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The study courses

o Wastewater treatment

o Stormwater management
o Microbiology

o Sludge management

o Water treatment (me)

o 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



Source: RTU Water&Bioteh lab
Molecular methods for pathogen viability detection

Cultivability vs /n sitfu identification

g Not all bacteria are
S Why? cultivable
s o ) Too complicated media
ey needed
Time-consuming

Drinking water and

biofilm ' Biogas systems =~ Y. ° i

Enurﬁerati?n of sbor'es Food quality control

More accurate models > better technologies



Waste or resource?

Future of resource recovery plants



Energy — Water
Safety

Addressing water W
sustainability (EEA) e
1 970-2000 : redUCi ng Management systems

eeeeeeee

pollution

2000-2015: efficacy of
water management
2015-2050: recovery
on nutrients and
energy

Nature protection

Source: EEA, 2012.



Black and
greywater

Biosolids
Wastewater
treatment
Effluenmt

Pathogens

Nutrients
Septic tank / Drugs
leachfield Biocides

Greywater/treatment (70% of

household use)
Household Energy/ Fertilizer
heat

T Electricity recovery

Water
treatment

Water supply

Surface/
Groundwater

[Rain Water

Hot water

. “one water” approach
Source: Nicholas Ashbolt



WASTEWATER WORKS

Extracting carbon, nitrogen and phosphorus compounds from used

water using a series of reactors would transform treatment plants o0
into profitable sources of energy, fertilizer and clean water. - |

A bed of activated carbon
(1) and a membrane (2)
trap organics and
slow-growing anaerobic

microorganisms, which
convert the organics into
methane.

Soil treatment [« « B(Igsl\?l;:;s

d
‘@

Used water
is strained

Anaerobic reactors

Methane
<C) > > Elctrcity

Phosphate and ammonia
ions are selectively captured,

concentrated and sold for
agricultural use.

Fertilizer
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Drinking
i ] water

Advanced
treatment
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lon
exchangers

Most water goes to
industrial or service

uses. About 1% is
purified for drinking.

Selectrve <. ()
separation

> Industrial and
service water

Source: Journal Nature

No Sustainability
without

POLLUTANTS TO PROFITS

Capturing energy, nitrogen, phosphorus and
water can turn wastewater treatment from a
major cost into a source of profit.

M Electricity  Fertilizer M Potable water
Chemical consumption or biosolid disposal
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Estimates for a plant processing 100,000 m3
of wastewater per day.




Nutrients are not wastes but rather resources
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Figure 1 - A sustainable scenario for meeting long-term future phosphorus demand through
phosphorus use efficiency and recovery (Cordell et al. 2011).



Emerging problems

O Antibiotic-resistant bacteria
o Microplastics

O PFAS, antibiotics  asanuge o
b srnia it

“*Biogas production is disposal

proposed

friendly

of problematic wastes

“*Production  of
power through

renewable
combined

heat and power cogeneration

“*Production

of

microbiologically safe organic

fertilizer due to
beam hygenization

“*Technology can be
any place with

electron

applied

sufficient

biomass resources while there

is no need for

external

electric energy supply
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Content of the lecture

Few basics concepts in biology
Research on wastewater at our lab

Q&A



Today’s topics

Effect of activated sludge

Posttreatment antibiotics
P 4

Sludge treatment



Effect on activated
sludge



4 Biofilm 7 a’ Suspended biomass

Inflow

Inflow Outflow

} Secondary

Secondary ! sedimentation

sedimentation

Sludge
il

Return sludge




Activates sludge

process — “gold
standard”



o History of activated sludge: Ardern,
Lockett, 1914

five weeks continuous aeration was required
in order to completely nitrify an average
sample of Manchester sewage. If, however,
the resultant solid matter was allowed to
deposit, and the purified sewage removed by
decantation and replaced by a further
sample of crude sewage, complete nitrifica-
tion of this second dose of sewage ensued
within a reduced period of time. It was
shown that accumulated deposit resulting
from the complete oxidation by prolonged
aeration of successive quantities of sewage,
which were termed ‘activated” sludge, had
the property of enormously increasing the
purification effected by the simple aeration
of sewage.

