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Abstract Over the last century, wastewater treatment technologies have evolved greatly along
with demographic expansion and in accordance with the development of legislation. Plankton, de-
fined as organisms that drift in aquatic environments, play an important role in wastewater treat-
ment systems. For example, diverse types of bacterio-plankton have the ability to stabilize pollut-
ants in wastewaters. Wastewater treatment technologies have been developed mainly in advanced
economies such as in Europe and North America to address environmental pollution in aquatic
ecosystems near human populations. Conventional wastewater treatment is primarily based on
the activated sludge process and its modifications, which require high energy consumption for
aeration and high cost for sludge disposal. These processes are not appropriate in emerging econ-
omies where the budget allocated for environmental protection is limited.

Recently, wastewater treatment based on phototrophic plankton, including microalgae and cy-
anobacteria (purple phototrophic bacteria), have attracted increasing attention because they can
utilize natural sunlight as an energy source, and carbon and nutrients, e.g. ammonium and phos-
phate, as their biomass increases. In addition, many types of phototrophic plankton can produce
useful metabolic products such as protein, carbohydrate, polyhydroxyalkanoate and carotenoids
from wastewater.

In this paper, we focus on the current status and prospects of phototrophic plankton-based
wastewater treatment technologies. We focus first on the history of the development of wastewa-
ter treatment technologies during the last century and several key technologies including activat-

ed sludge, trickling filter, denitrification-nitrification, anaerobic digestion and upflow anaerobic
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sludge blanket processes (Section 1). Thereafter, the contents are organized as follows: current
status and bottlenecks of conventional plankton-based wastewater treatment technologies (Section
2), research trends of wastewater treatment technologies based on microalgal-bacterial consor-
tium (Section 3), case study one (1) treatment of anaerobic digestion effluent by microalgal-ni-
trifying bacterial consortium (Section 4), research trends of wastewater treatment technologies
based on purple phototrophic bacteria (Section 5), case study two (2) treatment of slaughterhouse
wastewater by purple phototrophic bacteria (Section 6), and towards implementation in sunbelt
regions (Section 7). The case study sections (Sections 4 and 6) include our recent published and
unpublished works to facilitate better understanding of the current status and the effectiveness of

phototrophic plankton-based wastewater treatment technologies.

Keywords: biological wastewater treatment; microalgal-bacterial consortium; purple phototro-

phic bacteria; sunbelt region; high-strength wastewaters
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3% 5% otz BIRIE, NEHESOZMEIRIZX
0. #Bk EOEIROH R O @Rk L 2 ) >
Drbo TOWT, WEHEEZ A L7z BEAMERL,
Kite v ) BRI T AN F—ZF AT E 5720,
B EOR 2 CHUOB O TS £oTE 72, Ram LT
L OEREE R ST T bR LB A
FIUBEAMLEE " | Z LT ZOMEBRIZOW
TEHOOWMREHRE LT L. EbETHHD
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o BESUEBREE T CTEIKNT T 77— 7 2R H
THRAY VEFETIE, BRENIPALETHY, 5
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3. HMRE— I TUTHERICLD
BRIk LB E: T DI TR Eh A

7)) T HIWET RKEFIN— 27 L —FED Oswald DFFE
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\» % (Mufioz & Guieysse 2006, Mehrabadi et al. 2015,
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IZHWHNT WA,
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DI T4 ARSI, AR %l U CE L7
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MEL WRHEL72 A Y NS HR 2 BN AR L
THIFH SN TS,

