%36 % %54 tE 4 K H K Vol. 36 No.5
2020 43 A CHINA WAILR & WASTEWATER Mar. 2020

RE/SUHETEXREIIENEEE = YRHHLE

r—é—]\ﬁ%{i L /I\% i'%‘&]
(REXF F¥EAFE TSR, XiZ 300350)

B E: RAKBRHELLBAKREELAIY (AOM) ,AOM 5 50K 57 RO & & 69 7 &
&) 7= 47 (DBPs) 2254k A KR P o KR 5 BALA i BRI, A, IR T £ 8/ 50K 55 AOM 44y
#2 DBPs A R a9 % vk, LR AN, 2 A AALEEA 2L FE TR AOM ‘1’7}‘%‘&@%‘7@7\* g a R E

B LMW IR AL R AT AR K A MY b TR SR AR 4 £ . DBPs A % 2 M 5L R 3% Ak R 0y It & m

¥ P 2B R Z R PR (TCM) 5 54K T A= 0 4K BR 09 & R 6 2 1 52 B m B 69 AL AL R
AR, K AR SR h JALF TCM &9 & 2, # A 24 h 8f DBPs £ &2 5 &
FAEARE A R, B R R/ R it A2 P, AOM #9 DBPs A s 3 e 4K T X R A #L4 (NOM) . AOM
HAF—i— R W AR, T NOM A4 R F S8R TH.

KEBIFE: BEEANM,;, LRAMA; RHE; HEE Y, RRANY

RESES. TU91 SCERFRIDAD: A SLEHHE: 1000 —4602(2020)05 - 0007 - 07

Formation Characteristics of Disinfection By-products from Algal Organic
Matter in Ozonation/Chlorine Disinfection
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Abstract:  Algae blooms in drinking water sources will release a large amount of algal organic
matter (AOM) , and disinfection by-products ( DBPs) generated by the reaction of AOM and chlorine
will bring significant health risks to drinking water users. Therefore, the effects of ozonation/chlorine
disinfection on AOM structure and DBPs formation were explored. Ozonation could effectively remove
aromatic proteins, phenols, chlorophyll a and phycocyanin in AOM, but the removal efficiency of humic
acid-like structure was relatively lower than the other structures. The total DBPs production increased
with the increase of ozone concentration, among which was mainly trichloromethane (TCM). The total
production of haloacetonitriles and halocatones did not change significantly with the ozone concentration.
Increasing the contact time of ozone would obviously enhance the TCM formation in the subsequent 1 h
chlorination, but it had no effect on the formation of DBPs in the subsequent 24 h chlorination. During
ozonation/ chlorine disinfection, the DBPs formation potential of AOM was lower than that of natural
organic matter (NOM). AOM facilitated the formation of bromochloroacetonitrile, while NOM favored the
formation of dichloroacetonitrile.

Key words: algal organic matter; ozonation; chlorine disinfection; disinfection by-products;

EEWE: REWRMMRERBEHSIRBEKRFES T EREBMAULARARTIA (TIBD -2018 -C-1826); EHRBH
BMEEEHFHWAE ( 21207096)
BiE1EE.: it E — mail ; zhaihy@ tju. edu. cn



7368 H5M

T OE % K H oK

www. cnww1985. com

natural organic matter

FEUE IR K A0 27 A F %) 5 S Ak ), HEAE K
H] LU R 5 F R 38 B i 36, VR b S =
ZRTEE R . R AR R T A L
YRR N ERIR RIS /Ny T AL N R
M) f 8 S B O 75 8 7 9 (DBPs ) 1Y 2R B 0 o
ALt R, RAE T DA e St AE e
WL DBPs (A% L de Vera 25 N\ R K BLRA
ATUA A BB AR = 1 HH BE (THMs ) 1 g 4R 2 i
(HANSs) [/ 1 T8 B 5 5K 8 45 N BIF 9% 2% B SA RE
s S R A VAL S A ALY, DT FEAIR & A&
DBPs A4 AR o (Rt A i 98 4B R b &
{E it THMs \ 5 LR . = FAAHIEH e (TCNM) KA
SR B AR (HKs) S5 AT

