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Expertise: microbiology, chemistry, engineering 
design, quality modeling, stormwater

Turnover in projects > 0.7 MEuro (H2020, FET-
OPEN, Intereg etc)
From idea to protype
2-3 startups per 5 years

Water Research and Environmental Biotechnology Laboratory 
Established in 2002: RTU Faculty of Civil Engineering



The study courses

¢ Wastewater treatment

¢ Stormwater management 

¢ Microbiology

¢ Sludge management 

¢ Water treatment (me)

¢ Bioreactor theory (me)



Recent topics
• Detection of nonculturable bacteria
• Use of wastes for energy 

production
• Application of sensors for 

contamination control
• Phosphorous enhances removal 
• Green wastewater management 
• Reducing biofouling of membranes 



Molecular methods for pathogen viability detection

Why?

Cultivability vs in situ identification

Not all bacteria are 
cultivable

Too complicated media 
needed

Time-consuming

Drinking water and 
biofilm Biogas systems

Enumeration of spores Food quality control

More accurate models > better technologies

Source: RTU Water&Bioteh lab



Waste or resource?

Future of resource recovery plants



Addressing water 
sustainability (EEA)
1970-2000: reducing 
pollution
2000-2015: efficacy of 
water management
2015-2050: recovery 
on nutrients and 
energy

Energy Water 
Safety



Source: Nicholas Ashbolt
“one water” approach



No Sustainability 
without profitability

Source: Journal Nature



Nutrients are not wastes but rather resources

Shift to Circular economy



Emerging problems

¢ Antibiotic-resistant bacteria

¢ Microplastics

¢ PFAS, antibiotics 



Content of the lecture

• Few basics concepts in biology
• Research on wastewater at our lab
• Q&A



Posttreatment for P removal

Effect of activated sludge

Sludge treatment

Wastewater epidemiology

industrial wastewater

Posttreatment antibiotics

Today’s topics



Effect on activated 
sludge



Suspended biomassBiofilm

Inflow

Inflow

Outflow

Biofilter

Active sludge

Secondary 
sedimentation

Secondary 
sedimentationSludge Return sludge

Outlet

Aeration

Oļi



Aerobie rezervuāri

Activates sludge 
process – “gold 
standard” 



¢ History of activated sludge: Ardern, 
Lockett, 1914 

¢ From empiric to mathematical model –
chemical or biological

¢ Residence time 4-8 d
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Activated sludge “evolution”

Euchlanis sp

Avots:www.environmentalleverage.comAvots: Iwai and Kitao, 1994

Orticella Convallaria





Sludge properties

¢ Sludge index: settleability

¢ Sludge bulking…

¢ Sludge age

http://web.deu.edu.tr/atiksu/ana52/acti4.html



Iwai and Kitao,1994





http://web.deu.edu.tr/atiksu/ana52/ani4091.html

good sludge..

Bad sludge…



Control of 
inhibitors such 
as salts and 
extreme pH on 
activated sludge  
process is 
important

..



Compact biofiltration 
technology

• The enhanced biological 
phosphorus removal process

• Granular biofilm growth 
(microbial crystallization)

• Effective technology for 
wastewaters treatment 
containing high organics, 
nitrogen, phosphorus and 
toxic substances (Jiang et al., 
2002; Moy et al., 2002; Tay et 
al., 2002b; Lin et al., 2003; 
Adav et al., 2007a,b,c,d; 
Adav and Lee, 2008a).

Aerobic Granular 
Sludge Technology 
developed by Dr. ir.
Merle de Kreuk
(2006)

Aerobic Granular Sludge -
Scaling-up a new 
technology. PhD Thesis, 
Department of 
Biotechnology, Technical 
University Delft, The 
Netherlands

Kreuk, 2006

Source: RTU Water&Bioteh lab



• Add air and water flow meters
• Membranes for effective aeration 

(small bubbles)
• Automatic system control

The reactors were operated of 6 hours cycle:

5 min feeding and effluent discharge

210 min aeration

25 min settling

Source: RTU Water&Bioteh lab, K.Kokina



Aerobic granular sludge 

Source: RTU Water&Bioteh lab, K.Kokina



Compact reactors

Up to 75% smaller 
footprint

Easy-to-operate

Cost-effective

Process scheme for Nereda® with post treatment (DE Kreuk, 2006, Dissertation)Process scheme for reference treatment plant (DE Kreuk, 2006, Dissertation)

Advantages of compact biofiltration technology

• Enhanced biological phosphorus removal process

• Granular biofilm growth

• Effective technology for wastewaters treatment
containing high organics, nitrogen, phosphorus and
toxic sub-stances.

Aerobic granular sludge is recognized to be superior to 
conventional activated sludge in terms of settling ability, 
compactness, treatability, etc. It has a settling velocity 
greater than 10 m/h and sludge volume index (SVI) up 
to 30 mL/g [H. Linlin,205]]

(Activates sludge SVI 80 to 120 mL/g)

Source: RTU Water&Bioteh lab, K.Kokina

https://www.sciencedirect.com/science/article/pii/S1359511308003462
https://www.sciencedirect.com/science/article/pii/S1359511308003462


Posttreatment for 
antibiotics



BIOLOGICAL TREATMENT WITH FUNGI

Enzyme systems

Biosorption

Sankaran, S., Khanal, S. K., Jasti, N., Jin, B., Pometto, A. L., and Van Leeuwen, J. H. (2010) Use of filamentous fungi for wastewater treatment and 
production of high value fungal byproducts: A review. Critical Reviews in Environmental Science and Technology, 40(5), 400–449.

