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Abstract: Water quality of raw water was investigated, ﬂ
60
and the removal efficacy of dissolved organic matter was £ 5 ,Eﬁﬁ.'ilii‘iiﬂiiigilZﬁmqu‘u.aﬂmc .
2 etaion s oo PAC isrpion
analyzed during the traditional drinking water treatment g
. L /
plant. The removal of dissolved organics in raw water [ £
. . . MIEX/PAC s
was compared and discussed during the different ' N
Cﬁ 10 20 40 80 10
: PAC dosage/(mL/L)
treatment processes enhanced by powder—activated
carbon or magnetic ion exchange resin. And the optimal :> . ::ﬁ%ﬁmliiZIZZZ?ZCZi!ZEwoagu.amn
? Coagulation and precipitation+MIEX adsorption
combined process was obtained. The raw water was g wor < Nn AN
polluted by seasonal organics, and the hydrophilic — - :
Q
components accounted for 80% of total organic matters s
—_—— 04 12 16 20

approximately. The 20%~30% of dissolved organic MIEX dosage(mL 1)

matters were removed by the traditional drinking water

treatment process. Compared with other treatment processes, the process of resin pre—adsorption coupled with
coagulation had the best efficacy for the removal of dissolved organic matters, and the removal efficiency of DOC
and UV,,, was 41.48% and 80.0%, respectively. Compared with the enhanced coagulation, the removal efficiency of
DOC and UV,,, was improved by 17.7 and 35.49 percent by the process mentioned above, and the dosage of
coagulant was reduced by 86.67%. Langmuir isotherm model and pseudo second-order kinetic equation could
describe the equilibrium and kinetics of dissolved organic matters adsorbed on resin. Magnetic ion exchange resin
pre—adsorption can be used as a reliable technology to enhance the traditional drinking water treatment process for
the removal of dissolved organic matter from raw water.
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W B — TR TRBEETUE - SR [ T 2R KK R R A LA 00 BB EE . ThE T B EE T KRR TR ML
ey SRRV HE80%. /K L4 2R AN 2Bk 7E J14020%~30% . S5IA T ZAHE, A4 T B — TR0 A HLA
EBRIIMELF, DOCHIUV,,, (15 KR4 ik 1] 41.48% F180.0%, 5 ¥R EHFILL, 1% T 270 DOC UV, 1% B R
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ISR IE SR LA BT I 2 B AR (RAE TR
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B 7510 22 DL AT A 0 B W B 1 A, (B S T RE K RETR , B
T 7 L g FL A 52 B PR 3T Ak, ORI T
Orica A ] FF K 1 — Fli 1 B + 22 i (MIEX) B i , 7
R B AR R RV SR VA LR (DOC) . R ) 5 3 72
Hr e R BEA B 5N T y-Fe,O, 1 B it , fE K J1 3%
BN A BRI L R AT E AT SEAE PR I B B i, R T
TLANRE g 5K o B0 S — 7, AR R BN P
1150 wm), SO AR, 7£ — € B RE R E T AR A e AR
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A HIPE R BERIE R, BRI A 475 75 AR 4 K I8 K
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WHE Y& B WK R % 4. AR Ik A 3, AR
TIF 5 ) K R A SR M 0 8 Rk 8 5 B e W B T2
ZRA NIRRT T 434, 7E SRRl 5 LR AT TR
A PR (PAC)MIEX B fli 15 P Bt - PAC/MIEX W it +
TRV VR B UTTE +PAC/MIEX WY P 2 A [R] T 255 AL
(1 2 BRkRe , 5 MIEX A i W B 25 B DOC 1) 8 13 F
S AR EAT T R AN MIEX B IR T iK1
AR OSSR SRR R
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2.1 MRS

