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FEIE 2 84% | 7K ADML,  E 4B IR BEAL FRIFAR T 43% . {H L R PEA HLBR (DOC) FAE I 22 R S A 5 1
AR N 55% . i XAD-8/XAD-4 W BRI 435 H AR5 40 A 43 2% B, 1ol I A0 o 1 TG 6 Ak 38 5 A
B R BRI K PE NS H K PE DOM G REFEAR T /K M (g TR, Hh K g K RN DOM(MW < 1 kDa) 52
B EEAL B4 BN T 34% A1 15% , FET DOM EFRFR L DOC FAERIC B EHEE. R =450tk 3
AT VAT R, 5 R B 1 T D02 R LR RN S T R ) Al — A5 25 BR A /K (5 BE BRI, e st Hh K 3 2
(/N3 DOM 220 2888 1 TR BLRR W) . DRI, e PR B i AL TR EE A I AR 75 5 I e e 5 ko
K VTR DOM (MW < 1 kDa) MALBET 20454, DASR B AR 5 BRACR.
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A A AT IZ MR X FENY R K AR AR K, DOM J2 516 (0 B (1) = 2 I B 5 (SS) Bir
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pH 8.16—8.66; COD 101—146 mg-L~"; SCOD 54—74 mg-L~'; DOC 20. 81—26. 40 mg-L™"; UV,,,
0.961—1.048 cm ' ; ADMI,  266—295 ; Fis BeAi 5 25—30 1.
1.2 ek

B TR U R e B R B R AR VR B R AR TP S 3. VRBE T — bk (FeCly ) , 3 A7 200 5 4R AR 50 15
FRIRHR (KMnO, ) , 43 B 21, TE 56 77 175 W PN v A 12 900 25 VA& 1) 7 0 P i . s I BBOK A 200 mL (48
0.45 pmfd gL IEIF ) BT 400 mL Bebrrh, 55 pH (&, #%— & 7 X80 E i A R A, e —
B TR B AL ST ] TS A B BB 10 40 0 3 58 g 12 3 (60 remin ') . 203k 7 A R A0 191 4R A =22 )i TR i AR B
F),HEHE (120 remin ™) HEFE 1 min, FEHE (60 remin ") HEHE 15 min, f)5 EFE D 15 min, B E TR T
0.45 wm JEBEIE U8 2, QR — 22 At

283 A 1) = S BRI SR AR (0 S RN A5 40 - B RR AR ( FeCLy ) 24 400 mg-L~" pH =
5.0; 78 = SALBIRBE R B UM AT, e R S 0 A VR B (R B0 S5 AR R - = B R B (KMInO, ) 4%
TR 20 mg- L', JRhG pH JEF7 HUEAL, FiSL AR (8] 20 min. 43 FIGF BB i = S Ak VR 5 0 28 o5 i TR
PR A TR BEAL RS 1 17K DOM #4743 A1 , TR AE = B R S i A VR e B2 v DOM. 1Y L BR AR
1.3 Hrdebsfiir ik

(1) UV, o5 KHAE pHAE R 2.0 0. 1, LRSS A BR 2 W] UV2802 48 4h-7] WL 40 SOt BE 3t
TE 1 em JERRA T LA ML AP IE 254 nm PN LSRR

(2) DOC:/KFEZE 0.45 pum GALIERE S U8 5 (AR E TR AT REEA A liqui TOC P& {3 E .

(3) WRAEL. 2 B GB11903 /K5t (A A e ) Hh R B A5 () 20 TR A T 2

(4) ADML, ¢ : A iH R RRAS BOE 1Y MR 22, SR A0 606 RE R i e A K 1 (B | 5 i RS 0
) E A LEXT AR L 2 SRS B M AT OF HOZ O R O AR S SE IR E A VS M XA B Tz
FHUR R R A 7 A IS 2 IO AT DIME R R AR ORI R b T L A B Sy R
JKFEpH N 7.6 0. 1,2k 5 em SRR Lb (@ ML7E G 75/ W] DR/4000U B4 0] W54 66 BE Tl i
(HACH method 1660) .

