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Effects of Joint-reaction Combined by Ozonation and Coagulation on Aquatic

Organic Matters

LIU Hai-long', FU Jing-miao', GUO Xue-feng', CHAI Jian-tian' , ZHANG Zhong-min’

(1. School of Environmental and Resource Sciences, Shanxi University, Taiyuan 030006, China; 2. Taiyuan Environment Detection
Central Station, Taiyuan 030002, China)

Abstract: Variations of residual ozone concentration in pure water and Al, (SO, ), solution were studied. The spectral characteristics,
contents of organic compounds and disinfection by products ( DBPs) yields in preozonated, preozonated coagulated (POC) and
ozonated combined coagulated (OC) waters were detected by differential absorbance( DA) , three dimensional fluorescence excitation-
emission matrix spectroscopy (3D-EEM), GC and TOC. The purpose of the work was to investigate the effects of ozonation combined
with coagulation on their oxidation extents of organic matter and the production of DBPs. Studies showed that there were remarkable
differences between the two processes, POC and OC, which proved the existence of joint interaction of ozone and coagulant. The joint
interaction involved the following aspects. (D Decomposition rate of ozone was improved; and the free radical production was increased
during OC compared with POC. Comparing to ozone alone, 15.2% and 23.9% more radical capture with ozone 2 mg-L™", AI’* 1
mg-L™", 3 mg-L™" were detected. @ The difference of OC and POC was found in that organic matter removal of OC was lower than
that of POC. The pathways of OC and POC showed difference, which resulted in differences of reaction between organic matter and
disinfectant, as well as yields of DBPs. OC removed UV,;, and DOC more efficiently than single ozonation or single coagulation; but
less efficiently than POC. DCAAFP ( Dichloroacetic acid formation potential) and TCAAFP ( Trichloroacetic acid formation potential )
were 47 pg+L ™" and 20. 5 pg-L ™" respectively after treatment by POC with O, 1 mg+L"'and AI’*1 mg+L"", and chloroform formation
potential (CFFP) was 97.8 pg-L ™", which were 51% , 64. 6% and 41. 5% respectively lower than those in the raw water. Under the
same dose conditions, DCAAFP, TCAAFP and CFFP after OC were 48.4 pg-L™"', 21.4 pg-L™" and 117.3 ug-L™", respectively,
which were 49. 6% , 63% and 29. 5% lower than those in raw water. The difference between the efficiencies of POC and OC would be
enlarged with increase of coagulant dose under the same ozone dose. Considering its safety and efficiency, the ozone dosage, adding
spot and coagulant species must be taken into account when combined treatment of preozonation and coagulation is used; further

investigations are also needed.
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Fig. 1 Residual concentrations of ozone in water samples
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Fig. 3 Differential absorbance comparison of ozone-coagulant joint treatment and preozonation-coagulation
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Xt POC i1 OC #£ 1 mg-L7'0, 1 1 mg-L™'
AV "I 22 SRR S SR, B E (230 1) |, (273
+1) . (330 £2) H1(385 +5) nm AbFFELE I B 25 5,

OC [t POC XFAHRN 224 2540 2 R A5 R B o, Xt
Hegh R 2.
AA/A FE 7 MV I K AR R AN IR 22 R EAA S

F2 RE-BRBBNBENL-RESIEXT L 5MR Y E RS0

Table 2 Effects of combined treatment of ozonation-coagulation and preozonation-coagulation on UV absorbance

AA/cm ™!
A/nm
1-0 P1-1 1-1 2-0 P2-1 2-1
230 0.026 5 0.0336 0.038 3 0.031 0. 035 0.043
273 0.027 5 0.0318 0.037 0. 033 0. 036 0.0426
330 0.0118 0.015 0.0175 0.0138 0.014 0.0149
385 0.007 2 0.007 8 0. 009 0. 006 0. 009 0.012
AA/A/ %
A/nm
1-0 P1-1 1-1 2-0 P2-1 2-1
230 1.2 15.7 17.9 1.4 16.3 20.0
273 1.8 21.3 24.8 2.2 24.2 28.6
330 1.2 15.3 17.8 1.4 14.2 15.2
385 1.2 12.5 14.5 1.0 14.5 19.3