MIEX #4 Jfig i o 8 Bt L 7K A B 5 R A BR 2 w4t
H AT RESHON SCHR17]. TR A TS 1 R W T _E
FILIEME R A PR E U 900 mg/g. JREEFINAKT FT
R A S AR (PACT), T F-VT 75 B K A BRAL 2 i A TR
7. Supelite DAX-8 fll Amberlite XAD-4 Il - 3%
Supelco A m] , IRA-958 i) - 3% [H Sigma 2 =], H T~ i 7K
ISE B KME Y B . IRBRR (H,S0,)« R #I(Na,C,0,)
B R £ (KMnO,) « 1 £1 2 2 4 (KNaC H,0, - 4H,0). 51k
B (NH,C1)~ flA6 21 (KT) A6 7R (Hegl,) ~ & AL B (NaOH)
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pH-3C K% pH (LI R WA AR ), 2100Q {45 X
UEAC(HACH) , ZR4-6 TR B I8 58 £ HL R I i K T
W EAR K A BRA ], QYCQ [ AH AL HUA (- 7 ik He
T R A ), SHB-TIG 7 K X 2 Fl B4 2 RN K
BHL A R A T, TOC-L 7 HUBRII & A (H A 8,
TU1901 584 AT W43 56 6 B vk (A6 50 A 3d A A 38 BR
{E A7), Cary Eclipse %661 (36 [ 2416 A A
23 XWHE
2.3.1 MR PS5

P — & & P 75T — 251 500 mL K (K 5T W
T V)P, BT NEAE A B 150 r/min (0 15 3 55 5 1 1
W Bt 2 b, M B 5 RS B — 2 = IS 0.45 pom B 5
DOCHIUV,,,o FRA S HE = RHBCFME. K%
fE AT WL ) 5 B B UV, F1 DOC BN bR e , FL 2
BRRer R (D)MQ)HH . K SUVAHIRE K5 F
A NV EAN A B 0 = ) 12 X 3) AT T B

CO_Ce 0

EUVm: ?0 X IOOA) (1)
CO_Ce 0

Epoc= c 100% )
[9A%

SUVA= - 02(5:“ x 100% 3)

=1 [RKKEIENR

Table 1 The index of raw water quality

Temperature/ Turbidity/ DOC/ UV
C P NTU (mg/L) 254

Value  21.2~23.5  7.10~7.56 9.21~40.50 4.31~6.52 0.052~0.078

Index

2.3.2 JRBESL I

TREEFI PP IS S AN 5 K PR — 350, TR AEETR N R
EFJAER(PACY), B n &N 18 mg/L 4L TR B s2 5 . TR
BEAAET R 14 55 BL 250 r/min BREE 1.5 min, LA 100 1/
min FiEFE 4.5 min, £ 5 A 40 t/min $iEEE 10 min, 45 5 5 i
30 min, BT 0.45 pm 55 3L UV,,,.DOC 3
THR bR, R SE B0 = 5 — AP ME

AW 5T K A 4t S 88 U7 v 4 AR T (PAC)Y
MIEX 4 ig 51 B - PAC/MIEX T W Fff-+EE 6 « TR Bk e+
PAC/MIEX Wt = A [F i) T Z XK oh A ML 2 B
RE 2= 5, 906 45 BB DL PAC/MIEX T W Bt + VR % 4 451
B S B — 5 B () PAC/MIEX 73 5 #n T — & 51 &
500 mL JE /K BB, IR B T S BR REA B 150 v/
min 5 HEE FE R HE 2 b, TP 45 R S B — i = RIS TS

0.45 wm fE J5 Wl TOC A1 UV,,, 40 5l 5 n — & & 1
PACI T~ B J5 B3 0 2 A7 VR s S 60, G TR 48 2% A4 [
ERTIA VRS S I E B EIEROE 0.45 pum [ S
TOCHIUV,,,. FFHLIELE =R,
2.3.3 HHWISRB KM 2

T HR G 7K I flk 11 A LD AS () 4 53 ol A0 i S8 A0 R
(122 5 it 0.45 pum BRI SR KK IR 4E Supelite DAX-
8, Amberlite XAD-4 FI1 IRA-958 = Ff#f g , #2 4% 7% bt Hig
XoF AN [ 443 (1 5 F1RE 77 K% T8 8 2 A0 IR 43 5t 5 g /K
(VHC). 55 #i 7K (SHC) % 1% % 7K (PHC) #1 4 3% 7K
(NHC)PYANH 53, B AR IR AR W SCHR[18] -
2.3.4 HHWZ RN 2

