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Effect of Preozonation on Disinfection By-Products Formation Potential of Algae

Cells and Extracellular Organic Matter
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Municipal Engineering Design and Research Institute, Changchun 130021, China)

Abstract: Water containing Oscillatoria agardii was cultured under controlled conditions and harvested in the late log growth phase.
The objective was to determine: the contribution of algae cells and algae extracellular organic matter ( EOM) to the disinfection by
products formation potential ( DBPFP), and the effects of preozonation including ozone dosage and preozonation time on DBPFP of
algae cells and EOM and mechanism of these effects. The results show that the main trihalomethanes from hoth Oscillatoria cells and
EOM are chloroform and bromodichloromethane, and that the main haloacetic acids are dichloroacetic acid and trichloroacetic acid.
HAAFP from algae cells and EOM themselves or after preozonation followed by coagulation is more than THMFP, which shows that
more attention should be paid to the control of HAA in the treatment of algae containing water. DBPFP of EOM is reduced by
preozonation, and DBPFP clearly decreases with time. Compared with traditional coagulation, the dosage of 0.975 mg/L
preozonation with reaction time of 10 minntes followed by coagulation can decrease DBPFP of EOM by 31% and decrease HAAFP by
52.6% , but increase THMFP by 12.5% under this experiment’ s condition. This result shows the major reason preozonation can
control the DBPFP of EOM is that it can control HAAFP effectively. At the same time, the DBPFP of algae cells is significantly
increased by preozonation, and this increase is almost a linear function of preozonation time. It can be concluded that in the real water

treatment case most of algae cells should be removed intact before preozonation to control the DBPFP.
Key words: algae cells; EOM; preozonation; DBPFP; THMFP:; HAAFP

A EATE dE ok #E b = AR ) = pd Wb RS RE T = = s W e 0 SRS TR, 1 H. =
(trihalomethane, THM ) Fl % £ [ ( haloacetic acid, BT B (1) 7 A B AR AR 28 BRI AR I S B
HAA) S AR =9 &5 | 5% B 7z A AT pH IS ()i S ) 45962 ) Wachter
KPP RARAT N, R A R, X LR ™) SARUER L RRY], S A EOM )k THM
(B AR N7 £ 7 X L B XD W g (1] U S —

)J\E_K‘Af%(extrauellular organic matter, EOM) 1§ i gg%g fgfﬁi;;ﬂ:&g}?ﬁ?;{og;;gﬂ;ss)
BER =W ( disinfection by-product, DBP) BiAMIH CL  fEEE v Jrdh 201980~ ), L, MLBFIU/E, S BHF IS 17 b 43K b

HE, E- mail: moran8800@ yahoo. com. en

‘Eﬂii”: "'j\‘.: Graham % }\. W‘J {]jl]E 5‘E 22 HH . BE ﬂ" H@. )y( EOM * JHAREE R, Frmail: mujlln@ hit. edu. en



1128 7

B 27 %

ffIfie )7 402419 {H Plummer 58 53 W)L K, 70% (1)
DBP A4 A U T35 40 M) . 55 0 B R R A
Lk, #2506 DBP (1) 51 k(75 51 A2 T A, Hoehn 25 1)
SIAG R W, 4 PhEEAE A R A T P g R S P A
i TR (B Oliver MIBFFLE B, 1 mg/ LI
] 3 11 356 40 M 7 A 48 W/ LR G4 (L IR )
S5dy, ifi & TR LE [ FE & 1 F 7 A4 80 Me/L )
ALY,

FHXF T T R 7 LR, BB 1 R
DBP R A . AR i T 3 A 5 1 5 26 vk, X T %
A g S TR T AT R C A o SRR AT
ARAT BR, &5 L0 22 SR, AL LR AR K A e i)
| AR A4 48 —— 813 ( Oscillatoria agardii) 4
WFFE0 %, S S0 AT EOM 43 B3 )5 4 B 47 BF 9T,
PRAIE — 6 SC F BE 0 i &% 4L EOM X T THM Al
HAA AR 3 1) st i 30, 9 2% 5% 5L 5 1 4 A0 ) 2
THM FITHAA A=A g ma, SRS AN [R) R4
SN[ PAE AR IS R) X DBPFP (1) 5 Wi i AE.

1 MR5FH%

1.1 X FIRR

DHX-SS- 1G4 5256 5 ] Y 5L 40 K A 8% (W R 15
AR ZE TRRBORAT PR D) ; 752 BE A6 4>
YOGEETE BT (TOC-VCPN, i) ; ZR4-6
RURERICHEFENL RN rhife 7K TolkH AR & A7 B
D) AR50 BT X ( Agilent-6890N) , ECD £ il
v, Column (Agilent 19095J-321, Capillary 15.0m X
530Hm x 1. 50Hm) .
1.2 SEEe 5k
1.2.1  HigEmaiss s