H ATA T SR WA K SRR A OK IR E
FEALFEE Rz M 08 H 43 ™ 5, SRR T3k
JE FEFIERAN  FEAL B R Bk fE v, TiAb B4
WEIRBEAN AL, P BCRE LA VLY (AOM) HERE R 2KY)
JoT  WELBA ) 5t 4 1) R, AOML 7EA% GE AR FH 7K A Bk
P AR M B 4 3 2 B ' Ao AR T 5 1 R R A A
DBPs'" , HAIA 56 540 5 42 7 AOM /E
B DBPs 521 (4 0F 58 i 38 38 Le b . A 58 R IR,
BT L AOM b i K 4r A AL (> 100
ku) FAL BN FAE P ( <1 ku) , X Tk DBPs
155 % DBPs 1 A5 AR A AN 1R R B A2 B
Zhang % \"PUBESE R B A T LU B 2 R I S A
ML A S Wi A T e . R AR X T AOM
454 S oAz 5 DBPs 1938 e B AR FEAE — 2 52 1),
(ENSRi R SRS NS S i s =V R = B A
)z IR AR A B LA TR A MBS B4R/ AT
B AR AOM ZEJ DBPs fUFRAE, %5 T I, 34 LA
] S A B Ry e R AR R T R AL X AOM
SERR )52, AN ) 5L AR BN B R fi B ) 25 4F T
Ja 2@ IH #EH DBPs 1 2R UG O, LA R AN 6] AOM/
NOM b il 7K#E 28 B4R/ A B2 J5 DBPs 19 2E JUIE O o
D€ (1) DBPs f4% :4 il THMs, Bl =& H1 %t (TCM) |
— RSB (BDCM) . R —Z H Bt (DBCM) | =
TRH&E(TBM) ;3 F HANs, Bl =450 Z i (TCAN) , —
FALNE(DCAN) . —R— L NiE (BCAN) ;2 Fft HKs,
RP1,1 - 5N (1,1 -DCP) (1,1,1 - =54 N
(1,1,1 =TCP) ;i%45 TCNM,

1 M5 &
1.1 X585

EPAS10 =5 FUBEIRAR . IARY 1,2 — RN A
PRufEan Il 22 [ o2si 23], EPASSTB FRift il g H 3¢
[E Supelco 2y 7], SNOM ( Suwannee River NOM) i) H
I B 5 4 B2 Py 25 (THSS ), SNOM fiff 45 W ¥ By 20
mg/ L, ZEHH] FH 0T Bk (MTBE ) o (835 21, 1
AT CNW 2w, AWESE b iR A HoAd B A
IR R A el X5 Il RK X Atk . B
BEWE =R H 35 [E Acros 24 W], YRR M ( Bl iz
T ,NaOCl >4% ) %W B 22 850 mg/L( L) Cl, 3tf)
HAE 4 CIAf & —ERIR S 0.2 mol/L [
Na, HPO, #1 NaH,PO, ¥, 193] pH {H4 7.0 Y22
TR S TC) 1 o/ L IR I BRI W T4 1k
FIHTER
1.2 BEEFMAOM BFI&F

2R ARRE SR ) b E R B UK A A Y
FEFTE IR OK B (4 5 : FACHB - 905 ) , >k H]
BG — 11 $55p E45 55 R E (27 £ 1) CO6RE L
12 h : 12 ho SRARAE T X0 A 1) ] 2 il i v
W, LAS 000 r/min &0 8 min B 2500 BT 15 1 8L 4
FHMEATK I BE A B0 3 3k, R vk 200 35 i A A
AR LN AL N 7 5 , R e 28 B0 AR A Y 8 200 i
HOPE TR AR K S A ML W T - 20 CURAR/
WL URRE 3 RG] 0. 45 wm B R 2 2 5t U,
732 AOM fiff £59K »
1.3 RE/SHESRBAE

