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lateral decanter (K1), wis abie o work in o e lows of gramlar remchen] 95% of
eryanic maties removal pecfarmsece. s granedes hud excelent comctice, with seifBeg veloelry vlues lxwe
100w, The R bloresence also allowe] rapid boms sdaption and terefre o Gt stastap (1] days).
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1. Introduction
mndududgeucs}u-pumhlnlo@;dqml’w
du due 1 with

trestmant o
m::mlmm:mmmduﬂgﬂw] -3l
The hydrodynamic shear force and the continnous cireular motion

granules formed by fixed and stabd.
Luedmnpnlymm.cmml-i_‘ rmummguunumm
d NS promotes

4 better sertieablity Ir'!.mud\unheuuulnuiumdu Imple-
mumdmmpuumuuumuphmlwwm]m
comparisan with CAS, due to bower time and

fnternal layers [10-12). This fact promotes the stradfication of micro-
orgunisms alorg the layers, and consequently, It ds possible to find
different metabolisms in the same gronale [2 . Thesefore, AGE can

remove crganie matter, phmnmlx. nitregen and other substances,

acids in the same chamber [1,3.8,13-17). Changes in ablotic factors
could modify influsne charscteristies [18). However, AGS & & robus
technology able to adapt o oscillaring Influent compositicn [19]. This
capabitity is promated by the large amoant of exeracellular polymeric
substices (EPS) excreted by microcrgarims In these ggregates,

liquid.solid phases (2,55, Mosenwer, the dense granular strucnare en.
courages  high acoumulation of bicmass. According to Nancharalah
et al [9], AGS technology can reach a biomass cancentration greater
than 10 317", Besides this, the round shape maximises the granular
surface, and the high compactness promates mass transfer, which cre.
ates differences In terms of cxygen and numents from the exiemal o

resistarce to taric ds and high arganic leading
rates [13,20). For all these reasons, AGS systems can be used to weat
wrben and Industrial wastewater [13,21] as well as drinking water [22].

This technology has wsually been opernted in sequential batch re-
actors (SBRs), with the following cycles: 1) reactor filling with the raw
water, ) aeratbon, 3) settling of granubes to separate the treated water
from the biomass and 4) effluent discharge. In the last stage, Bght flocs

* Cormposdisg wethor at: Faculty of Phamacy, Unversity of Grands, Casspus de Cartujs, 1%, 15071 Granads, Spain.

B aeldress: b pigr. s (B Mubi-Paluzos).
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Rosa-Masegosa et al., 2023
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sludge system at different phenolic acid concentrations
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. 6 . ARTICLE INFO ABETRACT

[— The present wark aims to use aerobic granular sludge bechnodogy for the tremment of wasiewater caniaining

/ Vi Phenolic compounds thigh organic matter koads and a misture of phenolic compounds normally present in olive washing water, The

. Aumchic gramlie duilge physicochemical pesfoemance of five bloreacors treating different concemrasions of mixture of phenalic wcid

n O C u O g ra n u O S . was manitored to ob he respon the systems. that operated at 50, 106 and W0 mgl~ "
. . - i ot show peleyn changes In terms of perfarsance and grasales peopertics, showing high eatio of pheslie

the bioreactors opernted with high phesolic compound concentrations
e and phissclic acid semaval. b the saee way, high co ol

compound removal ratio. However,
e b rates of Grganic malter,

Ve
Mezcla de Acido caféico, acido hidroxibenzoico, acido S S e R e
dmnimnhs‘hls:\:e.&-mm\r.lhe - d ait 500 " of phs

protocatecuico. 50, 100, 300, 600 y 1000 mg/L. e S

1. Introduction

Fhenolic compeunds are chemical substanees that make important
contribations to the pollutant and recalcitrant character of different
Indwstrial and agriculnural wastewsaters [1,2]. Different industrial and
agrivfiood effluents presens high concentrations of phenalic acits, those
of the olive ol industry being of particular impertance in the Medi-
terranean area, with mose than 3 millivn tons produced snually
mainly by Spain, Portugal, ltaly and Greeee [©2). The main effluent
gerserated during the production of olive ol is olive washing water
(CWW) [7-9]. Regarding alive ail by-products, phenalic campeands
are quantitatively aburdant [10], with total phesol content between
200 and 300 mg L. The main Fsmilies of phenclic compounds iden.
tified by authars in olive mill wastes are phenaolic acids, secoiridaids
ard Aavancids [10,11]. Mareover, WW presents a high arganic matser
load. with & ehemical oxygen demand (COD) of up to 5 L=, More-
cver, phenclic compounds deserve special attention due to their influ.
ence a5 antihacterial and phytotoxie products 3], even &t very low
concentrations, limiting the wse of biological processes. In this contest,

advanced oxidation, membrane filtration, biclogical digestion, hetero-
genaus photocatalysis and Photo-Fenton degradation have been used
for phenalic acid degradation [1,4]), although these technologles have
serious disadvantages such as their economic cost and not being very
friendly 1o the environment. It is for this reason that the search for
bivkogical alternatives for the treatmens of efluents polluted with
phenalic compounds 15 a challenge of great botechnological inserest,
Thus, in the last decade, aerobic-biodegradation processes such as
submerged biofilier or photobloreactorPER) systems have been pro-
pased due 1o the robustness for the treatment of agricultural waste-
waters palluted with high concentraticns of phenclic substances [1,5]
The PBR was used for resting real olive wassewater, and the results
confirmed thas the biofilm formed shawed 3 high capacity to remave
phenals. mitrogen, phesphorous and seganic marter, also the system
reached the steady-stable in a short period under 2h of hydraulic re.
rention time, O the other hand, it was proposed a inpovarive biological
technology dencminated nerchic granular shidge technology far
treating phenots and pesticides, between amang pollusants, which are
commaon compounds present in agriculture efffuent, being more

authar at: Barbara Muie-Palazon Institute of Water Research, University of Granads, €/Raman y Cagal. 4, 18071, Graaula, Spain.

Email address: by

gr.es (B Mufioz-Palazoa).

SOE01S

Reecelved 11 Februasy 2019, Recelved in revised farm 7 May 2019; Accepted 8 May 2019

Awailable online 05 May 2019
0304-3804/ € 2019 Elsevier BV, Al sights rescrved.

Mufioz-Palazén et al., 2019
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ARTICLE INFO ABSTRACT

[— The present work aims to use acrobie granular sludge technobogy for the trestment of wastewater contalning
Phennlic compounds thigh organic matter koads and a misture of phenolic compounds normally present in olive washing water, The
Aurchic gramelie shilge physicochemical pesfoemance of five bloreacors treating different concemrasions of mixture of phenalic wcid
T composinds was manitered o ob: spone of the systems.

that operated at 86, 100 and JiGmgL "
i ot show peleyn changes In terms of perfarsance and grasales peopertics, showing high eatio of pheslie
compound removal ratio. However, the bioreactors operated with high phesolic compound concentrations
e b rates af Grganic matber, nitrogess and phessolse acid semaval. B the s wag, high cancenteations of
phenclic compounds determined the disintegraticn of the granular béomass, Nex:. generation sequencing stodies
sbomed a stable community stracture in the hiaresctors aperating with 50, 100 and 300 g1~ of pheslic
acks, with the genera Lampropedia and Asenimonas, family Xanthobacreracens and Fungl Perizomycoring a5 the
dominant phylotypes. Comversely, the ot 504
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could be wseful for the treatment of wastewaters such as olive washing water.

