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Coliform

Indicator Organism:

1. Indicator not pathogenic to humans (who are monitoring it).

2. Indicator present when pathogenic organism of concern is present, and absent in clean,

uncontaminated water.

. Indicator present in fecal material in large numbers.
Indicator respond to natural environmental conditions and treatment in a manner
_similar to the pathogens of interest. :

. Indicator should be easy to isolate, identify, enumerate,

. Ratio of indicator/pathogen high.

7. Indicator and pathogen come from same source {gastro-intestinal tract)

el

S Lh

- Total Coliform: Either from animals or not from animals.
Fecal Coliform (Escherichia coli): From humans and other warm-blooded animals only.

Coliform Regulation (Promulgated June 29, 1989)

Conduct Routine Total Coliform Testss-.|.
<1000 | S
<40,000 40

<1 million _ 300

>4 million . 480

' test Fecal Coliform
test Total w

Coliform again

notify state, repeat
— -

test again

in acute violation
boil order, etc.
. heap a' trouble -
start looking at
want ads

If < 40 samples/mo?

" if >1 sample/mo

\ Total coliform
osmve

if > 40 samples/mo®
if > 5 % Total colifo

in vxolauon

- in violation
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Radon - 300 pCi/L primary standard
uranium 230 (MW) - haif life = 4.5 x 10° years
Radon 222 (MW) - half life = 3.8 days

Progeny - cause problems

Polunium 218 > Alpha Decay
Polunium 214
Lead 214 Bea Decay ™
Bismuth 214
Lead 210 B Py
Organic Contamination . _
e TOC - Total Organic Carbon (all carbon except CO,) T Rlorine = THNL
CHAA

¢ DOC - Dissolved Organic Carbon (all passed through 0.45 u filter)
» DOX - Dissolved Organic Halogens (CI, F, Br, I)

. TOX - Total Organic Halogens

e COD- Chemical Oxygen Demand

« BOD - Biochemical Oxygen Demand

+ AOC - Assimiable Organic Carbon

¢ THM - Tri-Halo Methanes

e HAA - Halo Acetic Acids
Surface Water Treatment Rule - SWTR
' 3 g:‘m-dia 0’3“‘/ L i P okt

Low risk level drinking water
Giardia - 3 log removal | “ ﬁj =ee3 %T?/L b %?"(%o, Tl

" Viruses - 4 log removal

Gt UM[@‘ = 6 Cﬁ/;a i B Fyrm [Mﬁﬂgtjffg)

1 log - 90% | (& Omc(_blk’) X e (i)
2 log - 99%
3 log - 99.9% G ISy o

4 fog - 99.95% } Z”‘f)/( I M‘a
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or 10 inenths nfler the Slofe delermines
thal a system Is uzing a ground water
source unider tha dirred inlluence of,

al the time of the Slute determinalion
must meet the rentmaent technigue
requirements apecificd In § 14173
{[untlon criterin) nnd § 141.72(b)
(disinlecllon crllerin) am] the monitering
and reporling requlrements specllied in
§ & 141.74(c) nnd 141.75[b}. respectively,
begtnning 40 montha nfler promulgation
or 18 months aller the Sinte
delerminolion, whichever is loter.

1

4. Strategics for Implementaolion

Tao conply with this linn! rule, a
TNARACY W TUUULG Hah TU et g
maintaining mmare stringenl disinlection
conditinns until filtrnlion is instulled).

Soman ayatems olready have {iitrntion
and diainfection in plice. While mouy
anch aysieina nre nlrendy in complinnce
willi plf the requiremnents of the rule.
othior sysleme will require slgnificnnt
upgraden in lrealiment lo meel all the
perlormance criterin, As discuasud
curlicr, filtratlon without disinfection,

wilh proper pretrentment where
apprapriain cnan be expecled i1n achiove

FLIT RV AP SV PR

disinlection needued for anch systoms o
mret the overall minimum performanee
requirements. CT valuea for nchicving 3+
lag Inuctivation of Giurtlin cysia nre
indicnted in Toable IV=3. CT valuea lo
achinve 0.5-1og Inactivation nre one-hall
thoan indicnted in Tnbie 1V.3.
Recommented CT valura [or achieving
dilferent Yevels of virna lanclivajion ar
indicaled in Tuble IV, -+ %

TABLE V-2, RECOMMENDED Mitnmunss LEVEL OF DISINFECTION AND ASSUMED LOG MEMOVALS BY FILTRATION METHOD

. Assumod log romovals;j/ RAecommenged minimur
Tioatmenl level ol disinfection
Giargia Vlruses/ Glardia Viuses
Y
Corventional - »25 29 0.5 2
DI EE FIITBLROME+ e 4428145 e 8 e L L L R F&) 0 LH -3
Slow wend Tillration..... - 20 20 1.0 2.
DI1OMBCa0US S8 TIHBUON coreeeeim e veseerautssrssas msnsmmenessmass st et messss s srtisnses 20 1.0 @L .3
— -
TABLE IV-3.—CT VALUES FOR ACHIEVING 1-LOG INACTIVATION OF GIARDIA LAMBLIA Y .
Tempeinlwe N
DH .- O mmiatepeE R E —T - - -
. 05°C j 5°C 10°C 15°C
Zrpn Chiorne ! L} 49 5 26 10
L7l 1o 50 27 28
.} 101 72 54 a8
9 1486 148 78 59
FE 1 T SRPR : 0.9? 0.83 0.48 032
‘hiorine Dioxido, 2H b4 74 63
hloramingl (preloimod). M‘hfl N’“’L NCIS . e 1270 L. 190 |- 820 500
L z N —_——

' Frpm 3731709 orof

¢ the fng' Guldance Manval)

Monyal. Values 1o achiave 0 5Jog inactivation aro bon b
) CT values will vary depending on the concentration ol heo chigrine, Indicaled

-

TADLE IV—4.—CT VALUES FOR ACHIEVING INACTIVATIO

thaso-shawn In the leble,
CT valuos are fof 2;0 mQ

2 o chigung. (For oilel liea chlpnna concenialipns,

M OF VIRUSES AT PHS 6 THROUGH 9!