AT AL Bt R AR 38 - A BRI RE K
PR SR AL R BB AU R0, 1
MPa, Jiiti 4 0.5 L/min, 78 7 “C /K ¥ H il 4 °F- i %5
fif 3 2 (26. 84 £0.60) mg/L (Y AW, HIWEIR
BE W =R i €8 12 JH A TAR A o

R/ FIHFFAIRTE 500 mL A7 (07 5 55 % B
IR EAT | Ko ] 6 1) SR SRV TR ALL K A e i —
FE HCHIR &, 45 B 31T RSBk B 1) By 7
500 mL, &S IRCRT R UK BEIR 5 IS Y T
AOM HIEGHE S 3.0 mg/L( LA TOC 1) o #F5E 1T A
[] R A BN (0,0.5.2.0 A1 4.0 mg/T) LA KA
[F] 5L 4R 422 ik B[] (0,10 .30 min ) 25K DBPs [y 2k
AL o 1 AR U S (R Ak B R



www. cnww1985. com

E MR, S R R/ AN P SRR A UM A AR H R TR A e A

364K HS5MH

SIS TE] ), HoA S EOR A AS - R BIR Eh
2.0 mg/L Bl B A fil i 4] Jy 30 min, pH {24 7.0,
ABINEHR 5.0 mg/L(LL CL i) 5 RN IE IR P A
IR B  (ER A I e RS -k J3 e A A
FRBR T (0. 05 mg/L) . £ NOM Al AOM HL AR
H1,NOM Fl AOM $ AN [F] Lb 5 53y 4 20, B A:5.0
mg/L 5 AOM, B:4. 0 mg/L ffj AOM + 1.0 mg/L f
NOM,C:2.5 mg/L [ AOM +2.5 mg/L {1y NOM,D;
5.0 mg/L ff NOM(¥JLL TOC 1) ; 5B FHe & A0. 1
mg/L,pH (K 7.0, RASHMMKE R 4.0 mg/L, R
SR St 1] 2 30 min, SEA N 10. 0 mg/L( LA
Cl, i) o wlgarh, s B Ry (15 £2) C,7EAAL
ST b A 24 b PIRURE I GE A% SR B SRS A
UM FRZ 11 SO0, 4T DBPs (A IS A 7347
1.4 SWmB5EAE

AOM Z5#h) 5 3 = 4560615 (EEM) RAE , 7E5¢
6o EETE A, KRR (20 £2) C, X
M A ALY O A LS nm ] i AL 200
nm F45 F] 770 nm, [F5] B A B A LS nm 5]
220 nm 2] 700 nm, R ## USEPA Methods 551
Jiik R MTBE AT ORI, SR 22 HE 48 78908
SR A5 oL T AN 2% (GC/ECD ) il %€ DBPs, 5%
Fl DB —5MS(30 m x 0. 25 mm x 0. 25 wm) {4 {4k,
HEREFIRLEE S 200 °C, A3 o 310 °C, FHRFE Y : 36
CAREEF S min, L 10 °C/min FFEZE 70 C{#£4 3.5
min, L)L 20 °C/min 7+ 3] 200 C 5134 3 min,
K HACH S0 G0 S 50R B B AR o
2 #XR54%
2.1 REFEMUIFAOM FH3HI 50T

