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59.5 % ) NH;-N.49.6 % ) NO;-N F112.3 %7
PO} -P. AALFRAE R B 360 o/m* IR FFTTE AT LA
R TR BT 25 A 5 L BERE TR 33 %) B A 180T R 42 T
B T417%. 575 A S A i 200 g Fil
300 g W FL A1 26 (Ulva pertusa ) = W) € 25 g W W 2=
BRIE K T 90% M A iR Eh . DL BRIk
W, 28 5F AT A R K 7 FR B IR K | TR
IR A B T 5 BUK 5 FR AR K G AR T L A2
CIESE %48

REVZ P iF & KM B T &8 ]
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(Ulvales) f1 26i#l (Ulvaceae) £1 28 J& (Ulva) , A5 43
AL HE ) A KB AR A 7 U2 AR TR
EFME R SRR TN TR R Ak Ak
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HLTE 2000 4F H A B 78 8 % 8L, 78 2009 48 1E iy
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AL TR K M ARIE M B 2 —220 0 Ry 1P Ah e
T WFE K FRAEIE K R ) SBCR A SRR
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W N B AR PRI o AIFSEAS RO N T
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1.1 H@mXE&E

SIS T EFE AR T 2021 4F3 AR AT
IR A VL TR U B KR (2056'49''N, 11036/
07"E) (BRI T ). SRAEST HAE S IR IR 2 1] 52 56
%, R BRI K G VEAE S R I 2 S B 9 T3k
R B3 R L KRR K . B35 5510
B (25+1)°C, G RRER FE 5 000 ~7 000 Ix, #1 3
30, GE I 12 L: 12 D,
1.2 HRE

MAEMEBERGENERSNSRT
HIRAOKA Z522 /I XIE &4 i 1 2 . 1 %6,
BT 77 2 v Bk e AR | TOU vt 2 ¥ 2 £ 1Y) e
FrE AR (R I -1) B B YT R 1~3 mm

B, I ZERA A ik 3~5 I (E R 1T -2) 5 whidk I
)P BL G A & ES E IR BB (500 mL)
AT AR (R -3) 55598 2~3 d )5 B AE A
Ao B € 1) R BT T BN 5 L AR B 2 A
L CPEIRR TL -4) 5 5% 7% o 2 5 A 40 TR VA T 38
BEEEFRIL(D=90 mm) H, 2835 24 h BEHE Ab 35 B
7= T bluepard A= Ak 35 7247 h (35 35 45 10 5 AR
FRARAFARIED) , LRG3 9% ML b i & 1Y) v 2 2 4))
KN 3~5 mm (FEI R -5) s FFLER M 40 wm ()
U8 K 2 B A AT N T8 A i s R R
Wil (CREL S A LT RGO e A ESEH 3R
WV T LA E M R SR T K 3R K
ARENTE 1 em 2247 (BRI -6) o S IBGH A 70k 4
B BRI IR T AR U IS F2 W 0 K K rh, L
AbF T2 b, S S R R SR TE AL A 3 HAE
110° 111°112° 113° 114° 115° 116° 117° 118° 119°E
25°
24°
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,“':

L. 7 R SR AR A B A (L R 7R SR AR ) 5 2 1 3.

S A g 7 AR
1. geographical location of U. meridionalis (red dot was the

collection site) ; 2 and 3. wild U. meridionalis.
BRI FEAEEFEMmRELS

Plate I  Collection site of U. meridionalis

1.3 &K F=FRIEE K

BEFIK 7 SR P K (8 L 53 ) 2 BET X
FE R AE O W BL R 79 . B 56 FRIL0.492 9 ¢
NaNO,.1.214 3 g NaN0,.0.439 0 g KH,PO,.1.528 6
g NH,C1 43511 T 100 mL Z&48 7K | Bt & R 155401
FRIHIE KB . ARG BT mL B T 1 LK
N TR (F2 2) v, Be BUBLAASRGE 27K, e 45
R R AW EE IR 1R
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1. Mother thalli; 2. Thalli fragments; 3. Culturing fragments; 4. Zoid suspension; 5. Germling aggregations; 6. Germling clusters. The scale

bars=1cm.

B O R EHIETRE,

Plate I  Culture process for the production of germling clusters.

F1 EIFRFEE K P T EBERE

Tab.1 Inorganic nitrogen and phosphorus
concentration in artificial aquaculture wastewater

FEHF Index NH;-N NO;-N NOj;-N PO:™-P

e Concentration/(mg/L) 4 1 2 1

F2 AIiBKERH

Tab. 2 Artificial seawater formula
2230 Chemical reagent {71 i Reagent dosage/(g/L.)

