CHAPTER II

THEORY AND LITERATURE REVIEW

Chlorination " //

Chlorination of w. 1es on ncy basis has been practiced since
about 1850. With definite _gvi e a ‘ha‘ in diseases were transmitted by
water, emergency treat /pochl quite common during periods

% \‘\- . -

of epidemics.

with calcium hypochlo water at gt reek filter plant of the Union
Stock Yards in Chicagé. L Ci w Jersey, started hypochlorite

and McCarley, 198 :
Chlorination llee most widely used method foglsmfectmg drinking water and

other type of ﬁﬁs ﬁl t effluent. It is easy to
apply, measur W ﬁ EI:'JI] In the 1970’s, it was
discovered that chlorme reacted with nat tituents to yield
small q@lw ’}a qnﬂﬁ)ﬁlf&k %ﬂ?ﬁ]ﬁaﬁﬁn& chloroform)
for with regulatlons were subsequently developed.

1. Alternate Forms of Chlorine

For purpose of disinfection of water, chlorine is primarily used in the form of
either as a gaseous element or as a solid or liquid chlorine-containing hypochlorite

compound. As shown in Table 2.1, there are many forms of chlorine compounds. The



appropiate compounds used depend on several factors such as site of the system,
location of the treatment facility, safety consideration and requirement for chlorine

residual in the distribution system.

Table 2.1 Percent available chlorine of various chlorine materials.

Material Auvailable chlorine(%)
Cl,, Chlorine 100(by definition)
Bleaching Powder (chloride 35-37
Ca(OCl),, Calcium Hypoc ‘ 99.2
Commercial Prepz;r7 | & : 70-74
NaOCL, Sodium Hypoehlori W 952
Commercial Blea A 2 12-15
Commercial Bleach ‘_ | — 3-5
CIO,, Chlorine Dioxide ﬂc(:i ) 263.0
NH,Cl, Monochloramine D) 137.9
NHCI,, Dichloramine ‘ +f.;3jff' 165.0
NCls, Nitrogen Trichloride E 176.7

HOOCC¢H,SO,NCI:
NCICONCICONCI €5 Frichioroisocyat o Yl 91.5
CONCICONCICONH, Dichle 71.7

CONCICONCICON Na, §odium Dichloroisi)}:yanurate 64.5
F-s _

Source : Hapdﬁyﬁf ﬂ

524

¢
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r dnd’ihdustrial waters.
RN IT R RN TIN TR
Small-scale facilities frequently apply calcium and sodium hypochlorite (Culp et al.,

1986)



2. Chemistry of Chlcrination

When chlorine is added to water, it rapidly hydrolyzes according to the
following reaction.
ChLh+H,O— H'+ Cl™+HOCI €))
Hypochlorite chlorine forms also ionize in water and yield hypochlorite ions
which establish equilibrium with hydrogen ion ;
CaOCl, + 2H,0 2HOCl + Ca(OH), (2)

NaOCl + HzO \ \“" &cl + NaOH 3)

2.1. ChemlS L) ,_‘-_."ﬂ [0) ."b___ $
The ma ' ;\\ e chlorination of an aqueous
solution is the formatioa#o //t orous \ pecies of chlorine is the most

ceptlon of chlorine dioxide.

\\

germicidal of all chlorine €om; o u

Hypochlor asl “HOG@L, is a v '\ acid which means it tends to
undergo partial dissociafe ag'fo wa%f:' =

HOC " mﬁ‘, C T “4)

to produce a hydrogen ion ‘and’/ Hlo

8.5 the reaction is incompleted- .':- oth Species_are present to some degree. The

on. In waters of pH between 6.5 and

extent of this reaction  from the equation

K;=(H ©))

R mmm t:t“ﬁ:’f?‘:iliifi‘éé?iﬁ

OCI, are known as free available chl

QWW&\"Iﬂ‘iﬂJ Tnanynas

2.2 Reaction with Ammonia

In aqueous systems, chlorine reacts with ammonia (NH3) to form

the chloramine.
NH;+ HOCI > NH,CI ( monochloramine ) +HO (6)
NH,CI + HOCI > NHCI, ( dichloramine ) + H,0 7



NHCl,+ HOCI —* NCl;  trichloramine ) + H,0O )
These chloramines have many different properties from those of the HOCI and
OCIT forms of chlorine. They exist in various proportions, depending on the relative
rates of formation of monochloramine and dichloramine, which change with the
relative concentrations of chlorine and ammonia as well as with pH and temperature.

