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3N T H 1% PRFUREE CO, M SR AL ALRE Jy . I A B B AN o L B SE B BR B 2R e Bt P b T 2B e B
FEE MR R R BRAE DA B = . SRR, MELEARRTEAEDBEMERT, CO, EHEH 52% I+ Z 81%.
B BEH A VA M LB SN BRI CO, B2 ek v VA TE A UBORT AE A R o /A= 47 e DRI 3 S o 3ok 1 2 T Vs P T ML R
WA pH EAE R S 2B R K, #—P{Ed Co, Fefh. JulRRT, LA RAILE 1000 Q FMHLFH B
S 200 mV REAS R, AT SEPUUKEELAEDRSN . 165 rRNA 25 5 SoRAI L Foli - e, i ot A i 2 DUE &N
J& Azoarcus WA W BBk )& Leuconostoc N EBFHE. AW ANESE B ZILAEMRR, WS I/REE Raoultella ¥ B DLt
AR 568 Rikenella RN Tyzzerellao ZWTFLFRWA, Ik B A 2244 5 1 988 B8 L 20 A4 R BE AT AR SRAIGIR BE CO,, BT LIS
SHEET pH (AR gk, EYE I R R .
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HAT, T 35 4 A R R AE A U BT 78 LA IR TE
bR A EE A 2O R K A B AR v )3 B IR AR
B RES AR et S R RIS A E . AR, KT
TR AR R U A RO, A, IR RS
ZAT T T A% A O AT A HLEK (dissolved organic
carbon, DOC) X F 8 14 3t A4E 1 R IO RE M o Aok R Bk s
CO, FEA AR AL, BAFTE 3 P AL B4R PTG
HLE% (dissolved inorganic carbon, DIC) C(HRMER £k A1HE IR
Aih) . DOC (ZHES) VL RERMEEH. DUNER
OB, B CO, IRFERRAK, DOC 7R 3R I B & Lk
Y, HULATT 25 ek, #5DLAEA (CO,
WREL) 0.04%) AME—THUEKIR, 12 h J5/NEREERE ™= 2R
212 mg/L ) DOC. FLAEE 1 F [ e it e o Ll
ik 80%. CHIU %P9 ) % 3 2% CO, #E W LA
3.9% 1] CO, # 5L A0 /NEREAED) T . DOC 2R 2= i)
A K. B AT LR L I PR A CO,, A ELRE
8 I FRAEEAEARIR BE CO, 54 F =AM ) DOC, I
WA CO, A A ER, MR Co, 2 #1b R
EEAE T, SRTFEBR

BRI R o TR R LA R HLRE ST . OV BIE FUE SEGH T
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PR IR A R FE RS R LI AR, AR AT B
FFECIRAS 1 2.0% T+ 25 BRI 1R 10.7%, I M= HL B 2
DRURIA 5 40 J2 T AR 1 I R AR T R AP R
T 55 TR 2 2B PR 05T w5 B R SR SR A 3 TR Ao P ) 2 I T e A
AV R R G, B YRR R P, T
T ] O A ) L A AR SRR R T pH B VA AR SR
BWEARKWERER: H—J7m, nEBAEY RS
PO I I O B AL . SR, AR RN T R AR A A
FA 8 % [T i e 77 110 5% 0 1 A B AT

ASCR /N ER A L e R B A R B SRR R, B
FHXTT 1% RARFIKE CO, Wik 1LaE 71, STtk
B ICAY B AR B BREE ) ZE S, T TR
WEE CO, HELR A AP AR F T SR R AR A 2R B TR R AL R
1 REHE
1.1 E4Es

TR E R B AN EREE G A AR
FRATFD . B /NBEREEREFZA 10 45 4A 150 mL BG11 £
FRWHETE . MR E T 28 C HBlEE =5+ .
LED 4T # ¥ K 400~700 nm, Y&HEGRE 6 000 Ix, YGHEE
B9 12 h: 12 he MK 22 K5 N T Ji i - 3 3R A 3F
BH MW A R ¥ 5g BN 500mL LB B 5 3t
(10 g/L NaCl, 5 g/L BEEHEEIM 10 g/L R ER H.
7628 C MfEIR A YNk . /DNERFEFI BB T35 9% 14 d
DAL 5 BRI o /DNEREEEFRINS, B BSOS )
ANERBEAN M BB I N6 2 BRI R b . B R,
P EAE 40 mm [FBAT (HCP330N, LRSS N
AR, BHIRET 10mL 8 EiER bR 3d,
B 78 53 B TR R T
1.2 RERESAEH

