GA921 Geochemie zivotniho prostredi

Josef Zeman




Ucebnice

Manahan S. E.: Environmental Chemistry. CRC Press, c2022. 730 s.

Appelo C.A.J., D. Postma: Geochemistry, groundwater and pollution. Leiden: A. A.
Balkema publishers, c2005. 649 s.

Langmuir D: Aqueous environmental geochemistry. Upper Saddle River, N.J.: Prentice
Hall, c1997. 600 s.

Zhu Ch,, Anderson G.: Environmental applications of geochemical modeling.
Cambridge: Cambridge University Press, 2002. 284 s.

Josef Zeman GA921 Geochemie zivotniho prostredi 2




Sylabus
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Geochemie vody: Zakladni vlastnosti, rozpustené latky, koloidy, pH, oxidacné-redukcni potencial
Geochemie vody: Organicka geochemie

Mikrobialni biogeochemie

Transport kontaminantl v Zivotnim prostiedi

Kontrola slozeni pfirodnich vod
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Uvod do toxikologie, zned&isténi sladkych vod

Komunalni a odpadni vody

Geochemie atmosféry a polutanty
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Uvodni poznamky

Globalni a lokalni chovani chemickych prvkl na povrchu Zemé

pochopeni prirozenych zmén na Zemi
m prirozena distribuci prvkl v rznych systémech

pochopeni odchylek zplsobenych lidskou ¢innosti

m distribuci v antropogenné vychylenych systémech s vyuzitim zakladt chemie pro
vysvetleni podminek
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zemske systemy jsou extrémne
slozité, mozna tusime jak funguji —
globalni cyklus uhliku

Models of how the
world works:
theories, concepts,
natural laws
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Vedecké poznani
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System

vliv Elovéka: kadinka prostfedi

globalni—CO,, jednoduchy systém slozity systém
stratosfeéricky ozon
lokalni — splach
zemeédelskych hnojiv,
uniky z nadrzi
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Vymezeni

Geochemie
m Studuje zdroje a osud chemickych latek v prirodnim prostredi.

m Soubor nastrojl, ktery pomaha pochopit zemské procesy; tyto nastroje jsou
zalozeny na chemickych principech.

Environmentalni geochemie
m Studuje chemicke latky v pfirodnim prostredi a vliv technologie.
® Porovnani pfirozenych systému se systémy ovlivnénymi lidskou ¢innosti.
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Technologie a kontaminanty

Lidska technologie nevratné zménila funkci zemskych systémt

m Technologie zménila zpUsob, kterym je energie

a hmota prenasena mezijednotlivymirezervoary Zeme.
m Technologie nam poskytla nastroje pro zlepseni nasich zivotnich podminek.
m Technologie poskytla nastroje pro dramatickou zménu prostredi, nékdy
znicujicl.
Kontaminant je latka, ktera je v prostfedi pfitomna ve vysSSi koncentraci nez

je prirozena jako dUsledek lidské ¢innosti.
Stava se polutantem, pokud ma skodlivy vliv na prostredi nebo jeho ¢ast.

Stava se toxicky, pokud poskozuje nebo Skodi bioté v prostredi.
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Chemické latky

Lidska aktivita vnesla do prostfedi znacné mnozstvi uplné novych latek (CFC, PCB...).

Prirodni latky mohou byt klasifikovany jako kontaminanty nebo polutanty. Pak
mluvime o antropogennim obohaceni nad prirozenou uroven.

Technologie pro monitorovani a kontrolu skodlivého vlivu lidské aktivity na prostredi.

Groundwater treatment wall purifies chemical plume

Permeable subsurface
treatment wall composed of —~—

metallic iron and sand )
Chemical

source

Chemical
plume Groundwater 1
flow direction

Remediated
Josef Zeman groundwater




Uvodni poznamky
Prirodni x antropogenni slouCeniny

Lidska aktivita vnesla do prostfedi znacné mnozstvi uplné novych latek (CFC,

PCB...).
Prirodni latky mohou byt klasifikovany jako kontaminanty nebo polutanty. Pak
mluvime o antropogennim obohaceni nad pfirozenou urovern.

Technologie pro monitorovani a kontrolu Skodlivého vlivu lidské aktivity na prostredi.