AOM 45 FFFIERZ I DBPs A ik o SR =
AEBECEIEAI BT R IR, AOM JKRE rf F2 325 55 7 I
FHEHAMEZE (Ex/Em =280 nm/350 nm) M4t % a
(Ex/Em =380 nm/650 nm) . ¥ 3 1 ( Ex/Em =630
nm/650 nm) J&5H R 2 (Ex/Em =350 nm/450 nm)
Y5z, 3k Le ) Jon i) S U0 T e A R AR AR vk FE 1 3
s (W 1) o RAARAE R T Oy B e A
Ty 24 o Wl e o W T ELTE SRR 2y 2.0
myg/ L 7 0 2 AR T AR BR (1 x 10° CPS)
CABFFIED], R A REAE T T A R R0k Ak XU 25 A
TRLFNZE R | (ARG IR 2R AR 2 A T 3 S I A i
BRI B AR AOM [ SRR R
IR B AR R 2 (R ' e B R R AT, 60 AOM

9.0E+06
6.0E.

300 400 500 600 700 300 400 500 600 700
Em/nm Em/nm
a. BRI =0 b. BN E=0.5 mg/L

2.0E+07
9.0E+06
6.0E+06
3.0E+06
0

300 400 500 600 700 V 400 500 600
Em/nm Em/nm

d. SR BN E=4.0 mg/L

E1 RESERMRET AOM i =455 ki
(TOC =20.0 mg/L)
Fig. 1 EEM of AOM at different ozone dosages (TOC =
20.0 mg/L)

WA EE a JERAETE WAL YA P i 1) B i PR AR B
Z— L BRI 45k 0.5 F12.0 mg/L
Bf, 2 a 12 G IR 20 3 R T 45. 3%
98.4% , 4 RLABMH R E] 4.0 mg/L B ILEEAH]
M4k % a W26, A WFIT R BH , 78 i 48 1ok 38 3
AOM g BT 2 185 Fh &R (1 Fl 13 Fp 4 Sz,
IR N EEME A WL 0. 673 mg/
L Y SR /3500 0.5 2.0 mg/L I}, 3
W 2R 9 I AR 43 IBEAIR T 50. 1% F196. 5%
FARZE R AR S BRI G R a FIEEIE R
1 AR ok p s,

JEE B RS ) 5 (1) B AR S5 4 S 0 B SR AR SR E A5
Py, 30 AR AL Rk Bk TRIL AL S ERE
, XL R AT LA A v I B 1, s R AR
F 55 S A PR o Y SRRk B 43531 R0 5
2.0 fi14.0 mg/L W, B FE RIS (1 5 GIE R TR 43 51 B
KT 49.2% 71.4% F176.2% , 155 A 3k B Ky
2.0 F14.0 mg/L i i 5E FR I T 1) S BRACR A
B T, KRR IRAYERETE T0% ~80% , X 32 M
JEFATR IS AR LT 4 25 a A1 i 2 1 AR S5 AR
2 SR SE AR AR XN
2.2 REFUEMHXTSETERDBPs HRNT
2.2.1  SLAEIMVE EE 5m

LA B ot S B AR B DBPs 152 i 1 &
2 fliR,



¥ 2 K HE K

www. cnww1985. com

%365 HS5H
0.5¢ ETHMs B HANs BHKs
T, 04f
2 03f
3
< 0.2}
=
% 0.1} '
0 0 0.5 2.0 4.0
SLEBNEE (mg- L)
a. DBPs Bt 54k 1 h
0.5 ETHMs B HANs BHKs
T, 04f
E03f
3
< 0.2}
i
% 0.1f I
0 0 0.5 2.0 4.0
SRS B/ (mg- L)
b. DBPs Mkt &1k 24 h
~ 0.3 B0 mg/l. WO.5 mg/L
T H2.0 mgL 4.0 mg/L
202
2
=
P
0 = = = et z Z A o
g 2 =2 3 53 2 2
2 2 E =2 =2 T4
c. DBPs #1235 %fk 1 h
~03
= B0 mg/l. 0.5 mg/L
g 0.2k B2.0mgL @40 mgL
2
=1
®
0 e .] E]_!]_
Z. z Z
2 8 & 2 =2 D
d. DBPs Fi 2% &1k 24 h

