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As the human population grows, the demand of meat and dairy
products also increases. Wastewaters, including which form industry
and animal husbandry grows as well and becoming a more and more
serious problem if disposed inappropriately. Currently, the primary
and secondary treatments processes have been used to reduce
organic matter in wastewater. However, the effluent water of the
secondary process still contains inorganic nitrogen and phosphorus,
which will lead to the problem of eutrophication.

Use of microalgae as tertiary biological treatment process is an
elegant step because microalgae can use solar energy and nutrients
such as nitrogen and phosphorus to produce biomass by
photosynthesis. Furthermore, microalgae have the capacity to
remove heavy metals, as well as some toxic organic compounds.
Using wastewater as source of nutrients to cultivate microalgae is
benefit for environmental protection, and can produce renewable
bioresources such as biofuel and high-value by-products. The
composition of wastewater is one of the factors affecting the growth
of microalgae. In this project, we focus on isolate microalgae strains
that could tolerant the biogas slurry from the co-digestion of swine
wastewater and depolymerized-lignocellulose, then cultivate the
microalgae in photobioreacter with dilute slurry and analyze the

removal efficiency of ammonia nitrogen and phosphorus.



In this study, twelve strains of microalgae have been tested and
five of which can grow well in the 30% dilute biogas slurry, among
which the P5 strain can grow in 50% dilute biogas slurry. Molecular
identification of the above five potential microalgae has been
completed, and the results showed that there are 3 strains of
Chlorella sorokiniana, 1 strain of Micractinium sp and 1 strain of
Chlorellaceae sp. After that, we culture the best four strains of
microalgae by using 1-L photobioreactor. The results showed that all
the four microalgae grew well. Next, we optimize the culture
parameters of C3 and P5 strain, after 7 days of culture, the removal
rates of ammonia nitrogen were 100 % and 99 %, respectively; both

removal rates of phosphorus were 100%.
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FeoRZBHE fLi-B s frzmd®e - Badli &
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PiRd g KRS L GERE RS FEREE AL F (7 %)
ST UFM TR E DA RR Y o - B AILT 4

PR Y o - SRR HAERF H kY T F
LRI = W e - ded L A I F e i e o =
BRILAP R EE - ARG R B8y S BIZ £ 4
B ML FTEEFE P EZ AR ES c BILERAE
o AP EREGERE RIS A DR - AR
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F A o 91t A8 F fomkie 7 4 £ (Oswald, 1988b;



Richmond, 1986) » ¥ * -k ¥ st A4 ek B > &0 2 4 4 %
T & i 4 (Raietal,198l) o B> FlicE Rt E 20 %
24 G BFAFRED EMRE ST FERT GE-
Palmer (1974)3% & &~ # g k¥ ajicif g & 5 ¥ &y 2
=k % 4_Chlorella, Ankistrodesmus, Scenedesmus, Euglena,
Chlamydomonas, Oscillatoria, Micractinium % Golenkinia - 1395
2 /];;L » JI* MR RSR § H Bk o 0 @ 4o Chlorella
Scenedesmus ~ Desmodesmus % Neochloris % &/ > # » COD
3 K,ért FEBE753% 5 § ~ RAEIIE B3 K,ért Fhogvid
100% » m % § 3 K,ért F g g 77 iE 88.7% (Zhu et al., 2013) - 7
¥Rk SR 4 Rd2is > pH 2 6.1~9.18 ~ COD i
(162~928mg/L) ~ % % 7z &(708~824 mg/L) ~ s % 7 & (70~84
mg/L) > %4k 7 £ (45~209 mg/L)(% - ) - Lau & £ (1996):%= 3
% 78 Chlorella vulgaris $f>> -k ¥ £ § 3 & a3 ‘%f A
B 86%% 78% - Wang ¥ + (2015)F1* 7 I fFfE v bl e Sk
-k % 78 Chlorella vulgaris JSC-6 » # 2 ",f 'k # 60-70% = COD
% 40-90%:1% % - De Godos & 4 (2009)i¢ * 10 & 2 20 & fFf#