Groundwater treatment wall purifies chemical plume

Permeable subsurface
treatment wall composed of —~—_

metallic iron and sand .
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source

Chemical «
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flow direction

Remediated
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Cykly hmoty

Kombinované sily pfirody a ¢lovéka zpUsobuji pohyb hmoty na Zemi. Ten je ¢asto provazen chemickymi
preménami zplsobenymi geologickymi, hydrologickymi, atmosférickymi a biologickymi Ciniteli.
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Cykly hmoty a energie

Sun

chemicals to atmosphere

chemicals return
to ocean

—————

Josef Zeman

burning fossil fuels

* Energy flows
through the system

and is transformed.

* Chemicals cycle

and can be reused.
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Cykly hmoty a energie

Ve védach o Zemi je ¢asto vhodné nebo vyhodné uvaZovat o nasi planeté jako o kombinaci zasobnik(, mezi nimiz
hmota prechazi. Tyto zasobniky se oznacuiji jako rezervoary. Pohyb hmoty mezi nimi se oznacuje jako tok.

Rezervoar

je jakakoliv fyzikalni cast pfirozeného svéta, ktera se chova nezavisle
a Vv niz se odehrava jeden nebo vice procesu. Interakce mezi hlavnimi rezervoary na Zemi probihajiv

predvidatelnych cyklech.
Cyklus
je cesta a rychlost pfenosu hmoty nebo energie mezi rezervoary. V idealnim pfipadeé je cyklus uzavreny a celkové

musi byt toky energie nebo hmoty vyrovnané.

Biogeochemicky cyklus

jsou chemické interakce mezi rliznymi abiotickymi rezervoary a biotou.

Josef Zeman GA921 Geochemie zivotniho prostredi
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Cykly hmoty a energie

Priklad rezervoaru — jezero. Uvnitf jezera probihaji procesy, s dalSimi rezervoary (atmosférou, sedimentem a podzemni vodou) si
jezero vymeénuje latky.

_A” Gas exchange with the atmosphere _ ___ DR 20 ()
2 \aty CH,0} + O + CO5”
5| e N ——
= C03.+ H20 >HC03 + OH this part added
© Ca** 2+ 2- Precipitation &
z Ca” + COj > CaCO,(s)
s 2- Microbial
% 2{CH,0} + SO, + 2H* o -»-
NH* Uptake

4  Leaching

Groundwater
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Cykly hmoty a energie

Relativné formalni definice cyklu

m Jsouvymezeny hlavnirezervoary a
vSechny rezervoary jsou propojeny
toky bez ohledu na jejich skutecCny
vyznam.

Atmosphere

Biosphere Anthrosphere

Geosphere

Josef Zeman
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Cykly hmoty a energie

Realna definice cyklu

S vymezenim rezervoaru
a rozliSenim exogenniho a
endogenniho cyklu

m Jsou identifikovany realné rezervoary a
vymezeny skute¢né toky mezi nimi.

Josef Zeman

Human activties |
constitute ‘new’ |
fluxes between |
the exogneic |
and endogenc |
cycles that pass |
through the |
Anthrosphere |

Anthrosphere

so I've added
this to this
figure from your
text book

Outline of exogenic cycle——————— — — — — — — — — — |

Biosphere

Atmosphere J

—_———e e — e ——
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Cykly hmoty a energie

Nejobecnéjsi diagram cyklu s péti
hlavnimi zemskymi rezervoary
s identifikaci hlavnich tok
vyznamnegjsich latek.

m  Multikomponentni toky.

Josef Zeman
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Antroposféra

Antroposféra — cast prostredi, ktera je
vytvorena nebo modifikovana pro
vyuziti Clovekem.

Josef Zeman

The anthrosphere

Under and
adjacent to
highways

Under and adjacent
to airport runways.
taxiways, aprons

Painted
surfaces

Indoor air
pollution in
butldings

Radionuclide con-
tamination of nuclear
POWEr reactors

Materials dredged
from hurbors and
rivers

SRS

Landfills

] sewage sludse,
witstes, phosphates
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Antroposfeéra

antropogenni
ovlivnéni

Wastewater
treatment plant

o

ry

Josef Zeman

Cropland

Animal feedlot

NONPOINT
SOURCES

)
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Antroposfera

pozitivni nebo
pozadovany vyvoj

AN

kontrola emisi
a odpadu

remediace
1. Nekontrolované 2. Kontrola odpadi a polutant( 3. Uzavieny okruh vyroby
vypousténi odpadd poté, co jsou vyprodukovany bez vypousténi odpadi

