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Abstract: The experiments of application of 0.5, 1.0, 2.0 mg/L chitosan and 25, 50 and 100 mg/L nano-carbon copper to
the Microcystis aeruginosa liquid, respectively, were set to detect the concentration of algae cells and chlorophyll a mass
concentration in the algae liquid, and to investigate the inhibition effects of chitosan and nano-carbon copper on
Microcystis aeruginosa. In the experiments, the pH value, dissolved oxygen and copper ion residue under the conditions
of 100 mg/L nano-carbon copper and 100, 500 mg/L copper sulfate were collected in the algae removal process to further
verification of the inhibition effect of nano-carbon copper on Microcystis aeruginosa. The results showed that the algae
inhibition effect of chitosan was not obvious, and the nano-carbon copper at 100 mg/L had obvious antibacterial effect,
and the concentration of algal cells added to the 100 mg/L nano-carbon copper group was significantly lower than those of
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other groups at 144, 360 and 480 h, and the concentration of algal cells decreased significantly over the increase of culture

time at 72-480 h. At 48-240 h, the mass concentration of chlorophyll a and the residual amount of copper ion in algal

liquid with the addition of 100 mg/L nano-carbon copper group were significantly lower than those of the 100 and 500

mg/L copper sulfate groups, while small change in the pH value. Collectedly, this reveal that 100 mg/L nano-carbon

copper can effectively inhibit Microcystis aeruginosa, the residual amount of copper ions and the pH change in water

bodies are small, and it can be widely used in aquaculture.

Keywords: Microcystis aeruginosa; chitosan; nano-carbon copper; copper sulfate; chlorophyll a; inhibition effect; copper

ion residue; pH; dissolved oxygen

HiR 45 {4 4% 7 (Microcystis aeruginosa) Ay 22 4 Jifl
FEUR, ma Ao 25, LA AFREAR . B
e BHHRLER, FKIRS RERE, JEUKAE,

SR, HOEE AR A R T DA A A
WA AR FRBE 7 A 5 Ry ™ E 1) 5

FERBER R RGNS TR, HAR

UF B A DI AR S PR AR R, AR o B W B

U RET, HA R ERCRER, B RGE
ST T FERME S AOKRER . 9RER T K I e 22 5
FXTAR SR T K R R . RSO gE T
T B e SR RS I 2 20 3 A R Y B el B AR Sl TR
EERNRI . a7 A AR AT R
WHRC T =8 | VA RNZT A5 B K P e e
BRI . KRS SR SE T S RO S b B
LR A SR I B B S R A B ) LB e
TR RROR . F LS PSR R O IR 26 R
T ¥y R S5k, S 5E BB AL BT (N -1
RN N=A 2250 R A, & GRRiER], £
FREMER e, BFSE 1 ST B [ B R B s 3
(S . WA RRE T BB o RO 1
MIBREEVERE . X SEpF TR, STRME S HABA RN
BXFESA W R IIHRIER , (B5E SRR EE
AR FH B e R Y R AN A

BEAE GUOKER I CHUA RS, GKABHm Rk
HE R TGS T 3k 4 o KU A e
(Scenedesmus  obliquus) . i [ /s £k & (Chlorella
ellipsoidea) . PU%1|3# (Tetraselmis tetrathele) Fl V.0
Jiit 7% (Platymonas subcordiformis) AiEe x4, 4N
KR RN 5 AR . BT 4 Fh ey A=A
HIVEIEA T TASE, S5 RRWT, KAk F R A4
KXt 4 ARG ) AR K AR [T R BE R A I VR
GUREY IR, 4 PRI 20 i B Fn 4R

SR, MARSALEK 251 A0R5E 1T 4k Z My
Pori A KRR, s R A kT # ]
WA K B S IREYE MOFs BRIBR 2 5 8
FAAKIE PRI, AR TR RE T3
FEERSEATEHR A T 0T [ISOR FH R SRR . MITRA
RIS R R, 9k ZnO PR IS TR RE
LRGN AR TF IR, 91K ZnO BURL7EAH
PRI A MER, 7R 20 BRI DX nT 5 R 0 i 2 g
{1 F T A IR A AR o KA T i A K B
AU B3, HE SRS TP R 2375
W85, A —AMEARRTE Y R

