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Symbol Cl
(as gas) CL,
Atomic Number 17
Atomic Weight 35.453
Melting Point (°C) -101
Boiling Point (°C) -34.5
Liquid Density (0° C and 3.65 atm; g/1) 1.47
Vapor Pressure (mmHg @ 20° C) 4800
Vapor Density (@ STP: g/1) 2.49
Viscosity (micropoises) at
Temperature = 12.7° C 129.7
= 20° 132.7
= 50° 146.9
= 100° 167.9
= 150° 187.5
= 200° 208.5
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Wastewater Type Chlorine Dosage (mg/1)

Raw Sewage 6-12
(Septic) Raw Sewage 12-25
Settled Sewage 5-10
Chemical Precipitation Effluent 3-10
Trickling Filter Effluent 3-10
Activated Sludge Effluent 2-8

Sand Filter Effluent 1-5

TABLE 2 Inactivation of Health-related Bacteria in Water by Free Chlorine

C12 Residual Tsmp. Time Reduction Est,
Bacteria Vater (mg/1) ("¢C) pH (min.) (%) C-t Reference
E. coli BDF 0.2 25 1.0 15 99.998- ND Ram and
99.996 Malley,
E. coli BDF + 0.2 25 7.0 15 99.999- ND 1984
N-organics 99.992
E. coli BDF 0.1 23 10 3.5 90 0.6 Haas et
E. coli " 0.1M KNQJ 0.1 23 10 0.8 90 0.15 al., 1986
E. coli BDF, <7 um,~ 0.5 5 1.0 30 ND 0.9 Berman et
E. coli BDF, >7 um 0.5 5 7.0 30 ND 2.1 al., 1988
E. coli « CDF 1.5 4 ? 60 ca.99.9 ca. 2.5 LeCheval-
E. coli + GAC  CDF 1.5 4 ? 60 (10 »>60 lier
HPC CDF 1.7 4 ? 60 »99.995 2.5 et al.,
HPC + GAC CDF . 1.7 4 ? 60 <10 »>60 1984b
HPC treated 0.25-1.3 24 8.0 15 99.82 ND Wolfe
(42->99.99) et al.
RPC treated 0.25-1.3 24 8.0 30 99.94 ND 1984
(46->99.99)
C. jejuni BDF 0.1 4 8.0 5 99.98- ND Blaser et
»99.998 al., 1986
L. pneumophila tap 0.25 20 7.7-7.8 58 99 15 Kuchta
(vater grown) et al.,
L. pneumophila tap 0.25 20 o 4 99 ca. 1.1 1985
(media grown) -
L. pneumophila tap 4-6 25 ? 52 99.9 ND Muraca et
al., 1987
M. chelonei BDF 0.3 25 1.0 60 40 )60 Carson et
M. chelonei 0.7 25 7.0 60 99.95 46 al., 1978
M. chelonei BDF 1.0 ? 7.0 60 96 ca. 80 Pelletier
M. fortuitum BDF 0.15 ? 1.0 60 0 »720 and
M. fortuitum BDF 1.0 ? 7.0 30 99.4 ca. 28 Du Moulin
M. intra- 1987
cellulare BDF 0.15 2 1.0 60 10 )>480 i