Josef Zeman GA921 Geochemie zivotniho prostfedi 22




Toky

vymena hmoty mezi hlavnimi rezervoary zemského cyklu

Josef Zeman

Do
Atmosféra
Hydrosféra
Biosféra
Geosféra

Antroposféra

Z Atmosféra

H,O
0,, CO,
H,O
0, N,

Hydrosféra Biosféra Geosféra
H,O O, H,S, Castice
- (CH,0) mineralni latky
H,O - mineralni vyzZiva
H,O organicka hmota -
H,O potraviny mineraly
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Antroposféra

SO, CO,
polutanty
hnojiva
nebezpecné odpady
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Cirkulace

atmosféra

Josef Zeman
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Cirkulace
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Cirkulace

atmosféra

FERREL
ELL

HADLEY
CELL
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Cirkulace

atmosféra

Rychlost vertikalniho
proudéni vzduchu
(modra nahoru,
Cervena dolQ).
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Cirkulace

oceany

ST - —— Warm currents

80 —— Cool currents 80
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Rezervoary

Rezervoary — lokalizované zasobniky
Vnitfni pohyb (a v urc€ité mire stratifikace) s hustotou jako hnaci silou

U sladkych vod hustota uréena pfedevsim teplotou (slozeni ma obvykle az druhorady vyznam)

U slanych vod hraje teplota a salinita srovnatelnou roli
Mala télesa (jezera) — po celém povrchu stejné podminky — jednoduchy vnitfni pohyb

Velka télesa — vysoce variabilni podminky — komplikovany vnitfni pohyb

Josef Zeman GA921 Geochemie zivotniho prostredi
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Interakce

voda: odparovani-kondenzace
mineraly: rozpousténi srazeni
transport: pravé roztoky-suspenze

oxidacne-redukcni reakce
m fotosyntéza: produkce kysliku, spotfeba CO,
m dychani, tleni: spotreba kysliku, produkce CO,

antropogenni ovlivneni

Josef Zeman GA921 Geochemie zivotniho prostredi

Precipitation

Dissolved
minerals

Mineral dissolving
Crystallization

Mineral

Evaporation
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Stratifikace

Vrstvy * Temperature (C°)
®m Hranice mezi vrstvami—termoklina - o s 10 15 20 25 a0
s v v u] -
ostra zmena teploty smerem do Surface Mixed Layer
thUbky Mote that both temperature & salinity are
m Termoklina lezi pod vrstvou s témeér 40 L very nearly constant. This is the result of

physical mixing of the near surface by

konstantni teplotou —smeésna, winds.

michana vrstva (mixed layer) a nad a6 1k

hlubokou vrstvou s konstantni nebo
mirné se menici teplotou

Region of rapid
temperature change is
called the thermocline.

Depth (m)

120 |

Region of rapid salinity
change is called the
pycnocline.

160

200

1 1
33 335 34 345 35

= Salinity

(part per thousand or per mil)
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Stratifikace

doba zdrzeni (residence time)

T =[A]rezervoar / tok(A)do nebo z

Josef Zeman
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COQ +H10 +|'I.\’ -3 {CH;O} +01

Surface Photosynthesis

Relatively high dissolved O,, chemical
species in oxidized forms

Intermediate

Relatively low dissolved 02.

rare to find chemical
species in reduced forms

Deep water is closer to chemical equlibrium
(on a local scale). Water mass ages from 200
(surface) to 2000 (deep North Pacific)

seamount or
mid-ocean ridge
volcano

Exchange of chemical specics
with sed




Vnitrni pohyb

1 hustota TEMPERATURE (CELSILS)
A0 5 10 1520 25 30

DENSITY

DENSITY/TEMPERATURE RELATIONSHIP FOR DISTILLED
WATER. SHADED AREAS SHOW RELATIVE DIFFERENCE
IN DENSITY FOR 5°CTEMPERATURE CHANGES.
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Vnitrni pohyb
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Vnitrni pohyb

jezera

Priklad podzimniho ,,zruseni“
stratifikace na jezere
Minnetonka. Jedna se o
rychlou, pfitom komplikovanou
udalost.