WIEL ., ALFRVE YRS TR T LR, B4k
IR HHTRCO AR EE . PR . CuSO, il
P SR T AN, R I ) 2 AT
T2, A A0 S P SR A R T O A A
RN P S AR R T P S YN L]
Yy T TR Z —, SIHUAR BRI = %
PRI PR, AEL S ) 88 o L s e, %
K VRFRBEIO, SE RNl ARG o3 T A 4L e
R, BATREE, TI5% . SRR BRI R
ML SR g e Lk
B BT, A, LIS RAOR B
WX G, TRITFEIRMEAN AR o 50 R B B 114
RO . IR SERR IF

1 MREREE

1.1 ikt

PR T P 7E A, W T T R R FE R A BR 2
Al GOKBREE, VUSSR IR M BT B % . 4
RfgEnE, W H P EREEBOKAE R, KR
BB A BT H S T E s 8000 r/min B0y 5
min J5 FEVE T80 BG-11 B 5dth, 7EoM i3



244 WA R 24 (A SRR R)

http://xb.hunau.edu.cn 2022 4% 4 H

FIOEIREZ 2000 Ix, LS 25 'C | JEMEREFR4 12 h)
AT ORI R, BRI OEEE ODego nm 7 0.5
BT ARIRIR o K H % P el R 7 K s A BT
1, HRI R R A 1.4x107/mL.

1.2 7%

12,1 AREGAMEERENZ

R SR T AR R S R B AR A O, Ak
5 d {540 66T ODego nm 18, RN 5
WA R RRPIRAS T B 24 h, AR M ERIH2L
M o A XA T AN, 28 i il 2k
K, JR SR YE ODego nm LT HE A SR RE S B M
1.2.2  mRAEA RERARXT AR A& 32 09 VE R oA

TE 5 mL kit InA—E ke R
SRYORARA , TGS R R Se R 1A
XFARZH(0.0 mg/L)A1 0.5, 1.0, 2.0 mg/L 3L 3 i
WREEIRIGA, 490 A0, AL, A2, A3, #iKik
M5 1 SR IRZE (0 mg/L) A1 25, 50, 100 mg/L 4t
3R, /lidh BO. Bl, B2, B3,
UK 3ANEE . /49T 0. 12, 24, 48, 72, 144,
360 h R H 1.2.1 B 00 BEdn ok BE s RN
IR v O S B ) I A R a SRRV
20 R BRAR) B RRBRAR AT AR SR SR AR R 84 oA

MR 1.2.2 BYZER, BRI 5 5 R
PG IR VAT LU S o % 3 MRl A 1 %)
HRZR, 0 2 A S rh 4 S A B v B R 100
mo/L IAKBR R BURL(TL) . B E A 100, 500
mg/L FBRER IR R (T2 F1 T3), XJ R (TO) Mk ,
PP REESRAaThE SR, BAR 3INERE. 40T
0. 48, 120, 240 h IRAT 1.2.1 A9 77000 1 e 4 A
W SR 1.2.2 W5 D B 4 % a i
WRBE 5 328 FHVS A SECI) e S 5 P R s e A5
HMEHEC pH TS 1Y pH (E; %18 DICU-048
] 5 1) 5 i ] A R A 2D R A I S A T
(5% BA

1.3 HEGIHH
iz SPSS 25.0 X &t i A7 s R 2 Ty 220047,

1.2.3

F4h4 Duncan £ H KGR ATAS 4H [R5 s A0 22 57 B
2, 18] Excel 2019 JEA T4 A1 22K

2 RS0

2.1 {AFMERMERKRES OD EHXR

AL S R AN R B 5 AR TRT g B A5 OD {8
PP EA RN, [E3K 680 nm IS FIAH 5 2R 4k
e, P, 7EJ5 AR 34 LI SE ODego nm K
e sk i . thi LT LIEH, 4k 24k
FUESEAEM LR, AR BARERE, WA
AW R RS, A O A L Ak S L S 1Y
ODggo nm A BIFRILEME LR, HHE XN R FEA
P54 PRI y=27 262 211x-878 755(R?=0.998 1).,