(5) COD ;3R FH R 2 PR A 12 ( CORFIE ZK S 43 B 7 vk (CBE DU AR ) ) ) HEA 7000 5

(6) WHFRPEADLIN TS R XAD-8 (F TG HT A F]) Fil XAD4 (AR R AT FRA F ) KL
RREARE BRI FH AR A ER G 2 7K A= A K rh s ff AT HL ( DOM) 434 B 7K R (hydrophobic acids) | JEFR B
JK ¥ 5t (non-acid hydrophobics) 555 /K ¥ (transphilics) K 357K #) 5 (hydrophilics) 4 255" # g 4
B IE 1 PR, ARYE S E L, 45 DOM 415 i A AR .

BiKR = DOM4

JEMRFKPE = DOMI - DOM2 - DOM4

FH/KAYLY = DOM2 - DOM3

KA = DOM3

R A A DOM1—DOM4 44420 3R BT URE i Y DOC Fll ADMI, (fA.
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Fig.1 Flow chart of DOM fractionation procedure
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i B EBE ( PES) , 8B 4> TR 43 W0 1 kDa 4 kDa 10 kDa 1 50 kDa. 8 U JE7E {88 FH B 2588 4l Kt vk
2K UV, MEAK A —2. SR RITERB ALK P E T 4 °C R UKF A . BB g R AT,
BIZKAEZ: 0.45 wm ALIERE T ES , 20 B3 50 kDa 10 kDa 4 kDa 11 kDa A UERSE 4K 5 I 5E 4% 5
JEWE Y DOC Fl ADML, (fH. #5453 5 X [A] ) DOM FH 22987445 2.

(8) =HEFEERE, 157K DOM A9 9% el {8 n] 43 O 4 270, 2 8 4 R ( humic-like ) 7% %
(Ex/Em =350—440 nm/430—510 nm) ; A] WS & B R (visible fulvic-like) ¢ % ( Ex/Em =310—360 nm/
370—450 nm) 54E4M K5 R (UV fulvie-like ) ¢ )% ( Ex/Em = 240—270 nm/370—440 nm) ; 5% 1
( protein-like ) 76 ( Ex/Em =240—290 nm/300—350 nm). = 4E5¢ 5661 R FH 95 [ FL HL %2 /0 F] ) Cary-
eclipse ZEYEREAGHATINGE . =S E 25 R IR . 150 W ARIET s PMT HLJER 600 Vi
BOE WK Ex =5 nm, RFFHEK Em =5 nm, #UZ 3885 . 10 nm. 0o R R ] . [ 305 55935305 . 1200 nm-min ™'
A, =200—400 nm;A,, =300—550 nm, FAHOCIEHITILES A L IE.
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Fig.2 Removal efficiency of different DOM fractions in bio-treated effluents by enhanced coagulation process

I 2 AT 7E R B = SR B IR BRI AR P, L DOC FRAEI BR R AR 54% , Kb g KR Ak
FR B K P IT  55K A AL R KA ML L BR 3R 53 31 208 67% \56% 49% F133% . LI ADMI, (3
TR 25588 R 72% P Bk R AR TR B /K 90 55 559 B K M ALY AR K A LA 25 B 00 B2y
81% 63% 68% F1 82% . —FALBKIREE LT FEXTA sk YA DL Y 2 BRASUR AT

55 MR AL AR LY, SR R SR AL TR B R E— 2 R T DOM (8 JE 11 2 BRASCR , LA ADMI,  RAE
B4 82% , Horbgi /K IR AR IR B /K ) J5a RN 55 B K A HLAT RS ADMIL, 5B #853 511290 83% 87 % F184%
MR EE LR3I 55 T 2% \24% T 16% 5 KK A DL Y 6 B QAR AS | 6] 3 A TR BT (5 &
I ) A 3 Ao 4R R R K M R SS B K A ML 2 BRFR LY. LA DOC FRAE B 5 B0 i B A P LA AH
], LBRRAHR 55% , o g K 2 | A R B /K 90 52 A 55 5 7K P L B 25 B 2R 4 B 2R 76 % .66%
55% BB IREEAL TR B E T 20 9% 10% F1 6% 3 (H3E KA LI &8 4.53 mg L~ MR
BEAL PRI T 34% | I K MR ML & 5 DOC F 14 49 % .m0 vei T 0 R Ak TR BB A B8R 7= A 1
ZICT A R AR R PR TC KA LY.

