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Fig.1 Experimental setup diagram

S: £BXH; Ra: Wi ibi; R: KHf; P: /KE
S: Metal bracket; Ra: Acrylic board;
R: Water tank; P: Water pump
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Tab.1 Experimental water properties

q /K& Temperature HL 528 Conductivity B Turbidity BA TN BBk TP HhE
P e /(uS/cm) /NTU /(mg/L) /(mg/L) Salinity
7.5 25.2 809 12 21.9 3.1 11
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Tab.2 Changes in algal growth rate over time/%

P[] W K43 NI

Time/d Enteromorpha Spirogyra Cladophora
1 5.67+1.23 5.00+1.08 2.33+£0.31
2 7.57+0.51 5.40+0.67 3.91+0.84
3 4.99+0.42 3.61+0.53 5.64+0.66
4 6.70+£0.36 9.01+0.48 5.34+0.27
5 4.97+0.28 4.53+0.24 3.94+0.81
6 5.99+0.89 2.30+0.39 4.07+0.46
7 2.12+0.71 3.49+0.57 2.34+0.18
8 1.15+0.10 1.69+0.11 1.53+0.21
9 1.14£0.55 1.66+0.32 0.75+0.11
10 1.80+0.18 1.86+0.21 1.74+0.23
11 1.55+0.31 1.14+0.27 1.22+0.43
12 0.44+0.15 1.58+0.15 2.17+0.55
13 0.434+0.29 0.67+0.21 2.13+0.35
14 1.30+0.19 1.55+0.28 1.39+0.22
15 1.49+0.20 0.44+0.13 0.68+0.17
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Fig.2 Growth curves of different algae in the system
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Fig.3 The effect of system operation time on the removal of microplastics by algae

a, by ¢ S KERRBRLR . FOR I AR OB R L BRBOR s d. ey £ NI BB ORLIR . R R EF RO R
EERBCR s g b i HIFEXTBURCIR . R R FNZFARRGOR L RACR .
a, b, and ¢ show the removal effects of Spirogyra on granular, fragmental and fibrous microplastics, respectively;
d, e, and f show the removal effects of Cladophora on granular, fragmental and fibrous microplastics, respectively;
g, h, and i show the removal effects of Prolifera on granular, fragmental, and fibrous microplastics, respectively.
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Fig.4 Final removal effect of three kinds of algae on microplastics

FIBIE E 5 A [F)/ING TR IR [R]— T ARG AS [ B0 1 FRBE 42 22 [) £7 1 1. 35 22 53 (P<0.05) 5
ANTRY B8 RS B3 A ) B T AR A AN R R ol BB =2 18] 47 A 1 3 22 53¢ (P<0.05)
Different lowercase letters at the top of the bar graph indicate significant differences (P<0.05) between different amount of algae
per unit area for the same shape of microplastic, and different uppercase letters indicate significant differences (P<0.05)
between same amount of algae per unit area for the different shape of microplastic.
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Fig.5 Effect of different algae amounts on nitrogen and phosphorus removal and pH in the system
R3 KBERKBERZEPHIR. BEEBRE%
Tab.3 Nitrogen and phosphorus removal rate of Spirogyra in the system /%
e TN 2[5 % Removal rate of TN TP %K% Removal rate of TP PO} ™-P %[5 Removal rate of PO3 -P
: IH =< U=q =<
Time/d  ©F1 2 g/dm* 4 g/dm® 6 g/dm® T F 2 g/dm®* 4 g/dm® 6 g/dm® T A 2 g/dm* 4 g/dm* 6 g/dm?
Control Control Control
1 3.39 5.82 5.40 12.30 2.26 4.74 6.21 9.61 2.16 4.84 6.69 9.56
2 2.58 5.53 8.56 12.88 3.09 11.73 13.99 14.81 2.98 11.63 13.90 15.29
3 3.64 16.63 27.63 32.41 5.14 13.99 17.90 20.58 5.04 13.90 17.81 21.02
4 12.41 29.69 38.23 4591 8.64 14.61 20.78 32.51 8.54 14.52 20.70 32.88
5 28.65 41.66 56.61 59.07 10.70 13.58 25.72 36.01 10.60 13.49 25.64 36.36
6 31.75 43.14 45.62 56.10 8.44 22.22 24.90 49.59 8.34 22.14 29.24 44.22
7 30.25 41.13 51.85 58.69 23.87 29.22 46.30 48.35 23.79 29.14 46.24 48.64
8 32.67 44.71 69.46 75.97 26.34 40.95 62.96 72.43 23.06 51.18 62.92 72.58
9 47.41 56.67 71.01 75.87 44.24 57.82 74.90 81.28 44.18 57.77 74.87 81.38
10 41.25 51.95 70.57 74.96 49.18 65.23 80.45 84.36 49.12 65.19 80.43 84.45
11 59.14 64.63 73.10 80.09 58.64 63.17 84.77 87.45 58.60 63.13 78.07 85.15
12 66.04 70.05 78.55 83.41 61.93 67.90 86.42 90.74 56.48 67.87 86.41 90.79
13 65.24 83.79 91.88 87.12 70.16 72.22 83.95 88.27 70.13 77.55 83.93 88.34
14 61.10 72.96 86.24 87.10 72.43 79.01 88.68 93.62 72.40 81.67 88.67 93.66
15 63.26 74.50 88.23 87.70 68.52 85.39 89.51 90.33 68.49 85.38 89.50 90.38

