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HRUETIIE R R R - DRI » ACBUB B TERE I = Bt FR OB K » R SaU S L 2 ) B S B B
(Chlorella sp.) » $HBS /K 8 R BUAR T — SRR RATECR » 01T LUZRERIF + I Hae R 2 K
S I - (0P = R EURIBIE 43 7 324 me/L 1 84 me/L HURFERE K BARBRIRRIRN 1R
HURFE (A41) » Z250RS (B A1) » ROBRIRE (C41) % = MR E A (LRI s TRk R i - B 2
% C LB AR (200 me/L) AU (49 mg/L) JEREHEEE A 41F B ALA(E + SURIBHII LRI 38.4% F
414% » GERIRFERBE A GLR B AR (P <0.05) SRR | g (BRIRLIIEE 4.84 L 19 SRILHR - 4L AEAIABRIE
SR RIS R AT 41 — 64% B 2.18 — 2.68% 2 « 47 BRI » (5 = Byt ER (e O BRE K BB RS
BB » TR R B A TR SRS K R RIS B OB P SRR - B M E NS
SR IR GMET » ELEL{ ORI AT - (AR SR e 7 . A BE R B 7 ELBT TR » TR
BT AR BRI CB AR DA - -

B ¢+ SRERE © EREREK - EEAR -

4

EERA RGN - SEEA LIRS S T 2050 2Bk A LRSI AR 99 8 - E T KRHE I 70 — 100%
(Prosekov and Ivanova, 2018) - FE AL )N E R SHIE E WL (Dennehy ef al., 2017) » &7 imE NESEHESE
SKETRETIS AN - RS AV EFETAEE 25200 I - Rt EA K EAVEFERE/K (Nagarajan er al., 2019a) » ELTAERE
KR B (Dennehy er al., 2017) o E5ERE/KFT &MY SRR 53 A 5 200 — 2,055 mg/L 1 100 — 620 mg/L (Cheng
et al., 2019) » 8= Ee=(BE/K IR B 1% EURIRRAYRIE AIRL 7112 200 — 400 mg/L #1120 — 100 mg/L 7 i ( 855 » 2003 ;
ZLRSE 0 2005 5 &R 5F 0 2020 ) - BURKE SRR B R B AR ROK T E & SR SR S S S B o RIREITHV
KRR (TR ORGESE » 2019 ) » R EH R~ S K PRAE 77 731 5 10.0 B 4.0 mg/L - BEZREFESERURKHE
AT e A 20 P B AT - ERURK R ~ W S RO T AR 1R 4 BRIR 5 B ) | DK (B (LS ER (R M (Glannuzzi ef al.,
2011) > ZENNGRBOR K EhE R R e i 2 B3 -

BB KE R 2R » RE KRB H 355y TR RRSHER - DU N E 4 A 2% (Dennchy er
al., 2017; Wang et al., 2020) » Hu ez al. (2021) 5t » BREEIHEZ RARAVFERIREI AL — » AEERNVES ~ |
FRARHT R PEU A R AEH )/ V3 - De la Notie and De Pauw (1988) 8155 » ARG HEFTAE VIR BE vl HE KPS RERF —
At R E R L A A AEYE - B EA it St DU 2 A -RAVEE S - BOATA AR R TR
KAV =4RFE 24 (Larsdotter, 2006; Abdel-Raouf et al., 2012) » Nagarajan et al. (20192) WI52EER » fiC%E I &E5E RS /K
HsmE & - [FERFE P DIERREE - S5 K B R AP B g A HRE L » Harasimowicz er al. (2007) f5iH
HREH 55 — 65% HYHFE ~ 30 — 45% Y (LK (carbon dioxide, CO,) Il & HYHR L& KK R - 7R (2015) 45
o BEMWEHEACESIEAGR T DUTEEIE A ERE E CO, - BAIHRER S - BARER KOV iRBRITR
F o FIF CO, AEF &R A A MR % ) (Abinandan and Shanthakuma, 2015) « BE/K s HY) &8 G5 1) 7 fide 0¥

|
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{b1% > AN THVA TR SRR - RSk 2 B8 HE (Travieso ez al,, 2006) - Nagarajan et al. (2019b) 5t} -
THREAREHEEE T EGRRRREIEY) - Ea PR RBHARA - 1 CO, ERREHIERMEERIEE - F
PRGN = CO, JRFERYRFE: » SR mI i By CO, PRI © A1 > Colla er al. (2007) a5t - SHEEEAHE - lFH -
AR - BYE - MECRFEERER - AV > EHcERAIRE BEHILIEE: - B EEIREDA L
SEUIHEEE - ARSI E AR S B NS & B YIR VIR R (Austic er al., 2013; Lum et al., 2013) -