2010 4F-LARE, Karya et al. (2013) #4a & LT, fiA
BN T TRERICLIERET VBT ER
BEALEIZ B3 2 I ZE S 5% {35 STV 5 (Vargas
et al. 2016, Kwon et al. 2019, Sepehri et al. 2020)0 TV
EDTIE, AEmBEEEIINAT B m S, 1L
AR - A BESE, XY VR R O SR
SEfiAR CHET BBEKICHIREICE T, BAE{LT
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1272\ (Fig. 1a)o fAMIEEIE— 7 7)) 7 HAERIZB W
T N7 7T RE LT LB R 2 8 | 8 o R A
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2 ar74vF (OD)# (Rittmann & Langeland 1985)
DHEIEHIREDR T HN 5, ZOMHEHE—mL
B NS 7)) 7 HAFRIC BT, B 22 B0
DI, ATEEO AU LB FEMRIC XL
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A BURE D PR RS X BEB 501 70 AR P 251
Ky BEFRCRHEORERAMEZELTELI LN,
IR FEHIORE S HIFFCE % (Fig. 1b)o

ZZT PERDOBHNEEE— N7 7 1) 7 AR L A
LB Ny T TIERICBIET Y EZT
M PEDIEANIDOWTHARTz FERDIAERTIE,
BRI N T T IS ERE RN 7)) TR R 50 5
TN, BEAKM ORI OMERL L i Dbk
PEELEINTW, —H T AEWIREIR, &
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Fig. 1. Conventional nitrification-denitrification processes (a) and consortium of microalgae and nitrifying
bacteria (b) for ammonia-containing wastewater treatment.

BALSNZT VBT IR EICEE SN LKA M E LR N7 7)) 7 AR TIE, B2 BEK
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LT\ 5 (Collos & Harrison 2014, Gutierrez et al. 2016,  IEFEMSHENNE I ZE L7ZBRKE DT A D 5,

Xia & Murphy 2016) . Z#1i%. Anthonisen et al. (1976)
2L UTFoR (1) TERSNDHERET > E=7 (NH,) 5
FEDS—ELNITET D &, BRI BT A0 R
{EEOE ORLIE R ED A U (Crofts 1966) . TS
DIEEDMR T $5720TH %o

NH;-N x 10PH

6344 )+10pH

NH;-N =
exp (273+Temp

(D)

KA & FEREEA A (HCO; ) O/
W pH 28 5L NH iREDSEEIN§ 52 & T, #ike
U ORGSO TG 2T LA RO A 5,

EIRAFFE N T T ORD VI LBE N 7)) 7
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O HAER T A7 pH DS T 5, D720,
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TEBEZEW) & BEK 2 BN A F T A% AT X B3l E L
THFA L. BEICSEHER - BSE R LEZ DT, Kb
TEADME D 51T\ % (Pike Research 2012, Lora
Grando et al. 2017)o L72°L. ZEEMA2-OHHNESN S
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2019, Akizuki et al. 2020a, Akizuki et al. 2021) o BEfF
DA R (LRI N7 7)) 7 AR OBIZE T,
TR - pH - JEHREFIRIE & o 72 BRI N & il L 7292
ER=2 N T OWIZEBISKE % O T b (Karya et al.
2013, Vargas et al. 2016, Rada-Ariza et al. 2017) L7
L. EBROBKILIIIEIVERSE T TIT) JEPEES
. IS OBRBEEZE R L RFRHTIZ Lo TREL
BET5H, RFEOMEIIE, BYVERBET TR
MHEDIHEEET L DD O WTHIROERE D E
Thb, D0, FEHLIZEIBRE FI2BIT4F
AOWEACHALE 2 5P L. SRE oo dhh L s
WOMGE E{To70 Z2TIR. IRETICHESONZE
e B C OV THEA T 5