E2 REZMRENRE/SHZThI24h &g
DBPs & & FnfhEH 500
Fig.2  Effect of ozone dosage on total amount and species
of DBPs formation from AOM during 1 h and 24 h

chlorination
5500 R A TAL BEAR L, RSB L 53 50
0.5.2.0.4.0 mg/L i}, 58 4% 1 h J§ THMs Qg 4)
HEEHT 1.88.2.48 F12.96 £%,H#E 24 h j5 THMs
SEP RGN T 1,021, 73 F1 1. 98 £, A i)
THMs H 22 TCM, ] WL, BiE R A B0k
BERYIE N, AOM S84k AR i THMs S o 3, {5

JEFA 24 h i THMs B34 I BEA G4 1 h iy
T

HANs 1 HKs Az Bt Bl 580 vik 2 1 22 4k
FERAI . 2 B Ak B 4300 0.5.2..0 il
4.0 mg/L I}, 504k 24 h J5 HANs A= s 20 B
T 88% 89% F195% , A= i) HANs FZLJ& DCAN,
AT TR SRR AR R a S
RA WL FE R A AL B S BEAIR, T REAE G 1 /N3
T WL R 2 AR A i B9 kB, A
AOM ¥ A BLIE 5 A HLE I LB 29 36% , BE
AT 1.0 mg/L( L) CL, i) BA HLEE™ . 4
SCHR AR IE FR, 1259 5 nT LS U I AR B HANs
(1 DCAN TCAN) " &4k 1 h B}, HKs A= 5§ 20
Bl G ARV B i T e T A W AR Ak s Ak 24
h i ,1,1 - DCP 7E T SRS T 9S4 AE 1w I i
o T RS
2.2.2  SLAAE T R] 5 M)

B 42 fk s ) X6} 40T 754 B DBPs (1452 1 41 4]
3 . Ak 1 h i DBPs i i 5L A1z fish o 1] 14
FEATATHE AN, 4 5L A2 fk B (8] AZE 1 %2 30 min B,
DBPs St 38 13 50% o 53 fil b (8] A EAH L,
THMs 7E 5L %03 fil i (5] 24 10 1 30 min B, %64k 1 h
Ja oG T 43. 0% F1 85. 0% , I E A Y S
TCM, {H 2% L] 24 b By, B A HZ fi B[] % 1
DBPs iy il i s AN K, HANs i1 1,1 - DCP [y
A RN 2 B B ) A 52, 1,1,1 = TCP A&
B TE LA AL AN 8]y 10 min 504k 24 b BFHER K

0.5 ETHMs B HANs BHKs
S04
£03
2
{3::»( 0.2
S
0 0 10 30
B4 22 fi 15 8] /min
a. DBPs Bht 54k 1 h
0.5 ETHMs B HANs BHKs
504
£03
3
<02
= 0
& 0.1
0
0 10 30
AU fl B[] /min

b. DBPs B i 51k 24 h

.10 -



www. cnww1985. com

1 B, 5 R B AU AP SR R A AL R A ) 6 4 AR

%36 % %5

e
o

HO min M 10 min M 30 min

e/ (umol - L)
IS

z Z Z
S2% % %%
m A B oA ®

1,1-DCP
1,1,1-TCP

c. DBPs #1258 54k 1 h

| “ HOmin M 10 min M 30 min

e
L

WP/ (umol - L)
S

TCM
BDCM
DBCM
TCAN
DCAN
BCAN
1,1-DCP
1,1,1-TCP

d. DBPs 12 50k 24 h
3 REEMMEMIE/KEFIhM24 h &R
DBPs & 0 2 A9 RN
Fig.3  Effect of ozone contact time on total amount and species
of DBPs formation from AOM during 1 h and 24 h