o From empiric to mathematical model —

chemical or biological
o Residence time 4-8 d



Monod equation

Calculation
according to a
bioreactor Mass balance for completely
th e ory mixed reactor (steady state)
v - . (S, —95) _ Y(S,-9)
k(1+k,0) (1+£,0) dX/dt = const.
K (1+06k,)

O(Yk—k,)-1



Notation of fluxes and variables at several points in the system:

Reactor / Cell separator
Q.
Xia Sia o 5/ | /Qh—Q'>
e Qr + Q'- / X' . S
| V ‘
|
0. 0+0,
Q, Y Q. "
X5 X,.5

In continuous operation, where wastewater is constantly added and some of the mixture is
constantly removed, the budgets of § and X are those of a continuously-stirred tank reactor
(CSTR). If the reactor’s volume is ¥ (in m®) and the volumetric flow rate is Q, (in m*/day),

the budgets are:

Substrate: V—‘Qm i é\s (Q"'+é‘)s V(K +s)

s _= g kJYSX
Celis: VS =0, X +0.X,~(Q.+0)X + V(K kX

s+
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Activated sludge “evolution
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Carnivorous and Prey in sludge (mg/L)

Sewage bacteria (mg/L)
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Sludge properties

o Sludge index: settleability
o Sludge bulking...

o Sludge age
Sludge Age...
Young
Sludge Right Sludge
% 8) Rotifers
Poor Good
Settieability Settieability

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

Excess sludge S Fly
nsects +
Oligochaets
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Nematoda  / Nematoda -
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Iwai and Kitao,1994



Sedimentation propreties are characterized by
sludge volume (SV) and sludge volume index /SVI)
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FIG. 13- 5, Bestemmelse av slamvolum .

Sludge volume index:
SVI = SV/X = (ml/1)/(g/]) = ml/g
Normal good operation : SVI < 100 ml/g

Difficult settling sludge: SVI > 150 ml/g



good sludge..

Bad sludge...
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Figure 1. Changes of nitrogen and inorganic carbon compounds concentrations in acidic and alka-
line pH reactors (n=3): (a) NH4-N; (b) NO2-N; (c) IC and (d) NO3-N.

. applied bR
sciences 2
Type of the Paper GArtc)

Impact of rapid pH changes on activated sludge process

Kristina Kokina’®, Linda Mezule!, Kamila Gruskevica?, Romans Neilands®, Ksenija Golovko, Talis Juhna!

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

(b)

Figure 2. Zoogloea ramigera (a) in sludge of the acidic reactor and filamentous sludge in

the alkaline reactor (b).



@) Interreg

Com paCt biOﬁItration Source: RTU Water&BC?;ttZIr?aIg;
technology

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

The enhanced biological
phosphorus removal process

Granular biofilm growth
(microbial crystallization)

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

Effective technology for
wastewaters treatment
containing high organics,
nitrogen, phosphorus and
toxic substances (Jiang et al.,
2002; Moy et al., 2002; Tay et

Nitrification
al., 2002b; Lin et al., 2003; (NH, + 0> NO,)

hosphate removal
AdaV et al-, 2007a,b/C,d; :nd ano::icgrowth

(stored COD + NO, + PO >

Adav and Lee, 2008a). N, + €O, + H,0 + poly-P)

Kreuk, 2006



Wiater chawn
contr o\\er -

The reactors were operated of 6 hours cycle:
5 min feeding and effluent discharge
210 min aeration

* Add air and water flow meters

*  Membranes for effective aeration
(small bubbles)
25 min settling * Automatic system control

Source: RTU Water&Bioteh lab, K.Kokina



Source: RTU Water&Bioteh lab, K.Kokina



Advantages of compact biofiltration technology

Fe GSBR

SCREENNG popony seomENTAIoN  SELECTOR AN T SEDMENTATION 5 REMOVAL Al eurrERTANK —rr
- $ — TITTTT7TT7 777 |
W%@WI I [AF—o— \L‘ ] Compact reactors
| Up to 75% smaller
footprint

s e Easy-to-operate
[ L e _
THICKENING =~ = ‘ % COSt'effeCtIVe
? SLUDGE BUFFER —%

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

Process scheme for reference treatment plant (DE Kreuk, 2006, Dissertation)

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

* Effective technology for wastewaters treatment to 30 mL/g [H. Linlin,205]]
containing high organics, nitrogen, phosphorus and
toxic sub-stances.

