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Heterotrophic growth of microalgae could be an option
to shorten their growing time and allow faster
harvesting of their biomass. Suitable strains of
freshwater microalgae have potential for offshore
cultivation. Algae strains were isolated from rice
paddies and farm wastewater in Taiwan for
heterotrophic culture. In this study, ten single
strains were separated for phylogenetic. The strain
of NHU-04 grew faster in a high glucose
concentration. The maximum concentration of NHU-04
was 3, 030 mg/L and the crude lipid content was 21%
(dry base) when the additional glucose was 20 g/L in
a basic BG-11 medium. In a dark environment, the
microalgae were grown using organic carbon with
respiration. Organic carbon increased the specific
growth rate of the microalgae efficiently. Therefore,
using the algae turfs and wetland plants can remove
nutrients of wastewater. The removal efficiency of
total nitrogen and total phosphorous is 57% and 54%,
repetitively. The attached algae can remove nutrients
from wastewater in a wetland system.
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Heterotrophic growth of microalgae could be an option to shorten their growing time and allow faster
harvesting of their biomass. Suitable strains of freshwater microalgae have potential for offshore cultivation.
Algae strains were isolated from rice paddies and farm wastewater in Taiwan for heterotrophic culture. In this
study, ten single strains were separated for phylogenetic. The strain of NHU-04 grew faster in a high glucose
concentration. The maximum concentration of NHU-04 was 3,030 mg/L and the crude lipid content was 21%
(dry base) when the additional glucose was 20 g/L in a basic BG-11 medium. In a dark environment, the
microalgae were grown using organic carbon with respiration. Organic carbon increased the specific growth
rate of the microalgae efficiently. Therefore, using the algae turfs and wetland plants can remove nutrients of
wastewater. The removal efficiency of total nitrogen and total phosphorous is 57% and 54%, repetitively. The

attached algae can remove nutrients from wastewater in a wetland system.
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(Robinson et al., 1989; Chong et al., 2000) - Travieso & * §|* %] Z_it Scenedesmus quadricauda(x f
i) ~ Chlorella vulgaris(-| 3% i&)% Chlorella kessleri(¢] 3k j&)ed2i5 -k » k4 2§ PR 9.6 /] P¥-48 /| pF »
C. vulgaris ¥ #-T32)k Rk 31 gNL 2 5 § 3 "f 47%-67% ~ L =&k & 257 mg/L 2 COD 2 "f
62%-76% > »x% vt C. kessleri - 2 S. quadricauda i (Travieso et al., 1996) o p* ¢t » 12 Brap B 8 24 4~ fEp%
i3 & ) 3k e (Chlerella sp.)ié » BHARmpERFREE > > BHP X 3? 13 mg-N/L ~ % 1.5 mg-P/L > %
Rk B 7 i 4.24x10%L (3% > 2004) - 91* Chlorella sp. ",% SOk R F EEE 3 f_, Ll viE 82.4%%
85.6% (Wang et al., 2010) -
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e 2 “,f Aok A B2 0 kR 436 CMD - 889 CMD (34 & # 1,021 m*)2 3 3 o3 R
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* 4z f& 35 g-dry biomass m2d' 2§k E o AT T T2%Hma RALFHBG BB FAET B
poEdrgoke Y¥AB - EFDOZpHE-Fi* 23 e £ 2 "% 3% ]2 -8 (Craggs et al., 1996) -
peeh s AR E G OREEL S H R A2 B2 T2 o

I Fk AL H fe Aok o AR it i3k COD > oA wd 71,835 mg/L 2 32,650 mg/L
3 149 mg/L 2 80mg/L - 12 § £a-T 2. > %A Y g B pas W] 5 EILBCORR T 9 33%-42% ~ B
9 58%-100% > B o1 ipF KoK AP oy R B Hp > 2A 2 ",f 73 44+ (Mulbry and Wilkie, 2001) °
*—i%éﬁﬁw47%i%iﬂ’€w H F A4S 108 mgNm?>d' 2 27 mg-TPm™>d' > § &>
4 REE kL2 3 f w7 iE 23%2% 82% (Rectenwald and Drenner, 2000) -