2B KA VB FEZEEM, Wi 1R,

a. KM

a. Actual image

b RE A
b. Schematic diagram

1. BBERF 2. 3l 3. SR 4. JEAR 5. BRI ZE 6. MR 22 7. IR
1. Nut 2. End plate 3. End plate rubber gasket 4. Cavity 5. Rubber plug 6. Screws
7. Cavity rubber gasket

A1 KEEEHEAE
Fig.1 Sketch of experimental device
HEEK 100 mm, 7% 80 mm, /& 80 mm. WHANJE
[ ELAZ 40 mm. 5 80 mm HY [ AE B S g%, AT K
100mL ) TAERM . BIMHEE —mKE — FEHRZ
40 mm HIBRAT, FEARAE RIS BE, AT AR R T
AT FUR LA RS ABRAT IR 7 — I~ E
240 mm. FL4224 0.15 mm ) 304 B . AT FIA
BN 158 B4 0.2 mm AEENLZ 5] o IR 22K P

Wb R s A RIS B S5 AT ] 5 DA ORAIE 25 4 12k o
JesaE BT A AN EAN 10 mm KEFL, AT H#HS. 1
SAUERKFE, AR B FL kAR e ZE R IR I 2

B I AO. BO. ABO Ff1I# A. B. AB4 6
AR VEIREEFR A 50 mmol/L KNO,. “A” FER1X
PMUNEREE, “B” RonUEM LR, “AB” EOR
[ I e Al /NER AN IR BE, “O” R HIRE. xt
T A. BFIAB 41, ilid 1000 Q 4 e BHZE SE 5 A AR
BT R P o %523 W B 3 A A, R BT
BIE.

1.3 CO, iR

CO, il R M AR B, X T ¥ S /ANEREE R 50, LA
3500 r/min B0 PPPEFEEVRTS 2] 100 mg /NERTEE, MIAZEE
H15 100 mL KNO; ¥ ¥ 25 Jii T B W) 46 A2 4 ok 5 N
1 g/L W ETF . 358 Co, N, IRES, CO, &
FURIE N 1%, #5H % 10 mL/min. J5E%E N 28 C.
N LED 16, JelfBRE 6000 1x, JeHE Lk 12 h:12 he
F24h bR B 1 10 CO, WE, LR 7d. Bl
5 CO, ZBRFRLIEIR CO, iFkAE .

CO, FEALMBIRFE . S IR XA,
BT B TR IR LR N 0.1 g/L. & 12 h YelE A A
Bt %30 S5, JLRSE 7d. WU pH {EIE S pH iHII
4 (PHSF-4F, REX), %% (dissolved oxygen, DO) i#
o W AR A (OXT 3310, WTW) 45 . #IHE I %1,
FIF 0.1 mol/L HCI A1 0.1 mol/L KOH ¥ 15 pH 1 A 8.
FIA N, BESAS DO KT 0.3 mg/L. V&Rl iaPE L HLAR
(DIC) el pH 55, NekEEMRS &
WAL E] . JEB R RS OLEE (UV-1 800,
SHIMADZU) 7£ 681 nm & T Ii#55",

1.4 EEMRAEES T

CO, FEALINAR J5 BEAT P2 B o 7 e 0 S ke 42 14
AL BRI AB 4. WK, fRFEFHES. BE. %
A, B 0.5 hid KA E P b R, ELRI0SE 5 do
43 TAE S RN G 2% T MR 3R 15 MR Ak il 4 R0 Th 26 235
FEhiZk . RAZMRHR 2% (linear sweep voltammetry,
LSV), HCifif KNP, &IbmEN 0, HH#iHE
0.2 mV/sHl,

WL 165 rRNA 4K 3 70 75 43 B B B 2 e 2% 27
FEARRUHIZAT 30 d Jo MBS B WiEl, B4R 3 K. 15
DNA $2HUF1 PCR 43 j5 il % SMRTbell S . #/E 4>
G (operational taxonomic units, OTU) 3% & 98.65%
AL B SRR T N BB 2 A PRl
S RIS K] 3y e T 45