* Enhanced biological phosphorus removal process

*  Granular biofilm growth

(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

\/

PRE - treatment

POST - treatment

1. Sand removal 2. Primary l 3. Biological

+ Bar screen clarifier Treated
rea
Raw _
wastewater —L_ﬂ_ " 4. d.s.eom.fy’m" l effluent
‘ —_— -
Primary sludge ‘
~

[
- Excess shudge treatment €——  Secondary sludge

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 Wateré&Bioteh lab, B. Dalecka



Fungi for wastewater treatment

o 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

o 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)



Nutrient removal in pilot-scale

NH,-N, mg/L
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Source: RTU Water&Bioteh lab, B. Dalecka



Nutrient removal in pilot-scale

P, N, and TOC reduction from non-sterile wastewater by 7. versicolor
and A. luchuensis
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Source: RTU Water&Bioteh lab, B. Dalecka



Isolation and test the removal effieciency of isolates

(a) (b) (c)

PD agar with pharmaceutical substances

T T T
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Source: RTU Water&Bioteh lab, B. Dalecka
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Mass (9]

8

Mass (g]

Al based
platform
analysis
and
comparison
of ROls

Al 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. Dalecka



Wastewater
epidemiology



Latuijas Biomedicinas
pétijumu un studiju centrs

bomedcings péimi un agitba o giniem iz cluikam
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Source: Dita et al 2022

Daily composite of 24h raw
wastewater from WWTP
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5-HIAA based normalization of SARS-CoV-2 RNA copies
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Industrial wastewater



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

VALMIERA GLASS®

Source: RTU Water&Bloteh lab, J Rubulis
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AstraZeneca, Sodertalje, Sweden

The Open Biotechnology Journal, 2015, 9, (Suppl 1-M10) 93-99 93

Factors Governing Degradation of Phenol in Pharmaceutical Wastewater
by White-rot Fungi: A Batch Study _ _
Source: RTU Water&Bioteh lab, M. Bernats



Sludge treatment



access hole mixer m high-pressure valve

—1 > effluent gas
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Complex biopolymers
(proteins, polysaccharides, fats/oils)

Fermentative
bacteria

Broken down monomers and oligomers
(Sugars, amino acids, peptdes)

Fermentative
bacteria

Propionate
Fermentative Fermentative
bacteria ' Buwrate' etc. bacteria
(short-chain volatile
organic acids)

'm!

H, producmg):
H,+CO, ~~~--=> Acetate

Acetogens
(H, consuming)

Acetoclasthc
methanogens

CO, reducing
methanogens

CH, + CO,

—_—

Phase 1
Hydrolysis

Phase 2
Acidogenesis

Phase 3
Acetogenesis

Schematic representation of anaerobic digestion (source: https://www.e-education.psu.edu/egee439).



Blogas from sludge or milk wastewater
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Stabilizes pH thus increases yield of gas
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b)

[Bacteria] (CFU/mL)

d)

Sludge desinfection with affordable active materials
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Figure 8. Comparison of disinfection performance of various materials
with data in literature (see Table S7 of the Supporting Information for
full details).[40-56]
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The gas technology it has been implemented...
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Fuel from lignocellulose wastes

Enzymes produced with low energy

Continuous process of enzyme
production




Fuels and valuable chemicals from alternative
resources
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Source: RTU Water&Bioteh lab, L. MeZule



Posttreatment from
nutrients



BSP

energija,

Luxury P uptake by
bacteria

active
transport

Anaerobic

Detention time

energija



Algea for postreatment of
wastewater

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

o 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

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



Nutrient removal mechanisms by
algae

Indirect removal

+OH"™ NH, + H,0
Volatilizatio
. . . ey wgn . NO_ ay g . n
Org _N 21|nerallzat|o NH : :ltrlflcatlo ) gtralnltrlflcatl N2
NO;
Phosphate Nitrogen compounds
Assimilation to nucleoids; Reduction to NH,;
Phosphorylation >RNS *‘V v Assimilation to amino
synthesis; acids;
Storage Protein synthesis;
) Ca
0 P mineralizatio 3 +OH- +Mg Phosphate
&~ n - PO, ‘ Al precipitation
Fe Indirect removal