ﬁ*ﬂ%ﬁ&ﬁ%$ﬂﬁkﬁ’ﬁﬁﬂ%fﬁ%‘w%&%‘y%iﬁﬁ’*J%?%@2%’
4 £ F 5 7.6-19.7 g-dry biomass m> d”' > ¥ 2 f @ F 70 mg-N g''-dry biomass m?> d”' ~ &8 13 mg-P
g'-dry biomass m™ d”! (Kebede-Westhead ef al., 2003) - 4-%}i7 -k ¥ 2 fxp" ) ’;* I}L;p AR IEE
FRE FRPE o AL WA R PR et 4 BN E 0 FORE 4 ¥k A 95 01095 day! %
0.1408 day™ 5 W< i@ PF e o S AP S0 4 5] 20 & o BEom ek ¢ RS € %fé’"}é L R g/
1@ 3% (McCormick et. al., 2006) °
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<50mg/L p¥» H 2 f—r HOE<50%; & ER 5 S1-270 mg/L pF - H 4 *‘,%f}'?é 90% - #i& -k BOD
<10 mg/L~ ¥ % #<1mg/L p¥>BOD L 54 fv_y = 50%; &_L?rl‘h’}\ BOD % 10-40 mg/L~ 4 % %> 1 mg/L
pF > BOD T 354 Kfff % 80% - His 3424 f_, & w5 SS 30-90% (32 60%) ~ ¥ 60-90% (L35
80%) ~ &k 30-90% (L 32 50%) c & F;B&# 7 ¢ > K * ’fE«Jff" AREFZOF S RHB KR A EE
BEF CREY S FEESRES > A RESFF AL f ﬁ kPSR ek R (%ﬂge‘@g S ERR
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Solano & * (2004)F 3 14 -] A1 B3¢ A 1R 5 B G 160 mi k4 BFRERFLISIE 3 o
JRAERA TR EF ﬁ WRALR K S EP LAY REFR AL LS LT FecR
Ei#&xi s 2 F gL o 250 BOD ~ COD ~ TSS 4 %] 52 616 mg/L ~ 905 mg/L ~ 433 mg/L > & ki g 4 f
Foa w7 iE 93% ~ 88% ~ 93% - House & 4 (1999)# § 14| A 4 1 /By Lz A5k - 1 5 60 B FB
BEA2 45m/day 2 2875k » 788 AJL T & &K FRE -

MR FE R AL LIRS (R A 13,130 m®) > 1E 5 G ORERRI K2 2 B EIE o k4 B PER
24 % 2 Feiwip T o HLTACGBEFT 2% 45 BF T8 126 Nm 2d' s S ¢ Nm?
d'ed BET o L 1BE T okt B F B (Toeteral, 2005) -

]?i]f’P 2%k b o blde ot e gt Av? o (Omega Center) » f % = #h2 24 jg J 3> ZiLEHP A

