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Comparative Study on Disinfection Efficiency of Chlorine and
Chloramine in the Distribution Systems
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Abstract

This study was to evaluate disinfection efficiency of chlorine and chloramine as sec-
ondary disinfeclants in the distribution systems. Indicator organism, HPC in the sus-
pended and attached were measured for enpper, galvanized steel, PVC, and carbon

steel pipes. For suspended microorganism, the PVC pipe was markedly dense among

the assessed pipe materials. The attached microorganism was markedly equivalent

roughness of pipe materials. In copper and galvanized pipes, chloramine was more

effective than free chlorine to disinfect suspended mieroorganism in the contact time

of 2 hours. The contaet time for the Y9% inactivation of suspended microorganism by

chloramine was longer than that of free chlorine. Regardless of pipe materials, chlo-
ramine was effective on both disinfection efficiency and 99% inactivation time for
attached microorganism. In conclusion, chloramine which is good disinfectant for

long contact time was recommended as secondary disinfectant in distribution system.

. A B

A2 da 2 v - G L5540
=8 B4, A Gl A 293 v|dEY
A9, W - Frade F4d Fee A,
T-FAFE T AR dgo] &5 F
Addele 2 B4ddes 7450 A

* AN BAFEI oo
“Azytn $A4487 g

2 EA 73 de] ABET e diE
AEHo| Zratn FFAe]l Hojun A HElA
T, AREEFEF TR FEY dA Lol
o TE /UG d¥EEL o &3y
o] - g3 oA E] HAHALS EZHE
ek, 9 - FIelM Age] dHE g2y
Bl #4Us+ A% (allochthonous hacteria) 9
v . FaaA7A ol 2] M 7483 (autochthonous
bacteria) © & 583 & o} 14 |

of - Feeddiel gewe nAdE A2t @
el F st gtdE FAHRT S vAHE



#1348 2% - STAEAdNY feldisd 820 2R BE vudT

HEY -F¥%

T ¥ YA BRFE fAET Ty
Aot e ol mlE Fol we AR
Trofl A Wejul T o] & WY A
F38A Y Glycocalyxel Eele AEHYug it
24L& o)gs AWe R EFcC 5D g R
ZE AETES oA, A%, 4E%EA 2Dia
#He =R HelE E@sie FEHU 74
872 A H}, =Y
TRz v MEY AL eld AW

of Mele] = T o} JET FAGo 2t
ToHE SdFFe FFE FEH|IPE FPtS
3, AEvre| Ee|xHA F7AQ ¥hAH {4
2 gl FHeo| FAHE oz AP Dl
45 ol o AR 8% F3e] dF
Hol mRUHY F4& FIATTE EF
e WA= E RIE =g B YA S
e SFEESE T540Y, &ﬂmlmmycetﬂﬁt
ME B XA (spore) & EAFHAM o] -
nutd RaFAsly AEHE Fridig A
A4z o £33 Geosmine] ) 2-
MIB {methyl-iso-borneol) 2 &-& WA 283}
E R I K=

HA4 FdEUold FAE NEAIH ExE
RS A4t ZEsle FEOR L5
W2 Bz (THMs) = EEd asi4t
% (DBPs) 9] A& LA2A7R, #2952
H gt FiAdel Heul ul - F4EdelM A
SHoE dF TFFEE FAAMNE + Utk
g d=vs oA HAIAd & U2 hAET
2 LukAFe A Telidie] B BAE
ZaAg F glg