Fro® ChIINg eccwnesiien

Dicne

Chionna Dioaivo *

l

Tumpaisture
inaciivation

Log inac 0.5 J 5°C 10°C ‘ 15'C
D ] 3 2 2
Ttt——01 ® e 4 2
2 0.9 0.6 0.5 o

3 14 0.9 Q.8 0.

H D4 56 {2 2.
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) 124 (1Y) 843 428
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A and o) mot includo a sately taclor 1SoLsoy, ] -
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Figure lll-1" Applications of Ozone in U.S. Drinking Water Treatment Plants
134 OZONE IN WATER TREATMENT |

[

' Table -1 Summary of Ozone Applications

-

Point of Ozone - -Best . .
Control oft Application Dose Pathway* Notes
Ec/Mn Pre, Inter Med Molec.  Inter may be best with high-DOC waters.
Color Inter Med-High  Molec. . = Two-step stoichiometry, _
Taste and odor® Inter High . Rad. T&O may be produced by low ozone doses,
SOCs Inter "~ Med-High  Rad. " Molec. may be best for some compounds. |
‘ Paftickes . APre - Low Unknown  May require high éaleium concentration,
Algac Pre, Inter. Low—Med Unknown  Can be used with {lotation.
Pathogens ) Pre, Post Med-High  Molec, Pre in U.S.; post in Europe.
Cl, by-products  Inter, Pre Low-High  Molec. High levels of removal require Rad,
Biodecgradables Inter Med Unknown Design of downstream filtration process is important.
’, ii’% *Choice of molecular (Molec.) or radical (Rad.) pathway.
Vi

3. Qxidation of organic micropollutants
a. Tast¢@nd odor compounds
b. Phenolic pollutants
c. Pesticides

RRRSRRRRRRRRRR———— e o  —  ©— ________________________________________________________________|
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ing Water: Granular Activated

Source: W. H. Glaze a.
. vol. 76, no, 2, Feb. 1984, p. 68.)

(EELA TR -V I TIV O R W VAT

cursors in Drink

g/L thereafter. (
Without Preozonation,” J. AWWA

LAICUL UL GLURIALLUIL VIR K LLIVAL' L U1 @UU L SGLLITU-
f Trihalomethane Pre

tg/L, during first 6 weeks and 2.5 m

flace, "Control o

T 1 £L.0

Carbon With and

Chemical QOx!datlon 773

lCh]orine leone lg::l:.rége
o]

OH . OH OH

Cly{x=1,2,3) OH ‘ 0

l C;g” , Clix=i,2)
CI0;, {2mole:
Cz-residues le C
2 - 0§ ‘ éo 0*? #O mole |Og)
c-¢C c-C

H~ \H,HO/ - \.OH

Figurs 12.6 Scheme showing principal by-products from the oxidation
of phenol by chlorine,*® ozone,* and chlorine dioxide.®

can occur because of the formation of chlorinated phenols. With ozone
complete oxidation will yield small polar molecules such as glyoxalic
acid, but at lower doses partially oxidized species such as hydroquinones
and muconic acid are formed, as shown in Fig. 12.6. In the case of each
oxidant, the yields of by-products will depend on the oxidant dose. Lower
doses will favor the formation of partial oxidation products,

Ozone and the other common oxidants are theoretically capable of re-
acting with other synthetic organics, but they are highly selective; i.e.,
the rates of the processes are often too inefficient to be of practical value.
This is especially true when pollutants present at micrograms per liter
are competing with natural contaminants at milligrams per liter. For ex-
ample, the common oxidants are usually not cost-effective for the re-
moval of trichloroethylene and other chlorinated solvents and pesticides
in polluted surface water or groundwater, New oxidation processes that
show promise for these purposes are described in the next section.

General eflectlveness of water treatment

oxldants

Tables 12.8 and 12.4 summarize the general effectiveness of the com-
mon oxidants used in water treatment. The reader must appreciate

wa,
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Figure 14.8 Flow diagrams for ajr’ama oxygen purification for ozone production from
oxygen-enriched air, The air purification unit may be omitted when pure oxygen is used
or it may be used without oxygen enrichment.

Ozone confactors. After generation, ozone is piped to a contactor
‘where the ozone is transferred into the water, The most common type
‘of contactor is the countercurrent sparged tank with diffuser (Fig.
14.9). In this reactor ozone-containing gas forms small bubbles as it is
passed through a porous stone at the bottom of the tank. As the bub-
bles rise through the tank, ozone is transferred from the gas phase
into water according to the rate equation '

Rate of transfer [mol/(m®)(s)] = K,a(C* - C) (14.35)

Here C (mol/m®) is the prevailing concentration of ozone in the liguid,
C* is the concentration at saturation, and K 1@ is an overall transfer
coefficient (s~ '), The value of C* depends on the percentage of ozone in
the gas and may be calculated from the equation

PBBS

* = L B
C 75 (14.36)
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Bi 27 Scheinbare Reaktionsgeschwindigkeitskonstanten anorgani-~

‘12

H® and e3g

K pchast

3

7
scher Ionen und Radikale in Abhdngigkeit des pH-Wertes. e

Messbereich; =—===—- : extrapoliert, unter Annahme, dass Kon- . iy Ll
Carr-r T3 . . . . .
stanten entspr£Chen dem Dissoziationsgrad der Spezien ansteigen.