Above about pH 9, monochloramines exist almost exclusively; at about pH 6.5,

monochloramines and dichloramines

t in approximately equal amounts; between
pH 6.5 and pH 4.5, dichloram&}% y while trichloramines exist below pH

45, —

The point where ichloramine or oxidized to fiee

nitrogen is referred to below this level is combined

available residual chl ‘l is free available residual

chlorination. Figure 2.1 a hical illustrationsof the breakpoint reaction. the
breakpoint curve results fj eadtio] uation (6), (7), and (8).(Culp ez
al., 1986)

3. Chlorination Byp Od@'- 0
Chigunaion byprod&E’éﬁ‘Tﬁ‘aﬁé heer “nuch thoroughly studied. Many of the
‘\ S

chemical that have ‘been

some indication of th ountered in drinking water. In

€
i | i
terms of the concentrzzms found in a chlorinated watef, the trihalomethane(THM) is

the most impo ﬁ.ci ~ o
Tﬁhalo@ﬁ;ﬂre (ﬁegirmtg mcﬂn’lnj chlorine with certain
naturally occurring crganic compou e i 1 e reaction is:
%%&@ﬁ@fﬂﬂﬁfﬁhﬁﬁm ﬁﬂm compound

The rate of THM formation and the concentration are influenced by a number

of factors. Among the more important ones are :
* Temperature : Higher water temperature increases the rate of THM

formation.

* pH : pH increase, the rate of THM formation increases.
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* Organic precursors : The type and concentration of organic precursors
influence the reaction rate of THM formation.

* Free chlorine concentration

* Bromide concentration

Beside of THM, volatile organic compounds are increasing being detected in
drinking water source(Culp ef al., 1986).Many compounds which have been detected
in drinking water, are recommened EW/PA and WHO such as trichloroethylene,

1,1,1-trichloroethylene, carbo% f .The pattern of the haloform reaction is
shown in Figure 2.2.

Chemistry of some HM 5

€, is a nonflammable , colorless

liquid with a pleasant aromati 'E:o ,' pm.( This, however, should not
Synonyms: .+ ethane’ - di ide, ~methylenum  chlratum,

Uses and Sour ylene Chloride is widely used as a

solvent, as a degreasing and cleaning reagent, in paint Témovers, and in extractions of

organic co:; qﬂﬂ‘ﬁﬂﬂﬁ irm ﬁ fJ ﬂie of methylene chloride

in natural waters. In a su in the USA, 82 of finished-Wadter supplies tested
contam& nwh;]ea \ﬂﬂ ﬁ)ﬂJﬂle I'] Q w thrJ‘ apﬂ Water from a
sewage treatment plant contained a methylene chloride concentration of 8.2 pg/litre
before treatment, 2.9 pg/litre after treatment but before chlorination, and 3.4 pg/litre
after chlorination. These results show that methylene chloride is formed during the
chlorination of water. Concentration of 1-2 pg/litre and 5 pg/litre were reported at the

same point in the River Rhine (Environmental Health Criteria 32,1984).
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Physical properties : Colorless liquid; density 1.3255 at 20° C; boils at 39.7
¢ C; freezes at -95° C; slightly soluble in water(1.3%), miscible with organic solvents;
vapor pressure 350 torr at 20° C.

Health Hazard : Methylene chloride is a low to moderately toxic compound,
toxicity varying with the animals species. It is less toxic in small animals than in

humans. The toxic routes of exposure are inhalation of its vapors, ingestion, and

.

SA (EPA i
USA (EPA) re th& n

2. Chlorofomz.f

Chemical

absorption through the skin.