B YR A E BRSO R QR - By T AT E SRR E ~ W > DURFRETEE S CO, &8 - AWIFEEM
=ERFURHE RV EFE KA RIS RGBS - TR AR UK S SO dR T CO, JRE E’Jxﬁ(%

M A

I &REREARR
AR [ FH &R % (2016) B5EHY4EBKTE (Chlorella sp.) - #% % (2016) F| & 54 BE K LA — MR & B (BCRC
Number : AL20008 » Y& R AT HL 3 $7 1) 558 - S EL5E (2010) 7574 » HUEKR DL DNA E4H RS
DNA » DIEEHGH$H R FE (polymerase chain reaction, PCR) #4T DNA 8% » 118 L 18S tDNA 43 T-3585H (clone)

B E AN - 46 ACERSHY DNA R EY » A Az B8 FRET » PRI 5B AR B R YR
it & {40 (National Center for Biotechnology Information, NCBI; http://www.ncbi.nlm.nih.gov/) &fe} e b5 21 B

SRERERLIE FE SR RS ZE 99% » HE e BRI AS RSB -

T GREROREEREERSY

Table 1. The component of culture medium for Chlorella sp

Items Usage amount/100 mL'
Medium
Ca (NOy), * 4H,0 15 mg
KNO, 10 mg
B-Na,glycerophosphate + SH,0O 5mg
MgSO, + 7H,0 4 mg
Tris (hydroxymethyl) aminomethane 50 mg
Vitamin B, 0.01 pg
Biotin 0.01 pg
Thiamine HCI 1 pg
P IV metals (components as follow) 0.3 mL
Distilled water 99.7 mL
PIlVmetals T
Na,EDTA - 2H,0 100 mg
FeCl, « 6H,0 100 mg
MnCl, - 4H,0 3.6 mg
ZnCl, 1.04 mg
CoCl, « 6H,0 0.4 mg
Na,MoO, * 2H,0 0.25 mg
Distilled water 100 mL

' Refer to the medium formula of BCRC Biological Resources and Research Center (BCRC Number : AL20008).

IL 4RERESCEARSEBAE © 20 1 Fo -
() FFERERERR 40 mL LA 1 L SEHEEMUENE > A LBERE IR SRR B FE RS /K (55 ) 460 mL > DI/
IR SEASHH DR SR A AR THEE -
(i) ¥5E 2 A% o K () SRBCRREIA 8 L 2E0VEHM » MIA 3.5 L &4RBRETER - s - S22 #R 8
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JERT 4 LS > P92t 4 (8 8 L ACHVENIM - FHI0A 3 L8Pl - g 2 181k > (V&S 16 L3R
PR 16 {8 LACHYENIM » I3 L 8 ER - AR 2 8% - NE—EUMEI 3 L8R 1
[T DU/ N R SEAI AR SR PR (22 3R, L2528 100 L AR -

(i) 7 (i) ZHRCPHI R 4 7R 100 L B8 (M 25 L) &> JIA 60 L 558K - DARSARIE A2 R
& 2 AR -

Chlorella sp. liquid 40 ml +
culture medium 460 mL (1)

lAfter 2 wks of cultivation

(1) + culture medium 3.5 L

l After 2 wks of cultivation

Divide evenly into 4 buckets of 8
L + culture medium 3 L

l After 2 wks of cultivation

Divide evenly into 16 buckets of
8 L. + culture medium 3 LL

l After 2 wks of cultivation

Add 3 L of culture medium to
each bucket (i1)

l After 2 wks of cultivation

(i1) Divide evenly into 4 volumes
+ culture medium 60 L

Fig. 1. Culture process of Chlorella sp. in the pre-trial stage.

