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75 Bl % BT R BEVE R g 15~3512 Xof— s kB Y 1B P A
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26 MEKFEFAR KT, BT /INERBETE PR R B Vg K 5%
B K A RR DL, X HAS [ e g i /N ek g ot
IKFRFEREK TR B RBRACR . B TR I ik
Tl B, Ay /INeR e A BT K 5525 /K AR BE BB
1 MREr%E
1.1 X AHH
111 SR &

BRI PP IR K/ NBRBE (G 5. ToCLO07) Hy H 7K
FERR A BE S K P ST BB, RN ERE A 16, K
ISR, R A 250 mL #EIE(E A 100 mL Y
16%0 KEA /2 Kige3b)yh, tATd K¥%3%, EK 7~8 d
5, VWA SVERS . 16%0F 26%075 K £/2 35353,
AT 16%0Fl 26% 4 EREL FEYIALIG 5. & 7~8 d
BReRE VIR, JLFERE 3~4 0k, TR/NEREEAL T X80k K3,
H BB H R 200 R e, B el /R il ge e, 5
AL>(5 000 t/min, 4 °C, 10 min)He 4545 H .
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BIPLFR I B K, i e R K o e WA = = A,
KFERFEFR AN 1 FiR .

x 1 ERIFFERKKRER

Tab.1 Water quality of simulated mariculture wastewater

i VINpiEiL 7N
16%o 26%o
NH,(mg/L) 1.18+0.02 1.18+0.05
NO;(mg/L) 0.21+0.01 0.21£0.01
NO;(mg/L) 7.39+0.06 7.41+0.29
PO; (mg/L) 1.77+0.09 1.76+0.10
TDN(mg/L) 10.83+0.42 10.86+0.58
TDP(mg/L) 2.06+0.09 2.07+0.09
COD(mg/L) 10.77+0.31 10.51+0.47
pH 8.0 8.0
DO(mg/L) 5.9 5.6
H1 53 % (mS/cm) 24.61 34.92

1.2 R
RIS 9 41, 4> 16 F1 26 BIANELE K25

PRAL, FEAEREEALR 4 DEERIERE, S5 5%
10°, 1x10°, 2x10° 1 3x10° 4~/mL. &4 3 P47,
T£ 1 000 mL #EFEH 1 INA 500 mL BEIFRIEE K, 4
S ARV BE R/ NEREE, (IR I b 100 46 gk B
A3 HIEF] 5x10°, 1x10°, 2x10°, 3x10° 4~/mL, 16%0 %
HFE7R M 16 S-LD(5%10°, Low Density). 16 S-MD(1x
10°, Medium Density), 16 S-HD(2x10°, High Density)
F1 16 S-MAD(3%x10°, Maximum Density), X f&2H 7R
A 16 S-Control; 26%0 7 51387~ 4 26 S-LD . 26 S-MD,
26 S-HD 1 26 S-MAD, X} 4%/~ 4 26 S-Control,

1.3 BHREHFAIEARNZ

JIT A A 352 TR O ' IR B SR A vh i 2 8 R
BWE B R 25 °C, JGRESREL 4 600 1x, JGIE LA 24 he
0 h AT 85 7% . IRIF5ESE 72 h, FEBE 8 h HUEE 45 mL,
D72 BEVROG A E OD 5o MINF 22 o S K AR bR, &
0.45 pm JEMELTPE S E A . WAHAR . A .
BERREL . B EURL R K R FE R

A . WASAR . AR ER I AE 43 51 R
FRKIRIRAN L . RO Rk . K5y
DN BE 5 R AR W 4 G B IR Y, R RURILEL B I
K ABCAHALEERY ., DO pH R, SR K A YSI
Professional Plus AU/K s #rA%, W HEfd FG2: 0
B (XSP-BM-8ACS, 1 7 ) Al il BRI T-50HT

1.4 BT

% F Microsoft Office Excel™ &b ¥%¥e, i FH
SPSS Statistics 24.0 XJ /K it 48 Ax i 47 B R 7 25 4
Hr(one-way ANOVA), P<0.05 K25 0%, wikHl
=% ] Originlab Origin Pro 2021™, H kK iR/
AW

InN, —In N,

=B, (1)
t

K
A, K AR R AN d7), Ny 00 1A 40
SEFE (AN /mL), N5 ¢ B8] 5 /) 340 i % 7 (1 /mL), ¢

g B FRIHE](d)
BRBERERIITEARXT:
R= @) 2)
Co Fl C, 03 5 R B FRER W IR VR BEAN ¢ /NI 2 )5 Y o
e BE (mg/L)

