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Table 1  Chlorella strains and their sources

Strain code Name and Catalogue No. Sources
1# C. pyrenoidosa 15 -2070 Carolina
24# C. pyrenoidosa 15— 2071 Carolina
3# C. wlgaris 15-2075 Carolina
44# C. protothecoides CS —41 CSIRO
S5# C. wlgaris CS-42 CSIRO

Carolina: Carolina Biological Supply Co. Burlington, USA
CSIRO: CSIRO Marine Laboratory, Hobart, Australia

1.1.2 B 5 R b B e AR N U R I R A
(Basal) 15 77 5, 40 20 B (/1) 10 g 16 % B < H,0,
1.25 g KNO,;»1.25 g KH,PO,, 1 g MgS0, *7H,0,0.5 g
EDTA, 114.2 mg H,BO,, 111.0 mg CaCl, *2H,0, 49.8
mg FeSO, *7H, 0, 88.2 mg ZnSO, *7H, 05 14.2 mg MnCl,
*4H,0, 7.1 mg MoO;, 15.7 mg CuSO, *5H,0, 1 4.9
mg CO(NO3)2'6H207§jrﬁfg?%%xﬁ\%%*f§[g]o VLT
RREFREAE N 500 mL = A, B5 IR e & 250 mL,
FEIR L 180 r/min, #M & 7% (v/v), pH 6.1,28 C
EAAT R TR . RS AL B AT 3 IXEAL.
1.2 S EFEMRIFIE

5 PR/NEKEE T Basal MR 3736 b R R 5 9%, A
FER IT 45, R0 24 h BORE, 20 00 00 i i T
OD s, ~ I W25 5
1.3 EKKIE

T g O [ B L A R A ]
1.4 DEREXEBLGS RKRLESH A
1.4.1 WU ZEG K AL FE TT 58 W 2R5 TR K a2
BRI )RR 1 7K, 32 BE R Ay Ry 22 20 R 1
R, FZIK TR bR (mg/L): CODer: 1500, BOD;: 700,
NO; -N:0.8, NH, -N:0.01, PO;-P: 13.0. MURZE4 L
KON PR FE 5 min, ISUES, KR AKSEH 10
o/ LA BE() Basal W3 7R 5L 0 4% B 3: 1410 1
1:3.1: TEEBNR A, 4 AAKIRKARIE A buevde, HR%E
e ZNHIZHE T N 10 o/ L, 4 4118 %0 I 245 20>
A 2.5.5.0.7.5-10.0 g/L: $uAb, ¥t a A1 £ 4 0 %)
M, a: 1009% R 7K, £ LWL 255 22 /K AR 28 1 /K Tid
1l Basal AR IR IECHIZTHE 5 524 10 /L. 6 4157
BN 1 # AR, BRI T (viv), RIFERIR,
24 hill = CODer~ BOD; « 1 J5UBE  NH, -N+ NO; -N. i .
g2l U e
1.4.2  WRZEE PR KR /N R 57 77 B 57 1K 5% 0 < Y
1.4. 111 aves f 4DUL 2 MU 545 1R 7K 0 /N R 7
FEFERIREIA AKX 3 A1) A R B 4% S e BT B
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PER R 7K 32 SR F 4R A7 (mg/1L) : CODer: 11591, BOD; :
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Fig.1 Heterotrophic cultivation of five Chlorella strains in shake flasks.
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Table 2 Growth parameters of five Chlorella strains in shake flasks

Growth parameters 1# 2# 3# 4# S#
Maximal biomass/(g/1.) 53 4.7 52 45 4.7
Maximal biomass at/d 3 3 3 5 5
Specific growth rate/d 0.98 0.90 0.96 0.55 0.58

Cell growth yield on glucose/(g/g) 0.54 0.50 0.52 0.48 0.49

Biomass/OD,,,

t/d
'2 SHRNKEREMRFIBFRENES 0Dy, WILLE

Fig.2  The ratio between biomass and ODsy of five Chlorella strains

under heterotrophic cultivation condition.
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CODer~ BOD; « i J5U Bl + 2 20 AR B0 1) 26 Bk %6 53 il b
83.0%81.7%96.9%70.6% 1 86.7% » 2=k Z #
Pl A i, 2 W R K HEAT A5 B TRUAR B, /N BREST 1% 7K
TR WA RO R B A 20 B IR R I 26 s AR
Wy A TR A Y A B R 0 i 3, VR A
W brevdsesf IR RS 20 4 2.54547.5410-10
gf/L, XF Y. (R 0 6F 40 M %% 4 2 23 ) O 0.524 0,54+
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Table 3 The removal efficiency of main pollutants in mixed wastewater with the growth of Chlorella
Total