.C-t = product of disinfectant concentration (C) in mg/l1 and contact time (t) in minutes for
99% inactivation; ND = not done or no data; BDF = buffered demand-free; CDF = chlorine
demand free:; ¢7 mm = with <7 pm particles; >7 mam = with >7 am particles; GAC = granular
activated carbon; treated = conventionally treated surface water.
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TABLE 3 Inactivation of Health-related Viruses and Protozoan Cysts in Water by Free Chlorine
Cl, Residual Temp. Time Reduction Es§.
Microbe Water (mg/1) (c) pH (min.) c-t Reference
VIRUSES: N
Parvo- H-1 PBS 0.2 20 7.0 6 99.9 0.53 Churn et
Parvo- H-1 PBS, 0.2 10 7.0 11 99.9 0.85 al., 1984
SAl11, disp. BDF ca. 0.5 5 10 1.1-1.65 99 0.63 Berman and
", cell-ass. BDF ca. 0.5 5 10 2.4-4.4 99 1.8 Hoff, 1984 .
Rota, Wa treated 0.75 22 8.3-8.6 60 94.3 ND Raphael et
al., 1987
Human rota- effluent 1.1 15 7.2 15 40 »>15 Harekah &.
Human rota- effluent 2.2 15 7.2 10 60 >>15 Butler, 1984
Rota, SAll BDF 0.1 4 8.0 0.5 99.9 0.03 Vaughn et
Rota, Wa BDF 0.1 4 8.0 0.65 99.9 0.03 al., 1986
Rota, SAl1l BDF 0.4-0.28 25 10.0 1.1 99.99 ca. 4.0 Grabow
Hepatitis A BDF 0.42-0.06 25 6 0.7 99.99 ca. 3.0 et al.,
Hepatitis A BDF 0.4-0.28 25 10 2.5 99.99 ca. 5.5 1983
Hepatitis A BDF 0.5 5 6.0 6.5 99.99 ca. 1.8 Sobsey et
Hepatitis A BDF 0.5 5 10.0 49.6 99.99 ca. 12.3 al., 1988
Coliphage MS2 BDF 0.5 5 6.0 1.2 99.99 ca. 0.25 se
Coliphage MS2 BDF 0.5 5 10.0 26.5 99.99 ca. 6.9 "
PROTOZOAN CYSTS:
G. lamblia BDF 1-4 5 7.0 3-32 90 90-170 Jarroll et
G. lamblia BDF 1.5 25 6.0-8.0 47 99 <15 al., 1981
G. lamblia BDF 2.5 5 6.0-8.0 19-26 90 ca. 120 Rice et
al., 1982
G. lamblia BDF 0.2-3.0 5.0 6.0 == 99 54-87 Hibler et
G. lamblia BDF 0.2-3.0 5.0 7.0 = 99 83-133 al., 1987
G. lamblia BDF 0.2-3.0 5.0 8.0 - 99 119-192 "
G. muris BDF 2.5 5 6.0 30 90 >150 Rice et
G. muris BDF 2.5 5 8.0 48 90 >150 al., 1982
G. muris BDF 23.8-78.5 5 7.0 5.7-42.6 99 449-1012 Leahy
G. muris BDF 2.8-7.1 25 7.0 3.6-16 99 25.5-44.8 et al.,
G. muris BDF 11.1 25 9.0 15.6 99 177 1987
G. muris BDF 4.4 25 5.0 16.3 99 71
Naegleria 0.5-1.0 25 7.3-7.4 1-3 hr? 99.99 12-18 de
(2 species) Jonckheere
Acanthamoeba 4-8 25 7.3-7.4 24 hr. 99.99 960-7200 and van de
(2 species) Voorde, 1976
N. gruberi BDF 2.64 25 5.0 2.8 99 7.3 Rubin
N. gruberi BDF 2.2 25 7.0 5.2 99 11.4 et al.,
N. gruberi BDF 15.4 25 9.0 15.4 99 177 1983
Crypto- gut homog. 30,000 4 ca. 7.0 18 hr. <95 >>18 hrs. Campbell et
sporidium in PBS al., 1982
"Pns = phosphate buffered saline; for other abbrevations see footnote to Table 2.

Table 4. Minimum Bactericidal Chlorine Residuals (mg/l).