Josef Zeman
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Vnitrni pohyb

zavislost hustoty vody na

m teploté
m  salinité

Josef Zeman
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Vnitrni pohyb
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Vnitrni pohyb

oceany

Josef Zeman

depth

Temperature

000

2000

3000

4000

1000 — ‘343 *SmmT

2000

3000

Depth (m)

Figure 1.13 South-north vertical section of water properties of the Atlantic Ocean along the western
trough as delineated by lines of constant temperature and salinity. N. Atl. Deep = North Atlantic Deep
Water; Ant. Bott. = Antarctic Bottom Water; Ant. Int. = Antarctic Intermediatc Watcr; Medit. = Mediter-
ranean Water. [Adapted from Pickard and Emery (1982), based on data from Bainbridge (1976).]
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Vnitrni pohyb

oceany

Josef Zeman
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Vnitrni pohyb

oceany

40| Bo'H
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Vnitrni pohyb

oceany

LATITUCE

Josef Zeman
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Potential densitv at 10 m, annual average
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Hydrologicky cyklus

Oceany > atmosféra > dést/snih > povrchova voda (ledovce, feky, jezera) > [podzemnivoda] > feky >
delty > ocean

Kromé toho modifikované cesty

TF¥i typy rezervoar(
m Geograficky lokalizované ,,zasobniky“ (oceany, jezera)

m  Migrujici rezervoary pohybuijici se podle topografie povrchu nebo vnitfnich struktur (feky, podzemnivoda)
m Atmosféricka voda

Pohyb
m  diky rozdilnym tepelnym vstuplim (99,85 % energie dostava Zemé ze Slunce)

m atmosféra je prohfivana ze odspodu, oceany jsou prohfivany svrchu — teply vzduch a voda maji niZsi hustotu
nez chladny vzduch a chladna voda

m Hustota vody je jesté ovlivnéna mineralizaci

Josef Zeman GA921 Geochemie zivotniho prostredi
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Obsahy rezervoaru

Reservoir Volume, Percent Volume, Percent
10° fkm’ of Total Reservoir 10° km’ (10" kg) of Total
Oceans 1370 97.25 Oceans 1400. 95.96
Mixed layer 50.
Themocline 460.
Abyssal 890.
Icesheets and 29 2.05 Ice caps and glaciers 43.4 2.97
Deep groundwater 53 0.38 Groundwater 15.3 1.05
(750-4000 m)
Shallow groundwater 42 0.3 Lakes 0.125 0.009
(<750 m)
Lakes 0.125 0.01 Rivers 0.00017 0.0001
Soil Moisture 0.065 0.005 Soil Moisture 0.065 0.0045
Atmosphere* 0.013 0.001 Atmosphere total* 0.0155 0.001
Rivers 0.0017 0.0001 Terrestrial 0.0045
Oceanic 0.0110
Biosphere 0.0006 0.00004 Biosphere 0.00200 0.00010
Total 1408.7 100 Total 1459
Faure: Principles and applications of inorganic geochemistry. Berner, Berner (1996): Global environment.
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Obsahy rezervoaru

Surface/other Atmosphere  Living things
Freshwater 2.5% freshwater 1270 3.0% 0.26%

Rivers
0.49%

Swamps,
marshes
2.6%

Soll
moisture
3.8%

Total global Freshwater Surface water and
water other freshwater

Josef Zeman GA921 Geochemie Zivotniho prostfedi
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rologicky cyklus

Josef Zeman

Ead
Transpiration
from plants

Precipitation
to land

Evaporation

from ocean

4
el L akes and ’
reservoirs

Precipitation
to ocean

Increased runoff on
land covered with crops,
Infiltration - buildings and pavement ¢
and percolation
into aquifer

| Increased runoff

. from cutting

| forests and
filling wetlands

Groundwater Overpumping
in aquifers | of aquifers
‘ﬁ S 23

D Natural process
(] Natural reservoir
. Human impacts
} Natural pathway
) Pathway affected by human activities
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Hydrologicky cyklus

Atmosphere (0.0155)

--—— \Vapor transport 0.036 ——

Evaporation

Precipitation
0.071

0.107

Runoff
0.036

LAKES AND RIVERS
(0.13)

GROUNDWATER
(1.53)

Cisla v zavorkach jsou obsahy rezervoar( — 108 km?3 (1078 kg)
Toky jsou uvedeny v 108 km3/rok (1078 kg/rok).