2.5k B2 ’“L*%’L#ﬂ bz I PR DS R R w ok T R (Rago, 2010) o £ R EP
av«!z?fi““mGoshen College 2 - BHRIEE Y ¢ ~--RiethVillage» ¥ F )32 BHE 22 A5z 8y &
APl ok 3&@‘1{%11 MR E RN AL 25k PIEEEI S A RS LS L
FiphtLiEp* 2 il > a3t F kY o E RSP R o RS ok o T R R
2_ P &1 (Goshen College, 2010) o 4c £ « % + 3% Fleming College 7 Centre for Alternative Wastewater
Treatment 72 % 7 — & ~ [5 4 i % %u(Solar Ecology System) > 7 32 %3t 3 R 2 /R4 8§ ks> ¥ iF i 30
R RIER T o R E A R SRR A Sk R XE Rk e 4 %k Y BOD > £ £
FAR ETNEIORFRR AR T 20 he BROSE LG AR R R R RT3
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RILER 2 2 EF R ER A RFR L PR A 1B NIVR R AL R R TR > SER T E
RS 0 BEE TR Y (M RIS R4 g‘fﬁeiiﬁpfv?ii BF 0 2010)° kA1 * fad 2 s Foo
2 ﬁ(‘ k¥ ﬁ;—’v@«f" cgd Ei s R EATE AT PRk (s )R LI o 2 ¢ - BOD 2 COD £
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m oo B 28°C 2 4 A K B p\ » 123,565 lux XRBIEERE P IR 5 FE B R
LH - ke AP G f%ﬁi%ﬁ'b‘.&%%ﬁﬁ BGIl > o= 4rk 2957 « H¢ > BfEss % & ¥ %4 15gL

Z2_agar> MA; = FHHE A G o “,% B2 GRFR 0 MFE R RER* Nannochloropsis oculata (FIHFE *2 GH#

Nan)ftp B L € KA REHR TR BEAHFT P v TEBEAZ F 52358 FAYK-

AN H - etk rt 1SmL L E LIRS N R A FA BGIL 2 £ A2 28°C {44 £
Bk 12 ] pF: 3 Bk 12 FF(12LI2D) B 2 % » & 2P 2 &1L o

Fi— ﬁ‘ivh;éé\ivh
‘E’
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medium (mg/L) micronutrients (g/L)
MgSO4-7H,0 75  H3BO; 2.86
CaCl, 36  MnCl,"4H,0 1.81
NaNO; 1,500 ZnSO47H,0 0.22
K,;HPO, 30 NaMoO42H,0 0.39
Na,COs3 20  CuSO45H,0 0.079
Na,EDTA-2H,0 1.0  Co(NO;),'6H,O 0.049
Ferric ammonium citrate 6
#& L 6
micronutrients 1 mL
pH 7.1

AP & A 70 2t FEN £ 500mLBGI 324 A4 B0 {ES 4 LR 0 A 120rpm
B4 X0 12 BEAmR ~ 12 ) P52 a5 (120:12D) 28°C 2 iF i 458 32 % o 1% 500 mL 41755 4
BGIl g3 & 4 - 5 » LR Fir > DA FA Rk AL 10mg/L @ ERRG 2 LRT % - 7 &
ﬁ’ﬁﬁbﬁmi%ﬁ’%ﬁﬁgagwaﬁﬁ%

kfw;%-;f]wﬁ' o LB P i EERSARE % E B BGII i‘a@%%’«z&ﬂ A aliE s 05220 g/L

2. NaHCO; & CeH ;2O B34 2 £ §87 > 12 28°C TRHER A - F 48 FEPRIMEE T E W
AEES o FRHAPARE F)E G WRRE )G EHMEELEZPE AP o BGIL ¢ T A
WA E % "’&%F"P/T 4e 2. NaHCOj3 24 CsH20g ©

e

kPR kPB4 L2 kRS > KR (12L:12D) % % > 2 8 (0L:24D) - 453 £ %
BWRUR(R F)PIRBE & 7 EBEUR(P F)TRB Y 0 RRFMEE Fq;f’!'f%‘“ gk 55?-'1 BGII #

= S }fﬁ@‘ﬁ_ PR IR T R R > N R VA RS o RHMERER A THA R
o I AN E I ER 0 e #R F X F(AV264C, Ohaus)P| ¥ 32 & R 2 o Rt & > © 3
BB EREE R 4 L 30k S iz & 1% Bligh 2 Dyer 2% f5 B2 2 5 A # 12 methanol:chloroform
(1:2)£ 48 5B~ b R 3 & B i8 vk 52T & 28 § 2 chloroform- ¥ 17 %48 2 4% #; ¥»(Bligh and Dyer,
1959) o 32 % B 2 LR > R &R H(TES-1335 > ‘ﬁt‘ & > Taiwan) BRI AR B 2 R A ©

