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Treatment Method of Bacterial Contamination in the Process of Nannochloropsis oculata Cultivation
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Abstract

trol method when the outdoor natural culture process was contaminated by bacteria and the application of method was studied.[ Method ] The best

[ Objective ] Taking the Nannochloropsis oculata as the research object in the catalogue of Chinese feed ingredients, the pollution con-

antibiotic species among the five major classes of antibiotics represented by gentamicin sulfate, tetracycline, penicillin, erythromycin and chlor-
amphenicol were screened,and the treatment of antibiotic residues in algae liquid was oxidized, and the ultraviolet method was used alone or in
combination. [ Result ] An effective way to remove residual gentamicin was:In the water body without algae cells, the gentamicin sulfate could be
removed by more than 95% by adding 2 hours of ozone alone or by adding 100 mg/L of high concentration of available chlorine solution, the meth-
od could be used as a treatment method for gentamicin sulfate in a culture supernatant or waste liquid.In the algae solution, 15 mg/L of effective
chlorine + UV irradiation for 0.5 h could be combined to form a good effect, and the removal rate of gentamicin sulfate in the algae solution was
above 90%.Algae cell growth was only slightly inhibited at the beginning, but the cell traits were quickly restored, and the overall algal cell traits
were not significantly affected. [ Conclusion ] For the bacterial contamination in the process outdoor cultivation of Nannochloropsis oculata it can be
treated with gentamicin sulfate, and the gentamicin remaining in the algae solution can be better removed by using 15 mg/L available chlorine +
UV irradiation for 0.5 h.The combination of the above two methods can ensure the continuous cultivation of outdoor culture, and provide a pollu-
tion control technical support for the large-scale stable culture of Nannochloropsis oculata, which is beneficial to the industrialization process of
the algae strain.

Key words Nannochloropsis oculata ; Bacterial contamination ; Antibiotics; Treatment method

ot R — KPR L AR T BA R
ML ERI IR . ORI E Y BRI B 2ZOR IR, AR S R G
i ERAWIR A . WK EE S A
Yl i 2 ), B B R 24 1 AR A VR A R
AR 13 VPR R S X A E R A B S
PRAETNRE R BEZ A AR IR , e S HACHE ™ Myl T
FKIRE A E TR A PR A AEPI IR AT ] R A
WIREIR L %y T, LA B A AL S
FCA IR R AU AR BRBEAR 5 A R — R TR (EPA)
IR EPA SR HCHOR RN E) 7 & G R0 e A R
T RS EPA IS YIA B R EPA S S T
At E R LRI ANEL, AT A SR 58 A 5 1T EL AR A5 DL 2

HEWHE TE£FFRRBHESHIT P CMA (CERC) “ 3 B 2 7 b
BARH R L =" (2016YFE0102500-09) ,

KA (1982—), B, A X FILFHFHAA, SR AT,
L NFHE A RIS MBI T LA R, « 8R4
R, SIBF R R e, N F R AW B M E T R R
RAGLRE AR ;@ TH, SR R, W, A FE Ak
& M A i T 2 B AR A B R B ARBE R

i AE  2018-05-29

EEEN

BT 2t A E RO b, B ORI )
H: 59 AR 2 R BIF B 0 725 5 5 70 X e AT 25
Geby EAM EAT RS . fEDFR SRS s LT,
LA R, U0 Zhang 25 £ H A I AL 7 HLIX, B %
FIFT 1.5 em Bt SR 5 FR 4R o, 7E B0 b O 15 00 o
MR AT 3% 39.0 ¢/ (m® + d) 5 Torzillo 45" F 55 % B 3%
FEKFRTIAF] 14.8 ¢/ (m’ + d) ; Moheimani 45" 4738 ) 7 5
KA 16.0~33.5 ¢/ (m® + d) o WA= Al SEBRIG 1 41
TR T P REBHIR,—RAE 5~10 g/ (m® + d) . FEHJEA,
BT RIS R AR 22 iR AR IR 2 A 44, i
A — TR P R A AR s Y, O R A
BRI e 2 Eol P ENEO T G 2ot 7/ LY -2a O AR € (L Vb o W
et PRI M R B S R v T LR e T R A %
T A MR 1 BRI A M R T, B AR R s 40 vt
BRI P R, RTRE 2 G AT IR 35 Y ) 0 T
SRR TR R AR PR 4 3 Y T 40 A SR Bh T S
YN Yy, Forp o IR sh s g B ORGP IT AR W, SR
FAT A FE 2 T 37 1 700 VB 10 X AR B 1 K AR s DA