ISR PT LAk EE A, SRS 5 265250 19 T 2L AT 2
X 3 FhEIEAR AT IR BR 28 R GLis AT IN AR E AR K,
T IR G AR S A R B ¥ K BR % 2R B8 T LS I AS [
BERMAERTR, ROGEERIRBE R, B

B TR .

SE A T LA R GE R BB I, AERS R SR ARE Tk

KA WIE RS B A A A A R R
SRAFTE—E 22 5, FERM R ZEAY IEH 2E AT LUSE R Ml
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BHRGNNIBTT. KL T HEE RS, HRmH
Fe A K AR AR KA 22 o KA A A K R s e T
Tk AR . K4 R T R] LA SR S w A TR,
Ti] P 8%l o SRt e T /K AR AR (Bh 245, 2008). WIE
PO IZ, RPABEIE N 1, MRS . KB
NI R S RET, TR AS THREMR 10%-~
70% (FLEIESE, 2019), MW IE K, &8I A
UM B TR SR, SRS EE R
BORE A, TS AR, §amAKeEY,
HAE R A= Yy RE R Lo s B A I A5 I3 (Gao G et al,
2020). SEHG R HEE K BR A4 £ G0 v] LIARTE R [R] 2R 5
AN S A TN 2 55 R0 4% VR SR 2 B R S, DA (5 ¥4 K Bk
FRAR ST LI e 2 AN

32 HIKERH R G RE R X BRI R TG

HATC & — Loy R, RIS OB R AT
—JE B & AR RE T o TEXT [R] — J ¥ AN ) T 35 1) S 0B
MR AL, WrE R E LR sk, HE
LW TS RL 2 B K B 1000 5 2
10 000 1% L (Gao F et al, 2020; Feng et al, 2020), %}
AU 3& F A B ORI 5 & B, W16 98 P9 A B s R
AL BB 35 21 K ACSE S RO R E B 10 000 £
(Peller et al, 2021), KAVEEAABI AN /K 4 & 45 A S 2 At
FEPILYRRN T, T 2R 5 KR 7 S e
A, AT DA - b s il 28 2% 1 [R) R 4K A £F 2R 9 0
Bl B AR IKET , ST B — B K SR Hr2s X3k,
TERE e RGR BEURCK, UL, OBk T e S e g
o R ARy A X 2 ] TR AS B B 75 (Feng
et al, 2020), ASLIRHY 3 Fh 2R P00 2 4EAR G R
BAILAEE S o X W SR R s K, K
JER 1 em BN R EE2Z2 R AUE R 119 em?, HILFE
A PR Z5 K (Peller ef al, 2021), FLIHY H 2% m AR
A 7% P14 3 T 445 ) 505 191 8 38 o Al 9 et LA A 1Y)
PR .

WF5E 20, 7E A4 b B v de B R AR
REF AR, H T Bl £ R O R e YR 2 —
(BR7K 48, 2023) 0 AWFIE LRI, AREKBRIL RGN 3
Toft 22 1R o £ AR B R oK BR 2 R GL s T K
910 d B BT R BRI . ORI H8 BR
SR K BRI R G s AT R IE A 56, 7= A X b2
S0 Ji PR AT B JRAEOK A Th OB R 3 A AN A, A
SU G ARl I I AT B 2 B[R] B4 HE RS 5 R i A R GE K
DGR T LA LA R T B BRI 7K S L
i, AR A R A R R, BRI
B, NEHEAZKFET, 3 FERIEGRKRE RS
BT A (UK SERAE KR R G R

