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Influence of Algal-bacterial Ratios on the
Treatment Efficiency of Low Carbon Nitrogen
Ratio Domestic Sewage

MA Xingguan ,NING Huijie , LIU Jinjin ,JIAN Wenhao

(School of Municiple and Environmental Engineering, Shenyang Jianzhu University , Shenyang, China, 110168 )

Abstract; To achieve the best treatment effect for domestic sewage with low carbon nitrogen ratio,
the optimal proportion of algal and bacterial in the algal-bacterial symbiosis system was explored.
Six 1L triangular bottles with the initial biomass concentration was set to be 0.45 g/ L, and the
mass ratio of algal-bacterial 6:1,3:1,1:1,1:3,1:6,0:1 were set in a constant temperature light
incubator. The temperature was set 26 C , the light to dark ratio 12:12,and the reaction cycle 3 d.
The results show that the treatment effects of the algal-bacterial symbiotic system on ammonia
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nitrogen, COD and TP are all significantly better than those of activated sludge reactor. When the

mass ratio of algal-bacterial is 3:1,the removal rates are highest, which reach 89. 7% for ammonia
nitrogen, 76. 3% for COD and 90.5% for TP, respectively. Activated sludge has a good
degradation effect on COD and ammonia nitrogen, and chlorella has a high assimilation effect on

nitrogen and phosphorus. At the same time,activated sludge can promote the absorption of nitrogen

and phosphorus by chlorella to synthesize its own biomass. And activated sludge and chlorella form

their state of mutually beneficial symbiosis, which shows good treatment effects on domestic

sewage with low carbon nitrogen ratio.
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Ao 51 H GIHT I
COD PR P AL T v
NH; -N AR WAIEA 510/ 7S
TP S B B A 1

1.2.2 YR ERIE

T 2 RS R 40T LA b
105 CHEF 2 h, Frim iR m,, B 10 mL /)]s
BRI 100 mL 5475 el o B 7S 5 F g4t
KEMTERCTHFE T 105 CHET 2 h, FRTH
BiEh m,, YR E R

V=_>m, —my)/v. (1)
AV oA R T &, g/Lym, HFREIRA
UEARHET A E Y BT, g s m, W EURE SRR
AR IR A T B E AR, g5v A



53 4] LIRS L TR LR AR AL 5 15 /K A BRAKRE 52 R 567

HURERARFR L,
1.3 KT

R E R 6 1 L =fMEm, /NeR
BT E R L, T BGI BE 3RS ik
TICRE G SR, 6 AN a8 AP 90T 46
YRR N 0. 45 g/L, /NERiE S5 TR RS
VeIt b 6:1,3:1,1:1,1:3,1:6,
0: 1 THE RO BIE SR A0 h BEAT 85 3% IR EE h
26 C,OEIEHR 12:12,pH K 6.5 5] 7, )
JE B EVEALES: COD EA . MBE R A5, B
AINER S TS R AR 1 1 Ak BRSO SR 1)
[z

2RISR AT

2.1 BN NH, -N TUREBRIR
A 2SR NH, - N8 22 R goi—
B TR, AS[R]35E T ) o ol A A 1 2R %
RAABE RLF A B, ) b TP i R A
BRACR s, ook e e AR gt TR, Ot B3k
TG M VS e 1k N 7 X R 55% 125 BR
R FERNIHE 1 R AU v I T B
RS2 K m(BE) :m(J8) =3:1 Ay {k
X AR LEBRRIAD 83% , AR E 4
IRE T LTS K A BR T TS G 4 HE bR HE )
( GB18918—2002 ) ' — 2% A HE i #5 #E
5 mg/L, MWERALZMAKE , w5 lT
i A 4 X 2 0 e i b 3 T SRR
AN [ 3 TR B 081 1 52 1 e %o 2 R R LA AR = 1)
FBREOR I s e B o 6:1,3:01,
1:1,1:3,1:6 F 50 i X 220 280 B 22 B 2R 4301
PKF T 85.9% ,89.76% ,85.03% ,85.95% ,87.8% ,
MR ARF , B 006G PR TS
Ytk 20 & A 1 A FRACRAS SRR B 8, T
JINBR AR I 1 i TR A AR SR R R B
R AR TEiv5Je RN #% o PR R /NBRse i aof
AR A A I U E A TR I
YRR, TR A= 977 A ) CO, AT LA Ay A i
W, A B SR RS S TR T P Ak
2 T 3 L A T A 2 U A T A R 6 R

