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Learning objective

» Knowledge about the processes of the removal of
nitrogen and phosphorus from wastewater by
biological processes

» Knowledge about systems with enhanced biological
treatment processes
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Nitrogen in wastewater

* Nitrogen in domestic wastewater is mainly from human
excreta

Urease

CON,H, + 3 H,0 » 2 NH,*+OH + HCO,

* Hydrolysis from urea to Ammonia (ammonification)
takes often place in sewer systems
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Pathways of nitrogen

* [ncorporation in biomass by degradation of organic
matter

* Necessity of elimination:
» Load per person: 10 g N/(cap*d)
this is a concentration of 65 g/m?3 with a volume of 150 I/(cap*d)
* Nitrogen content of grown sludge: 0.07 gN/g MLSS

 Sludge production rate:
40 g BOD/(cap*d) * 1 g MLSS/g BOD. = 40 g MLSS/(cap*d)
40 g I\/ILSS/(cap*d) O 07 g N/g MLSS 2.8 gN/(cap *d)

* Nitrogen removal by incorporation:
2.8 /0.150 l/(cap*d) = 18 gN/m?

* Nitrogen which has to be eliminated:
65 — 18 g N/m3 =37 g N/m3

=> Targeted nitrogen elimination is necessary!


Presenter
Presentation Notes
Rough nitrogen balance in wwtp
Message: nitrogen can only removed partly 
Technical elimination of nitrogen is necessary
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Pathways of nitrogen

= “excess” of nitrogen not bound in biomass has to be
eliminated in two steps

= first step:
conversion of ammonia to nitrate — Nitrification
conversion of nitrate to nitrogen — Denitrification

* Removal of nitrogen from domestic wastewater only
by denitrification

= After biological treatment an residual organic nitrogen
remains, which is incorporated in non-biodegradable
organic substances
approx. 1 -2 g N/m?3
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Nitrification
NH,*+2 0O, = NO;y +H,O +2H" + energy

» Characteristics of nitrification process:

e High energy demand : 4,6 g O, per g NH,-N
with integration of biomass growth: 4,25 g O, per g NH,-N

* Production of 2 mol H* per mol NH,-N

* Energy from the reaction above will be used for the
production of new biomass (growth)

= Source for carbon for the production of biomass is
anorganic (CO,/CO;%)

= Nitrifiers are autotrophic bacteria!!
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Nitrification

= Nitritation (oxidation of Ammonium) by Nitrosomonas
NH,* + 1,50, — NO,” + H,O + 2 H" (+243-352 kaimol)
15 CO, + 13 NH,* - 10 NO, + 3 C;H,NO, + 4 H,O + 23 H*

Uoo = 0,47 *1,103(T15) [d]]
= Nitratation (oxidation of niitrite) by Nitrobacter
NO, + 0,50, —> NOj" (+63 - 80 kaimol)

5CO, + NH,*+ 10NO, + 2 H,0 - 10 NO; +C;H,NO, + H*
W = 0,79 *1,0710-15 [d-]
= Total
NH,* +2 0O, — NO; + H,O + 2 H* (4,57 g O,/g NH,-N)
NH,” + 1,98 HCO; + 1,86 O, —» 0,98 NO; + 0,02 C;H,NO,
+1,88 H,CO;+ 1,04 H,O

(4,25 g O,/g NH,-N)

Biological processes — nitrogen & phosphorus



Co-funded by the

Effect of temperature on nitrification
Growth rate Sludge

age

Temp. Nitrosomonas Nitrobacter

[°C] [1/d] [h] [1/d] | [h] [d]

10 0,29 82,8 0,58 | 41,4 3,44

20 0,76 31,6 1,04 | 23,1 1,32

30 1,97 12,2 1,87 | 12,8 0,53

Biological processes — nitrogen & phosphorus
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. . Parameter Unit Range common
Kinetics
Lot - Maximum growth rate 1/d 0,6-0,8 0,8
Nitrification s (T =20 °C)
Half-saturationKy,, g/m? 0,5-1,0 1,0
N e Swi Decay rate b, 1/d 0,05-0,15 0,15
e Ky + Sy A 0,-Half saturation g/m3 0,15-2,0 0,4
i N —
1 | Growth rate
0.9 | Growth rate with decay
0.8 | /‘—-'
0.7 | / —
_ 081 / /
= 05
= 7 //
04 | / /
0.3 1 /
0.2 | l
0.1
0 | :
0 2 4 10