PO M S BHTIE R, B2 2 TR FLBR IR B AR
LN B G 2 AN I 7 € R SRR YV € A iR

33 HBKBRERGZWR. BEBRUARSH

KA A8 BT DLGE 5 A AR R K R R AR 2
RS PIVE R ER AT B 25 A AR, Wi i
PR ER . WA R 3 A 6 5 B3 M M 22 B R AN 2R 1 i 4
VI, EARGKERZR RS T, 4 g/dm® Al 6 g/dm” LI
AN R B B R EBRFY R T 85%LL L, 4351H
88.23%F1 87.70%, I LIAT &k FBRFEAE K P AIA
ZHTAWRFE BT T — R AR T AL BEAE , T 5T JE
NI IRARA BT e o R BR AR, R G
NH;-N B KB E N 88.52%, X TN MK ERK
FH 65%L (R, 2008b), HAHFIRSE SAILL .

T2 1T B K AR A BRI 7T b, UERHBR T
PR R 2 A8, ST A EH TR KR pH
HNiE CaCOs YLIE, 5 FESHESLTUAL, M [A] 422 FAIG
KRB & & (Reddy et al, 1987; McConnaughey et al,
1994), #ERAKE, HEEKEFH CO,, FHUKMK
pH JHir, aSFEESHIIIR, KA KIS b
i, SAVERNFE CO, BRI, SEETFIRET, FRAE
FAKHH CO, WRBER fmr, AH YT LLIE o il 09/ FF
CO, HEW MW TFIAMEA, Wik, /KIKk pH &
T, ST R 13 d i, pH FGEVE A ) fy
IEARFFAR AR E o XA W RSEFS S: DURR B (W I 9 45
KW, VIR FEZELREFEELEYIE L (Hartley er al,
1996). K&F L RERE K, SEADEML, 5F
BT 22 R AR KA iR L TEANOK R AR R 56
A MBS, 3 ALK KIK pH #5281,
VB S50 b nT B A7 e A B L DRI &, A i ik
oK BRI R GER K B 2 BRBCR . B Sc n LIS
W, 5dRT, RS2 g/dm® Fl 4 g/dm? 286 H X WY 2
BRI, X WA 2 BR R A 13.58%F01 25.72%,
HIFH AT RE X 2 YD, e Y
WA/, TRl CaCO; &5 Fh7E ol I 3t
H, SRJG CaCO; 4 ST /E R % 2B Cay(POy), 5K
Cas(OH)(POy4); #EATILFA(LI ef al, 2021), {H CaCO; %%
i UURR T B — e R 58 A%, I H i TR A 1R i R
PRI, KA pH Joik P Tty , iz T CaCO, 45 ahiit
FRURH R, X e R AR T 2 g/dm® fil 4 g/dm® 525
YN I B R 2 ] B E , CaCoO, L%
WY, BT AL e D A, BRI R I
i

ZEG 2. 4 F 6 g/dm® SEEG A A SLER 25 SR Al S,

4 g/dm’ {1 A TR R AN K BR A R G L BRAL
o i )
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Abstract

Microplastic pollution and excessive discharge of aquaculture tailwater have become

important global issues. The use of filamentous algae to remove nitrogen, phosphorus, and microplastics
in the same system has not been reported. In this study, we constructed an algal water purification and
removal system and investigated its ability to remove microplastics, nitrogen, and phosphorus from the
water column. Three kinds of filamentous algae were used, Spirogyra, Enteromorpha, and Cladophora, in
microplastic removal experiments in the system; the three species of filamentous algae were the most
effective in removing fibrous microplastics (88.50%, 79.50%, 75.50%) and the least effective in removing
granular microplastics (67.50%, 53.00%, 55.00%), respectively. Spirogyra removed microplastics better
than the other two algae; therefore, it was used for nitrogen and phosphorus removal experiments in the
water column. The density of algae per unit area was set to 0 (control), 2, 4, and 6 g/dm>. Spirogyra
showed a Total Nitrogen removal rate of 91.88% (4 g/dmz), a Total Phosphorus removal rate of 90.33%
(6 g/dmz), and a PO} -P removal rate of 90.38% (6 g/dmz) after 15 d. The density of 4 g/dm2 showed the
highest removal rate, 90.38%. There were no significant differences between the experimental results of
the 4 and 6 g/dm’ groups (P>0.05). The results showed that the system effectively removed fibrous
microplastics and absorbed nitrogen and phosphorus from the water body and that an algal density per
unit area of 4 g/dm’® was the most suitable for removing nitrogen and phosphorus in this system.
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