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1 FE: NIRRT RN T KA B AT AT, 288 MEAT T /82K (Nostoc sp.) . f0 I35 (Anabaena
sp.) . WS 22 (Lyngbya sp.) FI/INEREE (Chlorella sp.) 78 R ARG NN T 1% 7K A 38 R PR RS, A T /NBR X AN
[i) ik BR A B 1 ARG SN T /K A B (TN | Sl (TP). k22T R (COD) Al 22 BRASCR; Bl T R /K 35 352/
BREE BB S RIS SR B L pH K SR AGARL . S5 SRR 4 AN R, ANBREEAE AR
T K IS B P fe i o 7K TN, TP, COD W M7, e xt L S IR AR A . R BRACRAK YN I 7K R
WA R TR K>S T K o /NERE T LA R 80 25 SR RARAGE I T 7K H (% TN, TP, COD, XJAG T 7K
JF& TN, TP, COD Z 534351k 89.21%%, 70.00%, 49.33%. FI|FH R SRAGIE AN T /K 35535/ Nk 2 X 3500 f5
TIE SRR T LA BT G SR ) .
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FARAGIEIN T IR 7K 2 LA TSR e Ll fse el B e oy Sk A 77 AR AE S, LA S LA R RIS M Sk A 7 ik
AR WL it R HE R A 52K, B S e R nT s A LA . SR BRRRAR LA S v | A4
AT o R RIRAG NN T K HE ik = 245 bR e H A pH A, 2B L5 %5 (Biochemical Oxygen Demand,
BOD). 1k2#75 % 1= (Chemical Oxygen Demand, COD)., Z 1Y M A SE, KRG N TR K B HEHEL
STCE ARSI . B, B SN RGN TR K R AL 385 88 LU AE vk AR, A a4 - Ay
H RIS, DA TG M5 R LA ] W AR T, A —TE M TS R ML T B =%, Akl A SRR <R
HIEAE, (HLL E AR EA G HB TR ARG | AR RIS | I A S AR i P, PRI, TR R ARAR I T K
ZEA AN IR R FHEAR B IS, TR 41 ARG LR 5 A 37 A R AP A BT, IR WS IR 256 R,
PRHERR IR P M i PT Hp28  J HAT T B8 0 o e B AR A B, PRI 3 Iy PR, B 7 o o SRR AL, T
DIAASCEBRTSK A, B &8 81 AR S5 R S5 B2 A 35K 0 5 AR L, T
AL PRGN T K BATAR R A RS, TR v BE L B AT AR A 1 S BRAICR Y, — e R EE R AR
157Ky COD il BOD F i, i HANZH R 2 YRI5 JP), TG K i K BRAUR 52 B B 28, 555 5%
1, JEACE SRR R R o S EREAN [RISEFP LR 15 7K A (838 PR A/ INER XA [R5 7K BTN | BV
(TP) Ffk 2475 48 it (COD) 1 Z2BRAEE, 2885 HIAS [RI M B A% 2501 SR SRAG R In T2 1% 7K 52 58 5 B 3 ( Nostoc
sp.) . R ¥ (Anabaena sp.) . ¥H 223 (Lyngbya sp.) FI/NEREE (Chlorella sp.), FEE T /NER BELEAR SN T
JEK RS i | AR L SR AR IR 2B K Y TN, TP il COD & &, B MR EFIH M
PEAL PRI SRAGIE NN T AR B AR
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1 MRERE

