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Algae Killing Performance and Mechanism of CP16 Biocide
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Abstract: In order to explore the algicidal performance and mechanism of a new kind of didecyl y -
diquaternary ammonium salt (CP16) biocide, the removal effect of different dosage and light condi-
tions on Microcystis aeruginosa and Chlorella pyrenoidosa were investigated. The mechanism of killing
algae by CP16 was analyzed and speculated by comparing with polyaluminum chloride. The results
showed that when the concentration of CP16 was 5 mg/L, the turbidity of microcystis aeruginosa and
chlorella pyrenoidosa reached the lowest value on the 7th day, and the removal rates were 50. 91% and

10. 98% respectively, and the turbidity remained at a low level on the 15th day. When the dosage was
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5—15 mg/L, the OD,; of microcystis aeruginosa and chlorella pyrenoidosa were lower than that of the
initial blank one day later, and remained at a low value after 15 days without increasing trend. The
Chla removal rate of CP16 to microcystis aeruginosa and chlorella pyrenoidosa was as high as 100%.
After adding 5 mg/1. CP16, the inhibition effect of CP16 on algae growth was better under the condi-
tions of full light and dark 12 h * 12 h photocycle, and the removal rate could reach 99%. CP16 is a
symmetrical cationic bisquaternary ammonium salt, which has the characteristics of water-soluble
polyquaternary ammonium salt. CP16 promotes the degeneration and death of algae cells through its
special molecular structure, flocculation, adsorption and toxicity. The special structure of CP16
makes it have strong killing activity, which can not only achieve the effect of killing algae, but also
not form the effect of bioaccumulation, CP16 has a good development prospect because of its good al-
gae removal effect and special structure.
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R R, FEARARCR , TP E S A 7 B IR 8 AT o TR 82 55 X8 PR v% 27K 3R 58 A 9 i
PERIM AT deR I 7 2 R PR K O A AR A, KR IRB T, R R A R
Ay Xl — B AL IRAE P RMER Y W R R S T K TEE AR (L K A T R £ A A R A
SNBEIT L BBz E, U E S AR IR T, AR OR B RGBT R
Cu™" U, B HE M CuSOERES, H Cur BRA R, HolROKFLEEZHS, HKY
2 e . NS R A B St 2o DR ) A B0 24 P O 25 R AIRES . IR, R T 4 )
— A Ak . BB pH MEHTE . 5 A K A B2 A L T A A ) PR A B R
BRI K B

P BRIV P T 0 M ARG P 0% 207K R ST FIK 7™ 7 BB 7K AR B DL ) 0 o Rl 20 38 B /D ok e 42 o
R, PEHIRUE etk - XU AR AR (CP16) JEAT R EEPERE AL TS, 48 12 i KOB A%
PR AR R EERCR B JFHEIH R BB . T s n) CP16 Je— R0 AR BN Z= g dh . AR SS
R H A BOR AT, BERESEIAMERIRCE . XA SIEEM IR RO .

1 #RE5m%

1.1 # #
11,1 5 R s il il &

Ve B R M ISR (Microcystis aeruginosa) FACHB-905 Fl/Ngk#e (Chlorella pyrenoid-
osa), HRRLRIRAEREG B R GE R IOK A A YIRS T SRR K BRI, /INER B Ry S 56 2 I T AR
FE. BERMZOEALIS . TEIREE N 28 °C. JBMGRIE 2 500 Ix KOGAMIL 12 h+ 12 h BG40 h s
B3 7d,

EORIE SRR BG-11 Wik 53528 NaNO;, 1.5 g, K,HPO, 0.04 g, MgSO, + 7H,0 0. 075 g,
CaCl, « 2H,0 0. 036 g, ##R 0. 006 g, Fri&ERREkER 0. 006 g, EDTA-Na, 0.001 g, NaCO; 0.02 g,
fHERT W 1 mL, Z808/K 1000 mL, J45 pH = 7.1,



* 50 - TR FFR (A AHFR 2022 4

MHEICEW . IR 2.86 g, MnCl, « 4H,0 1.86 g, ZnSO, + 7H,0 0. 22 g, Na,MoQ, * 2H,0
0.39 g, CuSOy, » 5H,0 0.08 g, Co (NOy), * 6H,0 0.05 g, &K 1 000 mL,