chlorination

2.3 AOM FANOM 4 B DBPs &R

WK UL HE AOM AT NOM, Sif J5 H 4%
KNGO, BEiT 4 ZIAN R AOM/NOM LU 451 f) 7K A
Fr R/ SR TR, R 0. 1 mg/L {5 & 14
PLEBROKAR, DBPs A2 AR BCULIE 40 454k 1 h i,
AB.C X3 4l DBPs B AL, (H D A (A&
NOM) i) DBPs i B I LU HCA 3 2 7y 5 2 5 Ak 24
h [5f, DBPs i B AOM LU {5 i1t R 10 32 i T =i
X LA AOM B DBPs A i i BE 2 L NOM i, AT fiE
ST AOM WA B vk BE YA AL, 5 A iy S8R
PRAE B T A WL , TR T DBPs f) 2R iU R
ABEFEFRW, B B b SO A ] AOM BEAUUKEE
24% ~40% 11 H i S a0

2.0 ETHMs BHANs B HKs

L L5t
E
3 1.0}
5
% 057

0

A B C D

a. DBPs &5 541k 1 h

2.0t ETHMs B HANs B HKs
15}
E
3 1.0t
o
% 0.5¢
0
A B C D
b. DBPs & i, 1k 24 h
0.8
. AOM:NOM:
5 0.6 m|1:0
= m4:1
£ mi:l
4t
ii 0 @o0:1
e
% 02
0

= = = = zZ Z
2258 £ ¢
m A 2 m

c. DBPs FliZ& G4k 1 h

1,1-DCP
1,1,1-TCP

0.8

_ AOM:NOM:
1, 0.6t |10
D m4:1
g 18

4t :
§0 mo:1
i
%02 l]

0

TCM
BDCM
DBCM

TBM
DCAN
BCAN

1,1-DCP
1,1,1-TCP

d. DBPs #2504k 24 h
4 AOM/NOM Ltz RE/SiEE 1 h #024 h &gy DBPs
BEEMFER I
Fig.4 Effect of AOM/NOM ratio on total amount and species
of DBPs formation during I h and 24 h chlorination

A1 h 5 THMs 7£ A B C 41A9 48 L8 i 4
UT, 290 D 24HH9 86.3% ., 5 A 41RILL,B 4% D 41
TCM A B EAR R T 0. 1% . 10. 7% 54. 6% ,
TBM £ R EBARIRIEIN T 14. 7% 54.8% 171. 4% ,
BDCM A= i B AR AS | T DBCM A i i 550805 18
4k 24 h B, TCM ,BDCM ., DBCM ) 4= Ji% & [l &
NOM . {51 9 38 A 71 2 35 5 , TBML 1692 B i A A A
MR, g FEP, 5 NOM A 1L, AOM R 2
THMs B4 S5 A4, AOM F1 NOM A= i) THMs Fi
KR, AOM ¥ (A 41) A4 B iy TCM,
BDCM .DBCM . TBM [ 6] 43 5 K 15% 34% 46% .
5% ,NOM ¥ ¥ (D #1) ™ 4 B ) TCM, BDCM,
DBCM . TBM FL 464550k 20% 31% 37% 12% . A,

- 11 -



7368 H5M

T OE % K H oK

www. cnww1985. com

b 1 h i), Bl NOM L 451 () FF 5, TBM 9 & B384 i
Wi, BET 5 AOM A H , NOM T 45 5 5 o & Sk 15
BN BR RV

FAb 1 h B Bl NOM Ll i) | F-, HKs i
WA T, o L1, 1,1 - TCP AR it i T i ok =
AOM A p{ ) HKs S (A 2H) {2 NOM A j5 (D
Y 67.2% , EAk24 hif,1,1,1 - TCP A i
PR, HKs g AN AOM Fb i 1) 28 1k T A8 Ak