M43 o M5E S I RITCHIE® I AL, R
Chl a= 0.060 4XA632 nm_4-522 4XA649 nm+
13.296 9% Ag65 nm—1.745 3% Ag96 nm- (3)
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Fig. 1

wastewater

OD750 (a) and chlorophyll-a concentration (b) of C. salina with different inoculation densities in the mariculture

16 S-LD, 16 S-5x10° #; 16 S-MD, 16 S-1x10°#; 16 S-HD, 16 S-2x10°4; 16 S-MAD, 16 S-3x10°41; 26 S-LD, 26 S-5x10°#; 26 S-MD, 26
S-1x10°41; 26 S-HD, 26 S-2x10°41; 26 S-MAD, 26 S-3x10°4; R[]

16 S-LD, 16 S-5x10° group; 16 S-MD, 16 S-1x10° group; 16 S-HD, 16 S-2x10° group; 16 S-MAD, 16 S-3x10° group; 26 S-LD, 26 S-5x10°
group; 26 S-MD, 26 S-1x10° group; 26 S-HD, 26 S-2x10° group; 26 S-MAD, 26 S-3x10° group; et sequential

T D0 165 07r = s
[_J26s ° . \
06L 0l = —— 16 SPIAHIZL
» : > - - - 26 SHIATIIZ
0.5F
I 05l y=-0.012 62x+0.676 1
A d Y r=-0.975, P<0.05
iﬁ'ﬂ 0.4 e -b%!
ﬁ r f ﬁ 0.4+
R 037 s g
I 0.3} @
02} y=-0.013 3x+0.656 2 =
I =-0.989, P<0.05
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2 ARl E R BE /N R BEAE 1 7K TR B R 7K r 4 AR G 8 (a) SR SEAE 70 H7 € (b)

Fig. 2 Specific growth rates (a) and correlation analysis diagram (b) of C. salina with different inoculation densities in the
mariculture wastewater

128 HEEERLF 1 2022 4F /55 46 4 /4 11 1Y)



HEIRkE REPOATS
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ARKERDERT 16 S HXT N % EE 41 (P<0.05),
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M L 3 AL 5 —JF 4R 16 S Fl 26 S Hi 44 i

WA NH-N 3 3 5 35 10T %) 18 41 (P<0.05),

1.6 —=— 16 S-Control —— 16 S-LD —4— 16 S-MD
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Fig. 3

ment groups

R2 FRMBEMEENNKEEREFRBENZM

Ammonia nitrogen removal efficiencies of mariculture wastewater for salinities of 16 (a) and 26 (b) in different treat-

Tab. 2 C. salina’s nutrient removal efficiencies with different initial inoculation densities

S . BIEER R BRR %
WG He o i — —— — — — — -
AR M A JSR Y BN IEN R AT
16 S-LD 85.03+£0.48° 62.57+2.29 * 54.53+2.95° 79.38+1.75* 76.13+1.47 *
16 S-MD 85.59+0.00 61.66+3.48 * 57.64+1.09 * 88.27+1.19° 86.07+1.95°
16 S-HD 85.87+0.49 63.70+3.22 ° 55.53+1.93 ° 97.72+0.33 ¢ 98.31+0.72 f
16 S-MAD 85.31+£0.48 % 60.87+1.57 % 54.98+3.69 ° 99.71+0.06 © 99.53+0.15 °
26 S-LD 86.9242.12 b 45.68+1.83 ° 44.23+0.52° 59.87+4.00 ¢ 63.72+1.71 ¢
26 S-MD 87.59+1.16 ¢ 57.79+3.18 ¢ 54.13+3.79 * 91.25+0.72 ° 91.80+£2.08 ©
26 S-HD 88.16+0.30 ¢ 56.70+5.30 ¢ 54.62+4.70 * 98.90+0.23 © 96.83+0.43 f
26 S-MAD 87.23+0.24 ¢ 56.99+2.78 ¢ 53.31+3.33 % 99.05+0.06 © 96.52+0.16

T RAPBUE N P E bR ERE, [0 — 50 b A A AR R 9 S R 3R0R JE 1 35 25 5 (P>0.05)

H T 16 S %4 iE 25 BE2H 1Y NH,-N M 56 h FF i
2208 EJF, T 26 S HHEY NH-N — BRI i 23
B, (45 5] — 95 5 B 2 A6 A SR ) X NH,-N

£ R A B 225 5(P<0.05), H. 26 S % NH,-N
) ZBRREIRE T 16S KRR (G 2), HIb/hekiEfe
26 S HHI NH,-N ZRECRIET 16 S P22 R80R
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2.3 JIREA NO3-N #) H R R