1.1.2 KEEHLH

TR BEFREAIE I 48R a (Chla) BYBTEWKEE. A4 N (p(Chla) <<0.5 mg/m*), %4
(0.5 mg/m’<C p(Chla)<<1 mg/m’), #AH1(1 mg/m’<p(Chla)< 5mg/m’), H1(5 mg/m’< p(Chla)<C
25 mg/m*) . HE (25 mg/m’<< p(Chla)<I50 mg/m’) . & (50 mg/m’< p(Chla)<500 mg/m’). &
(p(Chla) =500 mg/m*) X 7 2K,

BUE 5537 BRI Ba . IFUERC 409 BG-11 8533 B 2 50 mg/m’ < p(Chla)<<
500 mg/m® BN E EFRK, ¥ 100 mL BIR S 2 THA THIZHA, MEMFFRFAET GREE 30 C,
JE5R 2 500 Ix, JGIEF A HiFR 2 d, RMBTEHH R
1.1.3 REFIES

CP16 JR 25 & ke . DA b dk — W B RURe FER S SN b o JOkE, IE TR B (AR WA i 7, 3
i =R AR e R

CP16 AR ECHI Tk R 1 g CP16 AEdh Thedhrh, MUK G5 2 100 mL 88 H . E%R
ZARZE. PR RE R 10 o/ L B9, 1.

1.2 SLEHE

1.2.1 FREXE

[ 45 4 0 & K AR b, $oin— & &Y CP16
ol A ) ISR (B R S DO O i i) S es
HUREI S A AR AR, B 82T M R BEAAOR . 5 20 i ok
JELL 3 B, 420 nm (9 43 6O BEE (ODyy ) Al
p(Chla) kR, SEEEIR PR (5 B LR 1.

1) CP16 B X #s KRR 520

] 100 mL B h#em CP16, fHBTEHKRES, 0, 5, 8, 10, 12, 15 mg/L, TREE 30 'C,
JG5R 2 500 1x, JGREREM 12 he 12 h 200N, FECIIGFRAR P #5535, 8 XSG T T iR
5Y, TRl SR SR I AE AR 1O, R DR B BRI 22 3 B . ODo0 Fl1 o(Chla)

— U ZEIABR B 15 d J5 340 A5, T 25R00H . WmBRER 15 d )5 B840 M T b
WK, MIZGRahacsEt, MRS 5% 15 d PR 2 i T 3l Ks il

2) JCHRZRA XS B R RO A 5 MR

ST E GRS O h: 24 h (22K, 24h:0h (&), 12 h: 12 hiX 3 MRFERIEIR
A%k, A 10 mg/L CP16. 4K 24 h BRI p(Chla)H,
1.2.2 JLFERREF R BRI L LR

435I 100 mL ZskAEF A 10 mg/L B CP16 %k . LB R A7) 701, CuSO, %W . BZE
Bk PQAS VR, B— A4S ARE, B TR 30 °CL JE5R 2 500 Ix. JEREEIA 12 h: 12 h %44 F, 1
SRR SRR PR E RGO B B R T AR A, R, FESE 3 d,
1.2.3 REVELR

BT CP16 BA —EMERENEN, A T HEHREHE NN RN 52, W R BRI R G
SALER (TRIFRAIRED X IR,

W30 250 mL WERS LRI B SR BOKAE . 2l L in A 10 mg/L CP16 %A1 3 mL 32611

R1 THBRRVBER
Table 1 Original information of experimental algae liquid

WA ME/NTU  ODigo o(Chla)/(mg + m™%)
i T ate e 4.4 0.117 78.9

JINER 1.12 0.093 119.7
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Fig.1 Effects of dosage on the turbidity of micro- Fig.2 Effects of dosage on the turbidity of chlo-
cystis aeruginosa rella pyrenoidosa