% FE AR iE (7R fosc % (Chlamydomonas, Chlorella %
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R EEER
- N Bk A AT
k¥ COD i B Hach Oxygen Demand, Chemical kit (20-1500
mg/ml COD, High Range, Hach Company, Loveland, CO, USA) # #*
2 R B2 kR E RT3 F 7R 45 (Eaton & Franson, 2005)
-k # TOC i B Hach Total Organic Carbon (TOC) kit(100 - 700
mg/L TOC » High Range, Hach Company, Loveland, CO, USA) & #* -
2 18R] o
-k ¥ % % i& P Hach nitrogen, ammonia kit (Test' N tube 0.4-50.0
mg/ml NH3-N, Hach Company, Loveland, CO, USA) & #* = ;x id jp] -
k@ Bf'E& % & P Hach Nitrate High Range, Test' N Tube (0 to
30.0 mg/L NO;3-N, Hach Company, Loveland, CO, USA) i * = ;x id
R o
-k @ &gk ik B Hach Phosphorus (Total) TNT Reagent Set(Test' N
tube 1.0 - 100.0 mg/L PO, Hach Company, Loveland, CO, USA) i *
BRERLEE
k¥ SSz iR E R %Y BRiRE o2 Hp2 (NIEA W210.58A) -

R R S R T T T 10 WD W W N



103~105C P gz 1 &€ > B¥rii o2 2 E T L RIFAME
(SS) -

S EBRRREELA

AR EMFE R G BCRC BRAE N BB A-KY &2 B4 Rk o

*F % BG-1112 % A(BCRC 3 % ;L %% 5 647) i A 4 » 1,500
mg =7 NaNOj3 ~ 40 mg =7 K,HPO, ~ 75 mg 7 MgSO,*7H,0 ~ 27.18 mg
11 CaCl,~6 mg = Citric Acid~6 mg = Ferric Ammonium Citrate~1 mg
7 Na,MgEDTA 2H,0 ~ 20 mg 71 Na,CO3~2.86 mg =2 HBO;~1.181mg
7 MnCl, 4H20~0.222 mg 7ZnS0O, 7H,0~0.39 mg 7 Na,Mo0O, 2H,0~
0.0718 mg =7 CuSO, 5H,0 ¥ 0.049 mg 7 Co(NO3), 6H,0 % {5 #-H %8
Ak E 1000mL A pHE 80EFZRAF % - 1.5% 3§

T A AR T 4 0 15QEEW - i o

A

= RRET
31 EHML S W T

BT AR RIBT AT S R Al e 2 mL e A
Poif B el » 0.5 mL & k4R F R RIS A 4cis 0 2 genomic

DNA %P~ % ‘e ZR Fungal/Bacterial DNA MiniPrep™ (ZYMO



RESEARCH) kit i& {7 % B~ o % B~% = 2_ genomic DNA 12 NanoDrop
(ND-1000 spectrophotometer)szz. DNA kA # * o
3.2 18SrDNA & ITS T_Ai & 78t %

#-3% %8 genomic DNA i 5 PCR #ic4= » 12 18SrRNA & ITS > &
% 3 (Ferrer et al., 2001) 751 3 $(NSL/ITS4 ) (% = )3 g H AL 7 7 £ o
PCRF fifitdrd = - PCRF B 218 » NIRRT AFERAT 7 3
g2 A4 o FE Wt AL 18 0 BT PCR AP I > L o % 13
EF BRI (RZ)EFRTAF o F RBiERdrde c T A RIS B
B 7152 % 2 Vector NTI Suite 9 #x 48 (VNTI) £ NCBI/Blastn
(http://www.ncbi.nlm.nih.gov/BLAST/) T & {7 K 7| & 222 K 7] 4p

DLE L A 45 o

v~ e d X fR TR chae 4 RIEE

A B 150 ml AR TR A& > R ITHAE S 50ml o #-7
B TSA Tir s £ A > JIBEM TR I EF R 0 L RN
8>+ 10~100% fff#2 v > @A etk & 5 0.5~1.0 (ODegznm) °
20 30C > 150 rpm B iF s % o TFEH P E ODggonm i B &8 4

