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Abstract

Denitrifying dephosphatation is a cost-effective method for simultaneously removing nitrogen and phosphorus due to its lower
chemical oxygen demand (COD) requirement, reduced aeration, and decreased sludge production. In batch experiments,
denitrifying dephosphatation of 20 = 1 mg PO,-P/I using nitrite was studied at N/P ratios of 2, 3, and 4. The effects of both
limiting and non-limiting COD, provided by sodium acetate as a carbon source, on the activity of denitrifying phosphorus-ac-
cumulating organisms (DPAOs) were investigated. In all batch tests, at ratios N/P of 2, 3, 4, increasing the C/N ratio led to higher
NO,-N and P removal rates and efficiencies. In all batch tests, at ratios N/P of 2, 3, 4, the highest denitrification and anoxic
phosphorus uptake rates were recorded under the following conditions: at C/N ratio of 4 and N/P ratio of 2, C/N ratio of 3
and N/P ratio of 3, and C/N ratio of 2 and N/P ratio of 4. In tests with limited carbon sources (N/P of 2 and C/N < 4, N/P of
3 and C/N < 3, and N/P of 4 and C/N < 2), both denitrification and P uptake rates and efficiencies increased with rising C/N
ratios. However, the batch tests with COD overdose resulted in increased denitrification rate but deteriorated P removal rate
and efficiency. In the tests with a C/N ratio of 7, the P removal efficiencies were 75 = 3 %, 68 = 2 %, and 62 + 4 % at N/P

ratios of 2, 3, and 4, respectively.
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1 Introduction

Denitrifying dephosphatation, an alternative to conven-
tional nutrient removal, offers several advantages, such as
approximately 50% lower sludge production, a 50% reduc-
tion in organic carbon requirements, and a 30 % decrease
in oxygen demand." Denitrifying phosphorus-accumulat-
ing organisms (DPAOs) in anaerobic-anoxic alternate envi-
ronments have the ability for simultaneous denitrification
and P uptake using nitrite (NO,-N) and/or nitrate (NO;-N)
as terminal electron acceptors. Under anaerobic condi-
tions, DPAOs absorb volatile fatty acids (VFAs) and store
them as polyhydroxyalkanoate (PHA), which is accom-
panied by glycogen degradation and phosphate release.
Under subsequent anoxic conditions, microbial growth oc-
curs, where the DPAOs utilise nitrite or nitrate as electron
acceptors to uptake phosphate, and restore the polyphos-
phate and glycogen pools with the energy provided from
PHA oxidation.”® Most DPAOs exhibit anaerobic-anoxic
metabolism."?*7 However, some DPAOs can perform
phosphorus removal under purely anoxic conditions, with-
out the need for an anaerobic phase, using NO;-N as the
electron acceptor.® Others function under anoxic-oxic
conditios,”? where the aerobic phase facilitates oxidation
of residual chemical oxygen demand (COD) and P uptake.