4 . Markierung der pKa—Werte;

Rechte Skala: Berechnete Reaktionszeit, innerhalb welcher in einem

Chargenreaktor (Propfstrdmungsreaktor} die Restkonzentration auf 37%
der Anfangskonzentration f&llt, falls der Reaktand auf thSM (ent-

sprechend 0,5 mg/L Ozon) konstant gehalten wird (Figur aus

Ref. [41).
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in the intestine, is also classified as a coliform because
of its fermentative properties.

In general, we assume that the presence of coliform
organisms in a water sample indicates fecal contamina-
tion and makes the water unsafe for human consump-
tion. When excreted into water, the coliforms eventually
die, but they do not die as quickly as some pathogens.
The coliforms and the pathogens behave similarty dur-
ing water purification.

The Coliform Test

Two procedures are commonly used to test for coliforms
in water samples. These are the most-probable-number
{MPN) procedure and the membrane filter (MF) proce-
dure. The MPN procedure employs liquid culture medi-
um in test tubes, in which samples of drinking water
added to the media. Growth in the culture vessels indi-
cates microbial contamination of the water supply. For
the more common MF procedure, at least 100 ml of the
water sample is passed through a sterile membrane fil-
ter, which removes the bacteria (¢ Section 20.3). The
filter is placed on the surface of a plate of eosin-methyl-
ene blue (EMB) culture medium, which is highly selec-
tive for coliform organisms (Figure 28.1; &= Section
24.2). The coliform colonies are counted, and from this
value the number of coliform Bacteria in the original
water sample can be determined. In well-regulated
water supply systems, coliform tests should be negative.
If coliform tests are positive, a breakdown in the system
has occurred in purification procedures or distribution
systems.

T. D. Brack

ShMCPLAN Coliform colonies growlng on a membrane filter, A
drinking water sample has been passed through the filter. The filter was

placed on eosin-methylene biue (EMB) media that is both selective and
differential for lactose-fermenting bacteria (coliforms) (€0 Section
24.2). The dark color of the colonies is characteristic of coliforms.
Each colony represents one viable coliform isofated from the origlnat
sample.

Drinking water standards in the United States ap¢
specified under the Safe Drinking Water Act, whic},
provides a framework for the development of drinkip,
water standards. For the membrane filter (MF) tech_
nique, 100-ml samples are filtered. To be considereq
safe, the number of coliform bacteria in drinking wate,
samples cannot exceed any of the following levels: o)
1/100 ml as the arithmetic mean of all samples exar,.
ined per month; (2) 4/100 ml in more than one sample
when fewer than 20 are examined per month; or (3)
4/100 ml in more than 5% of the samples when 2( or
more samples are examined per month. Water utilities
report their results to the United States Environmental
Protection Agency, and if they do not meet the pre-
scribed standards, the utilities must notify the public
and take steps to correct the problem. Many smaller
communities and even large cities sometimes fail to
meet these standards.

Public Health and Drinking Water Purification
Today the incidence of waterborne disease in devel-
oped countries is so low that it is difficult to directly
measure the effectiveness of treatment practices and
maintenance of drinking water standards. Most in-
testinal infections in developed countries are no longer

due to transmission by water but via food (o% Chap-

ter 29). Effective water treatment practices were not in
place until the twentieth century. Microbial culture
methods for evaluating the health significance of
polluted drinking water were not practiced until col-
iform counting procedures were developed and adapt-

ed in about 1905. Until then, water purification was
limited to filtration to reduce turbidity (o= Chapter

25, box, Snow on Cholera). Although filtration signif- :
icantly decreases the microbial load of water, manymi- |
croorganisms still passed through the filters. In about -
1910, chlorine was discovered to be an extremely f-‘_ff“
cient disinfectant for large water supplies. Chlorine
was so effective and so inexpensive that its use spread
widely and was of major significance in reducing the
incidence of waterborne disease. Figure 28.2 i_llustra_tes
the dramatic drop in incidence of typhoid-ft?vef (‘_“'
fection with Salmonella typhi) in a major American city
after filtration and chlorination purification Pfc'_ce'i"ms
were introduced. Similar results were obta:lrled'm OHLG;
major cities. The dramatic improvement in the:htf?athe
of the American people in the early decades }t:ment
twentieth century was largely due to the establis ness
of water purification procedures, and the ef,f'?';?i}’ .': an-
of chlorination could not have been assesse ;':-t
dard methods for determining the coliform €on
drinking water had not been developed- Thl Pt
works engineering, microbiology, and public,
moved forward together. ‘
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V. 28.1 Concept Check

;inking water quality is determined by counting coliform

Racteria. Strict adherence to uniform microbiologic standards
liable and reproducible indicator of fecal

BPIWY Wastewater and Sewage
! Treatment

%

282 " WASTEWATER AND SEWAGE TREATMENT = g3y
economic, and aesthetic considerations. Sewage js liquid

effluent contaminated with human or animal feca] ma-
terials. Wastewater commonly contains potentially harm-
ful inorganic and ofganic compounds as wel] as

