R ]
2012 & 4 A

£ Mk TR

Transactions of the Chinese Society of Agricultural Engineering

Eie Vol.28 No.8
Apr. 2012 241

wAn8 lﬁE,] BGI1 _"E:f?—"% ﬁﬁ“““in%ltqi

EHx, BEZ" XNFH>

(1. ARV R 2 T2 B g TR SARBREAR B TS, bt

O MW ARG, A TR B AR

100083; 2LPIZ?Jki%/K7FU5i7IYL&+I5%, Jext
3. PR B R R SR TR, b

K B, wgE E#LAT

100083;
100083)

EUE T PRI A P2 AR o iZ TS T S496. 1067 1069,

C31. Y7+ Y3 Je W 7 BRIABEAETRAT AR B 10% 30 R0 (K b A Ko A IR0 pH L AE R A (LA . 45

REW, BRYT 4,

6 PRI REVHUE MV R, R HE A HO AR FEAR TR R pH AE AT, T

FEFEWLI pH AEAERE TR N0RT 2~4 d AT R, M 9.20~9.32 FIEA 8.73~9.09, ZJaA AWK E I ETF. {E pH i FF%
W, SR A KRG ARG RRaE. J9% 12d )5, LR 7 SRBEEAEREZR0h T i BAUEAE 0.310~0.607 g/L 2 [A];

WFEE R T, NH,-N. Mg?'. SO42

87.73%; SO, 37.30%~62.70%; F 4 18. 18%~54 55%.

*%Eiﬂ: /;:ﬁa pH'fﬁa %3{]{& s tbi‘kﬁg_a /D
doi: 10.3969/j.issn.1002-6819.2012.08.038
FESES: Q938; S216 XERARESRD: A

BN BREE T, % FBRKE B611 EFRArREFIRLG (V]

“. Mn. F, Fe FIHREE AR ANE T FF, NH,-N. Mn. Fe JLFH 584k Mg FRIE A 11.47%~
Z N TR I TR REJR A B A AR

XEHS: 1002-6819(2012)-08-0241-06

Rl TFES3R, 2012, 28(8): 241—246

Huo Shuhao, Chen Yubi, Liu Yupeng, et al. Experiment on microalgae cultivation in BG11 nutrient solution adding biogas
slurry[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2012, 28(8): 241 —246. (in

Chinese with English abstract)

0 3l

HI XS BEUR 2 A VAR ARAL (ORI EHI T
FORMIAE S35 AR 2 TR A AT AIZE. oK
SEREEED), e AR, SRAEFA A 1 AR
ROBL, EAEROR EOREIRBEA, Se it iz, HAfe+d
B ANl U E SR N Ao 2 2 UL
PIRREE R IR AT 2 31 257 L5 ) AR 5 PR B o)
2y 7 S s I A . BOKEBR . s AR
PR RS 7 A, I AN R AL T TR . 1
T AT ARV g (9l F A A et U A
Jhs HAb Bt A2 A=) BRI AR LG, RADE SRR
AR VIR AN SRR BN R A
PR R S BB AT, ] A AL I R VR Y
SRR

CATHIER W], s T LR S ACh A 3E RIS K
A LIRS AT R AR, HaE e A1 ol —
SEABRIEAT A SR AR, UG KBS SR AT R T IRBE IR

it

Weks H e 2011-08-21 BT H: 2012-03-19

FeamH: “H—h7 EERESCEER B E A LR W e
FFHHARBI S THRTE” B (2008BADCAB00); Jbni i A &5 &k
SRS R R @R H UG SR G 3 X v A 2 R R 9
PEH R BAZE (1983—), 5, WHURA AN, A, BEHT Ay
RS TR SRR TR . dbat P EARNCRZ: TR, 100083,
Email: huoshuhao@yeah.net.

KIMEEHE: FOA (1964—), Ui, RSN, #0%, WLATm,
TR 0 R A TRER S Wl B A KA s bt R R 2 1A%
BE, 100083, Email: rjdong@cau.edu.cn.