Limits in Drinking

5 pg/litre

Synonyms : trichlorom
ST s
!us:é'--.v- -
- -
T L :
-F.w ‘Jﬂl"'f‘_-ll‘--fﬂ"‘. .‘I.'
Uses and_Sources of exposure *

trichloroform, methyl trichlori

anthropogenic source:l- irect prodt
aikali on chloral (Lieblg,‘quoted in Environmental Health Criteria 163, 1994 ) and by

treating bleachﬁ % ﬁ“ﬂ'ﬂ‘ﬂ%ﬁ?ﬂ | ’] ﬂ ‘j

Thereure many sources of indirect production of chloroform. In particular
. __ ¢ o/ : ..
of chloroform. The' following ow to comtribute to the formation and
emission of chloroform:
- Paper bleaching with chlorine

- Chlorination of drinking water

- Chlorination of swimming pool water
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- Chlorination of cooling water: The quantity of chloroform formed
depends on a vast range of factors, such as acidity and the concentration of organic
materials.

- Chlorination of waste water

- Exhaust emission from traffic

- Decomposition of 1,1, 1-trichloroethane has also been suggested as a

source. i
Physical Properties “%W iquid with a pleasant sweet odor; sweet
taste; volatile, vapor pres&orr at . sity 1.484 at 20 °C; boils at 61.2
— ,

°C; solidifies at -63.5°C; ‘ 82 mL/100 mL water at 20°C),

miscible with organic

this compound to be carcin geﬁ}é :i‘é;'!iﬁ'sin' oers in the kidney, liver and thyroid. It is
a suspected human carcinogenffbﬁ‘i;ifﬁcﬁf h imited evidence.But there have been

repor’ted about thek .;ulnl- ----------- o rolatiangh Db twee ‘ Ch]orinated Water and the

incidence of cancer.

. ' |
Kramer et Jl. (1992) studied the association between exposure to

trihalomethaneg-i B.tés | %{ T ivezoutcomes in the state of
IOWA WSAmﬂagnQOHﬁﬂu eﬂsﬂeg\j‘;@ﬁed on municipal water
surveys djustment. f gﬂé 1 ﬁi nata “Care, marital status,
educati’oq':ﬁ:nlﬁngﬂﬁ mrﬁns fi]i ut anﬁ wth retardation

(abnormally low birth weight) was associated with chloroform concentrations above 10

ug/litre. Limitations of the study involve the ascertainment and classification of
exposure to trihalomethanes (such as fluctuation of levels and exposure at individual
level) and the influence of potential confounding influences of unmeasured

contaminants.
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Morris et al. (1992) conducted a meta-analysis which attempted to
integrate quantitatively the results of previously published studies in which individual
exposures were evaluated (i.e. case control and cohort studies). They identified
increased rates of bladder and colo-rectal cancer in individuals exposed to chlorinated
surface water, which appeared to exhibit a dose-related trend. Although this study was

confound by substantial differences in exposure variables that occurred in difference

water supplies, higher risk rates w ated when the analysis was restricted to
those studied which were Jugg% ighest quality exposure assessments.

Because of the results ¢ l levels and multiplicity of other
chemicals which are nimals, none of the drinking-

water studies specificallyimpli€aiés nan carcinogen.

Descriptit‘r_\xi : CH;;CGl';;"ﬁf’,-:I,T- tha s a colorless, nonflammable
£ .

Synonyms :lﬂ €
Uses and Sou?es of Exposure : 1 1,1- trichloroethane is used as a cleaning

solvent for cle ﬁ;ﬁ@gdﬂ‘ﬂ ‘Wﬁ NEIND

Physical Properties : Colorless lquId with a mild chloroform like odor ;

density mm Vj arﬁighﬂy soluble in
water (0.07%), u e 1n organic solvents : vapor pressure 100 torr at 20 °C.

Health Hazard :The oral and inhalation toxicity of 1,1,1-trichloroethane is
of low order in animals and humans. Exposure to its vapors at 1.5 % concentration in
air may be lethal to humans. Prolonged skin contact may cause defatting and reddening

of eyes.



Limit in drinking water

USA(EPA) recommendation :not exceed 200pg/litre

4. Carbon tetrachloride

Molecular formular : CCl,

Description : CCl,, carbon tetrachloride, is a colorless, nonflammable liquid

r position by flame causes phosgene and
hydrogen chloride to form. /7

Synonyms : tet ,/@wthane.
—

Uses and So ~arbon tetrachloride is used as a solvent in

with a characteristic odor, Oxidati

fire extinquishers, in d > of fluorocarbon propellents.