Free Available Chlorine | Combined Available Chlorine
pH Value Residual After 10-min Residual After 60-min
Contact Contact
6.0 0.2 1.0
7.0 0.2 1.5
8.0 0.4 1.8
9.0 0.8 >3.0
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(b)
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/
Cl diffuser
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Figure 3

Typical mixers for the addition of chlorine: {a) inine turbine mixer and

(b) injector pump type.
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High chemical hazard Jlall Alesl kil

Highly sensitive to inorganic and organic 10adsisscaslls dusiac M Jleadl Jas ulla
Formation of harmful disinfection by-products (DBP’s) s)laall dscayall jaedaill milgs Ju<ia

: Chloramines cilil;sisll ¢ LS

PH=7- o xie 10:1 43V dausing ¢ CI2 1 N=41 45 dpusiy Jolae b adisall L Lisa¥ls all )l Jelis
bl JS55 9

HOCI + NH3 <=> NH,CI (monochloramine) + H,O

NH,CI + HOCI <=> NHCI, (dichloramine) + H,O

NHCI; + HOCI <=> NCl; (trichloramine) + H,O

Y% NHCl, + % H,0 <=>% NOH + H" + CI’

Y% NHCI, + %2 NOH <=> % N, + %, HOCl + %  H" + 1. CI

suelill LeeLimd) Jud olaall 038 (3 lliiga) 5085 5510 Aulaal Zaialdl) aal) Copaall slis dpams daa (3la
ol it el IS ol aal) Cayaall slie 8 5ale aalsiall @lisad) ae IS0 IS0 Gua (Jladll I
25 ekt Adlad) Agyliie lipalysISU s Allad e Jpaandl (e (St Sind ¢Lapass A gl cle i ya0l5IK)
slia & llisa) aalg of L dila) colpall aa culalanVl o2l ulall sy g A0V1 )5l depa (o IS 5245 (pe A Jladl
O LS oaall Cayaall olaal 425l PH axd (penn HOCH aalg 48] (e lan 0S (S5 (aidy aall Ciyuall
bl 8 4ial ajS Tan Aattidl adll CVs 6 s lenSU A1 LS pe cligal 500

advantages and disadvantages <liafsl<! ggluay Cpuilaa
Cailanal)
Less corrosive JSEll s i
Low toxicity and chemical hazards dadsiall 4l
High chemical hazard Jlall Jbesll jlaal)
Relatively tolerable to inorganic and organic loadsis scaslls dsscac M Jlaadl Lucs Jaina
Laans Dlska Bl iy (sl
(s gbuaal)

bacterial sporesiwesiys cilaysg ¢ Protozoan Cystsiysisisy claha ¢ Cilug pill i laa JGd e