LB (NaCl) 24.540
B2 #H (Na,S0,) 4.090
A (KCD) 0.700
IR A M (NaHCO,) 0.200
TALH (KBr) 0.100
2 (H,BO,) 0.003
AL (Nak) 0.003
IR A AL (MeCL,-6H,0) 11.100
SALE5 (CaCl,) 1.540
ANIKA AL (SCL- 6H,0) 0.017

TE N T 7K 2805 FE K (120 °CL,0.2 MPa, 20 min) J& i
Notes: Autoclaved artificial seawater is used 120 °‘C, 0.2 MPa for
20 min after high—pressure sterilization.

1.4 SEI8i%it
1.4.1 B E X EBE TR I WGE R
TR A VRAN PG B R mE 7 W R AR 4
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BT B R SR ML, DB 3 3% 7 0L v 7 B 2 AR
DR HAKEE N1 em 245 RS, 4
T2 (BEZ WK AR 4 7k I 7K ACHE B 20 i) W K
YR I], WK AR b TR 1 L = A, ST 15 s I
FHOX 7 R (FA1104, I, H D) 20 SRR EL 0.5
1.0.1.5.2.0.2.5 g T F &R . 005
AR FREAY 0.5.1.0.1.5.2.0.2.5 g(SZER4H) M0 ¢
O BRYL) TR LT T 5 1 LUK = IR 5H K K
(B, 8585 37 T bluepard A AL G FRAR N, 1y
FFEMHERFM B BHRE 3N TAT, I
160.12.24 .36.48 .60 .72 h B} £ 0 10 mL /K EE ,
5E 7K BE Hh NH;-N . NO3-N . NO3-N Hl PO P Y &
Ho
1.4.2  BHUK = FRGE K LA 22 B AEH
FRHL0.492 9 g NaNO,.0.607 2 g NaN0,.0.439 0 g
KH,PO,.0.382 2 g NH,CI 43 517 T 100 mL 7€ 18 /K
W, it B oM NO3-N.NO3-N., PO P . NHI-N £} 4 .
# 1.5 mL NO-N NO,-N  NH;-N FRE 56 5 2= & 47
500 mL K KB [FBEpRrh, FH TSR AR S 56
#0.75 mL NO;-N 1 NO;-N £ # .0.75 mL NO;-N
FINH-N B .} 0.75 mL NO3-N FI NH!-N B 4
B 2 547 500 mL K K AR R BEAR T XL
FIFHSLEG 84 0.5 mL NO3-N NO3-N I NHi-N £:
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A% 2 5 A 500 mL KR HE KRR, HI T =AU
SEHy . [RIE, 43 IR 2 mL PO PRI 0.5 g e
Ji B R T LR A B R = A
SEER AR FE LIRS AT, T550.3.6.9
/NEF A B 10 mLZKAE , T NHi-N .NO;-N I NO;-
N B i AR, A3 2] S 3G 1 34T, 455
5 2H AR FE Q3R 3 Fi .

x3 BXBRATNEBRE

Tab.3 Inorganic nitrogen and phosphorus

concentration in each treatment group

AR Nitrogen source PO} -P NO3;-N NO;-N NH;-N

4 3 0 0
LY

Eﬁ}ﬂ‘lﬁi . 4 0 3 0
Single nitrogen source/(mg/L.)

4 0 0 3

4 1.5 1.5 0
XURIR

4 1. 1.
Double nitrogen source/(mg/L) > 0 5

4 0 1.5 1.5

=R

Three nitrogen source/(mg/L)

1.0 1.0 1.0

1.5 FREBSENEAEERBERITE
NH:-N .NO;-N.NO;-N F1 PO3 P ¥ J& i) il 72

O 2 BRI W RS (GB17378.4—2007 ) .
SITCHLA (TIN) R BE a0 F
C,=C,+C,+C, (1)
A€, NH-NIREE, C, 0 NOS-N MR, C, R
NO;-N¥#
B TR B B BRI R R
y=(C,-C)IC, (2)

ey WA KB %, C, W T A
PIRATEE  me/L., € W5 /N VW P L O

mg/L,lj{]EXEﬁHﬁEJ ,ho
B 7 B0 R A RS B R VAR I T
v=(C,-C,)XVImXt (3)

oo R I E G A, pe/(g-h) , C N5
IINESS Y R U B, mg/L, C, R 5 n /NEHAS U
PR BE R B, me/L, VR BORE I K AR 0 R A
mL, m Ay S 56 T 46 I 3 A 1) B 6, o, ¢ Sy SBRORE B
6], b, n 5 ¢ AR SR A HT— U HUREI ], b
1.6 HiEsE