2 ZHBR5451
2.1 CO, 3k
B 2 it A7E 10 mL/min 3E558 R A 1% S AR

WM, 6 HAEDIKR T CO, W FE R 7] 481k #
P, BMT/NEREERELAT 1 gL EEY, 6 4111 COo,
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15 7d WEAWE), (HBAEEFRE, X5 3emk— 8>,
H O CO, IREEAR, WA 2K CO, #iiiIR, RS
RE. HE 2 B COo, REHH, AO. A, BO.
B. ABO. AB #H[E#xZ 7358 52% 53%- 10%- 19%.
69% 1 81%. Aifk b, TIEEBEFEZE (BO. B4 <
ANER [ R R (A0 A ) < B SRR AR R R
(ABO. AB#) . X T $%Fh 1 1% & B 19 BO 41 f1
B4, MARGHITEUIH S RS, SR H 10% $#2
TEE 19%, UL R A AT A g, H AR
77 BT 10 B A0 1A% 33 5t R AT B TR T A RSl
BRI AO L E B RALN 52%, HAZREHAMEN. X
R TEESSRMA T, CO, B2 L% B 45/ A
AT S R R R R 2, e N AL 23 IR
CO, WARBLS, SEERS CO, TEH A /K 145 B i [ AN
JB, MECABE I SRIERE ORI o X /N Bk A 1
WAL ABOH, RGEFEKF AT 2 69%. Ui ¥
- 8 TR B AN ER T 0 LA AR R A B TR R R
T TR E S B, Al E AR A
B ) BH Bl R0 b R i 6 s A R T AR T A i, IRRT
AR R SRR R, W R G R AT — 2P
FE AB 41 81%.

—= AO == A -+ BO v B —+ ABO AB
A FICO, AR SE: 1%
Inlet CO, volumeconcentration: 1%

——s ., 3% 3 —*
’\H\,/H-/’i—'

—_
(=]

o
o

CO,IKRIE
CO, concentration/% v/v
o o
B [=)}

o
)

0

0 1 2 3 4 5 6 7
B 18] Time/d

A0 A SRR EA/NEREE K T B LA P S 4 BOL B 43 A %
Bl SR BE I JT ER AL A 2 ABOL AB 435 [ b 22 /N R A - 35
WREIIT R AR RS AL, TR

Note: AO, A are the open-circuit and closed-circuit groups inoculated with
chlorella only; BO, B are the open-circuit and closed-circui groups inoculated
with soil flora only; ABO, AB are the open-circuit and closed-circui groups
inoculated with both chlorella and soil flora, same below.

B2 6aAMKAZ e CO,RE

Fig.2 Outlet CO, concentration of six biological systems

22 CO, %1

Kl 3a s 7d I AO. ABO Al AB 417K DIC B}
284k FEAIT pH KM (7.0+£0.5), i+ DIC
FEHEA CO, J5IEIN H,CO, 1 HCO- 3 2H 2+ 20,
I 3a 7] %0, BE#&E CO, BN, 0.5d W 3 41 DIC #idi#
B ZEAE . NERESEERXTT DIC RV R E
BIE0.5d 5 R4, 2.5d 5, 4B CO, /=4 DIC i#
FFN/INEREE DIC JHFEE B, 3 2H DIC B ik N2
Ao FAAK DIC &N TMEAEKELELZ, DICYE
T AR AN I T /)N R T8 SO 5 Jr R MR 04 — A% H B R (NADP+)
G . BEAHLH NADP+EUE T M52 T8 s A H H 2

XU A R REA8 L O AN LA S R I B B
BRI R 77 (40 DNA F1 RNA 258, #Fmmagiiot 24
I, & SHEGEEMpPETCY. MELT AO 4, ABO 4 E
A= HIFEAS DIC Fri. U B B HEB R Be e 7= A 2
4h CO,e IXEE CO, W] LA IRIE R A X DIC, 7EAE) HLAE
R, wRRsE R, Kk AB 41 DIC & &85 .

I

?;,g 3500 ~ 3.0

3 2 3000 o 2.5

20 2500 S 20+ AB

&G 2000 g 15

= g 1500 S

£ 1000 g 190

o 500 = 05

Ko =

E g L L L L L L L H 1 L L L L L L
20 1234567 0 123 4567
E It Jé] Time/d It} ) Time/d

a. IR PECHLBIOR E b. VG

a. Concentration of b. Biomass concentration

dissolved inorganic carbon (DIC)

B 3 AO. ABO #= AB 41 CO, 1L 4t
Fig.3 CO, conversation ability of group AO, ABO, and AB

Kl 3b BT A /INEREE AR ) 2 B Bl I (R AR A G R e 3
S /NEREE T AR IR E 0.10 /L FIE A K. 3.5d )5,
B HCRIZH K. 7d )5, AO 4. ABO 411 AB H4:
YR &40 1.71. 217 fil2.65 /L. H, AB 4R
HtE, MEET AO R ABO 4, Z2r HI42TF T 1.55 A1
1.22 fi%.