2016 4L 2017 FFOEIZ, AF LT - I T7FT7 MR
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NG T T AR L B AY VB LB F2 Bk %
Fehi L7z THALHIZIE, FRTSALEE 045 um D7 1)V
¥ —TrHlH%, MAKTHRLIZbDEM72, EERD
M UR & L CIR & 8 8H (Chlorella sp., Scenedesmus
sp. BEUHEEE) LAy 75— ar 7y FEOFENE
HIREF 0.5 LOAIAR= AT 5 A% 7200
VR NG 72 IR 25 £ 2 °C LOBHRSIREE 140
umol photons m™ s™ (2l L 72 FEBR = A & = A} B 85
TCOMEEVERER LR L 720 ZOREE, EEBRENT
X7 EEHRLENT VBT BRERIES L, NO,
DERIHER SN, —TRNERE T CET £
TASERE T L. NOy OAEKDIZFEAE RN
M o7z (Akizuki et al. 2019) o ZALIZ. ELESE N2
T) T EGHHEES TH Y KEGIRGT T Tl ik
PHHELURT LA D FELFEREZEZ SR 5, Bz
(£, Merbt et al. (2012) (&, FH{LRIE N7 71) 7 TH S
Nitrosomonas europaea & Nitrosospira multiformis @
&2, 500 ymol photons m™ s™ DIEHAGFIGREE T CTLI
EAE100% HEXZT -2 ex i L Twh, AXY
IO IR EE I ECHIETIE, Hho
FERRERE IR <. BEH Tl 2000 gmol photons m™” s™
25 (Fig. 2)o 20720, BIVRET TREL
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Fig. 2. Diurnal variation in light intensity (photo-
synthetically active radiation:PAR) at laboratory of
Division of Engineering, University of Guanajuato
(August, 2017).

THALRSZ AT S5 720121F, LR~ OSHE
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572012, MAMEECHEPFHTEL20TIE%R
WhEEZ 72 (FOAIEA 2020) o BAMIEEILIRIRIE,
—HRAN IR L EOM E TR ST . i
Y73 € DFKM - NERICEEE THETHZE TRVEE
KAFREN 277, BIZIEABTHIUL, HELH
WAL, I—TrERMDED. REICERED, R
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D& RO L MR/ (Fig. 3). £2°C, HfE
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V3, 0 %5 1600 umol photons m” s™ D7 2L IR 56
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Fig. 3. Light stress on nitrification process (a) and mitigation of light stress by immobilization materials (b).

Ay AEEFEHALIIZIE, BKR O BB AR E MK THA
LD D&z, FEERE N TOA S GRS
% 1000 pmol photons m” s™ & L. B EF & 12 I
fil, ImEE 25 + 1 °C TEIRZITo72, KEFAYGH A
e (HRT) % SHE L, #HAEEZHALZRYIE, 8@
WO IR ALEE N7 7)) 7 R LA LI REITO
WLBRVERE A L L 720 EORER, AR ARYIT
FZE LTSRS, REMICHABRORN 4
EHNOy ~EZEHE NSz, —TF T A EUIRARYIT
(& AL BOS O BRSO T d A AR (NO, )
e EICERE L 72, LG IE, NH,” 2 NO, &
THAL 27 »E=7 B LM (Ammonia oxidizing
bacteria: AOB) & NO, % NO, ¥ CTHfb 3 % Hifif ik
FRALAHE (Nitrite oxidizing bacteria: NOB) O fift;
#izX-oTHL, NOB 1X AOB & bl L CBiEgHz &
HIHEZ L2 TH 2 EDBHISNTHY (Diab & Shilo
1988) . 43 HCIKRFITld NOB (2K 3 26 EAT B
IZENEEZ BN, fRELT, HEKARTIT
(35 BRRF & L TR 10 fE OB AR LIE 7R
L. R X 2 HE ORI RA MR SN,

RPN KD BE RGN O S IR G R B AS & DR
BET L0 EHLPICT L2012,
VOERIZTEIS, A A RS E 5 R RN BT
B E O IRGTRE 2 T2 TR & 3% 5E
L72

F NV h - R—

Ix = Io €Xp {'(Ncarrierxacarrier

+Calgae x Oalgac +Cnitriﬁers x anitriﬁers) x depth}

(2)

Ix = Io eXp {'(Calgaexaalgae

+Cnitriﬁers X 0«nitriﬁers) X depth}

(3)