64 B A

2018 £

A ) PR A A v S5 X8 W B 7 B e D e AT
RH MU B R BT A BRI R 12 TAm
T — A R A e 0 T o AT (e A A
ST A RV 2 B Z A S LA T
PEE AT LB A M A s A T, T A ORI
W, B RTE R AN TS Y A S50 e 2R B, QX
25 OV BE T S A 2 2 IR TP A0 R, AT R A5G T T R 5
KA WA R B E B A R R R R A R H
EIMASE OB SR e NGRS 78 4 Ry O N LR €8 A TP NS
fetE . PR IR R L PRIIE AL E R G ALK W
FEIY 25 Bk 5 1 0 T e W B O B L SR AN L BT
2 TR P O T A AR B L BRI S 6 DL ARGE T
H A Z 0 SR TR AR R S Pk, 252 LAWT R
TR IR AT AR SR BR B BT 4, B Wik o A1
FROH SRR 20 DA TS YL EA TRIFSY 1 S 0 X o 4 A A
FHANE A TR R IR EA XA BIFRIEA M
BRI ST , ARAS 0 22 B0 vk BR EAR UE B Ak 2 B 32 BRI
ik SCEERAIEAN R X B A K R S AR o X BRI
FEEE SRR 22 M TR 20 TR T Y v B A S R A A R S
R, AR SRR BR BE Y P S MR e SR A S A — R T AN v 7 Y
P ARG
1 #Rl5FH%
L1 &8 K b E R A Sigma 24 A, B i B
1 /L B ARG EEH AT R B (B 5 0.22 wm JERR BRI,
FaRe et PR ERAE ) o SR O ABRE, W A T EMEY
WFIEIT, G 1.2465, i 56 43 72 H At 30590 ¥ O 5 B 40 B 4
R
1.2 X8 RANL, It KRR BHEATBRA F CF-
YGI10 %, A e, HAR B UV-2550 1,
1.3 EmEEEss 00T AR ATk Bk ¥ ( Nannochlorop-
sis oculata) , i ENN A=) S REURE A 0B b T2 4R 41E . T
AT U 5 57 L4 SR 02 WK B SR N Oy (3.3
0.1) % o iR B0 R PR 85557 (14 )7 kA7

TR TS Y SRV, AT PR TS Yo B (R IRD) <o A IR S 4L
LBkt AN SR R AR F, A B AR AR 10°/mL B g b
H S HOE AN E T 41 B 2 245 8] 0 B, IR 8040 1
14 RWHE
141 R AR e £ 0.8~ 1.0 g/L,
FE ARG AU R AR ELA A [ 1 2 4 Jo i A D
1.4.2 U506 FH BN 25 H0AS o BEBE AR 0 W 4R, 10 em (K) X
5 em(98) %60 em () , Horf S #% 55 BE B O g ot R . B
FERE N2, AR S em i 80 em BEEAE R () i
%, — o —mFr e,
143 HrAERERAR,
1431  PEflPiaA: R 2R, S KEBUEZR (B-H
WEMeSS B U R RN ER R A T RIS
TEFR S LT AE ZE0T PR BRI A7 MU, ARk 43 13

HRHEKKER UAE AFGEMNEAGER, Hh &k

AT 5050] 50,100,200 mg/L 3% 3 AR EERSIE

ER Tk A IR AL ] 100 mL =), %47 30 mL Jg
PR SRR, MRS 1 AR AR 8 B0 3R AR
FEIR .2 000 Ix G T REIREE IR 48 h, M E e A= Pyt . AR
i A Wtk (R R D05 SR S R E 3R BT A2 9 L
T2 3 A TATHE
1.4.3.2 oA 200 A0 VA BRI . AR 8 4 P it 52 1 1
SEAL PO B AN N TT B A AR R A T A0 T PR
SRR, 2P INE B A0 A BEACR SO 2 0 B 20 i B B
SRENERAEE YL

15 B BER 32 B A A 2 R I AR U S B s o, A4
W5 3 AT, AL RO &R A 800 mL Y5 YL B ; I
IR 1 P AT AR AT AR ZORTINEE, 78 10 000 1x )
SRS AN TOCI T ELRGIR 7 d, g PR EGEA A 5% —
SRR A 2 RS R pH A I 7E 7.5~ 8.5; Rl 43K
M AR e P AN A B K

®1 BLERFMW
Table 1 Antibiotics added

251 A At g,

Gi Variet Added Remark
o Y amount //mg/L emar

CK 1( BH X} HE4H Nega- — Z 305 YLt

tive control group)

B 1 Test | KRBE 100 EEERER

B 2 Test 2 msF A 100

B 3 Test 3 i 100 R

CK 2( %5 1% B4 Blank — TeIE UL T

control group)

144 POREGRMIKM

1441 PRREFAME R H g — ik, Bl 10 ik
JERREE (2.4.6.8 .10 mg/L) (Y PR HE R ARMER, 73 5] B 3 mL
BARUER T 100 mL = Ff; B 3 P47, FFER AT
b Z X EUE KIS B A BRI B 2 0Dy R 1 I &
W3 mL VI KB LB 555 A B K 135 73
RZ T, 408 2 K B 100 mL =i, 4066 27 mL;3%
IIRIF I = A T R AR R B IR (BB K, 140 1/ min,
37 °C M) 76 3 h RGN 0D,y .