1. Introduction

Fhenolic compeunds are chemical substanees that make important
contribations to the pollutant and recalcitrant character of different
Industrial and agriculiural wastewaters [1,2]. Different indusrial and
agrivfiood effluents presens high concentrations of phenalic acits, those
of the olive ol industry being of particular impertance in the Medi-
terranean area, with mose than 3 millivn tons produced snually
mainly by Spain, Portugal, ltaly and Greeee [©2). The main effluent
gerserated during the production of olive ol is olive washing water
(CWW) [7-9]. Regarding alive ail by-products, phenalic campeands
are quantitatively aburdant [10], with total phesol content between
200 and 300 mg L. The main Fsmilies of phenclic compounds iden.
tified by authars in olive mill wastes are phenaolic acids, secoiridaids
ard Aavancids [10,11]. Mareover, WW presents a high arganic matser
load. with & ehemical oxygen demand (COD) of up to 5 L=, More-
cver, phenclic compounds deserve special attention due to their influ.
ence a5 antihacterial and phytotoxie products 3], even &t very low
concentrations, limiting the wse of biological processes. In this contest,

authar at; Barbara Muie-Pal
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advanced oxidation, membrane filtration, biological digestion, letero-
genaus photocatalysis and Photo-Fenton degradation have been used
for phenalic acid degradation [1,4]), although these technologles have
serious disadvantages such as their economic cost and not being very
friendly 1o the environment. It is for this reason that the search for
bivkogical alternatives for the treatmens of efluents polluted with
phenalic compounds (s a challenge of great biatechnologieal inferest,
Thus, in the last decade, aerobic-biodegradation processes such as
submerged biofilier or photobloreactorPER) systems have been pro-
pased due 1o the robustness for the treatment of agricultural waste-
waters palluted with high concentraticns of phenclic substances [1,5]
The PBR was used for resting real olive wassewater, and the results
confirmed thas the biofilm formed shawed 3 high capacity to remave
phenals, nitrogen, phospharous and oeganic matter, alse the system
reached the steady-stable in a short period under 2h of hydraulic re.
rention time, O the other hand, it was proposed a inpovarive biological
technology dencminated nerchic granular shidge technology far
treating phenots and pesticides, between amang pollusants, which are
commaon compounds present in agriculture efffuent, being more
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agrifood effluents presens high concentrations of phenalic acids, those
of the olive oll indusiry being of particular importance in the Medi-
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gerserated during the production of olive ol is olive washing water
(CWW) [7-9]. Regarding alive ail by-products, phenalic campeands
are quantitatively aburdant [10], with total phesol content between
200 and 300 mg L. The main Fsmilies of phenclic compounds iden.
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pH7ypHDS5

Composition of the feeding wastewater in R1 and R2.

Parameter

Unit Raww citrus
measure wastewater

Period 1 (30 days)

Period I1 {30 days)

R1

R2

R1

R2

Total COD (TCOD)

mg L™ 3065-7512
(5464 +1291)

Soluble COD (5COD) mg L 15956480
(3823 + 1473)
Total Nitrogen (TN) mg L 12435

Total Phosphorous (TP) mg L

Total suspended solids mg L

(Ts5]
pH

35+11

300-1914
(1219 + 652)
52402

3065-7300
(5579 + 1434)
1595-6045
(4029 + 1349)
40-151

(101 +13)
8-30

(20 +3)
300—1604
(906 + 321)
72403

3065-7300

(5579 + 1434)
1595-6045

(4029 + 1349)
40-151 (101 +13)

8-30
(20£3)
3001604
(906 + 321)
53402

3175-7512

(5296 + 1319)
1920-6480

(3525 = 1615)
48—162

(BB +9)
93-324(176+2)

1004-1914 (1324 + 426)

74+04

3175-7512

(5296 + 1319)
1920-6480

(3525 + 1615)
48—-162

(BB +9)
93-324(17.6+2)

1004-1914 (1324 + 426)

51+02

Research article

Aerobic granular sludge treating high strength citrus wastewater:
Analysis of pH and organic loading rate effect on kinetics, performance

and stability

Santo Fabio Corsino’, Daniele Di Trapani, Michele Torregrossa, Gaspare Viviani
Dipartimento di Ingegneria Chvite, Ambientale, Aerospazile. dei Materiali, Universita di Palermo, Viale delle Scienze, 90128 Fafermo, ftaly
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ABSTRACT

Article history:
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25 January 2018

Accepted 24 Febewary 2018
Available online 5 March 2018

In the present paper, the feasibility of citrus wastewater treatment with aerobic granular sludge
sequencing batch reactors (AGSBR) was investigated. Two AGSBRS (named R1 and R2, respectively) were
operated for 90 days under different organic loading rates (OLR) and pH in two experimental periods. The
OLR ranged approximately between 3.0 kg TCOD m *d " and 7 kg TCOD m *d ™! during Period I, whereas
between 7kg TCOD m *d” ' and 15 kg TCOD m~d " during Period II. pH was maintained 3t 70 and 5.5 in
R1 and R2, respectively.

The results revealed that under high OLR and unbalanced feast/famine regime (Period 1), the devel-
opment of fast-growing (fungi and bacteria) was favoured in both reactors,
resulting in granular sludge instability. An extended famine phase and a proper balancing between feast

and famine periods (Period 1) were favourable for the development of bacteria with low growth rates
(0.05 ') thus enhancing the granules stability. To the benefit of granular sludge stability and effluent
quality, the length of the feast period should not exceed 25% of cycle length.

Moreover, under OLR lower than 7 kg TCOD m*d " the removal efficiency of total chemical oxygen
demand (TCOD) was approximately 90% in R1 and R2 and no side effects on the organic carbon removal
performance related to the pH were observed. In contrast, at higher OLR a significant decrease in the
removal efficency (from 90% 1o less than 75%) was observed in R2. Results revealed also that undes low
pH, hydrolysis of proteins occurred and a decrease in the biological kinetic rates proportionally to the
applied OLR was observed.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Indeed, chemical oxygen demand (COD) concentration varies
greatly according to the different stages of the production process.

The citrus industry requires large amounts of water for washing
of fruits and equipment, juices and essential oils extraction, etc.
Citrus is largely cultivated in southern ltaly (Zema et al. 2012),
especially in Sicily. It was estimated that a citrus factory that pro-
cess 25t/h of lemon produces over 10 million litres of wastewater
per day (Navarro et al, 2008). Citrus wastewater is highly
contaminated with organic matter, suspended solids, high content
of essential oils and acidity (pH < 3), as well as unbalanced nutri-
ents due to the lack in nitrogen and phosphorous {Zema et al
2012). Moreaver, citrus wastewater is characterized by seasonal

Legend: min-max [average + std.dev) values.

and i ility (El-Kamah et al, 2010).

