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BAS B A Tl 24 3 5 A ) S R Ak A 7 1 32 2
B, AHRE I A 2 =AU Y S (R A
WS B A 77 A AR 10 % A REAE O A% b5 D3l
FEAS BRI, I AN Y K S TR AN B IR TR M
B A DR O A ) R IRR AR 52 BRI P 1) i L B
AR EE . NS EJF K5 KRBT R K IR
AL SR IR LSS AT AE— 28 L BR oK
FE SR T HL 36 BE A X 2858 FR ) B A 7 B AR )
JBE I T ] A 0 S it RO R AT 3 5 2R W S il 7Y
A7 A, PR A — PP R B 0o 035 T RR L 5 1
JEPRAE . TN X b H 3 B 0L ] 2Z i 8 e O LA
[} - ok F AR STPs 1 R /K 2 15 138 T e 1 3% L 1%
FEK M S BE A D2 2 S et i AR 3R L R T R /K i 7 1
PEI RS IR AR U B RE s B T R AR B

AR E (Nannochloropsis ) TE2K¥ FIE T E
AR 15 3% 49 (Eustigmatophyceae) , 1% J& il 3 AN X A K
FEPE ARG e T H AR & At —
RE A . Bar, AT @ 1T M
SRR Z AP 26 A W SO s A & ST 0 5 7R A
U B C E P e (N gaditana, N. sali-
na, N. granulata , N. oceanica F1 N. oculata) ¥}yl
TR . IR BTG KA T BT HE R K ) R B IR
BOE TIRK BT 78 . A0 1 MR K G40l 2K
(Nannochloropsis sp. MASCC 1D 5| AF & 2 %
STPs {1 /K AT % . 405 3 7 3 18] 9 i AF R
MG AR EFA SR bR [ E AR ), Ay 52 e 1)
R RBURAER: SR IR LR AR Y

1 bR ik

1.1 R Ba w4

1.1.1 iR % 35 WRIK Bk FA 3K 3 ( Nannochloropsis
sp. MASCC 11) ty o B RE 25 e 75 15 ¥ v 00 58 BT 4 1L
H AU A TR s BT o RS HRR e Fh 3] BG11 55
FEFEAPIS YRR (254 1) C %58 60 pmol photons «
(m?® « &) " OISR 24 h: 0 h 50T IR R4
AL T

11.2 K% 2K BCA 55 5 A B 5 K A B
(TD-STP) FIZERHI 5 KAL) (LC-STP) . B Hi—
KA TF 1:00,7:00,13:00,19:00 K5 & Ji 75 7K &b
FRT0 0 K R SRR LR & J5 » ULIE 24 h, T
121 “CEEK R 20 min J5& M. RBKBKE (LR D
54 GB 189182002 il — 2% A #rifi (pH=16~9;
CODg 50 mg « L' T-N 15 mg « L' T-P 0.5
mgeL 1),

LL3ME  TU-1810 BUERSMA] WAF G EE T (AL At
W praE A g8 A R FDD 5 I Bk 4ol (Nikon 242 ] 5

YS2-H B2 s (H AR JE BE A 7)) s JY92-TT i 7=
U Ry R AN 7 e T 2 AR R A IR A FD 5 PGX-
250D RV BE G RERE FRAR CIT I3 3R AR 2% 1 v A PR
H]) ;7670530 AY H 55 ¥ Uk T4 AX (32 [H Labconco 72y
A]) 3 YXQ-LS-508 Y g He 28 15K I i (T R Sl A
FRARIRITERR) )
1.2 STPs Rkt FE s

FH A R IK ¥ 2K B 76 B Lk (EDR = Vg /
Viekr tn) 2800 20%,40% ,60% .80 % F1 100% , K
e TSR, ¥ 15 2 1 000 mL #EE 40 5
2H, B AL 4 I A —FF EDR B9#5 B K 400 mlL,
FERNHE A A I TOE (W) U PR A B 2 2 1. 3 X 10°
cells » mL™ D), WA MR E TR B RIE RN
FEIR (150 r/m) 821557 8 dOEARZA TG 8D . b
FRFAER 1101 7y, 5% T R] B ORI 40 T
BEFRAE A I A Wy R TR . BEIRET S A
SN A 45 Ah PR ) TCAIL R R R TR