175 % KA > E NS MR S AR
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T AL R F R & R
AP AL R F RE(W - ) A R
TLE AR o MEE S FHI TSA T % HE it > 4B &
Wwiz 1 mpEpk? o % %MER S 10.0 (ODeggonm) © 4% % 2~ 300 ml /&
e 1L R F R E - I 44 100 ml Hce 0 B8 4 » RO VK I B8 F
1,000 mL » gt AL B 9 5 1.0 (ODggonm) * iR i B 5 30 % o #
LFREE A L RRE B R K5 A (350~450umol/m?/sec) »
205vwmi F 2 A G % §F MR T F ) T E R A 7 pH>ODegonm

PR Y NG EEY

45 FA S (mg/Lid) = £ WA(Mg)/ 32 % WAV L)/ 1%
pE T (d)

11



%~ 1 RFRE L
— SRR NMET A AT

AT FEHREY 20 REPAT4 Y 30 P EZ R HA A
Fatridkdod 3 o iz pH 5 7.89> COD 3 9,940 mg/L » e
SCOD i# 510 mg/L » ® SS % £ 2,940mg/L > BT iziz® % <~ &7
TR 5 F kRS 362mg/ll o k¢ kR 99.6mg/l e ¥ ¢t A
TR A A P E MR R R SRR R
RS R 0 R TR R BIE o EOTRANIL R 0 R A S
jmipH + 23 95> sCOD + 2 % 1,390 mg/L (COD %A F|e i

e s H 1 sCOD 4 )0 SS % 109 mg/L» & § v% "% 3 284 mg/L

wpEER L 84mg/L( 1)

= Hewt £ AR R A 4RI

R SRR G T g BER R R Y RER
LR R e AR HOERBRE 124 F AR T 10 %iF
B FHERE 25T 12K E 72 E(B= ) * 30~50%
DR EFMFER AR FROFAMBIF EAES B
KRR BN EE N YRS BT T AR TS
A BRI F D f e 30~5004 2 % Rl R Rz 0 b
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30%; % % Sk ¢ o Jitk C2-C3-CA~Y2-8 2 P5 et £ sf + 2
H ¥ iP5 Bt o 2% 6 % {40 ODggoumsh 7 i 165 fo 50%i7 i
o o @G PSEHRehA KW MG MIEH S R YRR T o

g}_}xﬂ’kl“é‘-% ,f_»ﬁ@% ;;ﬁ;%_‘v]:%g C2-~C3-C4-~Y28% P5’f§7»fji—_

sk R 5 30%

= RBHET

M- i B 4 A hT FRicE(C2~ C3 - C4-~Y2-8 2 P5)it {7 18S
DNA 2 |ITS > & B Rz 5 » #H 5 73> NCBI 4258 7 4p i 400
¥4 4718 047 #%_3 $k % Chlorella sorokiniana: 1 #& = Micractinium

sp. » — tx = Chlorellaceae sp.(% =) -

Bt (7 1Lk F B3 R R R kR & 30%(3c i F) 0 kPR S
B % 400umol/m®/sec’ 11 5% CO, i (il § % i § £ 5 0.5VVM >
NC = R e (A FREFrRle > @tMER > 6 C2-
C3-Y2-8 2 P5 ti2 % 8 % {4 e ODggonm 3 & A W] 5 5.13+8.99~7.12

2 1128 v ¥ RAINA ABRMELY DX TV R § 21 10



mg/L " > "FfEgiE 98% 1 b oo ¥R w2 ODggomit B % % § ER
Plap gl &% » p43E C3 3 P5 R % fick
ERT e

#-C3 2 P5 i (7= EAF8 £ RIE inin ik & 5 30%(4.