1.1 MR R ARSI AT K T 2016—2018 4F3] 0] HUR: [ W e 24048 N 117 16 g S SRAG 7=l 5 A1 e
B BRS B ARSI T A AR RN T o BRAKIER (DL AR S BRI/ 4 4 JFOR), RO AR ZATA7 b
FRAIE K, A KEME . BERE LY . IRERES B EK (LT AR EBR A, R4 IRE . FetE (IR
AR PGAALSE BRI K, A REA ., B S RK (SR, S&2eid fhaa Bink, B a4t
TR, BRZDRAR . et (RANGF48) MR AL IE A 1S Ab 27 I il , IR A B K, ATD & A AR AL
W BEFh. BRI (Nostoc sp.) . 2B (Anabaena sp.) . ¥§ 223 (Lyngbya sp.). /NEREE (Chlorella sp.) N
ARSI 5 R R B Al A S R IR K . R FH &I Tris-Acetate-Phosphate( TAP) 55 F= 5L Rl 4k (AT, 5
FRIRE N 25 °C, LRI E 110 pmol-m™2-s™!, JalE FL 16 h: 8 h, WAKKFFERT, KEFEIRE K 25 °C, SRS
110 pmol-m2-s™!, JEHE LL 16 h : 8 h, FEIRFL#H N 180 rrmin's {U#F: TN — /KB E (L (TH-TD602),
Fifit ik 2E 5 pH 31 (CT-6021A), At iA HL SR (CT-3031) .

12 AEWMEERAGRMIEKDAERNY TAP IR SBRE . MRHE . S22/ NkER
XU, 4 000 romin™ B0 5 min YA EEARML, N A 2 mL TAP 1537 35 5 2 5 40 Mo VE A T3, % 10%
A 42 i D T A B R R BRI K T (R B EICH 5, 10, 15, 20, 30 %), iELZEH5 57 4 d, WA HAE K
AR

1.3 INEREITRAGE I LRKEBMAIERYR  H 100 mL TAP IR FR I/ RS 77 X0t
£199, 4 000 r-min' .0 5 min YCEFENM, T 2 mL TAP 3537 3L d 2 g iaAE M, 2 9 EM T
50 mL iR 10 £5 14 4R & AR AR BN TR /K I G BEC, SR % 35 9% 6 Ao T2, 4, 6 d BUREIN 2
M-2RE a, MHERE b MY &, e G2 LR TN, TP F1 COD .

1.4 BREHAIFTEFRIW KRR TR TR RE 10 509 & PR THK b, iELehE 3% 2 d,
RIS R B SRR 7% 2 d, BRI S A0 2% 5 | pHL AL, H 223, JF il A fhh 26

1.5 MEFZE BURERETZ 0.22 pm MRLFLIEMMIE . 2% R I e SR S R BGE©: B S mL Zhek
FEREFRW, 4 °C, 5000 r-min B0 5 min, ZE KRS 2 K, ITA 8 mL 80% INERIRA], 4 °C #EHL 24 h F
YHHIITIE R £, 4 °C B0y, 80% N E A E 25 mL 43 B AE 663, 665 nm b PN YG(H . A= i,
HUIE e BE 3200 /INBR B, B BE AR B S5 I A2 ODggo, METJ5 0 %2 i i, 25 i) OD g 5 4N AT 5 2 A s o i
2o AR EE R E, BEATMIECS 680 nm ARG EE S IE ARG, ME 43 OLEETH T 680 nm A Ak I
HeIE (ODggy) o o AR PR 32 B R B0 VH i 43 D6 G B 72 (GB11894—89) o B R AR B BT 43 OB E v
(GB11893—89), COD X JH # 5 R 1 1%: (GB11914—89) . HiL S 3R Ay 5 K I 5 1% FR W i vy 2 %
(EC) ¥, BU S mL MBI ZE 0.22 pm MFAFLIEREAMIE, IS8 7e = N S0 e i 536, pH i
D5E, B S mL AL 0.22 pm I TALIE RIS, P IERE = iR T 2 pH UN5E .