B, R AT DA BB AR B IR I R R SR AN . I
SRR B R RS CRR P AR K BB R AK, WifeT gk
AT AL B 1)) 8 4 5 R AN OGE . WP RS
BERENEY, N P&IcR, e la Wit
TR WIS, AR IO KA. 4
WA, BN AN SOH R K R S R R R

TR U, AT O MR IR . AR
R ARG B (R AR AR, AR B0 BF 0H L3R AR G
WFFTRIEAL 1, DL 7 BRBIEIE B AT BLAE TS K b BRad A2 K
B AT IR G, 25 AR A O 7R 0 i LA

M. pH A RO LA, LT R R M

REVS I B SR LA AR
1 #RiFn7E

1.1 lﬂl{ﬂ%”%*nl ﬂ]l_ﬁy

$HHV#%%£Mmﬁmmﬁjba i S IX G B
LA TRES L, HBLETHAEALE 950~
1620 mg/L, pH {H#%] 8.5, 10000 r/min & AL\FH%?L&
0.45 um MR G 4L BT U8, T-18°CHRR&H . Hpp
j S496. 1067 1069. C31. Y7. Y3 Al W, %ﬁﬁn%
1 s
1.2 BOHHhAE

(v R e
(ICP-OES, [ 2) Mk,
(ICS-90, 2 [H #2) Wik,
(1CS-1500, F[E#zz) Wk,
% (GB 7481-1987) i

B R R B X
I 7 T i A
FH 1 ik A
BERNAMIR e



242 ek TR 244

2012 4F

R EERESRILHA

Table 1 Code number and collection site of algae strains
HAR S 273 feil KA
—
sage /MR (Scenedesmus e e
dimorphus)
1067 /NERSE (Chlorella sp.) Y 1 e R 7K R
- EHEP I N SRV A2 7/
1069 NERBE (Chlorella sp.) R AT 5 % TLIRRM
U LNRIC wigris) W E PR C
7 KA (Chlamydomonas 1 EAN R AN A
Y7 reinhardii) FAR [ R T s % LA
A%k EHEV N2y 4 27/ I
Y3 pyrenoidosa) FOR E 5 TSR LA
JER R
W KM = WA
UESCE

1.3 BMIEFAEMREERAE

FEFPCRH BG11 R gR3b @ 8595, Boor Wk 2, 5
Py R Ay M4l . BE RIS (25+1) °C, JEIEERE 8 000 Ix,
JEREEE (L:D) hy 14:10, MEHON B0 i8Rl

%2 BGII EFEBA
Table2 Composition of BG11 Medium

D%ix SRR (gL
FrAEIR 6.0x107
NaNO; 1.5

CaCl,2H,0 3.6X107
H;BO; 2.9x%107
PR IR 6.0x107
K,HPO, 4.0%10?
MnCly4H,0 1.8X107
EDTA Na, 1.0x107
MgSO47H,0 7.5%1072
Na,CO; 0.02
ZnS0,4-7H,0 22X10*
Na;MnO,4-2H,0 3.9%10*
CuSO45H,0 8.0X107
Co(NO3),'6H,0 5.0x10°

IRIKH 100 mL =i, %% 60 mL B5377 . 57l
RS BGL BHRA W, RS A FRZ R 10%,
#2516 680 nm KA T ¥I4R 6% i (optical density, OD)
H0.1~0.2, ¥ S496. 1067. 1069. C31. Y7. Y3 FI'W
RS IFEANIE TR, AT 3 ANESE. W (25+1) C,
JEHERRE 8 000 Ix, JElELL (L:D) Jy 14:10. Fahirs],
BEREE 6 I, AR IS0 B 4 T fBE I 2235 7% 12 d,
2. d WERTFRL ODgso~ pH {H, FF Hl e H5 75100 )5 I 1%
TR A
1.4 MNEHERSIHERE

AW 5 O VR B R T Rk . Bk
FHAM T WA e 6T (LS Gold S54T, Lifgk b A w]D
W5E 680 nm WP T 1063 % (Optical Density, OD) ;
T WOEIR 12d MR 25 mL, &0, LBET
AKiGYE A, HCTE 75 CHEM ML 5 h 1 1.2 um fLAR 5
TBLT4igk4t (Y5 GF/C, Whatman, #[E) ijg, K5

L5 75°C AL 5 h AT (DW) . iz,

TEWCAN [R5 FR I8 W) (138 B G 779, DA OD Jh HAZ &, DW

AR S EAT e TEAU S, A9 BT B - hr A iih
PR PG NI SRR 2N

FasE WIRIBET A 5 AN B FREUIIN LA KR R (4D

v A (D PR

_InN,-InN,

- L=

K, Ny No Bos 6 M o N ZI BT i, g/Ls
Ri 2 pH {H 1 pH X (B4*5 S-star, f&[H Orion A ])
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2 HZRES