= '““":r“—" W - gAFAA Rl A E S

HEHn|AE2 FAd A8 5 v WUt
LAY B LAt wﬂlﬂ 8 F2d0e 4R 2
A5 SE H W - FH 7SI

dEyR H Yl
1. AEEX

2 Qe ALEE 483AL 29
o, APFHE AH

12 %
# (test piece sleeve) 7} 3

Injection port

S

pH matar
Flow meter

Raservoir -

Tast
piece
sleeve

Sampling
e = port
Pump
d8 1. =22 dEad 484y ATe

fi & (reservoir) 2 g Ho] gt AHHEZ A
A 20mme] A H (test piece) o] AA|H F J=
2 27 30mm, Zo] 300mme] o}32¥ {53
0.2 a7t HesHA s AZEH. 9FA
I Fﬂfﬂ-ﬁl-f AHEEE FAEF 20L9)H,

pH 337, #%48& dZstdt fid#Se
1.0m/sect =4Aslgdo},
2, duyd

43¢ HAEAA A w3, o2 H, PVCH
gz @273 AES ZE 1074y ¥l
t}. #YdYUFE BODAEI M4 da, pH
7, @Ze = 50mglaC0,/L, F& 25C8 =
Ak 297 B F R FADAEES wfeA A
=3

NaOC1(1,000mgCl,/L) # Cl,/NH,-Nu) 7}
4:191 =227 (1,000mgCly/L} & stock solu-
tion o 2 A =3 q, <2 48549 I 44933
o 1, 3mgCl,/L& F<stdtd 254 39
= 0, 5, 10, 20, 30, 60, 90, 120%-°] &=
‘ﬁ_w‘e dRAEldAD, F2E58 FEYZ
542 DPDY (DR2000, Hach)oz 2733}
=

FHNAEL AlRe 01N Na,5,0,5 +%Y
slo] WA, FEAuALRY AMES AMEHE
A FHulgEe] Ao Fasges A&
WAt crEFANAELE WY 7 Ux



#1348 B2

K0 T AR R Er el

SLLEHS O suspended (HRAC L)

B =ttached [P0

— 3
E

ANENE I

: BINIS

cabeandred esten 5

COOR

™A

7l
=

=}

T

2% 2, BFo] wE 54 U Lau)aggs:
= olAl gt gl (10mM, pH 7.2) o2 38 4
st A3 g AlHS BOD 844 150mL
q w13 2532 2] 3| (Sonics & Materials
[nc. Model VCX 400) & o] &3] 40W2 28
4 zgaAeE 3t Y& A7 L EelAH
cf, £3d AEL A FHUYEL ofF
FAAE RAMA o] 4EF § 20°Cely 7Y
Al erdle F&Y I (HPC) & 484t

a|

3. 84

k-,

=
1, BEY 27 9 SEo4EY
48N BIYE 2 B Rg P FA0gE

& 3T 23+ a9 24 2o
HEn A EF+= PVCH, gi%3d, 4, <}
A=ZH ¢wo =2 gs%ed, EEn|PEFe o}
A=, PVCE, @478, 58 Folud.
g4 e As¥ F7E% (eguivalent rough-
ness) & FEAHY e pRstd B oldw
A, @47, PVCH, Fae| 2z 0.15,
0.046, 0.0021, 0.000152mme]c}, o]+ X3
A Ere A8 fFARE. o w7
PVC#e] ¢Aut uirgl=r o]= PVCHe 7
ol AE77 & o] Hlsie] Beoemz 73
MESFE duAoes gealdl Aoz fHvtd
o, oA Te FAHe ugEe e #Y
T7txre Wik g4gE YaE o 4 AT
Z #o #AWe| AASLE AN HYG BEHo|A
EFE BolAy. ol Fletcher F1¥¢] A Fo

Al ABSe] WYL=} BAR] 22laea)

1
=

54

A5 @#EHe
A =] 5 )

A A7)