NH4-N [g/m?3]

Biological processes — nitrogen & phosphorus
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Denitrification

= Denitrification:
Reduction of oxidised nitrogen-compounds (nitrite, nitrete) to
nitrogen (N,) by heterotrophic bacteria due to the absence of oxigen
(anoxic conditions)

= ,Respiration with oxygen “:

2CH,OH + 3 OZ
= Respiration with nitrate

5CH,OH+6NO, =5C0O, + 7TH,O+3N, +6 OH
* Energy ylelcf' at ,respiration of nitrate® 10 % lower tHan using oxygen

—> aerobic conditions are preferred instead of aerobic condition by
bacteria

» Most of heterotrophic bacteria are able to do both degradation
processes

* Yield of buffer capacity (1 mol/mg NO,;-N)

= CO, + 4H,0


Presenter
Presentation Notes
Comparison of COD removal with oxygen use and COD removal with nitrogen use 
Approx. 80 % of heterotrophic bacteria are able to use nitrogen instead of oxygen and work as denitrifiers 
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Dependency of denitrification on substrate
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Denitrification rate depends on availibility of substrate clearly
Denitrification needs readily biodegradable organic matter (SS)  
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Enhanced biological phosphorus removal
* Principle
e Sequencing alternation of anaerobic and aerobic conditions
e Accumulation of phosphorus by organisms (PAO)

e P-content in sludge
Increase from1,5-2%t03-5%

= Processes

e Anaerobic condition
= Degradation of polyphosphate with energy yield (P-removal)
. Ferdmentation of readily biodegradable substances (formation of organic
acids)
= Uptake of organic acids for the formation of intracellular storage
compounds
= Aerobic conditions
» Degradation of storage compounds and yield of energy
» Uptake of phosphate (degradation of polyphosphates)
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Enhanced biological phosphorus removal (EBPR)

Anaerobic condition Aerobic condition
IanOW'l Cell at end of Cell at beginning of
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() = organic storage matter (PHB) (P-removal) :
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Biological processes — nitrogen & phosphorus


Presenter
Presentation Notes
Description of the process 

Starting with aerobic condition�- bacteria use stored organic matter (PHB poly-hydroxy-butyric acid) for energy yield and create an energy storage by forming ATP (Adenosine triphosphate) For this process phosphate from the water phase is taken up and is reduced in from the wastewater. 
At the end of the aerobic phase bacteria contain much phosphorus in the cells (up to 8 % of MLSS) and have emptied the storage of organic substances

In anaerobic phase: 
Organic matter (BOD) is converted into organic acids (e.g. acetate or propionate) by hydrolysis processes 
These organic substance can be used by the organisms. Due to missing oxygen bacteria are gained energy from the energy depot built up in the aerobic phase.
By this the polyphosphate is emptied and the phosphate is released into the water phase, in which the concentration of phospate increased significantly 

So the organism are alternating between aerobic and anaerobic condition by return sludge. This means also an change of release and uptake of phosphorus. 
By this alternating process no real phosphorus removal takes place.. This is covered by the growth of microorganisms, which have a higher P content. 
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Enhanced biological phosphorus removal (EBPR)

# D

Anaerobic I Aerobic

Uptake
phosphorus

Net elimination rate

concentration soluble phosphate

Time
,Net elimination rate “ is caused by the incorporation of phosphorus into the
grown surplus sludge.
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Presentation Notes
Alternating process of phosphorus uptake and release is shown. 
The net elimination rate is caused by the growth of organisms, which are removed via surplus sludge and are the only possibility to remove the phosphorus in the EBR Process
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Carbon

Post-Denitrification

7 1 > aerobic anoxic

Return sludge

+

nearly every NO,-N-effluent concentration can be achieved
no internal recirculation
+ suitable for biofilm systems

+

- Costs for chemicals due to dosing of carbon source
- Risk of formation of nitrite
- Risk of enhanced concentrations of organic matter (COD) in the effluent