Hi I8 4 W1, P A B R Al 4 SR I AR GF
NO;-N LBRAE I, 16 S 4 B2 4L M NOs-N iR JE&
M 24 h JE IF IR B3 F % (P<0.05), %= 72 h i} LD,
MD. HD #l MAD 41/ NOs;-N % Bk & 435l H
62.57%. 61.66% . 63.70%F1 60.87%(F 2), 454 /Al
B 2 5 (P>0.05), KB 16 S 1 B Uh $2 F
BEXT NO3-N BRI E LM, 26 S K458
% B2 411A] NO3-N JF 4 T B A B[R] 45 22591, MAD 4111
NO;s-N M 8 h J5FF4f TR, MD Fl HD 41/ NO;-N

9 —=—16S-Control —®—16S-LD —4—16S-MD
—v— 16 S-HD —&— 16 S-MAD

1
32 40 48 56 64 72 80

0 8 16 24
i /h
(a)

M 16 h J5ITEA T, T LD 2018 NO5-N M 24 h JF

AU/, & 72 h if LD, MD., HD 1 MAD 4
NO;-N ZEER R 45.68% . 57.79% . 56.70%F
56.99%, Hh LD 0%} NOs-N £ R A, £
R ERT H A B(P<0.05); 1 B & 42 Fh % B 1Y
FE, NOs-N L FR#FIF AR KM 2257, KW 26 S H
R ) PR U R X NOS-N 2B R I 5
M, DNZRUE 5 5 I, 7E JSBRR 0 I 3 25 R i L
T, fLieike PR % B, Mtk 16 S-LD .16 S-MD
1 26 S-MD #H UR e i o

9 —=—26S-Control ——26S-LD —4—26S-MD
—v— 26 S-HD —— 26 S-MAD

1 1

16 24 32 40 48
i) /h
(b)

2 1 1 1 Il
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0o 8

& 4 R[] 3ZH % K FR 58 B 7K 16 S(a)FT 26 S(b)REAS &Y £ R RUR 44T

Fig. 4 Nitrate nitrogen removal efficiency analysis of mariculture wastewater for 16 S (a) and 26 S (b) in different treatment groups

TR 00 45 A, P R B R — ) R e R X
NO;-N R PR, 26 S-LD 4 EBERBEMT 16
S-LD #41(P<0.05), HD AW AF7EMIF IS (P<0.05),
HAEHEMD I MAD)ZE B~ ER FE TR X NO3-N fY
EBRFT BEIEZEF(P>0.05), WF 2 s, 16 S Y
NO;-N Z [ RBAKE T 26 S, F£H/NKBEAE 16 S T
NO;-N EBRECRIFT 26 S H B L BRACR
2.4 PIRFES NO-N RE MR

MIEL 5 AT, 16 S I 26 S 4 HE %41 NO,-N
WeEE A %, 72 h5E, 16 ST LD, MD,
HD 1 MAD 41/ NO,-N ¥ B 43 5 i 55 47 19
0.209 mg/L [ FF 2 0.354.0.562.0.559 1 0.513 mg/L,
26 S #1 LD, MD. HD 1 MAD #1435l &4 1Y
0.198 mg/L - F+ % 0.368.0.452.0.516 1 0.526 mg/L.
P/ NER AR WONCE TR I ad B b, KRR T
NO,-N L&,

2.5 I IR3Est TDN 892 FRR

16 S 1 26 S 458 FE4H(LD . MD, HD £l MAD
)X FRsH /Ko TDN AL BRACRINE 6 Fin. 16 S Hi,
TDN WEMEE 0 /NSTFGR e, ER5e45 ), LD,
MD. HD FI MAD 41#J TDN ZBR5R51 0 54.53%.
57.64% . 55.53%F1 54.98%, #%4H[6)¥EA 3 2 (P>
0.05), KW 16 S HHYHEFERNZ EEXT TDN L FRFTC %
;26 S H, TDN HREE IS 0 /NRHF AR R, 2212
W, LD, MD, HD Fl MAD 4 EAE=BHR55H
44.23% . 54.13% . 54.62%F0 53.31%. H:71 MD 4H7E 16~
56 h P LBRICEA L HA A, (HEIRELE A TDN
HIEBRRTEE 54.13%, 5 HD Ml MAD 4H(EBRERN
54.62%) %A 3525 5 (P>0.05), LD ZH%) TDN [ 2%
AR, h 44.23%(P<0.05), & 26 S Fhigmafhas e
X TDN RYEBRFCEA 225, HILINETFIrm%IE, 16
S-LD. 16 S-MD FlI 26 S-MD #H 2 TDN &Rl
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PSR T Rl — 4R35 BE X TDN [ LBRR BIR,
26 S-LD 2 () TDN £BEH 1 Z KT 16 S-LD 41(P<0.05);
HARPEE XS TDN [ A FBRRI T 3 2% 7(P>0.05),
F/NERBETE 16 S F1 26 S Pt TDN A2 BREICR AR
2.6 DERE POI-P HERAE