* Correspanding author.
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Corsino et al., 2018

In Sicily, the highest peak of production is generally reached toward
the beginning of March, because of the simultaneous maximum
productivity in oranges, lemons and mandarins. Furthermore, the
itati ition of citrus could change through
the workday, basing on the production step (as juice or essential oil
extraction, or fruit washing, etc.). Essential oils are responsible for
their antimicrobial actions, hence their presence, although in low
concentration, could be a limit for biological processes (Saverini
12; Zema et al. 2012). Overall, the composition and the
e variability of the wastewater quality, in terms of organic
loading and alkalinity, represent a serious challenge for biological
treatments.
Ensuring compliance with stringent regulatory standards for
discharge into a municipal sewage system of receiving water
bodies requires highly efficient technologies to manage properly
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ARTICLE INFO ABSTRACT
Article history: In the present paper, the feasibility of citrus wastewater treatment with aerobic granular sludge
Received 4 September 2017

sequencing batch reactors (AGSBR) was investigated. Two AGSBRS (named R1 and R2, respectively) were

operated for 90 days under different organic loading rates (OLR) and pH in two experimental periods. The

25 jaumiy 2018 OLR ranged approximately between 3.0 kg TCOD m *d ™! and 7 kg TCOD md ™" during Period I, whereas
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R1 and R2. respectively.

The results revealed that under high OLR and unbalanced feast/famine regime (Period 1), the devel-
sidviri ‘;,m,,, shudge opment of fast-growing {fungi and bacteria) was favoured in both reactors,
Slokinctis resulting in granular sludge instability. An extended famine phase and a proper balancing between feast
and famine periods (Period 1) were favourable for the development of bacteria with low growth rates
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demand (TCOD) was approximately 0% in R1 and R2 and no side effects on the organic carbon removal
supply performance related to the pH were observed. In contrast, at higher OLR a significant decrease in the

removal efficiency (from 90% to less than 75%) was observed in R2. Results revealed also that undes low
pH, hydrolysis of proteins occurred and a decrease in the biological Kinetic rates proportionally to the
applied OLR was observed.
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1. Introduction

The citrus industry requires large amounts of water for washing
of fruits and equipment, juices and essential oils extraction, etc.
Citrus is largely cultivated in southern ltaly (Zema et al. 2012),
especially in Sicily. It was estimated that a citrus factory that pro-
cess 25t/h of lemon produces over 10 million litres of wastewater
per day (Navarro et al, 2008). Citrus wastewater is highly
contaminated with organic matter, suspended solids, high content
of essential oils and acidity (pH < 3), as well as unbalanced nutri-
ents due to the lack in nitrogen and phosphorous {Zema et al
2012). Moreaver, citrus wastewater is characterized by seasonal

ive and i ility (El-Kamah et al, 2010).
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Indeed, chemical oxygen demand (COD) concentration varies
greatly according to the different stages of the production process.
In Sicily, the highest peak of production is generally reached toward
the beginning of March, because of the simultaneous maximum
productivity in oranges, lemons and mandarins. Furthermore, the
itati ition of citrus could change through
the workday, basing on the production step (as juice or essential oil
extraction, or fruit washing, etc.). Essential oils are responsible for
their antimicrobial actions, hence their presence, although in low
concentration, could be a limit for biological processes (Saverini
et al,, 2012; Zema et al. 2012). Overall, the composition and the
extreme variability of the wastewater quality, in terms of organic
loading and alkalinity, represent a serious challenge for biological
treatments.
Ensuring compliance with stringent regulatory standards for
discharge into a municipal sewage system of receiving water
bodies requires highly efficient technologies to manage properly
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In the present paper, the feasibility of citrus wastewater treatment with aerobic granular sludge
sequencing batch reactors (AGSBR) was investigated. Two AGSBRS (named R1 and R2, respectively) were
operated for 90 days under different organic loading rates (OLR) and pH in two experimental periods. The
OLR ranged approximately between 3.0 kg TCOD m *d " and 7 kg TCOD m *d ™! during Period I, whereas
between 7 kg TCOD m d ' and 15 kg TCOD m~d " during Period II. pH was maintained at 70 and 5.5 in
R1 and R2. respectively.

The results revealed that under high OLR and unbalanced feast/famine regime (Period 1), the devel-
opment of fast-growing {fungi and bacteria) was favoured in both reactors,
resulting in granular sludge instability. An extended famine phase and a proper balancing between feast
and famine periods (Period 1) were favourable for the development of bacteria with low growth rates
(0.05 d-') thus enhancing the granules stability. To the benefit of granular sludge stability and efluent
quality, the length of the feast period should not exceed 25% of cyle length.

Moreover, under OLR lower than 7 kg TCOD m*d ™" the removal efficiency of total chemical oxygen
demand (TCOD) was approximately 90% in R1 and R2 and no side effects on the organic carbon removal
performance related to the pH were observed. In contrast, at higher OLR 2 significant decrease in the
removal efficiency (from 90% to less than 75%) was observed in R2. Results revealed also that undes low
pH, hydrolysis of proteins occurred and a decrease in the biological Kinetic rates proportionally to the
applied OLR was observed.

© 2018 Elsevier Ltd. All rights reserved.

1. Introduction

Indeed, chemical oxygen demand (COD) concentration varies
greatly according to the different stages of the production process.

The citrus industry requires large amounts of water for washing
of fruits and equipment, juices and essential oils extraction, etc.
Citrus is largely cultivated in southern ltaly (Zema et al. 2012),
especially in Sicily. It was estimated that a citrus factory that pro-
cess 25t/h of lemon produces over 10 million litres of wastewater
per day (Navarro et al, 2008). Citrus wastewater is highly
contaminated with organic matter, suspended solids, high content
of essential oils and acidity (pH < 3), as well as unbalanced nutri-
ents due to the lack in nitrogen and phosphorous {Zema et al
2012). Moreaver, citrus wastewater is characterized by seasonal

ive and i y (El-Kamah et al, 2010).
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In Sicily, the highest peak of production is generally reached toward
the beginning of March, because of the simultaneous maximum
productivity in oranges, lemons and mandarins. Furthermore, the
itati ition of citrus could change through
the workday, basing on the production step (as juice or essential oil
extraction, or fruit washing, etc.). Essential oils are responsible for
their antimicrobial actions, hence their presence, although in low
concentration, could be a limit for biological processes (Saverini
L., 2012; Zema et al. 2012). Overall, the composition and the
extreme variability of the wastewater quality, in terms of organic
loading and alkalinity, represent a serious challenge for biological
treatments.
Ensuring compliance with stringent regulatory standards for
discharge into a municipal sewage system of receiving water
bodies requires highly efficient technologies to manage properly
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Matadero

Reactor: SBR, escala laboratorio.
TRH: 8 h.
Inoculo: fango flocular

Average characteristics of the influent wastewater

Parameier (umts) Measured value

pH 7.3+0.4 (29)*
Total COD (mgl™") 7685+ 646 (24)
SCOD (mgl™") 51634470 (24)
TKN (mgl™!) 1057+ 63 (24)
NH,N (mgl™") 50412 (24)
NO:N (mgl™!) 0+0 (24)
NO>-N (mgl™") 0+0 (24)
Total P (mgl~!) 217+ 38 (24)
Alkalinity (mgl™" as CaCOs) 872442 (8)
SS (mgl™") 1742+ 116 (23)
VSS (mgl ") 1520+ 128 (23)

“Mean + standard deviation (number of measurements).
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wastewater in a SBR with aerobic granular sludge
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Abstract