AR PR A 2R [ s /N Jof g B AT ) 2 S5 I
AW IR B TR R RAR LB R BRACR

304 —m— m(¥):mPB)=6:1
—o— m(¥):mIR)=3:1
25 —a— m(FE):mIB)=1:1
_ —v— m(F):m(PE)=1:3
ol —e— m():m()=1:6
éo —<— m(F):m(PB)=0:1
;I« 151
=
Z 10t
Q
5 L

0 10 20 30 4/}1)1 50 60 70 80

1 BAEEE NH, - N A EERSCR
Fig.1 Removal efficiency of NH, -N in each reactor
2.2 HRFIEE COD TH R EBRHRE

BA R gR % COD (1) 25 B B n e 2
JIim o TONEEF 2 KR AR R X COD #§
AR I FEREOR /05 48 ~60 mg/L, #F
IREN T A 5 A AL BT Yl W HE bR )
(GB18918—2002 ) 1 — %% B HE i #r #E
60 mg/L, m(#):m(J&) =1:6 BfX} COD
B EBR R EIAE T 70% . N 3 K, #
PR N 6:1,3:1,1:1,1:3,1:6 By %
X COD Wy L BRZF o 51EEN T 75% ,76.3% ,
2% ,19% ,81% , ¥4I T Sl T V5 Ve I i
53% WY EBRFE,

160

—m m@):m@R)=6:1
140 —o— m(¥):m(I)=3:1
—a— m(FE):mB)=1:1
120 —v— mQ):m(J)=1:3
—o— m(¥E):mR)=1:6
100 —a— m(FE):m(J8)=0:1

p(COD)/(mg-L™)
[=)) [
o (=]
T T

N
o
T

(%3
(=]
T

20 30 40 50 60 70 80
t/h
2 FARNAS COD M BREUR
Fig.2 Removal efficiency of COD in each reactor

M COD By ZBRILER A, fls el
COD ()2 4 AR XHBA , 7T 0078 3 1 4L A 1A

0 10



568 WHERKESMARBFR)

%38 %

F A Y P T L BAR R S 0 A L
B2 F A HRCRAS 22, TIPS 2T
A=Y REFTRA 1, 75 7K A B4 1 o i A
FH 2R R AR W AT A R
2.3 BERMNBEHBTURERYER

BA NN TP 1 2 BRECR A 3 fr
TN AN A L8] 1 95 P A AR R RO
X TP R BRECR T — 2, X TP ARy
FBRE R (H iR S0 AR R A 2 BRR
BT 405 R 5 U8 I N 2% 30% 1 bR %,
B /INER 8 i EU ) A 3G n, X TP 9 25 BR
RAFRE, N 2 K om(H) :m(R) =
6: 15 m(#):m(P8) =3:1 Xt Bming L%
BRI E LA 1 mg/L LIF, RN 3 K
B, X SV Y 25 BR R IA 2 T 83.2% ,90. 5% .
m(HE):m(Je) =1:3 5 m(#E):m() =1:6
(1) S0 i X6 Bt 1) 2 PR SR AN SR AR AT IR ¢
BAIREN L KBRIE, 307 5 R/ N RS Sy
A AFREY TR NIER , G
TS TRV B 135, S X /INBREE I G B AE
FHF=HE 5200 LR/ INERGEE B FE AN 5, S 3800t
SV R BRACRASRARGE 50 1 5 e
o 6:1,3:1,1:1,1:3,1:6 B S g8 i
WA R R 915 %) 83.2% ,90.5% ,75%
59% ,51.5% .

