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Abstract [ Objective] In recent years, research on the application of microalgae in biological wastewater treatment has attracted
increasing widespread attention. However, most of the relevant studies have used artificially synthesized wastewater. In this study, the
effluents from the primary sedimentation tank and secondary sedimentation tank of a municipal wastewater treatment plant (WWTP) in
Qingdao, as well as the sludge digestion solution, are selected for the acclimatization and cultivation of Chlorella pyrenoidosa. The
growth trends and lipid accumulation of Chlorella pyrenoidosa in different types of wastewater are investigated, and meanwhile, the
removal effects of pollutants such as COD, nitrogen, and phosphorus in the three kinds of wastewater are studied. [ Methods] The
Chlorella pyrenoidosa was cultured from three types of wastewater in the municipal WWTP namely sludge digestion liquid, effluent from
the primary and secondary sedimentation tank. The growth of microalgae and the treatment effect of contaminant were carried out. The
result showed that Chlorella pyrenoidosa could grow in the three kinds of wastewater. [ Results] The removal rates of total nitrogen in
the effluent of the primary and secondary sedimentation tank, and the sludge digestion solution was 99.5%, 80.3%, and 82.3%,
respectively, and the mass concentration in effluent was 0.25, 6.00, 57. 80 mg/L, respectively; the total phosphorus removal rate
could reach 97.4%, 85. 5%, 80.0%, and the concentration of total phosphorus in the effluent was 0. 15, 0.08, 0.50 mg/L,
respectively. At the early stage of the cultivation, the content of COD significantly reduced, and the concentration of extracellular

organic matter and intracellular polymer increased as the culture progressed, causing an increase in the COD concentration.
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[ Conclusion |

Chlorella pyrenoidosa can be cultivated in the effluents from primary sedimentation tanks and secondary sedimentation

tanks as well as in sludge digestion liquid. It accumulates abundant lipids while exhibiting excellent absorption and removal effects on

nitrogen and phosphorus elements.

Keywords Chlorella pyrenoidosa  wastewater treatment effluent of primary sedimentation tank effluent of secondary sedimentation

tank sludge digestion liquid

BRI ERAT 70% WK 55, (HIR K SR AN 2
3%, W TIRKMER, 15K AL LL B K 0y AT e F1)
—HRAT RN EZ T W, V5K 2R
YRR A A A O 5 AR TR R BE R
fifl AL S TSRS TR A RN, X 4 T2 REAE
KBAS R RS, BLAb, B 5015 KA Bt A v
AEAERIE RN 22 BER 5 & O FE HL & B R S5 TR
Belal @, 23 77 A ) 15 e AL = SR o, A RI™
Wy, RIS,

VFZWE, /N BRI S5 R 55 7] ATET5 7K
A IR R BRI K s e E Lk, 7E
A A PR A BRI TS e A, AR W IO A A
R — PGB R Z 3 T Iz O, W T K
SRR BRI A BN R S K B T 2 e A
RIS 20 s B T nT AR AT % 7K 4b B
Hb s AR Y B ae W] T sh iR AR 7 L CO, iR
S SRR b L RN BT SIRAEE 7/ oY = Fa Yt AR §
BT AR I AL W S5 IR o ) R Mg O AR
R TR KT AR R SRR AH R R 45 G R LA ED
[F) DS K B A IS BB IR Eh S B Y i,
I B T8 A4 W s A A b 22 T S i (COD) | [F]
A B T 22 BR K o A ER AR B R SR T T
AR P ) 42 R g0 nl L2 3 o, F b A
T, s S HE R R, e b B Y K
FEARNT ek 0w i T H AR R B — W
TTHR

— SRR B B A LR COo, 1Y
HALEEB R E A, Flhn, Tarlan 2510 4758 7 FH
JINBRBE AL PR B4R A& 4R Tk K, ko8 & 30,
AT DU ARSE A 4R Tl K b 5 B s 38 58% 1Y
COD . 84% Y & & Al 80% By w] WL Bff 4 HL i &K
(AOX) , Silambarasan 25" R H 40 & Ab P A= 1%
15K GRS G IR AE R BR AR TS K P
FEWI T AT BRI 1 (78% ~ 98% ) , KM,
S AR SRR Wy o A 7 I T A — Y, LA
iff 2 XA (] e 82 45 7K 1) Ak B R M A i A WAk

IFIA]

MEAER , THOBEAE 15 7K A2 A 3875 THT A i 5 5 | ke
MR 2 BT AR RZRAIAT A
BTG 7K ASTIGY 18 FH PR 8 30 I 58 L TS 2 i
(A2 A%/ INERSE , R T 25 T B vl S K AL B 1Y
FIUTI AN 0 H K LA S5 Ve AR o Hatt A T 9k
B g% WS /INERBEAE R [R5 K i A K a3 il ig AR
2R 3 sk b COD &L B A5 TS ey 2=
FRACR
1 #RtEFH*®
1.1 R
1.1.1 #Fh M Basal 35353

PEFNEE 1A% /N ke 0 3K T iDUK AR AR Wi o
FT M 2 Basal 5783, Hir | Basal 553%3& . KNO,
W E N 1 250 mg/L,KH,PO, R K 1 250
mg/L,MgSO, -7H,0 it &4 1 000 mg/L, £}
P42 % (EDTA) Bt ¥ B4 500 mg/L., H,BO, [t &
WHE N 114.2 mg/L, CaCl, - 2H,0 FRHKE X 111
mg/L,FeSO, - 7H,0 Fitd i & H 49. 8 mg/L, ZnSO, -
7H,O JFi i 4 88.2 mg/L, MnCl, -4H,0 JFi 7 ¥
JE4 14. 2 mg/L,MoO; JiT ¥ E 4 7. 1 mg/L, CuSO, -
5H,0 & E M 15.7 mg/L,

