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Effects of pH, Water Temperature and Chlorine Dosage on the Formation
of Disinfection Byproducts at Water Treatment Plant
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Abstract : This study investigated formation potential of 16 disinfection byproducts (DBPs) (e.g., g trihalomethanes, haloacetic
acids, haloacetonitriles, chloral hydrate, etc.) upon chlorination of raw water at various pH, water temperatures, and chlorine doses.
We also compared the DBP formation potential (DBPFP) of raw and filtered waters. Most of DBPs were formed higher at neutral
pH, but dichloroacetic acid, chloroform, and bromodichloromethane were formed higher over pH 7. As water temperature increased,
concentrations of chloral hydrate, haloacetic acids, and haloacetonitriles linearly increased while that of trihalomethanes exponentially
increased. Formation of chloral hydrate, trihalomethanes, and trihaloacetonitriles significantly increased up to 2.0 mg/L Cl, of chlorine
addition, then gradually increased at 2.0~5.6 mg/L Cl,. Filtered water formed less DBPs than raw water in most DBPs except for
trihalomethanes.

Key Words : Disinfection Byproducts, pH, Water Temperature, Chlorine Dosage, Water Treatment Plant
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Table 1. Water qualities of raw water and filtered water

Parameters Raw water Filtered water
Temperature, C 274 27 1
pH 71 6.9
Chlorine, mg/L 0 0.85
DOC, mg/L 20 11
UVAgs4, cm”’ 00314 00124
SUVAzss, L/mg.m 1,60 095
Hardness, mg/L as CaCQOgz 20 16
F’, mg/L 0.06 0.06
CI', mg/L 99 18.8
NOgz-N, mg/L 0.40 037
S0.%, mg/L 895 897
20CE AT QIFFH|o|E(HB-103L, S utshE o g5to]
2447 591 et sy

& WA F T 2 H HREA| ke
A= 44/9°5(DBPFP) AH-2 7} 2719 | :
L H,S04 (0.05 N)2} NaOH (0.05 N) & o]g3le] =
Al vhgo] &2 E A EE= ZA] NaHSO; (0.5 N) &
dHom AFHLE LZAA EAAER AMESIGloH, &
A2 30 Almel g Bk o8-8kt

AEHAE 2 HANsAH = dichloroacetonitrile (DCAN),
bromochloroacetonitrile (BCAN), dibromoacetonitrile (DBAN),
trichloroacetonitrile (TCAN) 22 E43}9ctt. HAAsH =
chloroacetic acid (CAA), mbromoacetic acid (BAA), dichlo-
roacetic acid (DCAA), trichloroacetic acid (TCAA), dibromo-
acetic acid (DBAA) 2L FEA519th. THMs 322 chlo-
roform (CF), bromodichloromethane (BDCM), dibromochloro-
methane (DBCM), bromoform (BF)E E43}% 21, chloral
hydrate (CH), ethylene dibromide (EDB), 1,2-dibromo-3-
chloropropane (DBCP) &&= 3x3lste] ZHo] =af3} Tt
HANs7|(4%)2} CH, EDB, DBCPE X% 3sl= = 723}
HAAsA|(5%) &4-& gas chromatography/electron capture
detector (GC/ECD, Agilent 6890N, USA)S] EA7]|7|& o]
&5t n, HAAs 42 A 2ilo] g A= 5
Sk 77| B 2 oA BER FAEA sHth. THMsS gas
chromatography/mass spectrometry (GC/MS, Bruker 320MS,
USA)®} purge & trap AJAHElS o]83te] FAE4 83tk
nE a5 A 717R4S Heard s gl
37|50 wer 435kt 8£-8-7] A (dissolved organic
carbon, DOC)+= 0.45-um filter (Millipore, USA)Z A|RE
o]}gt 3 TOC £4]7|(Sievers 900, USA)E o]g-3fo] HA]
3l th UVAyss= UV-visible spectrophotometer (Cary 300,
Varian, USA)S o]-8&35fo] EA514t} Specific UV absorbance
(SUVAs4)= 254 nm 3p7Fo Al 43 UV F3=5 DOC
BEE o] At
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Fig. 1. Comparison of DBPFP at various pHs (DOC concentration,
2.0 mg/L; chlorine dose, 56 mg/L; water temperature,
20°C; reaction time, 24 h)
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o2 YEhl, daFdEs 2.0-5.6 mgL HelolM= & ZF 19.9, 3.4 pg/mg) R} tha SEARE & Zpol= §igict

