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Uvod

e Dusi¢nanove 1onty a dusitanove 1onty ve vodach

— Nadmérna eutrofizace vod CH,
7 CH

— Vznik methemoglobinémie SHe

— Karcinom zaludku nebo H,;C
mocCoveého méchyie
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-of-methemoglobinemia-neither-clear-nor-current/ http://upload.wikimedia.org/wikipedia/commons/b/be/Heme_b.svg
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Autotrofni denitrifikace

e Oxidacné-redukeni dé;
— Oxidace elementarni siry, pyritu, thiosiranu apod.

— Redukce dusi¢nanovych a dusitanovych ionti
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Autotrofni denitrifikace

« Bakterie Thiobacillus denitrificans
— Betaproteobacteria
— G-, pohyblivé tyCinky

— Obligatné chemolitoautotrofni

_ F akultatlvné anaerobni: https://microbewiki.kenyon.edu/images/a/aO/T_denitrificans.jpg.jpg
- aerobni podminky — O,

- anoxické podminky — NO;’

Bunky bakterie Thiobacillus denitrificans barvené dle Grama, zvétseno 1000x
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Autotrofni denitrifikace

e Vyhody v porovnani s heterotrofni denitrifikaci
— Cena
— Odstranéni 1 nizkych koncentraci NO5

— Nizka produkce bakteridlniho kalu
X

* Nevyhoda v porovnani s heterotrofni denitrifikaci
— Rychlost
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Cile prace

* Optimalizace reakCnich podminek autotrofni
denitrifikace bakteriemi Thiobacillus denitrificans

— pH (nad 5,5)
— Teplota (33° C)

» Pridavek fosforu a molybdenu do systému

— Experimentalni ovéfeni u€innosti v pritomnosti téchto
latek

— Definovani spotfebovaného mnozstvi pi1 reakci
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Experimentalni ¢ast

e Th. denitrificans DSM 12475
— Médium S6

* Vsadkove reaktory

— Sira (frakce 2,5 — 5,0 mm) Agar 150 g
— CaCO; (regulace pH) Eﬁf;gj 1‘1’33
— Inokulum (OD = 0,17) Na;HPO, 129
MgSO47H20 0,1 g

— NaNO; (¢ = 100 mg/l NOy) (NH.),SO4 0,19
CaCl, 0,039

MnSO, 0,029
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Experimentalni ¢ast

* Sledovan¢ parametry
— Koncentrace NO, - CSN ISO 7890-3 (75 7453)
— Koncentrace NO,” - CSN EN 26777 (75 7452)
— Koncentrace P — CSN EN ISO 6878 (75 7465)

— pH, teplota, ORP, O, rozp. - 8

ZvétSeno 400x

» Fazova kontrastni mikroskopie
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Prubéh autotrofni denitrifikace

* Vsadkovy reaktor
— 50 g siry, 1:: ~=- K (NO3)
— 950 g CaCO;, 50 - =K (NOj)
— 100 mg/l NOy

— 1 ml inokula Th,
denitrificans
oD 0,17

3,0

c(NO,) [mg/1]
c(NO,) [mg/1]

t [Dny]
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Studium autotrofni denitrifikace v
pritomnosti fosforu

e Sest vsadkovych reaktori

— 50 g siry, 50 g CaCOq
— 100 mg/l NO

— 1 ml inokula Th.
denitrificans OD 0,17

Oznaceni Obsah P

K 0 mg/l
Pl 0,5 mg/l
P2 1,0 mg/I
P3 1,5 mg/l
P4 2,0 mg/I

P5 3,0 mg/I
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—a— P1 (0,5 mg/l)
—u— P2 (1,0 mg/l)

P3 (1,5 mg/l)
—m— P4 (2,0 mg/l)

»] —=—P5(30mg/)

.-— \.
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Studium autotrofni denitrifikace v
pritomnosti fosforu

» Sest vsadkovych reaktoru
— 50 g siry, 50 g CaCOq

3,0

— 100 mg/l NO; - o
— 1 mlinokula Th. | s men
denitrificans OD 0,17 _ S Eg:ggg;}; .\

Oznateni  Obsah P % -
K 0 mg/I g 107
P1 0,5 mg/| __\
P2 1,0 mg/I i é S \'§=§.
P3 1,5 mgl/l B I ..d.l IIIIIIIII -
P4 2,0 mg/l 0 10 20 30 t[;(:] | 50 60 70 80
P5 3,0 mg/I ’
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Studium autotrofni denitrifikace v
pritomnosti fosforu

» Sest vsadkovych reaktoru
— 50 g siry, 50 g CaCOq

25

15 —

— 100 mg/l NO
— 1 mlinokula Th. “7
denitrificans OD 0,17 '

Oznaceni Obsah P E;
K 0 mg/l 2
P1 0,5 mg/I .
P2 1,0 mg/I ]
P3 1,5 mg/l 0
P4 2,0 mg/I

P5 3,0 mg/I

10 —

N
I§|—|: i‘;-

—a— K (0 mg/l)
—u— P1 (0,5 mg/l)
P2 (1,0 mg/l)
—u— P3 (1,5 mg/l)
—u— P4 (2,0 mg/l)
—m— P5 (3,0 mg/l)
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Spotreba fosforu pri autotrofni
denitrifikaci