1L & (bR RE T =0

() SBRFIERATICERETIDE AZ RS A% - P ER 6 (EIA 25 LEFER A& 100 L VSR (5
fR&Y 80 L) » S3 BIERHIARE (A &) ~ DAZESRMLIE CO, (B 4 ) REUHRMEIE CO, (C4) F 3 A [H CO, fitfE
HARGEE2E B2 EHE -

(i) —SE(ChRIERE © A 45 B RS LTS A I0E - A EBREEFE T UERE T2 R - AR
fERLL 0 55 - B AHPUREME AZZ R E - S LikAtEE L2 R AL E R 0.0412% (Buis, 2019)
8 o CUUBRR E & E AT R KRS, - (85 RH B B E B B R e B 1547 12.723 m’ (VPR
R(ExEE=5mx1.8m) RS S ASNHER @ R E R R R R SR - DU
OB R E RS - DUIIEE RS B AU R RIS R i B A B R A8 - AR N Z IR R R A E &
b B R R - BBt BT A I DUA R &R RUR, -

(i) CH (LUGAMME ) S thHEENAR
L DL S BRRAT G REAE o > FO# S TR B ELBAR & RAS ( & bk © HkE= 0100 ~20 : 80 ~ 40 :

60~ 60 :40~80:20~100:0) > DL 500 pL AYREZ T H$HEPE & RAS AR ENT# (Trace 2000, Thermo
Scientific, UK) » L TCD Fy{s &5 77 5RAE (carrier gas) RyZUR > LIRS AT HIEAITA (peak area) 1R B
mELR (8 2)-
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2. EROGECERE R ES (y = 0.2891x +0.0015; R* = 0.9967) -
Fig. 2. Calibration line of algae liquid absorbance value and biomass quantity.

2. SRBRAT ~ &I R B R R o DUES AR AR MIELE | L AVREERRER T 3R
AR S PREE 3 %1% - T RHB E iR = T 0T -

3. BEERIAT ¢ PA S00 pL AYREDE ST S HHUCERRY SRR E A RAMEITEE - DI T SRR - iR s
A Ty (ZHEALBRIRE » %) = 8E-07x ([T ) +2.2437 » R =0.9951 » hEHEHRAS 2 — SRR -

.wﬁzﬁ“ﬂi/ R V) B in BRI E R

() 1€ C4HHLS LIFE125® » DABE L% (Himac CR22G, Hitachi, Japan) 1£ 3,000 rpm {5 Ny 15 7788 » Uik
TF/,\ 1% o > 105°C T HEf LS

(i) FEFEEZ9E 0.200 ~ 0.400 ~ 0.600 ~ 0.800 ~ 1.000 ~ 1.200 ~ 1.400 ~ 1.600 & 1.800 g -7 %A% » 41 10 mL 4%:5%
TREIEERL (£ 1) )68 30 738 - MR LAERER S (MS-11) BB R &9 91% ﬁu%»s&;&ﬁbiﬁéﬁ
FEER 1 L WHEEER -

(i) 75 (2013) J77% » FIHIEEEEER (Hitachi U-2900, Japan) 7 682 nm 7 & T » SHEIAVR A FELRER S
EERIERRELS (B 3) @A -y (SBKEEE > @/L) = 0.2891x (IKE(E ) + 0.0015 » R* = 0.9967
DA SEAB Al B3R h 4R BB TS -

100

CO,, %
L
(=]

O L 1 1 1 1 1 J
0 2 - 6 8 10 12 14

Peak area, x 107

3. R bhEERELR (y=8E-07x +2.2437; R?=(0.9951) -
Fig. 3. Calibration curve of carbon dioxide concentration.
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(v) sUBEAT - REEADREIR > PL TSR BRI x RRET ) A3 MRGEKEIZYE -