£ 1 TR STPs BIREKKESH
Table 1 Characteristics of the effluents from two

STPs used for microalgae cultivation

K BLRR PET5K  ZERTTEK)
Water quality TD-STP LC-STP
pH 7.34 £047  7.34 £ 0.34
COD, 39.0 £0.21  26.5 £ 0.50
NH/-N /(mg+ L") 3.99 £0.27  3.69 £ 0.38
NO; -N/(mg « L™ 1.65 & 0.05  0.21 £ 0.02
NO; -N/(mg « L™ 8.19 £ 0.06  5.14 £ 0.30
T-N/ (mg+ L") 14.56 + 0.12  8.84 4 0.39
PO} -P/(mg+ L") 0.12 £ 0.002  0.03 £ 0.001
T—P/(mg+ L") 0.40 £ 0.02  0.30 4= 0.05
JEHL N/ PO P 115.3 265.9

1.3 EYFERE
1.3.1 S g BUC R EEIRLE B LER .,
HMER T O T B R AN M (ND, B
10" cells » mLL 1,
1.3.2 )b A ¥k F FeAE R EER G, d D R4 —E i
[F1] P Bl 19 A KR L 1R (D38
_ InN, —InN,

t
HH N Ny 433 £o 6y B 2000 3 40 it 25 B Ccells »
mL )5z K to o ZIEAGEE (D,
1.3.3 A% % 508 Ho &0 py ik, SO
10 mL, Mt S E PR T 8 . KGIERREAE 40~50 CF

oy

r



96 BRIl OEOR ¥ o 20224

HEF(6~8 b, TR s A HIE AR, 35 R, L5 BHMNERE(AC)FIEBRE(n)
W, W, A3 GO R (6) 5
o= (2) PR
AC=C,—0C, , (5)
Krbo MY R (g« L)W, HIERE (2 W, _ AC % 100% 6)
S EEFIE B T () sV R SR AT (L), T, oo

134 wmeaE CRHABRMEDTREEY . i b Co M C il R FR R A IR 45 K5 8 IR R Ak
W B (4 000 g,4 °C,10 min) AT (—50 C) BE(mg L"),

FREeRy . EBRFRIK 0. 100 0 g, ¥ 10 mL HIEPLHE 1.6 H\EIT 590

LA CHOL-CH,OH AT (2 ¢ 1 v+ v AR 25 SR 5 YT I L
7.5 mL,JiegiRIRS 1 min J5 . fE VKIS A Y% 3 min {HE=FrUEZE” (mean®SD) FE/~, ffi ] Origin9. 0 £
(T% 700 W, A% 5 s, TAE 5 s), M A CHCL,-  fiif] SPSS17. 0 F {47835 73t . RIS it Pear-
CH;OH IR G (2 + 1 v+ v)3 mL, YRR S 1 min, i son AHOCHE 1T TRIT BAE W B R 5 i 5 B SR W)
B .5 000 g B0 10 min, B HAER S C R E e\ EBREZ LR ST B E KR P<
flBeR e L B 1) JROR A P oin A CHCL-CH, OH SR A9 0. 05 Al P<<0. 01,

(21 v:v)3 mL ZRHAITEEE SR 2 K. A HLAHE
BIG I8 Bakbadr b el N, e fE ., #2:003)
AR BIES

2 45

2.1 BKRHIIEGEEARR EDR BKPHERIENE

w _M X 100% , (3) .
M, A& 1 A] UL IR KA ER B AE 5 STP 1y 2K
Ko HEIEHE & E O ;M HERTE(2; T AR K, 25 A P AT Y 5 A0 % R Bt BT[] ZE AN T 3
M, HIFE (2. s A H BRAE I I, (H AR Ak i B R R K Ok R A EDR
1.3.5 dfig = (LP)# i AR S 76 TD-STP E/K i 5 ANAbHEZH op (WL 1
Lpo DDy o w (), WL 2B Kb, % 35 45 TR IR 1) 38 200 i % A
z (475.9~598.6) X 10* cells « mL "' 2 [a], It A= K
At Dew Do O 85 35 JF i GG RN 09 3R DDRE e o) s 1 i RS (88 K (B EDR I8/ 1T
(g L™ D0 MMIBESSEOD., 6 B 0. 191 dH) 3 7E EDRI100% ( BJl o 22 ik B2
L4 L HEPR U E (9 AO b LT (3 2) . 78 LC-STP KM 5 44k