« P¢&t vsadkovych reaktoru

— 50 g siry, 50 g CaCO, a0

— 100 mg/l NO 25 T pL0smen

— 1 mlinokulaTh. 30- N i Fa@sman
denitrificans OD 0,17 _es] T~ —=—P5 (3,0 mg/)

Oznaceni Obsah P % “*7 .\'\'\_\_\. e
P1 0,5 mg/l g T
P2 1,0 mg/| .
P3 1,5 mg/l 05 .\_\'\-\ ....... e
P4 2,0 mg/! oo e e
P5 3,0 mg/Il A
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Studium autotrofni denitrifikace v
pritomnosti molybdenu

o Ctyti vsadkové reaktory

— 50 g siry, 50 g CaCOq
— 100 mg/l NO

— 1 ml inokula Th.
denitrificans OD 0,17

Oznaceni  Obsah Mo

K 0 mg/l
Mol 0,1 mg/l
Mo2 0,5 mg/l
Mo3 1,0 mg/I

¢(NO,) [mg/l]
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80 —
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40 -
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1 —=— Mo1 (0,1 mg/l) \ \
{ —=— Mo2 (0,5 mg/l) -

—a— K (0 mg/l)

Mo3 (1,0 mg/l) ~,
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Studium autotrofni denitrifikace v

pritomnosti molybdenu
o Ctyti vsadkové reaktory

— 50 g siry, 50 g CaCOq Lo
— 100 mg/l NO 1 —a—K (0 mgn)
— 1 ml inokula Th. 1 SNz 05 mon
denitrificans OD 0,17 oo vos (Lo mal
Oznaceni  Obsah Mo ,O%M- AN
K 0 mg/l s T
Mol 0,1 mg/l / ///// — <
Mo2 0,5 mg/I N = == e,
Mo3 1,0 mg/l |
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Studium autotrofni denitrifikace v
pritomnosti molybdenu

o Ctyti vsadkové reaktory
— 50 g siry, 50 g CaCOq 25
— 100 mg/I NO

— 1 ml inokula Th.
denitrificans OD 0,17

Oznaceni  Obsah Mo £
K 0 mg/I =
Mol 0,1 mg/l 5
Mo2 0,5 mg/l
Mo3 1,0 mg/I 04

20 H

15 —

—u— K (0mg/l)
—a— Mo1 (0,1 mg/l)

—u— Mo2 (0,5 mg/l)

Mo3 (1,0 mg/l)
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Studium autotrofni denitrifikace v
pritomnosti fosforu a molybdenu

* Dva vsadkove¢ reaktory

— 50 g siry, 50 g CaCOq R -
90 - F~-— "——n
— 100 mg/l NO I
— 1 ml inokula Th. 70- \ N ™
denitrificans OD 0,17 5 ] DN \
= % ek
g’ 40 - \.\ \
Oznadeni ObsahP  Obsah MO .1 ——k oman \\\
K 0 mg/I 0 mg/I 0] 22 o (01 ol p\" .
P 1,0 mg/| 0 mg” 04 PMo (1,0 mg/I P a 0,1 mg/l Mo) \ukg
MO O mg/I O’l mg/I 0 10 20 30 40 50 60 70 80

PMo 1,0 0,1 mg/l
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Studium autotrofni denitrifikace v
pritomnosti fosforu a molybdenu

* Dva vsadkove¢ reaktory

1,0

— 50 g siry, 50 g CaCOq 00] 1K 8 (r)nr%/gn)
o 100 mg/I NO3_ 0’8_- o 'I;/Il\cl)léo(ll(;nrg/glj)ll P a 0,1 mg/l Mo)
— 1 ml inokula Th. Z;
denitrificans OD 0,17 E .
§ 041 AN
‘ZJ 0,3 / \-\
Oznaceni Obsah P Obsah Mo o / /-~-:=\_<:\\\
K 0 mg/I 0 mg/I 0.0+ —— r—'a:/' _.' | | - | I%I
PMO 1’O 0’1 mg/l 0 10 20 30 40 50 60 70 80
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Studium autotrofni denitrifikace v
pritomnosti fosforu a molybdenu

* Dva vsadkove¢ reaktory

25

— 50 gsiry, 50 g CaCO; 1. .
100 mg/l NOy '\’:f:_\:x:_\
— 1 ml inokula Th. L \ N e
denitrificans OD 0,17 = R
2 S\
Zf 10 | \ \ \
5| —®— K (0 mg/l) \
OznaCeni Obsah P Obsah Mo | oo §
K O mg/l O mg/l o- PMo (1,0 mg/l P a 0,1 mg/| Mo) ;_

PMO 1’O 0’1 mg/l 0 10 20 30 40 50 60 70 80
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Z.aver

* Urychleni autotrofni denitrifikace bakterii
Thiobacillus denitrificans spravnym davkovanim

fosforu a molybdenu

— 1,0 mg/I fosforu pro 100 mg/l NO,, S a CaCO, 1:1 (50 g)
— 0,1 mg/l molybdenu pro 100 mg/l NO,", S a CaCO, 1:1 (50 g)
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