V. SRR R

PURAIAAAEF SR C 4HBAERE | g &kB0% 2 S ULHOHFEE » CO, KR (L COY/g Chlorella sp.) = [(
BaRnaR T CO, & E (%) - SERRIIAT CO, B E (%)) + 100 x 12,723 (RFRAHE (L)] + (BURREATYE (2)
- EBATERYE (9) » HivdRAEE IR EEREE Y -

VL FREEZ PRI AT ~ 18 2R > £ 105 CRABRR - Imsie 2 405 - Smsh ~ 3 - 8% 8 HS R T TA:

() 4% SIRTEIERERETRETRERFT NIEA W423.52C (2004) J5k3t 5.2 « Kb g0 = Ko i Eas
SEUMLFE + Ko ST OME + K cPHLEG SEUIE - Kch BRI - ERIRE o R HLES EL A - SIS
{TEE IR (R B R B i B FT NIEA W419.51A (2006a) ~ NIEA W418.53C (2019) 5z NIEA W451.51A (2006b)
TEIMNZ -

(i) #86% @ SIRITHEIRRRER NS 2Kl )7 7E — 50 ERt / 4842 PN 7E (NIEA W423.52C27.53B
TR R ReE BB BT » 2010) J0A T2 -

(i) BEVVEIRIE AT ¢ KEFERRGRAER - IAJKILE (NEYTECH-2-525) » 7£ 550 — 650°CofE NIKALLY 6 /N -
RBERORAL ~ 580~ BT S8R ERE% > I A 3 N AEIRE 10 mL > DSR2 8 350°C SR ETIE
i ~ B EER 0 DUR T IRBOEERE (Atomic absorption spectrometer Z8100, Hitachi, Japan) JHEHi ~ 7 ~
B SRE -

VIL 4515747

IL.

ZE bRt E B ECRERE - R EHREE SCER I ESITERL - FIH SAS &GEt i EEL g
— G AR MR FE 7 (General linear model procedure) #E7 T8 755747 (SAS, 2002) » EAFRFEE (P < 0.05) » FHLLED
B I A MBS A (Duncan’s new multiple range test) » £ 8 25 Jix FHAH 1A 72 R -

RIS

— S/ bhrptrE T SRR E R R

SRR A HOLEAABES (B > 2013) - sUEaRT S 4HEEREEY 80 L » SR E(ETE 0.631 — 0.664
[l > DARE 2 AF0 (SRR > g/L=0.2891 x Z5E(E + 0.0015) {55 » S4EBFEATHVERRBRELE 0.202 — 0.213 g/
L[] > SRIVEErzERI A 162 — 171 g (R 2) - &2 HREE% > A RREREM BAHK CHBS
BRA A SHARIE AL RS E RS EN - IR R EE R R AR > C AR TIREEREARM CO, MR
WEET RIIE RS > BADRRER C 4 GREAKMZB I IREEZE R - 2O ERRPTE - sU5assHIF > A4 -
B 4H K¢ C 4HAVERIRORIE 73 7l B 0.409 ~ 0.794 2 1.492 g/L > i RERSHZYIEE I 32.6 ~ 61.5 Fe 117 g/ £ » C 4%
HoE EREN (P < 0.05) 8 A 40K B4 R% > HELRHEA LA ER G T DU EEREELE E CO, (7E
%5 2015) 0 THARETH 30 — 45% 1y CO, (Harasimowicz et al., 2007) » ZE51 CO, & & {#4Y 0.0412% (Buis, 2019)
JEA R -
= (= = =

TR (2015) f5 i - SRERPEREHECE RIBEAAE - ATHETRNEE - R2E0REFE T - BEHK
ZAEFRBIEKFH CO, » HERBER KNI CO, HVAMRHRFR » BUERBA RAREE » REREZN
SRR RO R A S B R A S o TR SR ERETEEERNEEE R (RE » 2015 ) - Aalbs C4H
FIFEF K SOBRIRIIEI B TR 2 8 - B R EEYE - Wi EmEE S A BRARS CO, NAfE
A FRIRRE SRR - PREE C HalBaRT - RIARET S(LBE T &E5aEBAT CO, R F 23.15% » #2
Harasimowicz et al. (2007) F5H 30 — 45% K > SRR R By 7.94% > HE(T 2 HMNAREESELHRE 15.21% 19—
b - AAEEACHIE SRR RSN I A R A DA AT 2 SR IRE 3 e B4R EE - BEEEE 1 ¢
SERSRZYVE L HAE 4.84 L 1Y CO, - T slEgiff CO, KFR#FLY 65.70% HYHEm{E o HhEL Nagarajan er al.(2019b) $5
H o fCEEAT S CO, EEMNRHE - \IRIFVERATE CO, it Al e EH 2 gess R —2 -