12



WWW.4ENVENQ.COM Al dcusigh ad ga ciliali aa

100
80
sop
NH,EL

40
b=

wHcL, —

5 & 7 8

Swgd pH

slaal) PH J dibide a8 DA el 5l clalas) JIKaT(8) Jsa

e 5l ) e dgla Alaie Lypmne lalse ) 8 Glla Egall olaall o lae ) cpms 32391 Wils auiys
el oSN galal 5l (e mial LSl Tl 18l oag Al saiaad) dygnall el sl clalaily Ll 3 5l Lay,
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TABLE 4 Inactivation of Health-related Microbes in Water by Chloramines
Residual Tegp. Time Reduction Est,
Microbe Water (mg/1) (c) pH (min.) (%) C-t Reference
BACTERIA: "
E. coli BDF 1.9-2.2 5 9.0 51-59 99 113 Scarpino,
" 1984
E. coli BDF 1.0 22 6.0 5-8 99 ND Ward et al.,
E. coli BDF 1.0 22 8.0 29-46 99 ND 1984
K. pneumoniae  BDF 1.0 22 8.0 8.5-22 99 ND "
S. typhimurium BDF o 1.0 22 8.0 12-14 99 ND o
HPC treated 1.6 24 8.0 15 95 ND Wolfe
(35-99.73) et al.,
HPC treated 1.6 24 8.0 30 99.68 ND 1985
(88.4->99.99)
Coliforms, tap +
S. typhimurium 1%
& S. sonnei sewage 0.4-1.5 20 6.0 ND 90 8.5 Snead et
" " " " 8.0 ND 90 40 al., 1980
M. fortuitum BDF 3.25 20 7.0 50 90 2667 Engelbrecht
et al., 1977
M. fortuitum BDF 3.0 17 7.0 ca. 116 90 ND, Pelletier
M. avium BDF 3.0 17 7.0 1320 90 ND and
M. Intra- Du Moulin,
cellulare BDF 3.0 17 7.0 660 90 ND 1988
VIRUSES:
Polio 1 BDF 5-22 5 9.0 170 99 1420 Scarpino,
1984
Polio 1 1° effl. 1-10 25 7.5 60-308 99 ca. 345 Fujioka et
al., 1983
Polio 1 tap 0.5 24 7.0-8.2 15 50 ND ~ RKeswick
Polio 1 + 10% effl. 0.5 24 " 15 0 ND et al.,
Polio 1 + 10% effl. 2.0 24 ? 15 99.7 ND 1985
Hepatitis A BDF 10 5 8.0 117 99.99 ca. 592 Sobsey et
Coliphage MS2  BDF 10 5 8.0 )>>60 ca. 2100 al., 1988
Rotavirus SA1ll 5
dispersed BDF 10 5 8.0 366-402 99 4034 Berman and
cell-assoc. BDF 10 5 8.0 570-636 99 6124 Hoff, 1984
PROTOZOAN CYSTS:
G. muris BDF 1.5-2.6 3 6.5-7.5 188-296 99 430-580  Meyer, 1982
G. muris BDF 6.35 5 7.0 220 99 ca. 1400 Rubin, 1988
G. muris BDF 1.5-30 15 9.0 s 99 ca. 600 Rubin, 1988
G. muris BDF ' o 6.0-7.0 --- 99 ca. 1000 Rubin, 1988

13
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3Br Cl+2NH, <> NH,Br + NH Br, + 3HCI -8-

3 s leie By D Jaly sl sl (e dpglaiy dtlaasS Tullad 28f (K lisal g5l i
Aliladd) sISI et g A3jlie agyall ety Caeas) Ll V) o6

@l Sl Ao ol ddlad o aall Copeall olie (b lisad) 585 3l Alae -6- Jsaall 8 o
AilSie ey Jladll 5l BrCl alasiiad sl (E.COli chlpaal) cudal] 43)aall JUaS )

Table 5. Physical Properties of BrCl.

Molecular weight 113.37
Melting point (°C) -66
Boiling point (°C) ]
Density (g/cc), 20° C 2.34
Heat of fusion (cal/g) 17.6
Heat of vaporization (cal/g) 53.2
Heat formation (kcal/mole) 0.233
Heat capacity (cal./deg. mole, 298° K) 8.38
Entropy (cal./deg. mole, 298° K) 57.34
Dipole moment 0.56
Electrical conductivity (dm™ cm™) :
Degree of dissociation (%, vapor 25°C) 21

Jladl) [ glslly agsl) &) slsd (JliaS E.Coli* ciluand) ciddl) jughail) Aullad 4558a -6- Jgand)

% gt b cluarl) A

0.5mg/l  NH, Omg/l NH
BrCl Cl, BrCl Cl,
2.6 72< 23.7 40 <

0.0001 55 < 0.0007 18 <

0.0001 28.5 0.0001 1.8

0.0001 1.6 0.0001 0.015

3

e 0.5 limslled 5855 «Jafdpme 10° 45820 6 ladU IV 5850 *
Sy el Adlad o aall Copall slye & ligaY) 85 U sl -6- Jpaadl e Laadl
il IS0 Allad e LIS ST LS e o liadll 8 clisal agpll dglled o Al bl
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Figure 10: Elements of ozone disinfection system: (a) schematic flow diagram for complete ozone disinfection system

