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Abstract

Drinking water treatment is enhanced by coagulant dosages and chlorine injection because of pH increase in raw water in
droughty seasons such as spring and fall. But water quality deterioration is occurred by increase in residual aluminium and
disinfection by-products. Coagulation process can be used to control natural organic matter (NOM) during water treatment.
The effect of coagulation process appeared to depend on the pH of water rather than coagulant dosages. In this study, for water
treatment in high pH season H,SO,4 was applied for pH adjustment at full scale. Before and after pH adjustment by H,SO4
injection, water quality of drinking water was evaluate. In the result of investigation of total organic carbon (TOC) removal in
high pH season, TOC was removed approximately 30 ~40%, which showed decrease in water treatment efficiency. Also, it is
increased both particle numbers and residual Al concentration in the water. After H,SO4 injection for adjustment to pH<7.5 in
settled water, treated water turbidity decreased in 0.047 NTU from 0.059 NTU, and particle numbers of filtered water
decreased in 20/mL from 90/mL. On the other side, TOC removal efficiency increased in approximately 10% after adjustment
of pH. In the result of decrease in pH in raw water through more coagulants and prechlorine without H,SO4 injection,
trihalomethanes (THMs) concentration increased in 16 ug/L from 8 geg/L.
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Table 1. Analytical items and the instruments SAIEY] A4S B . 7ked B4 94 pHY} 8.0 o4
Ite.m. Analytical instrument A AA pHE Holu AT SHUES
T(unrml)ty Tubidity meter, HACH, Model-2L00N A3k7t %A‘Es}%u pH A& 93t gﬁxﬂ RS

pH pH meter, Orion, Model 520A

TOC |TOC Analyzer, Sievers, Sievers 900

Particle |Particle counter, IBR, PAMAS-1790M (Portable)

Al ion |UV Spectro-photometer

GC-MSD Agilent Technologies, HP 6890 - MSD 5975

THMs Pegasus 11l GC-TOFMS/Purge&Trap
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Fig. 2. Tubidity meter (left) and particle counter (right) in filter bed.
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Fig. 3. pH change of raw and treated waters for 3 years.
W] weh ﬂ?ﬂ pH 69914 il pH 7.671A W33 50
on, Z57] A5 2 pH A71dlE A5 pH7Y 7.4~7.671 o W2006 02007
) Z7}ato] w% A% pH 7280 B4 dedn 99l s
thFig. 3). pH 80 olde] ¥& pH A5 74 A, Ade £
8 SHAE T BUse] 05 pHE A% pH WA fao
2 zAsle] 44ANE Shu Qo) Auel Az Ay 219
10
shed @AV 9ov $RAS 2 824 418d A8 2
ago] Wold Ae, ARATHE, L5H0E 5o 0
springtime summertime autumn
Aeko] Z7lsle] HAAHTE 20| A3lE = A= e (a dry season) (a wet season) (a dry seasaon)
ot Fig. 4. Change of TOC removal efficiency in settling basin.
Fig. 4% 9% pH 4541719 2 723 25719 32
% TOC Zﬂﬂ%<(%—’r—TOC AAFTOC)AFTOC>S] W Fig. 62 A5 ARLFIF v= TS e 2eg,
242 Jehd Aow 7 ](2 49, 10~119)9] A% ¢ Foo] B BH 2 pH AIZIETE 7HSE =2 pH Al
TOC A|AE0] 40~30%E E47] 2@ H57)(5~9%)d v 7lol ZFEFHE T2t A dAHe BEFE Holu
sto] graste] AEAYES(SH - FA)o] AsiE= ;{g om, Frbdols pH7b WAl FASARE 1EE A5
2 zAbE Tk dol e SFA iF FUoE ARLFUE =7 T
Fig. 5= 2~50 ym 37|19 AFG Fo EAlte JAE 7kt Ao E et
243 Ao PAse] A% A5er] ¥ BE pH e
A7l AR A A o] FTkste] Alaso] AstE= 32. ¥+ pHZHEE 9|5t eitFe A8 ZAnt
As & F Aok 7HE pH AsA7lde AFA] FEo] 32.1. HMFRASE AYES LU Jartest
A gt AL BES HeA) 2F B4 A% R 052 pHIt 80 oldEE A, Bl FuE F
o2 AHHEoK(SAE 5, 2006). A3t AN BRE golry] Mo, APHANA FiE
200
- @2005
€ 150 W2006
X 02007
2 100
£
2
2 50
E
0
Jan Feb. Mar. Apr. May Jun Jul Aug. Sep. Oct Nov. Dec
Month

Fig. 5. Change of particle numbers in after filtration.
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Fig. 6. Change of residual aluminium concentration in the treated water.
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Table 2. Raw water quality
Turbidity (NTU) pH Alkalinity (CaCOs3 as mg/L) TOC (mg/L) Water temperature (°C)
6.1 (10.6~3.0) 8.7 (8.0~9.3) 45 (40~50) 2.3 (1.9~2.8) 10.0 (18~3)
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Fig. 7. Change of pH in raw water after H,SO, injection (a), and Change of turbidity in raw water after pH adjustment (b).
(unad. : unadjustment, ad. : adjustment)