ohet Mg EA 712 Rud Avel fAstEch ut Hh, TTHMFP/DOCO] A8 20.8 pg/mgs 4(15.3 pg/

wlol, THAAFP A4S 923U% 2719 @7 2 43e

ke F7HEAE Bl =
ECHFP/DOC ETHANFP/DOC WTHAAFP/DOC  TTHMFP/DOC
AAFUE =2 DBPFPY] AJATA = WA 4l (DS & o} 1
Fom, A4 a, bol AP AHASR)E Table 20 reby] o
ATk w
£
E;f 15
ax 8
V= hra O e
2
o714, v AaFYFEmgL), yi= ©9 DOCY HAE )
SRR (ug/mg)S TRt ”T ae AAATE Het
o 80] g2 AAARTL SAlekE A L S Stk .
FL2719} s CHFPY a:= 16.3~32.1, THANFP+= 3.0~ Raw water Filtered water
5.1, THAAFP= 18.7~71.7, TTHMFPx 9.1~67.52 Z7}38} Fig. 4. Comparison of DBPFP between raw water and filtered
Som, o5 Lefmel R W9l 09380997 k7] Lie} water (water ermpereture, 201 reacton fme, 24 1 )
- raw water: concentration, 2.0 mg/L; chlorine dose,
Ul A bl AEmokd] ke =L 2
A g b ARmd 9ES F= ARA SA7 56 mg/L; consumed chlorine, 2.1 mg/L; pH 7; i) fi-
=255 AAd] 7¢Itk CHFP, THANFP, TTHMFP tered water: DOC concentration, 1.1 mg/L; chlorine
of gigt A4 b= ZHz; 0] F4E tha F7189 A, b dose, 3.1 mg/L; consumed chlorine, 1.0 mg/L; pH 7).
Table 2. Summary of parameters in the equations (y= b ) for DBPFP at various water temperatures and chlorine dosages
CHFP/DOC THANFP/DOC THAAFP/DOC TTHMFP/DOC
a b R’ a b R? a b R a b R

5C 163 07 0982 30 06 0991 187(18* 52(10 0997 (0950 9.1 07 0949
20C 246 11 0942 38 07 0987 61533 133(12) 0994(0989) 206 18 0972
30C 321 14 0938 51 10 0988 717@7) 115(04) 0996(0975 675 20 0958

. values or a, b, an ory=ax+ equation
() Values of a, b, and R? f b ti

| Joumal of KSEE | Vol.37, No.9 | September, 2015



J. Korean Soc. Environ, Eng.

LSRN MK 0[x|= gt

pH, =2, oAFolzko| H4F

35 30
—&— CHFP/DOC

—B— THANFP/DOC
—&— TTHMFP/DOC
—6&— THAAFP/DOC
— M- Consumed chlorine

30 25

25
20

DBPFP/DOC, pg/mg
n
Consumed chlorine, mg/L

05

00

0 10 20 30 40 50 60 70 80

Reaction time, h

Fig. 5. DBPFP/DOC as a function of reaction time (DOC con-

centration, 1.1 mg/L; chlorine dose, 3.1 mg/L; water
temperature, 20°C; pH 7).

mg)i e} tha A vhebiteh @4efu] of 3<o] CHFP 5
= FAEL 53.7%, THANFP+= 58.2%, THAAFP= 69.3%
2 yehgon], 53], dgolA =2 BAESAHS @ HAAs
o o) S BUHYAE Fon) 72%9]
Lo AgHL-S Yeh|ch? WhH, TTHMFP 9= 22.1%
2 0E 25 e gagol Wwokw, A4 $34
01];\15 oF 43%_,] B e MAuLe Hygch?

of mA & e JFE T

gr0z A7) gis) “J% 7ol w2 ofstse] DBP
5.