Wastewater treatment involves chemical and biological
(microbiological) freatments to remove or neutralize
contaminants,

About 15,000 Wastewater treatient facilities exist in
the United States. The Vvast majority of them are fairly
small, treating 1 million gallons (3.8 million liters) or Jess
of wastewater per day, Collectively, however, these
plants treat nearly 40 billion gallons of wastewater every

wastewater is made up of sewage, “gray water” (the
water resulting from washing, bathing, and cooking),
and wastewater from food processing. Industrial waste-
water includes effluent from the petrochemical, pesti-
cide, food and dairy, plastics, pharmaceutical, and
metallurgical industries,

Industrial wastes ay contain toxic substances that
must be pretreated before they can be released for

converted to less toxic forms through the action of spe-
cifie microorganisms capable of neul’ralizing, oxidizing,
precipitating, or volatilizing toxic or infectious wastes,
We now discuss the Processes involved in g typical
wastewater treatment facility.

Wastewater Treatment and Biochemical
Oxygen Demand

The goal of a was tewater treatment facility is to reduce
organic and inorganic materials in wastewater to a
level that no longer Supports microbial growth and to
eliminate other potentially toxic materials. The effi-
ciency of treatment is expressed in terms of a reduc-
tion in the biochemieal oxygen demand (BOD), the
relative amount of dissolved oxygen consumed by mj-
Croorganisms to completely oxidize all organic and in-
Organic matter in a water sample (o= Section 19.5),
Higher levels of oxidizable organic and inorganic ma-
terials in the wastewater result in a higher BOD, Typ-
ical values for domestic Wwastewater, including sewage,
are approximately 200 BOD units, For industrial waste-
water, for example from sources such as dairy plants,
the values can be as high as 1500 BOD units. An effi-
cient wastewater treatment facility reduces levels to
less than 5 BOD units in the water released from the
treatment plant.
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‘ ,;Jure kY Water purification plant. (a)

added, Sand, gravel, and other large Pbarticies settle out.
"This pretreated water is then pumped to a clarifier or coa-
gulation basin, a large holding tank where coagulation

interact, forming large, aggregated masses, a process
known as floceulation. The large, aggregated particles,
called fioe, settle out by gravity, trapping any Iemaining
microorganisms and absorbing organic matter and sedi-
ment. After coagulation and flocculation, the clarified
water undergoes filtration. The water s passed through
a series of filters designed to remove the remaining sys-
pended particles and microorganisms, The filters usual-
ly consist of thick layers of sand and ionic filtration medjia,
When combined with previous purification steps, the fil-
tered water is free of all particulate matter, most organic
and inorganic chemicals, and all microorganisms,

Disinfection

Clarified, filtered water must then be disinfec ted before it
is released to the supply system as pure, potable finished
water. Chlorination is the most common method of dis-
infection. In sufficient doses, chlorine kills microorgan-

ment and thus can be important waterborne pathogens;
see Section 28.6). In addition to killing microorganisms,
chlorine reacts with organic compounds, oxidizing and
effecﬁvely neutralizing them. Therefore, since most taste-
and odor-producing compounds are organic in nature,
chlorine treatment also improves water taste and smeil.
Chlorine is added to water either from a concentrated

Remove

sand, gravel,

large 9 Raw water
Sedimentation

particulates

Form and remove floc,
containing inseluble
material and
microorganisms

Remove all remaining
barticulates, organic
and inorganlc
compounds

Kill remaining micro-
organisms

Prevent growth of new
inocula

Finished water
= Distribution

(2

Aerial view of a water treatment plant in Louisvitle, Kentucky, USA. The arrows indicate direction
ematic overvlew of a typical community water purification system,

! water through the plant. () Sch
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28.5  CHOLERA u gy,

“ases are a TABLE 28.1 Waterborne infectious disease outbreaks
ality, espe- associated with drinking water in the
eria, viryg. United States®
liseases,
Nater may i
f microoy- Shigeliosis Shigella sonnei
Dathogené Giardiasis. Giardia Iam:b{ia 4 159
'vitulence | Cryptoperidiosis Cryptosporidium 2 1432
parvum
k. Gastroenteritis Escherichia coli 3 164
i Q157:H7
" Acute gastro- Unknown 5 163

-+ infestinal illness

“‘Compiled from data provided by the Centers for Disease Control and
[ Prevention for 1997_1998, There were a total of 15 outbreaks and 2001
cases of infectious disease due to drinking water contamination,

IR

ftion Agency has established guidelines for fresh recre-
Fitional water (monthly geometric mean of < 33/100 m!
tfor enterococci or =126/100 ml for E. coti), although
local and state authorities can set standards above or
below the guidelines. Private and therefore unregula-
ed swimming pools, spas, and hot tubs are also occa-
plonal sources of outbreaks of waterborne diseases,

¥ Over the last decade, about 15 waterborne disease

plional waters in the United States. Table 28.2 catego-
[i7es these outbreaks according to the diseases produced.