LRI 2 T RLUE . BEE R HERS . IACKRIR Bk B CPL6 Jo e i ¥ A AN R FE R
B T AN 24 ok B O R o 2 A ) 8 i 1 ok e (I (P R AR T R v Bl 5 mg/ L 4824 7 d
Ji s AP SRR S R PR FOR Y 2.2 NTU f % 1. 08 NTU, U LBRFN 50. 91205 /NBREE TR
BEHFORAY 0. 82 NTU RE% 0. 73 NTU, M LBRZE N 10. 9800, WE 1 AIE 2 thal W, 6 3 d J5,
TSR BEARXT AN, — BB AN R R, WTRESE B R ET A B B R TR AE KR, T 237 AR
—E IR, IR 15 d. PR AT AR R AR AR A K o IR Y I — e R g
S AN 22/, CP16 X S B LB B RAFRIRBCR . fkrl W, CP16 X s i A K B 5
SN KL R
2.1.2  ODy, B4

PAIAINZG 28 A FAT X b, %8 CP16 #2452 0, 5. 8, 10, 12, 15 mg/L if. #2455
1, 3, 7, 11, 15 d Bl e B R/ NEREE SR OD.o, 1R ARIE B, AnlEl 3 FE 4 PR .

I3 A A 0T U RN 2Y B 2 08 S TR0 /INER 5 B TR A OD o i 25 s 0] 4 A% 35 el 32 7
s NEREE ODyo 76 11 d B TR, SCIGRT ISR B R R o (0, FTREZ POy HAE K BTt
A CP16 RAF 5~15 mg/L, 1 dJ&. kit s/ Nk EE BRI OD.y ¥ U R IRZS FURE SR A AR .
H 15 d J5ARZe s e B IRMA . WA KA, Uil CP16 XTE 4 i iy A K HA B A msifE . H265%
VLA, FELRRT I,

2.1.3 MEEaXZBRURERSH

Chla B3P B A KA B BB 45 bR 22—, Chla (025 B 00 17 48 B et B 3 A8 i L 3R, 14

5 FNEL 6 233 e AR CP16 $ 2t I H 2 (e B A/ NEREE R o(Chla) B2 fR 4L
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Fig.5 KEffects of dosage on Chla content of mi- Fig.6 Effects of dosage on Chla content of chlo-
crocystis aeruginosa rella pyrenoidosa

LS FTLAE s Sk s 1f o(Chla) 2 78. 9 mg/m’, JILA 5 mg/L CP16 445 1 d J5 )
F% 28 23. 18 mg/m’, 3 d A 10 mg/L CP16 A A A 2R i3 1 p(Chla) [ % 0 mg/m’, Chla %
BRik 10026, 1A NNZ4 B LR o(Chla) — B2 KR L TH ks,

M6 FTLAE /NSRBI PIS o(Chla) 2 119. 7 mg/m*, LA 5 mg/L CP16 AA4:5 1 d J5 RIf%
£ 19.06 mg/m*, 3 dJFMA 15 mg/L CP16 XA FIH/NERHERT o(Chla) f¥ % 0 mg/m’, Chla R4k
100%, Wi Zia A 8 mg/L i, 7 dJF Chla KBRFAAH] 100%, 7] W, CP16 #Z5mif k. HXf Chla
TR, RINZEE/INEREE R o(Chla) 5T CPL6 (WS AH eI A e, (B 11 d B BF FRE, TIRE
SRR /INER B A K BT,

ZRGE 5 A 6, 5~15 mg/L 1Y) CPL6 ¥ IONH i 2 i 3 3 A /INBRSE Y Chla (19 4= K 34 B I g 411
HVEHT, HXF Chla i RBRF L 1002, H 15 d WA EE, SIZR BRI s A KA
AR .

