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Behavior of Organic Matter, Chlorine Residual and Disinfection By-Products
(DBPs) Formation during UV Treatment of Wastewater Treatment Plant Effluents
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Abstract : Study on effluent organic matter (EfOM) characteristic and removal efficiency is required, because EfOM is impor-
tant in regard to the stability of effluents reuse, quality issues of artificial recharge and water conservation of aqueous system.
UV technology is widely used in wastewater treatment, Many reports have been conducted on microbial disinfection and micro
pollutant reduction with UV treatment, However, the study on EfOM with UV has limited because low/medium pressure UV lamp
is not sufficient to affect refractory organics, The high intensity of pulsed UV would mineralize EfOM itself as well as change the
characteristics of EfOM, Chlorine demand and DBPs formation is affected on the changed amounts and properties of EfFOM, The
objective of this study is to investigate the effect on EfOM, chlorine residual, and chlorinated DBPs formation with low pressure
and pulsed UV treatment, The removal of organic matter through low pressure UV treatment is insignificant effect, Pulsed UV
treatment effectively removes/transforms EfOM, As a result, the chlorine consumption is changed and chlorine DBPs formation
is decreased, However, excessive UV treatment caused problems of increasing chlorine consumption and generating unknown
by-products,

Key words : EFOM(Effluent organic matter), LPUV(Low pressure ultraviolet), Pulsed UV, Chlorine residual, DBPs(Disinfection by-products)
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LPUV &A= 254 nm @ ubzto] 8 W Ao
UV #3Z(Sankyo Denki G8T5)9} W% & It
A=lo] ot (Fig, 1 (a)). 13] &&
Aolg & s WEEE AT B
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(a) Low pressure UV (LPUV) system

Pulsed 4 P |
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Power supply
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Pulsed UV &&= power supply, #x, Ht
SR =] Slth(Fig. 1 (b), GAF AA).
Power supply°lA 6 kW, 2,000 V, 20 Hz2]
HEE ZFsle] WizoA] 783t UV} vhAay st
E—t— A= F78le] 100 usec

MWH(ZH 2 MW)<]

o= M
Zeg u o 9E 8 shaleh, 19 8% 4 L0
Aol WE A AT 4 Uk MRS A
$otgln WS MG glo] ARel HH A%
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Pulsed UV intensity &7 9]
A 5 709 UV Al AH o] A 2]
H| 7k B7bs 5] ool 2 A

HESARbE 71222 5o Hlﬂé}?‘iﬂr.

golalx) gho}
% UV doseZ

AP 24N A sA Y R4S LPUV
2 30%, 157, 2,58, 55 5ot A&, pulsed
UVE 5%, 10%, 30% 1&, 2,568, 58 &< A
gsieict Alm W F71E82 9 54 gofstr
9fsl Zkzhe] Al& o] UVA, 9t DOCY| e &
gstlal, $4E UVA, 2 DOCY 72 53l
SUVAZFS Yelyeich 38k UV A2 <Qlst
Size exclusion chromatograph(SEC), XAD

—_

fractionation, Fluorescence excitation—
emission matrix(FEEM)9] W3S E43%
oh. UV A5l Zh7he] Almol] Ao 2ERAHS
M=o B 4 9= FP(Formation potential)
27(CL,/DOC=3, 20 T, pH 7, 168 hrg) 2=
Aot A EF(NaOC) S ko] 5]

29| A5 £2EHAME(THMs, HAAs)S 24

i St Edzwald et al., 1985).

(b) Pulsed UV system M ( ’ )

Fig. 1. A schematic of UV system
Table 1, Characteristics of raw water
Sample o DOC o NH,-N T-N T-P COD Conductivity
. b (mg/L) | (em™) | (mg/L) | (mg/) | (mg/L) | (mg/L) | (uS/cm)
Wastewater Treatmen.t Plant Effluents 6.9 3.85 0,080 0.042 18 ND. 125 560
(Raw water; RW)
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42 §7] #2(D0C)2t UVA(254 nm)2
= §71249 e SHsa. TEARYY
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sto] BatghS AHESHATE