5[ T o | o mmLe

2.0k —d— M) mE)=1:1—— m():m(F)=0:1

3.5

3.0
Q

0 1I0 2iO '_;0 4I-0 5IO 6I0 ';0 éO
t/h
B3 AR TP B EBRBCR
Fig.3 Removal efficiency of TP in each reactor
MBI A AL U ER T, 40T Bl o 2
T LA o T X B 1 23 BRACR

PLBA T 5 ek BR e e ok PR ARl R -4
MR T Ao R A 5 L, 3 5 A R A 7
PEHEHGA BRSO 2 RACR . Tede A
PR 2/ INBREE X AT s TR AR A, s 2R W)
I R/NER S A B A AR T/
BRBE R BEVEA A (B, X535 7K e Ay e e
A ARAF B S BRESCR

3 %45 i

(1) A AR A ZR X V5 7K A B A R I i
T2l 5 e S N 2%, I H e s L AR R R
HAFTE SRR LB, /R s 5 1a TS
PeFERD TR Ll 301 W, RHMRBR A L5k 2
BRACR et XU, B, COD 5k 8 T
89.76% ,90.5% ,76.3% , 1E/K 115 &8 i} [ia]
Sk 2d i, X EA, BB, COD 1 2 BRECR E
ZIR BB TE 7K A BRI Y ) HE AR )
(GB18918—2002 ) " —Z% A HEARIE

(2) /NER ¥ 5 15 k75 e B SL B IRk R
T TEMETS T TR AR RS T AR
FH [T 7N BRSO BB A e Rl AR T, IR A
BEEFRITR G A GAEY I, N E A, B
TRUFH BRI . AN AR AE SR /N R T
TR E Y BIWN, ASFIEE T L3RR iR
FXT COD 1R BRAURBA 2 X 51,

&% 3k

(1] T MR AR Ak 2 L5 K Ak 31 R 58

SR AR DR [ D] S %
HEEFI K2 ,2019.
(WANG Yujing. Study on the effect additional
iron source on nitrogen removal and microbial
diversity in low carbon and nitrogen ratio
wastewater treatment systems [D]. Hefei:
Anhui Jianzhu University,2019. )

(2] R, B0, D240, 56T UASB 0 Y

ARBR T IR £ 3 T T ol 10375 U 14 85 77 A 94k

[I]. R B SR =2 (A AR )

2016,32(4) .738 - 743.

(XU Li, WEI Wentao, MA Xingguan. Cultivation

and domestication of sludge with low-carbon

phosphate reduction bacteria in UASB reactor

[J]. Journal of Shenyang jianzhu university

(natural science) ,2016,32(4) .738 -743.)

BRFEIL. Fe XK C/N T5 7K A= Wi A1k fig

P A BF 5T [D]. &0 Z#E KK

2 2018.

—
W
[



53 4]

LIRS L TR LR AR AL 5 15 /K A BRAKRE 52 R 569

[10]

[11]

[12]

(SHAO Yugi. Study on the effect of Fe( Il ) on
biological nitrogen removal performance and
microbial population of low-C/N-ratio sewage
[ D]. Hefei; Anhui Jianzhu University ,2018. )
GAO F,ZHANG H, YANG F,et al. Study of
an innovative anaerobic ( A )/oxic ( O )/
anaerobic ( A ) bioreactor based on
denitrification-anammox  technology treating
low C/N municipal sewage [J]. Chemical
engineering journal,2013,232(10) .65 - 73.
Rl AR ABBERE  XITEWL, 25 /R + TG PETS
TR A R AT 1 AR BRI ST [ ] R OGB4k
( AARBIARR) ,2020,41(3) 134 - 38.

(LU Weidong, DENG Longhua, LIU Haifan,
et al. Study on treatment of acid precipitated
pulp black liquor by using chlorellasp. and
activated sludge [J]. Journal of shaoguan
university ( natural science edition ) , 2020, 41
(3):34-38.)

OG5, FE B [ E AL BEE - AR R R I
RIR SR RO ST [T]. B4 HOR A8,
2019,4.182 - 183.

(MA Xingguan,DU Yuchun. Study on nitrogen and
phosphorus removal efficiency of immobilized
alga-vetiveria floating bed system [J].
Scientific and technological innovation, 2019,
4.182-183.)

SHEN Y, GAO J Q, LI L S. Municipal
wastewater  treatment via coimmobilized
microalgal-bacterial symbiosis: microorganism
growth and nutrients removal [ J]. Bioresource
technology ,2017,243.905 -910.