SRR LA GRE A Z H, LA 7 45 F4 3 190 4 %o
PR, RBEFBE N 1 mg- L™ AP B, Ady,, FI
AA, e B B, POC Fil OC B AA,, /Ay, 23 5 K
15.7% F117.9% (R EHE 1 mg-L™"),16.3% A
20.0% ( AR 2 mg L") ; Ay, /Ay, 73 5
21.3% 1 24.8% (R AW 1 mg-L7"),24.2% M
28.6% (AR 2 mg-L™"). XEH 0C $5(230
+1) nm, (273 = 1)nm AW A HLEEH 52 B K
B 1 e A ) B FH 5 T4 - TR 5 1) T2 2 22 031
1o 4P 2 B B IR FH A0 T4 - TR R VE N A LA I
N 2E 5 S0k S E0A ML 5 T B2 R RN LA B2 DBPs
AR 2E 5

AW 5T A RO R K R i LY
(suwannee river fulvic acid,SRFA) , i FH 545 &k
BT LG TENK 245 280, 320 F1440 nm ALAFAERF
TEM e, EATTRY 22 AP O E 22 5% (DA) BEE R
BRSPS T B e R
12 5 SRFA R[A, (H AT bR i il fr & B A
KRN A RE. S BHERPI (R 3)  ’REA
XA ALINE T X e K 22 S 28 AN IS BL & A B
B, AA/A K5 18. 8% ~23.9% . HHLYITE LR
WAl by 18 5] B S IR , o 52 i s A L)
BRI EE I BR A RCR DL R E K 4 )8 (ansR | 8:5%)
B

£3 REXNAVMEMNEEZZENZM

Table 3 Effects of ozone on differential UV absorbance of organic matter

S ML
Wi H j%m?%f% Adyys Adyg, Ay, Ay
DA em -1 1.0 0.0307 0.0325 0.0245 0.008 6
2.0 0.0328 0.0338 0.0257 0.012 8
A/A/% 1.0 17.6 22.7 22.8 16.0
2.0 18.8 23.7 23.9 23.9

HAREEN S5 RN, ALY DA {HREIR §E
FRE R ST A, LIRS £ 2 1 T S 4R - TR BB
FHHY DA ER T BUAAL-TRBE. X W A Al fE,
—E R R R T RSO B TR E R R Y B A A
F i HAREE b R AR R BEB R T IR A -TRBE; —
J& OC /EHI - BOM A HLW 7 W) B8 45 By il 3 R B
2.2.2 3D-EEM 4#7

3D-EEM %8s 1L, 15 245 LY o 1 45 1 A 1 R

ACIREE, SUAEGRBE A EEFE R =
45 (3D-EEM) 707220, 1.0 F12. 0 mg-L ™' R4
A3 R AH R R AR W EE R R 0, 1.0, 3.0
mg-L " AL (S0,), (LA Al B 7)) 1B G K RE 38
SraE R 4.

AR (K 4), KA HLY 3D-EEM &35 78
E/E, 5220 ~280 nm/380 ~460 nm I 320 ~ 370
nm/390 ~430 nm A KRB DEOG. XA TEEY)
JF 43 5 R 2R AN X 28 B HLRR AN n] O X 2 B HLRR
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Fig. 4 3D-EEM comparison of ozone-coagulant joint treatment and preozonation-coagulation

TR S IR BE 5 A HLA G0 B S AR RRAIG, L ik
PIAL TG B AL, OC AR 2. X R 0C 4
RA SIRE A e 38 AR, S KRR 41k
K LR Y T, T IX 2 W) T T 7 R R
%%Z_[19,22~24] .

XFH 3D-EEM &3, POC 1 OC Ab 377 R X —
SO B EGR BEARAA B R A 22 3. A AR
& 5. TR S - TR e A B R L AR TR BB I FH AL BRAE B/
Ey 4 275/330 nm F1 275/410 nm 55658 B 7775