(=) WS R En e

ARSI G E R F kA T IR R Rk L BR R e 2 R T
2 5 A A 2 ek 2 A ?;E\;T’ LR o

WHEF e AR B4 | 57 c B9 0 2604 1 RMBIEA T EF Skt o 5
SR FoBE 4 3m"X1ImYX 0.7m™ AE S 03 mookiE 04 me A EE 3m"X0.5mY X 04m'
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Bl 1: WS A 2 R ¢ BT A E)

AETHEY RFAT(Erd 32222 180k * RE

FEIZ 4o AT o

%3 ’J"Fr'?:%?ﬁ‘f' AR T ES SN g’q%

R B P Ak LERT RERNERE)
BB B BB R 2t P & 3~ (TES-1335> % > Taiwan)
pH T TN Y T SRR pH 2+ (PP-25, Sartorius)

(NIEA W424.51A)
CODs kY B2 F ERPCE-BFRIUFTLE | COD S EF RBE

(NIEA W517.51B)

BOD;s k¥ 4 v E 5 B P2 2 (NIEA W510.54B) | 12832 % 44

DO J\" éi Jfﬁ/?] ’/z‘—ﬁ,’fﬁ/z “Ea‘fi;\«%é?/pH/%-?i)i?
(NIEA W455.50C) (HQ-40d, Hach)

€I kP EFRBIEE-ET RN E PpHET B
(W203.51B) (HQ-40d, Hach)

9] KRR THRNBF pH/ET R

(NIEA W217.51A)

(HQ-40d, Hach)

SS/MLSS MR IR ERM R BRI RIS 2 —103°C | * #4(AV264C, Ohaus)
~105 C#z'% (NIEA W210.57A) FoEEH L TR CBIRER
NH;-N SESE LR e & % % B 2 (BioMate 5, Thermo
(NIEA W448.51B) Scientific)
TKN G RN AR R P § 4 % % (Buchi, K-355)

(NIEA W451.51A)

‘v A 225 8 (Buchi, K-424)
&k Sk B 2+ (BioMate 5, Thermo)

NO;-N ke TR KRR A kR R &k B 3+ (BioMate 5, Thermo
(NIEA W418.51C) _ Scientific)

NO,-N G NN I R IR LY &k Sk & 2+ (BioMate 5, Thermo
(NIEA W419.51A) Scientific)

TP KPP BRGRRI G E AR R Sl Faiz | 4 kR R 3 (BioMate 5, Thermo

PO,”-P (NIEA W427.52B) Scientific)

SR AL
(=) % Kk Fedp A A




1. Ao s 3% %

AR FHREEARERRCK ARk E S {17 BGIL B A AT A4z B A
A Z R TRERT R e § 5 LRI 0 A B4 NHU-02 ~ NHU-03 ~ NHU-04 53t &
Lz rh e R KB d Y SR 2 Nam o AERRT THUKE SRR 2 K o w R
HELACE] 2 7o o

C)
B2 57" ke (a) N oculata; (b) NHU-02; (c) NHU-03; (d) NHU-04

2. ER Y SR ZBEREL LN
(1) A BG11 3 % &2 2 £ 3

LA LSRR ER 5 10 mg/L o 3t BGLI(# R e)® 3 KRBT » & p 4 & FA 408 3(a)d7
oo HP o @ BAUR S BGIL ¥ 41 4e 20 mg/L 2. NayCOs ©

PGS o Nanz 2 L ¥ 12274 £4 588 FHER 103mgL - @ NHU-03 2
BAER > TE 16 2 7 ¢ 152 mg/L > %%g?m 4 E b RTFEL o etk NHU-02 %+ % 8 X £ 7|5 B ik
B22mg/l- 86 EiRipd SRR A LR ERER -