JE KA AL B 5 7K BELE 0.45 wm 7K F2 3 58 2T 4k g A it
I8, SR JE A Cary OGS OGHAT A, HIVEEI A E/
E,=220~400/275~550 nm, ¥ 3 & 7y 1200 nm/min, ¥
R AR OB B K BN 5 nm, i RE IS [) [ 3, Ol LA
145 B R (PMT) A 700 V.o A FH 7 2l 7K ke 3 Bk i 52
i, 2 J& 3T Matlab 2016b % {41 H Delaunay P i {5 5
B = R R B

3 HREE

3.1 KiEHREKIKES T REGE T ZXNBNDERRI

BE
3.1.1 KU HBJE K KR 53 B

2019 4F 1~12 43 7K ) 7K P 7K Jot s I 465 58 I 1 1
g5 RN, SR K KR BE 2= 5T PR AR AT AR A, B e KR
30°C , B /KIR 8°C 5 UK pH B sh /N , FEA(RKELE 7.0~
7.5 2Z 18] T JiR 7K v R I Bl K L B R o 5 B e I 80
NTU A F, 7K 7~9 H 3 b B2 W1 B3 s — 48 op K
RAAS EIBIKT 0.5 mg/L, FF& 1R H AKAr#E, HTE 10 A
U LLJG B R 380, B2in BIR , R ETER K W1 0T REAEE R
BLA 5 Gl J7 7K FE 48 B (COD,,,) 4 4 K # 7E 3.0 mg/L
YL, Je 3R 9~12 A4y, COD,, & & W & Tt & el
F23E 5.0 mg/L, Yt BIK G WL & B 8w, 72 51 AR 7K 5
FEAE SR B R, W E T R K (2019 42 9~12 H
W) JEK G LR SE B K PERE , W 1(D). 45 R BN,
JE K R E AL AR K 2 v, 5 24 80%, HoH ki
PESEAKE S5 s BiK 24y & EE 249 20% , PABR B K
PE 4y . SUVA 1]l it (UV,,,/DOC) x100 i1 5 73
B, A T RIEK P AV R RE KR, 205, R
7K SUVA 5 4 1.81 (<3), & B J5L 7K Hh g i A LA 3 2
KRR, X 5B 1D BRI s R — 5.
3.1.2 K] ARG T 20 A LA 2 o ik
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Fig.1 Water quality monitoring results

20204 6~10 H , 43 Al sE 1 /K 7K 5K S DTvE it
K E I K H A B FE bR DOC LA K UV, & &, 4
Bk A% G IR BEVTIE 1T I8 T2 0 S AR R A ML 0 25
e, R IE 2, g1 EoR, F/KF DOC & & 1E 4.0~
6.5 mg/L, [F] B & B s 1 05 FIERA AUV, 4 4h
KA B T2 AT 2 Bz K YR HH 20%~30% 3% il A LA
W R RETIE T8 E B R Bk h KA
WU, X 5 AR % KR s K LY R AR R
20% Fl—. EAMES T EXKEF UV, th i8R
TP Rk . DRI, AR e 4 /K Ab B T 200 12K IR H 05

FIEEY KR NAE — € 1 L BRI RE, (H HIK
A E B (FE LSRRG N A )R w1 )5
SV BRI FE T AELE P AR EE R 0 U o JEK DT
VE I K PA S g K H A B I = 4E 061, W
3PN . SEREIR, JFUKPOGIE T B PR E /E =200~
275/380~550 nm [X 35, & & HER KA. K 3(b)
H3(c) Bl e T 200 K oK M F R R o 25 Bk
RUORAE . 3X 540 A 70 R B A ZK A B2 T 25060 7K
W FEREATA —E M ERICR A0 & BRI
JE 2 B RORAS B35 (25 AR — 80, s BIREA N
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Fig.2 (a) DOC and (b) UV,,, contents in the effluent from the sedimentation tank and filter tank of the water plant
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Fig.3 Three—dimension excitation emission matrix fluorescence spectra of (a) raw water, (b) sedimentation tank effluent, and (c)
filter tank effluent