1442 RAFEZEMER., B 20 L 25 KEZIRHG K5
W, %2 5 000 v/min Z5.00 5 min J5 , BOZL.OE BT RIRK . %%
AUAS T ORGSR B AR A e e S
B P NS 2SO0 2 IR , 300 2ok A0 4 10 B A )
WGE A SRR, IR IR 5 a8 6 X5 7, 4351
MWARA0.5.1.0.2.0 h, QURERENLL . K 10% 47 505
(4 53 BT Gl TR A W IR A5 2 5 A 3 v B A B B
IRIGAICR IR 8 15 9 156 10, 235 I AR SR 150
500.1 000 wl/L, QRAE+EH M, R AT RO H
W EEAMEPRFR [RIEPEE 15 WA 58 AN 8 1 4 A B B A =X
SN g B SR AMNIRETE . DARGA+ERIME . TEQRY
filt b [RISRRE 15 Wi S AT 45 44 A B B Ak = S vy 4 v



46 % 26

RS IREPMRERE RSP M T RS Tk 65

HHEIMNEGTEOR . ©IMEMA , FME 15 W 540

JIE ELHEAR AN B SN IR
SR 2 P AEFNNAE 5 om B IEAE N 2%, B

SN H 2 800 mLL, % 12X 0 21 b 3 5¢ e R M0l A AR

20 min, DUHEBRAC R B 9 S AR D B AF 0. AR BIS HORE dh
PEAT RS & BRI , R T EC bk 7 , A1) A A h 26
e R R T

R2 KABRERTE

Table 2 Removal method of gentamicin

205 A AeiR
Group Added reagent amount Remark
B4 4H Ozone group TR 5 WA 0.5h
R4l 6 WA 1Oh
R 7 BWA20h
FH Xt #E Positive control CK3 A 2.0 h R BV AR K
WS IR4EM Sodium hypochlorite G4 8 150 pL/L
RS2 9 500 pl/L
R4 10 1000 pL/L
CK4 JIA 1000 pL/L YRR %;&%‘mﬁiﬁdﬂ*ﬁ%k
AR
BH XTI Positive control CK5 — AAAT AT b 7
B +224) Ozone + ultraviolet I 11 WAL 0.5 h, 61 L4 FE 0.5 h
FRE+44] Available chlorine + ultraviolet XIH4] 12 15 mg/L A RCGEAL T, [F] B £ 4 M b BE 0.5 h
R4l 13 50 mg/L A REAAL I, RN 424 BE 0.5 h
241 Ultraviolet BRI 14 LeHNRST 0.5 h
Rye4l 15 ARG 2.0 h
PH4E X} BB Positive control CK6 — ST

1.4.5 YEET5 YA LIRS . B 20 L 28K KA
S MR TR A YIS G HE B NAE 5 om BB
AR, FEA RO A 800 mL YA, R4 3 ASFATHRE, it
B AR 16 SRy SR PRI INA 150 /L 3 SR
FAIFI L AMT AR 0.5 h, [A]B FHAE XS IR ( CKT) g TE R A
T EBEIR , A AT AT b B 5 BF X B (CKS) by 52 3175 Y )
W AZIEATATAR DA 300 24 24 7 R e 4 1 ik A7 45
P RIS A 2 S5 AR TR AR 16 h A PG K
FIR R W RGEE . 16 h S, 45 10 000 Ix AT 5%, FHih
IEHFRAE 5 d, 45 24 h 4T OD K

L5 £MEHNETT  W—EWRE Vs
3500 r/min PTG e AN M RN SR, PRV AT AN
UERt i T A SRR BN AR SRR FEIAL 5
fi5 VARFUR B — KK TR e e 2, RRR A S HET TRE, It
IEH B AN AR B 7R RIS P S my ) b, ISR AR i 254
IR 3 UK, B BB T 105 °CRpbAR 1 7 2 48 2 TR
L RHEARE my o AIIEFERE (g/L)= (m,-my) / V.