S KOS ) Excel 2021 BEA7 4 3 1) SPSS
26.0 AT b, P E AR 22 R . il
i B R 2 T 2 50 B (one-way ANOVA ) Fil Duncan
[ 2 5 L A Ao i 38 24 v 1 B 00 5% B % 7K 1 3%

FL P <0.05 A SEgR 2 5 0 RAH 2 A

2 4k

2.1 & 7% & X NH;-N. NO;-N. NO:-N,
PO; -PH)ELIER

F ] 1 R 1R 7 W R AR K ™ 77
B %7K o NH;-N \NO;-N . NO;-N . PO; -P 4 i 11
FALVE R (P<0.05) o £ [R] —BER% T, Bl 5 1
FER R (9 S 5%, 758 % 7K R JCHL AU vk B 2
SRR 5 AR 2 1Y R B X T ML U ) W i
FRAR R Z WS (B 1 AE2) . 72—
FERT )R, B 7R & A2 BB, FRE 7K Hh I
HURUA v B AT, B e s (11 1 FIIRT 3) o

X NH-N IR, 7 P A% 0 2.5 o/ LI,
A 7 WF & S BRIRTE K K o NH-N RUR e fd: s &0k
24 hAbBR, FEFE R 7K NHE-N 3 i 4.0 mg/L B
%0.16 mg/L, ZKFRFEIE 96.02% ; A FE 72 h 5 , 57
B 7K NH-N % e B2 B 22 e fIK, 24 0.062 mg/L
(I 1a, & 3a) ; MAESS 12/ BEAR B BE R 0.5 o/
LI, B 5 HF & X NHI-N A9 W 50 R i kK,
177.83 wg/(g-h) (1 2) . X} F NO3-N I il , &
it 48 h /b3, 2.5 o/ L Y RS J7 WF & (f 352 4 % K h
NO;-N B9 B i 2.0 me/L I % 0.375 mg/L, 24
2155 80.85% ; Ab I 72 h )5 , FE 7K NOG-N
1) % J3E W 2= eI, 4 0.083 mg/L(& 1h, [ 3b) 5 T
TEEE 12 /NI RS B Ry 0.5 o/ LB, 1 7 i 5 X
NO3-N [ W2 g 3 2 e K, o4 74.00 wg/(g+h) (1A
2b) o X T NO;-N MU, TiF 12 /)N B 7 58 7K rh
NO,-N f9 ¥ B P B, Bifi 5 ) ] 9 4%, NOS-N
(VA B A — 2 S Bl N Bl o FE B W 8 AR
JEH 2.5 /L, W E) g 60 hif, FHk B A 1.0 mg/L [
% 0.498 mg/L, KFRHRiEH] 51.83%; b B 72 h )5,
FRIH K 7K NOS-N 1Y B2 5% 28 55 1%, 4 0.352 mg/L
(K 1c, B 3c) ; MAESS 12 /N0 RS R 0.5 ¢f
LB, B 5 #F & X NOS-N Ay W 00l R f kK,
25.45 pg/(g-h) (E 2¢) o X T PO -P AW IR,
TR R 2.5 /L B RS 7 WF & 25 bR 3R B K
PO} -PRCR B A, 20 72 h AL B, PO P
1.0 mg/L 54K 2 0.024 mg/L, 2 B % 5 35 97.67%
([ 1d, F 3d) s M7ESS 12 /80 R 3E FE H 1.0 o/
LI, B 5 §F & % PO P By W i R e K,
20.44 pg/(g-h) (Fl2d).
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Fig. 1 Change of inorganic nitrogen and phosphorus concentration in artificial
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Fig.2 Absorption rate of inorganic nitrogen and phosphorus at different U. meridionalis densities
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(a) BBE NHj-N

(¢) TERHEE NO;-N
B3 ARE#AEEEEETEIUFER KRR ERE

Fig. 3 Removal rates of inorganic nitrogen and phosphorus concentration in artificial
aquaculture wastewater at different U. meridionalis densities

2.2 FHEEKDPENERMZEER

R T SRR SRR A K v 3 A TC AL AU
(NH;-N.NO;-N . NO3-N) 4 £t 51 5t 17 K i i aot
3 FR O AL RUE 2 (8] B AR EAE T AR SR T
P B — R SRR AL = RIB B 37 L
EOXF 3 AP AR A R ([ 4) o S5 AR A
B —RIREE IR AT W B 3 ol S0 UR A i A
BB R N RE R AR5 3 /NI B, W X NH-
N.NO;-N.NO;-N Iy W i 8% 6 5 K, 43 5l R 598
pe/(g+h) 397 pe/(g-h) 372 ng/(g-h) (K 4). 7
BRI R IR 444 F , 24 NH;-N 5 NO;-N 5 NO;-N
LA R NHG-N WS 26 %0 4 T [ 1 )
NO;-N 58 NO,-N W I 52 320 7 T 57  WF #5 4F NH; -