;r:_‘“mem CODer! % BODs/% z}*’;;;;g ];HA N 1;93 N [;7hosph0rus/ ?;‘S“S’
a 39.0 15.0 83.3 76.6 9.6 10.2 0.3
b 83.0 81.7 9.9 75.6 o1.1 15.4 1.3
c 85.6 84.5 08.7 70.6 88.7 16.5 2.7
d 87.5 9.4 98.4 7.9 86.7 15.6 4.0
e 89.9 04.1 98.9 91.2 98.5 28.5 5.3
[ 2.2 95.1 08.8 2.3 98.5 15.1 53

FEASCRAT I LRI AL B 7 5 rh, BV AL R
PR (< 28.5% ), AEAE AT R — A ) L, AS 5K
B S IR TR I 1255 Basal Ki 73 P i & =ik
2t S A FRT SR A R A /N ER
FIT B MR AL P i 1 b PR, 325 i 355 7% 4 o 8 9 9 b
KGR .

N T SEVEAN TR K ) 32 R A3 B T A )
BREEIAEKEER, K B AR A 5 H F YL &
EATDR ANEREE A A IR 5 an 4], vk 3 417 R R IR
ANERER, P 3 AT AN, 1 AL SRS s PR AL AR B 22
BARK, T A5 4 RIRTF 1.4 o/L I KAEW i,
ANERBEAR AR DU 2, e WIAE 2 7K v B T 46 26 B LA
Ab, e EHUE IR E W n Rei =, ifn B T AR
KB [ AAE 4 R 5.2 o/L KA &,
575 Basal 85773 1) 5 KAEW) & (5.3 o/L) A —
3, Ui R K 7K 509% B AR Basal 35 77 560 /N BR G 4
KA EA A S, (AR LA, 1448
Basal 1577 14 1) f5t iy A2 A7) 0 10 T P e 0, 1 4110 e
KECAEKI AN 0.85 /d, /N T Basal 55 77 2 b 1) 55

KEAKTHEA0.98 /d), EWHEAEEFE 4 d(Basal 5
FRHE 3 DA B IO, X ] HE A TR K 50% 5%
X Basal £5773%, T2 BUNBREE AL 77 A K IR
ZAFCUnFE e T ER ) A A= AR A, 5 M /N BR A K AR
I E , ARG /N R S 7R R 97 AR ) R RS AN KR, B
#| Basal £ 72 0 B AW = T ALAESE 3 R3R1G
5.3 of/ L (5 KA R, DEREEA K e e K E AR
KTl A Basal B5 IR S B 2 P AH L, #3E A TG 2=
5l 2% W ML 1 7K 1009 25 AR 4 7K I sl 455 9% 5 5
AT, JRAKIEA EAE RN EREA T AT FH
N 7K Ak 38 355 SRR Y ML 2 7K B A B R 2N
BREEG IE, R LT K 7K 1009% 55 AR 281 7K, %7K it
Febn L BRI R, ANEREEAE K R AT, R WL P K 5
AL T/NEREE I S R R . SR G H I8, LA
1R ARAREE ZE 00 7K BE 1) Basal W44 15 77 J2 41 (1) A 2 2%k
Rtk
2.3 /NERSER X IEAE R E R K B9 AR R
ANERGEEXTDERE R K B 2B AR TE 4 d AR
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Biomass concentration/(g/L)
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Fig.3 The reuse of wastewater by heterotrophic Chlorella .
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J R K R 2 B R 1 22 S T Re At T T & AU
AN 203 1 5 28 3k Pl Ak B K 7K 1) CODer 25 B 2%
(45.0% ~ 54.5% )% T R VERE 2 /K (1) CODer 25 BR 2
(15.4% ~ 18.3% ), NI R A& K5 I W P s I G WL E 97
Wy, XN T /IR R R B B A LA BRSO
TR FH S 97 /N BRGE 8 AR v A0 R K I, 3R A5 2 % 2
(1) A= ) 2 B e 200 R TR T AR T PR S WA R A K
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ey, SR K AL BRI 2

R4 NKESFEKMEEEKEESRINERYE

Table 4 The removal efficiency of main pollutants in saccharifying

process wastewater with the growth of Chlorella

Treatment CODecr/ BODs/ Ii(itri:)lgen/ rfl;l(i:j:lphnru% / Biomass/
No. % % % % (gL