B EEAY (S5 HB920) W [+ [EIRb2E B KA
HIWF BT, BB IR R et aRBr R 110 7 5k, 5%
FEX ] BG-11 5953k, BI7E % 1 8L £ 9% JE[1) 10L
FAY 11 40 K 43 e 5% 9%, 06 B4 1 O 2 000 1x, 3
20 'C 2 C. K IR S 7608 50 K0 3k P A 3 f
KM% a IRAEISF] 414. 96 U/ L), K KR
BT IR
1.2.2 S AG AE

Ktk B 5 #ACRE, 0. 45Mm 38 K 3 40 il
A& EOM 17K 7325, SR Ja 78 R A B 26 10 K b

N3 R AN, PR AAE S EOM R /KR T

200 1R K FE R I S0 - (clay) /LR 0. 18
g/ L, JBCE Th A8 FCAE AKCRE ik 217 i, DABSDUOR 2R

AKARIRIGE, [ Iy D4 98 otk A 412 (1t e AR

HI 500m L 5 B 5LA R Y 2, HU 75 EOM-clay
(I ZARE T 57 3 41 Y- clay [F9 7K £F 500mL 25T, @347
ST IR 5. ARG K ) AR — A 0.5~
2.0 mg/ L, &€ 4 >SN 0.486 .0.975 .
1.557 \2.133 mg/L, % AL I 8] 24 Smin; B 0. 975
mg/ LIS AP [a]( 0, 2, 5, 10min) (1]
Sem. SR J 2 A S AU B R 28 A —
BRI A S 4k 380 T R 38, 8 5 A Jie I8 48 15 % 1]
SRR RN T I 1), SR I 00K RO A% 9 K FE
A ) AR, DOk 3028 11 R H 9.
1.2.3 gt

TENEIEFENL L BT, ¥ T4 AL 2 )5 IR KRS
4 500mL [ AN, ) B b [F I A 10.0
mg/ L (LLAP* ¥F) Ala(SO4) 5( BT R 50E ] 43
dee A #E ) 2 AT IR BRI 5. PR BE (300 1/ min)
Imin, {2 (50 r/ min) 10min, & 30 min J5 L 3%
Ml lem BAF L3S 250m L BEAT & S04 b (100 5
1.3 bl 77 i
.31 REE = A e il s ik

B 84 A # (disinfection by product
formation potential, DBPFP) [a]£#4C& T K —
FE( THM) AR 10 LR (HAA) FT A4 10 7R 1
K. DBPFP [0 502 A 7 ey 48 St R B ) 52 1 g
FAE R, AKRE A R = o F e R 17 R 1 . L5 11
FLAASD B Yy (DL 200mL ZKFE, TN BE 108 55000
HI 1mol/ L (48 HCL A /KFERY pH P4 7 7ty @FK
11. 7g 40 Hr4lift) NaOH Fl1 68. 1gKH,PO4 ¥ T 1L &5
Al K I BB MR pH= 7), B 4mL BE2E MR
JA 200mL ZKFE; @K AT I NaClO ¥ #,
fKBER S BN E K T 20 mg/ Ly @i & # K
FEION 20 °C £0. 5 CIIAE AL BT 3R 40 v, 72 & 1
TRV 72h; G72h JG HCH 50mL AT 40mL AKFE, H
o PR IR 2% ki S, 2% 5L R R
method 551. 1 Fl method 552.3 Hl GC-ECD 43 %1l
SE = UG THM) Al LER(HAA) IO, )R 14
AHE B 100mL W 4 S R LK TS
mg/ L7
1.3.2 /K = p e 1) I

AR KW e T 4 A THM, B = S b
(CHClLy) ¥ 5 %E( CHBrCly) iR — 50 H 4
(CHBr,Cl) « = 3 1 % ( CHBr3) . Wl & % 1+ 2 %
USEPA 1] method 551. 1'% JE7F B 3L fill | 4R 415 A
IRE A S E B . THM I 5 4 4 n R B THikL
75 40 CHAF R FF 2min, LA 20 C/min [ 38 5 T 2



6 W 7

Bt #* 1129

150 C, {24F 1. Smin; FEFE LTS 200 C; Kl 25 il 1%
290 °C; ‘I3 # 55 em/ s; BEFER 1ML,

1.3.5  JKp SLAGR B 5
SR A — R ),

1.3.3 K SRR e 1.3.6 /K RaE
AW W E T 5 F HAA, Bl —H 2 R Al enesa el

(MCAA) 5 LM(DCAA) =4 L (TCAA)
WOFR(MBAA) I LR (DBAA) . M| 5E &4 %%
USEPA [ method 552. 3%, 3§75 3L il b AR 48 A
IR A IS A B . HAA B3 4 B THE: 40 °C
{55 15min, LL 40 'C/ min (1735 J& T} ] 205 C, {# £
2. Smin; BERE LI 210 C; Kl 2831 290 °C; -1
i 33 em/ sy FEFEEE 1UL.
1.3.4 KA HLAD MR v

K AR HLBR( DOC) (1 52 S5 K REZ ik
0. 45Hm (¥ 368 55 3ok 968 5 1 4 ) R0 8 20 A S0 5z, AR
K B WL, UVasa st 254nm K T K
PER SO B, T8 AR K O FEA A
HU R 3, A S50 SR UV sy IR AR R AT DL IR
JE, e SR 752 RISRAM e et .