(Adapted from U.S. EPA, 1986.)
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Figure 11: Typical flow diagram for the application of ozone for disinfection.
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TABLE 5 Inactivation of Health-related Microbes in Water by Ozone

03 Residual Tsmp. Time Reduction Est.
Microbe Water mg/1 (¢c) _PH (min.) (%) Cc-t Reference
E. coli ? 0.04-0.07 1 7.2 0.08-0.5 99 0.006-0.02 Katzenelson
et al., 1974
Tot. colif. effl. 5.0 12.6 7.1 18 99.89 ND Netzer et
Fecal strep. effl. 5.0 12.6 7.1 18 99 ND al., 1979
E. coli effl. 0.29-0.36 24 7.4 0.6 99.94 ND Farooq and
S. typhi- Akhlaqge, 1983
murium effl. " x » bl 99.9998 ND i
M. fortuitum eff]. 0.29-0.36 24 7.4 0.6 89 - ND b
M. fortuitum BDF 0.8-1.08 24 7.0 0.58 99 0.53 Farooq et
al., 1977
VIRUSES:
Polio 1 BDF 0.15-0.2 5 1:2 0.4-1.5 99 0.2 Roy et al.,
Polio 2 BDF 0.15 25 1:2 4.83 99 0.72 1982
Polio 1 effl. 0.29-0.36 24 7.4 0.6 99.5 ND Farooq and
. Akhlaque, 1983
Polio 1 effl. + HC03 0.2 20 7.0 10-15 97 Harakeh and
Polio 1 effl. 0.2 20 7.0 10-15 80 Butler, 1985
Rota SA1l1l BDF 0.1-0.3 4 6.0-8.0 0.12-0.19 99 0.019-0.064 Vaughn et
Human rota BDF 0.05-0.3 4 6.0-9.0 0.0.12-0.19 0.006-0.036 al., 1987
Rota SAl1l effl. 0.26 15 7.2 15 96 ND Harakeh and
Human rota effl. 0.26 15 1.2 15 40 ND Butler,
Human rota effl. 0.4 15 7.2 15 99.99 ND 1985
PROTOZOAY CYSTS:
G. muris BDF 0.15-0.7 5 7.0 2.8-12.9 99 1.94 Wickramanayake
G. lamblia, BDF 0.11-0.48 5 7.0 0.94-5.0 99 0.53 et al., 1984;
N. gruberi RDE 0.55-2.0 5 7.0 2.1-7.8 99 4.23 1985
N. (6 sp.) , DW 0.4 25 7.0 4 >98.9 ND Langlais and
A. polyphaga DW 0.4 25 7.0 4 95 ND Perrine,
A. (3 sp.) DW 0.4 25 7.0 4 »98.9 ND 1986
'BDH = buffered demand free water; DW = distilled water; G. = Giardia; N. = Naegleria;

A. = Acanthamoeba.

oS S gl AL aladialy olal) yugdai —3

psall CupslS e (Ul Sl S 50 Jelits (aBsall B i) e s Sm oI S5l B

2 NaClO; + Cl; —» 2 ClIO, + 2 NaCl

(AN s e 530 2.63 5 ST Adle B dea ) aSag colall 850 LA LB She s

TABLE 7 CHLORINE DOSACES FOR WASTE
TREATMENT PLANT EFFLUENTS
Approximate
Dosage*
Type of Treatment (mg/1)
Primary plant effluent 20 to 25
Trickling filter plant effluent 15
Chemical precipitation effluent 15
Activated-sludge plant effluent 8
Sand filter effluent 6

Note: *Dosages vary from plant to plant and are those required to produce
0.5 to 1.0 mgQ1 combined resichual chlorine after 15 min.

28N sl A g glaay Cpulaa

pdball 10 JS (Lu) aum Jlad
High toxicity 4dlall el
High chemical hazard Jlall Jbesll jlaal)
CorrosiveJstll s
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Figure 13 Typical flow diagram for the addition of chlorine dioxide.