" Corresponding author: Dijana Grgas, PhD
Email: dgrgas@pbf.hr

Various factors affecting DPAOs, such as anaerobic-aer-
obic or anaerobic-anoxic reaction times, carbon source,
dissolved oxygen (DO), temperature, and pH, have been
widely studied.**'%13 In denitrifying phosphorus removal,
nitrite is known to act as an inhibitor of microbial metab-
olism."'® High nitrite concentrations inhibit anoxic phos-
phate uptake.>'” Lower levels of nitrite (4-5 mg NO,-N/I)
have no significant effect on anoxic phosphorus uptake.'”
Nitrite concentrations up to 4 mg NO,-N/I showed no
effect on anoxic phosphate uptake, but levels as high as
12 mg NO,-N/I reduced the anoxic phosphate uptake by
65 %.’ For anoxic phosphate uptake, the nitrite threshold is
around 2 mg NO,-N/gVSS (volatile suspended solids), and
it has been suggested that the somewhat higher tolerance
of PAO’s (phosphate-accumulating organisms) for nitrite
is due to their ability to metabolise it anoxically, reduc-
ing its concentration near the cells.* The 20 mg of NO,-N/I
were completely used as electron acceptor in a denitrifying
phosphate removal process for P uptake in an integrated
fixed film activated sludge system in long-term operation,
though nitrite was limiting the anoxic phosphorus up-
take. In an anaerobic-anoxic SBR with DPAOs acclimat-
ed to nitrate as an electron acceptor, the nitrite concen-
tration up to 115 mg N/l showed no inhibition of anoxic
P uptake.’™ In an anaerobic-anoxic-aerobic SBR (sequenc-
ing batch reactor), the DPAOs in anoxic conditions, used
more than 20 mg NO,-N/I as an electron acceptor.’ Batch
experiments with biomass from an anaerobic-aerobic SBR
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showed that PAOs could utilise nitrite as an electron ac-
ceptor, with the highest denitrification rate and highest an-
oxic phosphorus uptake rate observed at 20 mg NO,-N/I.°
However, experiments with biomass not acclimatised to
nitrite showed that approximately 25 mg NO,-N/| inhib-
ited anoxic phosphorus uptake regardless of the concen-
tration of the tested external carbon sources.?’ The batch
experiments demonstrated that supplemental additions
of nitrate (45-200 mg NO,-N/I) mitigated nitrite toxicity
(5-100 mg NO,-N/I).#2 Another proposed strategy to over-
come nitrite inhibition is step-feed approach. A concen-
tration of 20 mg NO,-N/I led to inhibition of anoxic phos-
phorus uptake by 64.85 %, and the inhibition of DPAOs
denitrification by 61.25 %. The authors suggest a step-feed
strategy using nitrite as an electron acceptor, while main-
taining nitrite concentrations below 15 mg NO,-N/.%* Free
nitrous acid (FNA) is suggested as an inhibitor of phospho-
rus uptake, rather than nitrite.'® For biomass not adapted
to nitrite, concentrations exceeding 10 mg NO,-N/I and
2.25 pg HNO,-N/I were inhibitory to anoxic phosphorus
uptake in denitrifying phosphorus removal processes.?*

Since DPAOs activity is inhibited by nitrite, denitrifying
dephosphatation is less stable compared to conventional
biological P removal, posing challenges for its application
in real systems.?> Due to the conflicting conclusions about
the effect of nitrite on denitrifying phosphorus removal,
evaluating the efficiency and stability of this process with
nitrite as an electron acceptor remains difficult. With these
considerations in mind, the primary aim of this study was
to investigate denitrifying dephosphatation via nitrite un-
der anoxic conditions, with acetate and nitrite simultane-
ously present as electron donor and acceptor, respectively.
The study also sought to determine the effect of limiting
and non-limiting carbon source concentrations on DPAO
activity, and consequently, on the N and P removal rates
and efficiencies.

2 Experimental

2.1 Batch tests of DPAOs activity for denitrification and P
uptake under anoxic conditions

Batch tests were conducted under anoxic conditions in
laboratory beakers with a working volume of 600 ml, at
20-25 °C, using sludge enriched with DPAOs. The pH was
not controlled. The sludge enriched with DPAOs was ob-
tained from a sequencing batch (SBR) parent reactor op-
erated in an 8-hour cycle with a hydraulic retention time
(HRT) of 12 h and a sludge retention time (SRT) of 20 days.
Dissolved oxygen (DO), pH, and temperature were mon-
itored using an oxygen and pH probe (WTW Multi 3420
SET KS1, Germany). At the start of each anoxic batch test,
carbon sources to provide COD, as well as nitrite and phos-
phate solutions were added simultaneously. The mixed lig-
uor was stirred at 150 rpm (Thermo Scientific Super-nuo-
va, SP88857195, USA). All experiments were conducted
with 2.1 = 0.1 g MLSS/I (mixed liquor suspended solids),
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in triplicate. The results are expressed as the mean value =
standard deviation.

The batch tests (Table 1) were conducted to investigate:

The effects of limited and non-limited COD values, as well
as COD overdose from sodium acetate as an electron do-
nor (with C/N ratios ranging from 0.5 to 7), and the effect
of nitrite concentrations (with N/P ratios from 2 to 4) as an
electron acceptor on DPAO activity, with an initial concen-
tration of 20 = 1 mg PO,-P/I.

The efficiency of DPAOs in the simultaneous processes of
denitrification and P uptake under anoxic conditions, by
determining the efficiency and rate of denitrification and
P uptake.