2, Felgaet S2E0le ARER

zh @el Feldid FEReWE 44 1, 3
ngCly/T. ¢4 F 120877 4 RE9L3E &
§3 Aate o9 3, 49 @

1mgCly/L %)% 2%, feldie b 9
o] ¥ #HelHd 0.2mgCly/L o|at® 7adhed
1208712 4ald7 fAHSo, SEY&

i

1208 HAF F 2243 E Ad3m
0.6mgCly/L ¢4 fF2E3em o de s

e B8, PVCH,

Lo 7 E8iY,

AL, BAEBI

I B chicmamine—sopaar O Ires chiofine copper
120 } —d— c:hlorami ne—abva niead -4 Irae chiorine—galvancrad
#® chloramine PG —o— Iree chiorine—=C
i == ghlurairine-carben seal  --0— Iras chiorine—carbon stael
O0-m-g

Chlorirne residusimg’L)

140

Thrne (i |

a3 3, T TelA 1mgCly,/Ly fegiy F=2¢

s FAREE
40
| B- chlcramine copper —0— fres chlavina-eopoer
o5 —d— chloamna=gvanized.  —&— free chioine—galvanzed
—— ¢hlemamina—VE == frag chlodne-PYVE
a0 —i— ¢hloramine—arbon stesd G fras chlohne- carbon staal
E w—i'ﬁ_%.—
L) = ——
:EE& ]‘.h*““t‘t]: —_— _il T w
o e el __-____:_q_.___ i
% 20 [ o . - ——a
< o, T i
'E 1'5 H Il\ -\-\--\-_"--\ﬂ_\__\_ - -\-\__.
(7] ., B
S0t o, ——
o
Ub | zh':‘.\E'H. q--\--‘h-\- R
) ~ = e
oo
0] bt o] L A i 4] = 4] 130 1] 140
Timelmin)

TR 4. Z #BelM 3mgCly/Le] #elgis) S22
Wel ARes



134 F28 -

FHATAA FRPL 2RopEle AR BY )

@At HEY-dHE

3mgClyL F¢& 25, 1208 AF F i+
die] ZAFEEE PVCT0] 0.96mgCly/L, 7
el & o) {]‘DTmﬂ.llnglEKLﬂ!f‘-‘ifk

ro] /] Za&zE oldxgd#, FH#,
277, PVCHRY $£2o2 @gr ﬂie}ﬂ

PVCHE Azlne vlap® Migxoes i
sty O FHAER FY¥FEd] dldH skt
Z2zd78 £4% PVCHR A% O Ta 4
gol T2 BEI @B &7 st Z=d),
ol Z7] PVC#e] REulAEF7 & e
METE old Z7] g2l axe] Fd
Aoz gddd. 28v fFaEl€d 3meCly/L
g FYYP PVCT™Y A cje S WA 2

AFdo] EwITh ol FH, okdE=AT, W
1.00E+08
[EHHIF :
m%a
Hm\
= 1 DM N —n &
5 t%.I—--—_- _ —‘—L —
& 1 IDE+04 ~—
O - —_
& 5 EHE
—— {ree chlorina—ooppar
! —i— {rge Chifine=jpaianized
TN —O— frea anlarine—PV o
1 —&— free chborine—ceatkon stesl
1EH)N) : 4 :
L1 20 40 80 &0 10 123 14
Tirrederin)
a3 5, 1mgClyL #aW4d 98 Fgoasg
=L
1 TEHB
O —— free chlonre—oorper
MR &— free chlorire—galvanized
1T 0 fresd ChlorirmeFY 0
~ 1[IEHH 4 frea chiodne cabon stae
E
= 1IEHE
5 \
= B T R SU—"
% 100EAR H __.____"__:;.5'.‘——:_"::—I
e e T
1 1“ I .
10080 | */ _-,.f*“’
100E00 ——u .
0 A 40 60 o i [F1] 13 140
Tirredrin)

28 7. 3mgCly/L faldae] 23t Rfm8Ee
=R

2733 PZol H|EFAL FA AN ot ~F
d Fd 2iF 44 A7 g7 fE2E AR

o), webd AFHE4Y A4EHe 2F, o
A aela 27 L Ee] dgE LssE
4 = Yo,

Zze1L 1, 3meglCl,/L Y% FJ 120%
ol % AFEEve GiFee] 7L 2A e
Ut ol A7y RAAPAEC 2F 1
o] AAeste AoE JoH,