2.1 BEFERSOW

W 3 Pron, WA S T BGL B3R K4 7o
#, fU4F Na's K'. Mg*". Ca®". CI'. SO,~. Cu. Fe.
Co. Mn. NHy-N. NOs o BB 2 3 A B3 AL 8
AKTE, 5BGI ML, HBT AR FEEUASEE
XAEAE, 1 BGL1 "R HAS: WP H Py Zn. Fe
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AR KIFESE Pb. Cr M1 Cd. ] BG11 5 WIR Ak 5
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Table 3 Characteristics of media

R (D

mg-L'1
T H i BG11 Hi773k AR EL 10%H+BG11 1574k
Na* 50.70 414.70 103.15
NHsN  1143.64 0.39 113.19
K" 125.00 14.00 18.05
Mg** 13.75 7.00 497
Ca** 11.80 9.90 6.54
F 1.00 n.a. 0.22
cr 18.20 17.96 3.90
NO, 10.00 n.a. 0.36
NOy” 0.60 1094.00 30.94
PO,* na. 21.84 0.14
SO~ 1.20 27.10 1.26
Cu 0.015 0.02 0.019
Zn n.a. 0.05 0.005
Fe 0.24 1.29 0.006
Co 0.013 0.01 0.011
Cr n.a. n.a. n.a.
Mn 0.037 0.52 0.13
Pb n.a. n.a. n.a.
Cd n.a. n.a. n.a.
e na iR
2.2 HfKihzk

WPER 4 BT IEADCHEEZRFZIECR (>
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TGE N ARG RE, W AR K. 28 10 K,

1067 ST H e HE AT I, ATHE T IR0 I F5 O 51 »
SEHADL 6 MREEFET 12d EARMEANTRGE. WE 1 HE
AICLEH, Y7 5 BG11 85780 AFR 7050 10% 78 Wi
FEUR I B ok 4 pH 8 9.32 FFAER, 5 HA A FRAN
PR KOs —H A5 -
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Table 4 Linear relationships between optical density (OD) and
dry weight of different strains

HER (WFE S5 , pHEBIAK,; #EE W £ pH {E LF-

o =

TR Jike R
5496 y=0.273x-0.009 0.998
1067 y=0.239x-0.007 0.999
1069 y=0.235x-0.005 0.998
C31 y=0.242x+0.000 0.997
Y7 y=0.335x-0.015 0.998
Y3 y=0.246x-0.010 0.998
w y=0.292x-0.014 0.999

W x BROEERE; y XoR TR, g/L; S496, 1067, 1069, C31, Y7, Y3,
Wk BERE

0.90 -
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Fig.1 Growth curve of seven strainsmicroalgae
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Fig.2 Specific growth rate of three strains microalgae and
variation of pH value of media
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Table 5 Mass concentration variation of nutrients after 12 days cultivation
i H Na* NH,-N K° Mg® €& F CI' NO,; NO; PO/ SO Cu Zn Fe Co Mn
154'% A T ﬁﬁl—
- i”/:(”rigﬁ)wg 103.15  113.19 1805 497 654 022 390 036 3094 0.14 126 001 0.005 0006 0.011 0.132
iﬁ/ﬁmﬁ%ﬂ?fg 109.65 3.47 2149 100 603 014 440 na 2692 na 079 001 na na 001 0.001
S469 /(mg:L™)
B/ % 6.30 9693  19.06 -79.88 -7.80 -36.36 12.82 -12.99 3730 0 9.09 -99.24
|57 ,:17’_‘4 [Eg
iﬁ%ﬁg‘%’;&f; 95.97 1.41 1250 061 657 014 299 026 1744 na 066 0.009 na 0003 0.009 0.002
1067 /(mg:L™)
AEA0/% -6.96 9875  -30.75 -87.73 046 -3636 -23.33 -27.78 -43.63 47.62 -10.00 50 -18.18 -98.48
AN ﬁﬁl—
i”/”‘:”*%wg 102.82 4.44 1928 105 565 013 268 021 208 na 047 0009 na na 001 0007
1069 /(mg'L™)
B/ Y% 0.32 96.07 6.81 -78.87 -13.61 -40.91 -31.28 -41.67 -32.77 62.70 -10.00 9.09 -94.70
iﬁ/ﬁmﬁ%ﬂ?fg 110.32 722 2130 440 594 015 263 009 2914 na 069 0008 na na 0011 0.001
C31 /(mg:L™)
AEA0/% 6.95 9362 1801 -1147 -9.17 -31.82 -32.56 -75.00 -5.82 4524 -20.00 0 -99.24
iﬁ%}ﬁﬁ%"m 9135 4.09 1797 339 560 01 271 na 1838 na 060 0008 na na 0.009 0.002
Y7 H(mg:L™)
AEA0/% -11.44 9639  -0.44 -31.79 -14.37 -54.55 -30.51 -40.59 5238 -20.00 -18.18 -98.48
iﬁ%}ﬁﬁ%"m 74.09 1.30 1390 105 526 018 262 024 1668 na 047 0006 na na 0.006 0.007
Y3 /(mgL™)
B/ % 28.18  98.86  -22.99 -78.87 -19.57 -18.18 -32.82 -33.33 -46.09 -62.70 -40.00 4545 -94.67
AN ﬁﬁl—
i”/”‘:”*%wg 102.26 3.25 1975 241 525 004 38 036 2394 na 057 0009 na na 0010 0.009
w /(mgL™)
B/ % 0.86 97.13 942 -51.51 -19.72 -81.82 -1.03 0  -22.62 -54.76 -10.00 9.09 -93.18
M FEY) B3 F B, NH,-N. Mn. Fe JLT-Hi5¢ 4 HAE; BT ey 1Y), 3] REAE DA A B 72 W TP ] 46 2 ol
Mg I8 R 11.47%~87.73%; SO, K 37.30%~62.70%:; (PO B KRB N 0.14 mg/L) « AT /K T
Foh 18.18%~54.55%. it W] LS4 ot 2R e R R WIS, 4B NP BEREER T 2001 IF, HABER

