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Characteristics of the Disinfection Byproducts Formation in
Electrolysis Disinfection of Drinking Water
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ABSTRACT

This study was conducted to examine the byproducts formation characteristics at the water treatment plants which applying
electrolysis as a disinfection process in Gangwondo, Korea. Total of forty plants located in Gangwon Province, Korea
were selected for the study. Correlation between dissolved organic carbon(DOC) and SUVAzss was not clear. Among
the species of the disinfection byproducts(DBPs), chlorate and trihalomethanes(THMs) accounted for 76% and 14%
of DBPs, respectively. The effect of DOC or SUVA»s4 on DBPs formation was not clearly demonstrated. The increased
amount of THMs due to the raw water bromide content was found primarily in the form of chloroform, and the percent
fraction of BDCM(bromodichloromethane) and DBCM(Dibromochloromethnae) was relatively insignificant. When the
value of SUVA;s4 was greater than 2 L/mg-m, the percent fraction of BDCM and DBCM decreased while percent fraction

of CF(chloroform) increased.
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Chloroform 0.08 mg/L, Chloral hydrate 0.03 mg/L,
Dibromoacetonitrile 0.1 mg/L, Dichloroacetonitrile 0.09 mg/L,
Trichloroacetonitrile 0.004 mg/L, Haloacetic acids 0.1 mg/L,
Bromodichloromethane 0.03 mg/L, Dibromochloromethane
0.1 mgll 5 1158 2574z gt 7|&o] S,
HE=E  JA|EOS=Z  Etylendibromide 04 pg/L,
Bromochloroacetonitril =]/37, Bromate 10 ug/L, Bromoform
100 pg/L, Chlorate 700 pg/L 5 5&°] AsFibze] tisto]
Hi7)E0Re A5t Itk Ministry of Environment,
2011c). Alg7HA] Paat FAHEO| ditt Ae
THMs, HAAs, CH & ¢ 1713 ¥-3-she d=7s)
A% PAHR] tjste] SHAOR o|Rold gom, A
Al AERARC] AHEAS Aoid, BH Ga
upe} ot 23S UERal It(Cho et al., 2009).
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A= WA gt Lee et al.(2005)-2 7] 53f4] o
o] A SgArstA el EAES B subtilisg S
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He=g FA7|EA dahamRAilE2 A7 THMs,
HAAs, HANS, chloral hydrate 45572 S F . 1
A7) Ese A amps AA FYsHS A A4

= sk 7Hed 919 45579 A TR Y
sETA7EoBE UEgten dRol| A= 345k
ARERIThE e Aok off A7) ol ofRt Ay
o] amFAHEO] Aol m|A|= S mnlEt o=
UEHTE (Cho, 2013). AR AHE O] S ZHrdas
T7t 2245 = vEhdedl, 4F94 5% 0.1 ppm
~ 1 ppm HelolA THMs /dg2 F=THA olsk= et
Wk 18] HAAsE= 0.004 ppm ©|S}, chloral hydrate=
0.003 ppm ©]3}, 12|31 HANs+= 0.0013 ppmO. 2 W57
Yo7 o8 thebte.
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4=+ pH, DOC(Dissolved Organic Carbon), UV254,
bromideE EA45}%tl.  Bromide =%& I1C(Ion
chromatography 5000)E ©]-83}%3l SUVA,si(Specific
Ultraviolet Absorbance)+= US EPA2] National Primary
Drinking Water Regulation(2009)°] w2} DOC2} UVasg
oz ofejol e AL o] gate] AAretth

SUVA,s4(L/mg-m)=
100(cm/m)x {UV,s4 nm(ecm” )/DOC(mg/L)}

ARds 29 AR A A 295k
(HACH Chlorine Pocket Colorimeter 1), —’,15:0]% 15—
T+ pH meter2 =43} t). DOC X+ 045 pm
membrane filter(Whatman)= ¢J1}& TOC analyzer
(Multi N/C 3000)E o]&39o2™ UVyu= DU 800
Spectrophotometer(Beckman) 2 =745}t

AEHAERZ A BEASE 3EL  Trihalomethanes
(THMs), Chloroform(CF), Bromodichloromethane(BDCM),
Dibromochloromethane (DBCM), Bromoform(BF), Haloacetic
acids(HAAs), Dibromoacetonitril, Dichloroacetonitril, Choral
Hydrate(CH), Trichloroacetic acid ©]¢it}. EA4&E =
chlorate, bromate— IC(Ion chromatography 5000)%2 =7
stF o Uz EAFESS GC (Gas chromatography)
2 S4sHA
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2 A5 g s A7IEsE ol&st= 407
A oo U] SABAH AT Table 204
o} o] 49 th 6.1~8.39] HIE UELIL,
DOCY] H&]+= 0.081~1.244 mg/L ©]%it}. UV254 H Y
X 0.0036~0.0396 cm’, SUVA,s; 9= 0.48~7.53
L/mg-mo| 1.2, bromide = 4.2~32.3 pg/L HY=E
Ept )