AN =S 8HE S| K| H24A H45, 2008



A7 JTF2GRE] Al - Z257] pHA 2R (R0 oFt YrAE(sE Y 419

o FAFYPEFL 3~6 mg/LE AAsHTE

322. A pHZE H AelgE FdS sl UF
2 Sy 49
FAEY @ A9 2007 1095-E 2008 1971
Agsiglon], of A7le dg #d2 Jked 2F 371
T d¥ez U5 pH7L 85~9.27H4] AFwste] A e
T4 Agago] AA oA, A AF T o
pH 2AEAH0 2 APas o FAFe2A drd7v

F 2 GRAFRAE WY Fo] TSt Ao Ag
He Al7I9H

wekr, 7] FAHIE AP
pH ZHo| 7hsg FAES] Hulg 24
AF pH 2480 wE FAEE, o
ste] FeAE] 58S Hristaxt th
20073 10¥ 109%-E~20073 119 9YU7HA] A3}

B, FAEQ 271 B2 mEY A7)e A5 2
[e)

k]
N
N,
ue)
o
e
R
rok offt
(o0
L)
£

B
+
= ELH O}i
=
=
i
>
>

I
e
[
i)
9‘15
4]
o T
1
flo oH
o
ox, R
2
E oo
o
)
> ol ¥ o
(Bt o Jooro

N
o
o
(o]
L
-
o,
=2

>
o >

o
(o3

A Gotry] flate] Aot B HE WstE AR
A= Fig. 994 2tk Fig. 95 94 pH 24 F, JAF
2 AF gxo Iz wFEe e gl 3o %
4 B%E 060 NTUOIA 047 NTUE B4 gxe
NTUIA 0.047 NTUZ 725 o] FAg]ago] 4
gert AdEE AR vegth

HE FAE UYelle 32E AH4 THMsS
o nlgste] HAEE AR ZAEAT FAHEY

THMs H%& H 0.008 mg/Le.z uj9 wghort
2 /M5 Y0 93 9 pHEEAZ)9] 5 THMsE
0.019 mg/LE 34k EQlog 9= pHE ZA3dle] 3
AZ1ETE THMs A go] oF 240 F713H3iTh.

FAEY A - T U7t TOCEF 2 FAHAA AALES
Table 59| A&}

GAEY wE pHEE 592 AFAZFAHNA TOC
AAEC] oF 10% Fsdte] BrA e EZolA AA7L ol
7154 AANE a7} e Aow AT €
=2 pH Al7ldl pH 23S 53 &3 - IAAEES 3

=
3T
AFEAAAEE F5AT, GLRAFE BN

T o 2 o ot o

&0 A

2
St WA% pH WBkE el glE Ao, FUEUY
% HE 75~73°%=%

AN v A s gl S
el AAH e 22l AESAVIE BUHYR

Table 4. Chemicals injection and pH adjustment (experimentation period) (unit : mg/L)
Period 10/10~10/19 10/20~10/29 10/30~11/4 11/4~11/9
Injection (A) (B) (C) (D)
Cohesive agents (PAC) 12 10 11 10
Prechlorine 0.6 0.4 1.6 0.4
Note pH unadjustment H,S0O. injection pH unadjustment H,SO. injection

(A) Period : Addition of cohesive agents 2 ppm and prechlorine 0.2 ppm more than (A) period
(C) Period : Addition of cohesive agents 1 ppm and prechlorine 1 ppm more than (A) period
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Fig. 8. Change of pH by H,SO, injection.
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Fig. 9. Change of turbidity in settled water and terated water after pH adjustment.
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Fig. 10. Change of THMs in treated water by H,SO4 and prechlorine injection.

Table 5. TOC removal efficiency of before and after H,SO. injection

TOC (mg/L) TOC removal rate (%)
Item Date - -
Raw water Settled water Filtered water Settled water Filtered water

10/10 1.67 1.15 1.05 30 38

10/11 1.72 1.20 1.06 32 40

10/12 1.66 1.13 0.99 29 45

Before H:S0, 10/15 192 136 105 22 4

injection

10/16 2.01 1.56 1.18 31 49

10/18 1.92 1.32 1.18 36 53

Average 1.82 1.29 1.05 30 45

10/19 1.98 1.26 0.93 41 56

10/20 1.90 1.12 0.83 31 47

10/21 1.94 1.34 1.02 34 55

10/22 2.00 1.32 0.91 50 64

Afit;"jrec':i;io“ 1023 2.28 114 0.82 37 55

10/24 1.99 1.25 0.90 40 53

10/25 2.16 1.30 1.01 42 56

10/26 2.36 1.38 1.05 39 55

Average 2.08 1.26 0.93 39 55
A2 12 AGAER LT FANNEREE, dAF)E B ATE 459 pH7F 22 A7IQ ZEr)el pH Z2EA
e AT 2 e T Tyt A pH 2 A - 3o AFA
HEES W] ekl B % A ToC 5 FAAA
4. 2 8 2 29 ¥, BUEd) e FARNEHE Frlelan.
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Fig. 13. Change of particle numbers by pH adjustment.
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