W65 1o i R R A TR B AR A AR AR R K BV AR R K 3 AN B B, TR 3 Sy ah iz R i 3K P 43
BIH R FAF A R DOM 1 28 R0, B (1 1 A8 AL A5 0.

TP 3 AT, 20 v A FR A TS AL B BE 70 7K IR TR 353 70 /K P A L 11 5 R €2 38 B AT 5 Sk M
HU I 5 e R0 B (PR 5 AR R B /K 0 0 1 % St BRI €8 B BT L7, 3 W 8 5 8% B 19 o s TR 8 LA
T B B 73 B AR AR AL R AT 6. Zead TREE R B, B /K R, AR R 570 7K 40 Jo 0 553 0 /K P A ML 1 5
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TR FE— AL R B, TSR KA HL R 2 B DI A L T, LA B2 A R A W e TSR AR B B v il PR 0 41
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Fig.3 Changes of different DOM fractions in bio-treated effluents during enhanced coagulation process
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Fig.4 Removal efficiency of different molecular weight DOM fractions in bio-treated

effluents during enhanced coagulation process

& 4 AT, DL DOC FRAE B Bl 5 = Ak kIR BE i #2 X > 50 kDa 50—10 kDa,10—4 kDa 4—
1 kDas% 43 T X 3] DOM AU Z=BRE DA H 81% 45% 54% F 46% ;% <1 kDa () DOM JLF- %A 2=
B, L ADML, (AR XF LA 4420 T X ] 1) DOM (A 1Y 5B R BIZ4N 77% 80% [ 75% [ 10% F
28% . HAIREE K LAy T i <4 kDa B9 DOM 2 3, Ph DOC RAER 25 67% , Hf <1 kDa ) DOM
25 37% . FWIZAAL K P B 4 KR 2 K4y T DOM 18 i = ST L K fife 7= 0 B 4% B/ v PR R
VEF™ B 25k

55 R EE AL BEA EL , i A TR S 5 fb TR B o AR X 43 F ' E > 50 kDa 50—10 kDa,10—4 kDa 4—
1 kDaf%/3 11 X [i1] DOM Y 2= B8 R4 924 H 87% 89% 60% Fl 60% , 73 M2 T 6% 43% 6% H
14% {55374 <1 kDa B DOM &8 4.87 mg- L™ & MR BEAL BRI N T 15% , 2 /5 5 DOC |y
49% . LI ADML, (FAFBFBRZF 5 > 50 kDafy) DOM €23 {H JC A8 {4k, Ho4y 50—10 kDa,10—4 kDa 4—
1 kDa, <1 kDa 438 X [0 () 25 5 R 53 510 94% 91% .89% 1 55% , 43 ST T 14% 16% . 19%
27% .
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Fig.5 Changes of different molecular weight fractions in bio-treated effluents during enhanced coagulation process

M5 AT, 2ot e A A AL B B, R T-HF DOM( >4 kDa) & 8 FAIK, (03 2 B I i 7T fig
JEH TR B RR B S 3L, M < 4 kDa (1) DOM & ft 66 B ¥ 47 i b 7 b R B, Ko Ty
DOM it — 54k o 2 Bk, [A] VR 8 4 A2 X /431 DOM. 1 25 bR BE F1 A B, SO TR B 1 K LA/ 1
( <1 kDa)DOM M E. LI FARE I A>T DOM 285 i 4 BR B 1 481k it R i T 3R i 25 S Ak
VERSEAL R 53 F 103/ DOM, X 28 DOM 424 Ak, /N rF- 00 DOM B i . 45 6 W AR i 43
B S 6 4% B AT R B R K P DOM LIV TR SR K PEA WLk .

2.3 EELERETSRILTREE 1K DOM () = e R

S 0 1 — SR R TR RN = AR TR AR o AR B 1 e A5 HF T, I 6 iz 2B Ak s /K A8 i 48 m =
ARG R AN AR TR R TR A Y = SRR e R RIS , AR Ak 7K TR HH 7K RN 28 5 g B AT 16
FH3 B I K g K R AN S K AT DL 20 o0 1Y) = A e e 1.