B]): %% A 5 400umol/m/sec 4 5% CO, it (73l § 32 4 » il

Ik

5 05VVM© F %% 4B » j&4 £ ¢ 5(ODggonm) X 7 > P5 ik
4 £ C3 jEthPit » &% 7 % e ODggonm 3 B4 8] & 9.662057 %
6.83+0.52> F 4 @ P54 L% i C3(W I A); fe Uiz k5 >
P52 C3en4 LT alf ¥ A R (BI B) - Biciip s C3 &
W3 RETRE(B) 48 Esd = 2 ODggonm 3 EAL 4 15 22 F] o
hEk FOEREINA SC3 Ethtrd 3 X183 F kA EH 04104
mo/L > "% f3 5 i 99.49%;P5 Feth a3 % 5 X 5% § kAR 5 7.67+3.25
mo/L > "% f32 5 91.27% (B~ A) - timikA > 5 > C3 Fthiz % 3
TisMpHER S 00 "f3% 5 100%; P5 Etkass % 3 X %2 5% {4
"R A W % 42.86 %% 100%(B- B)eii_t it A F R SO Rk
F kg o C3 P5 Eethf BB ey iE it oa o & sCOD (kR =

BoAPRERIGERE FRE T ARE L ALG K COD s ok
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C3 % P5ftksz % 7 % t52 sCOD kA& A % 5 450.67 mg/L % 581.33
mg/L(R= C) » i & f Fet ik enih b2 poo

C3 fthenb k2 A F 4324 3 X 14 5 569.33£25.07 mg/L/d
(Bl ~) P5 Ethepd 2 2 5 FAF A d 7 2 3

505.29+11.02mg/L/d (@] ~) °

AR B EE D C3 2 PSS RS fi 0 11 30%4 s R 2 AR
e AR RRET AR S o BE FEMBRFYT

F P99 %11 o Bphats f2 5 % 5 100%°SCOD /A Fl f ¥ 3 & o
A EfR2 k% o kR KT 600 Mg/l H Hodt ek e
FREREMAPRF JLiE— 5 & SSINA o F R4z iRk F

WEREER T2 L BERME FlAuges N Ear . &
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- ~ RREFBORGERE P RJILE vk = o 47

Source

Swine wastewater

Swine wastewater

Swine wastewater

Swine wastewater

Swine wastewater

pH

6.1+ 0.1
9.18
6.2+0.0
9.0

797+04

COoD
(mg/ L)
370051
6900 + 53
3500 + 63
4,050 + 319

1535+9

TN
(mg/L)
162.0£8.0
928.46 + 4.64
148.0 £ 4.0
774.47 £ 32.99

662.4 + 39

NH4—N

(mg/L)

824.55 + 4.20

708.78 £ 17.17

NOz;—N

(mg/L)

84.46 + 2.86

70.12+ 2.76

TP
(mg/L)
209.0£5.5
45.72 + 0.55

156.0 + 8.0

120+ 12

PO,P

(mg/L)

39.68 + 0.37

31.24 £ 0.56

Referance

Zhu et al., 2013

Jietal.,, 2014

Zhu et al., 2013

Jietal., 2015

Kim et al., 2007

17



+ -

18S IDNA-ITS 31+ & 7]

T —
Name Sequence Note
NS1 gta gtc ata tgc ttg tct ¢ ITS 22 18S rDNA 31 3 (¥
ITS4 tcc tce get tat tga tat gc B~ TR
ITS1 tcc gta ggt gaa cct gcg g ITS 513 (2_%)
ITS2 gct geg ttc ttc atc gat gc
ITS3 gca tcg atg aag aac gca gc
ITS5 gga agt aaa agt cgt aac aag ¢
NS2 ggc tgc tgg cac cag act tgc 18SrDNA 51 3 (Z_R%)
NS3 gca agt ctg gtg cca gca gcc
NS4 ctt ccg tca att cct tta ag
NS5 aac tta aag gaa ttg acg gaa g
NS6 gca tca cag acc tgt tat tgc ctc
NS7 gag gca ata aca ggt ctg tga tgc
NS8 tcc gea ggt tca cct acg ga
# = ~ 18SrDNA-ITS # t§ PCR &~ J&if i+
PCR mixture PCR condition
10X PCR Buffer |2uL Temp. |[Time |Cycle
25 mM dNTP . :
. 95
Mix 2ul C 5min |1
Primer F 10 uM  [2uL 95C 15 sec
Primer R 10 uM  [2uL 45-48°C |15sec |30
Template DNA  {100~200 ng 72°C 3 min
Taq polymerase |0.5uL 72°C 7min |1
(Autoclaved, distilled water to total 20 pL) |4°C hold