Hjél‘-io::lu
L5
r_ﬁg
I m
@

N
UEL
= ol
3
>‘~£
1;11
it
é

o&io
23 o ¥

Tor }o}
o] Ael= 741 7}6}3& A BT 7%
=% = DBPs JAjo| A&EHoZ2
Uk T4 2 DBPFP H|&-2 uhg-27|o|
7} o]LH_,] Aﬂ/dal:o] 72/\]7}77]- ] Ag/\gi] %_ l(l):
67.5% A= A5},

i
ol)l
N
et
4

2~

Pl
'19:5 O\Il:‘-)-‘\—_%‘?:}aokq] EH?J: v/.l\_%—‘f]—/}_% Al /Ko_‘a—__% }_/\]'6_]-93\1:]'
ESE, Yot AAafapof gt AERANE A5 Hast]
ohe g AES AU

) R AERARE AR FA pHOA AAEo]
ol chl, THMsS %ﬂm pHOIA A 8ol stk

2) ol FLHE ARNAE AR F7HEOw, CH,
HAAs, HANsE 2413, THMst 4534369 3715
A Beleh Wbl o8 Seo] £2 49 THMso| F
A3t F71 4 e

3) GAFYFS FAAUSE ABRAE YHE 37

2 3902 mg/L Cly)9

o
8
rr
jin)
At
ol
o2
B
N
o
off
H1
_\\l_‘
AT

A AL B2 Ao RE AEHAE Y45 Ko|7} u
WA 2A et Hye) darledel Bad oz @
oEch 9439l% ¥ CHFP, THANFP, TTHMFPL: A

ST
2 §ARF FADNEE F7KE W, THAAFPE 4413
%_

] 7}7]% 7tEAE Bt

Yo} ofabpol i AERARE AAFS vt 2
4 qpa Ro| AERAES A5T Fo ARRAE A4S
o] Wolxi= Ao 2 vreyith Tk, THMsS of ool A] A
ez 2o APES vEhlch ES, whEAlRte] 4

A4 2ERAE] W] A|&Hor FrleinE THM
o HEE WA $A8] SN EaA ARALS
zo Wast oo

FO

Acknowledgement

o] AL FoguThstuste
sfo] AYH =EQ.

21 51H](2012-104-152)0] £]

KSEE

References

1. Lee, S. W,
water treatment process in Korea,” Master Dissertation, Dong-
eui University(2004).

2. Seo, H. J,, Kim, J. M., Min, K. W., Kang, Y. J., Paik, K.
J., Park, J. T. and Kim, S. J.,
disinfection by-products(DBPs) by chlorination in sewage

Technol., 22(3), 272~

“The present and the prospect of advanced

“Generation characteristics of

effluent,”
276(2009)
3. Yang, X., Shang, C., Lee, W. T., Westerhoff, P. and Fan,
C., “Correlations between organic matter properties and
Water Res., 42,

J. Korean Analytical Sci.

DBP formation during chloramination,”
2329~2339(2008).

4. Oh, I. Y., “Enhanced coagulation for removal of turbidity
and NOM in dinking water treatment,” Master Dissertation,
The University of Seoul(2005).

5. Lin, H. C. and Wang, G. S., “Effect of UV/H,O, on NOM
fractionation and corresponding DBPs formation,” Desalination,
270, 221~226(2011).

6. Sarathy, S. and Mohseni, M., “The impact of UV/H,O, ad-
vanced oxidation on molecular size distribution of chromo-
phoric natural organic matter,” Environ. Sci. Techol., 41,
8315~8320(2007).

7. Lim, S. M., Chiang, K., Amal, R., Fabris, R., Chow, C.
and Drikas, M.,
using advanced oxidation processes,” Sep. Sci. Technol., 42,
1391~1404(2007).

8. Kim, S. E,
tion by-products in water supply system,” Doctor Dissertation
(2009).

9. Min, B. S., Rhee, D. S., Ryu, J. K. and Park, S. K.,

“A study on the removal of humic acid

“Formation and control of chlorinated disinfec-

“For-

CHEtErd S Sta|R| | #1372 M9 20154 92

, 509



510 ,

J. Korean Soc. Environ. Eng.
O|7|& - O| e

10.

11.

12.

13.

14.

15.

16.