1.6 HIBLIE PTALRNNESEE 3K, WA R SPSS 22.0 #F47 25 5 i EE /341 (LSD %),
FEHRTG AL . COD KM ¢ 1556 (Student’s T-Test), 7ZEE ' a fUFE B EFKFE(P<0.05), b (U T BF
K (P<0.01), 2R Origin 2019,

2 HRS5T

21 AEHERERRGIMTEKFRERBR  FHl i S ERue . MR FH2Z3e ., /NERiff T
R TR ARG U S BRI T IR RS 77 . A5RRW (18] 1): BiFRES 4 K, SBBRBERR T1E
W s A TG K R AR RS DL 22, R A A U E A DU s fh B B TR R 30 A5 AN T5 /K AR 8K
U5 B 22 BE R/ INBRBERR T AR RS 5 4%, 10 5 im K AR A DL 22, AR BV E KIS DLy . R WITE
—E MBS BGL I, 2 BA AR ORI SRR ECR BUEARSG o /NsRBEAE TS /K b A sd P B B v Tk
B, HPRBEFIRE 223
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22 PNEKEXMNRAKKRMIEKER. 8. CODAY
EBRHR

221 R EFLSEREHETA  NEREEAEN
THFENMHSER,OCEERAER R, B4R
T 20 R HAEERIDEA e RN — A
WEEITENR . BHENE T/NEREETER B 10 f51Y
BRI T K h Ryt R S E Y s (K 2). 45
SRR, B BE SR R 3G I, iH4REK atb T EE
AR TR R B T R, HLak 3 8 3% KT (P<0.05),
Horp, GECACFEZE T B A, 25 6 K555 2 KAH
b, FRET 58.7%. AEWanil e 45 R0, bR 40K
A PR A= Wi et SR RO, AR A Ay &
B3N, SRR A | A I5C DR A A RN 4 b LA
56 RS 2 RAM LA MG T 2.51 1%, 1.41 %
1 0.34 A5, 4 I D i 2H 15 n e S 2

222 MRHGEIHREBER MR 1 WTLUFEH, £EK
J JER MR S i 1 742.27 me- L, ARSI R
HAGE N 1303.34 mg- L, BRI TR K5
WA AR A S i, SR AR K AR & ER .
359 mg L, IREASF W RAREKSASTEN CREETE SRS | RN GaliD RS INY

12.30 mg-L', FIERTE N s, KRR T Fig. 1 Growth of mi'croalgae .in the effluent of the natural
WK FEFI /N 2 A B 25 O G, ¢ rubber processing factorics

R R BRRCR IR IR A SR TR 89.21%, MR IR IR 4 IR I VA 21 >4 A i V>4 TR R A >4 R b 4, 3 16
HHR FH /INER BV A0 R SRAS IS TN T 132 AR SRR B i 1) 25 PR AR e o

223 AR ERAR  XTIRFE/NEREE TS B AR BN T K S S i E BOR (R 2), R
WA SN 23.75 mg L, AR IR BE S N 23.79 mg L, BEBIARR N T /K B & A 3 v e, 35
FE/NER RIS , SR RSB N 7.13 me L, BB L BRAUCR A 70%, KON 48 R, EBRSCE R
69.60%

224 3 COD 8§ AR fh2aT A AN KFEERIRE M T, Akl A b | LKAy
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Fig.2 Determination of chlorophyll and biomass of Chlorella sp. cultured continuously in the effluent of the NR processing
factories
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Tab. 1  Effect of Chlorella sp. on removal of total nitrogen content from the effluent in the NR processing factories

2 et TNE IRV /(mg L) TNZ R /(mg L) BRI %
Source of effluent Initial concentration of total nitrogen (TN) Terminated concentration of TN TN removal rate

SR 174227 18839 b 89.21

BRI 35.90 12.52b 65.18

G 12.30 6.5a 47.15

BN 1303.34 189b 85.50

s a, b4 FRTE0.05F10.0 1K F 25 2 B3, R,

Note: a, b indicate significant difference at the 0.05 and 0.01 probability levels, respectively, similarly hereinafter.