CO, HANRE G, CO, MR FEfE A1) HCO;y
ST /NER A K B RIR . /N EREE AR A A o AR ) T AN
DOC. AB #41[¥] DIC FIAED) & 3 i, ULEHTE B
ERMAEVBRIER T, CO, #3214kl 7 DIC M
AR, X B FE DOC 2Bl LAk R
ok TR BTN ER O A FH PR AR DOC F AR, TERA
[f] CO,-DIC-A= ) i Bt 6 Ak i 42 il b, BN T
DOC-CO,-DIC ¥ AL #4251 AEY s mT DLk — 5 st iz 5%
tho CO, T B BER T R R A7 7= 2, — 7 T B R 4i
BT CO, BI/NERIEAN M 1) A5 TR S, o8 R 40 A 1) B L
b PE T+ T CO, L Es H— 1, ¥ 7ER+
CO, MR MR P o AR ESKMET, BT ik A
HCO, A X, Wk afitk CO, I4EHL4 (CO, concen-
trating mechanism, CCM) . B Jt @ i B B &
(carbonic anhydrase, CA) ¥ HCO,#1k "~ CO, J5 F-fit
MR, 2T RS HFERE ATP. BARRU, 4
CO, I E/NT K, (CO,) i (K, (CO,) F£RnikF i K&
1EHEZR 50% AT i 0 CO, ik &), CCM fik &k . 4,
YT E EZ/NEREE, CO, 1 Ky(CO,) A 80~192 pmol/L,
X A S AR R BELE 0.5%~ 1%, BB /R @ CCM
B, LR R BRI 328 HCO, . TMiE A /NER A K
CO, B E RAE 1%~30%Y. HEEALET DOC i &t
TR RS CO, WIREE RIS F, A4 55 /N Bk sE 4t g
REE ALl CCM, FNG T8 2 R T HARRG (L [ BV
A SRR, BRI RE BT e co, B
Z A DIC AW, gt 7 Bk . 25k,
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TR B T RIS P E R CO, A, RS
DOC 43 i CO, BE/NERIEEFF A o 3K [A)FF A2 SR
WEE CO, #E R IEA 2 A T B
2.3 ARIETL

Kl 4a s 9 AO. ABO A1 AB 41 pH 1 Fiti I ) 25 4k,
B, 7 PR R R R R BRI EREE AN LR A, O
50 mmol/L KNO, ¥ il 2 i il N CO,. ¥4I %% W pH
H54 8.00. BEE CO, MFFLLm AN, 3 HAEVIR R R
pH EI 2B F B . X E&HT CO, 7TEH M 72 F
SRR TS, 1.5d W, AB 4 pH {H N &R, Bl
ZAHBA BN COo, mEZE, 2d)5, AB4 pH{AH
BOMEFFIRREIFE, & TRE. ABO 41 pH {EHNI7E
3dJEIEHCFAE, ISR T AB 4. AR SN EREE
AO 4 pHAENITE 2 d JERFEE T FE, (H FBEERWZE. @
Xt 7djE 440 pHME (AO: 6.57, ABO: 6.85, AB:
716, FH: 5.97) HATGT AT AIEL, 3 HAEMIKRIE
7dE pHEMWEER TEAH (P=0.021), XEHT
W B (RS BRI AR K, WRESRTE, BEhEKESY
A E R RS CO, M HCOJH AR, BEWE 22/ pH A
BB T . T AB A, BRI o A
AL S 5 AR R R MR SR JEAE HY, X158 AB 4
pH 7T DL 8 A 58wk T 3 4H pH R e 8 S e e A
KHEAEVEE (7.0+0.5) . fEIZEERA, pH {E#kE,
TR CO, MR B &, Yea MRk, AT
oA K, I T W AL 9 B L A R R AR R R R
J5 T EA B AT