Josef Zeman GA921 Geochemie Zivotniho prostfedi

Precipitation
0.398

Evaporation
0.434

48



Hydrologicky cyklus

Atmosphere L 505
| 013 x10%% Example of global
Precisitition — n water balances:
0.99 X 10%°g/yr 0.63 X 1020 g/yr
! *Water transferred to
Lakesvand vivars Precipitation Evaporation land f\rAC}m Gtmosphecr!e
0.3 X 102%g 3.5 X 10%g/yr 3.8 X 10%° g/yr @ = Water returne
to ocean @
Rivér and Ocean eTotal evaporation
groundwater + = Total
discharge <p?eci|:A;Qa’rion@>+C5>
0.36 X 102%g/yr Ocean ) 3
o TP Annual flow of water on Earth in thousands of km
: 9
(1) Evaporation from oceans to the atmosphere
@ Precipitation to oceans
) Transfer of water from atmosphere to land
(4) Evaporation to atmosphere from land
(B) Precipitation to land
(&) Runoff of surface water and groundwater from
land to oceans
Josef Zeman
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Fazovy diagram
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Unikatni vlastnosti

Josef Zeman

vlastnost

vynikajici rozpoustédlo

vysoka dielektricka konstanta

vysokeé povrchoveé napéti

transparentni pro viditelné a UV zareni
nejvétsi hustota kapalném stavu pfi 4 °C
vysokeé vyparné teplo

vysoke teplo tani

vysoka tepelna kapacita

pusobeni a vyznam

transport Zivin a odpadu, umozriuje pribéh
biogeochemickych procesl

vysoka rozpustnost iontovych i malo polarnich
latek

kontrolni faktor pro fyziologii (kapilarita); kapky a
povrchy

bezbarva, dovoluje fotosyntézu ve vodném
prostredi

led plave, izolace od promrznuti, udrzeni
stratifikace

uruje rezim prenosu vody mezi atmosférou a
vodou

stabilizace teplotniho rezimu pfi promrzani

stabilizace teplotnich podminek

GA921 Geochemie zivotniho prostredi
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Unikatni vlastnosti

vlastnost

pusobeni a vyznam

vynikajici rozpoustédlo

transport Zivin a odpadu, umozriuje prabéh
biogeochemickych procesl

vysoka dielektricka konstanta

vysoka rozpustnost iontovych i malo
polarnich latek

vysokeé povrchoveé napéti

kontrolni faktor pro fyziologii (kapilarita);
kapky a povrchy

transparentni pro viditelné a UV zareni

bezbarva, dovoluje fotosyntézu ve vodném
prostredi

nejvétsi hustota kapalném stavu pfi 4 °C

led plave, izolace od promrznuti, udrzeni
stratifikace

vysoké vyparné teplo

uréuje rezim prenosu vody mezi atmosférou
a vodou

vysoke teplo tani

stabilizace teplotniho rezimu pfi promrzani

vysoka tepelna kapacita

stabilizace teplotnich podminek




Cykly prvku

X Uhlikovy cyklus
bon dioxid i
c;ratc’rr?os;l)?\):ree )@02 in the atmOSPhere)
Biodegradation Solubilization and chemical processes
Animals | l
(consumers)| Ipl - urning
it - Photosynthesis : :
Diffusion N . Soluble inorganic carbon,
: ; ' predominantly HCO,~
- . 4 Plant: g i
Deforestation ‘.Jf‘., i ‘\ o l 9 =
A TR R SILS <> T~ Fixed organic carbon,
Transportation “ i o I {CHZO} ﬂ.nd Xeﬂ()biotic
W in plants carbon Chemical precipitation

= | (producers) . .
and incorporation of

A Carbon | h
anmais [ P issolution wit. . :
St T Disso mineral carbon into

\\\ in animals |
ISsolved In ocean | g
: | it i issolved CO : :
\\ Carbon XenOblot[CS manu- . ical d 0 A 2 mlcrOblaz Sheus
- E in fossil fuels factur@ with pefr()l' BlOg@OChemlca
e : ' ¢ eum feedstock processes
[

Fixed organic Insoluble inorganic carbon,
O Froghs hydrocarbon, C,H,, predominantly CaCO, and
[ reservoir and kerogen CaCO,;*MgCO,