3.2 PAC/MIEX $$BE TR B K BRiA BRI B A 403 BE

53 BIBEFE T PAC/MIEX B i 751 I B xof L 7K Hp ¥ fift
PEA B B PERE, 45 R W B 4. Bl 4(a)Fl 4(c) o,
PAC X} DOC FI UV, ¥9H — € i) 25 BR R RE , Bl PAC 501
EIINIZET N . X2 KA PAC FH &30, mT R
PAC LE R AR EG I, AT HE 00 7 IR PR A7 R B 2
4(b)FH 4(d) &7k , 5 PAC AH L , MIEX B i 8 56 A5 5 2%
BRIKIRE RIS AR IEA L . B 438 BoR, 5 TAE— &
(1 PAC Bk MIEX M i, UV, 1025 B W] & & F DOC.
W T & PAC iE & MIEX B flig #8410 56 25 B /K U v 1)
FERNA . HRTF AR, B ARG R 75 &1L
EVI 2 BREEDOC AR . HH LR &  MIEX W )l
XUV, 1% B3 RE & = T PAC, 3= B MIEX A4 i 5540
T BB EFHERNEY . HE 4(e)F 4(H 0] H1, 4 PAC
FMIEX B g TR B} J5 » SUVA {E X545 BT B AR , AR &0
& » MIEX B JIE % SUVA 19 25 B 58 A 25, 1X i3k — 25 3R W
MIEX # I Lt PAC 5 5 T~ 2 R 7K U v 55 25 e A0 AN 1 R

HHA.
3.3 PAC/MIEX ¥ Bg 7 I B3 — R Bt = PR iR fR M B W40
fE

SR T PAC ) MIEX A4 fIg T b SR Bt 2
B FH O R K A R A AL ) 2B v e 25 R LI 4.
55 PAC b T B AH L , PAC TRt —PACTHIR Bt BE & T
S K FE R TE UV, 1 SUVA [ 22 B2 [ 4(a) 1 4(e)]
o H VR BE A B F) 4 D, 3R B PACT VR 6% 7T sk, 75 7 ik
R RIE A4 1 25 B 5 (B4 DOC F 34k 25 B 5 0 K
TEPE R I &G O, FEARHE N & (10~40 mg/L)I , BEA
T 20 KiE$EF DOC %, 1 75 5 4% i1 & (60~100 mg/
L), DOC % B4 T B2 FE A [ 4(c)]- 22 W] PAC TilMR
B AR SE BT B 25 BR (G WL P 2 BURR AR O, 815
PAC #IN I, ) AR 55 PE % X DOC 2% 62 = B4R L 1M
TRBAE A 15 3H A . 5 MIEX b i B0 0 75 1
Bk AH EE [ 4(b), 4(d), 4(D], Bk & L Z X UV,,,, DOC Al
SUVA 12 -5 MIEX A IR B IR0 B 25 Bk 250 se R A4 AH
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M, BEE2BA T2 LB DOC
MIEX # 5 6 HLAD ) 2 BRI

55 PAC B B A B, MIEX W i T30 B —PAC1
T2 RIRE T UV,,,, DOC F1SUVA I %K, Bon
TZHE LZERAIIEE . 5 MIEX R E$
O B AR LGB 4(b)], 7584 HE 43 0 8<0.8 mL/L I}, MIEX
PR T B —PACHR BE G & T 2% UV, [ 5 B2 R R
BT, WoR 1 1% L2 o IR AR B A P R 2 BRAE A
b 5 B I F80 0 2 P 8 o, YR EE X LA S BRE F g
BEAES , DA i R B 22 B LA R 3, 38 Bl od i A6 RS
IRV Bk 51 P 1500 Bl R LA 2% Bk s (EZ A & L2500
DOC 1% Fr it 175 MIEX B Jig B0 B AH LG IR %
PR AL . 5 PAC-PACHIR &t T 2 AH L[ 4(a)],
MIEX £ fE-PACI R #E T 2 7E W i 4% I §<0.8 mL/L i,
[FEFE AT RIRFE ST UV, I R BRAEE , FR X E2 R T MIEX
P F O s L (B B A T 2% DOC 1 2% Bk 6 71 K Ak
FH 24, MIEX #4 JIg 45 0 &4 2.0 mL/L i, MIEX 44 fig 7l
W B — VB ¥ XA AL 1 2 B Th R 4F , X DOC
UV, [ 2B 3 715 31 41.48% F1180.0%
3.4 EEETLE-PAC/MIEX 4% B IR M K B A R M B W4