Kl 4b Fron o 3 dLAEYE & DO BER ARt . &
i N, B, WA %) 3 40 DO KT 0.3 mg/L. RETT
MG, 7R 1 RIET 12h, 3HARSGATOCAM, R
HEVERB 0,, DO ¥ZH LT, HA MR G
ERNE A BN R, BT/ NEREE I
FHFE O,, ¥ DO M. BbjG, BT hekigd K2,
HAM RS EHPIIAME 0.1 g/L ZW BT (- 3b) .
TR /N ERFE VR BE 38 N S 3 DO Bl R B R BT, |
15 1 d WIKSRAEEFNRLE SIS T (12 he12 h) —5X
M. %4 KRe, BREKENFEREY, DO LA
%o BRI, ToiRA2 DO A By ids 2 FLlt ' g & HA: sl B

AB MBI/ o X2 KON A i AR R 2 R R
FREEHAE O, BEAT IR IR, FHIFW DO FFE, Wz
R IR/ (K DO P RPRET B AT B T B A et
Ak

5

8.0 %D
7.5 =4
= 7.0 E.ﬁ:g;z
2 ¥
6.5 %E
6.0 =

2

5.5 .2

012 3 456 7 SN 1 23 45 6 7

i} 18] Time/d
a. PREEIER ) pH{E BE I ) 254K,

a. pH in environmental solution over time

fif 1] Time/d
b. FREGVE TR 10 VA S BE R (AR AL
b. Dissolved oxygen in
environmental solution over time

B 4 AO. ABO A= AB LR IR EAL

Fig.4 Environmental solution change of group AO, ABO, and AB
24 HEYIBHIH

XTI Av B I AB AT . 3 AAEMIA R
BRIEDUR B ARFIREE Y 1% 11 CO, #E<. 1&] 5a fisl 3
HAME R FRasar e i Emtt . i, AZAM B4
LR - I 4ERFLE 8 A 26 mV 7645, H & AN YE RS
WAL . UEHINERER LT RCE P HLEE YT, T B 4l T
IR R = AWK RE R AU . T ABA, H
Js B 1 0 5 06 26 A OIS R (12 he12 hD) A7 AE B K
PR F ANHFAT, BEMEZ09 200 mv; 1
ZA TR ETFER 120 mV A, FELE T — A6 HEJE
TG g T, Hy B2 e T B A, W EEILER
RGN By 3. XWAETS AB 4 REH8 LRV 76 42
K EAABIKRE 1% 1) CO, BEUE LT, MKEEGREIK S IF
FEAE TR IAPE R ERY . ] Sb BToR A 3 4LAEAR R I RRAL
LA REEM L. T AB 4L, JFEHEE. M HR
M KD E S HIGME IR T m. i, b
R fe K Th R B E N 1342.45 mW/m?®, BRI 3274 T
46%. JGHEIS, /NEREIE G EE HPR G REF AL VB HL
YA Re e ARG . TR A AL A I A vl
TS R R EIERER O, i s
BRSO SR S N, 1 ™ B . SRR, /N IR EE DA
WAE N, R S ER R ki . SR
AN S BRI FBO™ i PERE N B 25 .

1400

250 [ P 0.8 -
Light Dark
200 06
z 2
gﬂ 150 §o
£ = 041
S =
o 100 A S
= =
15 02t
50 — AB x.\_.'.‘
0 12 24 36 48 60 72 0 1 2 3
5[] Time/h

a. &I HH BEL 795 ity HL P i

a. Voltage output of external resistance

FHL I % J% Current density/(A-m™)
b. Ak 2k

b. Polarization curve

- A o - A
- B £ 1200t B
- AB-EE  Z - AB-SI
AB-dark ¢ 1000 AB-dark
AB-J I 2 gool AB-JEI
AB-light 3 AB-light
B 600
o
;\;4 400 |
Eﬁ 200 -
R
4 5 6 7 0 1 2 3 4 5 6 7

FLL % 5 Current density/(A-m™)
c. DA E 2L

c. Power density curve

A5 A. B AB A M Eaiih
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Fig.5 Bioelectricity output of group A, B, and AB

2.5 HELERS

25t 30dFHIE{T /A, X BO. ABO fil AB 3 41
FEHBOEAT 3. R 1 PR AFOKF o 2R, HE 1
A, BO H& I o ZHEMEFREIY &N, U4 LR
Bt 30d 1 1% R E CO, # <M 30 d N FF R
12 h:12 h e BRI S, F 8 MR 24/
EREEANIE, RETHERE o ZREERZ I BN
BREDCAE O TR %, FE O, &
LB, EAYBERET, HESEES, o
FEPE KSR o 1t 350 B 3 17 L AR A 2R b R B 2 AR PR O
52 CO, iR AL ALt R I e R &R, B FR R
JE W] I e AR B B

