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Effects of Disinfectant Concentration, pH, Temperature, Ammonia, and
Suspended Solids on the Chlorine Disinfection of Combined Sewer Overflow
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Abstract : The treatment of combined sewer overflow (CSO) is one of potential concerns in domestic wastewater treatment in
Korea due to the pre-announce of CSO regulations. This work investigated the effects of disinfectant (NaOCI) concentration (0.11
to 4.0 mg Cly/L), pH (6.5 to 8.0), temperature (15 to 25°C), ammonia (10 to 41 mg N/L), and suspended solids (91 to 271 mg
SS/L) on the chlorine disinfection of CSO. The effect of NaOCI concentration on the pseudo-1% order reaction rate for total
coliform inactivation was described well with a saturation-type model with the half-velocity constant of 1.212 mg/L. The total
coliform inactivation reaction rate decreased with SS and pH, and increased with temperature. Ammonia in the examined range
did not affect the disinfection kinetics. A chlorine contact tank with the injection chlorine level of 1 mg Cly/L and the hydraulic
retention time of 1.25 min is estimated to reduce total coliform from 1 x 10° MPN/mL to 1,000 MPN/mL at 271 mg SS/L, 15C,
and pH 8.0. Chlorine would be a proper option for the disinfection of CSO.
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Table 1. Reported event mean SS, BOD and £ Coli concen-
trations in combined sewer overflows

SS BOD E Coli

Nitrogen

Count References
Y (mg) (mgl) (MPN/mL) (mg N/L)
1.2x10'- Kothandaraman,
306-675 75-328 02X 10° 1-16 as TN 19709
USA Brezonik & Sta-
184 - - 8asTKN i imann, 2002°
- - 1x10* - US EPA, 1973"
Ministry of
109-387 59-279 - 3-5as TKN  Environment,
2011"
Korea
Lee & Bang,
49-552 37-106 - 2-23 as TKN 2000°
133-283 75-113 - 11-25as TN Kim, 2008°
China 91-529 96-178 - 8“:\“2_'2 8 lietal, 2008"
3

Table 2. Combined sewer overflow characteristics used in the
chlorine disinfection test

[e)
1
o3 2547k w} vaom i)
o, 44 A5AR XPOH‘%H: U E &(Sigma-Aldrich)& A}
galoirk? YRso) Sl B ol gl AY 1o
15, 20, 25+ 1C 2 2Asto] AHE5}9ch pHE= 1 M NaOH
¢} 1 M HCIS &3] 6.5, 7.0, 7.5, 8.00.2 ZA3}o] A3}
Fow, oju 3§ k= +0.10]9tk SS FE JF2 SS
7} ohe Al $79) UR4E 2URTSE ST SR
= gt Yo adsdr

A= A3 1 L beakerE Jar tester (JT6, MTop)E ©|&
3ko] 141 rpm O 2 WRISHHA 3EA o8 L3l A3
£5 WEe] £E 2L 51X eator AY F2 A7
27] L% ou] £1C YolA] $ABE SHIsHc
S AT o NHC IS F7HR
,:1 }Mr:} NaOCl lcE L%, pH, QrEUo} ik, Hgw
Table 33} -2 Ad A H7tE At

i -lN

M coliform count plate
= B35+ 1TCofA] 482 h F<9F vjF
3 A5} Cl %Ef DPD colorimetric method2 =
Astdlen F3= S74o= HS-3300 (Humas)E AH8-3H3L
t}. SS, COD, ammonia = Standard Methods (APHA, 1998)
o wet =4sor).

Az mE F

N
% E&2(4 (D)= T3l sid=EeH, ol
FhgEs g g U SEASE B AT 4% &
&= Aolsheir.
il kN, 1
dt - t ( )
o714, dN,/dt: N7l g F it WgkE
kA% EE FUERS AL WS AA HE
AF2=(min™)

Ni: A tol| A1) m] & 7iA|4~(MPN/mL)
t: AlZH(min)