JEHLE P BRI R PR BN g e, e o K B8 B 7 20 19 3 0 5 4
FCEE RN 2R T RN I A i A (323.2 ~ 488.5) X 10" cells » mL ' =z [i], H &

SRR AS RUHE s = R LR L EDR100 % 4L PR i r {80 165 d~ %A, g TD-STP
WERRER  E AN T 7 BLEER AH IR B 4 oot /K AN EDR Zb3FRZH 1) 86. 4%, i EDR Wi/, r {H
NE RN == N
BERITIE PR BRSSP < 0.05) (LE 1) FIFE 2).
700 700
—8—20%;—8—40% —4— 60%;—¥—80%;—#—100% —=—20%,—8—40%;,—A—60%; —9—80%,—4—100%
7600 | 600 |
E
" 5 S0 500 F
S
2 T 400 [ 400 [
q]E
" _qf, 300 300 [
3 200 200 [
100 [ (a) TD-STP 100 [ (b) LC-STP
0 1 2 3 ¢+ 5 6 7 s 0 1 2 3 4 5 5 7 s
FEFeatE] Timerd 1= FeatE Time/d

Bl 1 RAKAUBREEAE A [FIAR R L R K P A R il
Fig.1 Growth curves of Nannochloropsis sp. MASCC 11 in effluents with different EDRs
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Table 2 Specific growth rates () of Nannochloropsis sp. MASCC 11 in effluents with different EDRs d!
s ik S kT A (LC-STP/ TD-STP) /%

Treatment group TD-STP LC-STP Ratio(LLC-STP/TD-STP)

EDR= 20% 0.162+0.002* 0.11440.002¢ 70.4

EDR= 40% 0.18040.002" 0.124740.003¢ 68.9

EDR= 60% 0.17640.004" 0.114-0.005¢ 64.8

EDR= 80% 0.17140.005¢ 0.1344-0.002" 77.0

EDR= 100% 0.19140.002* 0.165-0.008" 86.4

T < [Al— 8 il A S [ 5B A B ELA 7 A 3 25 5 (P <<0.05) .

Note: Date with different letters in the same column represent significant differences(P<C0.05).

FRAEE 2,78 5 F EDR () TD-STP /K #3528 d
J& s RK AN BR B A= ) B A 0.161~0.287 g « L' 2
] e AARATS B AE EDR100 Y A BHAH L 55 8 5 T 1
‘E EDR AbHEZH (P <C0.05), [Fl#f, 76 LC-STP /K8
FRR R H, EDR100 Y6 4b ¥ 4] (1) 3 A= 9 7 e K (0. 197
g+ L D mHBERTHELMA. 2 EDR AHAFR,
LC-STP /KA i) e A= P i 22T TD-STP &
JKANFRA , 2B AF 0.041~0.103 g « L' Z ],

YV77] TD-STR
0307 IXJJLC-STR

7

Ny
N

N

£ Y BBiomss/(g-L™)

T #E L EDR/%

(RRIF £ R 25 B3 (P<C0.05), Different letters indicate statisti-
cally significant differences (P<Z0.05).)
Bl 2 POKBEUBREAEAR ] EDR /K iEFR 8 d G YA Wit
Fig.2 Biomass of Nannochloropsis sp. MASCC 11 cultured
in effluents with different EDRs for 8 days

2.2 AR[E EDR Bk gk KRBk R HO i AR & X

H 3% 3 0L, TD-STP Rk K5 5% 1 fese v, i g &
VAR BB EDR 38T RS SRARME (29.3020) H
BLAE EDR100 %6 2 BRAT , I3z = {1 H B AE EDR20 %6 ib 3
41(41.35%) , LC-STP J&7K £ 4b BT 119 S e Mg 7
ZIR R EZF(P>0.05), {Hi& . I g 7= R
B BRAEYI AR 2 FhE 7K 19 EDR100 % A4k H 4
H TD-STP /K AHIE %8 (10.50 mg « L1« d ™)
3 LC—STP B/KIF) 1.37 {5,