%=1 BO. ABO ¥ AB ‘&% o ZHM
Table 1 o-diversity of flora from group BO, ABO, and AB

AL LI ) T e Z FEPEFR S Diversity index

Group Observed species Chaol ~ACE Shannon Simpson Pielou J Pd_faith

BO 2418 3026.36 3550.15 4.53 0.93 0.58  75.65
ABO 4140 7077.13 7870.49  5.92 0.97 0.71  114.28
AB 3564 5084.57 6183.08 5.43 0.95 0.66 101.44

iz Pielou_J 550N Pielou ¥I5J BTG4, Pd_faith FEECHE 2 FEEFE L
Note: Pielou_J index is Pielou evenness index, Pd_faith index is the faith diversity
index.

6 firon 9 3 AWK A I A8 bR 70 #r - Cprincipal
coordinates analysis, PCoA) . PCoA 45 H & B &4+ 1)
IR EARFESNE, WIPRHGHEAE. 34
[AIFREOR, U WA A) 22 AR, /INEREER 5NN A1) v B
EE S R A B M S 2

03F  AB#l
Group AB °®
0.2+
% 0.1
g o
= L]
ABO#AL |
01 Group ABO
. BO#L
-0.2 | Group BO

04 -02 0 02 04 06
PCI (66%)

B 6 BO. ABO#= AB 41 B % 44

Fig.6 B-diversity of flora from Group BO, ABO, and AB

Ta Fn AR R . B 7a 88, 344
YAk & 35 UL A JE BT Proteobacteria, J& BE B[]
Firmicutes AI4L#T B 1] Bacteroidetes N, =#F HLb 2l
15 3 A 99%. X 3 M [ TE R R b o
FEHAPY, %t FaliE BO 4, AT Proteobacteria,
JEEE B 1] Firmicutes A1 40T # '] Bacteroidetes & Lt 43 %)
N 63%; 24%, 12%. H5INNEREG, ABO AJEEER ]
Firmicutes &5 Lk 24% JL-FA25, #UFF i ] Bacteroidetes
di LE R TF R 26%, “FTE T ] Proteobacteria (5 Lk T [ 22
49%. 1 arE, SIN/NERE S, WS 0 T AP AR
HH 2418 $&F4 % 4 140, X{FFF/SE AL ] Proteobacteria
i EH 63% T REE 49%, HH RS =R, AT E
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A R RN IRAE A2 B AT, B A v e ok DR AU b 256 )
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a. Bacterial distribution at the phylum level
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b. Bacterial distribution at the genus level
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Fig.7 Microbial flora from Group BO, ABO, and AB
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Leuconostoc 7 th 15%, 15l N/NEK#EEJS, ABO 1 AB
2H R B B2 BT )8 Leuconostoc 5 L3/ 0.2%, JLFH
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Leuconostoc =KV, 5 —J51, ABO fl AB 1 [ %K
W& Azoarcus (5 LT, 0 HlIEE] 18% Al 5%,  [F &K
BB T DL S ) N, B A BRI R AR,
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F Bacteroides N AB M EEH 5y, X 3 FI N7~
W HEA RIFHIMA T 1E5ee 71, BRI AR R TR
FE R B I

WXt BO. ABO 1 AB 41 #f KEGG R i& 45 4
Hrol s, 3 Ak & AR 3 B2 B v AR IR AR 3
KL A P11 (Carbohydrate metabolism) 12 L FR AL
# ( Amino acid metabolism) , W #* 2 Fr7x . KEGG LA
ARWMIES N, U RN O A R
AEERUR, dHPRACEIRONTEER . 51N /INER R FIR 2 L ik
ERRE, ZHEFEEHPRT, R R
fift /INEREE G A A FH P2 A 1 BT 1 A LA AN BR R 4 i B
WP E AR ST R R . BARSRUL, REXT
TR AK A P AN G B IR () A U A R SE AR 78 1 20 41 i 905 A 450
Ua, ARME TR KRGS R AT 2 AL
W BRI IE = AR, AR,
FRAE R I, i WG SRR CO, iR &1, R4
[i5] B 2 AN I AL B J 18R T