Source: RTU Water&Bioteh lab, A. Lavrinovics



Phosphorus storage

-  Stored as Polyphosphate granules within DAPI staining and fluorescent microscopy
the algal cells = 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 uptake' :
Temperature;
Light;
External P availability;
Our approach - starvation and recirculation.

No Poly-P storage Poly-P granules

" 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.

Source: RTU Water&Bioteh lab, A. Lavrinovics



Enhanced phosphorus luxury uptake

Nutrient removal,
algae biomass production

— ]

Treated municipal Algae biomass,
wastewater: NO;, PO, low NO; & PO,

EROLORIOrEacior

Algae biomass

recirculation /

Recirculation
algae tank

Algae starvationto enhance
phosphorus luxury uptake

Source: RTU Water&Bioteh lab, A. Lavrinovics



C. vulgaris B. braunii
Table 3. Nutrient removal rates and biomass uptake kinetics (mean values, n = 3) 1.2 12
Starvation . Biomass nutrient con- Nutrient
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period %) sumption (Y), uptake rate (k), 081 081
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NO;>-N  PO«+-P NOs:-N POs-P NO:>-N  PO«+-P —’: 0.44 0.44
C. vulgaris 0 97.7 96.6 57.70 31.70 209.07 114.87 E
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c 0.0 0.0 period (d.):
5 98.1 99.4 34.76 22.12 96.68 61.53 S 5 2 4 & & 10 5 2 4 6 & 10 e o
B. braunii 0 99.3 97.3 29.19 15.63 72.77 38.96 % A. falcatus T. obliquus .
3 99.0 99.1 28.17 16.79 66.26 39.50 S 12 12 -
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A. falcatus 0 98.7 97.7 44.32 25.95 129.40 75.77 §
3 98.4 99.2 35.31 23.88 94.74 64.08 2 % 081
5 98.7 91.2 49.87 17.89 165.47 59.37
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C. vu'/garis B. br'aunii A. la;catusT. ob;iquus

C. vu/gan's B. braunii A. lalcatusT. ob;iquus

Starvation period (days): 1073 5

Source: RTU Water&Bioteh lab, A. Lavrinovics

C. vu'lgaris B. br'aunii A IallcalusT. ob;iquus



Alternative 5: Eco-machine (John Todd Ecological Design)

www.toddecological.com/

Rest area and welcome
center along Interstate 89 in
Sharon, Vermont.

The wastewater from the
toilets is treated on site by an
eco-machine designed by
John Todd.




Alternative 4: Aerated Lagoons and Stabilization Ponds

In this process, nature is
essentially left to run its
course, with or without a little
help from aeration.

Dissolved
onygen

Oxidizing <Rm~ wale The SYStem |OOkS Iess
Y/

“acrobic” v o Algac N :' """

COLNH, PO W0 O, P~ technological and is thus bettel
R ng DN Bacteria < Scttheab . .
g i — AT |ntegrated in the landscape,
" \.\\.?B..w.‘_;.‘t.};.\:,...\.,\_‘\\ S IS but it occupies much more real
T2 Munimam shodge £, 72Tt estate. Odor may also be a
- nuisance.

http://www.lagoonsonline.comr



The concept

vertikali
integréts
projekts

Wastewater
[ treatment tank

Aquaponics Fishtank { Fish }

Plant Treated
biomass wastewater

https://Imobile.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. Lavrinovics



Proposal for the «life support systems»

Use of luxury P
uptake of algae
to enhance
removal of
nutrients from
urine and
wastewater

=1 =}
ME&SSR MICRO-ECOLOGICAL LIFE SUPPORT SYSTEM ALTERNATIVE



Source: RTU Water&Bioteh lab, T.Juhna

to encourage to do bioscience at home

zooplankton

fish and aquponic



Thank you!