The I'orm.mun .md performdm,f of granular sludge was sludxed in an 81 sequencing baich reactor (SBR) treating an
abattoir (sl Influent conc d 1520mg1~" volatile suspended solids (VSS).
7685mgl~" Chemical oxygen demand (COD), 1057 mg1~ 'wlal kyeldahl nitrogen (TKN), 217mgl ™" total P. The COD
loading was 2.6kgm™>d~". The SBR was seeded with flocculating sludge from a SBR with an 1h settle time, but
granules developed within 4 days by reducing the settle time to 2min. The SBR cycle also had 120min mixed
(anaerobic) fill, 220 min aerated react, and 18 min draw/idle. The granules had a mean diameter of 1.7 mm, a specific
gravity o( 1.035. a density of 62 VSS1~', a zone settling velocity (ZSV) of Simh ™", and a sludge volume index (SVI) of
22mlg~". Without oplimizing process conditions. removal of COD and P were over 98%, and removal of N and VSS
were over 97%. Nitrification and d occurred 1 ly during react. The results indicate that
conventional SBRs treating wastewaters with flocculating sludge can be converted to granular SBRs by reducing the
settle time.
© 2005 Elsevier Ltd. All rights reserved.

Keywords: Abattoir: Acrobic granules; Biologi h removal: D Nitrificati SBR: Slaugh:
Wastewater
1. Introduction diameter than flocs, allowing a bioreactor to maintain
high biomass concentrations with excellent settling
Granular sludge was first described in  strictly properties (van Loosdrecht et al., 1995). The resulting
anaerobic systems, such as upflow anaerobic sludge increase in reactor efficiency explains why over 900
blanket (UASB) reactors (Lettinga et al., 1980), biofilm UASB reactors have been built around the world (Alves
airlift reactors (van Loosdrecht et al. 1995). and et al., 2000).
anaerobic sequencing batch reactors (SBRs) (Wirtz Rca—nll) ihc I'orrmhon uf granules under acrobic and
and Dague, 1996). Granules have a greater density and diti has been re-
porl:d in SBRs seeded with flocculating sludge. Several
" *Corresponding author. Tel.: +4186562131; factors promote the formation of aerobic granules from
fax: +4186567339. 1k A short settle time is required to wash out free-

E-mail address: daniel.cassidy @ ggl ulaval.ca living and floc-forming microorganisms and apply
(D.P. Cassidy). selective pressure for granule formation (Morgenroth

0043-1354/S - see front matter « 2005 Elsevier Lid. All ights reserved.
doi:10.1016/j.watres.2005.09.025

Cassidy & Belia, 2005
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Average effluent measurements and performance calculations
for the SBR during steady state operation (day 16-day 76)

Parameler {units)

Measured value

pH

Total COD (mgl™")
SCOD (mgl ")

Total COD removal (%)

7.1+0.3 (64)*
106+ 18 (64)
95+ 17 (64)
98.6

TKN (mgl™")

NHN (mgl™)
NOs;-N (mgl™")
NO,-N (mgl™")
M BRemowal (%)

242 (64)
0 (64)

26 (64)

0 (64)
07.4

Total P (mgl™")
P Removal (%)

442 (64)
0982

P Content of biomass (% by weight)

EVSS (mgl™")
WSS removal (%)

571038 (31)
42+8 (64)
7.2
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D.P. Cassidy™*, E. Belia”

*Département de Géologie et de Génie Géologique, Université. Laval, Sainte-Foy, Que., Canada GIK 7P4
*Primodal, Inc., 122 Leland St., Hamilton, Ont., Canada L3S 344

Received 11 June 2004: received in revised form 1 April 2005; accepted 20 September 2005

Abstract

The I'orrn.mon .md performam,t of granular sludge was sludxed in an 81 sequencing baich reactor (SBR) treating an
abattoir (sl Influent conc d 1520mg1~" volatile suspended solids (VSS).
7685mgl~" Chemical oxygen demand (COD), 1057 mg1~ 'wul kjeldahl nitrogen (TKN), 217mgl~" total P. The COD
loading was 2.6kgm™>d~". The SBR was seeded with flocculating sludge from a SBR with an 1h settle time, but
granules developed within 4 days by reducing the settle time to 2min. The SBR cycle also had 120min mixed
(anaerobic) fill, 220 min aerated react, and 18 min draw/idle. The granules had a mean diameter of 1.7 mm, a specific
gravity o( 1.035, a density of 62g VSS1™'. a zone settling velocity (ZSV) of Smh~ ‘anda sludge volume index (SVI) of
22mlg~". Without oplimizing process conditions. removal of COD and P were over 98%, and removal of N and VSS
were over 97%. Nitrification and d occurred 1 ly during react. The results indicate that
conventional SBRs treating wastewaters with flocculating sludge can be converted to granular SBRs by reducing the
settle time.
© 2005 Elsevier Ltd. All rights reserved.

“Mean +standard deviation (number of measurements).

Keywords: Abattoir: Acrobic granules; Biologi h removal: D i Nitrificati SBR: Slaugh
Wastewater
1. Introduction diameter than flocs, allowing a bioreactor to maintain

Granular sludge was first described in  strictly
anaerobic systems, such as upflow anaerobic sludge
blanket (UASB) reactors (Lettinga et al., 1980), biofilm
airlift reactors (van Loosdrecht et al. 1995). and
anaerobic sequencing batch reactors (SBRs) (Wirtz
and Dague, 1996). Granules have a greater density and

*Corresponding author. Tel: +4186562131;
fax: +4186367330.
E-mail address: danicl.cassidy(@ ggl ulaval.ca
(D.P. Cassidy).

high biomass concentrations with excellent settling
properties (van Loosdrecht et al., 1995). The resulting
increase in reactor efficiency explains why over 900
UASB reactors have been built around the world (Alves
et al., 2000).

Rcucnll) lhc I'urrnahon uf granules under aerobic and
it has been re-
porl:d in SBR; seeded with flocculating sludge. Several
factors promote the formation of aerobic granules from
flocs. A short settle time is required to wash out free-
living and floc-forming microorganisms and apply
selective pressure for granule formation (Morgenroth

0043-1354/S - see front matter « 2005 Elsevier Lid. All ights reserved.

doi:10.1016/j.watres.2005.09.025

Cassidy & Belia, 2005
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Performance of aerobic granular sludge in a sequencing batch bioreactor @G“M
for slaughterhouse wastewater treatment

Reactor: SBR, escala laboratorio, 20 L. i, Xiorong Kang - i i ¥ning tan'

“School of Municipal and Envirenmental Engineering. Harbin institute of Technalogy. Harbin 150020, China

—l— R H 1 2 h B Schosl of Civif Engineering, Yancheng Institutr of Technology, Yancheng 224051, China
.
. .

HIGHLIGHTS

/ .
. «» Biological nutrient removal was pesitive correlated to sludge granulation.
n O C u O a n O a C I VO » The external featuse of granulr sludge was studied by 30-EEM and EPS.
* « Particle size distribution showed the superior size for AOB and NOB growth.

« The SOUR was used ta analyze the activity of ADB and NOB.