#*2 KEGG XBRBEE
Table 2 KEGG key metabolic pathway statistics

R AAXT 2 FE Relative abundance/ %
Metabolic pathway BO ABO AB
BRI A AR
Carbohydrate metabolism 15.32 16.52 17.97
AR mA 12.31 12.75 13.77

Amino acid metabolism

3 & 1
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Effects of bioelectricity on CO, capture by the symbiosis between
microalgae and soil bacteria

HUANG Dong , ZHANG Yedi , SHAN Shiyu
(School of Energy and Electrical Engineering, Chang'an University, Xi'an 710064, China)

Abstract: Carbon sequestration can be expected to mitigate climate warming in sustainable agriculture. The soil structure can
also be improved to reduce the application of fertilizers in the global carbon trading market. Agricultural CO, emissions sources
are characterized by high dispersion and mobility with low concentration. It is highly required to develop a series of suitable
CO, capture approaches in modern agriculture. Correspondingly, the coexistence of microalgae and flora has been commonly
used in agricultural scenes, such as aquaculture farms, biogas digesters, composting, and irrigation systems. If this symbiotic
system can be developed to consume CO, emissions, great potential can be gained in agricultural carbon sequestration. This
study aims to explore the effects of bioelectricity on CO, capture by the symbiotic system between the chlorella and soil
bacteria. A series of tests were then constructed to analyze the CO, capture and conversion of the symbiotic system under 1%
v/v CO, emission. Furthermore, the bioelectricity generated by the bacteria was then collected by electrodes and external
circuits. A comparison was finally made on the variations of CO, sequestration and bacterial distributions after the stimulation
of bioelectricity. The results indicate that the symbiotic system shared the highest efficiencies of CO, removal, whether the
external circuit was closed or not. By contrast, the CO, removal efficiencies of the pure soil bacteria were the lowest, compared
with the chlorella and symbiotic systems. The CO, removal efficiency increased from 52% by chlorella to 81% by the
symbiotic system with the bioelectricity. Dissolved organic carbon (DOC) that was consumed by the bacteria also enabled the
chlorella to convert more CO, into dissolved inorganic carbon (DIC) and biomass. Among them, the concentrations of DIC and
the biomass of the bioelectric-treated symbiotic system reached 1.4 mmol/L and 2.7 g/L, respectively, after seven days. The
CO, was in situ reproduced in the symbiotic system via the metabolism of bacteria. The random collision between the
microalgae and the bacteria cells effectively shortened the mass transfer distance from the CO, molecules to the chlorella cells,
thus improving the mass transfer efficiency of CO,. There was a great increase in the local CO, concentration of the medium.
Some chlorella cells were then avoided to suffer the CO, concentrating mechanism (CCM). More energy was also saved for the
rest enzymatic reactions to promote their growth. The bioelectric generation and transmission were accelerated to adjust the pH
and dissolved oxygen content of the medium after the consumption of DOC. Therefore, the growth environment of the
microbes was optimized to further promote the CO, conversion. The output voltage of the symbiotic system fluctuated with the
light-dark period. A 200mV output voltage was achieved over a 1000 Q external resistance in the illumination period. The
maximum power density also increased by 46% from the dark to the light. Moreover, the symbiotic system was powered only
by light energy with a limited carbon source supply entirely from 1% v/v CO, inlet. Compared with the pure soil microbial
community, the chlorella was invaded to form a symbiotic system and then replaced the Leuconostoc with the Azoarcus.
Simultaneously, the proportion of Citrobacter and Raoultella plummeted, whereas, the Rikenella, Tyzzerella, and Trichococcus
increased significantly, leading to an overall enhanced diversity. The dominant bacterial composition remained almost
unchanged in the microalgae-bacteria symbiotic system under the bioelectric stimulation. However, the Raoultella also re-
emerged and then replaced Rikenella and Tyzzerella. In addition, the main components of Citrobacter, Alcaligenes, and
Bacteroides reshaped the microbial community in the symbiotic system. KEGG metabolic pathway indicated that the microbial
community was primarily formed the synergistic interactions with the microalgae. The soluble organic substances were also
decomposed during microalgae photosynthesis and proteins in algae cell debris. This finding can provide a strong reference for
in-situ CO, capture in agriculture.

Keywords: agriculture; carbon emissions; microalgae-bacteria symbiosis; bioelectricity; dissolved organic carbon; low
concentration CO,
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