2 HERESWH

21 AREMESMEMEMAERKOZME & 185 Mk R
TE 3 PR RS B X IR S L R R i A K s R Gl
SURAEL7/ ) Nack &/ O NE AL SN = SN U E N I A RS v i
200 mg/L L) P X 3 41 i TG BA I 0 10 o VR T T 25 R AE
50 mg/L B BN /NI HI/E R , 155 100 mg/L L) I
o 98 4 A ) £ Pl 25 5B R AE 50 mg/L X 34
TCHH B BIHIVE A, ik A 2 100 mg/L Db B X 3 441 i
V1400 1 it 5 B 484 T 7 i R 1

22 ARMERMERAESTLAEHENTR HME2

# 4% Biomass Il g/L

K #FF
Penicillin Gentamicin Tetracycline Erythromycin Chloramphenicol

A Z Antibiotics Il mg/L

1 AEHERIRSPREEKE MR E KR
Fig.1 Effect of different antibiotics on the growth of Nannochlo-

RXEE | wxk aFE AEX

ropsis oculata cells

AL, 15 G X B (CK ) oR 2 AR Ay b B, HE 5
MMzt L H BELSLR IR, BN Z W R R AE T, [ I
TR SRR A R . B R PSR AL B AL (X564 1)
FPUERZRALREZH (1XH02H 2) , 75 Y ) 3 40 i 2F RS R AF
Forpigeal 1 A AR KRS 5 23 0 IREH (CK2 41) A K
ARASAR Y 1020 2 BRSO B, S A A KRS R
4 ARSI RCR 22, A0 TE AR B B0, s i AR K2
BRI L1 KA B (X504 3) X BORE A st
TR ] RGBT, SR 41 3 40 MU S R T 4
FET, AN B S B R R . FEE IR 3 R A &R
o X UM R B T AN, A BB A R A KK
R, VIR FRAIIA R, 215 3 A R M HIRCR o

23 KRAREBZRERFENTHR

2.3.1  GRBRPREE R A bR M2l E 4525 . ¥ 3 LA LB



66 B A

2018 £

4r —€— (K1 Ck2
X2 Test 2

—— 3K Test 1
X3 Test 3

% Dry weight Il g/L

: ‘<:/\§\‘\‘\’—v—v
0 2 3 4 5 6 7
B Time /l d

B2 AEHERTREDEREHENARTLEEBRLITLL
Fig.2 Comparison of bacterial contamination control of Nanno-

chloropsis oculata with different antibiotics

KRN N S B ORI A ER T R TR IR R I AR B DR
FARUEM (2.4.6.8.10 mg/L) K5 7% 3 h JE Al 1) OD g, 52581
MEHT LA 3557 3 h 5, R OD 35 R Rbr e
i PR KRR ARG R, H IR K& R R e , 1A
B OD AL, B PR 8 3 vk B o e, X B (R A R B T 2K
AR AT, 20 TR R S BB, IR LA AR Y =
-6.355 7X+11.351 O(R*=0.991 7) A %11,3 h ISH&IAE FL A2k S 2R
RAto Bk, A A K b RRRE ZE 0, W DA LB gk
FENMRERIEFHAR 5557 3 h B PR (R R gy, HLHRE
XOPARGHR BE P PR OK 8 ZR A TAGHIN (RS Ay 2~ 10 mg/ L) , % T
TR BE TR S AT A T3 A A 3

121

y=-6.355 Tx+11. 351
R*=0.991 7

10

RREERE
Gentamicin concentration [l mg/L
(=)

ODyg,
B3 MAERPRRBERRETN

Fig.3 Change of gentamicin concentration in the test sample
232 JRREREBRITEMHLE. AR5 ) KRR %
RURBEEMPCR G R L BRA UL 4, AR AL S5 2R ] 0, 12U
S(ERAUEER 0.5 h) AKBEH PRORBE R UL 13.40 mg/L, %
W% h 81.83% ; SLAEALFE 1.0 h 41 (IR 41 6) LEALFE 2.0 h
HORA I T) KB IR K % 3R W 230 O 12,78 Rl
3.80 mg/L, 4145 KBRS Ry 82.69% F1 94.84% , SLAE AL
TR RBORP ORFE R A — & R M Al i A, B 1
IR E] R385 0, DR AR W L BRI B 95% 7647 . 1T CK3 X
HRZH PRK TG L R 2N 97. 1% , 22 I3 P A B4 5 7
223 20 min AR 22 00 5 46025 BR Y 05 12 00 4 1 G B
IUBGEAE T, i HALIEER 1T REZR B Y R AU R R
T 78

FH—E WA B A A 2 BR K T IR R B R I, BB
R RGBT 15 mg/LAREAA AR 8)

