “ * ﬁ% i:f)\)
(dE)Sorptmn CQA) stabilization
" Na K*
Ca?* %
de)aggregation leaching
%\:Y) ﬁcaz flocculation 2_el‘osion <\
rupture PO, .
colonlzatlon P /‘ flooding )

/ advection

fluffy,
large SPM

o jg@
CaZt

é% ;Ipl;cculatlon @Ha%}é%

il W7r, compact,
% hﬁ _ = small SPM
resuspension biofilm ‘flocculatlon LS
detachment

oy |

sedimen-
tation

grazing ®

L
floccula&

EPS FeOx HS quartz algae bacteria phyllosilicates = transport

ﬁ% ® 15_.5- a\ O ’ I:> reaction

Walch, von der Kammer, Hofmann 2022: https://eartharxiv.org/repository/view/3113/

Sorption to SPM or small particles (colloids/nanoparticles)!

Riverine Suspended Particulate Matter (SPM)

About 10°-1012 tons of SPM are discharged into the oceans
every year

A large proportion of trace metals is bound to SPM

Pb ~ 95 -99%
As, Cd, Zn ~ 30 -80 %

Concentrations on SPM typically in the mg/kg, in water in
the pg/L region (particulate/dissolved)

37



WI\e/re]mitét Sorption to SPM or small particles (colloids/nanoparticles)!

~20 pm

The pollutant can be

In solution (free ion or NOM-
complexed)

Sorbed to the stationary matrix

Sorbed to mobile particles




WI\e/re]mitét Sorption to SPM or small particles (colloids/nanoparticles)!

transport

translocation

@ leakage

@ from vadoze zone

® ground/seapage water

>. o

The mobile particles

—

Need to be ,there” — concentration

mobilization deposition

@ ionic strength & DOC
® pH

® valence of ions

@ dissolution of cements
@ hydraulic effects

Need to be mobile

Need to be stable

stabilization
transport

Need to be ,attractive” for pollutant
Enl I pHIT Ca**— Na*

.

generation

® second. mineral formation
@ precipitation

@ biological growth

filtration

EhT pH?T

v.d.Kammer (2005)
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Sorption to SPM or small particles (colloids/nanoparticles)!

Mg ~ 2.000 g/L

My, ~ 350 g/L
M: ~ 10 mg/L

What does that mean for Ky1 and K27
How can M. become important?

40



Sorption to SPM or small particles (colloids/nanoparticles)!

What does that mean for Ky1 and K27
How can M. become important?

Mg ~ 2.000 g/L
My, ~ 350 g/L
M: ~ 10 mg/L

1) The colloids/particles must be mobile and persistent
2) The concentration must be high

3) The pollutant must strongly sorb/bind to colloids

4) The sorption must be (almost) irreversible

Castan et al. 2020: Microplastics and nanoplastics barely enhance
contaminant mobility in agricultural soils. Nature Communications Earth &
Environment
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More next...

Zink

Isokonzentrationsfliche 0.5 [mg/l]

150

100

[ma/L]
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