Total coliform SS CODs:  Ammonia oH NaOCl 5%7} &% Z&o) u|x= J&F2 4 (DA +
(MPN/mL) (mg/L) (mg/L) (mg N/L) A YA} WHS &% AbR HE saturation-type model(4]
13-38 x 10 87-271  110-225 11-32 6.7-7.0 Q)< o] gste] Aekst skt
Table 3. Experimental conditions to examine the effects of NaOCI Concentration, pH, temperature, ammonia, and SS
Examined parameter Total coliform (MPN/mL) NaOCI (mg Cly/L) pH Temp. (C) Ammonia (mg N/L) SS (mg/L)
NaOCI concentration 1.3-15x10 011-40 7.0 25 20-32 98-110
pH 1.7x10° 40 6.5-8.0 20 14 87
Temperature 26x10° 40 70 15-25 10 123
Ammonia 38x10" 40 70 20 11-41 92
SS 1.8-24x10 20 7.0 20 11-19 91-271
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k,y=ab

p.

“4)

: Zpot A AL B8] AF4(7.64 at 15C, 7.59 at
20°C, 7.53 at 25C)

kpr: 57 pHollA Q] U} ¥HE- &

a: pH 9T A(min”)

b: pH I L

0:]7]/\_15 pKa

AF4(min™)

LE7l A% ¥S ZEo] mAL FFLS van't Hoff-
Arthenius 21(4] (5))°] ©J3) )41 9lek.

a1 1
lys R (?_@) )
A7|A, T %K)
ke B4 SEo|AQ] A} WS & Argx(min’)
kaoz: 20O A2 Az} ¥FS &% Amin)
E;: &% HRg A3kl e 2] (J/mol)
R: 714 A4, 8.314 J/mol K

SS7} axf WhE- &
(0)22 4=t

k
ss _ —m(S9)
=e (6)
ksnlublﬁ
o714, SS: H{HE4 FE(mg/ll)
Ksonvie - SS7F 912 W] AR} ¥RE &= AFmin™)

kss: B4 S

m: SS°§5;

1A =
B Aol N A48 wE AY 2AA A7k m}% %
g sl AX wgAom F wAEYCHR
0.927)
A5 98 EE NaOC B20] met FolH| izt A} 4

2ol AFRS HYom, Fig. 19 Leld B9} o] saturation-
type model(4] (2))2 ZF mAFE|QJTHR® = 0.982).

pH Z7h= &% &89 AR oojx on|, HOCIY| £
5 auvh OCIEet 7] wjiof Wy d4oz ARE
of. pH7} &5 Jgo] WA= FFS Fig. 200 yepd Hhet
7+o] g@-_/]:?_] A (HE HA3 E/\}QOM:}(R =0.878).

Cl, (mg/L)
Fig. 1. Effect of NaOCI concentrations on the pseudo-1% order

reaction rate for total coliform inactivation,
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Fig. 2. Effect of pH values on the pseudo-1% order reaction rate

for total coliform inactivation
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Fig. 3. Effect of temperature on the pseudo-1* order reaction
rate for total coliform inactivation,
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Fig. 4. Effect of ammonia concentration on the pseudo-1* order
reaction rate for total coliform inactivation,

Fig. 5. Free chlorine concentrations during the batch-type dis-
infection experiment at different ammonia levels.
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Fig. 6. Effect of SS concentrations on the pseudo-1* order re-
action rate for total coliform inactivation,
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Table 4. Estimation of the maximum Pseudo-1% order reaction
rate constant at NaOCI 0.11-4,00 mg Cly/L, pH 6.5-
8.0, 15-25C, SS 91-271 mg/L, and ammonia 11 to

41 mg N/L
Clo H Teomp_ SS NH,* Measlur?d Estimgtsd /v(071
(mg/L) (C) (mg/L) (mgN/L) k(min") A(min") (min")
011 70 25 98 20 05010 04737 63616
057 70 25 98 20 18718 18212 61821
114 70 25 98 20 25649 27598 55901
400 70 25 110 32 42832 42884 60076
400 65 20 87 14 50405 47523 63796
400 70 20 87 14 43473 44030 59387
400 75 20 87 14 41425 40794 61079
400 80 20 87 14 40206 37795 63985
400 70 15 123 10 41209 41099 6.0310
400 70 20 123 10 42274 41599 61124
400 70 25 123 10 42832 42013 61321
400 70 20 92 11 42286 43684 58223
400 70 20 92 21 42629 43684 58696
400 70 20 92 31 41721 43684 57445
400 70 20 92 4 42111 43684 57982
400 70 20 91 11 42282 43753 58126
400 70 20 137 13 41616 40690 61517
400 70 20 182 15 3.7688 37902 59809
400 70 20 271 19 32092 32936 58606
Average 6.0148
Standard deviation 0.2248
R 0.9836

