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Abstract

Disinfection process in water treatment plants (WTPs) is one of the most important step in order to
inactivate waterborne disease. However, what is the necessary disinfection in WTPs was not properly
established in Korea. This study was conducted 1o evaluate disinfection performance in nationwide water
treatment plants (n=474). Disinfection requirement based on the SWTR (Surface Water Treatment Rule)
of the U.S. (1-log Giardia removal) was chosen in estimating the compliance. The scope of unit
process for evaluating disinfection performance includes postdisinfection process in clearwells, pipeline,
and storage tank. The worst water quality condition in individual WTPs was applied for the disinfection
performance evaluation. The major results are as foliows.

First, it was appeared that 184 WTPs (39 %) provided insufficient disinfection performance.
Disinfection performance was significantly improved during past 2 years. The ratio of the number of
WTPs providing insufficient disinfection performance in 1999 and 2001 was 78 % and 41 %, respectively.
One of maijor factors for this improvemnent was due to the improvement of Tio/T value in clearwell, as a
result of modification of clearwell facility.

Second, if disinfection criteria is 3—log Giardia inactivation at worst water quality condition, then 19 %
of all WTPs can not meet this disinfection criteria. And it disintection criteria is strengthened to 4—log
Giardia inactivation, then 58 % of all WTPs can not meet this disinfection criteria. Since disinfection
criteria is decided by contamination level of Giardia in source water, it also needs the investigation of
Giardia occurrence in source water.
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Table 1. Recommended overall treatment criteria based on an estimate of the Giardia cyst

concentration in the source water

cyst concentration/100L <1 1-10 10-100
Giardia cyst removal 3-log 4-log 5-log
Virus removal 4-log 5-log 6-log
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Table 2. Procedures to determine disinfection performance credit at water ireatment plants

Procedure Step Formula for calculation (unit)
- Volume of Clearwell (m') :
Clearwell Daily average flow rate (m'/day) 1440 (min)
) , . . Volume of Pipeline (n7) »
D Residence time  Pipeline Daily average flow rate (' /day) %1440 (min)
Volume of Storage tank (') -
sorage ak  Traily average flow rate (n'/day) 1440 (min)
@ Reczlg;ed )C’I # Referring to “USEPA Guidance Manual”
,,,,, rea)
Clearwell Resylsienc‘e time (min) < Residual chlorine conc. (mg/L)
Calculated CT o Tt
€)) a ((:E;te) Pipeline Residence time (min) X Residual chiorine conc. (mg/L)
o . Residence time (min) X Residual chlorine conc. (mg/L)
Storage tank < Ty T
""" ol “ ~ Calculated CT value in Clearwell (CT .0
earwe Theoretical CT value (CT )
@ CTea/CTreg Pipeli Calculated CT value in Pipeline (CT )
*in each step tpeline Theoretical CT value (CT )
s k Calculated CT value in Storage tank (CT )
______ orRe MK T Theoretical CT value (CT o
Total . e -
® CTew/CTos The sum of CTew/CTreg
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Table 3. Comparison of the methodology for the disinfection performance evaluation between the year of 1999

and 2001
Number of Unit Residual
.Num}:ger of WTPs Process Water chlorine
Year investigated commonly S€OP€ for Criteria  Temp. pH Tw/T conc.
WTPs . - the ()
investigated evaluation (mg/L)
Choose the minimum
Yoon 1-log . . :
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remov 07. 10 conc.
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This +Pipeline g " "
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(2001) torage
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Fig. 1. Characteristics of disinfection performance of
investigated 474 water treatment plants
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Table 4. Summary of the disinfection performance for

the studies of 1999 and 2001 (n = 225)

Number of WTPs

Average disinfection

Year (CTcal/CTreq<l) Ratio (36) performance (CTcal/CTreq)
1999 08

(Yoon) 175 8 011173

2001 92 A1 16

(This_study)

(0.03-14.03)

Table 5. Comparisons of disinfection performance evai

uation between 1999 and 2001 (n=225)

1999 2001

Factor Category Nu\gﬁ?@};‘s of R(i/zl)o Category Nu\;,n};c;SOfR tio (%)
05 12 5 ~05 12 5
Water Temp. 5 107 48 05~5 127 57
(C) 10 106 47 5~10 68 30
_____ - - - 10~ 18 8
~6.0 5 2 ~6.0 2 1
6.5 22 10 6.0~6.5 16 7
H 7.0 121 54 6.5~70 88 39
p 75 77 34 70~75 74 33
8.0 0 0 75~80 40 18
________ 85~ - - B0~ 5 2
0.1 206 92 0.1 181 81
Tw'T 0.3 19 8 03 32 14
______________________________________ 05 0 .0 05 12 5
Residual ~ 05 28 12 ~0.5 54 24
chlorine conc. 0.5~1.0 98 44 05~1.0 127 56
(mg/L) 1.0~ 99 14 1.0~ 44 20

g 25F el 71 FAE 245 £ MHe HA £20] 10 T o4 2= 18 744 (8
o] THT EAQ 25 & M3 pH, £87Y A %)7t AL, HA F£29 HWFL AFTAH

%:, g4 Fxoltt o] F pHe £3 A vA

B fdolmg w3l Zo AFo] Folxn g4
%E E3 e vEe o dAZ N Y 0w
=271 AFE) 19939 vl3ke] 2001 d9] 2%%
ghado] 714 & #o3lr] HEAM &, pH,
EFYRAF(T/T), FFELFEE 1999 AR
29 2001d B Apo)rel ZAIAEE Table 59
LIk 3= 3