XK POy -P B L BREE R o (& 7), #13
% 1 20 RIS T A BN PO3 -P 30 H U W2 i (48
#, FIIGLEH, 16 ST LD, MD. HD fl MAD
P LI POy -P (1 ZBRFE 512 79.38%.88.27%
97.72%F1 99.71%(F% 2), HD 2 Fl MAD £H [a] JC i 3 2%

Changes of nitrite nitrogen in the mariculture wastewater for 16 S (a) and 26 S (b) in different treatment groups
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12 -
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=

EiR7
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T

SE SRR
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I} 1] /h
(b)

AR A F3 2H S K SRFE R K 16 S(a) il 26 S(b) v fi 25 ALY = BR R R 2 br

Total dissolved nitrogen removal efficiency of mariculture wastewater for 16 S (a) and 26 S (b) in different treatment

5(P>0.05), H LR35 02 5 T HARL5](P<0.05),
LD (% POy -P AR 0ZXT MD 41(P<0.05), &M
16 S *f HD 1 MAD 41 PO, -P L& R 4f; 26 S
() LD. MD. HD 1 MAD #%5 4%} PO, -P 2=
%R0 59.87% . 91.25% . 98.90%71 99.05%, HD
I MAD 4170 B E 2 (P> 0.05), HERRRY BE
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Fig. 7 Phosphate removal efficiency analysis of mariculture wastewater for 16 S (a) and 26 S (b) in different treatment groups
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Fig. 8 Total dissolved phosphate removal efficiency analysis of mariculture wastewater for 16 S (a) and 26 S (b) in different

treatment groups
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SERRWNERBEAE 16~26 N4 K RF, 7]
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400 mg/L /NERSEFE AR BEYE N, 100 mg/L ZH %)
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IR /INBRBE AL B K FRAE IR K, KEE 0.2 g/L ZHXF R K
H1 1 mg/L A9 NH;-N 2 R8O et AR B0 45 5 510
NWFRA—FL, AT HES2 KAz AR/ Nk 3 B AT B i
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79.38%~99.71%, X} TDP HJ £ & E K 76.13%~
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Abstract: Aquaculture wastewater treatment by microalgae has become a research hotspot, but few studies on
mariculture wastewater treatment by microalgae in a certain salinity range have been published. In this work, we
prepared two salinities (16 and 26) of mariculture wastewater, with four initial inoculation density gradients (5x10°,
1x10°, 2x10°, and 3x10° cells/mL) of Chlorella salina (ToCL007) and blank as control. We investigated the effects
of C. salina on the removal of nitrogen and phosphorus in different ratios in mariculture wastewater. Both the
satisfactory growth of C. salina and its effective removal of nitrogen and phosphorus nutrients in the mariculture
wastewater were observed. At a salinity of 16, removal rates of 85.03%—-85.87%, 60.87%—63.70%, and 54.53%—
57.64% for NH,, NOs, and total dissolved nitrogen (TDN) were measured in the initial algae density groups,
respectively [no significant difference between groups (P>0.05)]. At a salinity of 26, except for the 5x10° group,
removal rates of 87.23%-88.16%, 56.70%—-57.79%, and 53.31%—-54.62% for NHI, NOj;, and TDN, respectively,
were calculated in the other algae density groups [no significant differences among groups (P>0.05)]. This shows
that the initial inoculation density had no significant effect on nitrogen removal in wastewater. Except for the
5x10° cellssmL™" group, there was no significant difference in TDN removal rates between salinities of 16 and 26,
indicating that a change in salinity had no effect on nitrogen removal. With increasing initial algal density, the total
dissolved phosphorus (TDP) removal rate increased for the 16 and 26 treatment groups, from 76.13% to 99.53% and
63.72% to 96.83%, indicating that increasing initial algal density promoted phosphorus removal in wastewater and
increasing salinity did not inhibit phosphate removal by C. salina. In addition, the characteristics of assimilation
and utilization of mariculture wastewater by C. salina with different initial inoculation densities were obtained,

providing a theoretical basis for the ecological treatment of mariculture wastewater.
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