IKAEH IR K8 R WK E Oy 34.23 mg/L, R FH 53.60%;
50 mg/L A A A (IR 9) KA R KRB R E N
25.73 mg/L, £ # K 65.12% ;100 mg/L A3 A 4 (IR I 4H
10) ZKFEFPPRRFERIRIE N 1.98 mg/L, KERFh 97.31%, RITR
JAESEE AT RART 50 me/L A% PR R ZBRaig2s, Ml
I R R F) 100 mg/L i, K AR PR K EE 3R & R 2
1 mg/LLLR IR BRSO S s i % CK4 X BRZH 45 R mT 0,
ARCEIMARS R EE R IR AR S5 R A T

W KR KEERE Effluent gentamicin concentration
HR% Removal rate

= 90r 100
=1)
= =
= 80 3
55 af G
;ﬁ‘é 60 %
o 2
g 30p 5t
-2 &
E 20
=
& 0 0
4T G- G. S BL 2% = 8
S K8 K8 K KB 5n
Lol = IN al —  a — e TE R0

232 Treatment

B4 RABEMOLESEEBR L
Fig.4 Comparison of chemical removal of gentamicin

TEVE 4 J7 R RERN L PO 3 5B 07 i il i A o
SUHEIN T SN A T595 2 PO IR ES A0 PR B 2 1 K PR
RORINIE S Fron o ARAEAHES R Al A, A+ 50 MEFE 0.5 h
OB 1) KFE PR R WY 2.30 mg/L, KBRAIK
] 97.41 %;15 mg/L AR A +EAMEHE 0.5 h 41 (IR0 4H 12)
IRBEH DR R U O 8.51 mg/L, J5BRARIK F] 90.44%;
50 mg/LARA+ESMEFL 0.5 h 41 GRIRA 13) AKEEF K
FEREN 6.13 mg/L, KERFRIKNF] 93.12% . 2 Rk 4
F T LR A — b5 1 B L BRACR BB TSR e ] 5
HMIE B ROR B 31 L PRI 22 S0 HME HE 0.5 h 2] (15
1 14) FIEHMEFE 1.0 h(IREAL 15) KRB R L BRFR 55
N 32.61%F1 67.99%

W KR KEERE Effluent gentamicin concentration
HR% Removal rate

= 100p 100
2 "
= 80t 80 3

g =
b} —

g g

K S 40} 4 =

K g A
e} &
ERA I 20
o
S (e || || 0

= T R T R =)
a8, &. %= &, @, B
¥E B ¥iI XE %

232 Treatment

B S5 KRAXBRHWEHEERITIE

Fig.5  Comparison of the physical methods of gentamicin

removal

2.3.3  AETGUGAHE IR . R E R 1 LBRIEDT I



46 % 26

RS IREPMRERE RSP M T RS Tk 67

R, ABCEERE SRS IX 2 Bl vk A 3L R F AR A v R
RERMLERBAREFIERT, (H52.3.27 P57 k2K
BRI P B0 5 OB, AU X s AT K
PRBEATII DA IS . Dl , 7E 30 B9 BT T 5,
UESEZITEAE L PR RK B R BRI, SO0 e 40 A B Jo ] 2

e
] R,
2 k8 -
- —&— 3XI816 Test 16 /
2
ol
X
+|
0 1 2 3 J 5
B1E] Time /| d

6 ERPRKRABRERFENFENZMERL
Fig.6 Effect of gentamicin removal method on culture in algae

solution

FH PR T R R R B VR X SR B 5 e 15 B X (]
6) A1, CKT7 X} JRZH 5 CK8 %o MR 2H i 20 it 2F K A% 00 AH 24, 15
WITE DR K 85 3 TR A 20 ML 4 A 75 e B, R OK 5 3R YA BEASUR
ARGF VA IS A BEAN M PR A4S 5 T8 TS G4 IE RS B4 AR )
A FOIRAS s M 20 16 78 PR %5 3R 2 B i a0 iy 403 3 4
A RIR 2%, BEANMIES 1 R, WSS 2 RIFIRE WK
YL PR B R L BR A P Y 15 mg/L A R B4 i HAT
— 3 B , B A R TE B G0, S A AR B R A, A
KB TIER . WHEJE 05 2 K, 3R h i KRR &
i, CK8 YRR R & i 80.15 mg/ L, il i A SR 5851 2
T 7 — [V BRI G2 16 TR IR K EE R & 8 5.05 mg/L,
PR KRB R 1 E RN 93.70%
3 e E5%iR