) Pathway affected by humans

) Natural pathway
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Cykly prvku

Dusikovy cyklus

( N\
Atmosphere N
[ ] Process RHsogen 4_' Denitrification by bacteria N2’ some I\I{}O ZN
Reservoir i
L] in atmosphere -, :? traces of NO, NOZ. H 03, NH4NO3 :ﬁn E
) Pathway affected by humans Z - z|\ ., 3l=
) Natural pathway @ g ol& 'g o
- & s = =4 |
Nitrogen Z = Z. s .‘_2
- - in animals = _8'- o 2 sl
Nitrogen oxides - (consumers) oy ks ZN po cle
from burning fuel = st = = = 8 gl
and using inorganic S _.‘§ 3|5 = 5
fertilizers fg g 6‘ K=" == g
, E 2|z g 2|8 i B
N o) Bl R =1 S>>
itrogen = o o, = =]
in plants oz g g
(producers) v o) m Y
— e " NS ¢=
Nitrates = Anthrosphere g Biosphere
from fertilizer |- - NH,, HNO., NO, NO o Biologically-bound nitrogen
runoff and 3 ¢ s 2 + 3 5
decomposition lnoygamc nitrates e such as amino (N.Hz) nitrogen
; Organonitrogen compounds = in proteins
Nitrai;]e §
in soi )
ol A 2 A
Nitrogen Nitrogen § tg’ b1 () S g
loss to deep in ocean 32 ] 3] C=4 =1
ocean sediments sediments 3 S_ = v E]- Ve (B b7
2 = ~ i s
%) (3]
gle & Hydrosphere and Geosphere 2 e g
Sl% = Dissolved NO,", NH,* =13
ElE Organically-bound N in dead 2
i) = biomass and fossil fuels
)k J/
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Cykly prvku

Cyklus fosforu
[ Process Soluble inorganic phosphate) ’h_Vdr Ospher e
DReservOir as HPO42-, H2PO4-, a.nd
} Pathway affected by humans POl)’phOSphatCS
) Natural pathway
Phosphates Phosphates ¢
— in destlizer late 5 ¥ T Precipitation
¥ Assimilation by Fertilizer runoff, waste- P
Sl e ~— organisms water, detergent wastes

»

bre Biogegradation / . .
y Anthr oSsp here Dissolution

( Xenobiotic J ?
: M organophosphates
Phosphate Q ¢ g pA p ¢

in shallow
S, A

| ocean sediments

; osphate
e o) Biological phosphorus, Insoluble inorganic phosphate,
predominantly nucleic acids, such as Cag(OH)(PO,),
ADP, ATP or iron pflosphatcs
! ~~ geosphere

biosphere &

Biological organic and inorganic
phosphates in sediments

(mostly)
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Cykly prvku

Cyklus siry

Atmospheric sulfur, SO,, H,S,

4

Sulfur dioxide

in atmosphere —
hydrosphere & 50
geosphere Interchange of atmospheric
"

sulfur species with other

y Sulfuricneid environmental spheres
. Burning | | Refining Wi ade In ic SO, in both solubl -
Smelting r i deposited organic SO,*" in both soluble 2 == |
coal fossil fuels AW . eapc?élrginas and insoluble forms '
: Sulfur '
Dslz:?iggl in animals T X ()]
a bacteria ; (consumers) 1 7 l B
byproduct .y Sanci e T : \ Assimilation S oxidation Sulfate <
g ) L e O )i ? : by organisms | reduction %
F. e - d | o B Elemental sulfur, S Sulfide (@)
' : Ty D (s _Su:f“; : oxidgtion 8)
" in plants | e
o (producers) [ ; \ H.,S oxidation /
. \\\ - Uptake — : 4 -
[sulfur by plants Biological sulfur, including | Pecompos- Sulfides as H,S and as metal
in ocean -SH groups ition sulfides, such as FeS
sediments
oy )
icrobia " ; :
metabolism / blOSpher GQ Biodegradation
|:| Process l
[] Reservoir in soil, rock Microbially produced organic Xenobiotic sulfur such as that
and fossil fuels sulfur in small molecules, largely ; 1 . or
) Pathway affected by humans as -SH and R-S-R groups m —5>~ groups in insecticides

) Natural pathway
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