H Ao A= HPLC-UVA-DOC system
S 0]83}o] Size exclusion chromatograph
(SEC)E AAJsk9tt.  HPLC-UVA-DOC
systeme HPLC(High performance liquid
chromatograph, LC—20AD, Shimadzu),
HPLCeo| W= UVA Z&7](SPD—-20AD,
Shimadzu)@} ool AZ% DOC &£4171(820
turbo, Siverse)® FAISIR L, 7] vijA A
(HW-50S GROM Analytik + HPLC GmbH,
Size exclusion column)< ©]-&3fo] Hz|s}
Atk ARERE AF e EAW¥ 9l 100-10,000
daltono]t},
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549 4= HachAl® pocket colorimeter
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= AHESHIH DB-1 HHAS ARESHe] 4714
%7(CHCL,, CHCLBr, CHCIBr, CHBr,)2]
THMs¥ 97F4] ZF(TCAA, DCAA, MCAA,
CDBAA, BDCAA, BCAA, TBAA, DBAA,
MBAA)9] HAAsE AAES #HZE7](Electron
capture detector; ECD)2 7A&3}9ith THMs
o] BAL EPA method 551, HAAs H42
EPA method 522.25 #-835}% ),

3.1.1 UVA,,, DOC, SUVA

Fig. 2, Fig. 3& 217 UV Azt wp&
UVA,;,. DOCS] #3s Wbl aL Slek UVA,,,
9} DOC % UV #ejA|7ko] Zojh42 o w
ol AA=U. A2 *‘%#-‘é— LPUVSE}
pulsed UVE 5871 A= lq} - 7_}
7} 11.3 %2} 51.3 %7} A A= 2
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Fig. 2. UVA,,, with UV irradiation time
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Fig. 3. DOC with UV irradiation time
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Fig. 4. SUVA with UV irradiation time

UVA,,,/DOCx100(L - cm™ - m™)& A 9]
5= SUVA h2 & Hof 2A5ks #7182 &
2latety 542 vt AHg-Ect Fig, 4
= UV A A7t wh& SUVA%;kg uehd 2l
o]t} SUVA Zro] 4—50]H A& PV X ]
A AR f7]E0] ?*@01 9131, 3 o]3}o)
H 24 AHEBEAR S7)Eo] LA Qtka
ore] A QIth(Sohn, et al., 2007), & A7 of A
S5 ZE SUVA 32 3 oJst& YA mx
A ARAL f7180] 78 4847t dot
I E 4 ek UV A= g UVA, o AlA
£°] DOC?| A|ALHT} 7] wfZo] SUVA=
UV AejAlgto] dojdaE o AbobHtt,

3.1.2 Size Exclusion Chromatography (SEC)

UV ZARA[ZbO] wE EAjsF 2325 opofst

7] 918t kA A W= LPUV, pulsed
UV A2gt & 2}2+9] A5 AHAIZF HPLC—
UVA-DOC system©& ®Astglct AdS
Az $71E4EL biopolymer, humic sub—
stance, building blocks, low molecular
weight(LMW) acids, neutrals® 2|7} Ht},

Biopolymer peako]|A+= polysaccharide,
protein, organic colloids & 20,000 dal—
ton oA & EAFS 7HAAL 2] A
< 7= &4=°] d&9Y. Humic sub—
stance peak+ AH AA A7t peak? HY,
UVA/DOCS] B &(SUVA) ol o 24 =},
Building blocks-& humic substance”’} 2Fs}
A ARLE S o AEE= =4E AAEH
350 dalton ©|3}8] LMW humic acids peak+

Fit Ao s 4 2450 AEHH,
LMW neutrals peak+ alcohols, aldehydes,
ketones, amino acids®} -2 A &E2}5F2] oFs}

A olestElo] 9l 22A T Aol EAS
o] H&HtH(Sharma, et al., 2011),

Fig. 5= 7} Al&9 HX} w0 "
UVA(254 nm)9] #+& YeEFY L Qltk, UV A}
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Fig. 5. Change of MW distribution through UV treatment time
with UVA detector
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Fig. 6. Changed of MW distribution through UV treatment time
with DOC detector

Al7ro] ZdojA42 UVA detectori =43t o
718 e fgackE AES 2t LPUVE

30%(UV intensity 120 mJ/cm D Ak )
=0t 2AFSE Al 29} pulsed UVE 5% B¢t A
sk A7 9] 9 500—1,200 dalton®] A}
& A B ool 3 FAsAAT 500
dalton ©]3}l4} 1,200 dalton ©]/e] ol
= M3 A9 gt ¥HHof|, pulsed UVE