. §FoldEo| et ~FS80

7t e weEldidg EFzERE 44 1,
Smglly/L 7ot 2%¢ § Al7atel o
% A4 @ PHOIGTSE 19 583 B,

1IAHE

1ﬂ£lﬂ?$\,a

1 XHHE h\::"'“'ﬁ——_ : o
—- e S T
g 1IEHG . 0 —— g
) ooEw | T —
E]J{IEH]} B chioramne—connar E__“"l-— —_— —a

—&— chlramine-galvAanicend
1 (DT O echlaramine Py
—&— ohloranmme—carken aleed
1E+N
F1O0C 00 R
3 20 an ) ) 0 10 140
Tima(rin}
a8 6, lmgCly/L FEJ{W ] 218 F/o|YF

A=A

—i— chloramine—copoer
—— chloramne—gavarzed
—{— chloranine=FVC
. —i— eHlorarrine—carben stes
£
-_. —
E T 2 E | i
&
T TEH3 | — '
- " |
€ b= b 1w 120 140

Tirrelming

13 8, 8mgCly/L E2edlo g 250432

A% ET}



B3 B2W

- R ETAREEES

1999, 3

freldis S2ERE 2 1mgCly/L F9Y
3 HE, 1208 HE A FF, A=,
PVOT, v©4x7do|M e 27 HPCH g A}
gLo z}Z &gk 99.90, 98.81, 98.86,
98,34%, Z=alvlo] 99.96, 99.63, 99.45,
88.38% 22 fEHid v F=aRle] Fu
A Ee] A A2S5EH b S4FACH

3mgCl,/Le $+4& A+, #8die PVC
w3t gAadddaA RFRr|dEsrt SHE7F] F
& gasit} o] F 4P FAHAAR F
il oA el HLels 1W0EAA FHF
AAs} o|l& eslE] Frkelged ol &
i 28 TYd FIE] Sy FMAE
ol de]=glr] ¥R e #HTHT 2

OB -
.
'*_
1(0EHE _ B e " iy
Hﬂ_"—\-ﬁ
100606 B — —_—
T
= 100EH04 ¢
L
=2
E 100EHR ® free chiorine—copper
I —&— fyma chioe—gelenizer
VIEHE | 1 free chioimePVC
-A— {ree chionneczarbon shesl
1M=HN
10 EHD
a ) A €0 an 10 120 140

Tirvaaipvin)

a8 9. 3mgCle/L #e1g94d o8 F3a|Fgy

AT
1IEYT
1JIE|EE§,
N ﬂ':-_‘h—
1006 | e b8 —f
= LS TR TN
'::l "1._\. . e ‘-\-‘\--*_
=5 1iLE+ - LT
‘g-m:l:m
T —8— free chionnecopoe
=0 free chioine—PVC
| DO+ —&— free chlorine—carben stesl
10000 : .
0 4 A0 =) m 100 120 140
Tiredrini
a2 11, 1meCl,/L faldid o3 F3n] &

o 2=

WAL F= Y FFe g% AGdZHoA oH
HALA T 2548 B¢ ufjy= A
-L-_:l_‘ 15}

EE{mdEe 99%ANH ZHE AlZHE
3mgCly/LE FY% ZY 538, o8=7d,
PVCRE, &2 @4 fadis BF 4958
olm, 22 E 1566, 17.92, 42.92, 20.71
ol fEgiol HE F=epvle] BE4o
Lol 99% Atde| =g AITte] 2F 3--4
il AE W AsHAT 1202 AR F ASSE
g ¥wsd BRI oldEgudAM T2
mlo] zhz} 99.98%, 99.99% 2 90.96, 99.98%
ol feElg4HEt © 534 Jebgt. PVC
#3 GLABAME #2d0e A2SRAH7