s AR B e i AT 5 R R A 2
BB, B 3 FPLAE R XS 3 FhpiAE B X Ts e AT
IR TRACR 157 2 , B0 22 BRI DR R 28 X MR 40 ol ke
TR A ARG I JCRAEHT, I 0432 21 40 58 15 e 14 BT
Bz 19708 4 ST V-1 SN SR ) O S I S R 6L BN ER S T P 3
R E HH A AR R R PR R, B X IR S ™ 48 Y
PRKEE Z TR 5 400 S 2 R 38 40 A 109 A A iR 2R 8.95% 1)
S5, T LAIAD 0 5 B R DR 2% 0] 98 40 i 4 P ASLAIR i
HXT A BAT R BOEE R . 207 R T P oS 57
FERRREVE . ERSRBRRR DE K B R X SR R rh B TR A T
A KA T (BB R DR %5 3R e 3 e — Rl b A &, iR A 5%
BR DR A R IR RSN T 5 e R L o %
G LA 7 ik B B DR 5 3R AR SR, DA 2 oy ik
G AR KA R VEHIRCR

I HS A T R, S AR B P AR 2 h
1100 mg/L = v BEA SRR T 0 ROR S 3R 1 E R AR i
I, KBRECERTIE R 97% L o HOR KRB R 1 LB R AR

1o AF F Bl i v B — Dl 24700 4 7 e A
B, X B I B A5 AR R, A ) ™ 7 ] B AN
FOT, R s B 5 AN B R K8 2 A 3L 19 3 A 7
RREBEMN LB, HRR 1 LB kAR R R
i PRR B R KBRA G, X B0 PR B 1 T 22 B
AR A W DR B 21 LBk I P R R B R o
SRUATREHBRE B AIC, AP R TR A LR 2 SLat
P 2 BTk IR G A B PSR 2 T I SR 0.5 h+ 5541
0.5 hll 15 mg/L ARCE+EH1 0.5 h,ixX 2 M-S VE 7 e
EBRRRE RSO BT, BBRFEATIA 0% L) I, LikJr
PLIAET N P B R, (H S SRR A T3l A B Y, X
AN R B P A S o e P R Y 15 mg/L
ARSI 0.5 h (177 2 AR5 A 800 —Fh R BR e 4 i
PRK B R 58 A 7k, B AR N A 77 31 — s fh g i),
Jir R A R8O i 4 L P 4 P 5 4 A2 38— i 407, H
PEAH PR AR PRt B AR B A, 1K B 2 Hi P A R s R, R it
207 AT by 28 PN A5 B 1 S P B A X 322 S 20 7T 7 e i)
1) — P RLTR BRI, oA T eAe o I A B AL A B 5 iR
P51 B BB S, AR SRR B e 7R
BB — A SR BN TS U 1 7 %, AR SRR R
Fe K ARHE A BT EPA G & EPA 7= i1
R
&% 30k
(1] EhRkk, A0S im I, 5. 22 28 R 2o M AL LT BR Vi Ry SR B 1O 2
(I BT 57T ,2015,36(17) :194-197.
(2] Ve ORI R R AT (T ] A1, 2014,49(1) ;
(3] 30% N, ZHANG C W,COHEN Z et al.Production of cell mass and eicos-
apentaenoic acid (EPA) in ultrahigh cell density cultures of Nannochlo-
ropsis sp.( Eustigmatophyceae) [ J].European journal of phycology,2000,35
(2):127-133.

(4] BUET XK, R, S el a T SRR LT ] &
Y, 2017,38( 11) 275-278.

77,2016(1) :11-14.

[6] FAZEUT, TR, FEIAIAT, 55 B ae PR IR AU Bkl B & A
EPA P22 J ] R, 2014,29(5) :80-83.

[7] 545, mstte, i S IR G M SR O BRI
TR SR IRENAL T ] K A=A, 2017 ,41(3) < 677-691.

[8] JE3), Bots e s A e R SR R AR J a5 [ T ] s E R,
2014,44(1) :63-78.

[9] ZHANG K, MIYACHI S, KURANO N.Evaluation of a vertical flat-plate
photobioreactor for outdoor biomass production and carbon dioxide bio-fixa-
tion ; Effects of reactor dimensions, irradiation and cell concentration on the
biomass productivity and irradiation utilization efficiency[J ].Appl Microbi-
ol Biotechnol ,2001,55(4) :428-433.

[10] TORZILLO G,FARALONI C,SILVA A M, et al. Photoacclimation of
Phaeodactylum tricornutum (Bacillariophyceae ) cultures grown outdoors
in photobioreactors and open ponds[ J].Europenan journal of phycology,
2012,47(2) :169-181.