1L SEERSEREEERT ~ Bk (L

LEBRCEISEFI I E R (KERE MR REIRBRIVEFERK ) iy > SREEE - 480k - 37 - 8 - $8
SEHTE SR 324 ~ 84~ 2.1 ~ 10.2 ~ 25.8 f14.3 mg/L - &% 2 FEE % - C HETERIVE BRI B i A
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4k BAH K (R 3) - AR 2 EP R R Ry BRI - 1l B 4HEER ZEERR T N REENE
AT A (P < 0.05) b » HA S B EESE FIHET > PLIEE C AR EERE SN A 40K B 4HAR » A4EFRELE
EHiE RN 2B K PN SRS E - MRS EAEEYE Z mili—2 (De la Notie and De Pauw,
1988; Larsdotter, 2006; Abdel-Raouf et al., 2012;Nagarajan et al., 2019a) o C 4H {5 FH EAIBEEE 43 5 B 324 mg/L il
84 mg/L WYEFERE/KIE RBERICEETER » &8 2 ARIE R P E IR f 200 mg/L #7149 mg/L > B LR
% 124 mg/L 135 mg/L HYERIGE » EFRZIT 7 Fy 38.4% 1 41.4% » BUREGEEE BAFFHEFIBEAYAE /T (Larsdotter,
2006; Abdel-Raouf er al., 2012) » TF|FHAEFEREKAVERE EFR - ABRETEEEICE 2 A% > BEREAE
XN (ﬁ%ﬂ%:éﬁh?iﬁgﬂﬁ [l > DAT fR&RBRE B REFE R K S ey BB - S E R R E RV -

‘f¥ EAE S E ARG > MEAREE CHBEEMI ALK BAHAEERS » M CAHERESEKAEKB

[ &5 = FE A AH R

*2 H(bhREUERGIRER 2B
Table 2. Effect of carbon dioxide supply on Chlorella sp. production

Items Group A' Group B Group C SE
Volume, L/tub
Before cultivation 80.1 80.2 80.1 0.1
After cultivation 79.6° 77.4° 78.5° 0.1
Algae concentration’, g/L
Before cultivation 0.212* 0.202° 0.213* 0.01
After cultivation 0.409° 0.794° 1.492* 0.02
Algae dry weight’, g/tub
Before cultivation 16.98 16.20 17.06 0.05
After cultivation 32.58° 61.47° 117.09* 0.07
Difference 15.59¢ 45.27° 99.98" 0.06

' Group A: static state; Group B: CO, supplied by air bubbling; Group C: CO, supplied by biogas bubbling.
* Estimated value, algae concentration = 0.2891 x absorbance value + 0.0015; algae dry weight = algae concentration x
volume.

"¢ Means in the same row without the same superscripts are significantly different (P < 0.05).

F2 3. GERERIERIARRIEIRR Y EL

Table 3. Compositions of culture medium before and after cultivation of Chlorella sp

After cultivation

Items Before cultivation - SE
Group A Group B Group C

Concentration, mg/L
Nitrogen 324° 313° 280° 200° 12.0
Phosphorus 84° 80° 72° 49° 6.0
Copper 2.1 2.0 1.9 1.8 0.2
Zinc 10.2 9.9 10.0 9.4 0.2
Iron 25.8 24.9 25.0 23.5 0.3
Manganese 43 4.0 3.9 3.6 0.2

Removal rate, %
Nitrogen 3.37° 13.54° 38.36 4.30
Phosphorus 4.46° 14.35° 41.35° 3.90
Copper 6.03 7.16° 16.17* 0.35
Zinc 2.48° 1.91° 7.58" 0.21
Iron 3.56 3.04° 8.93° 0.33
Manganese 7.67° 8.24° 16.05° 0.68

' Described as in Table 2.