Table 504 HA +£-& vl@3ld BA HH 3
Q] o ¥+ 19993 200132 A} A9
B4 2202 YEgth A 8 HHEE
AWERA 19999 FAlME HA $L0] 5 TS
10 €Sl A4AFo] 95 %2 UREL 2R 3YD,
2001 ZAMIME 87 %] AFAd A HA £
05-10 T HHYE A3 53] 2001 A

17 C& Jebgch

A pHY BEE 199993 200183 8] A}
7} A9 Hlgd FFolqdrt. 18R pHE ¥ Y
WE AERA ofte] zlelz} EAHE 1999
ZAb M pH 7.05 pH 7590 A470) 88 %=
RS 28U pH 80¢ A+-Ae Ao
a#d 20019 RAMIME 72 %9 RSN
pH 6575 WS & AT, 1994 2AA s}
£ g8 pH 758 Z233%e AFZE 20 %4 H
ped=s

Table 5944 A oir g A FAZMA BdR
E7Y A5l To/TeHe vlmsdte BE 1999d 0]
B Two/T = 018! 5ol 92 %A dF-E& 3
A& AL, To/T = 032 FF34L 8 %ol 73}
fdom, Ty/T = 053 AF4e & = A



334 ggu. 29 yHE - 2HEB

Journal of Korean Society on Water Quality
Voi. 18 No. 3, pp. 327-336, 2002

g 2001l Ti/T = 0.19) A5Ho) 81 %
2 199998 11 % gastgoen, Tw/T = 039
e 19998 6 % F7H§ 14 %2 ey
o} 53] Tw/T = 059 A4S 19939 A ¢
T EE ALY Aol 2001 dlE= 5 %o e
12 A4 HeERict oA Ad 2d F¢ ¢
5 e =Hele 421 9 AHE $39
Tw/Tétol $4HUASE BAF

Table 5¢j4 ZFALFLE sl R
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% o)W Ao) 2001 FAPol A 24 %2 Zrlabe]
ok 199 ZAR] QlojA BRELFE 10
mg/L o441 A5Fol 4 % He HOF e
wed olRe Al ZAle glolA AFHAF
Z7F AAIEA @& A5 diztel dFExF
& 10 mg/LE dEHoE 143U WEol
t}.

up2}r] Table 59 4%% #d g9 viagE
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Ut E OE ofEc ¥8 4255 4Fd 1
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+ et 19949 88 £5F FAe 35
o] FAEA AT SAde 25Fo] TAE Aol
AL, 2001 B AFANN FYE 255 Al
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FA, 28 WA et A%FY
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S HRAT7 ¥ YoY% Aoz dddn

33 199911t 2001 XAl 2% @8 2%E 0ly|
HrEe &3

Table 494 2E%5E BEdA] il A5

Table 6. Average value of water quality data (n=75)

o} 19991 o] 175 /R4, 2001 d¢) 92 A2 mhe}
¥ & olu dgstArh o)FelM T 2o =
At A FAle] AEFE BUESE 4L 75
AAE aetEA. ol T £E% vjH] AL
2o B Ev A% S 9%2 03 8
g gotdle Bt

Table 6& % 82l FAIAM FAld £2%%
EnEog Jebhd 757 A4 dsiA 2,
pH, FELFTe] HAGH Tw/Tad BE 3
+3 & viehd Aoltt Table 604 B pHy
728 YA dEigton, AFALFEE 199
el 0.7 mg/L, 2001d) 06 mg/LE Hl5=8 &
Foldck ek &9 A9 199946 HT 6.8
TE 2001de] HF 52 CRU; 4 ¥& How
UEebgTh A EA oY dA HEALS 93%E
Fv RHEE XF Tw/Teg 29 Two/T = 018
A4Arol 19993 37 2001 25 90 % olAe s
gt st Ti/T = 019 A S AFAd =
fide] 4x5cdA goke AL Ynigct we}
M Efdo] MAHo] A e Hol FgAHA
o] HA HAEZFAE #@A 3, gely A5
Mol A%SE 2A HriEHA @ Fd 8<lel B
Ho g Wotycl T3 Table 604 B9 Ty/T =
019 AH4Ao] 1999d0) 92 %ol A 20010 96
%2 F7H8HAAL, Tw/T = 0330 A4Fo] 19994
o 8 %ollA 20019 3 %8 AP} zeh}
H AP FRALE AT FFFricte] Y
s 731 olzd dAo] BRYAe A& 199
W FAe AeAd SHATE E4A FR A
A8 et olslrt RERY Y] YEQA Ao
gergot

34 Cidt 2&87|FE HEAle| B FHeEe &
8 &5 +F8

Table 72 ZAUS 474 s BEAoA A

FA&i3 e 2B5F FELE OUH 257F

& HBAUE ALl £25%F &4 FT°) o=

Residual .
T/T
Year Wate(rnC’I)‘emp. pH chlorine conc. o/
(mg/L) 01 0.3 05
1999 6.8 7.2 0.7 69 (92%) 6 (8%) -
2001 52 7.2 06 72 (96%) 2 (3%) 1 (1%)
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Table 7. Level of meeting disinfection performance of WTPs in Korea when various disinfection performance criteria

is applied (n =474)

Disinfection performance criteria

Category

0.5-log 1-log 1.5-log

Gigrdig removal __ Giardia removal _ Giardia removal

Number of WTPs which provide insufficient

- . 91 (19%) 184 (39%) 274 (58%)
disinfection performance
. . p 33+34 16%1.7 12+13
Average disinfection performance (CTcal/CTreq) (0.0~28.1) (0.0~140) (0.0~10.5)
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