Table T — Experimental design
Tablica T — Dizajn eksperimenata

NON/mE RO R/ mE S SN E Ragp/!:nrztlifgjgggce/N
40 + 2 20 + 1 2 0.5-7
60 + 3 20 1 3 0.5-7
80 =3 20 =1 4 0.5-7

2.2 Electron donors and acceptors

Sodium acetate (CH,COONa) was used as the carbon
source (electron donor), while NaNO, served as the elec-
tron acceptor, and K,HPO, was used as the phosphate
source. All chemicals were supplied by Merck, Germany.

2.3 Analytical methods

COD, PO,-P NO,-N, and MLSS were analysed according
to standard methods.?® Dissolved oxygen, pH, and tem-
perature were determined using an oxygen probe (WTW
Multi 3420 SET KS1, FDO 925, Germany), and a pH probe
(WTW Multi 3420 SET KS1, SenTix940-3, Germany). The
fluorescence in situ hybridisation (FISH) was performed
following the method of R. I. Amann?” for the character-
isation of DPAOs in sludge samples (Table 2), using Cy-5-
labelled EUBMIX probes for most bacteria, and Cy-3-la-
belled PAOMIX probes. FISH preparations were visualised
using a Leica confocal laser scanning microscope (CLSM).
Polyphosphate (PolyP) was determined by staining the acti-
vated sludge samples according to Neisser’® and visualized
with CLSM.

COD, N, and P removal rates were calculated by subtract-
ing the final value from the initial value and dividing by
process duration. The results are expressed in mg/lh. Free
nitrous acid (FNA) was calculated according to Anthonisen
et al?
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Table 2 - Probes used for FISH
Tablica 2 — Probe primijenjene za FISH

11

Probe name Target group Sequence Formamide Ref.
Naziv probe Ciljana skupina Sekvenca (5'-3") Formamid/ % Lit.
Acc-1-444 CCCAAGCAATTTCTTCCCC 35
DPAOmix DPAOs 2
Acc-11-444 CCCGTGCAATTTCTTCCCC 35
EUB338 GCTGCCTCCCGTAGGAGT 0-50 29
EUB338-II . All bacteria GCAGCCACCCGTAGGTGT 0-50
EUBmix Sve bakterije 30
EUB338-l1I ) GCTGCCACCCGTAGGTGT 0-50

3 Results and discussion

3.1 DPAO activity with NO,-N as an electron acceptor
under anoxic conditions

To gain a deeper understanding of metabolic behaviour
of denitrifying phosphorus-removal organisms, batch tests
were conducted to investigate DPAO activity for simultane-
ous N and P removal using NO,-N as an electron acceptor
under anoxic conditions. The objective was to determine
the minimum C/N ratio required for selected N/P ratios of
2, 3, and 4, with C/N ratios as limiting and non-limiting
carbon sources for a concentration of 20 + 1 mg PO,-P/I.

The batch tests were conducted under anoxic conditions
with electron acceptors and donors present simultaneous-
ly, omitting the anaerobic phase of the process, as previous
anaerobic-anoxic regime experiments showed no acetate
uptake into the cells or P release during the anaerobic
phase. Jena et al.® demonstrated in anoxic-aerobic SBR ex-

Table 3

periments that simultaneous nitrate, P and COD removal
is achievable under anoxic conditions without the need
for an anaerobic phase. Their research demonstrated that
DPAOs enrichment over ordinary heterotrophic organisms
(OHOs) under anoxic conditions benefited from an excess
of electron donors and acceptors. They suggested that the
presence of an electron acceptor in both the anoxic and
aerobic phases eliminates the need for an anaerobic sys-
tem.’

The batch tests measuring DPAO activity in anoxic con-
ditions for simultaneous denitrification and P uptake at
minimal required C/N ratio are shown in Table 3. Detailed
variations of COD, NO,-N, PO,-P FNA, temperature, and
pH during the batch test with 80 mg NO,-N/I at an N/P
ratio of 4 and a C/N ratio of 2 are shown in Fig. 1, while
data for the C/N ratio of 7 are provided in Table 4. The
denitrification rate (rN) is expressed as mg N/lh, and the
phosphate uptake rate (rP) is expressed as mg P/lh.