E}(US EPA, 2009). SUVAys4 352 DOC Fro = HE
AAE Qo DOCYF SUVAys e AdaA s
Fig. 1049} Zro] sl A A S Hol3a] &gk
o o] Ay F&(Son et al, 2004)0 A2} T2 2
afolct.

Table 1. Source water and treatment process of the 40 water treatment facilities(Yun, 2012).

Treatment process and Source water
capacity Underground water (each) Riverbed water (each) River or Lake (each)
Prechlorination 1 3 3
Coagulation - 5 3
Rapid filtration 4 13 3
Slow filtration - 20 -
Capacity-min.(ton/d) 500 450 1,000
. 21,000 70,000
Capacity-max.(ton/d) 1,000 (under 5,000: n=25) (over 50,000: n=1)

Table 2. Raw water quality at the plants applying electrolysis(Yun, 2012).

Parameter Range Average Std.Dev.
pH 6.1 ~ 8.3 7.3
DOC (mg/L) 0.081 ~ 1.244 0.7733 0.2594
UVysq (cm™) 0.0036 ~ 0.0396 0.017
SUVA,s4 (L/mg'm) 0.48 ~ 7.53 2.24
Bromide (pg/L) 4.2 ~ 32.3 12.55 6.146
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i 27ehe 9= 9tk 23] st H(von Gunten,
2003), §15:0] bromide7} ZFEo] Y& A 0=
212 sl FAMEEA bromate”t WAE 4tk =
Aol A Yol gle bromate”} 4ol HE=H A
3 . . . < B, &gS o] 83 A7) &g of| A bromate7}
%] SRR A AAAE YRS AR FtEn bromate?] PALS HHA|
h L o : 3}7] 9Jaf A= bromide?] AA ] T AH7|E& 217}
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Fig. 1. Correlation between DOC and SUVAys,.
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2EEEREH AAE BAets A7EEHE Ak

Ao RN AERAE 147 5ol diste] TAZ Ao HoAdT o] golid wiEel =W
=435}tk HAAs (Haloacetic acid)= trichloroacetic acid, T Ak YHard 9 SR AL A
bromodichloroacetic acid, dibromoacetic acid®] &+o. 2 1} i glom, e ARG AR o] WS
E} 01, HANs(haloacetonitrile)=dibromoacetonitrile, FE ARESIL Qledl 2 AFollA 2AET A &
dichloroacetonitrile, trichloroacetonitrile®] 3o & U}E} =HAbE G4 H&& B, chlorate 76%, THMs 14%,
Wk bromate 6%, HAAs 4%, HANs 1%, CHD 1%=A]
7} 2ERANE O] B AT= Table 30 gk, A&, chlorate 714 ¥]&°] 7P $£3k3L bromate -4 B|&

WHOS| FAIx¢} &7 Qokxlo] 9lom chlorate o] FEoNE T =2 ZoRE eyt 7|3}st
0~157.0 ug/L, bromate 0~22.6 pg/L, THMs 0~22 ug/LZ A AEFHA A5 met AEFARES] A

et o AR AHpeaA|Hoa AR RARERD of Zpo7k Qloy B A= AUZ=W Ao <]
chlorate ¢} bromate”} AZE Q1 2t outER 2 oF UrAQl EAS E43517] g HF oA e A
2 bromate= H=E7FA| MR 713 (BrO; 10 pg/l)S TF2A ZF A AEAR] 9] zlolof figh BANE

Table 3. Treated water quality at the plant using saltwater electrolysis (unit : pg/L)

Item Regulation of DBPs Concentration

Korea WHO Japan Min. Max. Avg.
Chlorate 700° 700 600 0.0 157.0 41.7
Bromate 10¢ 10 10 0.0 22.6 3.6
THMs 100 a 100 0.0 22.0 6.4
Chloroform 80 300 60 0.0 20.0 4.5
Bromodichloromethane 30 60 30 0.0 4.0 1.4
Dibromochloromethane 100 100 100 0.0 2.0 0.4
Bromoform 100° 100 90 0.0 0.0 0.0
Dibromoacetonitrile 100 70 60 0.0 0.8 0.04
Dichloroacetonitrile 90 20° - 0.0 2.0 0.4
Trichloroacetonitrile 4 - - 0.0 0.0 0.0
Haloacetonitrile - - - 0.0 2.0 0.5
Chloral hydrate 30 - - 0.0 3.1 0.3
Haloacetic acid 100 - - 0.0 10.7 2.4
Trichloroacetic acid - 200 200 0.0 9.2 1.7