Waterborne Infections in Developing
ountries

Rorldwide, waterborne infections are a much larger
Rroblem than in the United States and other developed
uniries. Developing countries often have poorly de-
ke'oped water and Sewage treatment facilities, and ac-
55 to safe potable water i limited. As a result, diseages
h as cholera (Section 28.5), typhoid fever, and ame-
4815 (Section 28.8) are important public health prob-
&S worldwide,

| TABLE 28.2  Regreational waterbomne disease
i outbreaks in the United States, 1989-1998

49.0
50 33.1

18 1.9
Wit R 151 100.0

» PLCES

lis es; Case of gastroenteritis were due to Cryplosporidium parvion (Section
scherichia coli O157:H7 (€12 Section 29.7), or a Norwalk-like virus
" 28.8). Most cases of dermatitis were caused by Pseudomonas aerugi-

v 284 Concept Check

Drinking water and Tecreational water may both be sources of
waterborne pathogens. In the United States, the number of djs.
case outbreaks due to either of these sources is relatively sma)j
in relation to the farge number of exposures to water. World.
wide, lack of adequate water treatment facilities and access g

clean water contributes significantly to the spread of infectious
diseases.

v Identify the microorganism most commonly responsible
for disease outbreaks due to drinking water contamination,

v' Identify the disease most commonly caused by exposure
to contaminated recreational water.

E:E Cholera

Cholera is a severe diarrheal disease that is now largely
restricted to the developing parts of the world. Cholera
is an example of major waterborne disease that can be
controlled by application of appropriate water treatment
measures,

Biology and Epidemiology

The disease cholera is caused by Vibrio cholerge, a gram-
hegative, curved rod (e Section 12.12) transmitted al-
most exclusively via contaminated water. However, as
with many waterborne diseases, cholera is also associ-
ated with food consumption. In the Americas, con-
sumption of raw shellfish and raw vegetables has also
been associated with cholera. Presumably, the vegeta-
bles were washed in contaminated water and the she]]-
fish beds were contaminated by untreated sewage.

Since 1817, cholera has swept the worid in seven
major pandemics. The seventh began in 1961 and con-
tinues to the present. Two biotypes of Vibrio cholerae
have been recognized, the classic and the EI Tor types.
The classic strain of v/ cholerae was first isolated b
Robert Koch in 1883 and was the prevalent biotype
causing cholera pandemies before 1961. The E] Tor
biotype is responsible for the seventh pandemic that
Started in 1961. At least 5 million cases of cholera have
been reported since 1961, with over 250,000 deaths. In
1999, there were over 400,000 cases and 9000 deaths
worldwide.

Cholera is endemic in Africa, Southeast Asia, the In-
dian subcontinent, and Central and South America, es-
pecially in areas where Sewage. treatment is either
inadequate or absent. Travelers to endemic areas should
consider being immunized for cholera. Even in devel-
oped countries the diseage is a threat. Sporadic outbreaks
of cholera (fewer than 250 total cases) have been repoit-
ed in the United States, mostly along the Gulf Coast, in
the last 10 years, Raw shellfish may be the vehicle; Vibrio
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Solution:
Step 1. Caiculate yearly 3% sludge volume, v
v = 15001b/Mpgal x 1 mgd/0.03
= 50,000 1b/d
= 50,0001b/d x 365d/(62.4 b/t

= 202,500t

Step 2. Calculate area A (D = depth, n = number of applications/year)

v=ADn

A = u/Dn=202,50018 (150t x 24 fty
=8125t°
=755m”

or

18 DISINFECTION

Disinfection is a process to destroy
water can be done by boiling the water, ultraviolet radianon,
pathogen. In the water treatment proesses,
physically eliminated through coagulation, flocculation,
tion to the natural die-off. After filtration, 1o insure pathogen-free water, the ch
of chiorine (so called chlorination), rightly or wrongly, is most widely used fo!
. drinking water, The usc of ozone and ultraviolet for disinfection of water an
increasing in the U.S.
Chlornation serves not oaly for disinfection, bat as an oxidant for other
Other chemical disinfectants i

taste and odor control in water and wastewater.
dioxide, ozone, bromine, and iodine. The last two chemicals are generally

application, not for the public water supply-

18.1 Chemistry of Chiorination

Free available chiorine. Effective chlorine disinfection depends upon its ¢
water. The influencing factors are femperature, pH, and organic content int
chlorine gas is dissotved m walter, it rapidly hydrolyzes 10 hydrochlone aéid |

chlorous acid (HOC

Cl,+H0 - HF +C7 + HOCL

The equilibrium constant is

K= (1T HOC
[Clagg)
— 4.48 x 10*ar25°C (White 1972)

£
=3
o
3
g
19
B
=8
|

PUBLIC WATER SUPPLY 1.432

The dissolution of gaseous chlorine, Cl. i
.».o=o£m Henry's law and can be nx_u_.omw.oa PE&M%MHHM_MMHMMM Hﬂm.w_nuwﬁw_. chiorine, Clsg

Clyy = o Claug) _ [Clyagl
H (6.154)

mole/L atm) P,
= molar concentration of Cl,
partial pressure of chlorine in atmosphere

&
Il

The distribution of free chlorine between H
. 1 n o OCl and " in Fi
sinfection capabilitics of HOC] is generally higher ﬂwmboﬁmm_: n_vﬂ. W.m..wm n%m_nwnm_umw.qmm%o. The

H = Henry’s law constant, mole/I. atm

= 4.805 x 1075 Qvﬁluluw;.%
7 (6.155)

BB Hypochlorous acid is a weak acid and subj issoct
j e ydrogen ions: subject to further dissociation to hypochlorite ions

: HOCl <« OCI™ + H* (6.156

jts acid dissociation constant K, is o
x, = [OCT ]

THOCT (6.157)

=137 x107%at25°C
=261 x 107¥at20°C

es of K id i i
a for hypochlorous acid is a function of temperature in kelvins as follows

1966):

In K, =23.184 — 0.058T — 6908/T" (6.158)