[11] MOHEIMANI N R,BOROWITZKA M A. The long-term culture of the
coccolithophore Pleurochrysis carterae (Haptophyta) in outdoor raceway
ponds[ J ].Journal of applied phycology,2006,18(6) :703-712.

[ 12] U], pf 3 R oe T & 30 FRIAs 2B [ V] A=y ik,
2017,34(2) :9-15.

[13] A SRR R R e AE AR S [ ) ] 5 &l 2007, 24
(2):1-3.

[ 14] M7, W T S A I AL AR [T ] 7K
,2002,21(3) :26-27.

(T#% 76 )



76 B A

2018 £

3 HFit5itie
(1) IR YT = VT XA T AR o s e ol e T
RS Ui, B A 528, 2005—2014 4F + A FIFE 2
RN —EIB A" o BRI B ey HAL TR 30
Dol H25 4 Fb - 2 R AL T e . WA 5 B L R R
LA B 2T S W BR il |, B A JRe A AL
(2) WV =TI it X A A R GE R S5 I (2 A8 48
FEIAA T HRH Y ESV 4 2458 fin & 4 £ (2 007.68 J17T) o
FRWIMHAE T P XA AE B R GRS h BA AR 35
YERT, A J5 B - MM 5 SR SRt Y T AR
(3) WRVT 3t o, = VAL 3t DX 355 e 55 B BB AR Y 14 n e 2
(398.53 J3JG) , MM SCAU M 55 4 X5 1 fin sk B e P (1.75% ) o 48
78 TR XA i Ak 4 i 9 1 IR 55 Zh e AN SO Ak IR 55
g
(4) URYTIAT IR = VI3 DX AR 15 D RE A AF X 6 fin  fe
2 (173.28 J1JC) , Il SCAR 5 5K 2y B 1Y 4F 249 48 i 4% d vy
(1.75%) o FWISMTE 5 R SCAL LR SR D REAE T vh XA
BERIHE , A5 1 MR HIRZ s IX 2 FhOIRER4Ed
S5 3k
[1] (B, TR TR A SSRGS & i SRR LT ]
HoFEREIE, 2014,33(4) :441-446.
[2] COSTANZA R,D’ ARGE R,DE GROOT R, et al.The value of the world’s
ecosystem services and natural capital [ J ].Nature 1997387 (6630) :253—
260.
[3] DAILY G C.Nature’s services :Societal dependence on natural ecosystems
[ M].Washington,DC ;Island Press,1997.
[4] Millennium Ecosystem Assessment( MEA ) .Ecosystems and human well-be-
ing:Synthesis[ M ].Washington,DC :Island Press ,2005.
[5] FU B J,WANG S,SU C H,et al.Linking ecosystem processes and ecosys-
tem services | J ]. Current opinion in environmental sustainability,2013,5
(1) :4-10.
[6] BRAAT L,TEN B P.The cost of policy inaction:The case of not meeting
the 2010 biodiversity target.Brussels[ C].Belgium:The COPI Project ,2008.
[7] S RE AR AL, R T P R R [T ] B AR,

2016,44( 15) ;21-24.

[8] i, FEA T, 212, 55,2000~ 2010 -y it - MR AS (b S5 A4
ARSI ] R LR 515, 2017,26(6) :894-901.

[9] XU C P,XIA B.Land use changes and its influences on ecosystem service
value of resources-based city [ J ]. Ecology and environmental sciences,
2010,19( 12) ;2887-2891.

[10] #k 1, iR, 2 B AR At A AR R A o [ T ] 3

RlegghRE ,2015,34(11) :1356-1367.

[11] FEMRRE OR8N, S K = DB (X R s A=
BRGNS NER SN DL 4T A B[] AR LRI i S5 055,
2017,26(3) :333-340.

[12] Fiik, R, B, S 25 Tl i i iR 5 ARSI E
WP [ LR SR, 2015,24(6) :925-930.

[13] VrlF, iEfilée SR R A= S RS IR S DREN B ) ] 47T
DR SER, 2010,19(6) :646-652.

[14] Z=4, 251 I, G 2L TR AT I A A G IR SN BN
SOy SRHIEL )] AR ,2017,37(6) :2118-2125.

[15] 5k2%, i, 0%, 55719882013 47 # R UK A=A b 2s [R5+
W HAS RGBS IMEE LT ] AR, 2017,37(2) :566-575.

[16] FMSHE, k7B, 20, .00 T _ LA S AGUR S S A 2
FPZSHRRAE L) ] PR, 2017, 72( 11) :2064-2078.

[17] 323y, e, PIAR, S I0T THR AHZE e A 5 24 IR S E
g (R LASERT A B T ] K - EREEIFFFT, 2011, 18(4) :43-51.