—COD, N, and P removal efficiency, and N and P removal rates under anoxic conditions for an initial concentration of
20 = 1 mg PO,-P/I at the minimum required C/N ratio

Tablica 3 — Ucinkovitost uklanjanja KPK, N i P, i brzine uklanjanja N i P pri anoksi¢nim uvjetima pri pocetnih 20 = 1 mg PO,-P/l, pri

minimalno potrebnom omjeru C/N

PO,-P/ NO,-N/ N/P | C/N | rN/mgN/lh ' rP/mgP/lh N removal P removal COD decrease
mgl~" mgl~" N uklonjeno/% = P uklonjeno/% | Smanjenje KPK/%
20 =1 40 = 2 2 4 200 = 1.3 83 x=0.5 100 84.0 = 1.2 > 97
20 =1 60 =3 23.7+2.0 | 6.7 0.7 100 83 =1 > 97
20 =1 80 =3 4 2 259 +1.7 4.8 0.7 100 74 + 2 > 97

Table 4 —COD, N, and P removal efficiency, and N and P removal rates under anoxic conditions for an initial concentration of

20 = 1 mg PO,-P/l at a C/N ratio of 7

Tablica 4 — Ucinkovitost uklanjanja KPK, N i P, i brzine uklanjanja N i P pri anoksi¢nim uvjetima pri pocetnih 20 = 1 mg PO,-P/I, pri

CIN7
PO,-P/ | NO,-N/  N/P | C/N | rN/mgN/lh | rP/mgP/lh N removal P removal COD decrease
mg|™' mg|~" N uklonjeno/% | P uklonjeno/% Smanjenje KPK/ %
20 £ 1 40 = 2 2 7 26 £ 2 7 %1 100 75+ 3 45+ 8
20 =1 60 = 3 3 7 27 =3 49 =09 100 68 + 2 49 =10
20 =1 80 £ 3 4 7 29 =2 3504 100 62 + 4 55 £ 11
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Fig. 1 - Variations of COD, NO,-N, PO,-P FNA, temperature, and pH in batch test with 80 mg NO,-N/I at N/P ratio of 4 and C/N

ratio of 2

Slika 1 — Varijacije KPK, NO,-N, PO,-P, FNA, temperature i pH u arznim ispitivanjima od 80 mg NO,-N/I pri N/P 4 i C/N 2

In all the batch tests, at N/P ratios of 2, 3, 4, an increase in
the C/N ratio resulted in higher NO,-N and P removal rates
and efficiencies. The highest denitrification and anoxic
phosphorus uptake rates were recorded at 40 = 2 mg NO,-
N/l with a C/N of 4 (N/P of 2), at 60 = 3 mg/l NO,-N with a
C/N of 3 (N/P of 3), and at 80 = 3 mg NO,-N/I with a C/N
of 2 (N/P of 4) (Table 3).

The literature points out the contradictory effects of NO,-N
as an inhibitor of anoxic P uptake. It has been reported that
concentrations greater than 10 mg NO,-N/I inhibited an-
oxic phosphorus uptake in biomass not adapted to nitrite.?*
At 12 mg NO,-N/I the anoxic phosphate uptake was re-
duced by 65 %,* and at 20 mg NO,-N/l anoxic phosphorus
uptake was inhibited by 64.85 % with a 61.25 % inhibition
of DPAO denitrification.?® Additionally, 25 mg NO,-N/I in-
hibited anoxic phosphorus uptake, regardless of the con-
centration of external carbon sources, in non-acclimated
process biomass.?" The nitrite threshold for anoxic phos-
phate uptake is around 2 mg NO,-N/gVSS."” Conversely,
concentrations of 4-5 mg NO,-N/I,>'7 20 mg NO,-N/I,*
and even up to 115 mg NO,-N/I"® were not detrimental to
anoxic phosphorus uptake.