2.2 RBEMHIEXEZRUBRIIZIDSH

TERR SRS BRI AR B BRI, DA B S B E WS R 0 b s 24 h (2 RE)
24 h:0h (2B, 12 h+ 12 h CEEER) 3 MARFEDEIRSME, 230 E 255 5 me/T 2
PEFEFNRBFEHIY o(Chla) Z2ALAEAL, W& 7 FE 8 iR
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SR TR 8 T AA . A CP16 B, 12 h: 12 h GBER) &M T, hFHS A5RAK &AM
1L HALR T BE RN INBRBE IR Y o Chle) B I IS BRI B BT, FUE B 24 h: 0 h (40
M) 2T o Chl) B HEE SOCIRIR AR TAH LB G248 0 b+ 24 h (&R &M T . p(Chla) JLF-
A, BEEAFTTREE. MMA S mg/L CP16 J5 . 3 MUR[FEDEIR S T 4RI SR AN NER B o(Chla)
JLFBAR G, b, SUIRFAAE AT . HSREA B Chla S E7ENZS 3 d J5 X RERE =
0.1 mg/m’, HXF Chla fEERAIE 9900, Heif, BB T o(Chla) /52 28. 44 mg/m’, FERFAL
A 18. 56705 /NERERIY o(Chl) 7E/NZY 6 d JFXAERE 2 0 mg/m’, HX} Chla Y EBRAIL 10020, IR,
SRR SAE N o(Chla) 324 40. 28 mg/m*, LBRFALHK 76.53%, Al UL, IR, JEIEAEAM T 548
2 F AR, 2OGRRRDGIERR & F T CP16 Xt Chla A= K Al R B W
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Fig.7 Influence of light conditions on the effects of

CP16 removing microcystis aeruginosa

2.3 CPI6 5EEAFEFNRENRILE ST

ARSI e CP16 5 LR & FH A 2 570 A9 R B 4L
Fo 4l m 100 mL & B K AE A 10 mg/L
CP16, EALBRLEF] 701, CuSO, . B
(PQAS) ¥, BRI E o(Chla)!™, HH
gELILEE 2 FIEE 3,

T 2 R S A B o( Chla) 251k 10 7T LU
W RINZGEEERE . H po(Chla) BERHRE K., 3 d ED
Bz R 2. 76 4%, A CP16, AALHI A 5] 701
I CuSO, Ji AL o(Chla) R FERE K, Hodin A
CP16 (3R o(Chla) 22 B H, AR A 701
7 1 d N BRI LRI BRI PQAS (135
B Chla B3R %, HE52 (ML, BoAEE,
VAR S e e (A Rt — 2 I E . B
BEX 4 PRI RERCR, AR, AR E
U 701 XHHTAR RS I AR BEERE R, CP16 IR,
CuSO, X S fepE s (A i Ve S .

M 3 H/NERIE o(Chla) BYAS AL I R RE T LA
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Fig.8 Influence of light conditions on the effects

of CP16 removing chlorella pyrenoidosa

R 2 ARREFAEUEZHNERYR
Table 2 Effects of different biocides killing microcystis

aeruginosa mg + m 3

o(Chla)
A a] /d

=H CP16  Z4#]701 CuSO; PQAS

0 21.12 21.12 21.12 21,12 21.12

1 23.28 11.64 0 21.12 23.28
2 32.86 11.64 0 21.12 23.28
3 58.20  9.480 0 9.480  44.40

£3 AEFREFINKEHEBRYER
Table 3 Effects of different biocides Killing chlorella

pyrenoidosa mg+m 3

o(Chla)
=H CP16  Z4#]701 CuSO; PQAS

Aifa] /d

0 140. 82 140. 82 140. 82 140. 82 140. 82
1 154.52 11.64 21.12 148. 34 107. 96
2 329.18 11.64 11. 64 86.84 129.28

3 302. 76 0 0 86.84  96.42
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s ARINZEHEAE . H o(Chla) 2RI, 3 d RIS 2 JF0RKY 2. 15 1. A IR B e i CP16,
AR 701, CuSO, il PQAS JF2, /INERHEFET Chla i A K IYZ 2] T AR EE (0 . Horp,
CP16 AIMfIE IR B . N2y 1 d 5. /NEREFER o(Chla) BT 140. 82 mg/m’ 2 11. 64 mg/m’, %
BEFIK 01 73%, 2 3 d i, HX/INEREERAEERIK 100205 AALRIRAER] 701 I, HAenzh 1 dJs, R
N 85,0026, 53 d B HAHERMBEIAF] 100%0; CuSO, FERZAAL PQAS X/ NSRRI AE KAMHIEE NS .