T2 PRI RIRGEIIN TR 7K B KRR

Tab. 2 Effect of Chlorella sp. on removal of total phosphorus content of the effluent from the NR processing factories

€S TPV /(mg L) TP LV /(mg L) LR/ Y%
Source of effluent  Initial concentration of total phosphorus (TP) Terminated concentration of TP TP removal rate

I 23.75 7.13b 70.00

EHRRE 11.87 7.97a 32.90

sk B 4.20 3.30a 21.43

e S 23.79 7.23b 69.60

R3I RABRMIEKFENKER G COD Tk
Tab.3 Change of COD in the effluent before and after treatment with Chlorella sp.

KA EAIHCOD/(mg L) 21-COD/(mg-L™") ZBRF/%
Source of effluent Initial COD Terminated COD COD removal rate

IR IR 238.40 120.80 b 49.33

SRR 69.20 5240b 24.28

E YL 59.20 4240 a 28.38

XY 178.40 112.80 b 36.77

T B A, 1T DA KR TR A AL G R LA SRR BTG Y RE i . 3R 3 ITLUR ), 48k
JE 9 N4 A LR 5 BT COD 4331 238.40 , 178.40 mg L', #8111 KARM N T35 /K HERCbRME, 203 5%
FARSE S COD 4351k 120.80 , 112.80 mg L™, ik B RIRG L — L HERPRME . F7 35 53R BERT COD 2%
AR 5 B E K (P<0.05), RBRECRARUIE: 4 06 SR IR ZH > 4 A R 20 > 4 IR A B > 4 R DR 4R

23 BEFRBRERAMEFETNEGEE KNI OS5 K b A& 25532 208 3R o . A LT
fif . pH 25 F 952 . INIEL 3 0T LA H, SR R ARG N T /K 15 % /NER B, 365 2 K 200 Jf 2% 1 35 )

TE —— X .l 2(5) —’— XA ‘} - —<¥>

T 6l -0 WIIMEFMALS - 9.0¢ S o YR SR,

E STt ssy 510l /

~ r b /

%4_ // % 8.0r E 3'0 //

B3 =75 %250 f— K

gz. 7.0¢ — X oo ¥

=1 65 o EERRA T 5|
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Fig. 3 Effects of nutrient solution on cell density, pH value and conductivity after adding nutrient solution into medium at

stationary phase
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2.81x107 >-mL", YSHIE IR 5 20 M 285 BERF 223, 55 3 RiK B R 6.32x107 >-mL ", ARG FE(K. W
TV S0 e 200 B P 2 B v 1 ) B, S D I R I R0 AT DA O 35 5 I A], 2 m fose n - it %
SL3E SR AR PR IR pH [EB W, 3532 2 B WS pH B THRUE, 55 2 RS HINE F2 5 W W R,
pH F&AI%, B S pH B8 i, A TX0 i, 7R S gead #irh, i R R IR 1Y 2.27 ms-em ™', B HTFEAR,
B AFELE 2.0 msem™ 2247, 5 2 RUSINE TR, WS BEF RS, S R 2RI, & BEAR, BooE T
4.5 msem™ 224y, ULWTES NS FR W05, U pH R A 32 28 100 50728 T B 2 S 0Tk o 40 35 B 348 i 32 2
K=

3 W @

A KB, G A ROR R, FTLAARCEBR ISR B, &8 8 LAY RS ).
B L, ARBTG5 K AL FRE ) 22 AR K, 28 1S5 FERIT ST 28 AR /Rl | Fa IR g | SO0 Ml Fn 2 28
A 4 TR [ 5 AR IR A 5 K T B AL RE T o A B, /INssk i R £ IR 75 K rh B BRAICR
B PRI ARE, X5 K TR BRI W OO B A A IR | Nk e B, A, Jrh)N
BRI RRSCR m Wi 2 —0, ARSI Sty 4 Fhise, FER BEAR RIS B R ARG T K rh, ZNek
#: (Chlorella sp.) K #H B FIPLT &R B (Nostoc sp.) . HiEPE (Anabaena sp.) 223 (Lyngbya sp.). iX
WIGUE T /NER BB I8 N TG K BT - A K2 B AE R Z A2, W R JRLEE . (. Bk B S
5. AP R/, pH (B SEH A $e 2 iR TR A BR 1 R 19, 76/ N KB AR BT K G R rh, 4 R 5 e bl
R SR TA] (R 18I0 T REARR, TR/ INBREE A A2 31— A, 33t 18 W B K A e B T/ N BRSE A= R g 4
Hl o VoAU & I W, 15K AL BE S R EE R . AL BER EBRFRBEE A SRR T
TSN o X A RAR S I TR % /K L. BRI COD 19 R BR%53 511k 89.71%, 70.00% F1 49.33%, X i H]
INERBERT TR TR K AL B . COD EBRBURBLAT, iX 5 Z il it /N ER AL BT B /K A
BRERCRZ R — 3,