AL 1 h B A 4109 HANs A 50 2 0g & T
B.C.D X 3 41,7651k 24 h B} 4 411 HANs A= il &
HHHEIE 0. 05 pumol/L, HANs A= B fli 26 & % 2
DCAN HI BCAN, 7£4i4k 1 h fi124 h Bf, DCAN A= i
e AOM HLAIl Y T BTz b7, i BCAN Az il it
NI 22L& H . NOM(D 2H) i) DCAN 4= i
R T AOM(A 41) , 7554k 1 h F124 h i D 2
SR A 20 34. 0% F197.4% ., AOM (A 41) 1)
BCAN 4: jii i H NOM(D #) %75, ek 1 h 7124
hish AZHEL D ZHAM 0 T 48.3% F192.9% , X3
W] AOM Lt NOM T %5 5 A iR AR DBPs
3 4k

SAEALREA R L BR AOM v 35 35 6 2 1 A
X SRR a TR A5 P o, AEUE 0T B R 2
SR T 2 BRASCRAR XS AR o 3G R B AR JiE
2338/ AOM (1) DBPs AE pi i, Horp F22 88 & T
TCM f4E i, HANs 1 HKs 9 2E BB R A
IR BE A AR B i SR R AR R] 2
B3N 1 h S4kH TCM 4 &, 5401k 24 h i
DBPs 4 i i 5 R M R o6 . 78 B R/ A
BRI FEH, AOM 11 DBPs 2k i REIL T NOM, AOM
AF F BCAN [ 4 B, i NOM 2x 4 i TH £ 11y
DCAN,

S 3K
[ 1] Hua G, Reckhow D A. Effect of pre-ozonation on the

formation and speciation of DBPs[ J]. Water Res,2013,
47(13) :4322 —4330.
Qi W,Zhang H,Hu C,et al. Effect of ozonation on the

characteristics of effluent organic matter fractions and

(2]

subsequent associations with disinfection by-products

Sci Total Environ, 2018, 610/611 .

formation [ J .
1057 - 1064.

Phungsai P, Kurisu F, Kasuga I, et al. Molecular

[3]

characteristics of dissolved organic matter transformed by

- 12 -

(4]

(5]

[6]

(7]

[8]

(9]

[10]

[11]

[12]

0, and 0,/H,0, treatments and the effects on formation
of unknown disinfection by-products [ J]. Water Res,
2019,159:214 -222.

Chang C, Ma Y, Zing F. Reducing the formation of

disinfection  by-products by pre-ozonation [ J ].
Chemosphere ,2002,46(1) ;21 -30.
de Vera G A, Keller J, Gemjak W, et al.

Biodegradability of DBP precursors after drinking water
ozonation[ J]. Water Res,2016,106:550 - 561.

SRIE, R, D, S K R AR A A A AL
YA A TR R HE A [T ). 3524 ,2017,38
(3).:1038 - 1045.

Zhang Sai,Hu Xuebin,Gu Li,et al. Peroxidation of high
algae-laden water by ozone; Algae organic matter
transformation and disinfection by-products formation
[J]. Environmental Science,2017,38(3) :1038 — 1045
(in Chinese).

de Vera G A, Stalter D, Gernjak W, et al. Towards
reducing DBP formation potential of drinking water by
favouring direct ozone over hydroxyl radical reactions
during ozonation[ J]. Water Res,2015,87:49 - 58.

Mao Y, Wang X, Yang H,et al. Effects of ozonation on
disinfection byproduct formation and speciation during
subsequent chlorination [ J ]. Chemosphere, 2014, 117 ;
515 -520.

KA, U, R IR BEXT I LI KB
THRER PP L], E 457K HEK ,2016,32(3)
56 - 60.

Zhang Jing, Zhai Hongyan, Ji Min. Removal of algal
organic matter and control of disinfection by-products by
coagulation[ J|. China Water & Wastewater, 2016, 32
(3) :56 —60(in Chinese).

HR AL, TN, 45 ISR S L
22 BR ST AR eI L) ] BRI, 2017,
38(9) ;3738 —3746.