In the batch tests (Table 3), with 40 = 2 mg NO,-N/I
(N/P of 2), denitrification efficiency reached 100 % at a
C/N of 4, with P removal efficiency of 84.0 = 1.2 %. For
60 = 3 mg NO,-N/I (N/P of 3), denitrification efficiency
was also 100 % at a C/N of 3, with P removal efficiency
of 83 = 1 %. For 80 = 3 mg NO,-N/I (N/P of 4), denitri-
fication efficiency remained 100 % at a C/N of 2, with P
removal efficiency of 74 + 2 %. Denitrification dephos-
phatation for 40 = 2 mg NO,-N/I (N/P of 2) at a C/N of 4
resulted in a denitrification rate of 20.0 = 1.3 mg NO,-N/
lh, and a P uptake rate of 8.3 = 0.5 mg PO,-P/lh. For
60 = 3 mg NO,-N/I (N/P of 3) at a C/N of 3, the de-
nitrification rate was 23.7 = 2.0 mg NO,-N/lh and
the P uptake rate was 6.7 = 0.7 mg PO,-P/lh. For
80 = 3 mg NO,-N/I (N/P of 4) at a C/N of 2, the deni-
trification rate was 25.9 = 1.7 mg NO,-N/Ih, with a P
uptake rate of 4.8 = 0.7 mg PO,-P/lh (Table 3). Availa-

ble COD for denitrification and simultaneous P uptake
in these experiments was not a limiting factor for either
process, nor was it added in excess. However, increas-
ing NO,-N concentrations from 40-80 mg NO,-N/I (N/P
2-4), resulted in a decrease in both the P uptake rate and
the P removal efficiency. By increasing the NO,-N con-
centration from 40 %= 2 mg NO,-N/I to 80 = 3 mg NO,-
N/l (N/P 2—4), the effect of P removal decreased from
84.0 = 1.2 % to 74 = 2 %, as did the P uptake rate from
8.3 = 0.5 mg PO,-P/lh to 4.8 = 0.7 mg PO,-P/Ih (Table 3).
Since both denitrifiers and DPAOs require organic carbon
for denitrification and P release, it is important to ensure
a sufficient amount of organics for an effective process.*?
Zhang et al.*?> conducted batch experiments under anaer-
obic conditions with the simultaneous presence of acetate
(360 mg CODY/), phosphate (9.7 mg PO,-P/l), and nitrite
(0-10 mg NO,-N/I), and observed reduced phosphate re-
lease as the initial nitrite concentrations increased. In our
experiments, where acetate, nitrite, and phosphate were
present simultaneously, no phosphate release occurred;
however, COD consumption, nitrite reduction, and phos-
phate uptake were recorded from the start of the exper-
iment. Zhang et al.3? suggested that DPAOs coexist with
ordinary heterotrophic denitrifiers, competing for organic
carbon during the anaerobic phase in the presence of ni-
trite, which led to reduced organic availability for DPAOs,
and less effective phosphate release, thus lowering subse-
quent anoxic P uptake. They noted that nitrite inhibited
anaerobic P release and that nitrite concentrations in the
anaerobic phase should be kept below 2 mg N/I to ensure
efficient P release and subsequent P uptake. Jena et al.’
suggest that some of the acetate was used for intracellular
PHB (polyhydroxybutyrate) storage, while some COD was
used for NO;-N reduction, in addition to biomass main-
tenance and growth in denitrifying dephosphatation with
NO;-N under an anoxic-aerobic regime. They showed that
anoxic P uptake was not dependent on PHB metabolism.
Hu et al.* reported that, in the presence of excess nitrite
in anoxic conditions, anoxic P uptake by DPAOs becomes
feasible, surpassing the denitrifying potential of other het-
erotrophic organisms.
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In all experiments with both limiting and non-limiting
COD, with an increase in C/N ratio, the P uptake rate
exhibited two phases: an initial phase with a higher rate
where around 70% of NO,-N and PO,-P were removed,
followed by a second phase with a significantly lower P
uptake rate, although NO,-N reduction continued at the
same denitrification rate (Fig. 1). Zhang et al.** observed
a similar trend, with rapid phosphate uptake and nitrite
reduction rate in the first 30 minutes of the anoxic phase,
followed by a slowdown.