3.00E+07

e /mLt

5 2.00E+07|

f1

N

1.00E+07

i

AR AN

OOOE+07 1 1 1 1 1 ]
0.0 0.2 0.4 0.6 0.8 1.0 1.2

ODGBOnm
1 {ARHEEMIRES ODssonm ERIZMEX R
Fig.1 The liner relationship between Microcystis aeruginosa

concentration and ODggg nm Value

2.2 FEREXRFMIEENIIFIER

M 2 AT DVE Y, ARSI BT i B (R 5 2R
WEIG , 2 B2 s A Mk BEE IR 72 h b e A KA
W, ANk I AR Mk 144 360 h B
AR RSN, [ 144 h i A3 4b, 360 h 4540
%) A P A 32 440 Y 3 v T LA A 1] A5 5 480 h I
BN S B R 48, 360 h IF, AN[R]41E]
2R G -E L, 0, 12, 24, 72, 144, 480
hiF, 0 A3 [k B B & IR T A0 1Y, 1T AO.,
AL 1 A2 BRI BE (R ) 22 S 3 g2 3
Bk 72 h PG A2 4h, AL, A2 T A3 135 20 At ik 1 1]
()25 A TG A Lo Bk 48 h Y A2 4b, 7F
2R TP I A ST SR IS B A AR B I A AR
TEREARAN IR, el g e v E AT IR 1 A s
Bl AT UL, ST H SR i S IR E AR B



248 A 2 W

JRARUPAE ST IR RN R0 5 Xof ] 2 ol 28 T (410 A SR 245

3.00E+07 }
BA0 mAlL pA2 gA3

2.00E+07 L

1.00E+07 L

A ol e A M AR L

0.00E+00

0 12 24

72 144 360 480
i) /h

B B[R] /NG S (] 20 AS (] Ak ] 9 22 5 A5 G 125 3 S (P<0.05) 5 AN [R) K5 S 73 (] — I ) AN [/] 4[] 194 25 S A7 e i = X

(P<0.05),

B2 FMFRRERE SRR AR

Fig.2 The cell concentration of Microcystis aeruginosa with different mass concentrations of chitosan
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Fig.3 The mass concentration of chlorophyll a of Microcystis aeruginosa algae liquid with different mass concentrations of chitosan
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Fig.4 The cell concentration of Microcystis aeruginosa with different mass concentrations of nano-carbon copper
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Fig.5 The mass concentration of chlorophyll a of Microcystis aeruginosa algae liquid with different mass concentrations of nano-carbon copper
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Fig.6 The cell concentration of Microcystis aeruginosa with nano-carbon copper or different mass concentrations of copper sulfate
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Fig.7 The pH of Microcystis aeruginosa algae liquid with nano-carbon copper or different mass concentrations of copper sulfate
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Fig.8 The dissolved oxygen mass concentration of Microcystis aeruginosa algae liquid with nano-carbon copper or different mass

concentrations of copper sulfate
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Fig.9 The copper ion residues of Microcystis aeruginosa algae liquid with nano-carbon copper or different mass concentrations of copper sulfate

3 HFR5Te

STRMEATVE N PHES T REZN . 48 BT I RfE
FRANIE GRS, BeAREbRK ALY A
EMAEEY, AHMAD Z5PURST F201 | M5 BoplE
KR AN 10 mg/L B, AJEELE S/ NR B
{HREELHE R, LA ES:, FAST 2524
T A% Bt BRI R 2R A ARG ek B 1) g YRR i e SR

T TR BRI BRERCR , A5 R EImse R I
FH R 75 % 10 P 22358 LU AL 8 PR 36 22 L B R i
1%, ABgir, TEssgisesam A 05, 1.0,
2.0 mg/L USESRMIAN, 0. 12, 24, 48, 72, 144 h
BF, 0 I 5 Rl R 2 %) o5 20 A v i A b i A —
FE, IMATERBER B M 28R a BTs vk IR T XT
WAZH ), FBIFEA 0.5~2.0 mg/L )58 BT 4 S 1k
W A — e EER L ERER, (BRCRIFAI