17.

mation characteristics of Haloacetic acids in water treatment
plant,” J. Korean Soc. Environ. Anal., 6, 41~48(2003).
Stevens, A. A., Moore, L. A., Slocum, C. J., Smith, B. L.
and Seeger, D. R., “By-products of chlorination at ten
operating utilities. In disinfection by-product: Current Perspec-
tives. Denver, Colo: American Water Work Association.
Williams, D. T., Lebel, G. L. and Benoit, F. M., “Disinfection
by-products in Canadian drinking water,” Chemosphere, 34,
229~316(1997)

Krasner, S. W., McGuire, M. J., Jacangelo, J. G., Patania,
N. L., Reagan, K. M. and Aieta, E. M., “The occurrence of
disinfection by-products in United-States drinking-water,” J.
Am. Water Works Assoc., 81, 41~53(1989)

Park, J. H., Lee, J. B.,, Ahn, K. H., Lee, Y. H., Choi, J.
Y., Ahn, H. S., Seo, K. A., Oh, J. H., Jung, W. H., Park,
S. J., Jang, S. ], Park, J. Y., Kim, G. S., Kim, J. H., Kim,
T. S. and Han, J. S., “A study on occurance and control of
disinfection by-products (DBPs) in drinking water(I) - Mo-
nitoring of DBPs and its precursors-,” J. Korean National
Inst. Environ. Res., pp. 20~21(2010).

Kim, S. J., Kim, J. M., Jeon, Y. T., Park, J. E. and Won,
C. H., “The characteristics of disinfection by-products oc-
currence and speciation in D water treatment processes,” J.
Korean Soc. Water Qual., 26(3), 406~412(2010)

Huang, H., Wu, Q. Y., Tang, X., Jiang, R. and Hu, H. Y.,
“Formation of haloacetonitriles and haloacetamides during
chlorination of pure culture bacteria,” Chemosphere, 92,
375~381(2013).

Reckhow, D. A., Platt, T. L. and Macneill, A. L. and
Mcclellan, J. N., “Formation and degradation of dichloro-
acetonitrile in drinking waters,” J. Water Supply: Res. Technol.
-AQUA, 50(1), 1~13(2001).

Hayes-Larson, E. L. and Mitch, W. A., “Influence of the me-
thod of reagent addition on dichloroacetonitrile formation dur-
ing chloraminatio,” Environ. Sci. Technol., 44, 700~706(2010).

18.

19.

20.

21.

22.

23.

24.

25.

26.

Hu, J., Song, H. and Karanfil, T., “Comparative analysis of
halonitromethane and trihalomethane formation and specia-
tion in drinking water: the effects of disinfectants, pH, bro-
mide, and nitrite,” Environ. Sci. Technol., 44, 794~799(2010).
Kim, J. K., Jeong, S. G., Shin, C. S. and Cho, H. J.,
“Characteristics of disinfection by-products formation in
Korea,” J. Korean Soc. Water Waste., 19(3), 301~311(2005).
Sadiq, R. and Rodriguez, M. J., “Disinfection by-products
(DBPs) in drinking water and predictive models for their
occurrence: a review,” Sci. Total Environ., 321, 21~46(2004).
Doederer, K., Gernjak, W., Weinberg, H. S. and Farré, M.
J., “Factors affecting the formation of disinfection by-products
during chlorination and chloramination of secondary eftlu-
ent for the production of high quality recycled water,” Water
Res., 48, 218~228(2014).

Nikolaou, A. D., Lekkas, T. D. and Kostopoulou, M. N.,
Golfinopoulos, S.K., ¢ Investigation of the behaviour of ha-
loketones in water samples,” Chemosphere, 44(5), 907~912
(2001).

Zhang, Q., Kuang, W. F., Liu, L. Y., Li, K., Wong, K. H.,
Chow, A. T. and Wong, P. K., “Trihalomethane, haloace-
tonitrile, and chloral hydrate formation potentials of organic
carbon fractions from sub-tropical forest soils,” J. Hazard.
Mater., 172, 880~887(2009).

Bae, G. S., Baek, Y. K., Ryu, K. S., Shin, S. H. and Lee,
C. H., “A Study on Characterization of THMs Formation
in Tap Water in Daegu,” J. Korean Soc. Environ. Eng., 33,
893~899(2011).

Lee, K. C., Gegal, B. C., Choi, I. H. and Lee, W. T.,
“Formation Characteristics and Control of Disinfection By-
products in a Drinking Water Treatment Plant Using Lake
Water,” J. Korean Soc. Environ. Eng., 37(5), 269~276(2015).
Chang, H. S., Lee, D. W., Kim, C. M., Lee, I. S. and
Park, H., “Characteristics of Disinfected Byproducts in Tap
Water of Seoul,” J. Inst. Ind. Technol., 12, 97~102(2004).

| Joumal of KSEE | Vol.37, No.9 | September, 2015