FNA variations showed a consistent trend in all experi-
ments — FNA was the highest at the start of the experiment
with the initial NO,-N concentration, and decreased as
NO,-N concentrations dropped and pH increased (Fig. 1).
The highest FNA concentration, 0.008 mg/l, was record-
ed in the experiment with 20 + 1 mg PO,-P/l at an N/P
ratio of 4 and C/N ratio of 2. The absence of inhibitory
effects from such high FNA concentrations on denitrifying
dephosphatation may be due to the long-term exposure
of the sludge to nitrite as an electron acceptor. Zhou et
al."® reported that 0.02 mg HNO,-N/l completely inhibited
anoxic P uptake, while for biomass not adapted to nitrite,
2.25 pg HNO,-N/I was enough to inhibit anoxic phospho-
rus uptake.*

In our experiments, the pH profile (Fig. 1) was charac-
teristic of the denitrifying dephosphatation process: from
the start of the process, as available COD was consumed,
the pH value increased. In all experiments, initial pH was
7.2 = 0.2. Once total COD was consumed, the pH either
remained constant or slightly decreased until the end of
the experiment, indicating that pH could serve as an indi-
rect indicator of the process. The reason for the two dis-
tinct rates of anoxic P uptake could be related to pH value.
The critical pH value for anoxic P uptake was 8.75 = 0.05.
Significant P removal occurred when the pH was at or be-
low 8.75 = 0.05, while additional P uptake was observed
at higher pH levels (Fig. 1). At the end of all batch tests,
PO,-P concentrations = 3 mg PO,-P/I were recorded, sug-
gesting that P removal can be entirely attributed to DPAO
activity, rather than P precipitation.

The enhanced biological phosphorus removal (EBPR) pro-
cess is characterised by a decrease in pH during the an-
aerobic phase and an increase in pH during the aerobic/
anoxic phase. The pH value influences microbial growth
and reproduction, affecting the microbial cell membrane’s
surface charge and permeability.>*=¢ Guo et al.*” suggested
that lower phosphorus release at higher pH levels could be
due to precipitation of phosphate adhered to the surface
of zooglea, which blocked carbon adsorption and PAOs P
release. Peng®® pointed out that higher pH might reduce
the proton motive force, causing PAOs to hydrolise more
polyP, thus higher pH leads to higher P discharge. Li et al.*
demonstrated that under anaerobic conditions, phospho-
rus release increased as the pH value rose from 6.5-8, but
decreased when pH reached 8.5. They proposed that ace-
tic acid actively diffuses into cell membranes and is con-
verted to PHB. Since acetic acid degradation requires en-
ergy, this energy is replenished through the disintegration
of intercellular polyP, which is subsequently released from
the cell. In their experiments, under subsequent anoxic
conditions, P uptake increased with the increase in pH

from 6.5 to 8.0, but declined when the pH was elevated
to 8.5. They emphasised that the rate of P release was su-
perior to the rate of P uptake in response to the change in
pH value, and maintaining pH within the range of 6.5-8.0
supports stable operation, promoting anaerobic P release
and anoxic P uptake.**

In batch tests with COD overdose (Table 4), DPAO activ-
ity showed a slight increase in the NO,-N denitrification
rate, while P uptake rate and efficiency decreased. In these
batch tests, the residual COD remained in the treated wa-
ter.

Jena et al.® reported that a high COD/N ratio could cause
the dominance of heterotrophs over DPAOs. Zhang et al.>?
reported that both very high and very low initial COD
levels can negatively affect denitrifying dephosphatation.
They explained that higher initial COD promotes ordinary
heterotrophic denitrifiers over DPAOs, resulting in com-
plete nitrite reduction but low P uptake. Conversely, low
initial COD led to most of the COD being consumed by
DPAOs, with insufficient PHA stored for anoxic P uptake,
while ordinary denitrifiers did not use the COD. They con-
cluded that for effective denitrifying dephosphatation, the
initial COD should be high enough to ensure adequate
PHA formation.??

3.2 Microbial analysis of the DPAOs

FISH images of the activated sludge enriched with DPAOs
are shown in Fig. 2, while polyP identified by Neisser stain-
ing, is shown in Fig. 3.

Fig. 2 — CLSM of activated sludge enriched with DPAOs. All
bacteria are shown in green and DPAOs in red.

Slika 2 — CLSM aktivnog mulja oboga¢enog s DPAOs. Sve bakte-
rije su prikazane zeleno, a DPAOs crveno.
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Fig. 3 — PolyP stained by Neisser, 400x magnification
Slika 3 — PoliP obojen po Neisseru, povecanje 400x

The FISH method?” was used to visualise and confirm the
presence of microbial clusters specifically stained with
probes that target organisms involved in anoxic phosphorus
removal using NO,-N as an electron acceptor (DPAOmix,
Fig. 2). Through CLSM analysis, the presence of microbi-
al clusters responsible for N and P removal processes was
documented. The presence of PolyP, stained by the Neisser
method,* was confirmed in the denitrifying dephosphata-
tion process, visible as dark purple granules (Fig. 3).