ST L IEREMOKREIC BTG EE (B
fif. ;umol photons m™ s) | Iy IZ A HFREE, Neyvier 1 &
Bl O BAL A (em?) &720) OB ERIR AL &
Cuagee & Coiuitiers 137 FLZ TUESF2 A PN 0> F A 38 48 & Al
AENT TITIRE @ curiers @ aigae BEL A isisiers 15T
NZIIRAE, BOEEB L O L N7 79 7 0%
FEAREL, depth IR E L 2R 40 WRY DA
FEE O JLIR GO0 & H L 7oA R, 0 HeR R YTl
I CH 985 pmol photons m” s™ D IEHRGTHERE &
0. ASHEEREDITIE A LHEASTIZKE THE
LTz, —h T B ARTITIE, MHEHRON
HE B8R FE 1% 64 wmol photons m™ s TH Y. AL
2L EHE R LTV eSS L% 572 (Fig.
4)o ZOX) LN EORMFIL, HARZFIHR
59, WALEEE N7 7)) 7D 75 = 2— )AL (Akizuki
et al. 2020b) X2, 7T v 7 A —R 2RI LIER S
Wz X BEEAL (Nishi et al. 2020) 12 E->THESNS
ZENHLD LR ST WA,

I, BYVEERE 2019 FOEY (7 H~ 9 A) 128l
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Fig. 4. Penetration of incident light in microalgae-dispersed nitrifiers reactor (a) and microalgae-

immobilized nitrifiers reactor (b).

iR B TR — A CHESE L 720 BNFERRE R
ROR AR AL, 28 UL O
FEALER A SR L 72 JGHRESIEEE DS 1500 pmol photons
m” s" Tz HPEEH A oA, BRI 2
ZELT NOy OFBED RO, BIRE T TLRE
L 7R LD AEST SRR S 4172 (Akizuki et al. 2020a) o
—J7C BAVEBREET TR~ 1 £ DL R BRI &g
L7207 0t A2 R0, T - GRS O B
EENOZE B &R O BIRMEICBI T2 M RId 7%
(o ARRIFINSIZOWTORFZEICID) #Er L EAD
5o

5. fIBXARNITIT %
FIAL7-BEKLEDREEN M

FLESGAR N 7)) TR IS Fh, BER
FAFRMBRE TI2B VT FIRYEN Bl
M5 ETHEBMBKT ORI, BHR, U
FIRECBR R T DR R FED. 3510, BEALELARET
AT HNAF AL, EIREDY V], ik
AW, BRER, MAMIEA: 7 I AF v 7155 (R e
FEFS 7NV VET ATV PHA) . a7/ 4 FEED
HFRWEZERTAHZLBIEETH S (Capson-Tojo et

al. 2020) o FLEASEAR N7 7)) 7 ZFIH L7z BE KL
B AFZRIE, FEF =AY T - 24— A5 R
K2 Hiilsen 5 DR eI im0 KMt &, 2T
TITHRT TR, 2EBBK, BRESEEK, HEETY;
BEKEFE D ZRR R BE RN OF A S SN Tn 5
(Hiilsen et al. 2014, 2016, 2018, Lu et al. 2019) o
FINTAICE BN 70 7 & G- BEAR ML L, it
FLZHEBRIT T 1960 ~ 70 AR IZ 221 THATHZE
HAED HNTE - H M TH Y (Kobayashi et al. 1966,
Kobayashi & Tchan 1973) . 1980 4F ft (213, E N T
10 2 FT i SEAL PR e 53 2SR M) L C a7 (IBHT - =5l
2020)0 L722L. BEEEFECH o721 MEH RO
(2 ORI AWy BE R ALl 8 2 1E
HE R RS A RRAEAVE L . AL A NS T T %
72 BEAKALER T 252 DR IRAT) % 7R 2 & 137
Molze WGH - &l (2020) 132 DO—2L LT &AE
Wi 5 B K& TG VRV R ORRBRI A b E TR
R UARG YR L LA 575 2 8T, 1A
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Fig. 5. Sewage treatment coverage levels in dif-
ferent cities around the world (Year: 2014). White
symbols: high coverage city (>85%); black sym-
bols: low coverage city (<70%). Data source: UESI
(2021).
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