(18] W, i ZE, v, % VU LI R B ey - R AR A28 R
GRS MERISENAL I/ OL ] 228 L Rl ,2018,46(20) :66-69 [ 2018
-06-26].https :// doi.org/10.13989/j.cnki.0517-6611.2018.20.019.

[19] A N BRI ] - . 4 ] - R P e A AR 422 ( 2006—
2020 4F) [ A/OL].(2008—10-24) [ 2018—06—26 ] .http ://www.mlr. gov.
en/xwdt/ jrxw/200810/120081024_111040.htm.

[20] 4 ey 18 {Z AT 251 ) ] EISRA T bE 17, 2008( 1) -8
-11.

[21] 2k T T HOR A (AR RS AL i e [T ]
TR ,2003,58(5) :643-650.

[22] £, 0K THARHESZE RO T [ ] R R,
1999,18(1) .81-87.

(23] b, gt FR07. Fr E R A AN S SRR R O
FA[J] HFEH1Z,1998,53(S1) :36-43.

(24] i, &6, Aok, S F s A S P O BT ] 3
RIFSR,2003,18(2) : 189-196.

[25] it S, SR EEIA, . JE TR AN E S A TS 2%
NRSIMEM TS0k 1] BRI R, 2015,30(8) : 1243-1254.

[26] i, BT WAk, . FRER A 7 (A S IR S EF T[T ]
AgallFa, 2005,13(3) :10-13.

(L% 67 )

[15] bl Wk R s g AT oe[ D] ALsT: P ERABEIR
AR GREAERIFSTAT) ,2014.

[16] Bt Rl , (% DR R SREE e T R Tt R [T ] B0 A=
2£412,2016,25(5) :385-390.

(17 P52, @S0hR  BEIATS , S5 SR T 5 /K NERERAE AT AR
BN ]] IRERE,2017,38(10) 4279-4285.

[18] SUYONO E A,RETNANINGRUM E,AJIJAH N.Bacterial symbionts isola-
ted from mixed microalgae culture of Glagah strains| J |.International jour-
nal of agriculture & biology,2018,20( 1) :33-36.

[19] GONZALEZ-CAMEJO J,BARAT R,PACHES M, et al.Wastewater nutri-
ent removal in a mixed microalgae-bacteria culture: Effect of light and
temperature on the microalgae-bacteria competition [ J |. Environmental
technology,2017,39(4) :503-515.

[20] FHEHE, e, el , S R PRGBS ST AR EL G R oY
P[] Al 550R,2016,36(7) - 11-12.

[21] RZEPIGFAHEE Ponticoccus sp.PD-2 FHARR RN A MO LIRER
VAR D15 & B R — I8 5 i, 2017.

[22] 3B, BRI , S B 2 FAT B R K AR BB R 1Y
VB[ T ] BT 7K R, 2016, 12(1) :9-16.

(23] SRIGEE:, 2 T, 200, 5. — RIS BB 0 53 B8 ik 5 00 F45E [ ]
R SRR EAARRARR) ,2017,29(1) :28-34.

[24] Az, AR, ArAS , S5 VAVRZER A3 (AR T ) L Rt
J&,2016,37(6) :151-158.

[25] MITSUTANI A,YAMASAKI I,KITAGUCHI H,et al.Analysis of algicidal
proteins of a diatom-lytic marine bacterium Pseudoalteromonas sp. strain
A25 by two-dimensional electrophoresis[ J ].Phycologia,2001,40(3) :286
-291.

[26] XIBEE, Bk L AR AV ek i A= SR AU M BT B ki
ReIR[J] AR, 2006,25(6) :493-495.

[27] A% &, s R =2, A IR B AR A sz [ T iPEall
F}#,2018,46( 1) :25-28,97.

(28] el , S ST IR AR 5 R IIR B g 2t A SRS P
(1] LLPEAV R, 2017,45(12) :2056-2062.

[29] 22508, M, B25EE UV/ R, 0, BRG BAGE bR & B 3R Bk it
AR T] INEH5 5 551A,2011,33(4) :25-32.

[30] £, 28U, A58 , B 280 EAS RN g A 20 25
Fatifae[ J] . HrEg7KHEK,2016,32(9) :53-57.

[31] skAsHE, MR ASHHH , S oK IR PUER SR S b A= SR g S Dot
SR )] AR, 2016, 11(6) 4452,

[32] RICHMOND A,HU Q.Handbook of microalgal culture[ M ].2nd Edition.
Chichester ; Wiley-Blackwell ,2013 :40—-41.

[33] Hk<pile, TR, A5 , S I R A IR AR S ke ) DR
PRI ] KPR, 2016,35(5) :541-546.