JI X Y,JIANG M Q,ZHANG J B, et al. The
interactions of algae-bacteria symbiotic system
and its effects on nutrients removal from
synthetic ~ wastewater [J].  Bioresource
technology ,2018,247 .44 - 50.

COSTAS T, GESTHIMANI L, PETROS S.
Microalgae-activated ~ sludge treatment of
molasses wastewater in sequencing batch
photo-bioreactor [J]. Environmental
technology ,2017,38(9/12) ;1120 - 1126.
BT SRR R K Ak BERE & BE IR/ IR e 3 5
F5E[D]. B &« H AR ,2018.

(HUANG Xueping. Study on the treatment of
swine wastewater and coupled cultivate energy
chlorella ~ [D].  Nanchang: Nanchang
University,2018. )

FREAL. T G A A R R R AL B AR
PEKAELBRABEFE [ D], KA AR ,2017.
(WANG Yaoji. Construction of algae-bacteria
co-cultivation system for enhancing algae
harvest and accelerating wastewater treatment
[ D]. Changchun:Jilin University,2017. )
R PR R R G K B N 4 SR
B ZBRBCR 5[ D], P2, P2 TR R
2 .2016.

(GAO Min. Study on removal of nitrogen and
phosphorus and heavy metals from wastewater
by alga-bacteria system [D]. Xi’ an: Xi’ an
University of Technology,2016. )

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

TSI, 186 5 A /IR 8 iR AL O Fr 4t 2 By i
TTREAHAL T ZTFE[ D] K LT IR
2#,2017.

(NA Na. A shortcut nitrogen removal process
using an alga-bacterial consortium in a photo-
sequencing batch reactor( PSBR) [ D]. Dalian;
Liaoning Normal University ,2017. )

BEAN, PR, SR 25T S [l e LT e
AbBE 5 K PERE [T]. K AL B AR 2020, 46
(9) .81 -85.

( FAN Jie, CHEN Yue. Consortium of
chlorella-activated ~ sludge  with  different
inoculum ratios for wastewater treatment under
dark condition [J]. Technology of water
treatment ,2020,46(9) :81 -85.)

XI5 AN ] TR A I 28 7 7 AR B R K TR
JEAL PP A AL BESE [D]. B & H B R
2£,2020.

(LIU Qiang. Study on the optimization of
different algae-bacteria symbiotic systems in
the advanced treatment of livestock wastewater
[ D]. Nanchang ; Nanchang University,2020. )
TR RO - TS Je A A IR R A
A B A BRBESCRIAN [ D] IS R R
2£,2015.

(SU Xiaoling. Establishment of Oedogonium
Brevicingulatum  and  activated  sludge

symbiosis system and assessment of its
efficiency in removal of nitrogen and
phosphorus  [D].  Xiangtan;  Xiangtan

University,2015. )
B LIRS - TP TS PR R R AR
HISEERAFTE [ D], I R RS2 ,2018.
(HUANG Yilin. Experimental study on removal of
nitrogen by symbiotic system of Oedogonium
Brevicingulatum and activated sludge [D].
Xiangtan ; Xiangtan University,2018. )
XARIR. BRI R GE R AL B G K B
AL AT 5 [D]. P . b AR IR
2 2020.
(LIU Leran. Study on the condition optimization of
advanced treatment of secondary effluent by
algae bacterial symbiosis system [ D]. Ji'nan;
Shandong Jianzhu University,2020. )
FhEE. B - #EdtA: SBR AR B IE 5 K (AL AE
HEED]. MRS I R Tl R, 2016.
(SUN Ni. Research on the characteristics and
treatment effects towards sanitary sewage using
the novel SBR based on the algal-bacterial
symbionts system [D]. Harbin; Harbin
Institute of Technology,2016. )
BT, sk AT, TS Y8 -5 1€ fh /N R
R IR KBRS K RN ST [T]. )P R,
2019,26(2) ;215 -221.
(LIANG Huiyuan, ZHANG Yunkai. Study on
the removal of nitrogen and phosphorus from
sewage by co-culture of immobilized sludge
and immobilized chlorella [J]. Guangxi
sciences,2019,26(2) :215 -221.)
(DTS AR TN FEOCHR R E )



