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Abstract As global population increases and living standards improve in developing countries,
the demand for meat is increasing, resulting in the rise of highly concentrated organic waste-
water generated from poultry processing. An effective method for treating this wastewater is
through anaerobic digestion, which converts it into biogas as an energy source using anaerobic
microorganisms. However, while this process effectively removes organic carbon, nutrients such
as nitrogen and phosphorus remain in high concentrations in the effluent, necessitating second-
ary treatment facilities such as separate nitrification and denitrification tanks. Purple phototro-
phic bacteria are microorganisms that can uptake organic matter and nutrient-rich pollutants in
wastewater, accumulating protein and carbohydrate in their cells. Since both anaerobic digestion
and purple phototrophic bacterial processes occur under anaerobic conditions and have simi-
lar suitable environments such as pH and temperature, they can potentially be integrated into
a single reactor. This study proposes a new process using a consortium of anaerobic digestion
microorganisms and purple phototrophic bacteria for simultaneous treatment of organic carbon
and nutrients from poultry slaughterhouse wastewater. The performance of the proposed simul-
taneous process was compared with that of the only-anaerobic digestion process and only-purple
phototrophic bacterial process in a 19-day batch experiment at 33 + 2°C under anaerobic con-
ditions. Synthetic poultry slaughterhouse wastewater was used as the substrate, and anaerobic
digestion sludge collected from a mesophilic anaerobic digestion plant and Rhodopseudomonas
capsulata were used as the inoculums.

In the simultaneous process, biogas production and organic carbon (chemical oxygen demand)
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removal progressed first with and without infrared light irradiation, followed by an increase in
bacteriochlorophyll @ concentration, an indicator of the biomass of purple phototrophic bacte-
ria. These results indicate that the anaerobic digestion process and purple phototrophic bacterial
process functioned in a single reactor, although there was a time gap between the two processes.
Despite uniform substrate input, the simultaneous process produced higher biogas (276-337 mL)
than the only-anaerobic digestion process (138 mL), possibly due to degradation of some purple
phototrophic bacteria biomass as feedstock for anaerobic digestion. In the simultaneous process,
organic carbon removal efficiencies ranged from 40 to 81%, similar to or lower than the removal
efficiency of the only-anaerobic digestion process (81%). In purple phototrophic bacteria added
conditions, nitrogen removal was not confirmed, indicating low nutrient removal capability. The
treatment performance of the simultaneous process can be enhanced by improving light permea-
bility using flat-panel reactors or granular anaerobic sludge and acclimation of purple phototro-

phic bacteria with highly concentrated organic wastewater before using it as an inoculum.
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Fig. 1. lllustration of experimental apparatus. ADS: Anaerobic digestion sludge;
PPB: Purple phototrophic bacteria; NS: No substrate; IR: Infrared. Aluminum foil
sheet was used to block light from the outside.
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Fig. 2. Variations of pH and ORP for all conditions. (a) pH for ADS-PPB condi-
tions; (b) pH for single conditions; (c) ORP for ADS-PPB conditions; (d) ORP for

single inoculum conditions.
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Fig. 3. Variation of cumulative biogas production for all conditions. (a) ADS-PPB
conditions; (b) single inoculum conditions.
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Fig. 4. Variation of sCOD concentration for all conditions. (a) ADS-PPB condi-
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Fig. 6. Variation of sTN concentration for all conditions. (a) ADS-PPB conditions;

(b) single inoculum conditions.
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Fig. 7. Variation of BChl. a concentration for
all conditions.