TABLE 6 Inactivation of Health-Related Microbes in Water by Chlorine Dioxide

C102 Residual Tgmp. Time Reduction
Microbe Water (mg/1) (C) pH (min.) (%) c-t Reference
BACTERIA: ¥
E. coli BDF 0.3-0.8 5 7.0 0.6-1.8 99 0 .48 Cronier, 1977
E. coli PBS 0.4-0.8 ? 7.0 5 »99.999 ND Fujioka et
Fec. colif. effl. 1.9 ? ? 10 99.94 ND al., 1986
Fecal strep. effl. 1.9 ? ? 10 99.5 ND 2
C. perfringens effl. 1.9 ? ? 10 0 ND "
E. coli BDF 0.3-0.5 5 ? 15 99.9-99.999 ND Berg et al.,
L. pneumophila BDF 0.5-0.35 23 ? 15 99.9-99.99 ND 1982; 1985
K. pneumonia BDF ca. 0.12 23 ? 15 99.3-99.7 ND Harakeh et
al., 1985
VIRUSES:
Coliphage f2 BDF 1.5 5 7.2 2 99.994 ND Olivieri et
Polio 1 BDF 2.0 5 7.2 5-10 99-99.96 ND al., 1985b
Polio 1 BDF 0.4-14.3 5 7.0 90.2+11.2 99 0.2-6.7 Scarpino et
al., 1979

Polio 1 PBS 0.4-0.8 ? 7.0 5 99.9-99.97 ND Fujioka et
Polio 1 effl. 1.9 ? ? 10 99.4 ND al., 1986
Rota SA11l:

dispersed BDF 0.5-1.0 5 6.0 0.2-0.6 99 0.2-0.3 Berman and

cell-assoc.  BDF 0.45-1.0 5 6.0 1.2-4.8 99 1.0-2.1 Hoff, 1984

cell-assoc. BDF 0.46-0.52 5 10.0 0.3-0.4 99 0.16-0.2 "
Hepatitis A BDF 0.14-0.23 5 6.0 8.4 99 1.7 Battigelli &
Hepatitis A BDF 0.2 5 9.0 <0.33 >99.9 <0.04 Sobsey,
Coliphage MS2  BDF 0.15 5 6.0 34 99 5.1 in
Coliphage MS2  BDF 0.15 5 <0.33 399.95 <¢0.03 preparation
PROTOZOAN CYSTS:
N. gruberi BDF 0.8-1.95 5 7.0 7.8-19.9 99 15.5 Chen et al.,
N. gruberi BDF 0.46-1.0 25 5.0 5.4-13.2 99 6.35 1985
N. gruberi BDF 0.35-1.26 25 7.0 4.0-14.2 99 5.51 "
N. gruberi BDF 0.42-1.1 25 9.0 2.5-6.7 99 2.91 ”
G. muris BDF 0.1-5.55 5 7.0 1.3-168 99 10.7 Leahy, 1985;
G. muris BDF 0.26-1.2 25 5.0 4.0-24 99 5.8 1987;
G. muris BDF 0.21-1.12 25 7.0 3.3-28.8 99 5.1 Rubin, 1988
G. muris BDF 0.15-0.81 25 9.0 2.1-19.2 99 2.7 "

*
BDF = buffered demand free; PBS = phosphate buffered saline

Low pressure (LP) UV for wastewater( asall Cijpall slse —aidiall Jaiall Alla ) il (558 2283
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TABLE 7  Inactivation of Health-Related Microbes in Water by Ultraviolet Radiation

UV Dose Tsmp. Reduction

Microbe Water (m¥-s/cm”) (¢c) pH (%) Reference

BACTERIA: <

E. coli BDW 6.5 room ? 99.9 Chang,

Total coliforms effl. 8.2 room ? 99.9 et al.,

HPC effl. 14 room ? 99.9 1985

B. subtilis spores BDW 60 room ? 99.9 #

Total coliforms effl. 6.5 ? ? 99 Qualls et

Total coliforms effl. 9.6-52 ? ? 99.97 al., 1985

Total coliforms filt. effl. 5.7 ? ? 99 "