Hhe

TR BETIE -PAC/MIEX W i W B B & 1 2050 7K I
AU ZRRREEILE 4. JR/K UV,,, F1 DOC &R EEIT
TEAL R 5 2B 200 70 36.49% F1116.7% (H & 2 dhit &
AT1S). 1 B 4(a) Wow , FAE R EEUTIE -PAC R X & T
2 2 BR AL RERE PAC 5 Im4 hin i 384 00, JUIL R PAC#
Jn & 3 0 2] 100 mg/L B, UV, 1 2 B 200 48 n 2|
83.78%; 5 PAC TR it — IR B pidE T E AL, UV, 2
BRI T, 12 DOC [ 25 B B VR R 4, 38
B PAC (145 o7 B B VF 22 5210 DOC 2 B , (8] i 9 F ¢
WESHVR BEVUTUE 5 PAC RELEBRE AL AN . 5
MIEX # J 7% it —PACI 7R 5t T Z A0 EL[ ] 4(b), 4(d)], 1R
HEUTIE -PAC WL B & T2 R 7E PAC 1 4% in & ) %6f
UV, I BRAE ST HE A A 24, {H35 DOC 1 2 Br &L g B 2
fIXT MIEX A g TR B —PACL TR %t T. 21,
3.5 SREFIMERIL

R 5T B, MIEX B4 /I 750 Bt —PAC VR &% 7K
TR AL I B b R 2 BRARE . TR B X1 T2
AR AL T IR BEF PACT F $E0 2 LS4k A ML 2
Fro 48 MIEX AR 4% &9 2.0 mL/L.

B A VR AEERT A LA B B T 2 B Rk RE L 5
(a)o TEANIFEIPACHHZMNE T, UV,,,«DOC J i T 5 48
T FL, 7T 5o = B 24 PACIEU N & M 0 38 i $1) 25
mg/L i, AR IR BRI 5 24 PACTEDIN &= 48 i £ 30 mg/L

REIE IS AT AR, B 1

I, UV,s,, DOC A L BRZ 5375 8 51.61%, 33.53% A
86.57% ; 4k S48 VR eI N & 2] 60 mg/L, H KRR
AN 5, B 2 e sk T B , 3 W PACT it &
a2 RA AR R, DAL RN AR 1 A AL A )
Hbx , B R AL TR PACT 3 35000 &: > 30 mg/L.

AN FERREGHF N E G OL T, BeA XA LA AT
FERI 2 BRaE R IHLIE 5(b). 24 PACHINE N O I, AR H
2 FH MIEX B i i b 2 5K, LI 7K H UV, DOC F
JE B R 55 5N 83.87%, 39.74% F133.03%. B i %L
0 &34 0, DOC Ay B2 FEAIC, PACT 45 i & M 0 34 m 1)
4 mg/L i}, UV,,,, DOC Al il & PR3 [ K £ 0.008 Abs,
2.166 mg/L F10.78 NTU, M H g 22 Br R 5 518 87.1%,
51.23% F193.0%; #5102 4k 216 i, DOC At i T 2%
18, BRI B EATR RS B &l UV, 7 MIEX
Y I FIAL B S J A 1k 2P 47 , 1 B MIEX A I e k2
bR o5 R G M IR SN ERS LR BCE T ER
UV, [ 2Bk T EAREEM AR, X 5 ATk 45 5H — 2.
U, DAk BE AT VR L0 E b, MIEX R I i B —
PACHR &R A T2 IR BT 5 & SR i 3 &
N4 mg/L, B BRE T 20 AU AT B2 LL AL TR
R I S () 2B T Ak, 5 R AR BEAR EL L 1% T
26 DOC AUV, [ 25 B 2805 43 Al w81 17.7 1 35.49 4
B &, BTib 86.67% MR EE AN &, KK FELE
BRMERBINE . X5 KA 5T 45 RAHEL, B A
FIRBE AN =k T 2, X v Re 5K AR T
R /INVRI SR B 7K P M e 22 A OGBS, A oG SCiR [27]
7N S MIEX 4 I AL B R Ge 2936 110.30 Jo/m’ [R1IE AT ik
A AE RIS AT 52 40% FTRE I & . AT 1e)
B2 HREGIN & , 1847 AR 23— D BRI
3.6 WM FEERENHZE