The dissolved chlorine in the i
: gas chlorinator i i
brium vapor pressure of chlorine solution at uonmm M:mhmom_w\%‘ M ﬁmmwm Hmwﬁw. Determine

-Distrib . i 1
) ution of chlorine species (Snoeyink and Jerkins, 1980).
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CHLORIE RESIDUAL

Step 2. Compute molar ratio M

_m% A=015
%%e Using Eq. (6.168)
=) A= = 7]
L and 1—[1 - BM(2— M)
Breskpaint camtirad 0.15= 0.893 M -1
a”_ao chiorina ) 1—[1 - 0.893M(2 — )2
Combined 1—[1 —0893M (2 = M2 = 0.777M
thlorine

(1—0777T MY =1-0.893M (2 — M)

FIGURE 6.11 Theoretical drawing of breakpoint chlorination curve,

0.29M2 — 0.232M = 0
M =080

CHLORINEDOSE —

M

residual of 1.2mg/L.

are not dissipated yet.
Selution:
Step 1.

From Eq. (6.169)

where A = ratio of available chlorine in di- to BOUonEonE.En
= molar ratio of chlorine {as Cl,) added to ammonia-N present

B = 1-2K[H]

where the equilibriumn constant X is from

The relationship (Eq. (6.168)) is pH dependent. When pH decreases and the (
increases, the relative amount of dichloramine also increases.

| EXAMPLE: The treated water has pH of 74, a temperature of 25°C, and

Chloramine is planned to be used in the distribution system. How e
requirsd to keep the ratio of dichloramine to monochloramine of 0.15, assumin

Determine factor B by Eq. (6.171)

B=1—-aK, [H"=1-4(67x 109 (107"

Determine the amount of ammonia nitrogen (N) to be added

Mol. wt.of Cl; = 70.9¢
1.2mg/L.
70.8g/mol

=17x 10" mol/L
1.7 x 10 mol/L
NH,
NH, = 1.7 x 10" (mel/L)/0.80

T1-[1-BM(2—M)"*

A 1

12 mg/L of CL, =

x 1000mg/g

M=

H* + Z2NH,Cl < NH + NHCI, =212 % 105 mol/L
_ INHJJINHCL] =212 x 10~* mol/L x 14 g of N/mol
[HTINH,CI? =0.30mg/L as N

=6.7 x 10° L/mole at 25°C

hlorine digxide. Chlotine dioxide (ClO,) is an effective disinfectant (1.4 times that of the
idation power of chlorine). It is an alternative disinfectant of potable water, since it does not
Jdiice significant amounts of trihalomethanes {THMSs) which chlorine does. Chlorine diox-
not been widely used for water and wastewater disinfection in the United States, In
ern Europe, the use of chlorine dioxide is increasing,
C orine dioxide is a neutral compound of chlorine in the + IV oxidation state, and each
of chlorine dioxide yields five redox equivalents (electrons) on being reduced to chlorine
The chemistry of chlorine dioxide in water is relatively complex. Under acid conditions, it
uced to chlotide:

ClO, + 5e+ 4H' « CI™ + 2H,0 (6.172)
Kpq=6Tx 10° L{mole at 25°C I .;,_.nwnmnmﬁ_w neutral pH found jn most natural water it is reduced to chlorite:
pH=174, [H*=10""* ClO, + ¢~ « Cl07 (6.173)

ine solution, chlorine dioxide is dispropertioned into chlorite, 107, and chlorate,

=0.893 2CI0, +20H™ « CIOF + CIO5 -+ H;0

(6.174)
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TABLE 6.4 Baffing Cla

PUBLIC WATER SUPPLY 1.443

ssification and The /T Values T
ABLE 65 CT Val o
alues for Achieving 99.% Percent (31og) Inactivation of Glardia lambil
]

Temperature, °C

e ——
Balfling condition Baffing description
ismfectant
Unbaffled (mixed flow) No baffle, agitated basin, very low iength to widlh ol D m w\ﬁﬂ_ H
catio, high inlet aad outlet flow velacities , P 050r <! 5 10 T
Free chlorine 20 25
Poor Single or multiple unbaffed iniets and outiet, n0 <04 6 137 o7
intra-basin baffles M 195 139 _Mw “M 16 2
2
Average Only baffled inlet or outlet with some intrabasin baffes 9 uw.m www 145 99 ww ww
L0 6 209 140
Superior Perforated inlet baffle, serpentine of perforated 7 www 105 19 53 wa 70
intra-basin baffles, outiel weir or un_.moBRn_ Jaunders 8 06 HM 112 75 56 ww
9 4 162 108
Perfeet (plug flow) Very high lergth to width ratio {pipeline fiow), 16 5 HWM 312 236 156 h.w. 3
perforated inlet, outlet and jntra-basin baffles 7 226 wmw 83 56 s ww
119
Sercer Table G5 of Guidanes Manual (U5 EPA, 19898) w MM 227 170 _w_m ww 40
20 6 165 i 26 169 126 i
, 1 236 ;w 8 . S8 44 Nw
The procedure 10 determine the inactivation capability of a water plant is s 8 346 263 WM 83 P o
foliows: . w w% 353 by Ww wa 61
1. Determine hydraulic detention tme HET = T=V/Q 7 261 i 2 & pe 8
2. Find correction facter, T/ T, from Appendix C of the Manual (U.5. EPAS 8 382 268 mow o1 68 46
different baffling conditions (Tabie 1 of the Magnual = Table 6.4 3 552 339 292 www 101 67
3. Compute effective retention time ERT = HRT{Tw/T} Mw 63 2 2 i _“,m o7
9 29 5 1
" 19 1.43
69 : 0.95 0.72
3800 2200 1850 1500 1100 4 mw.am