W 2e5, H 5 A B 2 ) AEAE BT 0 R DG 1 (18]
5). WRMEK 2750m B JUHUE E/E, R 275/320
~330 nm 7 & WP, FERMIBEE (AP 1 mg-L7" |
3 mg-L7") b A b oA LB AR Ak {FOTAR Ak TR
(O, WJE 451 M1 mg-L~" | 2 mg-L~"; AP ¥R & 4>
BoA1 mg-L_l\ 3 mg'L_l)ﬂLF}EEiZ{ﬁﬁﬁ%gﬁg
A S AV 5 A 7 2517 T R 4 TR 5 K P 25 SR T
A B PO ILT 8 R K (0, e BE 4 51
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Fig. 5 Fluorescence intensity comparison of ozone-coagulant joint treatment and preozonation-coagulation
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410 nm DGR AR TR BE G A BT R [, AL ¥ B 43
BT mg-L™" | 3 mg- LB T REARBE 22 BN B W)
POC 1E HIJE 9 0 B B 54807 5 K F %, OC A
FZCR B 258 T POC. X 7k POC Al OC AbHE X}
ALY S S 25 b A A AE A B 22 S TR P 38 B AE
B SEAF AR, 28 H AR S 8O % 58 6 45 4 A 5

() R A A FH 5 JE 52 ) ) EL AR A N5 A etk — 20
RAMSE.
2.3 RUE-TREEE KR R X

B4 3 [F]— KB 23 5 R FH B B4 B R
BE ., WAL -TREE . SLAR-TRBEIRE FH AR B, 43 500 0 G ek
FEFN TOC DA R /K A HUBE T TOC, 45 58 0L 3% 4.

T4 ERLEHRR

Table 4 Parameters detection after treatment

TKAEE Aly (S0,),/mg-1.7! 0;/mg-L~! ME/NTU DOC/mg-L ! UV,5,/cm ™!
JEIK 0 0 4.37 4.288 0. 036
. 0 4.34 2.956 0. 030
PR R
0 2 4.26 3. 144 0.024
S 1 0 2.26 2.772 0.029
PR E
3 0 1.28 2.104 0. 027
1 1 2.17 2.388 0.013
AL - TR EE 1 2 2.18 2.556 0. 009
3 1 1.17 1.832 0.013
3 2 1.68 1.872 0. 009
1 1 2.20 2.684 0.011
FLA-TREE 1 2 2.48 2. 696 0. 006
3 1 1.81 1.964 0.011
3 2 1.98 2. 044 0. 006

S v L RO | UV, 5 DOC #3A —
SERREE Y 8% (0 DOC BRI RRf A R AT &= 1
FhE BT BIREEXT M | UV, 5 DOC # A 55
U A e BRASCA , LB o T 700 39 1) o e B R I
Tt AL (S0, ), (VL AP 1) &K 3 mg- L' A,
UV, F1 K8 0. 036 em ™' [ 3] 0. 027 em™'. POC
XPMUEE | UV, 5 DOC #A BRI K BRAE ST ; W] i
B T B AR L L 4R 7 TR O R R B R R 3
M3 mg L7 12 mg-L™"BF, DOC B ¥ T & %)
1. 872 mg-L™", S 2K T4 W] 55 o b 5L 40 (3. 14
mg'L‘l)*ﬂﬁiﬂ‘itﬂb@f(l 104 mg'L_l ) §UV254—F|¢‘§§IJ
0.009 em ™", & 2K F AH [ 57 B B2 46 (0. 024
em ™) FIBAMEEE(0. 027 em ™). R A -IREE LR
DOC FYRCR 5 T 5L S TR FH AR, AR 39 A
FAFIE 5N 3 mg- L™ A2 mg-L™"iF, 3% DOC
3R 1,872 mg-L ™" F1 2. 044 mg-L~";{H UV, N
FHIZ, 43914 0. 009 ¢m = F1 0. 006 cm ™', X~ I
R AL FE B B 22 57, POC B Z AL AE DOC
Ay 8 2B, OC MR X A B 245 44 0 H 2 Xt
UV, Z5H6 IR I
2.4 DBPs 4l

TKFEPR S A IR ES T, R MAS 5% DBPs. DBPs
il 45 CF ( chloroform, CF) ., TCAA ( trichloroacitic

acid, TCAA) . DCAA ( dichloroacitic acid, DCAA) Fl
MCAA ( monochloroacitic acid, MCAA) , H:Ht MCAA
Frim AR E AR, P b H A 3 A DBPs 1Y 75 &
k.