Miao Yu,Zhai Hongyan, Yu Shanshan,et al. Removal of
algal organic matter and control of disinfection by-
products by powder activated carbon[ J]. Environmental
Science ,2017,38(9) :3738 —3746(in Chinese).

Lui Y S,Qiu J W, Zhang Y L, et al. Algal-derived
organic matter as precursors of disinfection by-products
and mutagens upon chlorination[ J]. Water Res,2011,
45(3) :1454 - 1462.

Zhou S,Zhu S, Shao Y, et al. Characteristics of C-, N-
DBPs formation from algal organic matter; Role of

molecular weight fractions and impacts of pre-ozonation



www. cnww1985. com

EI B, 5 R R/ RUH AP SRR A AL R AR 4 AR

%36 % %5

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[J]. Water Res,2015,72.381 —390.
Zhang N, Liu C, Qi F, et al. The formation of
haloacetamides, as an emerging class of N-DBPs, from
chlor( am) ination of algal organic matter extracted from
Microcystis  aeruginosa, Scenedesmus quadricauda and
Nitzschia palea [ J]. RSC Adv,2017,7 (13).:7679 -
7687.

EETE, A, R UL RO 5L AR AR R R Y SR B
HHSETT]. BALL,2016,36(4) 133 - 136.
Wang Xuejiao, Gao Xiang, Zhai Hongyan. Analysis of
the key controlling parameters of dissolved ozone
concentration| J |. Modern Chemical Industry,2016,36
(4):133 =136 (in Chinese).

Hammes F, Salhi E, Koster O, et al. Mechanistic and
kinetic evaluation of organic disinfection by-product and
assimilable organic carbon (AOC) formation during the
ozonation of drinking water [ J]. Water Res, 2006, 40
(12) :2275 -2286.

Ramseier M K, von Gunten U. Mechanisms of phenol
ozonation-kinetics of formation of primary and secondary
reaction products [ J]. Ozone Sci Eng,2009,31(3)
201 -215.

Shi K,Li Y,Li L,et al. Remote chlorophyll-a estimates
for inland waters based on a cluster-based classification
[J]. Sci Total Environ,2013,444 .1 —15.

Liu C,He S,Sun Z,et al. Removal efficiency of MIEX®
pretreatment on typical proteins and amino acids derived
from Microcystis aeruginosa [ J]. RSC Adv, 2016, 6;
60869 - 60876.

Mousavi S M S, Dehghanzadeh R, Ebrahimi S M.
Comparative analysis of ozonation (O;) and activated
carbon catalyzed ozonation ( ACCO ) for destroying
chlorophyll a and reducing dissolved organic carbon from

a eutrophic water reservoir[ J]. Chem Eng J,2017,314,

[20]

[21]

(22]

396 —405.

Miao Y, Zhou Y, Zhai H,et al. Evaluation of bromide
incorporation into THMs and DHANs from chlorination
of algal organic matter[ J]. Desalin Water Treat,2017,
80:306 - 316.

Jrdhze . AR M R A ML A AR T 7 R A
PRI LB 5 R [ D ] W IR 8 Wy R 3 Tolk R
#,2010.

Fang Jingyun. Formation and Control of Disinfection By-
products in Chlorination of B-G Algae and Algal Organic
Matter ( AOM) [ D ].
Technology ,2010(in Chinese) .

Harbin: Harbin Institute of

Deeudomwongsa P, Phattarapattamawong S, Lin K A.
Control of disinfection byproducts ( DBPs) by ozonation
and peroxone process: Role of chloride on removal of
DBP precursors [ J]. Chemosphere, 2017,184 ;1215 -
1222.

EBEBN IR (1993 -

) WAE AT RN L
WFFEAE  WIFFETT ) AR R AT 7 = 4

E - mail: yyw2018dot@ 163. com
15 H H#5:2019 - 08 -27

.13 .