3.5. X2 FEE— PPB 77 RICK D BEKALIE M REM)
EiZmirT

3.1 ~ 34 THRARZZFERDPO, AR TIE A5
36— PPB LA RIIMEAEL . A Bk F 2 & BChL

a EFEDMIARERINI DD, HERDAY V5%
Bz 2 BE LR BRI AR SN o7z LB B 1)
DO, () LEEEOR RE () EiRER
PEYEBEIK D PPB /A 4~ ZAH I NIHAZE O 5 5%)
RINEE 25N,
(1) JeEE PR b

RIFFETIX. 5 BUIRD ADS & PPB % i A L F 5%
HERMLZe LA L. ADS IFEVWEBEEL TV
B, RARETIERIOER) 21912 PPB ICHR ST S
Zirolz M REED D5, Bl Z IO KEFEAET
FCEASNTWE 7Ty SAOVEI OGS (Kumar et al.
2010) X°. ADS 2MEALRICE KL 727 T =2 — ViR
(Schmidt & Ahring 1996) %\ A28 T, EREDOE
W ADS ETRAL7ZBICHRI ROt EaE TE D L
s,
(2) T i e A R BE K~ D PPB /A F~ ZADHE i JIE
##

RIF7E CHEME B L TV PPB I, B fi -
BIE A HAREOKE SR E L THEEEN T 5D
DT, ENE BRI TR ALz T4 DR



37 TN TSR 55 35 (2023)

DI A BRI Cld e o0, EAa R -
KA R TSRS TECIIIHEREL e h2 572
REMEDS DD, — Ty RWFFETH/Z ADS (X, &
IRFERBRIEBERY (T ARG ) LB T /zxy
SRR DRI 720D THY), FEIWYBEREFE DR iR
FEH BEPEBE KIS EBRBA AR 2 2 R R O IS TE
72eEZONDe TDID, IR A BEIEBEAKIZE T
(N2 72 PPB /N v A R s UR L L TV 52 L
T, PPB DBEKMEADE G205 LU, A 588
— PPB A7 R RIS M fe k03 B FEERIE
TR 2. B TTEICRE L 725 T TR UG E R &
ST T 72EZA, 1 22 HEIC PPB S&H 2B\,
TR TEIR ST D Z TN NAF T AN LDTE AR E
N72o TORERIE, =ik BEA R BEKIZ PPB &R
WRTETLHIET, EREICTH R 55314~ AN
SN RESE R TRIBL T b,

SHBIE, INOOUEERE ML THERAY V5 R -
PPB L fF R DR A, BT AT — - BFNEER
R DAL FE R R B K L i D B 58 % B $ 5

E

RIFFETIZ, AY U FRE— PPB A7 RICE A I 42
5 E R BEK LB DA IR FFI 3 2720012, it
BEIK O [al 73 L SE BRI BT, 647572 D ADS-PPB
Sfb. A UEEEHR T 02 A0 ADS 41, PPB Hi
7T AD PPB G- DM RER LKL 72 ADS-PPB
STl R SEMEICEDLT. FTWDINAFT
AL COD BrZSHEA, Z D% BCh. a jEEEHY
M BAERDEON, Al THALRDP WAL 7228
HRENTZ LA L. COD BrEPERElL ADS 4L 17
FENZNLLT 2R B 7 N RIS N h o
720 7T SHVEL FOGAE OF) F B PR IR
DEFEALIZEE #EE A E9 5, PPB N~ A%
P SURIE L TRV DRI i B A BRI BE K TR 3
LEQTFERYANDLZET, HAERDULBLEEAT
Y CERLE MRS NS,

5. HiEF

ARWFEIE. At R NET B 4 2020 4F F
SR L O TR E Sz, EERTH:
BESMEE AL TR EURHE, B4 A 1 1y L SR O
EFALL 7 —DoR M 2T 720D THY, BHRE
DOERIEMILEL F1F 2. R FEDLE 54T D
—HBiE, AV B AR AR A Al B TR 51
AREAIFIEE O RR - B ICLoTTh N2 D TH
D, FHEB RGO EEOERICEHOEE
E e

51 Rk

American Public Health Association (1998) Standard
Methods for the Examination of Water and
Wastewater (20th ed), American Public Health
Association, Washington, DC, 1220 pp.

Brotosudarmo THP, Limantara L, Heriyanto, Prihastyanti
MNU (2015) Adaptation of the photosynthetic unit
of purple bacteria to changes of light illumination
intensities. Procedia Chem 14: 414-421.