/NEREEXT K AL B COD MY BRACR, /IR B A 25 5, N H A2 RIS IR RN R B, 5537 A5 LA
SR RvEFE A L EI RSt S HEERAE R AR L (7 0 17) ~ (15 1), MARE <5 « 1 BF5tss
5 R APRE, 7 A b>40 = 1 S5 EBERREIN . /INERBEXS AN R A Z RSO A« 228 80> 11 BEAT HL
RAHIRER AW AHPREL A, XA A 2580 0 WSO 2y« E WL EE> T i TR Eh > FE IR Eh> A MLBE IR Eh
IINEREENT U 1 2 BRACR I8 32 BN W pH 1Y 52 ), 458 42 38 /)N 3K B0 U 25 BR 28R S A 1Y pH S [l
7 ~ 8 A GEAN [k B B 1 R ARAR NN TR K () &M el . pH S BA K227, BT /NERBEXT
A BE. COD EBRFCEM 2R o TEREFR/ Nk EE 2 X 40 5 S InBn 0075 R0, T0sE 4 M vk BE3E i, X Pl fig 2
B IS FRWAN T T AR FIBRIR, 0 AT RE A AL PR IR VR pH FIBG i GRS R R S BN SE . 45
TR, RIRGIEIN T KR/ Nkl = XTEON IS , 18 B E F8 0] LA RO RS 3R I [A]
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Effect of Microalgae on Treatment of the Effluent from

Natural Rubber Processing Factories

LI Xinghan', ZHONG Zhaoxia', FANG Hong', LI Yajun', ZHENG Ziyang',
FEI Xiaowen’, DENG Xiaodong'

(1. Institute of Tropical Bioscience and Biotechnology/Hainan Key Laboratory for Development and Utilization of Functional Components of
Marine Bio-resources, Chinese Academy of Tropical Agricultural Sciences, Haikou, Hainan 571101, China; 2. School of Basic Medical
Sciences and Life Sciences, Hainan Medical College, Haikou, Hainan 571199, China)

Abstract: Microalgae Nostoc sp., Anabaena sp., Lyngbya sp.and Chlorella sp. were cultured in the effluent
from the natural rubber processing factories to observe their effect on the treatment of the effluent. The total
nitrogen (TN), total phosphorus (TP) and chemical oxygen demand (COD) removed from the effluent at
different treatment stages was determined, and the cell density, pH value and conductivity of the effluent were
measured after adding of nutrient solution into the effluent treated with the microalgae at the late log phase. The
results show that Chlorella sp. was most adaptable in treatment of the effluent among the 4 species of
microalgae. The higher the concentrations of the TN and TP and the COD in the effluent, the better the removal
efficiency. Chlorella sp. could effectively remove TN, TP and COD from the effluent in the order of the
original effluent> the anaerobically fermented effluent> the treated effluent, and its removal rates of TN, TP
and COD from the effluent in the Rubber Processing Factory were 89.21%%, 70.00% and 49.33%,
respectively. Adding of nutrient solution in the effluent cultured at the late log phase prolonged effectively the

culture time of Chlorella sp in the effluent.
Keywords: microalgae; Chlorella sp.; natural rubber; effluent treatment
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