4. Calculate CT value for the tank or basin {using ERT for T) based on a
5. Find CTosy value from Appendix E of the Manual (Tables 24 of U.5. EP i
on waleT temperature, pH, residual chlorine concentration, and logy, remd)
6. Compute the inactivation ratio, CTo/CTes and CTo/CTsa s for Giar i
respeciively ;
7. Multiply the ratio of step 6 by 3 for G

inactivation

8. Sum up log inactivation values of each segment (such as rapid mixing
clarifiers, filters, clearwell, and pipelines)

9. Detenmine whether the inactivations achieved are adequate. If the surm 9

Bmommmmnnbﬁnﬁmbon equal to one, the required 3108 inactivation of&!

been achieved.
10. The tota] percent of in

iardia log inaciivation and by 4

aciivation can be determined as:
y = 100 — 100/107

y="% inactivation
% = log inactivation
Tables 6.5 and 6.6 preseat the CT values for achicving 99.9 percent &n
vation of Giardia lamblig. Table 6.7 presenis CT' values for achieving inactl
pH6 through 9 (U.S. EPA, 1989%). The SWTR Guidance Manual did noks
at pH above 8 due to the limited research results available at the tine
Novenber 1997, 2 new set of proposed rules were developed
pH of 11.5 (Federal Register, 1997).

where

! water syst

121000 ﬁﬁomm%ﬂhﬂw—boo gpd (0.044 m?/5) slow sand filtration s

iarine is dosed ﬂ,ﬂnhnmuwﬁjna turbidity values are 0.4-0 mEM\mHﬂ\oMb Moﬁmm &

Bipeline to the fir ation and prior to th el and pH is

. st customer is 1640 > the clearwell. The 4in (10

: the clearw, is 1640ft (500 m) in distar : om)

! ell and the distribution main are 1.6 E._Mn.H,M_H M\nm“nn—“&mﬁ“%oﬂwﬁu
. vely.
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Dismfectant
mg/L

Free chlorinc
<04

1.0

1.6

2.0

3.0

Chiorine dioxide
Ozone
Chloramine

Souree: Abstracied from T

TABLE 6.7 CT Values ((mg/L) min} for

Disinfsctant
mg/L
Frec chlonae
Chlorine dioxide

. Ozoac

Chloramine

pH

]
7
8
9
6
7
8
9
6
7
8
9
6
7
£
g
[
7
8
9
69

69
59

Log
{pactivaion =1

Bwk RWN RWR B

Source: Modified from Tables B

TABLE66 CT Values ((mg/L) min) for Achicving 90 Pe

050r<!

46

65

92
130

21
0.97
1270

G
S
12
84
25.6
50.1
0.9
14
1.8
1243
2063
2883

Temperatre, °C
5 10
32 24
46 35
66 30
93 70
35 26
50 37
72 54
104 72
37 28
52 40
byl 58
112 84
39 29
55 41
8l 61
118 88
42 2
6l 46
9 67
130 97
8.7 7.7
0.63 048
735 615

ables B-1 - E-6, B8, E-10, and B-

5

4
6
3

5.6
171
334

0.6

0.9

12
857
1423
1988

.7, E9, E-L1, and E-13 of Guidi

reet (1 log) Tnactivation of Giardia |

Achieving Inactivation of Vi

135

16
23
33
47
18
25
36
52
1%
26
9
56
19
28
41
59
21
30
45
65

63
0.32
300

12 of Guidance Manuel (U.5. EPA,(3E:

Temperaturs, °C

10

3
4
§

42
12.8
25.1

6.5

0.8

1.0
643
1067
1491

15

28
8.6
16.7
0.3
0.5
0.6

428
n2
994

ance Marual (US- EPA, 1

ruses at pH 6
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The volume of the clearwell is 70,000 gallo
t , ns N k| . . P n
e Soature 10 ot the peak hour nmos. s Hnowm mﬂnw Determine Glardia inactivation at water

Solution:

.mnﬂu 1. An overall inactivation of 3 lo or Giardiz and 4 logs for
. Jie fi di 1 i i
Y g5 VITUSes Is HOn—.n:Han_. The

12 d Xam|

- ranging from 0.6 to 0.8 NTU, wi jardi i ron. o §z.ﬂﬁ_pm bids
1 , with a 2-log Giardia and virus i jvati iy

. [T m i
o E_n s.m%_. .wmwﬁBn_Ennﬁm the turbidity standards. Thus, nwmuﬁomﬂﬁoﬂemﬂo? e adit Un_anH.
35 ! 1-log Giardia 2nd 2-log virus removalfinactivation to meet the o<_u~..wcm=H onnunﬁ e
“w Step 2. Calculate T at the clearwell (one half of volurmn. d S
. ! & use
1 T,q can be determined by the trace study at the peak hour mmwomw _M.W n.WnﬂwmpW %
n

3 = x
10 E\m - 35, 000 mm._\HOD
. Egpm
2 = 35min

tep 3. Calculate CTy in the clearwell
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1 . €T = 1.6mg/L x 35 min = 56 {mg/L) min
X 54, Calculate CToy/CTios

d.m.z.uB A.mEn 6.5, for 3-log removal for 1.6 mg/L chlorine residual at 10°C and pH 7.5

g

CTagg = 145 (mg/fL) min (by proportion between pH 7 and B)

CTen/CTo9e = 56/145 =038

Calculate contact time at transmission main

@ = 100,000 gal/d x 1f?/7.48 gat x 1d/1440min
=9.28 ft*/min
A=3.1402/12)0 = 0.0872 >
2 528 ft* fmin
A~ 0087212
= 106 fr/min
T =length /v = 1640 ft/106 ft/min
= 15.5min

| ie'th -secti
i m_nnwomm sectional area of the pipe, and v is the flow velocity.
ulate CTe and CT/ CTygg for the pipeline

CToy = 1.0mg/L x 15.5min
= 15.5 (mg/L)min

for 3-
3-log removal of 1.0mg/L chlorine residual at 10°C and pH 7.5

CTg9 = 137 (mg/L)min
CTa/CTee = 155/137 = 0.1!