1.3.7 WL &
P T B g 1) R ek L B T B VR, AN 5
JiEU R R IR

2 HR5IE

2.1 JEAKIK T

MR 1R 2 n] LA Y, A BICOR 1) 35 40 e ) Lo
AFEIATHA, 5 DBPFP [ ELBIR /N, EOM & 3222
(] DBP Fi&Y); S 410 A1 EOM 2T 1 55 &
FRME R LTR (DCAA) Al =5 L& (TCAA), T %
TR = i F p i = S ¢ (CHCL) Fil— 3R & H
Le( CHBrCly) . #:25H1 EOM JE 1% 1% £ BRI fig )11 v
FHE 1= HBER fiE ).

F 1 [FokHKERIEHR

Table 1 The quality of raw water

K " -4 e a ol DOC UVass FER AN PET THMFP HAAFP DBPFP

- P /Hgr L™ ! /NTU /mg*L” ! Jem™ ! /mg* L. ! /Hge1." ! /Mgl ! /Hge " !
EOM-clay 9.54 0 28.6 8. 165 0.023 19.62 215.89 362. 59 578. 48
4 41 2 clay 7.70 414.96 37.2 0. 889 0. 281 3.917 16. 40 37.73 54. 14

F2 Rk EFh DBPFP RO E
Table 2 Concentration of various DBPFP in raw water
KB HAAFP/ Hge 1.~ ! THMFP/ Hge 1~
. DCAA TCAA DBAA CHCI3 CHBrCly CHBr:C1
EOM-clay 115. 84 246.52 0.22 170. 66 33.76 11.46
540 Y- clay 6. 89 9.19 0 24. 64 13.09 0

2.2 AR R RN EOM-clay KFEREDU K FEFW RS St k42 6k 7 9 £ (9 DBPFP; i 4

EapA)

M 1(a) W] LA, Bl AT S4B W3, &
EOM-clay /KFf 9T )5 7K DOC Z8AE A B &, {H & 37
FEM R UV ose B B/, RE AL B F G
P, ST I EA GRS K A B 1k, (0 S0
T AN G5 R, A5 AE A L AN RStk />, AR
JSCFR A ) 1 A= DR ol /)

M 1 (b) wT LA H, Bl AT 5 4 B 1 14 n,
THMFP Fl HAAFP #B7E W & B A )5 SOn& A3 T .
&L DBPFP 5 R B $h. 78 5L L E N 0. 486 me/ L
I, R4 TR AL AL B AC DBPFP [ 2% 5L ik 3 & £, 4
25. 8% . X2 TG4 ) S A, 100 4 A i A VR Tk 11

FEBL (1 AT AL 2 R Bk ok R 77 A AN F S i, A
Bl 1(b) Bl LAUE H, AT, EOM KL T
SRS I HAAFP 39 8 i F THM FP.
2.3 AN[EFRA AL I A X EOM-clay /K Ff R %0 G
IK 1) 5

B8 2( a) o] LA HH, B AT T3040 A B D) 1) 48 G,
& EOM-clay /KFEFITT)G K 1) DOC A8 4L AW 5, ity
THFEI SURT UV sy HVRFSEBRAG. 30 B 76 AR50 451
T, FOUAEAR B ) 9 S AN R AT ML 1k, (R & 24
AT AT MU S, AT A AT I LA AN A ok D,
A IR ST B A R k)N

M 2(b) nTLLF H, B 704 A B 1) ) 2E



1130 H 5§ Bl o 27 4%
20 0.25 500 |
Fe .
e ) e m— DCAA
o6 e TR - 0.20 400 - “x - @- TCAA
= — - W A DBAA
S — - - 0 *
‘;—n A B —— { :1@ | - ¥ HAAS
z 12 e 0.15 _ Z 300 | -#- CHCl
= *— R & z = - -4 CHBICl,
= *- DOC g 2 v .y » CHBrCl
E 8- A UViy 0.10 Z 200 K e —-®- THMS
I = (RN E— T +— DBPs
g — - P— - a y— e . —
1 - 0.05 100 - - g2 .
s SR -
0 ! 1 | 0 ne 3 ] 1 i | |
0 0.5 1.0 LS 2.0 0 0.5 10 15 20 25 3.0

(o1 Pl )’mg.L-l
(a) SASE A AKTHHFE A A . DOC K UV, (MW

Oz $E W fmg-1!
(b) REH A THMFEP, HAAFP & DBPFP [f) 51§

B 1 R\HEI EOM clay KEIFKEIFIE ( FUEL 1]: Smin)

Fig. 1 Effect of ozone dosage on the EOM-clay water after coagulation ( preozonation time: 5min)
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Fig. 3 Effect of ozone dosage on the cells clay water after coagulation ( preozonation time: 5min)
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