5 A AR+ 300-10,000 dalton
o] JoofA HAH SR UVA AAE &S 4=
U3

UVA detector= 718 % W&dFEH(aro—
matic)& Z3F3F Ebho|ZAS 1L
SAst= Aol7] "ol ol& Hstr] flsiA
DOC detectorE AMgslo] §7|E2Q =&
57453 Fig, 62 28 A= 9] EAF 220

2 DOCZE el 9t} UVA detector
2 A3 A9} npal7A 2 LPUVE 30% &
ARSE A& 9} pulsed UVE 5% A3 AR+
500—-1,200 dalton®] EAFHS 7IA]+= =44t
A A=t Pulsed UVE 58 ot A3t A
HE 300—-10,000 dalton®] FHoA AA|A
© 2 DOC AAE &1 = Aok, 1 A
AA QL AlAES Blastd DOC= UVA©] H| 5
A A AA= QL. E3] building blocks®] 4
9l 300—900 dalton®] &2 2] DOCE 27 A
A=Al 300 dalton ©|8Fe] EAFE 7HA=
LMW humic acids peak® A2 A Alg Rtk
DOC7} 57F5Fit}, Pulsed UV A& & B3l &
A frlE0] A2 A S A= A=
Az WSETERL $33 4 9lon] DOCO| At
ol Weprt wEE= AL 2 Kot Sharma,
et al. (2011)of| A4 8131 22 EA2F(300 dalton
olsh& 7= f71=49 $7t= diis 9o
S22 3S 2h= A= (aliphatic) &2l 719
o= W83 A3tk & 4= Sloh

20,000 dalton©]A+r®] biopolymers peak+
DOC detectoro| Al AEEa1, A8t 5315 &
4 Q= Awo] UV E%(LPUV 5%, pulsed
UV 5= Aegt Al&oA DOC7}F 43t
UVAZ} DOCeof H|| wj AL Aoz Hol
biopolymers peak”} T
2} 923} 2= 9jr}

rEL'

2B polysaccharide

3.1.3 XAD fractionation

A5, 2543, Aold 77189 vle= ot
oksl7] §lsle] XAD fractionationS 4345+
o, skeeA e R f71ES X5Ado] 50
%, 252410] 30.8 %, HolA0] 19.2 e A
Shal Qich,

Fig. 7oA steA2ld WRsE S
pulsed UV Ag] & A$ UV HstA] &
Aol vlsl| M 77189 HlEo] ARl=
Fe Holal 9=l o= pulsed UV Aol wt

g
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Disinfection condition AOP condition

ratio (%)

RW LPUV 30sec  Pulsed UV 5sec

Fig. 7. XAD fractionation with UV treatment

£ SUVASY| a4 Aokt dA)ght, o] 2|3k A}
2 pulsed UV A2 ApA F7]E0] A|AE
I 9tk AS &1 4= Stk LPUV A7 9
AE 2A wEE A st A vlEe| 2
ko] 7F AT,

3.1.4 Fluorescence Excitation-Emission Matrix
(FEEM)

+71€9 B4 mPgw¥9+=  tryptophan
protein—like peak(Ex/Em = 270—280/320—
350 nm), aromatic protein—like peak(Ex/
Em = 220—-240/320—350 nm), humic—like
peak(Ex/Em = 330—350/420—480 nm), ful—
vic acid—like peak(Ex/Em = 250—260/380—
480 nm)ezZ d#HA At (Mobed, et al.,
1996; Baker, 2001; Leenheer and Croué,
2003; Yamashita and Tanoue, 2003),

Fig. 8, Table 2%} Zo] sk g Wi
+= aromatic protein—like peak, humic—
like peak, fulvic acid—like peak’} A==
o}, LPUVE 30%, 5% A3t A|=2} pulsed
UVE bz A3 Alg== A&d 2429 peak
9] fluorescent intensity”’} ZA #ko|7}
A ¢¥ko1t pulsed UVE 58 A3k Al2=
humic—like peak, fulvic acid—like peak?]
fluorescent intensity”7} ZFZF 80 %A 7435}
1l aromatic protein—like peak”} A=A T}