18




#w -~ %A PCRFE g

PCR mixture PCR condition
2.5X PCR Buffer [1uL Temp. |[Time |Cycle
BigDye 3.1 ims 96°C | 1min 1
Primer 10 uM  |1pL 96°C | 10sec
PCR Template o
DNA 100~200 ng 50C |15sec| 30
60°C | 4min
(Autoclaved, distilled water to total 10uL)
4C hold
23~ POAEATILR AR M A 4T
Sample 4 COD sCOD NH;-N TP TOC SS
P (mgy (mgl) (mgl) (mg/L) (mg/L) (mgiL)
=R 7.89 9,940 510 362 99.6 1,910 2,940
/\?’ /l’z’ %f’,ﬁ.'\'»‘ 1
- 9.5 - 1,390 284 83.4 196 109
1r
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. . AR - ) A
AN RIS FETRES

a3 Fo AR T ITS 4p i1 & (%)
Y2-8 Chlorella sorokiniana 99

P5 Chlorellaceae sp. 84

C2 Chlorella sorokiniana 100

C3 Chlorella sorokiniana 100

C4 Micractinium sp. 99

4= ~ 12 C3 % P5 jEteiE it fsz A

sCOD NH;-N TP TOC

Sample pH (mg/L) (mg/L) (mg/L) (mg/L)

C3 6.78  581.33 0 0 208

P5 6.64  450.67 1.27 296

0
FE LB R RIS 2 ik & 0 Tl ARIE COD £ SS -
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W= e 10 %z 2 L F) 1B e () Rtk Y3-6(F )

E+k P5(%)
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% A4 R Hh 4R
12
10 /.
£ 8 /)4//:: ——NC
g 6 —m-p5
2 4 e Y2-8
. — ——C2
; —* ——C3
0 2 4 6 8 10
Time [day]
BERE
80
70 —
60
50 —4—NC
Eﬁ 40 \ ——P5

—4—Y2:8
20 AN \\ —C2
10 \.
—=C3
0

Time [day]

Ble ~ Il £ F REEEF ARMETEBRE A MEL L4 BB

£ F kAR o NCZ$BE s X4 i 30%H i -
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4 K Al 43-0D682nm

12.00
10.00 /
o /
6.00 A
/ /;/ —4—P5 5%C02
4.00 //{/ —4— (3 5%C02
2.00 (

0oD682nm

0.00
0 2 4 6 8
days
4 R B4R AR E
4.50

4.00 /‘
3.50
—
a 3-00 /
@ 250
m
g 2.00 —4—P5 5%C02
< 150 —4—C3 5%C02
1.00
0.50 {/
0.00
0 2 4 6 8
days

B 1L kF RBEFTC3Z PS Ffherz & o A2 £ d 2-ODggonm ©

it

B2 &d R-FMiced - F2fks 3LA -
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RERE
120
100
o *
= 80
E 0
=
z \ \ ——P55%C02
Z w0
- \ \ —— (3 5%C02
B} N
0 \k A ~
0 2 4 6 3
days
N
LR RIS
30
25
20 1
e S
F ‘A B —o—P5 5%C02
©T v e 3 5%C02
5 ’\
0 \ \l &
0 2 a 6 3
days
CODEfE
1400
1200
1000
=
[-T:]
g 800
g ow —o—P5 5%C02
Q
400 j T e (3 5%C02
200
0
0 2 4 6 3
days

Bl- - 1L %k F RBie7 C3 % P5jEthiuz % A4 § L2 B-
Bk R SC-CODER -+ 2% s 3E4 -
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700.00
600.00
500.00
400.00
300.00

mg/L/d

200.00
100.00
0.00

EVEER

m P55%C02

496.95

476.39 505.29

HC35%C02 569.33

519.09 545.23

B~ -~ 0201l £ F BEie C32 P FEthens £ehd A S o &

AL 3L
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