Total coliforms tea 7.2-28 ? ? »99.95 Tobin et

HPC tea 7.2-28 ? ? 88-96 al., 1983

Fecal coliforms sewage ca. 275 ? ? 99.9 Zukovs

Enterococci sevage ca. 275 ? ? 99.9 et al.,

P. aeruginosa sewage ca. 280 ? ? 99.9 1986

E. coli recA-, uvrA- on medium 10.3 ? ? 99.9 Knudson,

E. coli, B/r " 0.1 ? ? 99.9 1985

Legionella (6 sp.) i 0.8-5.5 ? ? 99.9 v

L. pneumophila tap 30 25 ? 99.9 Muraca et
al., 1987

L. pneumophila dist. water 1.8 room ? 99.9 Butler et

Y. enterocolitica dist. water 2.7 room 2 99.9 al., 1987

C. jejuni dist. water 5.0 room ? 99.9 "

VIRUSES: "

Polio 1 PBS 21 room 7.5 99.9 Chang et

Rota SAl1l PBS 25 room 7.5 99.9 al., 1985

Polio 1 BD¥W 29 ? 7.2 99.9 Harris et

Reo 1 BDW 45 ? 7.2 99.9 al., 1987

PROTOZOAN CYSTS:

Giardia lamblia BDW 63 ? ? 70 Rice and
Hoff, 1981

A. castellanii BDW 100 room ? 99.9 Chang et al.,

1985

*
BDW = buffered distilled water; PBS = phosphate buffered saline
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C*tgg Values for Some Health-related Microorganisms (5 °C, pH 6-7)

Disinfectant

Organism ) . .

Free chlorine Chloramines Chlorine Ozone

dioxide
E. coli 0.03-0.05 95-180 0.4-0.75 0.03

Poliovirus 1.1-25 768 - 3740 0.2-6.7 0.1-0.2
Rotavirus 0.01 -0.05 3806 - 6476 02-21 0.06-0.006
G. lamblia 47 - 150 2200 26 0.5-0.6
C. parvum 7200 7200 78 5-10
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I*tg9 99 Values for Some Health-Related Microorganisms

Organism UV dose Reference
(mJ/cm?2)
E.coli 8 Sommer et al, 1998

V. cholera 3 Wilson et al, 1992

Poliovirus 21 Meng and Gerba, 1996
Rotavirus-Wa 50 Snicer et al, 1998
Adenovirus 40 121 Meng and Gerba, 1996

C. parvum <3 Clancy et al, 1998

G. lamblia <1 Shin et al, 2001

INDEX 1 OXIDATION POTENTIALS OF CHEMICAL DISINFECTANTS

Oxidation
Potential

Disinfectant (volts)
Ozone O; + 2H* + 2e~ = O, + H,0 2.07
Permanganate MnOj7 + 4H* + 3¢~ = MnO, + 2H,O 1.67
Hypobromous acid HOBr + H* + e~ — 12 Br, + H,0O 1.59
Chlorine dioxide ClO; + e~ = CIO3 1.50
Hypochlorous acid HCIO + H* + 2¢— — CI” + H,0O 1.49
Hypolodous actd HIO + H* + e~ =12 I, + H,O 1.45
Chlorine gas ClL + 2e~ — 2CI7 1.36
Oxygen O, + 4H* + 4e~ — 2H,0 1.23
Bromine Br, + 2™ — 2Br~ 1.09
Hypochlorite ClIO™ + H,0 + 2~ = CI™ + 20H" 0.94
Chlorite ClO; + 2H,0 + 4e~ — CI” + 40H" 0.76
lodine I, + 2~ = 2I° 0.54
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