Pulsed UVE A3t Algm= ¥HgAIZTo] 4

(b) LPUV 30sec

I
ggage”

350 400 450 500 SS0 60O
Em (nm)

(c) Pulsed UV Ssec

nmice
§8338°

Em (nm)

(d) LPUV 5min

(][
ggEgs”

(e) Pulsed UV 5min

LT
gBEas”

350 400 450 500 550 600
Em {nm)

Fig. 8. FEEM with UV irradiation time
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Table 2, FEEM spectral parameters with irradiation time

Sample Ex/Em Fluorescent intensity

230/353 146.15

RW 340/433.5 95.09
240/431 157.88

230/360.5 156.57

LPUV 30sec 340/433.5-434 94.48
240/437 162,02

230/359 129.36

Pulsed UV 5sec 330/419.5 89.11
230/433.5 144,25

230/351.5 145.85

LPUV 5min 340/433.5 94,72
240/439 152.75

pulsed UV Smin 320/404-404.5 17.62
230/432.5 30.83

4% humic like peak?® excitationi}
emission®| 7484 th(blue shift), o= & &
Apo] Half, Wk (aromatic ring) 9] s,
chain %949 conjugated bond 4, Al
& (linear ring) Al&Eo)A] B4 (hon—lin—
ear) AlAEICR ABtE|QIck= AS on|gitt
(Swietlik and Sikorska, 2004). ©]#3t A¥}=
oAl A3t SECY] Axkel UX|gket, Chen
and Valentine(2008) 2&& 0,:DOC=2:1
2 A8 ¢S 4 humic like peak? Ex/Em
7} 330/423 nmol| A 330/354.5 nm o2 blue
shift Elctar B 31 3}k Pulsed UV AHE&
&oto] @EA Al YEL= blue shift7} 22k
E= AOE Hol pulsed UV RAE E3) @&
Ao ol A2 {2 Eafet A2 2AF
g =H4RY ole S AT 4 Sl

LPUVE AZgt Az §hgAIgto] Zojz
42 fulvic acid like peak®] emission®| =
7Vt (red shift). Red shift+ carbonyl—
containing substituents, hydroxyl alkoxyl,
amino group¥} ¥#He] Q31 carboxyl con—
stituentsE {1 IO = ol FA|7|= A o]

Qlom Bz} =%+ molecules condensation)2]

Ao Tl S vttt (MceGarry and
Baker, 2000; Chen, et al., 2002; Swietlik
and Sikorska, 2004)

& U5}, 20 ©, pH 79 20| ARG
o A% Bt

Fig. 9= LPUV, pulsed UV HYE st A&
oA o] AR ALL As= HEHIL T
LPUV A& gt Al =9 4-%(Fig. 9 (a), A
£ SHA] g2 AR dasHEH(FY T
A ZERdags W gha 2A Zpol7) e A
© & yepylth, Pulsed UV A& g AR 9] 7

—&— RW(119mgi)
12 —0— LPUV 30sec(12. 1mgll}
—¥— LPUV 1min{12 Omg/l )

—&— LPUV 2 5min(12.0mgiL)
10 —m— LPUV 5min(11 7mg/L)
—&— LPUV 7.5min(11.6mgiL)

Total residual chlorine(mg/L)

0 2 4 [
Chlorine reaction time(day)

(a) LPUV

—e— Rw(11.9mglL)
—0— Pulsed UV Bsec(11.7mgiL)
—v— Pulsed UV 10sec(11.6mg/L)
—a— Pulsed UV 30sec(11.9mg/L)
10 —=— Pulsed UV 1min(11 9mg/L)
—8— Pulsed UV 2.5min(11.6mgiL)
—&— Pulsed UV 5min(10.5mg/L)

Total residual chlorine(mg/L)

Chlorine reaction time(day)

(b) Pulsed UV

Fig. 9. Chlorine residual with UV irradiation time (The number in
the parenthesis indicates initial chlorine dose )
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(Fig. 9 (b))oll= UV XA} A7to] AojA==
Ha amgfo] AX 15 ol A Alge ¢
2 39 1AZE o of] 2R A A 9] Zho] SR
ofstz st AWHeE 7IEUVA,,
DOC)o| #4stH faangFo] Zopxltar o
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