2.3 AR IBKEXT AR E EDR Bkl @B

B3 /R T s fh T & oK b B v g 5% 8 d
Je P TCALR T A e BE A L. AR aT O, EHLA
PR SR Bl EDR (934 K fiiG £, H LB A TD-
STP /K H 3 AR FF7E 60% /247, 1 LC-STP J& K
EDR /)N iy kb R 41 b 6 ML 25 B 488 8 (66. 706 ~
70.1%), # EDR % K 9 &b B 41 b 0] B & fm A%
(35.8%~45.4%)

FRIEE 4,532 8 d 5, LC-STP JR /K4 b B4 i TG
BUBE 24 ARGt (. ZSBR 34535 %] 100%0) s TD-STP &
IK A AL A 1) T AL 25 bR 23R 2 5 F 8026, 7 EDR80%,
AFRZ L F R F 99. 400,

24 BAKPERRVBRE. ERESEEYE . ME
BRX R

HRAE FREE R T A SN E St R B3R O,
KT IHLA B R B Sy 2
TEAHE(P<20.01 8% P<C0.05) . 1 5 e g & i 5 1
XK (FE TD-STP /K Hik 2] g /K, P<<0.01) . [A]
FELTOHLALBER KBRS iAW i il g & & Z Al
FEERIA . 5 LC-STP JB/KAH L, TD-STP R/K
Hh R bR 5 AR R bR 2 R A B A AR DG

3 e

3.1 STP BKAI A B RE S IEFE A TR KRBk E
5

SRR Y R e A K 0 DA T B FR I ) S AR R Y
P i el 1 77 3 (BG111) . BBMPY 28 s, b 200 AR
(MR MBkEh (Z B A . #lw, 76
BG11 5 5# 3 p, NO; -N (iR &l 247.1 mg » L',
PO PR R 9.2 mg « L', ZH W HLEN/P) R
26.9, MG Z /A BFIE OB IZ O (R iR N
1. 5X10% cells » mL ', 55T 1. 3X10%cells » mL. ™!
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Table 3

32 10 A, MAEAE R 0.44 g« L r B 0.27 A7

MK RIUBRE A i A & EFNiMAE =25 EDR ;|

Lipid contents and lipid productivities of Nannochloropsis sp.

MASCC 11 cultivated in effluents as a function of EDRs

TD-STP LC-STP
4hEnL — —
Treatment s a I 5 S S =5
o Lipid productivity/ o Lipid productivity/
group Lipid content/ % - - Lipid content/ % - -
(mgeL'ed?!) (mgeL1ed?!)
EDR=20% 41.3540.85" 8.31 31.10£0.60° 4.66
EDR=40% 37.35+0.85% 8.30 33.70£0.10* 4.34
EDR=60% 37.70+0.40" 9.31 29.5540.55* 3.51
EDR=280% 35.1540.45¢ 8.51 30.35£0.65° 3.79
EDR=100% 29.30+0.401 10.50 31.1544.15° 7.67
T« [Fl =4 Hp ol B AN TR B ) BB A AE b 25 25 57 (P<<0.05)
Note: Date with different letters in the same column represent significant differences(P<Z0.05).
14 [ ]##E@Decrement 59.2%
NN 7 4 BResidue
12 L
N 54.5%
3
]
g7 45.4%
% § s 65.8%
P [=] [ o,
W £ 35.8%
=5 6
]'R §D A - 61.0% \\ 45.39%
g N
60.5% ]
0 N \ N \
20% 40% 60% 80% 100% 20% 40% 60% 80% 100%
A 55K AL BB B DRCINEY \CE2 ==Y, €1 31
TD-EDR LC-EDR

CHABURETHLA M Z B3, Percentages represent the removal rates of inorganic nitrogen by microalgae.)
B3 PORBEEREN TD-STP(Z0) Ml LC-STPCH) R /K PR 2Bk
Fig.3 Removal of inorganic nitrogen from TD-STP (left) and LC-STP (right) by Nannochloropsis sp. MASCC 11