A 15.4 19.6 30.0 9.8 0.3

B 52.4 21.4 3.6 6.0 0.5

C 46.2 22.4 4.1 5.5 0.6

D 47.4 24.7 4.8 5.2 0.6
3 Wi

M5 BR/NEREE R AR E AT I AR R e K
PR IRE B 2 BROE B R IR B SR I AR X 2

AL RAREME. T 3 # BRI S ORI 45 KR 1 #
BERRARH L, DAL, FEARSCAN A T 1 # SRR B
FEER

HI I PR 7K 1009% B AR 28 1 /K, /N ERBE AR K
WA 52 B RS, 38 W LG PR 7K 5¢ 4 mT LU T/ BR R
() S IR BE 7%, 2 ] LA 249 K 8 17K R U ] B s B
SRR BEIEACHI o T8 3k S R RS IR /N BREE, ML PR K
JURD 32 BEK TS G ) #A AS [R) R BE I 25 B, X el %
TG RIE T .

TEARIG IR 55 G DL T, B SR AR 22, 1X
SERIAESEI) Basal 577 B B 2, 3597
P R S HH /N BREE T B R W ) e B B, 0
FRE TR K R B, 5 B2 B AR, FRATT K
5 BT 9 V4 M el B T ok g

FUHI /N R e 7 77 5% % AR 8 U5 Ak Ak 2 g
TK 5 H— P 20 a CER AT e L 14 /DN R 5 4 D 1
FEos RS (R IR B85 G i 0 ) AR A 1 52 o 2 ) 4%
AR TEANAN Ay PR J2 7K o YA A (] R, Ay BRI /s
BRI OARSRE T — AN RO ANEREH] T
T 27K A BRATY A VF 22 52 B Il 00 75 2 gt ke, T A o 1
G T REFRNEREE ) K TRAL BE 7 V0103 K . g%
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ATGURIF b, HOAR 0 Y 2 B PR M 5 5 R K TR
BRI AR 22, TR N T IR OIS N T Basal B3 97
FEILE 3 IR 7K /N 3K AR B, X B R K
JEA 178 FR TR A 2 T HE /N BRI AL K ir
o 70T MALHI F X TE A I, 06 200 T 4H 4 fff
T AR K A A T ) R T S RN R R
FEP LR, 3 M v TR B 5 58, AR SR AR
S B A A N HEAT 1Y, BRI SR FH VAN 0 s A R A 2
B FIIE 104 R ¥ Basal 55 9% 58 T 2 /K i DLl A2 /N BR
B SRR I BER AR SI2 B N v, AR B 2 7K AR
P 8 T R A8 /N R B AR FH 1 B A A AL s Clan
FTOKBEAL S | B ) IR 7K 2 B A AL (10 A 9%
W, AT I 1 i Ak BE B K R AR FE N BR 2 H B
A G 1B Z R A I AR, A B A 380 S 4 (1 T Ak 2
Jiike

S XA A SR T FHRORS B /K 35 9% 1 /N
BRIEIEA S 5 Basal 55 95 B85 5% (1 /N BR i 2 TR) ¥
A S ZER, HILE S E & w57 b DA bR
(R SREST . (R P G ok K A 7 R IR /N TR 3B 7
H R 3 L2 OG22 A VPO 190 1F 40 4, 3 I
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Chunbo Qu'?, Xianming Shi'"*”

('School of Agriculture & Biology, Joint Sino-US Food Safety Research Center, Shanghai Jiao Tong University, Shanghai
200240, China)

(% College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: [ Objective] To treat wastewater from beer breweries, we used the wastewater for the heterotrophic cultivation of
Chlorella . [ Methods] Using Basal medium containing 10 g/L glucose* H, O, we screened 5 Chlorella strains, of which 2 strains
with high specific growth rate and maximal biomass were used for wastewater treatment. [ Results] The two strains, Chlorella
pyrenoidosa 15 — 2070 and Chlorella vulgaris 15 — 2075, were suitable for heterotrophic mass cultivation, and had similar
results. For Chlorella pyrenoidosa 15 — 20705 5.3 g/L biomass was achieved with Basal medium containing 10 g/L glucose*H, O
and beer wastewater. In addition, the highest removal efficiencies for CODer (92.2% ), BODs(95.1% ), NO; -N (98.5%),
NH; -N (92.3%) were achieved during the process. [ Conclusion] Beer wastewater could be used as a major component of the
medium for heterotrophic cultivation. Most of the harmful compounds in the wastewater could be removed during this process.
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