ARTICLE INFO ABSTRACT

Article history: Lab- i i a: ducted 1o i the formation and characteristics of aerobic granular
Received 22 December 2014 . sludge for biological nutrient removal of slaughterhouse wastewater, Experimental results showed that
Received in revised fonn 26 February 2015 rermoval performances of chemical oxygen demand (COD), ammonis and phosphate were enhanced with
Accepted 1 March 2015 sludge granulation, and their removal efficiencies neached 95.1%, 95.3% and 83.5%, respectively. The aera-

Awailable online & March 2015
alals onfine bic granular sludge was matured after 90 days cullivation, and protein-like substances were the main

the mass ratio of proteins and polysaccharides (PN/PS) was enhanced 1o
2.5 from 1.7, The granules with particle sizes of 06-12 and 12-18 mm. accounting for 63.6%, were
benefit fos the growth of ammonia oxidizing bacteria (ADB) and nitrare oxidizing bacteria (NOB), and

Weywards:
Arobic gramular shidge
Saughterhouse wartewater

Particle size comesponding specific oxygen demand rates [SOUR) of ADE and NOB were 31.4 and 233 mg0s|

Extracellular palymeric substances BMILSS b, respectively.

Specific axygen demand rates @ 2015 Elsevier Lid. All rights reserved.

1. Introduction a nitrificati itrification system based on the
aerobic granular can fulfill the envi require-

Slaughterhouse wastewater is characterized by high concentra-
tions of erganic matters, suspended solids, oil and grease, nitrogen
and phosphate [Merzouki et al., 2005). Due to the high concentra-
tions of organic matters and nitrogen, biodogical treatment of this

is usually ished in units arranged
tn remove organic matter prior to nitrogen. Anaerobic processes.
normally remove a significant fraction of organic matters, bur
low nitrogen. Conventional nitrogen removal systems involve the
installation of several units of sequential operations. requinng
large areas for the deployment of full scale systems. One way
reduce the deployment areas is by systems that integrate nitrifica
tion and denitrification within a single unit (Bassin et al. 2012}
After anaerobic hydrolysis andjor physical pretreatment of this

+ Correspanding authar 2t Schocl of Municipal and Envircamental Engineering.
‘Harbin Institute of Technology, Harbin 150090, China, Tel: +B6 18305105285,
E-mail addresses: feix 200481 63 com, lixinharbio®163.com (X Kang)

hitp:/ {dx.doi.org/10.1016).bortech 201 5.03 008
0U6D-£524/0 2015 Elsevier Lid Al rights reserved.

Liu et al., 2015

ments (Zhao et al.. 2013}

Aerobic granular sludge has attracted increasing attention in
recent years, for its high metabolic activity, large granule diameter,
remarkable settle ability, and high biomass retention without any
support media, ability to withstand shock laadings and unfavor-
able environmental conditions, and especially, the excellent
simultaneous nitrification and denitrification capacity (Adav
et al, 2009; Wei et al. 2012). However, reports of successful aero-
bic granulation system were mainly focused on readily biodegrad-
able synthetic wastewater (Mancharaiah and Venugopalan, 2011).
Information on application of aerobic granules for the treatment
of refractory wastewaters with high-strength ammonium, like
phenol wastewater (Adav et al. 2007}, agro-based wastewater
[Abdullah et al. 2011), livestock wastewater [Othman et al.,
2013), rubber wastewater (Rosman et al, 2014) and domestic
wastewater (Coma et al. 2012) is still very initiated, even though
biological treatment ot these wastewaters has been practiced for
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Reactor: SBR, escala laboratorio.

TRH: 8 h.

Inoculo: mezcla de fango activo y lodo de la granja.
Agua: orina, sangre, heces y agua de lavado (tamiz 1 mm)

Shert Communication

Livestock wastewater treatment using aerobic granular sludge —
Inawati Othman®, Aznah Nor Anuar®*, Zaini Ujang®, Noor Hasyimah Rosman®, Hasnida Harun®,
Shreeshivadasan Chelliapan®

“ Department of Environmental Engineering, Eaculty of Civil Engineering, Unfversit Teknolegi Malaysia, £1210 Sk, johor, Malaysia
®Institate of Emvironmental and Water Resaurce Management, WATER Research Aliunce, Universict Tekrologi Malaysia, £1310 Skudat, fohar, Malaysia

HIGHLIGHTS

» Matured aerobic granules were observed in the reactor with the size up to 4.1 mm.
erabic granules grown in livestock wastewater had excellent setiling properties.
emoval efficiency of 74% COD, 73% TN and 70 TP can be achieved at 4-h cycle time.

ARTICLE INFO ABSTRACT

Article histary: The present study demonstrated that aerobic granular sludge is capable of reating livestack wastewater
Received 18 Navember 2012 from a cattle farm in a sequencing batch reactos (SBR) without the presence of support material. A lab
Received in revised form 21 january 2013 scale SBR was operated for 80 d using 4 h cycle time wilh n arganic loading rate [OLR) of 9 kg COD m -
:‘“P‘": i iy FaliliPVON . Rasults showed That the erobsc granules were grawing from 01 1o 4.1 ma owards the end of the
i rary experimental period. The sludge volume index (SVI) was 42mlg " while the biomass concentration in
e — the reactor grew up to 1031 represent excellent biomass separation and good sertling ability of
rywonls: the granules. During this peried. maximum COD, TN and TP removal efficiencies (745 73% and 0%,
respectively) were observed in the SBR system. confirming high microbial activity in the SBR system.

Parameters?® Livestock wastewater (cattle farm)

pH 8.05 o g

Chemical oxygen demand (COD) 3600
Biochemical oxygen demand (BOD) 1750
Total suspended solid 230
Total nitrogen 650

Total phosporus 380

All other parameters are in mgL™! except pH.

Mineral campasition
SBR

4 2013 Elsevier Ld. All rights resesved.

1. Introduction

In the past. a number of research was performed using aerobic
granular sludge in laboratory-scale reactors treating different types

and slow moving rivers. Therefore, a specific treatment pracess is
required in treating wastewater.

In the past, small quantity of livestock wastewater was dis-
charged without proper technology and contributed substantially

such as soyby (Suand Yu.
2005), brewery wastewater (Wang et al., 2007), abattoirs wastewa-
ter (Cassidy and Belia, 2005). dairy wastewater (Schwarzenbeck
et al, 2005), saline wastewater (Figueroa et al.. 2008), and palm
oil mill effluent (POME) (Abdullah et al.. 2011} Although aerobic
granular sludge has been investigated extensively using synthetic
wastewater, there is hardly any in aerobic granular sludge under
real wastewater.

The growth of Malaysian’s livestock industry increased signifi-
cantly and accelerated gradually each year (Ngo, 2004). In general,
livestock wastewater contains high chemical oxygen demand
(COD), biclogical oxygen demand (BOD), calar, nitrogen, phospho-
rus and suspended solids (Lee and Shoda, 2008). High levels of

and nitrogen in livestock con-
tribute to eutraphication of receiving wastewater particularly lakes

* Corrcapanding author. Tel: +60 19 T785616; fax: 400 7 5531575,

E-mail address: amah@utmmy (AN, Ansar).