REAEK T b 75 1 CURE BRI 23.33%~32.82% (&
S469 5 W) ; Ca™ R 41 Ny 7.80%~19.72% (4% 1067) .
AT Fe 256 A FE. 7575 Fe BEaRillih B 3711
BEAN M FE LLAEAN ST Fe 35980 b R 22 10 m ™), B i) Fe
XA KA
2.5 FRERM=E

RFE12d )5, S496. 1067. 1069. C31. Y7. Y3.
W 7 BREEM T BB UR RIS (R 12 R 5lcihs:
FhERZEMD % 2T 0.540, 0.571. 0.607. 0.347.
0.310. 0.559. 0.543 g/L, H:r}1 1069 &K, K2 1067,
Y3 MW (il 3) o ABFITHS R AR B IEAE H

10 -
2 ;5% EAVSN
08 |
2 57
2ot 4 W 7
2 o7
® )
I
=04 |
H_
02 |
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\Eleiele e e B
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B3 7THMENTREER

Fig.3 Dry mass accumulation of seven microalgae
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LBt Mn, Fe i JLT-Hoe MM .

4) ¥rFE 12d f5, 7 HRERTE EREE 0310~

0.607 g/L 2 [f] . Hor 1069 15 K 0.607 g/L, HIXJ2& 1067,
Y3 FIW, 43515 0.571. 0.559 F10.543 g/L.
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Experiment on microalgae cultivation in BG11 nutrient solution adding
biogas slurry

Huo Shuhao!, Chen Yubi'?, Liu Yupeng?, Zhu Yi?, Peng Gaojun?, Dong Renjie**
(1. Energy Engineering and Low Carbon Technology Laboratory, College of Engineering, China Agriculture University, Beijing 100083,
China; 2. College of Water Resources and Civil Engineering, China Agriculture University, Beijing 100083, China; 3. College of Food
Science and Nutritional Engineering, China Agriculture University, Beijing 100083, China)

Abstract: The way of using biogas slurry to cultivate energy microalgae is favorable to wastewater disposal and can
lower the cost of the algae production effectively. 7 strains of microalgae S496, 1067, 1069, C31, Y7, Y3 and W were
added to be mixed with nutrient solution (volume ratio of biogas slurry and BG11 was 1:9), and then changes of the
growth rate, pH value and nutrients of nutrient solution were studied in this paper. The results showed that all other 6
trains could adapt to culture solutions immediately and came into logarithm growth phase expect Y7. Under the
conditions of unregulated medium pH value, pH value of these culture solutions all decreased from 9.20-9.32 to
8.73-9.09 in the first 2-4 days and then started to rise. When pH value declined, growth rate of microalgae increased
constantly. When algae were cultivated after 12 days, the final concentrations of algae in culture medium were between
0.310-0.607 g/L. During culture process, the concentrations of NH4-N, Mg, SO42', Mn, F and Fe all dropped
significantly; NH4-N. Mn. Fe were fully absorbed; Mg2+ dropped 11.47%-87.73%; SO4*dropped 37.30%-62.70%; F~
dropped 18.18%-54.55%. This research provides scientific basis for cultivating microalgae in mixing biogas slurry.
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