4 Conclusion

Denitrifying dephosphatation of 20 = 1 mg PO,-P/I under
anoxic conditions resulted in simultaneous NO,-N remov-
al, with 70 = 2 % NO,-N denitrification achieved regard-
less of the initial NO,-N concentration (40 + 2, 60 *+ 3,
and 80 * 3 mg NO,-N/I). At the same time, the P removal
efficiency of 81 = 2 %, 79 = 3 %, and 70 = 4 % were
achieved at N/P of 2 and C/N of 4, N/P of 3 and C/N of 3,
and N/P of 4 and C/N of 2. The remaining NO,-N was fully
reduced with the residual COD, accompanied by a slight
increase in P uptake, resulting in total P removal efficiency
of 84.0 = 1.2 % for N/P of 2 and C/N of 4, 83 = 1 % for
N/P of 3 and C/N of 3, and 74 = 2 % for N/P of 4 and
C/N of 2. In these batch tests, COD removal exceeded
97 %. In the tests with limited carbon source (N/P of 2
and C/N < 4, N/P of 3 and C/N < 3, and N/P of 4 and
C/N < 2), both denitrification and P uptake efficiencies
and rates increased with increasing C/N ratio. Batch tests
with COD overdose resulted in higher denitrification rates
but reduced P removal efficiencies and rates. In batch
tests with C/N ratio of 7, the P removal efficiency were
75 £ 3 %, 68 = 2 %, and 62 £ 4 % at N/P ratios of 2, 3,
and 4, respectively. For future research, it is recommended
to investigate the effects of alternative carbon sources on
the efficiency of the denitrifying dephosphatation process,
as well as their influence on the functionality and structure
of the microbial community.
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List of abbreviations
Popis kratica

CLSM - confocal laser scanning microscope
COD - chemical oxygen demand
DO — dissolved oxygen

DPAOs - denitrifying phosphate accumulating organisms
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SAZETAK

Denitrificiraju¢a defosfatacija preko nitrita pri anoksicnim uvjetima

Andrijana Brozincevic,® Dijana Grgas,”” Irena Landeka Jurcevic,® Mirna Habuda-Stanic,°
Bruno Zelic i Tibela Landeka Dragicevic®

Denitrificirajuca defosfatacija je ekonomski povoljniji izbor za istodobno uklanjanje dusika i fosfo-
ra, zbog manjeg zahtjeva za kemijsku potrosnju kisika (KPK), manje potrebe za aeracijom i manje
proizvodnje mulja. U Sarznim eksperimentima denitrificirajuce defosfatacije 20 = 1 mg PO,-P/|
preko nitrita pri omjerima N/P 2, 3 i 4, istrazen je ucinak ogranic¢avajuceg i neogranicavajuceg
KPK-a iz natrijeva acetata kao izvora ugljika na aktivnost denitrificiraju¢ih fosfor akumulirajucih or-
ganizama (DPAOs). U svim Sarznim eksperimentima, pri omjerima N/P 2, 3 i 4, povecanje omjera
C/N rezultiralo je povecanjem ucinkovitosti i brzine uklanjanja NO,-N i P, a najveca brzina denitri-
fikacije te najveci anoksi¢ni unos P zabiljezen je pri C/N 4 i N/P 2, C/N 3 i N/P 3 te pri C/N 2 i N/P
4. U sarznim eksperimentima s ograni¢enim izvorom ugljika (N/P 2 i C/N < 4, N/P 3 i C/N < 3,
N/P 4 i C/N < 2) ucinkovitost i brzina denitrifikacije povecavaju se s pove¢anjem omjera C/N, dok
eksperimenti s prekomjernim KPK-om rezultiraju pove¢anjem brzine denitrifikacije, ali je brzina i
ucinkovitost uklanjanja P narusena. U arznim eksperimentima pri C/N 7 ucinkovitost uklanjanja
P iznosi 75 = 3 % pri omjeru N/P 2, 68 = 2 % pri omjeru N/P 3 i 62 = 4 % pri omjeru N/P 4.
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akumulirajuci organizmi
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