0960-8524/3 - see front matter © 2013 Elsevier Ld. Al rights reserved.
hetpy e doi org/10.1016 L biartech 2013.01.149

Othman et al., 2013

o pollution. Most of the livestock industries are
employing conventional pracess for livestock wastewater treat-
ment. The negative impact will be greater if the volume and fre-
quency of the untreated discharged of livestack are higher. Since
high costs of the reagent and poor performance of physico-chemi-
cal process in remaval of soluble arganics, biological treatment
process are most preferred. Aesobic granular sludge is one of the
biological treatment technologies that can successfully cultivated
in treating livestock wastewater in a sequencing batch reactor
(SBR)

Therefore, this stuly attempts to demonstrate the cultivation of
aerobic granules applied for the effective bioprocess that is able to
trear livestock wastewater. The study focuses an the aerobic gran-
ular sludge removal efficiency and the effluent quality treating real
wastewater. Mareaver, biomass profile and settling properties for
the treatment of livestock wastewater were also presented in this
study. Considering the advantages of aerobic granular sludge over
conventional sludge flacs, aerobic granular sludge is a reasonable
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Livestock wastewater treatment using aerobic granular sludge OC“”"”“‘“

Inawati Othman®, Aznah Ner Anuar™*, Zaini Ujang®, Noor Hasyimah Resman®, Hasnida Harun

Shreeshivadasan Chelliapan®

‘Department of Environmental Engineering, Eaculty of Civil Engineering, Unfversit Teknolegi Malaysia, #1210 Sk, johor, Malaysia
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HIGHLIGHTS

» Matured aerobic granules were observed in the reactor with the size up to 4.1 mm.
» Aerobic granules grown in livestock wastewater had excellent settling properties.
» Removal efficiency of 4% COD, 73% TN and 70% TP can be achieved at 4-h cycle time.

ARTICLE INFO ABSTRACT

Article istary: The present study demonstrated that aerobic granular sludge i capable of treating livestock wastewater

Received 18 November 2012

from a cartle farm in a sequencing batch reactos (SBR) without the presence of support material. A lab

Received in revised form 21 January 2013 scale SBR was operated for 80 d using 4 h cycle time wilh n arganic loading rate [OLR) of 9 kg COD m -

Accepted 20 January 2013
Available ankine 3 February 2011

1. Results showed that the aerobic granules were growing from 0.1 1o 4.1 mm Eowards the end of the
experimental period. The sludge volume index (SVI) was 42mlg " while the biomass concentration in
the reactor grew up to 1031 represent excellent biomass separation and good sertling ability of

ot dutge the granules. During this period. maximum COD, TN and TP removal efficiencies (745, 73% and 70%,
Livcstot et respectively) were observed in the SBR system. confirmning high microbial activity in the SER system.
Mineral campasition & 2013 Elsevier Lt All ights reserved.
sk

1. Introduction and slow moving rivers. Therefore, 2 specific treatment pracess is

In the past. a number of research was performed using aerobic
granular sludge in laboratory-scale reactors treating different types

required in treating wastewater.
In the past, small quantity of livestock wastewater was dis-
charged without proper technology and contributed substantially

such as soyby (Suand Yu.
2005), brewery wastewater (Wang et al., 2007), abattoirs wastewa-
ter (Cassidy and Belia, 2005). dairy wastewater (Schwarzenbeck
et al, 2005), saline wastewater (Figueroa et al.. 2008), and palm
oil mill effluent (POME) (Abdullah et al.. 2011} Although aerobic
granular sludge has been investigated extensively using synthetic
wastewater, there is hardly any in aerobic granular sludge under
real wastewater.

The growth of Malaysian’s livestock industry increased signifi-
cantly and accelerated gradually each year (Ngo, 2004). In general,
livestock wastewater contains high chemical oxygen demand
(COD), biclogical oxygen demand (BOD), calar, nitrogen, phospho-
rus and suspended solids (Lee and Shoda, 2008). High levels of

and nitrogen in livestock con-
tribute to eutraphication of receiving wastewater particularly lakes

* Correspanding author. Tel: +60 19 77856
E-mail address: amah@utmmy (AN, Ansar).

0960-8524/3 - see front matter © 2013 Elsevier Ld. Al rights reserved.
hetpy e doi org/10.1016 L biartech 2013.01.149

Othman et al., 2013

o pollution. Most of the livestock industries are
employing conventional pracess for livestock wastewater treat-
ment. The negative impact will be greater if the volume and fre-
quency of the untreated discharged of livestack are higher. Since
high costs of the reagent and poor performance of physico-chemi-
cal process in remaval of soluble arganics, biological treatment
process are most preferred. Aesobic granular sludge is one of the
biological treatment technologies that can successfully cultivated
in treating livestock wastewater in a sequencing batch reactor
(SBR)

Therefore, this stuly attempts to demonstrate the cultivation of
aerobic granules applied for the effective bioprocess that is able to
trear livestock wastewater. The study focuses an the aerobic gran-
ular sludge removal efficiency and the effluent quality treating real
wastewater. Mareaver, biomass profile and settling properties for
the treatment of livestock wastewater were also presented in this
study. Considering the advantages of aerobic granular sludge over
conventional sludge flacs, aerobic granular sludge is a reasonable
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Effects of sulphur amino acids on the size and structure of microbial
communities of aerobic granular sludge bioreactors

Aurora Rosa-Masegosa ' - Lizandra Perez-Bou™ « Barbara Muiioz-Palazon' (3 - Antonio Monteoliva-Garcia® -
Alejandro Gonzalez-Martinez' - Jesus Gonzalez-Lopez' - David Correa-Galeote
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® Abstract
$ Granular activated sludge has boen described 2s a promising tool in tresting waslewater. However, the effect of high concen-
%%} & ] 80 trations of sulphur amino acids, cysieine and in the evalution, development and stahility of AGS-SBRS (serobic
granular sludge in sequential batch reactors) and their microbial communitics is not well-cstablished. Therefore, this study
aimed to evaluaie microbial communities size, structure and dynamics in two AGS- SBRs fod with two different concentra-
- tions of amino acids (50 and 100 mg L~ of both amino acids). In addition, the impact of the higher level of amino scids
60 & was also determined under &n acclimatization or shock strategy. While N removal efficiency decreased with amino acids,
the removal of the organic matter was senerally satisfactory. Morcover, the abrupt presence of both amino acids reduced
even further the removal performance of N, whemas under progressive adaptation, the removal yield was higher. Besides,
@ excellent removal rates of cysteine and methionine elimination wemr found. in all stages below 807 of the influent values.
40 S & Generally considered, the addition of amine acids weakly impacts the microbial communitics total abundances. On the con-
¢ $ $ trary. the presence of amino acids sharply modulated the dominant bacterial structures. Furthermors, the highe st amine acid
a € & S concentration under the shock strategy resulted in a severe change in the structure of the microbial community. A cidovaraz,
- - i and Thasiera stood out s the prominent bacteria to cope with the high
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quality {Huang ct al. 2018). Therfore, the increase in the
global population is coupled in paralle] with higher water
requirements (Jones et al. 2021). Concomitantly, sustainable
water is imperative to ensure water availabili

and casy sccess worldwide (Mol and Brooks, 2019). O

the other hand, the increase in water requirements resulied
inthe generation of higher quantities of wasiwater (WW),
making its management a major concern for people’s health.
Also. it is an environmental harard due to the inefctive and
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Abstract