5 Ji 7K DBPsFP ( disinfection by products
formation potential, DBPsFP) A kb , Tl B 45 - TR 15 Fll L
AR BEHK ] DBPsFP AR T %, BRI BETE 47 %
~85.7% Z Ial; oo 2% Bk 5% By = B9 & TCAAFP
(trichloroacitic acid formation potential, TCAAFP) , =
A Be A i3 (chloroform formation potential, CFFP)
B FBAL, POC 24 O, W E N1 mg-L™', AI’*
3 mg-L "B (K 6 H1P1-3) TCAAFP 7 8.28 pg-L~".
X SR SRR BRI, U ST BEXT 25 Fh DBPSFP [
G 2% A AR B BT . B dn POC 4 O, Wk E N
I mg-L™" AP* 1 mg-L™"Bf (6 Fp1-1, PI-1)
DCAAFP ( dichloroacitic acid formation potential ) I
TCAAFP 4354 47 pg-L "1 20.5 pg-L™", CFFP
$397.8 pg- L1 BRI AT BEAR 51% | 64. 6% F
41.5%. [A K 2% AF T, RS- B DCAAFP #iI
TCAAFP 350 48. 4 pg-L ™' F121.4 pg-L~", CFFP
F117.3 pg- L1 EJRIK 4 BIREAIR 49. 6% | 63% Fil
29.5%. [A)FERLSABE T, BT EER 1957 &, POC
1 OC A BRRSCR 1922 St — B4R, BRI A,
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R EYIRAEAE, IR RAAE 2.0 mg- LB BR
2% CFFP 4b, H: 4% DBPsFP #B%2¢ 1.0 mg-L~'BFA R
IR, A BN (2.0 mg-L7'Af) , If Rk
WA R T DBPsFP 1Y R IG5 Bl J 252 18 Ve #5é 54
B (A3 mg- L") HARMGE. AL, R
A SR X DBPSFP #y4 hlAF].

POC #1 DBPsFP #4145 OC 414K, H.F 5 TR EEHI%
S I A AR B SRR ¥ R B s & A AR H A
FH 3 SR DL R AR E R AR 2R A

3, PR ALY B REE 25, DR, 76 52 56 355
N, B WL 2 5 R A IK, DBPSFP 4555, TR 80T 72
— 5 WA WL B BN, B3R T8 A WL 5
WA AL 5, 9870 T DBPs ARG 75—
THT B E , £ i A B DTVE 43 85 25, T D T A HLY)
FRAYE, AR T DBPsFP. 7E /K AL v fff 5
AU TR AR R E RS TR BE = R ) R S 85
HAEH AR, 8URIE B A CHE 5T i
EIREL B Z —.

DBPs/pg-L"!

S

Jiiak 2-1 P2-

E6 AELLEHRHHK DBPs

Fig. 6 DBPs of effluents after various treatments

AHFFE R POC F OC T 25l e — [X 1) B 42 A
TRBER il & A5 32 HAE R AT BEME. OC Hh L&A
TRBE ) B LK AR 285 LA 8 A vl 38 5 A Bz ik, Bt
T B R HAE AR REYE. Bulanin 2 @ i
RN 2L AN IR B R A A A R 55 Lewis 58 iR
F ML R 4. Emst % K3 AL O, fi#fb R
AR AT K B 5 K R 3R AR 1Y 25 BR R T AL O,
AL R AL O, M FEITE A A 1 T
() A 3L, JREEF AL (SO,), IIAIK R & A K fif
ST B L= A SRR SE PR B SR 2
2L ALO,-xH,0 ML RAFES ) ke 1 oC
AT AL O, AT REAE AR 70T R 0 Bk 1k S 1k
PIVEF. BIFFEIE B T B ) 52 i L 40 o i i 5 B4
KRN E, 5K RN 5 8 LR B A h 3t
(+OH) 1200 ok 2 it B AR VA TR R e P
WK, B 4B 8 1 (AP ) FEAERT, 0, T RE T £ 1
FEHE - OH. RSO R TETR EE R AEAE 24 R IE L B
A JERE H A UESE T 3K — £, - OH M S AL HL A7 3k
2.8V, HALAE A b R4 L AL IR, A
XA 52 bR DBPs FI IR 4, i GE A 1 M R it A AL
IR B, AR TP A AL & Y XS dRiE

1A I 5 % SR A 2 BH K P o A v L AR 1 5
K HAKRIEAZ BT 6e & A A8 HAE T, S8R AT
FHLYIRE i 18 e A — e R B I el AR B KRR
DOC ., DBPsFP &5 T 1l 5L 48 -1 BEACRE | T UV, A1
FIa#. X FEERE IREGN K a6 A AL
FACTER AR E T RN ML) 0 8 AL R A Fn 25 4
AP AE | 8%t DBPs iR 25 B A F).