1T F
M‘E{c&ﬁ: o 4.
T!mm:ﬁ = —_ ~—
= |OEH
5
3 WIEH| & Hoarrecora
%MEILE —+— tHoamreEvenaed
_ -+ HoameHi
1N +4— cHoramire-srhon sted
1IRHD - '
¥ D L @ 4| D 110 1
Tirvelrdr)

13 10, 3mgCle/L 2288 25 B3m| 3 Eof

&5}

5 -0 ——3
B ——y
o - R———
=
L
o
Ir

—k— chloramine-gahvarized

—— chioraninec=arnon shesl

0 X 40 i) B o 120 13

Tirredrrin)

28 12, 1mgCly/L Zzavle] 9@ 3an4ge|
rEE



B34 2% 9 -

F5AZdA fEidad gRelly 25EFH Y ¥undTF

389 - @9E

feld s Wy oha Bt

4, Hxa|MEBo| CfF LAEED

zZ} ol HFEF4s F=&A7E AT 1,
SmgCly/L F43ld 4 5% X 07T =
g 3% A Qs 2% 9~128) 2}

ImgCl,/LE FU% A%, #eldie 2=
Zelo] falg AEE Yehfisien od=T
P e 2xFMY7 7HA @dgdh TEA o
E LERE Advidez fadis FEE
Rlel fApsHR T

3mgCl,/LE F9)8t A%, PVCHEH &4
#HoA = g2 Ezenl 2% RAuY
E7) 5R71A 7haet & AY AAFA FA
9. £2=55d9d4Me 228470 Fo 4
Ao Hld] b F4sksiTt

felgd4 3meCly/LE FUT T3 o™
B = 308N 60F Alolo] FaAulad
9] 7 7% Fasted os gofA] dF
g dlsl Fo] Haav|yge] & 7|dg A
202 Alg"r), FEeil, #E94 SmgCly/L
FU% FHA o =TS vlwEld B 60
B oolZx RAuQdE5r7t M2 vEHbc,
E Fegart FArAERE AFse S
o lejAl ZRarle] Hlef thd =o)A GE
7] 89 #Hez wdEch Haas 5199
AET P £25Q7 =9 fEdae
AA e L e dEA JESE FHds=

o Avse] @2 vy ZzRle vrgdls
E4dg A3 g Feo] FETES FH427] %ﬂl
E}L‘E -‘%‘—;}ﬂlﬂ.ﬁgﬂ g A~=2o] B} §-

ﬂmgCIEJfL-% 5'.-*%‘:13}5&‘% o EH x|y
BEo £FANE FAEH ¥, FoH oldE
Aol fEldast SRl 2§ 99% A}
W sgazte] 27 BA.S1, 569233 52.11,

48143 c 2 Z=xglyle] o] wEgtd, 1208 &
£ 5 PVCH#3} g2kl fFeldis €=
2l 2] AlEEL 2 9091, 84.36% 2
97.66, 96.06% = gF2Z#To] T 535

c}.

W - FEddeas} Ho] &

e A %ie}‘ﬂ—ﬂ
=4 Zul 2o gt F4H LA
Holl Al FelFid Hd iz 22i42=H
249 H&o| 7hesitia #vET,

La,

Asxox
b 228 A2 7kl
1=}

.=l
b

4. 24 =

B GdIF= 29, ojdx=td, PVCH Tilx
Barzkge] dajg AgAAYel 7§ 2 F
A Y= hF 4L F=ddle AFET
E um . #Hrg B o-gd e 4EE ¢
pel=

(1) 2z} el v AES 484 7F wid FH,
FRTAEL PVCE, vy, 8, o=
78 oz Bgron, RAUYEL oldmit
#, PVCH, 273, =3 coldich F3n
MEL e Brizxe] F&8S Lot

(2) %If"‘*ﬂ%-%f Felg e A 479
Hag & AAA FAHR e, 22878
A5 i:-'T TUE= vEsd Hdxdez 31
A%, 235 Hiw #F, 254
7, 7] FYF F¥S Héem.