AT I STP oK BB S FREh ik (TD-
STP /K & THLA 13.83 mg + L', PO} -P 0.122
mg + L' LC-STP K Z 38 W43 8 9. 27 A
0.034 mg » L Vo RAMET BG11 552 (2= 1~2 4
BRSO . RIEINI SRR IR S AT 72 2 A oK
AR WL D) 5 i HLAE A 208 1 1 8 7K (EDR = 100%6)
rA R 55 8 d JE AR a4 il ik B iR BGI1
B e s AR My R 65. 23 %0 A1 44. 7T, r A4
b 70.74% AN 61.11% ., #52, x4 STP /KAl LL#
R G IR H A TG o .

fsEAE LC-STP ok rh AR K 818 (LK 1.2 figk

2) JFRA A Oz /K ICHLR BB 1900 46 e
PRI W3 W k5 SRR BRI IR e B 2 5 AR i
BEERR LR 4 o Rl xR K e B i IR i
Wth (U212 TD-STP /K[ 1/4) 71537 1 i) 2 AR PR
PRI FE R . X BT 4 AT A B B R4S

i}, 4 EDR Ab B B B ERERL 22 AR BUAS Y . i TD-STP
FE/K4 EDR AL BRZH A i Sl A7 AR W R AR .l L AED
LC-STP Rk rr i i A2 55 IR 45 ARCHIT 2 A7 AE - SR
AL TREVVECIRA . CABIEN ™ 5RAVUEAH L . #%
TV fole e A 1 A Al £ T SE R . IR N AN X
Z 5 KAL G WA A A AS TR 400 i s =2 TR 1 5% 02
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WHEREMEHES S ATP) RS, OM%E
STP itz g ab 3 () I K R 2R H 3 £, TD-STP
FEA PR A VG5 K 1 LC-STP 3= 240 BE Tk & K .
BARWT YR R T 7 B ERKPE EY R
HIBRARU L AT REAFAEAR K 25 5% . AR S5 AR 06 05
JKAH LG s Tk B K v — i 5 A 55 22 1 i 45 s R X o i
AHEYY . TR E BT CRERTS AR BT TS Y W HE
HCRRUE ) (GB18918—2002) My FeAF i 101 H I A
A R RS IREEL /KL i PR PNE 2 5 & S L= Ty SN
TR BTG KA B T 2 i AR 5 4 8 A Atk ok
7K AR o AT DAL B Tl /K N E % STP

KT EREY KRR . AXRESE. ALY
XA R AR AR 2 4aE L filln, Cd* R
P 2R B S A0 L PN T 1 A (ROS) R R 3
T 200 L 4R A 0 45 5 . P AT AE O R B Y
STP /KPR (A 2O W EETA S 100 pg « L
Bt B M (Tetradesmus obliquus) WA K 2352 31|
AN P, B AE LC-STP BoK i AR K 218 Fil AR
Yy A m] RE W VLR AN B T R4 T A 45 2R
A JE WWEFE RN GR 2 R K A B B R S R BE Y
FeAE s LU S s Wi st g 5 U 5 44 PR 5

JH#EEDecrement
R " .89
b 4 EResidue ekl

012

=

é‘) 0.10 99.4%

H
il
§ s 0.08 94.1%
=
23

£ 0.06
&3 89.5%

=

<, 0.04 100%

w 0,

= 81.7% 100%

Ay — 100%

0.02 100%
100%
0.00 L=y RS | FRos0w Ry
' 20% 40% 60% 80% 100% 20% 40% 60% 80% 100%
A G EKA B RKF L ERAG KGR BARKEL
TD-EDR LC-EDR

(A BUCEBERR Eh ) 2Bk 3. Percentages represent the removal rates of phosphate by microalgae.)