P 2. R 3 AT, AFZG5 A RIS A A B MR AN ], DR I 28 3% 385 Y e fs
i AR KR 2SS BN E . CP16 XSk e e A/ RO R B R i et B

2.4 FREVIESN

LT A TS FIOAZ G LR 35 0 A, CP16 B (Cu HZS—CI?S—CHZ—(IZH—CHZ—CI;TS—C,Z Hﬂ)zcr
W 9 FE7R B4y FA5 T HOR LI R AR 2 CH,  OH CH,
BEL R FEPEIER 3 A5 9 CPI6 K% F4i14

ARSI CP16 Xt R P B T W Z ke th, BA Fig.9 Molecular structure of CP16
IRIEPER TR AR E LA O BERR 7 R BT A TESEANINL . AN 2R S i Ak P > D TE 22
IKIE s D DA A K B . O T S B TR RS LR S, ARG 1

B BB RS AR X IR SEE, IR 3 R 250 mIL 85 5% 20 B KA R A S B e KA, 230 1) Hovh
JIA 10 mg/L CP16 #HUAT 3 mL 320 R G UL, & 1 MEes 1, HAERRBLANE 10 B,
i 4 .

-,

(e)15d
10 jn CPl6 MNBE SN EEAFMERENEKER

Fig.10 Growth of microcystis aeruginosa after dosing CP16 and poly aluminum
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M 10 AT AR i DA R G AALER 10 min J5, S 3oKRE PRI BEIH R A D0, i CP16 Y3
PP BBEIUEAM s (H 2 h)5. 2 Fiimghsere b s 40 M 2 2 BED0TE = HOE MUK AR . TUREJS 1 40 i
ZURAI R IR, UERH IR S AR B R SE: 3 d s, I CP16 Y debe il AR, RIR&R (M, UL
Wi A L 2250, M 2R & A AL BR A SRR T DOV A AR M SR M S 2 25 5 d . Jin CP16
MR LFE ARG M 15 dJ, AL, UEDSET BB A IR AL 4 . R4 5L
AU BEAE s A M SR A S (6, SIMZG WA L L3 28k, SR, 25 Frseke il s s, 3t
WA R G SACR R BER 5 . BB B I A . E 3R], (UOUREESRBEME . A REHS i
HEATE ., E AT LM AR R

HiE 10 rfr CP16 5 ZEE R 8 5 S A58 AU XS Fe T DU . 2R BEAE T R 40 1l o4 200 1 1) 24 4 B0
TN RERF BEIEARTE . DRI T ARV X 8 A i 14 A KR4 T FE T o 2% A 700 AR 30958 240 36 1
Jo . WOORANNEEE . SRR ETE . SEO NP . R A RS K FE—Cr Has 15 350K
B NTRES IR A SRR P, HAR M T

3 &

D) ASFE B R B CP16 28 Az 77 4 2l 20 i A/ INER i 10 A K04 ASTRIARR FE S RIVE . 24 CP16
B Ry 5 mg/L B, H SR i e ORI/ NER B EE RS 7 d B REIS B AR, KBRS 50. 9126 AN
10.98%0; M#InaE N 5~15 mg/LBF, 1 dJ5, HISRREE SR/ NER 35 OD2o (E 33 W1 iR 25 F1RR
B R, 2 FPEe2R ik B S ODy HAE 15 d Bf Y RE4ERe R BN, HIA K M #: CP16 X4
SR e A/ NERBE Y Chla RBRR AT IR 10020, BB CP16 X a2y A K HAT 84 i ke .

2) FERRZRAEXT CP16 REERERA —E 05, @I, SIEHRAML T, IMABEERE N 5 mg/L
1) CP16 X4 4 inl 358 A/ INER A R IR RO AT, R BRR AT 4300035 9900 F1 100%0 s & G &1 T
CP16 Xof g K g 410 il el SR 45 25, %ot A 2 ol 20 98 1) 5 B SR AN 1856 26, o ZINER 98 114 25 ok SR AN
H 76.53%.,

3) CP16 X HRAIRH 25 Akl , EAKIETER AR, DA W B 420 iy R BT
ARICHEANAE AN SR BELH TR AR 1A 2 TTTE KRS, il D BR OGRS UM A i A 4 B BRuth
Hhy AR B R FS . BRI ARRE , SRR EE N, BRI . [FE
F B K I —Cro Hos 558K NTREAM BITR A BEAHALAE P, AR PR SE T,
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