"¢ Means in the same row without the same superscripts are significantly different (P < 0.05).
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IV. GEBCERZYVE R 7

CHHEZYE R ~ Bl e ESEET AHK BAS  BaETE A A (P<0.05)  MMNFEE
ZAHMIAEINT (2 4) 0 T C4H CO, EEEIR A H K BAHES 2 (RS > 2015 ) [ERRR - SAHEZYERSEE
6.61 — 10.3% > EMHEAEEZENTN 41 — 64% [ > BRI R AT > kSR (2.18 — 2.86%) tHlfH
THY 2.98% (TR EZ B g B AT - 2011 ) #5241 < 8 - £ - SAERaY 2 & 577 5 20 — 22ppm ~ 59 — 61
ppm ~ 140 — 158 ppm 5z 28 — 37 ppm © Marta er al. (2017) BB T 2R S50 - SRBRRAVIHE B 8165 53 71
377 — 47.8% 1 0.96 — 1.76% » [fi#% ~ SERISEAYEE AT/ 400 — 5,500 ~ 20 — 100 16 — 50 mg/kg fif] » A&
sRER AR B RE & B Marta er al. (2017) BEFRAVSCRREE Ko > 1800 2 & AIIBHEE(K © Colla ef al. (2007) $5
o SEEA hEE R v T > (HRNEESYRE S CRCEANREEE - VAR ZEE R RS2
BONIEY AT FIFI (Austic ef al., 2013; Lum et al., 2013) -

T4 EERGBCELZYERY

Table 4. The dry matter composition of Chlorella sp. after cultivation

Items Group A' Group B Group C SE
Nitrogen, % 6.61° 9.50° 10.27% 0.24
Phosphorus, % 2.18 2.58" 2.86"

Copper, ppm 20 21 22 1.3
Zinc, ppm 59 61 61 2.5
Iron, ppm 140° 152° 158° 13
Manganese, ppm 28° 34° 37 1.6
Crude protein2,% 41.31 59.37 64.19 —

' Described as in Table 2.

* Estimated value, Crude protein = Nitrogen X 6.25.
"¢ Means in the same row without the same superscripts are significantly different (P < 0.05).

W A

R =T E S iR (B E - ZRBRICEIRER ) - SHERGRE _S(LiRE (C4H) £
R 2 BRI E R RS > MAENGICEHED S EE 64% > HE (38.4%) FILEH; (41.4%) HYEFRRE
B A YK B RS > GAE | ¢ SEREMGETLTNEE 4.84 L Z&Lh - SERSHE O &= B H AN E AV E A S
BHFEEHEAT - B3R CIEE LI ANTE SRS - SRR LAY - WERGEE RGO - RFERUR
IKERAE » WIFEE SRR SIEROKEE T - A ESUERNEFERK WL - FASERIE R AR R bR Z Pk
R DGR R B R B R CHINT o - ARG IR T 1A - R sikE S AR SR R iy BB Bl Bl - Mo —
iR F s (E Ry S eI (R T A 5T -

ZEXR

G IR LT, o 4E5ERPE AR - HUE https:/catalog.bere.firdi.org.tw /BSAS _cart/controller o

THEREZE G REABT - 2011 - ZEERETF M (=) @ pp. 5-17 < TTHEEEZ B G T ER AT EiE
=147 5 o

{THPRIRE(REE - 2019 « FUR/KIEAE » rHEEE 108 42 04 F 29 H{EIF - HLH https://law.moj.gov.tw/LawClass/
LawAll.aspx?pcode=00040004 -

TBbER R REZ IR R AT © 2010 o /Kfihfarfl] )75 — 70 et / 4R RPN 7E (NIEA W427.53B) » HEERE] 99
9 H 15 HEEEZEMTEE 0990084224 §5/\4E o

