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Abstract: In this study, we explored the effects of CuSO, on a toxigenic strain of Cyanobacterium (Microcystis
aeruginosa) in the presence of polystyrene nanoplastics (PS NPs). We investigated the individual impact of three
different functionalized PS NPs (PS-COOH, PS, PS-NH,), CuSO,, and their combined effects on cell density, chlo-
rophyll a (Chl a), malondialdehyde (MDA) content and superoxide dismutase (SOD) activity. The results demon-
strated that the combination of PS NPs alleviated the toxicity of CuSO, to Cyanobacterium. Compared with the
blank control (CK), after exposure to CuSO,, PS-COOH+CuSO,, PS+CuSO, and PS-NH,+CuSO,, the cell density
of Cyanobacterium was inhibited by 42%, 7%, 5% and 36%, respectively, and the Chl a content was decreased by
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55% and 6%, 7% and 45% . The results indicated that the co-exposure of PS-NH, and CuSO, had more signifi-
cant inhibitory effects on Cyanobacterium growth and chlorophyll synthesis than the other two PS NPs. According-
ly, PS-COOH and PS significantly alleviated the toxic stress of CuSO, on the activities of MDA and SOD in Cya-
nobacterium. Compared with blank control, the MDA content and SOD activity in Cyanobacterium exposed to PS-
COOH+CuSO, and PS+CuSO, treatment groups were increased by 31% and 35%, as well as 7% and 5%, respec-
tively. While MDA content and SOD activity in Cyanobacterium exposed in CuSO, and PS-NH,+CuSO, treatment
groups were increased by 99% and 66%, as well as 22% and 5%, respectively. Similarly, except for PS-NH,, the

other two PS NPs can significantly reduce the extracellular microcystins (MCs) release from Microcystis aeruginosa

during CuSO, treatment. Our findings illustrate the importance of taking the nanoplastics into account before

CuSO, is applied to control cyanobacteria bloom.

Keywords: polystyrene nanoplastics; CuSO,; Cyanobacterium; interactive effect
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RAENER W T H,0, TEAAR A 250k B, 2F 1
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ARWFFEIRIE T A A B BRI R OR LG gk 2k
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1 ## 57 % (Materials and methods)
1.1 GoRERL A

40 nm PS-NH,(5% V : V)l 5 B AR i 5 R
FF& L (R, 40 nm PS-COOH (5% V : V)l 40
nm PS(5% V : V) THEG I8 b kLA BR A & (Fe
7). MCIF & T i e 5 E R A IRAF
1.2 MRG0 e BB IR AL I 153

M. aeruginosa(FACHB-905) 4 F H [&] Bl 2= [ 7K
AW SE B, ] BG-11 15 3%, 76 6 ISR B Ny
4000 Ix(BME LM 12 h = 12 h), TR 27 CRIBEFRAE
HRESR, R R BRI, LT Ik #2R T
L, 7E 680 nim YK A I 7 A % A 9 114 ' %5
(ODyy, ) I %5 LSS, 700 A5 A 0 s v
BG-11 EAZE 1 L % ERF] 1.3x10° cells-mL ™" JIIA
YR IBRIAT CuSO, , HARSZIGAb I EnFE 1,
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F1 ZWAEZA
Experimental treatment group
ZREREE
Combined pollution
02 mg-L™' CuSO,+50 mg-L™' PS-NH,
02 mg-L™' CuSO,+50 mg-L™' PS-COOH
02 mg-L™' CuSO,+50 mg-L~! PS

Table 1
5 g
Single pollution
02 mg-L! CuSO,
50 mg-L~' PS-NH,

50 mg-L™' PS-COOH
50 mg-L™' PS N

1.3 gk

REEAFTE]O 4 .24 48 72 h)BEHg , X HAE T
SRR AT O30T . SRR 335, 5841 6
JETHE 750 664 647 F1 630 nm A0 i 5 1 i FEEC )
EMEEE(Chl a) & &, TN BE(MDA) & & KA
EL L 221 e 3 I 7 R SR A ) AL i (SOD) R
SR D 8 eI | LA N R R R I
F(MO)FFI P AR G 7E 450 nm N iFF iz,
1.4 FdRgeitatr

BN SLIG AR BRI BEE 4 AT, SCIR B
¥Iffi ] SPSS 26 HEATHLHI R ANOVA Ki k341, BT
A W E ¥ Origin 2019b $k {4421

2 R 54418 (Results and discussion)
2.1 BWRIEEIT

i3 SEM W% T NPs,CuSO, DL M A 15 Yext
SRR R LA, i 1 (a) ] WL, AR Ak
P () I R 5 40 1 2 BROE | AR S8 B AR, 3R TG
. CuSO, I NPs Fi—alHh[m] 258 f5 , &6 73 NPs [l
BN RTE (B 1(c)), F 70 A0 ) B A A |