AT ¢ B 5L AR - TR 058 70 A0 v AR fioh 1) 2%
PR AAERE A TEAEH. ZHAE MR IREER]
R BL AR AR AR AR A - OHAE 19 A 5 1R 4R
TREEAC HAE 800 A LY B . e B s R 1 A
. PR, R A5 TR B 7R A LK i ot A 1 L L
BEAZLEAER  Kem Al | REERUR K 5 &l
TN B, 5% ) 128 AR FLRS AR RO, RA-TR
15622 H AR OGR4 5% 52 ) 118 A 9% 2 R AR RN 858
B Al o b 5 B S R E N A, I
J7 T A BIE 5 6T R AT BI04 R ) O T R AU AL TR B¢
RN B B g% | P IS Mg et —
Bly. 5 5 SRR B BC A B9 K 2 4 T AE
MK B E | RSN | TREEFI RIS | IR EER]
T AT LA AL TR B R R AR R IR B
FHE 24 2 8] I A BH Wbt 9 35 R AR (8] 0, 45 10 19 45
WAEIE T, 25 P JE 1 48, &2 b o8 T AR
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()2 25 A E AT 0. A6 A0 & A9 BIF 5% b by % T
T 4 o) R U RV B8 70 458 247 19 () ol A B 4 S SRR 52
M), 348 5 Bff 9 245 SR A ] e O i — 25 A9 9 R ]
e P A T AT A R B

TR HLIAE 272 nm b 48545 A8 B A
A EA RS E " BaPLK
AW (TOX) A it 5 3 A Wy B A G, 32F 1M 5%
DBPs Az B Rk NI S MR 25 4 i il 3R, A ]
REW/ T 22 B P AT Ik ), b Ay W B A LR
RHFRI IS, ABFFE T OC Fil POC #8551 %
(273 1) nm AbZ5#E % AL 20728 % DBPsFP #R8AG  1
FBRAEH. (AARBFISS SRS Sk [ 18 1 L5 1B A7 7E
5. 5 POC HLt,0C F3 (273 £1) nm AW Y
B HLEE R 52 30 0 AR B el A8 B AL OC 5 POC 1Y
TR, A LA T, R 0C 1K 272
nm BT HLA AR I AR 58 T AH R 254 POC 1Y
YRR 1B DBPsFP 21355 T POC. & X Flal 4
() —Fp IR R o] BE SRR IS B ALY o AP e 25 5. -
U 272 nm FHMRT FIBFFE 4 AR FTT RN R
W 272 nm WP T o B B 2. R e A
S KA BILA 2 A R A (1 28 AR AS — 2 BE A 731
WA BRI 4 SO0 K TOX 7= &, PR A
FRRAEST.

FLAURNRBE ) Z 18] () — R 91 28 HAE XA L)
(AR SCORNRICR AR P A 3 e . f ok, A PRIE
FHIK % 4 R BSR4 FITTR B B0 ) Xof B 41
(AR | BN B | TR ) ) P S S AR A R
fR3EHE.

4 i

(1) RAA-IR B 5 PR 1L -TR BE1E I RICR A7
TEMIR 2200, RASIREEN AL (S0,), fFIELH.
YEHI.

(2) B A P 2 BAE I 30 R AR R
bR s HLR AR A b B 7 B AR B . 2 R
HE2 mg-L’1 ,A13+ SRR mg-L’1 3 mg-L71
I, Fph A R L R R A i 15.2% N
23.9%.

(3) 1 PRI TS AR - TR BEAE X AT AL B I 1) 22
S BT D SO RAR | 5r e FRE B e A 84k
HETT 20 HLY) -5 9 7 700 S Y 22 5 LA & DBPs A=
2R, RAA-IREEIR ] X DOC Y2 BRiE 19l iR
5 T AL B SRR PR TR B, 55 T ISR IL-TR B KT
J&i DBPs Az Jili B AR AL - TR B
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