[] Aerobic - Nitrification [ ] Anoxic - Denitrifikation [ ] Sedimentation

=P \\astewater == Return sludge =P Recirculation
Biological processes — nitrogen & phosphorus 15
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No real practical relevance, due to the high costs for carbon sources. 
Also systems with a bypass are not realised due to the risk of higher concentrations of NH4 and COD in the effluent. 
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anoxic

aerobic

clarifier

Recirculation

Return sludge

optimal use of organic carbon (BOD5) from wastewater
small volumes for denitrification due to high denitrification rates
alternating zones (aerated/non-aerated) for different loadings and times

easy to control

- High internal flow rates

[[] Aerobic - Nitrification

== \\/astewater
Biological processes — nitrogen & phosphorus

[C] Anoxic - Denitrifikation

== Return sludge

[] Sedimentation

- Recirculation
16
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Two lines of a activated sludge system 

right photo: �nitrification in the lower and upper line (aeration can be seen)�both middle lines show the denitrification zone with separation walls (half of them are submerged)

Top left:
Denitrification zones in the middle�nitrification in the upper and lower part 

Down left: 
View on the denitrification zone 
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Elimination rates with pre-Denitrification
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Biological processes — nitrogen & phosphorus
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Nitrogen (Nitrate) removal rate during the pre-denitrification process 
Transportation of dissolved oxygen during high recirculation rates from the nitrification => this oxygen is used for COD removal; mainly readily beiodegradable substances which are missing for denitrification 
High oxygen concentrations in the effluent of activatd sludge basins have to be avoided (often happens this by installation of weirs)
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Pre-Denitrification with EBPR

Modified Bardenpho-, Phoredox-, A2/O-process

=P anaerobic TP  anoxic aerobic
(Bio-P)

Recirculation

Return sludge

Modified UCT-process

=P anaerobic ™=  snoxic aerobic

| (Bio-P)

x 1 Recirculation

Return sludge

Biological processes — nitrogen & phosphorus
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Pre-Denitrification with EBPR

modified Johannesburg-process

=== anacrobic "=
(Bio-P)

anoxic

aerobic

Recirculation

RS-

Return sludge
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clarifier

Deni

Biological processes — nitrogen & phosphorus
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Cascade Denitrification

1/n 1/n 1/n 1/n

1l

v
anoxic
aerobic

Return sludge

+ no internal recirculation flows
+ cascade reactor
+ higher mass of sludge

- Distribution of inflow difficult
-  EBPR only in a small amount

[] Aerobic - Nitrification [ ] Anoxic - Denitrifikation [ ] Sedimentation

=P \\astewater == Return sludge =P Recirculation
Biological processes — nitrogen & phosphorus 21
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Intermittant Denitrification

Phase 1
_> o 2
-
Return sludge
Phase 2
ﬁ

aerobic
anoxic

Return sludge

+ high flexibility to changing inflow conditions
+ low effluent concentrations can be achieved

high effort for mechanical engineering
high area and volume demands
Separation of aeration and mixing
Not suitable for biofilm systems

[] Aerobic - Nitrification [ ] Anoxic - Denitrifikation [ ] Sedimentation

=P \\astewater == Return sludge
Biological processes — nitrogen & phosphorus

- Recirculation
22
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Alternating Denitrification

anoxic U, >
# ‘*‘ mg/IN
aerobic NOyN  /NHgN
\-‘ t_l
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aerobic
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[ od

anoxic
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Simultaneous Denitrification

4 )
aerobic
*
anoxic
- J
Return sludge
+ high flexibility to changing inflow conditions
+ no internal recirculation necessary
+ robust operation
+ mainly for small plants

- Completely mixed systems, small reaction rates
- Large tank volumes (often also for sludge stabilisation)
- Oxygen will be displaced from nitrification to denitrification zones

[] Aerobic - Nitrification [ ] Anoxic - Denitrifikation [ ] Sedimentation

=P \\astewater == Return sludge =P Recirculation
Biological processes — nitrogen & phosphorus
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Demonstration of filled and empty tanks 
Aeration is visilble 
Blue boxes contain the mixer for the transport of sludge 
Influent is nearby the right blue box. 
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