S s 1 1M

MIBE (A 1(b) ~ & 1(6) RIR (AL 1(f)), L 2= 5 20
Fe I IR (A 1(h)),
2.2 YRI5 I R Yo ] ol v A K ) R )
ML BETE BG-11 53R 0 ~70 d %
BE,0 ~10 d R Eednfany BRI, 10 ~55 d X4
AR HI(E 2()), BICAIF 58 BE R Z AR EUE K
WA SEs R, B 20)FR, 525 A RAR LG, 50
mg- L™ {8 — PS-NH, .PS-COOH . PS % & % 4] &
TR B YA R AR T HE 72 h B 4y
H1.85%10° . 1.87x10° .1.97x10° cells-mL ™", 545
X HRZH (CK, 1.79 x 10° cells - mL™" ) AH L &8 34 K T
3% 4% 1 10% , 24 51.— CuSO, il 7| 2 &R 5 , i
SRR AR 72 h WIS TR, S
CK 4L, W T T 42% (P<0.05), H1 Tk
B Cu™ Xof 3 41 i B 7 i B A LA AR B i S5 N, O
It TR BRI 10 % G 1 R R A 20 A s 25
FAEVE RN B2 AR KUY ZEGR YRR CuSO,
L [FRFEN GOREDE Y AEE G AR T CuSO, X34
JiAE K A VR, 5 %R CK 41 A [, PS-COOH +
CuSO, .PS+CuSO, Hl PS-NH, +CuSO, % &% 43 %4l
T 7% 5% 1 36% , JLH: PS-NH, 5 CuSO, 3L [H]
FRERTEOUT X S A A A% 40 il 4 FH 5 At 2 Fhgh ok
UL A 3 (P<0.05), KRR f# CuSO, X
AR P A P RT RE A H (8 R K SRR BT 1840
Cu", NITTREAIE Cu® YA BERCR . BT PS 9K 8k}
FUA BRI F R A AR R (0 22 1 B BB A1, i e
G107 M EEE G RIS SEVERE AT Cu
EHE )R, NI IR TR Davarpanah

E 1 PS.PS-NH,.PS-COOH 5 CuSO, 8—R S & 5441 72 h J5E 4 SEM
Fig. 1 SEM images of algal cells after single and combined PS, PS-NH,, PS-COOH and CuSO, pollution treatment for 72 h
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B Kb 2 rp O S Chl a A B OB FER(P
<0.05), FH5r 9 094 mg-L™' 076 mg-L™", 548
FI X REZE A EE 20 I R AIR T 44.7% M1 55.3% , SR,
5 CK (1.70 mg- L") e, 44 K 88k} s — 5 5% 41 4
LRIYAESE Chl a & A ANRIFEEE AR 3S L Chl a
FrHEr 9k PS-NH,(1.75 mg-L™") PS-COOH (1.85
mg-L™").PS (196 mg-L™"), H:f PS X} Chl a & &)

24
—=—CK —e—(CuSO, —A—PS-NH, (b
—w— PS-COOH —&—PS —<—PS-NH,+CuSO,
—~ —>— PS-COOH+CuSO,,—&— PS+CuSO,
.
~
e |
LE 20
g =
o @
= o
O o
o O
s 16}
=2
® 8
B3 12
@]

RF i) /b
Time/h

E2 0-~70 dSAFMEZNAEKMELE (a),3 # PS HKERE CuSO, E—FEGFIREZEZM(b),
PS-NH, ,PS-COOH. PS Xt Cu™ FIIR B30 112 (¢)
Fig. 2 Growth curve of M. aeruginosa during 0 ~ 70 d (a); Effects of single and coexistence of three PS nanoplastics and CuSO,

on algal density (b); Adsorption kinetics of PS-NH,, PS-COOH and PS for Cu**(c)
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222200 pg-L-' CuSO,
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2.5[ 350 mg- L' PS-COOH

[J50 mg-L'PS

50 mg-L-' PS-NH,+200 pg-L-' CuSO,

05 2.0HC250 mg-L ' PS-COOH+200 pg-L-' CuSO,
=3 50 mg'L PS+200 pg'L' CuSO,
on on
EE
X g
mg 19
12
e 3
2oL
%=
=0
0.5
0. 27
I [ /h
Time/h

3 37 PS HAKRERE CuSO, B—F0
HEWMHERRSENTM
Fig. 3  Effects of single and coexistence of three PS