Cao W, Mehrvar M (2011) Slaughterhouse wastewater
treatment by combined anaerobic baffled reactor and
UV/H,02 processes. Chem Eng Res Des 89: 1136—
1143.

Chen CY, Lu W-B, Wu JF, Chang JS (2007)
Enhancing phototrophic hydrogen production
of Rhodopseudomonas palustris via statistical
experimental design. Int J Hydrog 32: 940-949.

Hulsen T, Barry EM, Lu Y, Puyol D, Keller J, Batstone
DJ (2016) Domestic wastewater treatment with purple
phototrophic bacteria using a novel continuous photo
anaerobic membrane bioreactor. Water Res 100: 486—
495.

Hiulsen T, Batstone DJ, Keller J (2014) Phototrophic
bacteria for nutrient recovery from domestic

wastewater. Water Res 50: 18-26.



FRR - HRJE © A% S B — KL G A MG B A7 R R DR e T B AR 0 B /R AL Bk B oD BT i 38

Hulsen T, Hsieh K, Tait S, Barry EM, Puyol D, Batstone
DJ (2018) White and infrared light continuous
photobioreactors for resource recovery from poultry
processing wastewater — a comparison. Water Res
144: 665-676.

Izu K, Nakajima F, Yamamoto K, Kurisu F (2001)
Aeration conditions affecting growth of purple
nonsulfur bacteria in an organic wastewater treatment
process. Syst Appl Microbiol 24: 294-302.

Jia Y, Gao C, Zhang L, Jiang G (2012) Effects of
pre-fermentation and influent temperature on the
removal efficiency of COD, NH,"-N and PO43--P
in slaughterhouse wastewater by using SBR. Energy
Procedia 16: 1964-1971.

Kumar A, Ergas S, Yuan X, Sahu A, Zhang Q, Dewulf
J, Malcata FX, van Langenhove H (2010) Enhanced
CO, fixation and biofuel production via microalgae:
Recent developments and future directions. Trends
Biotechnol 7: 371-380.

Liaaen-Jensen S, Jensen A (1971) Quantitative
determination of carotenoids in photosynthetic tissues.
Meth Enzymol 23: 586-602.

Lu H, Zhang G, He S, Zhao R, Zhu D (2021) Purple
non-sulfur bacteria technology: a promising and
potential approach for wastewater treatment and
bioresources recovery. World J Microbiol Biotechnol
37:1-15.

Mata-De-la-Vega JF, Akizuki S, Sakai HD, Cuevas-
Rodriguez G (2022) Slaughterhouse wastewater

treatment using purple phototrophic bacteria:

A comparison between photoheterotrophic and
chemoheterotrophic conditions. Biochem Eng J 179:
108273.

McKinlay JB, Harwood CS (2010) Carbon dioxide
fixation as a central redox cofactor recycling
mechanism in bacteria. Proc Natl Acad Sci U S A 107:
11669-11675.

Moletta R (2005) Winery and distillery wastewater
treatment by anaerobic digestion. Water Sci Technol
51: 137-144.

BRI RE BRI ZE AT (2015) 2024 4RI BT A F o
AR FAG L — AR TR T T L T I
Re—. RMIKEA |, 28 pp.

Salminen E, Rintala J (2002) Anaerobic digestion of
organic solid poultry slaughterhouse waste — a review.
Bioresour Technol 83: 13-26.

Schmidt JE, Ahring BK (1996) Review granular sludge
formation in upflow anaerobic sludge blanket (UASB)
reactors. Biotechnol Bioeng 49: 229-246.

WAL= - m T E— (2020) YA AE OFH .
BRI —EFEr SR el —". #£ERE , B
5L, 302 pp.

Speece RE (1996) Anaerobic Biotechnology for
Industrial Wastewaters. Archae Press, Tennessee, 393
pp-

Yaakob MA, Mohamed RMSR, Al-Gheethi AAS,
Kassim AHM (2018) Characteristics of chicken
slaughterhouse wastewater. Chem Eng Trans 63: 637-

642.