112 JRACKIE SR

T KA T & T 3G KA ) i
K COD Z= A EA AHAA R | S a vk A
4391k 239 37.5.51.2.1.21.5.5.5.77 mg/L; —ii
7K COD VHA B A HA R BRI
W4 R 68.32.6.17.,33.21,16.91.0.65.0.78
mg/L; {5 AL COD A B A ISR B IR
Eh L EVBE BT i VR B 43 0 Ol 330, 186. 14, 368. 63
0.75.1.23.2.95 mg/L,

1.2 KWHE
1L.2.1 /NERER IR

R IR 1 0 2R A N RO R R B R B R
JE TR B 3R AR R, FE 25 °C, pH {H = 6.1,2 000 ~
2500 lux YGRS, He ot EB ] F1 JE 6 BR B [1] 43



R, T I, NG, 45

THCBE Bt PR AR AL BT BT 7K A1

Vol. 44, No. 10,2025

A 14 h 110 h ifFATIESERE 3R, IR 2R
KA/ NER AL B A 575 KRR 4 0 6 #2782
TSR AL P, 35 95 BOR A= K 00, S8 I H2
Ff: Y57k =2 ¢ 8 FRIRIERENE AL, ZJ5 FEEE R
R XU, PR SIS KRR R 1 0 9 e
it Ak i oK V5 R T AR 3 FhE K
H, BEIEHS 3 RS K YIS 2 A A TEK
DISRE R /NBR I B B B3 48 1 M, 5 T 4 1 U 3R 3t
5 5EFR AN 14 d,
1.2.2 Sk gy ik

(1) #4H 15 (DM)

INERFERY A KA B DM 26758, 45 R U ¥
X DM, 3 ASFATRE, #li R G 57 T R I
T RR B AN RS E5C, A0 6 FETHAE 680 nm F 47
SN G 4 R ' 5 BB O T R R VRLAE 3000
r/min & .0 20 min, %J:{%(@, 'J:;IE:FE‘IEE, 45
DM, SR 5 155 W 6 BE AT B AR 2. DM i =
(D)5,

D =0.657 x Oy, - 0.084 3 (1)

Ho . D—DM {8, g/L;
065o——680 nm P T W75 ARG EE(H
(2) 7K BT

PR AE 4 000 r/min NS0 2 min, [ IEWR R
FH0.45 pm JERERT U8 AR 5 I e i 28 BVAL
A WERREL MWk . cOD, & A A I 77 75 S 4l
FIRF A B B 5 B R A I Jr v R ol B R 4 )
T T s BETRAR ARSI 5 2 Ry BH R B 4 Y 1k
SRR RTIN 5 A B R e 43 6B EE L s COD R

J5 1 R EE R TR R T A

(3) /BRI AR
BB 50 mL B0 4 76 8 000 r/min R
B0 2 min, IR IEVEUINE B , B 5 RS
@) (b)

BT ESBHETROILE 24 h, 5588 v sk ir g%
WA, FREUFRE M, (29 30 mg) B R4,
AR 3 0 1 AT R G 3 mL, 148
FCARE PR, 6 TCE FRFRES 120 v/min F I 12 h,
P 25 ol H U A O ALFE 8 000 t/min T 50
1 min, ¥ B35 W 2008, 1) 6 48 i b A
1.5 mL 07 H R 5, 2R T 500 W 75 43, 7R 7K
WM TR EMS 2 5,18 4 5,847 15 min, Bl 5 75
8 000 r/min F&.00 5 min, FEH ISR 25
HROBEE A B 1.5 mL, 9% 4= 38EE K 2.7 mL, B
AR ()2 i E By M, (HAh mg) B
B OTERIK 60 °C FHE 12 h, BT A 30 2 % IR PR
Jit A My (7R me) |, ST R S BT & B R M-
M, FERAS G & i, i (2) .

M, - M,
F=— x 100% (2)
Ml

o F——3 B o 4 4
1.2.3 Aot

TR E 3 AT AL, 50 B0 F 3 (8 A
% (n=3) %, ] Origin 2021 Fl SPSS 27. 0 %15
B AT AR R BE AL 3
2 #ZR5VHE
2.1 INEKRTE 3 MITKPRE KBS

ANEREEAE 3 Fim K TR AR KBS E 1 R
/NERBEAERI O K R R SR 25 11 d 5, DM 2520
0.70 /L, KB N 0.65 o/L, L 1 diRE T
10. 8 15,11 d Ja/NkEEA K EHI G TR, BART
T 7K S TR 0 3 W B AR, (B /N askase mT DA P
A 7RSS 4 d O BT IR R IR B R, 292 0. 70
o/ L, FIRTITHL Kl 55 SR i g K = L — 2 H
AR B IS, TS RIH AR SR TR o
T DR SR/ Nk K e . TEBOE Y 2 FR

©

038 0.8 18
=07 . i =07} ~16
= 0.6+ L 1.4r p
%706 2306 wp
_—:[S 0.5 i __:[EO.S ! S<
BE 04 A 22 04 } =310
5%1 03 ’tgggo:;_ T %3&% 0.81
RE 02 , 1% 0.2f =
201l o1, 204
0.0* 0.0- 0.2
02 4 6 81012 14 0.0

02 4 6 8101214
KEd

KHud

0246 8101214
KEgd

B OAE 3 sk TR f A KB
Fig. 1  Growth Tendency of Microalgae Cultivated in Three Types of Wastewater
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