Al 4

WK ER ST TD-STP(Z) Ml LC-STP(47) B /K s £h iy 25

Fig.4 Removal of phosphate from TD-STP (left) and LC-STP (right) by Nannochloropsis sp. MASCC 11

R4 BAHEFRBVHREFIAESHEEME HIESENHEXE

Table 4 Correlations between the initial concentration and utilization quantity of nutrients with microalgal biomass and lipid content

Coxmn Comms ACxym A Cns
Co organic nitrogen Co Phosphate A\ Cinorganic nitrogen A\ C phosphate
i#;ﬁ 0.805" " 0.802" * 0.828" " 0.778" "
. B
A 55K
TD-STP cu
- —0.925"* —0.921** —0.910"* —0.905"*
g & &
i#; . 0.553" 0.544° 0.709" 0.544"
- ES
ZERH 5K )
LC-STP w ) _
o —0.194 —0.185 —0.105 —0.185
WG & &=

. x x P<<0.01; * P<<0.05,
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3.2 STP 7K 3k iR 52 H %% %% bb X ik 7K s Bk 352 v Ag
AR INRA

%FF TD-STP 7K . EDR %% (20 % .40 %) frAb B
P EER e S A . X FEE IR O B
HIFR R R 7K B TR IR MR BE R A . 3R 4 4
SCHRERFP T« 2 R K W AR 20 ik BE 4 5 T e ) T

EH R B FEAMEL(P<0.05), REZH5%CIE
Sphes sl o R = i A Ul 3 2 0 0 9 40 P Y i
FAR R T AL B i = A O T A ) B R
AR P O A N SR LIS B i Al v k) 1
R EZERRY T XA R T U AN A AR AR SEEAL
KA, (HIE 78 LC-STP Bk & Ab B4
XA GAE G I A B2 (R .y AR & i JF KR B & EDR
FEARMTB 23S . X &K hy, B4R LC-STP Bk )
TR BRI B SR 3 A A Tl iR TR (H 2 R K
ZWAFW BT 3.1 45895380 T Re s dl i AE A .
HWFTEAE R L d 4 JE AE P ARVR B I AR A4 22 £
PG G AR » A v VR R Y ) S A AR S
W40 4 K 25 438 L P il B8 (Auenochlorella
protothecoides UTEX 234D HE S Cd*' By IM ;35 3E
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Cultivation of An Qil-Producing Microalga in Effluents from Municipal Sewage
Treatment Plants: Nutrient Removal and Biomass Production

Li Dawei', Meng Fanping', Cui Hongwu'**
(1. The Key Laboratory of Marine Environmental Science and Ecology, Ministry of Education, Ocean University of China,
Qingdao 266100, China; 2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao
266071, China)

Abstract: An oil-producing freshwater microalga, Nannochloropsis sp. MASCC 11 was inoculated into
the effluents discharged from the two municipal sewage plants (STPs) in Qingdao city. According to al-
gal growth, lipid production and nutrient removal, the feasibility of culturing microalgae with STP ef-
fluent for producing oil rich algal biomass and the advanced treatment of effluent was evaluated. The re-
sults showed that although the concentrations of inorganic nitrogen and phosphate in the effluents of
TD-STP and LC-STP were much lower than those in BG11 medium, they could support the growth of
microalgae. The microalga had a growth advantage in undiluted effluents with a biomass concentration
accounting for 65. 23% and 44. 77% of those in BG11 medium, respectively, after 8 days of batch cultu-
ring. The diluted STP effluent was in the state of nutrient deficiency, which was conducive to the accu-
mulation of lipid in algae cells, but the maximum lipid productivity appeared in the undiluted TD-STP
effluent (10.5 mg « L' « d7'), 1. 37 times of that in the undiluted LLC-STP effluent. The lower lipid
productivity in LC-STP effluent might be related to the remaining harmful substances due to industrial
wastewater treatment. Under the direct and indirect action of microalgae, phosphate in TD-STP and 1.C-
STP effluents was reduced by 94. 5% and 100%, respectively, whilst the removal rate of inorganic ni-
trogen is relatively low (59.2% and 45.4%, respectively), which may be related to the lower initial
N/P in both effluents. The effluents from sewage plants receiving domestic sewage is more suitable for
cultivation of oil-producing microalga, which can realize the combination of low consumption cultivation
of oil-producing microalga and deep purification of effluents.

Key words: effluent from municipal sewage treatment plants (STPs) ; microalgae; removal of nitrogen

and phosphorus; biomass; bioenergy
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