M 6 A5, %A KB = eI R B T 4 28060, TP B A B S8R PO IE
(Ex/Em =265—295 nm/310—345 nm) ; 55K & H IR 9L ( Ex/Em = 235—245 nm/ 330—370 nm) ;
] 2R E R e GG (Ex/Em =250—255 nm/445—465 nm) ,%}%ﬁﬁﬁfz%ﬁ'ﬁmﬁﬁ (Ex/Em =360—365 nm/
430—440 nm). Hr RSN SN B BLIR DG4 51 J B K HL A — B, v] WL s B 2t 0
TS A RS G B FE 5 /N HARE . DA A AL /K op DIZRER AR RIS & LR A X 5 i A 6
TaK)T KT e i 2 AR TR]. 2 T UL ST RN 1R G AT BILAD ST R I A R A 2 LR
Y.

B TR H IR 1 B T 5 AR VR OE HE /K ) — 5 3 T v R 1 B T DU SR BB (L, W P 7
B S A KA. b SRR K ) A S A (A B A A AR b K TR N X vT RE R PR TR
BERT R LBR T 3 F AR & RO, Nr 9O B T Ko 19 B HE M KA F DL K5
SERFNA WL A>T 22 10 BB | 22 30 45 1 P A0 900 1 17 2 00 e 0 0 Y 8 200 o et R 80 o 1 TS
HK P 2R BSOS A B IR 9 04 5 50 L YR R I A B, X 5 1 e R R T TR O
KB L/ DOM A —E; 7T W2 5 L ER DO T2 5 iR 98 JC A sR BEFRAIG, Hop AT 28 &
PR 0 5 B I AR AL K S A R S S0 i I T AR A R K, RTINS PR 28 I DL K 4T A L)
3, I L A VR RS B A A 25 PR A K 2D AL

B K FRZH 4318 = 4 5 S 06 % P81 o D 0 T PR 2R 5 (. 4 AP 2R BLIR 9 )1 1 ( Ex/Em =260—
275 nm/325—375 nm) ,WE(EN B ALK, W RS2 G VU IE & A B 2 MRS 05 G A
5, XY FHAE S BA BRI TR R A9 (Ex/Em =265—300 nm/325—360 nm). H,
SHMRE BLRR DGR FE AR HL i A Ak K WIS & HLRR ) R i /K R 114 S L 28 ) . PpRph TR 5
T s B A SR P TR 11 7K 1) SR A & LR D GG R 28 B P T G I i B 35 B A= Akt /K, Hed | 54k
TREE K IR R GG TR BE /N T B R e ; SR AN & B R ¢ G 0 {1 o B AR — 250 i A o Ak TR g 1
KB K R AT A 2E & R BN = B4y TR/,
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Fig.6 Three-dimensional excitation emission matrix fluorescence spectroscopy of

DOM fractions in bio-treated effluent after enhanced coagulation

FIKEA NN = A ORE R BT 3 RS (E . MW R %k (Ex/Em =235—
245 nm/325—360 nm) ; 7] W25 5 LR ¢ Y614 ( Ex/Em = 235—245 nm/480—485 nm) , 258K 1 9¢ G Ik
(Ex/Em =260—300 nm/305—330 nm) ,WE{EA B L&A T K, iKY = 7 R 5 (55 & %
EERPITR) RO e R RO R A K ELRE I A AR K 5 SR R 28 R LR U 0GR
2 A W B R DO I TR T 55, JLF nT DL Z00%. U8R (A R e Sk A ML G 32 B2 By AR
I3 BG4S A A T ] B OO GG (A B B R A AL K A SR B, X iz AR e K DOM e £, HE
LA R R RI 5 7 2548 , 45 A 98 Y6850 2 8] K A M LB/ 45 B (TB R - R Al 22 B4R ) i (5 9 Y
JE MR e 2 Y R A PO R TR R R TR 5 AL TR B M K TP R 28 B A T PO i 5 ARk K
A B OG5 AT FLE K, DA 28 86 (9 R FE TR e Hh /K T e F2 ) 5 5 S04 FE R D I (i
JE AR H R BE I R 25 B 138 S5 K M2 s L IRR ) S5, Sy YR 06+ /K 1) T DL 28 B IR 0 D' WA o A1
I o P 5 A TR S /K 1 5 1 5, X M 85 v R A4 T S A Ao 2 3K 543 DOML 1953/ B K 1 % 7
LA K.