100%

o 3
(=]
8 8

& 30%

100%

o ©
S 83
R X X

R Removal rate
g g

(d) BEERER POy N

N ) d5e A R A 3% HH B AE NHE-N AT NOS-N 4145
405 pg/(g-h) ;s FHXFF NO;-N, NO;-N [ &3 il 5
oA ) AR R NHE-N A I I (1 5a 1 Sh) .
16 NO;-N FINO;-N ZH4 5555 1 L & 4 NO;-N £
WA R B2 7 T NOS-N(P < 0.05) , HL7ESS 371
359 A e KA, 40904 152 g/ (geh) (122 pg/
(g-h) (Bl 5¢), 7E3RARILREIEE IR T 3R
TIN e B [l o5 3% 5 B[] 1) SE 4T R AR, 2058 9 /)N
B A 2 1.101 mg/L (& 6) 5 1M i #5 %) NH;-N .
NO;-N  NO,-N 1z g 35 55 (1% 25 £k, e #4 b5 e — (U
AR — 2k, 3 Fh IR A IR AT 3 R 52 B NHE -
N> NO;-N >NO;-N([&5d) .
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Absorpionrate/[ung/(gh)]
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Fig.4 Absorption rate of inorganic nitrogen by U. meridionalis under the culture condition of a single nitrogen source
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200
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A Time/h
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Fig. 5 Absorption rate of inorganic nitrogen by U. meridionalis under the
co—culture condition of multiple nitrogen sources
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2.5¢

WE
Concentation/ (mg/L)
—_ — N
o o o

S
o

0 3 6 9
B Time/h
E6 wHIUFEEKFEILHA(TIN IREZN
Fig. 6 Change of total inorganic nitrogen in artificial
aquaculture wastewater

3 e

3.1 ABGENFEEKPR. BHEEIR
AR s g A i T AR R
THRL AR R AR AR S WA B 0 A= BRAR S, 1 1 1
FRAHK AR T A/ O AR K K BT
Ui, Y ICHL R MR B 1t 0.5 mg/L, TG VR IR £ vk JiE
T 0.045 mg/L I, AN 38 A AR K = 2 55 s ) Y
FEPAKARDS . BT R R K A K R h
ANRTER A R E SRR N 0T R B ARG 4y
AR AR R v R P E AR A A R
Jerp B TR B SR (FAA) S i EEEL A N
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Study on the purification potential of Ulva meridionalis in aquaculture
wastewater treatment

CHEN Chunli', LIN Hanxiang', LIN Kun', XIE Enyi', JIANG Haibo’, ZHU Wenrong’, CUI Jianjun'

(1. College of Fisheries, Guangdong Ocean University, Zhanjiang 524088, Guangdong, China; 2. College of Marine Science,
Ningbo University, Ningbo 315211, Zhejiang, China; 3. Xuwen Seaweed Development Co. , Lid. , Ningbo 315000,
Zhejiang , China)

Abstract: To investigate the threshold of purification efficiency of Ulva meridionalis for aquaculture
wastewater, in addition to identifying the optimal algal density and treatment duration for the purification of
such wastewater, U. meridionalis was cultured in simulated aquaculture wastewater using a bluepard
biochemical incubator. Six density gradients of 0.5, 1.0, 1.5, 2.0, 2.5 ¢/L (treatment groups) and 0 g/L.
(control group) were established. The concentration of NH;-N,NO;-N,NO;-N and PO;-P in the simulated
aquaculture wastewater was respectively measured at 0, 12, 24, 36, 48, 60, and 72 hours. U. meridionalis
demonstrated a significant purification effect on aquaculture wastewater (P<0.05). The optimal U.
meridionalis density for effective purification of the culture wastewater was determined to be 2.5 ¢/L.. The
optimal treatment times for achieving effective purification of NH:-N, NO,-N, NO;-N and PO; -P in
aquaculture wastewater, at the optimum algal density, were found to be 24, 60, 48, and 72 hours,
respectively. Additionally, the removal efficiency of U. meridionalis for different forms of inorganic nitrogen
was influenced by the composition of nitrogen sources present in the aquaculture wastewater. It was observed
that NH;-N was preferentially absorbed, followed by NO3-N, and finally NO3;-N. The treatment of
aquaculture wastewater with U. meridionalis s at an algal density of 2. 5 g/L. for a duration of 72 hours yielded
the most effective purification of nitrogen and phosphorus in the wastewater. This study provided data support
for biological purification of aquaculture wastewater.

Key words: macroalgae; Ulva meridionalis; aquaculture wastewater; nitrogen and phosphorus removal;

purification
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