Granular activated sludge has been described a5 2 promising tool in treating wastewater. However, the effect of high concen-
trations of sulphur amino acids, cysteine and in the evalution, development and stahility of AGS-SBRS (serohic
granular sludge in scquential batch reactors) and their microbial communitics is not well-cstablished. Therefore. this study
aimed to evaluate microbial communities” size, structure and dynamics in two AGS-SBRs fed with two different concentra-
tions of amino acids (50 and 100 mg L' of both amino acids). In addition, the impact of the higher level of amino acids
was also determined under an scclimatization or shock strategy. While N removal efficiency decreased with amino acids,
the removal of the organic matter was generally satisfactory. Morcover, the abrupt presence of both amine acids reduced
even further the removal performence of N, whemas under progressive adaptation, the removal yield was higher. Besides,
excellent removal Tates of cystzine and methionine elimination were found, in all stages below S0 of the influent values.
Generally considered. the addition of amino acids weakly impacts the microbial communitics’ total abundances. On the con-
trary. the presence of smino acids sharply modulated the dominant bacterial structures. Furthermore, the highest amino acid
concentration under the shock strategy resulted in a severe change in the structure of the microbial community. A cideveraz,
Fi fuam, and Thasera stood out 25 the prominent bacteria to cope with the high
presence of cysicine and methionine. Hence, the AGS-SBR iechnology is valuable for treating influents eariched in sulphur
Aainclusively when a shock straeey was used.
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addition, many of the essential human activities, such as
crop and livestock production, manufacturing of goods,
power generation, or domestic activities, rely upon the avail-
ahility of water in both adequate quantities and of acoeptable
quality {Huang ct al. 2018). Therfore, the increase in the
global population is coupled in paralle] with higher water
requirements (Jones et al. 2021). Concomitantly, sustainable
water is imperative to ensure water availabili

and casy sccess worldwide (Mol and Brooks, 2019). On
the other hand, the increase in water requirements resulied
inthe generation of higher quantities of wasiwater (WW),
making its management a major concern for people’s health.
Also. it is an environmental harard due to the inefctive and
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Table 1 s i Journal of Environmental Management
Average values of medium-low strength wastewater (MS-WW) and high strength ETSEIER Journat T
wastewater (HS-WW) composition. ™
P et Unit MS-WW HS-WW Features of aerobic granular sludge formation treating fluctuating =
. arameter ni - - industrial saline wastewater at pilot scale
m' S B R’ 3000 L' . . P. Carrera™ ", T. Gasero-Diaz®, C.M. Gastro-Barros®, R. Méndez*, A. Val del Rio*
Conductivity mS/cm 221 £125 18 + 3.6 A. Mosquera Corral® ' ’ ’ ’
TRH: 6 h y15h (MS-WW y pH - 6.26 + 0.85 6.59 + 0.23 T e e ity b Sl 17 S S
. TSS /L 0.250 + 0.137 2.37 £ 1.79
HS-WW, respectivamente).  vss gL 0.213 £ 0.140 1.07 £ 0.26 o e T R
; | . Total COD mg/L 1203.8 + 671.9 10,843.0 + 4898.2 R e o e vy 24 e A 4 8
Inoculo: fan go activo Soluble COD mg/L 507.4 + 282.0 7352.2 + 2227.0 I e e e o e e A T o i
bacteria after 4 months of aperation (Smge . When meaning high-strength wastewater, smble aggregates with
P Greases meg/L 145.7 + 120.3 1608.2 + 1208.8 mﬁﬁ:‘;m&;ﬁmﬁmm:n“;,;';;';;*;;“{;;“;‘;;g;
ada pta do a alta salinidad VFAs mg COD/L 169.7 + 206.2 3373.8 + 2295.3 S e A S
- Acetic acid mg COD/L 41.4 + 53.1 1272.5 + 814.8
. . . 1. Introduction wmmmgmmﬂtmmmulmwm
- Propionic acid mg COD/L 648 £ 11.3 548.2 + 271.6 e N e = e s oo,
- Butyric acid mg COD/L 9.2+ 18.4 1092.5 + 802.9 e vy g Fcemion Gy = L. ey ik e mmm?ﬂtﬁznﬂﬁiﬂ‘ff
- Valeric acid mg COD/L 20.1 + 40.0 460.5 + 417.9 s et g o e o s e %;%ﬂf&%gw?ﬁfﬁfﬁﬁﬁ
cessing activity (AMEC Earth and Emvironmental Limited, 2008). In huemt . A processes, mainly conven-
NH:-N mg N/L 8.18 +£7.45 557.7 + 395.6 e T e e e ey S T Sl el el e o e
TN mg N/L 21.23 + 8.36 1025.0 + 117.4 T A S e TR T T s s ey
_3 ronment, this kind of wastewater mmuot be treated previous to itz ogy to treat this kind of saline induserial wastewater, due to itz several
POL*-P mg P/L 3.05 £ 2.46 129.0 £ 71.2 dizcharge B esments s o v 1 b it fr g mhm:ktwmmmﬁfﬁﬂﬁ
Proteins mg/L 86.46 + 48.08 2059.6 + 296.1 s sl s ol s Bl poceeg e ek e, compued o scurtel e s s, e )
purpase (Chovalhury et al, 2010). Implemented anaerobic processes  matter and nusrients in 2 single unit (Nancharish and Reddy, 2013
Carbohydrates mg/L 46.28 + 29.76 514.8 + 723.7 T iy st e i of gy ey My 1 e et s eosetratom g 1 0 3 N,
Chloride gCl /L 7.37 £ 5.6 4.21 + 1.01
Sulphate 2 507%/L 1.00 + 0.77 0.25 + 0.04 . com (M. ot S, e
Sodium o Na™/L 4.24 + 2,90 2.77 £ 0.60 Bt 11 vt a1 e t st focm 31 My 0123 Accepeed 18 fune 201
Salinity g NaCl/L 14.35 + 5,76 7.41 £ 2.06 AT 221 Bt L. A1l ghispmerred
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L]
Features of aerobic granular sludge formation treating fluctuating o
H . . industrial saline wastewater at pilot scale
Pilot-scale reactor — Robust against stop periods \ - e N
P. Carrera™ , T. Casero-Diaz °, C.M. Castro-Barros®, R. Méndez *, A. Val del Rio*,
I | A. Mosquera-Corral ®
* CRETUS bstinute, Departuuent of Chamical Fnginesring, Dnbversidade de Santioge d Compestels, F-15783, Sanulage de Compostels, Spain
Low-stren th L ] S . * Cetogpaa  Oesliciun Water Resancly Centre Foundatio, Emprendia Bulidig, Campes Vil E-15782, Spain
g Filamentous bacteria
// // wa Stewate r [— A pilot-scale sequencing batch reactor, with 2 working valume of 3 m’, was installed in a fish cannery to develop
Aemble g e serobic granular sudge treating the produced eflents, Depending oo the nitrogen (M) and organic matter
- — ) e e (COL) concentrasicn, the efuenrs were named in this sudy as medium dow.strengeh (stage 1) and high-strength
0.37-0.21 g CODg/L CODg removal: 60— 80 % ==~ e e e e e T e

30 days, but the exmremely high CODVN ratios of the wastewater provoked the overgrowth of flamentous
bacteria after 4 months of aperation (smge I Whea mreating high-strength wastewater, smbie aggregates with
grod setzleability appeared, but well.haped granales were not abserved since the granulation process was not
completed. The system was able to remoe both COD (70-955%) and N {30.90%) mreating both types of efflents.
Biomass growth was the main N removal pathway. The reactor was found to be rabust agsinst factory producsion
staps and, thus, a suitable aliermative o eat wastewater from indusiries with discontimuous opemtian.