g5 LR AT, 5 OB AT L, R e R SR AL TR AL A RO S BR T B R A R A ] L2 LR A
EIEFERR YT, (o K (0 i — 3 FRAIG; 7K DOM R 2 /Ny i SRk MA B 32 5o 258 (A ORI
K HERY .
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(1) ZEPGL AR A=A K FE S R B AT, 150 5 PR 0 iR Ak T 6 Ak PHL BB A 302 /55 L ADMIL, ( SRAIE
YL R BRASCR | LI 2SR 3 5H 84% |, 117K ADML, ({HALFRSIRBEAL FRIFAR 1 43% . fHLL DOC RAF A F
KT, 29K 55% .

(2) R PRI R AL TRBE AL FAR & 1 X Ko F B K PR NS5 B K P DOM 8 B8 1) 23 B3 ) NI RARG 1 4
IKEEE AR K KA DL ALNSSF DOM(MW <1 kDa) S MIRBEAL B4 534 N T 34% F1 15% ,
XFECT DOM EFRFELL DOC FALRT T W2 0. [RIR , oyl R 4 oo AL TRBE A AT 0 Bk 1 5 e (L
(AT L2 R AR SRR I 5 H /K DOM i 210/ 7 i SE/RMER DL 2N R E AR B
R

(3) AR IR AR s AR BEAL BT TG 5 e AR Bk KM /N T EA WL (MW <1 kDa) IALHE T2
254 LIS DOM 1Y Sk (R ie.
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Removal characteristic of dissolved organic matters in bio-treated
effluents of dyeing and textile wastewater by potassium
permanganate enhanced coagulation

LI Mu SUN Xianbo LIU Yongdi” QIAN Feiyue LI Xinjue LI Xin

( School of Resources and Environmental Engineering, East China University of Science and Technology, Shanghai, 200237, China)

ABSTRACT

In this paper, the effectiveness of potassium permanganate-enhanced coagulation process for dissolved
organic matter ( DOM) removal in the bio-effluent of dyeing and textile wastewater was investigated. The
removal behaviors of DOM were characterized to support the optimization of coagulation treatment. Under the
optimal dosing conditions, the color removal efficiency of potassium permanganate-enhanced coagulation
treatment by the American Dyeing Manufactures Institute value ( ADMIL, () was improved to 84% , and the
ADMLI, , value of effluents after enhanced coagulation was 43% lower than that of ferric coagulation alone.
However, the DOM removal of enhanced coagulation in term of DOC barely changed, about 55% of DOC was
eliminated. Compared with the treatment of ferric coagulation, the results of XAD-8/XAD-4 tandem resin
fractionation and molecular weight (MW ) distribution measurements demonstrated that the removal of large-
MW hydrophobics and transphilics were improved after enhanced coagulation, which resulted in the decrease of
effluent color. Moreover, the hydrophilics and low-MW ( <1 kDa) organics in the effluent of enhanced
coagulation were increased by 34% and 15% , respectively, which were the main reasons for no significant
improvement of DOC removal obtained. Qualitative analysis on DOM with three-dimensional excitation
emission matrix fluorescence spectroscopy (3-DEEMs) indicated that fulvic-like and humic-like organics were
further removed during enhanced coagulation process. Meanwhile, the increased low-MW hydrophilics were
protein-like and fulvic-like organics dominantly. Potassium permanganate-enhanced coagulation needs to be
combined with additional treatment steps that excel in removing the remaining DOM ( mostly MW < 1 kDa,
hydrophilics) to produce a high overall removal performance.

Keywords: bio-treated effluents of dyeing and textile wastewater, dissolved organic matter, enhanced

coagulation, potassium permanganate.