Source: RTU Water&Bioteh lab, B. Daļecka 



¢ Bacteria are conventionally are used for 
wastewater treatment, but it is not effective in 
breaking down recalcitrant organics such as 
antibiotics and endocrine system disrupting 
organics

¢ We have learned to use fungi as the primary step 
for wastewater treatment, providing low residence 
time and no need for pH adjustment (experiments 
are running now)

Fungi for wastewater treatment 



Nutrient removal in pilot-scale

Source: RTU Water&Bioteh lab, B. Daļecka 



Nutrient removal in pilot-scale
P, N, and TOC reduction from non-sterile wastewater by T. versicolor 

and A. luchuensis 

Source: RTU Water&Bioteh lab, B. Daļecka 



Isolation and test the removal effieciency of isolates

NON-STERILE

A. luchuensis 

Source: RTU Water&Bioteh lab, B. Daļecka 



AI based 
platform 
analysis 
and 
comparison 
of ROIs 

AI based platform analysis and comparison 
of ROIs for T. versicolor (TV), A. luchuensis 
(AL), and negative control without fungal 
biomass addition (A) after bioaugmentation; 
(B) after pharmaceutical removal; (C) after 
all incubation time of 35 days in order to 
model the optimal biomass addition and 
selection of fungi for fungal bed pelleted 
bioreactor optimal operation to remove 
pharmaceutical substances from wastewater 
(red - high, green – medium, blue – low, 
white - zero probability). 

Source: RTU Water&Bioteh lab, B. Daļecka 



Wastewater 
epidemiology



Source: RTU Water&Bioteh lab, S.Dejus, R.Ozols, U. Dumpis et al



Notekūdens monitorings un dati

Source: Dita et al 2022





Industrial wastewater



Removal of heavy metals from glass 
fiber industry: splitting wastewater flow

Source: RTU Water&Bioteh lab, J.Rubulis 



http://www.blueboxresearch.com

AstraZeneca, Sodertalje, Sweden

Source: RTU Water&Bioteh lab, M. Bernāts 



Sludge treatment







Biogas from sludge or milk wastewater

Stabilizes  pH thus increases yield of gas

Natural pH buffer

Ruģele et al 2014



Vanags et al 2021

Sludge desinfection with affordable active materials



+
TiO2

10 nm

Side-glowing 
optical fibers
coated with 
catalysts

A.O. Ibhadon, P. Fitzpatrick, Catalysts 2013, 3(1), 189-218

Inexpensive catalysts 
to be tested: TiO2
brownmillerite 
Ca2Fe2O5/Fe2O3



The gas technology it has been implemented…



Fuel from lignocellulose wastes
Enzymes produced with low energy

Continuous process of enzyme 
production



Source: RTU Water&Bioteh lab, L. Mežule 



Posttreatment from 
nutrients



BSP

BSP
enerģija

BSP

enerģija

Luxury P uptake by 
bacteria



¢ Using our experience of controlling nutrients metabolisms in 
microbes we are developing methods for removal of phosphorus 
and nitrogen with algae 

¢ We have demonstrated that by imposing the stress to algae it is 
possible to enhance phosphorus uptake several times, thus 
reducing size of bioreactors and increasing their efficacy

¢ To reduce energy consumption for algae harvesting we develop 
artificial food chain approach using zooplankton and higher 
animals and plants

Algea for postreatment of 
wastewater 

Rīgas Tehniskā universitāte



Nutrient removal mechanisms by 
algae 
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Source: RTU Water&Bioteh lab, A. Lavrinovičs 



§ Stored as Polyphosphate granules within 
the algal cells à used at low external 
phosphorus conditions; 3 – 5 times

§ Luxury uptake – consumes more 
phosphorus than necessary for cell 
metabolism;

§ Usual Poly-P content – 1.5% of total cell 
weight;

§ Enhanced luxury uptake1 :
l Temperature;
l Light;
l External P availability;

§ Our approach - starvation and recirculation.

1 Powell, N.; Shilton, A. N.; Pratt, S. and Chisti, Y. 2008. Factors influencing luxury 
uptake of phosphorus by microalgae in waste stabilization ponds, Environmental 
Science and Technology, 42(16), pp. 5958–5962.

Phosphorus storage

No Poly-P storage Poly-P granules

DAPI staining and fluorescent microscopy

Source: RTU Water&Bioteh lab, A. Lavrinovičs 



Enhanced phosphorus luxury uptake

Source: RTU Water&Bioteh lab, A. Lavrinovičs 



Source: RTU Water&Bioteh lab, A. Lavrinovičs 
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The concept

https://mobile.facebook.com/rtuzic/videos/2809470252413914/?_rdr

https://mobile.facebook.com/rtuzic/videos/2809470252413914/?_rdr


A prototype developed by VIP 
students

Source: RTU Water&Bioteh lab, A. Lavrinovičs 



Proposal for the «life support systems»

Use of luxury P 
uptake of algae 

to enhance 
removal of 

nutrients from 
urine and 

wastewater



to encourage to do bioscience at home

SBR                     algea

zooplankton

fish and aquponic

Source: RTU Water&Bioteh lab, T.Juhna



Thank you!