CHAPTER 1.7

27 EFFLUENT DISINFECTION

WASTEWATER ENGINEERING  1.635
Solution:

Step I. Find the recommended dosage

From Table 7.20, th !
10mmE/L. , the recommended dosage for trickling filter plant effluent is

Effuent disinfection is the last treatment step of a secondary or tertiary treatmen
Disinfection is a chemical rreatment method carnied out by adding the selected dis
an effiuent to destray of inactivate the disease-causing organisms. The purposes g
disinfection are to protect public health by killing or inactivating pathogenic organ
s enteric bacteria, viruses, and protozoans, and 1o improve the effluent discharge &
The disinfection agents (chemicals} include chlorine, ozone, ultraviclet (UV)
chiorine dioxide, and bromine. Design of UV irradiation can be referred to the m
or elsewhere (WEF and ASCE 1996a).
The chlofnation—dechlorination process is currently widely practiced in the US
added to a secondary effluent for a certain contact time (20-43 min for avers
15 mmin at peak flow), then the effuent is dechlorinated before discharge only d
weather when people use water as primary contact. In the US most states adop
limitation of 200 fecal coliform/100 ml. .
Chlorination of effluents is nsuaily accomplished with liquid chiorine. Alterna|
use calcium ot sedium hypochlorite or chlorine dioxide. Disinfection kinetics and
chlorination are discussed in Chapter 16, numerous literature, and text books;
review of effluent disinfection can be found in Design Manual (US EPA 1956/

Step 2. Compute the daily consumption

Chlorine =
orine = 3.0 Mgal/d x 10 mg/L x 8.34 Ib/((Mgal/d) - {mg/L))
=250 Ib/d

The daily consumption is o
505 ) oo ver 150 ib/d (68 kg/d); thus choose one-ton (2000 1b,

i3

Monthly need = 250 1b/d x 30 M/d
= 7500 Ib/M

The U“_b.n_.n needs 4 one-ton containers, which is enough for one month's consumption.
. ?
3

PLE 2: Delermine the feeding rate in gallo ;
: . J1k] r . .
If a small quantity of chlorine is added to wastewater or effuent, it will ,u_m_nvﬁ Wmo_%mnmo_wﬁm%bwmﬁ_bm 10 percent available nE%Mun_..E.Hm%Mnan uwmwnn.“_ hypochlorte
reducing substances such as hydrogen sulfide and ferrous iron, and be destrofs g (1060 Th/d). y chlorine dosage for
conditions, there are RO disinfection effects. 1f enough chlorine is added peilution:
reducing compounds, then 2 little more added chlerine will react with
present in wastewater and form chlarorganic compounds, which have slight’
ities. Again, if enough chlorine is introduced to react with all reducing cof
organic materials, then a little more chlorine added will react with ammol
gepous compounds 10 produce chloramines or other combined forms of
have disinfection capabilities. “Therefore chlorine dosage and residual chlof
tant factors of disinfection operation, In addition to its disinfection purpd
also applied for prevention of wastewater decomposition, prechlornation o
control of activated sludge bulking, and reduction of BOD. o
Chlorinators are designed to bave 2 capacity adequate to
coliform density limits specified by the regulatory agency. Usually,
iduals in the’ [ype-of treatment Illinois EPA GLUMRE

10% = 100,000 mg/L = 100 g/L

ABLE 720 Recommy
ended Chlorine Dosi i
reatment Based on Design Average _u_woi o8 Copanty for Various Types of

for adequate capacity and [0 prevent excessive chlorine resi

shows the recommended chlorine dosing capacity for treating normal AT iy dosage, mg/L dosage, mg/L
haoed on design average flow (Lliinois EPA 1997, GLUMRB 1396). 4 b o o CfBucnt 0
For small applications, 150-1b {68-kg) chlorine cylinders are typically; 2o nB“nE (unfiltered) 20
gas consumption is less than 150 pounds per day. Chlorine cylinders & F8¥iing m:nn__.s _ﬁ._E.n& 1o
position with adequate support brackets and chains at 2/3 of cylinder hel ted slug _wm wu_“hmmwnnun 10 "
For larger applications where the average daily chlorine gas consurmptlf d sludge WFR s.:wa: . 6 8
pounds, one-tone (909 kg) containers are employed. Tank cars, Uf ) Jiaddition chemical 4
evaporators, are used for large installations (> 10 Mgal/d, 0.4 m ’ ! fuent
wide public safety should be evaiuated as part of the design con: d cBuent fellowing mechani 6
g .—. treatment ical 4 6

EXAMPLE 1: Estimate a monthly supply of liquid chloriae for Lrickll
disinfection. The design average flow of the plant is 3.0 Mgal/d A:..u

! s EPA (1997), GLUMRBS {1996)