TR ERIE (R B IR IR AR B AT - 2004 - /K P @8 & ol 7774 (NIEA W423.52C) - HREERE] 93 4F 8 A 9 HIRF T
0930057400 5E/N 4 -
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TR BRI B IR R ER T - 2006a - /KB EE SR 505 — 7o EETE (NIEA W419.51A) » REERRE 95 £F
8 H 8 HEEZ T 0950062980 57/ 5 o

TBRIRIR (REEZB IR SR - 2006b © /K gl EARHITT7E (NIEA WASL51A) - PEERE 95 423 H 31 HERZE %
FEE 0950025578 HEAE e

ﬁﬁtﬁmf%f“{%;;“fﬁiﬁm%zﬁﬁ 2019 /K Hropfif I EURROHI 7 7% — L 0% (NIEA W418.54C) » HPEERE] 108 47 H
30 EII%%&?[‘AH“”“ 1080004541 5N -

MUUAE - SR - EISER ~ FUMTE - FREETT - 2003 - W REUELFREFERKT B W (L) o RPE B
10 : 84-92 - http://www.miobuffer.com.tw/fnm/199210/06.htm °

BRAESE - 2013 - $RE/NEREE R I IR R R 0 - B V52326 £ 1-10 -

RE(E ~ BRIEE - MEA - B - BEE - Zre - BIEE - 20ERE - 2015 - S8 bR —oeEE - B2
2EEE 510 1 12-16 ©

ZLHUR ~ BIER ~ BRERSS ~ &REBICK ~ JRIREL - 2010 - BRFES LB BCERURK ZIHTE - BOKIRERR flobat & > pp.1-
13 - EERERIE TR -

E5d0E ~ JHRERE - 2005 © FEEPROK Z AR EREE - BREMREET] 14 ¢ 1-12 -

FRRBA - WO ~ BYCE - 530 AERES) - AR - 2016 o MM SR KR ERARE - TE gt 45 (WT) 126 -

FRARHT ~ gl ~ AEESN  RRAESE - 2020 - =ERFUR B A ERE B RK Z IR EBUR - BAERTZE 53 ¢ 82-90 ©
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Abstract

After the three-stage treatment of pig wastewater, concentrations of nitrogen (N) and phosphorus (P) of the water
were still high. The biogas produced in the anaerobic treatment stage contained a high proportion of carbon dioxide (CO,),
which could provide algae as a carbon source. Therefore, the aim of this study was to explore the effects of application of
the discharged pig wastewater from the three-stage treatment system and the biogas produced from the anaerobic stage to
cultivate Chlorella sp., with regards to the removal of N and P in the wastewater and the consumption of CO, in the biogas.
The reuse of resources is expected to reduce the negative impacts of the discharged wastewater on the water body and of
the biogas on global warming. A sample of treated pig wastewater with N and P concentrations of 324 mg/L and 84 mg/L,
respectively, was used as the culture medium for Chlorella sp. Three different carbon dioxide supply methods including static
state (group A), forced air bubbling (group B) and forced biogas bubbling (group C) were used on the cultivation of Chlorella
sp. After two weeks of cultivation, the concentration of N (200 mg/L) and P (49 mg/L) in the culture medium of group C was
significantly lower (P < 0.05) than those of groups A and B. The removal efficacies of N and P of group C were 38.4% and
41.4%, respectively. The biomass production of algae of group C was higher (P < 0.05) than those of groups A and B, and the
carbon dioxide consumption of Chlorella sp. was estimated to be 4.84 L/g. Besides. The contents of crude protein (CP) and
P of algae produced from all the three groups were between 41 to 64% and 2.18 to 2.86% on a dry matter basis, respectively.
In summary, the use of the three-stage treated pig wastewater and biogas to cultivate Chlorella sp. can effectively promote
its growth and reduce the N and P contents of wastewater and the CO, in the biogas. The CP and P content of Chlorella sp.
are similar to those of soybean meal and fish meal, which could likely be used as one of feedstuff ingredients. However, it
is necessary to refine the algae harvesting and the cell wall breaking technology, in practice, and there were still some algae

suspended in the upper layer of harvested culture liquid after the centrifugation operation, which must be properly treated.

Key words: Chlorella sp., Pig wastewater, Nitrogen and phosphate removal.
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