248 A 2 W

JRARUPAE ST IR RN R0 5 Xof ] 2 ol 28 T (410 A SR 249

360 h i, WERNMLSEE a R 4 4l 2R
WTGEF2# 3 3, TR AT e 78 A oM TR
W, ARSI, SEBRh 2w,
TR S TN A R B 285

JERIAE PR  R B, 9k BRA N 42 R 8
A, W Cu. Al Zn, Ti SFHHEEHSKIIGM,
AT, FEAR SR B M A TR R 25,
50. 100 mo/L FUZAKBREEW, 0. 12, 24 h it
GRF a TEREZES A E, 48, 72, 144, 360 h
B MRIR 4R K a (R X IR AOAE, HL
B P IMAKBA  2R 2R a VR B LS i
SBHOAR , N AT X ) o e 1y A S P S
W, PR B, KR P A K A
S AR I L, T R R Y AR e S A
TR AL AL, BN e (A P — LB SR i)
WM. WSINGRBE 5 T aR 2 a TR IS T e
ZEHEEIRBG, —LeEERIETER IR TR B
FIRESE: FH T4 B F ELHEREIR T SRR D4
il HARREM I MR B F KT, gk kbR
WA, B2 BB P 2B A4
SRR a WA, PRI SR e e e 2
MR FDCA S, RS e s st T,
EGURA R  BETE 5 B B RS 2RI R
(PH. KRBV . & TEE) AL, EINREE
RN, GORMEHEK P BTRRRIE S & 4
AEAk, TR 2 I T e R P2,

TR & H AT IR BRI 2 —, BAACER
B . FRAERT RS, (R (i S ok A
IS B ABEgEd, 0 h i, FINGRERE Y 2
A pH EEMETXTHRAR), XM TRBRIA R
EWPE, T2 pH FEAL; {1 100 mg/L g4 KA H B
B, KRR pH PSR i 500 mg/L B R4
bR, pH EFEML. JRH AR REE B IK A
1, pH SEERMEEE AR, KR T
2, ZA N e S AR I 1Eh
CO,, S pH FAAEEY,

KRR E A EZDORIE T KRR RANWBA
RUKAEREYE A ERRERUE IR, AR,
240 h B, s 100 mg/L 48 KB4 2H B v fe 80 e
WRIE R RRAR, PTRESE h F/KIREE S RIE, A
WATCAVER, TR EOK A i i Sk B T I

TN, GUOKBRA R A AN T /K BURL, ENA
WG B TK P el Fokm, BB KA S
HFRIARA, S EUKIR A3 R ER TR
AMFFEH, 0 h i, 3 ARG 5k
WA W EAAL, FTRE T B 4K el R A1
WRIREIY AR AR 5 2V, [HAE 48, 120, 240 h B,
3 A 2H 4 B 5% BA e B G SR ) () 1S i 34 2
RS, PRI R A P s AR A AT I
BT, SEUKEPRE TR A B 500
mg/L it B 25 (P R SR EL S i 100 mg/L AR A
ARG, AF S OB R BV TR AR 25 ) i 1
BT RIS YL TN 100 ma/L 44 KB 2H X R
RO TV INGRRRAR 0 2 201, HARES o5k i
W E RTINS ER AR ) 2 4100, X AT T4
KB FR A S, XK A4 g% B A ] 5 - ELAT IR
BV, BRARR T /K b B T vk e B B e
FHYAKA | fORA 28 1YY BT /N R Sk Bk i 7
5E, G5RAIL, [FAEFMET, 9K
o TR, X AT EZ AN 100 mo/L 44 KAk 41
FRIRESE ORI T3 500 mo/L R FRARZH i LA
Al L, 5 100, 500 mg/L AR ERHAAH L, 100 mg/L
YRR AL SRR 2, 1 ELAR 2 15k i 2>
Je pH ARSI/, FREE T KR L 4, XK AR A
AEYIRE R RSN, W2 K SR

EEPEE

[1] CAMPBELL G, PHINN S R, DEKKER A G, et al.
Remote sensing of water quality in an Australian tropical
freshwater impoundment using matrix inversion and
MERIS images[J]. Remote Sensing of Environment,
2011, 115(9): 2402-2414.

[2] P Bk MU fEE ] KA AE
36(4): 1-13.

[8] &, TR, K, % SCPETCEROMHREE R
FWEST[I]. PABETRE, 2011, 29(5): 48-51.

[4] ARME, WA, BUrSCRL. SRR - 2R EERR BRI HL
PRI PREERLA 5 HR, 2007, 30(5): 8-9.

[6] Bk, Bk, K, 2. seRBE-9K 8 JE 5
LRI K AR B IE[D]. P58 TRE2EHR, 2010, 4(3):
521-525

[6] ARWESC. T2 i £k 58 SROBH-FA2 1 e 2 T 20 8 O T 5
[D]. ¥FE: WK, 2017.

(71 #d, &k, w55 STRESIEAL LR
SRR, REETARSR, 2015, 9(8): 3745-3750.