1-15 mg NH,*-N/L
- ~"  10-15gNaCIlL

TN removal: 80 - 100 %

1. Introduction bymgmd_mammMnmmthlmmm

coatz, ion. However,

High-strength

Fish-canning factory with ¢ oo

discontinuous operation

5-9gNaCllL

1.2-3.7 g CODg/L
160 — 450 mg NH,*-N/L

CODg removal: 80 - 90 %
TN removal: 30 - 40 %

uldlummmmmm(mmmﬁzmm

Fi&hmnnﬁmm]nocmnvﬁﬂcmu‘prﬂumand Ih:irp“r

sing| of: oource of
processes vasy smeng factoris (Chevelisy = oL, 2010). Fish poe-
cessing witha
ﬂnx]i]!uunpnmnmdependmgmﬂ!mmtmxlmdrpxlﬁcpln—
cesting activity (AMEC Earth and Environmental Limited, 2008). In
general, they present high concentrations of organic pollutants in solu-
ble, colloidal and pasticulaie form (1140-50,000 mg COD/L, 20-2000
mg TH/L) and eventually high salt concentration (2-56 g Nacl/L)
(Chowdhury ¢ al, 2010; Cristévad et al, 2015). To protect the envi-
ronment, this kind of wastewater mmuot be treated previous to itz
discharge

Binlogical treatment: have been found to be mitable for arganic
‘matter and nutrientz remowval from fish-proceming wastewater. Both
anzerobic and conventional aerobic syztems hve besn applied for thiz
purpose (Chowdhury et al, 2010). mplemented anasrobic processes
(smninly anserobic digesters) present the possibility of energy recovery

Awailable oaline 3 July 2021
030714797, 2021 Hlacvier Lid. All rights rescrved.

Carrera et al., 2021

above 500 mg NHs N/L) or salinity (sbove 3.5 g Na™/L],
have been reparted to cauoe the inhibition of the process (Appels et al,
2005). Besides, nitrogen iz not removed during anaerobic procasses,
being necessary an additional unit afterwards to comply with the
requirsd eflusnt quality. Applisd aerohic processes, mainly conven-
tional activamd dudgs reactors and aeraved lagoons, can remove nu-
trienis besides arganic matter { Chovlhry =t al., 2010). However, Large
spaces for their implantation are requised, resulting in high footprin,
Aerobic Granular Sludge (ADS) is proposed a2 a promising technol-
ogy to treat thiz kind of saline indusrial wastewater, due to tzpeveﬂ]
advantage: compared to other biological processes applied for thiz
purpoce. Far example, it iz 2 compact technology with high treatment
capacity. compared to activated dudge oyotems. Becides, the layered
structure of the gramules snables the simultansous removal of orgamic
matter and ausrients in a single unit (Nancharish and Reddy, 2018).
Additionally, it can withatand salt concentrations up to 40 g NaclL

m (1. Gasero-Disz), cmeastroficstagus.com (M. Castro Barrea), mmon.
afusr.es (A Mosquern Comm).
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Table 3 %
a € Features of aerobic granular sludge formation treating fluctuating et

industrial saline wastewater at pilot scale
Fulfilment of the discharge requirements in Stages I and II. e

P. Carrera™, T. Casero-Diaz®, C.M. Gastro-Barros®, R. Méndez ®, A, Val del Rio®,
A. Mosquera-Corral ®

#CRETUS bttt gt of it i, stk de Sigo de Compretels, 15782, S de i
Stagﬂ II * e — Gl Water Resenrch Cnure Fousaatin, Enpreaia Buibding, Camges Vil E-15782 Spala

Parameter Limit concentration Stage |

ARTICLE INFO ABSTRACT

pH 5.5-9.5 6.5-7.2 7.9-9.1 Ep—
TSS (mg/L) 125 70-100 200-400 =

Total COD (mg/L) 350 400-500 400-900 e
BODs (mg/L) 150 100-200 40-200

A pilot-scale sequencing batch reactor, with a working volume of 3 7, was installed in a fish cannery to develep
aerobic gramular shudge treating the produced efflaents. Depending on the nitrogen (N) and organic matter
{COD) concentraticn, the effuents were named in this study s medium Josw.srengeh (stage 1) and high-strengh
(stage 1) wastewater. The compesition of the wastewater was found to be a crucial factor to select gramule-
forming crganisms. With mediam Low.sirength wastewater a feeding, the first granules were chserved after
30 days, but the exmremely high CODVN ratios of the wastewater provoked the overgrowth of flamentous
bacteria after 4 months of aperntion (Smge [, When reating high-strength wastewater, suble aggregates with

staps and, thus, a suitable aliermative o eat wastewater from indusiries with discontimuous opemtian.

L. Introduction by the production of biogas. In addition, they have low operational
T-P [mg-"'rL] 12'5 0-3_2-5 'S'D_lﬂﬂ Pish canneries can process a wids range of products, and their pro- :‘d‘:‘ummmm((mm];qmmm
ing achermes in terms of i, source of uli 1 “bove 500 mg NH, N/L) ac salinicy (sbove 5.5 £ Na /L,

NH3i-N (mg/L)
TN (mg/L)
Greases (mg/L)

25
57.5
25

1-6
2-8
70-200

80-300
80-320
2-10

*The concentrations correspond to the effluent of the pilot plant (outlet of the

settler).

processes vary amang factaries (Chovndhury =t 2l 2010). Fish pro-

- : L i £ witha
warisble composition depending on the raw material and specific pro-
cesting activity (AMEC Earth and Environmental Limited, 2008). In
general, they present high concentrations of organic pollutants in solu-
ble, colloidal and pasticulaie form (1140-50,000 mg COD/L, 20-2000
mg TH/L) and eventually high mlt concentation (2-56 g Nacl/L)
(Chowdbury et al, H010; Cristévad ct al, 2015) To protect the envi-
ronment, this kind of wastewater mmuot be treated previous to itz
discharge

Biolagical treatments have been found to be mitsble for arganic

pucpase (Chavlusy ot al, 2010). lmplemented amaerobic proczsses
(il asaerobic digesters) present the possibility of energy recavery

* Corresponding author.

have been reparted to cauoe the inhibition of the process (Appels et al,
2005). Besides, nitrogen iz not removed during anaerobic procasses,
being necessary an additional unit afterwards to comply with the
requirsd eflusnt quality. Applisd aerohic processes, mainly conven-
tional activamd dudgs reactors and aeraved lagoons, can remove nu-
trienis besides arganic matter { Chovlhry =t al., 2010). However, Large
spaces for their implantation are requised, resulting in high footprin,
Acsobic Oramlar Sludge (AQE) iz proposed a3 a promising technal
©gy to treat thiz kind of saline industrial wastewater, duemmmen]
advantage: compared to other biological processes applied for thiz
purpoce. For example, it iz 3 compact technology with high treatment
capacity. compared to activated dudge oyotems. Becides, the layered
structure of the gramules snables the simultansous removal of orgamic
matter and ausrients in a single unit (Nancharish and Reddy, 2018).
Additionally, it can withatand salt concentrations up to 40 g NaclL
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