o= SS Fo] WE d4 AE AES AYUS
SHoAth Fig. 6ol T=AgE HEef Zo] A WhE S
Z7hghel wah fraske AFS Bylo
At @abol qlo 2 wehet SS7F Rk Lo m
ATFS 2|4 (A (6) &2 2 E/\]—E]“E]-(R =0.955).
o] o7} 12} A9 SS AAES 60%= 7T o, &%
Ao g 2ol SSL Table 10 2]A 8} 270 mg/L ©]3t
o Aoz AR 4 (6)oll4 =EH A4S A8 FL,
270 mg/LoflA] At W3] YA} §ES A 8 2719
H|3l 75% ¢FO 2 fadhs Aoz APgEh o] Fro
o]

BE Fab AR Br 25 20| 3715 59 Fu
3

) i) ®

o714, C: 2EA| sE(mg Cl/L)

T: 2%(K)

8S: H{=4 55 (mg/l)

ko: H A2} ¥HS &% AF(min)

K: Cl, 5o tf3t vt &%= Ak2%(1.212 mg Cly/L)

b: pH A3F W2(0.8584)

pK,: ZForF a4t 8] AF4(7.64 at 15T, 7.59 at
20C, 7.53 at 257C)

E,: 25 Wh-g /43 22,770 J/mol)

R: 7|4 A4, 8.314 J/mol.K

m: SS & A2x0.001577 L/mg)

A (8)= 3.19] A9 = tidste] JAket At Table4
of =AIZE el o] Hof A% TL(k) 6.141 min' O &

AAE At E ZHS NaOCl %= 0.11-4.00 mg Cly/L, pH
6.5-8.0, 2% 15-25C, g2 Yo} Ex= 41 mg/L ©|3}, SS 91-
271 mg/LojA §&35l, 12} A ejd 7 Y7o dutd
oz Agd 4+ U o= AR

?Ehﬂ—agi ,/J\_E- 1?_]_‘% —“:—_‘— O]/E)}-X;]]?_]_ _—E_I-_Ei_—l :5_:% 11]__%}_
(EAFE 0.004-0.02) 2 AAEE R, Fadt A 2A7S oS
4] (9)31]' o]l He] &3 daf vk £ 9] 2 UEld
o ot

N,
log(WU)
ot ©)
7|14, 6 : 22282 A|FA]7Hmin)

Kothandaraman®o|| 9J5}d 7-$ Y820 & gAFZS
L Zo 8.6 x 10* MPN/mL©|™, Ministry of Environment”
oAl it FtolggstrAAld R F i+t
24 71E2L 3,000 MPN/mLOIE} UJrE}/\i _‘4‘2}94 AR5

o}x& om] 1,000 MPN/mLZ A 3}H —’436} A% 5L
99% (2-log)olth. 91 tidwtatat FASHAl Zote] 44
(SS 271 mg/L, 15T, pH 8.0)& 7143l 1, G4 FY &5
1.0 mg/L= AAE 3L, o] w9 &£ A<r(h)= 1.592 min’
o2 Aitew, gt ek A FATRS 1.255(75%)0]
g} o= #S AFAIMY A4 amx HAE Fol A

ARse] YaFEe Aol etk olula.

it

Ao A% %H5E(0.11-4.0 mg CL/L),
, 25(15-25T), drEuol % 5(10-4] mg/L), &
271 mg SS/L)o| P& A& MRS 2o mjXs=
228 maslolr)

X
~~
%
=
)
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1) AEA % &7} saturation-type model = 2 WALE]
on, =24 HkEE ApE 1212 mg ClyLgth
2) pH F71E 45 kg £E0] g olojzle
OCro] e Ak aie] 7|1k 2o & AR}

3) 2= Z7b upet A% WES SVt FFAE QIO ™, van't
Hoff-Arrhenius2] © 2 AHAME EHA3}of| U %= 2.77 kJ/mol

oAt

b O]—‘E
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O
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