[8] AbtME#E, XISCR, MUFIH. STRME-Dh A AR sk

,2015,



250

WA R 24 (A SRR R)

http://xb.hunau.edu.cn 2022 4% 4 H

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

THBERE I RBRACR D). /KB PR, 2013, 29(4) : 87-90.
Fargk, FHE, KITF. SERAE-EIK AR AR -
A B T S5 oA S8 1) T 4 % A 208 1 2 R AN BB Y T 5
[ Z45EETARE, 2017, 24(5): 55-59

Brigeot, TRHLNI, RN, M s R R 1R
HELBREEAE[I]. PREE T 224, 2018, 12(9) : 2437-2445.
XU oK 4 T XoF IO e A e 410 0 50T 14 ) 25 BF 5
[D]. J7M: WERERE:, 2007

MARSALEK B, JANCULA D, MARSALKOVA E,
Multimodal action and selective toxicity of
zerovalent iron nanoparticles against cyanobacteria[J].

et al.

Environmental Science & Technology, 2012, 46(4),
2316-2323.

B, WETE MOFs GKBHHI il 25 K B AR PERIE 5T
[Dl. AZHE: WHALRHERY:, 2019.

MITRA S, PATRA P, CHANDRA S, etal. Efficacy of
highly water-dispersed fabricated nano ZnO against
clinically isolated bacterial strains[J]. Applied Nanoscience,
2012, 2(3): 231-238.

WRIRSC, B, =FRE, & KRB IR
[J]. KILR22R(AFR), 2014, 11(35): 69-73.
TR/ NE. AT EETERR S T R H[]. AR,
2011, 38(4): 24-26.

WA, R, B, S BE L SEETTRE AR
(4 3h 12 AP FRBERl%, 2003, 24(5):
1-10.

PAN G, ZHANG M M, CHENH Z, etal. Removal of
cyanobacterial blooms in Taihu Lake using local soils
I. Equilibrium and kinetic screening on the flocculation of
Microcystis aeruginosa using commercially available
clays and minerals[J]. Environmental Pollution, 2006,
141(2), 195-200.

4, B, EARTE, S5 RSB+ e
RORBEDTRA S A IR 0] PR TS YA BIEOR
5545, 2006(1): 76-79.

EW. FERER ST SR SV HII]. AR L
AL RIERCER, 2017, 34(1): 187-194.
AHMAD A L, MAT YASINNH, DEREK CJC, etal.
Optimization of microalgae coagulation process using
chitosan[J]. Chemical Engineering Journal,2011,173(3):
879-882.

FAST S A, GUDE V G. Ultrasound-chitosan enhanced
flocculation of low algal turbid waters[J]. Journal of

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

Industrial and Engineering Chemistry, 2015, 24. 153-
160.

JEBAW, S, BN, SRR SGH A gk
IR UM A YR BESE[I]. S %R, 2006,
31(3): 7-9.

e, REBH, X0, 55 S IR BRI R
P SIS TR RN ML), AR A
%, 2020, 15(4): 56-65.

24, ARTLER. JURPBREEO i S i e e R Y B
RURETI. VLB K2 4R 1 ARRE ) , 2011, 29(3)
444-448.

HAI H, PAN G, ZOU H, etal.
microcystins using carbon nanotubes embedded with
bacteria[J]. Chinese Science Bulletin, 2004, 49(16):
1694-1698.

WRAT, A s, ERBEFNZAK ISR nCoo 165 1 FHXT 41
EETE S ey (SN R AR Gl € 5 R 2 §i)
M) FokHAR, 2019, 38(10): 62-70.

LI ZQ, GREDEN K, ALVAREZ P JJ, etal. Adsorbed
polymer and NOM limits adhesion and toxicity of nano

Effective removal of

scale zerovalent iron to E. coli[J]. Environmental Science
& Technology, 2010, 44(9): 3462-3467.

LYON D Y, ADAMS L K, FALKNER J C, et al.
Antibacterial activity of fullerene water suspensions:
effects of preparation method and particle size[J].
Environmental Science & Technology, 2006, 40(14),
4360-4366.

WRIEHT, WRKEE, W15, S5 BREESHNSIA I KE
BRI HTE]. T EARAKFIKE, 2019(3):
20-23.

WA, MEERK a S-S pH. DO, A C AN
FE: LMK IE ). BRI 5 Tl 2015, 36(17):
208-209.

WA, ME®, BT, 5 #EKRE S ETE
B4R R ED]. L TAEEE, 2020(16):
88-89.

BEEABH. AR AR 4 B 1 LA SE[D]. T
JUPHEERL R, 2013

ARG AR 4REH
B W IE