(3) #2)gA 3mgCly/LE 4§ F33 o}
Ax7se] AG W Ragejgly rlAE
o wa3dSo] =44 98 golxo 108
o] F J-{r|BEL S7HEE .

(4) F2eVe FHoulPEa] g 99% Al
He] m2dle Ao GEld i ¥8 2F 3~
4] I = ¢of 28=HJAT f

(5) T 2En|PSo I 9% Ald =
daite FEeyle] FeldgiHg i B
=3

§OFH

1) Charackils, W. (7., Bacterial Regrowth in
Distribution Systems. Research Report, AWWA
Research Foundation Report, Denver, Cola.,
1988,

2} Gibba, R. A. and Haves, C. R., “Churucterization
of Non-enteric Bacterial Regrowth in the Water



a3 13 4% &5 24K

R L FAGESEL

1999, 3

3

4)

5)

)

5]

9}

Supply Distribution Network from a BEulroplhic
Reservoir,” Wal, Sed. Teeh,, Vol 21, No. &, pp.49-
od, 1989,

LeChevallier, M. W., Babeock, T. M. and Lee, R
(x., "Examination and Characterization of
Distribution System Biofilms,” Appl. Environ.
Microbiol., Vol. 53, No. 12, pp.2714-2724, 1987,
LeChewallier, M. W., Olson, B. 1. and McFeters,
(. A., Asscssing and Controlling Bacterial
Hegrowth in Distribution Systems, AWWA
Research Foundation Report, Denver, Colo.,
1990,

Bitton, G. and Marshall, K. C., Adsorption of
Microorgamsms to Surfaces, Wiley- Interscience,
New York, 1950,

Costerton, J. W., Geesey, G. G. and Cheng, K. J.,
“How Bacteria Stick,” Sci. Amer, Vol. 238, p.88,
1978&.

(reldreich, E. E., Coliform Noncomplianee
Nightmares in Water Supply Distribution
Systems, Michigan Departmenl of Public
Health, Langsing, MI., 1988,

Characklis, W. ., “Fouling Biofilm Develop-
ment: a Process Analvsis,” Biotechno!. Bioengin.,
Vol. 23, pp.1923-1960, 1931,

Characklis, W. (3. and Marshall, K. C., Biofilms,

John Wiley & Sons, Inc., New york, 1990,

10) Muallevialle, J.. Svurces of Tastes and Odors in

Dirinking Water, Identification and Treatment of
Tasles and Odors in Drinking Waler, in

Proceedings of the AWWA conference, Denver,
Colo., 1987,

11) LeChevallier, M. W., Cawthorn, C. D. and Lee, B.

12)

13)
14)

15]

16)

Cr., “Inactivation of Biofilm Bactt.-'ria,” Appl.
Ernuvtron. Microbiol,, Yol. 54, No. 10, pp.2492-
24949, 1985,

Neden, D. G., Jones, R. d., Smith, J 11,
Kirmeyer, G. J. and Foust, G. W., "Comparing
Chlorination and Chloramination for Controlling
Bacterial Regrowth,” .J. AWWA, Vol. B4, Na. 7,
pp.BO-88, 1992,

#E, el ¥, p 171, A E7 A £, 1996.

A, 44, 4%, §I0H, pbl, 87
=, A5, 1997,

Fletcher, M. and Marshall, K. CC., Are Solid
Surfaces of Ecological Significance Lo Aqualic
Bavterin?, Advances in Microbial Ecology, Vol. 6,
pp.199-236, Plenum Press, New York, 1982.
Haas, C. N., LeChevallier, M. W. and Gooffrey,
M., Modeling of Chlorine Inactivation of Pipe
Biofilms, RKeport to American Water Works
Serviee Co., Ine., Voorhees, NJ., 1989,