MIEX 4 Jlig B & A5 e O /K AL HE T 2 5 Ak KR R
BB 25 B R 30 tH ABORAR 3, J 1 45 MIEX M I s 1 =
BT R AL AR BRI, A SR BT T MIEX W IR Bt 25
B 7K U R G LA P R AN Bl ) 25 R . 283, 298,
313 K =AM T (9 MIEX W AR W B 25 B A AL 10 ~F- 1l
25 B L P 6(a) , AN [F] MIEX B AR 43 2155 00 1 R B 3
J15 858 WK 6(b).

6() 71~ » il BE B = A WL AEAR g b P R B Bk
151 2 B 7K U I A WL AE MIEX O IR b il o B
WSS, FH il BEA R T AN 22 e B RR
JIg XA WL 1) P 1 B R R 4 i) A Langmuir Al
Freundlich %5 i £ 155 8 0o ~F- 467 W B 250408 3k AT 4004, 45 2R
W2, I A1 AR 2 (SE) AU 58 REL(R) KT
LA R FEAT VR, R? 88K | SE 8/ 5 B 40L& 20U 1
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Fig.4 The effect of different treatment processes on the removal of dissolved organic matter in raw water
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Table 2 Parameters of the adsorption isotherm model for

DOC on MIEX resin
Model Parameter
Langmuir 070 K CJ/(1+K C)
TIK 0. .,/(mg/mL) K, /(L/mg) R SE
283 1.036 0.291 0.9696 0.0017
298 1.156 0.257 0.9879 0.0009
313 1.356 0.236 0.9955 0.0005
Freundlich 0=K.C"
T/K K. /[(mg/mL)/(mg/L)] n R SE
283 0.336 2.752 0.9378 0.00348
298 0.334 2.497 0.9690  0.00223
313 0.356 2.294 0.9815  0.00191
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Table 3 Parameters of the adsorption kinetics model for DOC on MIEX resin

Adsorption kinetics model Parameter
Pseudo first—order model MIEX resin dosage/(mL/L) q./(mg/mL) q/SE k /(1/min) R’ RSS K /SE
1 1.83 0.0393 0.07055 0.95381  0.07125  0.00558
3 1.10928 0.0335 0.04221 0.96351  0.02759  0.00361
6 0.59673 0.0585 0.05848 0.95481  0.00824  0.00482
Pseudo second-order model MIEX resin dosage/(mL/L) q,/(mg/mL) q/SE k/[mL/(mg-min)] R RSS K /SE
1 2.11578 0.0292 0.04225 0.99092 0.014 0.00286
3 1.36551 0.038 0.03285 0.98564  0.01086  0.00355
6 0.70249 0.0187 0.01197 0.97532 0.0045 0.01197
Elovich model MIEX resin dosage/(mL/L) a/[mg/(mL-min)] B/(mL/mg) o/SE R RSS B/SE
1 0.44672 2.36372 0.09448 0.96009  0.06157 0.1763
3 0.0965 2.97079 0.00993 0.98552  0.01095  0.16494
6 0.10145 6.67311 0.02066 0.95683  0.00787  0.54825
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