nanoplastics and CuSO, on chlorophyll content

PR 1E £ 9 25 (15% , P<0.05), #H W H, PS-
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LY ZZEEO T, 2 Fhark B 5 % T
CuSO, X4 BESE Chl a S HAGIMFEIVER . Chl a
B AR AL R DR A 4 M R RO A A R A AR R
ALY, T8 E fE CuSO, N g Ab 3 iE K A it #
Cu’® " HEA 4 L 55 4 U i 2 3R 43 1 MR A v i)
Mg™", T B SR 4 R 25 4™ 2T ffF 5T 2,
ANV RAR I T LT I A OR SR RL B R YRR S
AN TR R ] 42 ] 2t ol 208 9 1) A K RN A B OG5 1
FHE 3 Ff AN [) 56 A ) 490 DK 38k %o ] 4 1 8 35
Chl a & 52 VE AR TR] AT 68 55 400K R 2 18
FELFf A O o Y 07 FL A 1) 40K UK 5 I A R R 1) 2
FNFIAEAEAR T4 1 8 far A9 80K, A It PS-NH, (-8.87
mV)XF Chl a & & B I 4E 1 & 2 & T PS-COOH
(-24.2 mV), Feng %P1 5% 45 Pt % B PS-NH,
AR o T 55 A DG A oL AR 3 | REARBR KL S )
FRGE, T A e i e S i e B VE . 4K SR
5 CuSO, LAF F &M T Cu™ X i S i ot & 18
FHEGHIER] v 8 R Ry AN ] LA 1) 3 0 40 K 58 ) X6 7K
PR Cu™ A AN [ AR B A R R, DA T i — 2l 2 i 5
A Cu HE AL, BELE HG IS AR 25 1) (R R
2.4 YORIBALFIBRR HR G H 2w i A A SO i)
FEIEH AR SFM T, W AR NG P4 B 2
(ROS)M = ARG B b T 8h B F AR A . M se2iab
TEISE 20 PN 7 A R ) 480 F 2 (- O5).

FREE I F (- OH) A1 PR 460 I i 2, 1 ROS &%k
RPN AL PN 2 1 BT AR L 22 ANHRUFI TR D7 TR (poly-
unsaturated fatty acids, PUFA)& | 52040 g AL 2h
REZEEL , 398 i 6530 5 1, L 2 0 IR 40 M ™, SOD
A Ay A 0 o8 B 1) B AL AL B Y 153 40 D 4
SR ) IR kR A N T YR A
FHE . MDA 18 PUFA A= 8 , Hoo & H iR
W T MR R AR EE . NI 4(a) T LR 3, 1 —
YK IBRLAT CuSO,+44 A B8 e} L[] 2 58 76 A ] A i
R P SOD i P A R R B b4t vy, Herp g
CuSO, #b3 20 F1 PS-NH, +CuSO, H i) 4 & v 42 3%
AL N SOD J5 PR 13 Kt # il 135,48 h 54331
IAEAE(E 1.82 U-cell A1 1.81 U-cell, It CK
(107 U-cell™) 41 (%) SOD if 7% & 41% , i B
CuSO, FRZNK S A} (1% 2 5 TR A ] 2 T 8 3 7 A A
PERE 38R R, A ST B PS-NH, A #E T,
AR T B A B A B BE RIS TR AT
FREFIE S E LN, TE8 Sk T RE B4R N SOD
PERIEINXS T B W PS-NH, F 5282, Hil & 1 e 3
)3 P A A N D3P 23 RR B2 A7 A 5 30 SOD {1 14 1y £
EPY L SRTHE] T 72 h I SOD i M TR B, X AT
FE S Fifi 2 A5 (] A9 A% 40 M PN R R 19 - O © i iR
FHBIERY, H 4 AR 3R 0 2o B b = 2R 1 3 i
H,0, 2l SOD iR,

55 SOD &M A8 fb s AR, Bl CuSO, Ab 3
ZH 1 PS-NH,+CuSO, 4b H X i 4 (3 48 v /A N MDA
SRR L2 (B 4(b)), CuSO, 4bFHZ 48 h
Af ) MDA & 4 1.09 mmol-L™" -cell™, Ft CK
MDA % 4£(0.507 mmol-L™" - cell )& it 53% , PS-
NH,+CuSO, E A5 4L AL HZH 48 h B ) MDA %
M 0917 mmol-L™" -cell”' |, . CK H MDA & H#1
151 44% 15 BH #l CuSO, Al PS-NH,+CuSO, & &4k
PN ROS AP IG5 508 S 1 % 35 4
O JIES K A i ot AR IR e MDA & i, A BT
T2 0.5 wmol- L™ CuSO, AbH J5 (4 & v e e AE
48 h,96 h B ) MDA /75 (AR FRZL Y 4 £5F0 S £,
ROS 7K - 1) 38 Jin T 350 40 A B A9 B3 38, 3 ] )i 2ot
MDA &G Ik Ui B, N MDA & i A8 fb ]
AL UK SR SE R AETE S48 T CuSO, X i 241 ffd
JEERE ik A E T A5 5
2.5 YRIERLRIGT RR X s e i i R R R
T3

FEH CuSO, JAHLE B KL fE v, Cu® B
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Fig. 4 Effects of single and coexistence of three PS nanoplastics with CuSO, on MDA content (a)

and SOD activity (b) of M. aeruginosa
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Fig. 5 Effects of three PS nanoplastics and CuSO, on

extracellular microcystins (MCs) content in M. aeruginosa
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