3 : The sum of the ratios of the four THMs to their respective guideline values is less than 1.
b : provisional guideline value because of uncertainties in the health database

¢ : Guideline value of monitoring

* source: Yun(2012).
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3.4.1 DBPs ‘4o OJX|= #+-2| DOC F&t

Fig. 2= THMs 4] mA= ¥2] DOCo| 9
< Uehd 272 DOCY AuuA7E F3lsHA
EFLRAL Q1A ¢FoF THMs A/de]l DOC 9] 9] thg 9T
ol UFZ ¢ & Utk 2 Yol EAshs
bromide2 ¢15}%] THMs o] F71s1% =0 o]t
%7} THMs 74 A8 o4 BDCMi} DBCM2|
Z712 3%t Axlel Ao =Z velyth THMs A& &
oA == BDCMZ} DBCMo| 2}A| 1= u] %
= @A AA e o] 422 bromide ZA= <
T THMs®| A84 F7k= CFe] S71= Qe Aoz
LR

i ok lo
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Fig. 2. Effect of raw water DOC on THMs formation.

3.4.2 240 SUVA: 20l 2 BAS MMEN

SUVAzss gholl e FAika A5 SUVAmgL 2
L/mg-m v|¥Hn=17)2} 2 L/mgm o4 (n=23)C.2 E73}
o 7} LmFAbEe] AA FA8E vaskl=t Fig
33} o] SUVAzss #to] 2 Limgm o]/F 7-9- THMs
bromate®] u}&o] Z7SHe RO vt el
7y B2 whAeRS HojE7] 9Js)A] Fig. 4] SUVAss,
2ol we 7k AERAE] ABES et

3tH, SUVA 4ol w2 THMs +AAdES 29
Fig. 59} Z+0] 2 L/img-m o] Ao 4] BDCMI DBCMO]
AR el HlE-2 gt ¥hE CF7F A}A|8he HlE&-2
Ftersr.

Fig. 3. Composition of DBPs for different SUVA values(front:
under 2 L/mg-m, back: over 2 L/mg-m).

Chlorate Bromate THMs CHD HAAs HANs
Fig. 4. Concentrations of DBPs for different SUVA values
(bottom: under 2 L/mg-m, top: over 2 L/mg-m).

BDCM —
DBCM /

Fig. 5. Composition of THMs for different SUVAzs, values
(front: under 2 L/mg-m, back: over 2 L/mg-m)

3.4.3 DBPs MAof| O|x|= ¥4=2| Bromide HSF

Bromidex= bromate2] A 1&E20|H, bromide2] £
= BRI & Aol 9FS ot 952 bromide 5

= 3thA|(under 10(n=11), 10~15(n=19), over 20(n=10)
ug/L)E =0 bromide FEHE ASEFARTO] tigh
FFE EA5H
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Fig. 6. Effect of bromide level on the composition of DBPs.
(front: under 10 pg/L, middle: 10~15 ug/L, back: over
15 ng/l)

Unit: pg/L

Chlorate Bromate THMs CHD HAAs HANs

Fig. 7. Effect of bromide level on the concentrations of DBPs.
(bottom: under 10 ng/L, middle: 10~15 ug/L, top:
over 15 ng/l)

Fig. 8. Effect of bromide level on the composition of THMs.
(front: under 10 pg/L, middle: 10~15 ug/L, back: over
15 ug/l)

N

N

N zﬁ rlu
B oot |

[oF

AA Faks H = EA% A= Fig. 637
] bromate®] A§4d-8 bromide 15 pg/L o]0l 4]
OS2 FIFehs AR Yty 7 SAE U4
HolZ7] 9434 Fig. 70| bromide X of w2

ERabge) 4sEg dehygick

11 bromide®] ZAZ <Qlsle] THMs & FAJ 0|
Pl U Aoz Al4ste] bromide ol wh=
THMs £ FAS XA T Bromide2] THMs £ -
Aol st AgFLS Fig. 83} o] bromide §HEfo] =
45 THMs 4 A& % BDCM3i} DBCME] F-/dH]
£o] olAt ZoR ekt

4. 2 B
HUE £FE A7 L] e 25 HAFHE
W Brge FOR EAR A3 SUVAN Bt

DOC %mofe] AHep Selela) goleh. HA 4
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