(2) et RRY 2 4 £ F)

Ltk kR 5 10mg/L > >t BGIl s £ A7 F o 2gL & 20g/L 2 § § 4% 0 * KRR
B2 p 4L F54cB 3(b)% Bl 3(c)rm o B¥ > SRR BGll ¢ i 4e 20 mg/L 2. Na,CO; » i%
PR ARG AL

BohESET 0 FHRNHU-04 2 FMER B » § 544 %42 g/L % 20 g/L F¥F > SR8 E &
7 1,100 mg/L (% 12 %)% 3,030 mg/L (% 12 % )» 4 %|$ Nan 2 %48k A 810 mg/L (% 12 <)% 1,225
mgL(% 10 X)5 % o M FFMF4«EA T > Fe20g/L 25 B> 7 TRF 2 FHER BT R F
T AEMER > L §REMLERSRELI LYV AT -

v i
|:E



(3) Mg xckppp ¥ 22 & HF)

L oE AR ER 2 10mg/L 0 > BGI1 A# 4 A7 7 e 2g/L & 20 g/L 2. NaHCO3 > »* & &
BB 2 EP A L5408 3(d)2 B 3(e)HrT

F %% AT o Jeti NHU-04 2 etk & 5% > NaHCOs i #e 2g/L 2 20 /L %> RekBik R e % 4
W7 £330 mg/L (% 12 %)% 400 mg/L (% 14 % ); Bk & = % # 5 #thiNan Bk &~ % 5 245 mg/L
(% 14 )2 246 mg/L (% 14 %)B o

12 NaHCO; i e '3 BGLL 3 & &7 e 2 Bidpt > 7B FWEBRAR 7§
FASEA A SR ot G AR IR MR A 0 B e G AR K BT R A AR
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3. RIRE LRI 2 K F 2P

AMAGEET 5 FRMT R 2 XD ERBERFELREFLE A Ed X gnet(d) d 54 (1)

[Tl

(InX,_ 12day —In Xz:Oday)

Moo= A7 M
He » Xt=12day 2 % 12 % 2_ &8 E B (mg/L) ~ Xt=0day 2 % 0 % 2_ &40 B (mg/L)~ At 5 g
B i 12 %) Faliz v 2 R F3- 8 dod 49557 o
RERET 0 A NHU-04 05 BRpF > 2 B4 20 g/L % 2 g/L § § 4P > 7 (9 F £ £ vt
A E#EFAu 5 0476d" 2 0391 d7 R Nan»t i T2 0t 4 B 4w 5 0375d" 2 0.366
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Kﬁ@ )EJT U}ﬁ}a }ﬁ'ﬁtaw\/}i’}" 5’
(32 £)2 &% o 2 Chlorella vulgaris i& §
% 0.45 d! (Chen, 1996) -
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BT R R Y RBE AR LT TP AL RLMFET RS2 RBT R
A4 E o
4% 0%3% 12 %2 4 £:#F F pnet (d-1)
Nan NHU-02 NHU-03 NHU-04
Hiee
0.194 0.053 0.177 0.120
(BG11)
& P 2 g/L glucose 0.366 0.235 0.171 0.391
& e 20 g/L glucose 0.375 0.291 0.263 0.476
% B 2 g/LL NaHCO; 0.257 0.162 0.209 0.291
% B 20 g/L NaHCO:; 0.256 0.222 0.241 0.285
& kP 2 g/L glucose 0.275 0.178 0.162 0.116
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4. FEFz 9L
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% i
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)7

EXI5 12X GRERT
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25 pHE R MES E % wwdw)
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¥ e 7.2 10.1 9.6 6.3
2 e 20 g/L glucose 8.3 9.6 10.1 20.5
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#& & P 20 g/L glucose 10.3 10.0 9.9 13.7
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