Physical P i Lolorless, heavy liquid with characteristic odor;

Health Hazar Xp : ntrations of carbon tetrachloride
results in depression of the contre em(CNS). If the concentration is not
Jl\-"r‘r'l:.’r'..ld_..li‘- -
high enough to lead ’{f rapid Toss ot co indication of CNS effects
5

confusion, and incoordination
are observed. The Inteﬁtio al- o@’:ancer (IARC) reviewed the

il inogenicity data in 1972 in in 1979. . ide is
available carcinogenicity odﬁ in antk’agam in 1 Carbon tetrachloride is

erovred wit | G} T VPRI L T rmens

Limit in Drinking Water

SETEI T ANy

recommendation : not exceed .0.25 pg/litre

5. Trichloroethylene
Molecular Formular : CICH=CCl,
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Description : CICH=CCl,, trichloroethylene, a colorless, nonflammable, non
corrosive liquid has the “sweet” odor characteristic of some chlorinated hydrocarbons.
It boils at 86 °C to 87°C.

Synonyms : Ethylene trichloride, ethinyl trichloride, trichloroethene, TRI,
TCE

Uses and Sources of Exposure : A major use of trichloroethylene is in

metal degreasing, other significan re in textile cleaning, solvent extraction

processes, and a carrier solve as a surgical anesthetic.

Physical Properti h a chloroform-like odor ; density

T —
1.465 at 20 °C ; boils
(0.1%), miscible with
Health H

trichloroethylene vapo e di : wsiness, fatigue, and visual

very slightly soluble in water ;
torr at 20°C.

d in humans from inhaling

USA(EP "’ :T:'":"':"':::::I:: """""""" 257 eflitre (Marshall, 1994)

Disinfection in Swnmmlgg Pool

AUYINYNINYNS

There afg many kinds of cherrucal used as dlsmfectant such as bromine,

chlorin Wnﬁ ?mmm Pﬂ'ﬁ ﬁe it is effective,
widely %1 able, 'réa o inexpens easy to use and has good staying power.

Chlorination in swimming pool is not only used to against the diseases that may be
abound in a swimming pool, but also against algae and undesirable element.Chlorine is

the most often used in the following forms:
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1. Calcium hypochlorite is available as a granular powder and in tablet form.
Containing 70 percent available chlorine, it is a potent enemy of bacteria and.algae if
the pH of the pool is between 7.2 and 7.6 and it is economical in use.

2. Sodium hypochlorite is a colorless clear solution. The commercial product is
available in various strengths, the most common being 5, 10, 15 percent available

chlorine.

”nular material with 35 percent available

3. Lithium hypochlorite is &
|
chlorine. E E‘\&‘

4. Chlorinated iso S ﬁe c‘o&‘ed organic chemicals ( as opposed
E—

to the above inorgani ol water and simultaneously

protect the chlorine fros 16t sun. Theyare long lasting(residuals do not
dissipate quickly) an so often as hypochlorites.

(Schuler,1974.).The m ed. ( nurate is trichloroisocyanuric

5. Chlorine gas isgSupplied ¢in- v ] e steel cylinders as a liquid under
o 2ol '
pressure ( Swimming podl agnuals: 4),

Literature Review

b m
Beech et al. (1980) studied water from swimming pools in the Miami area.
o

‘o :
Samples were ‘ ftrat ﬁlﬁnethanes. The average
concentrationsﬂnﬁﬁjatﬁlg cmm‘ﬁﬂegljer pools were 8.6 mg/liter and
16 mg/liter ctivel i g t CON 1,@,1 i i él g/liter and 124
mg/lite@ﬁrle‘a ﬁ\ﬁ}:ﬁzﬁ entrati Jnaoﬂsﬁ“:ti ozllthanes found in

freshwater pools was 125 pg/liter (mainly chloroform) and in saline pools was 657

ug/liter ( mainly bromoform); the highest concentration was 430 pg/liter in freshwater
and 1287 pg/liter in saltwater. The possible public health significance of these results

is briefly discussed.
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Lahl ef al. (1981) studied the chlorination practice of swimming pool waters.
The subjects were 8 swimming pools in Bremen-a city in the north of West Germany.
This study estimated the risk for a pool visitor and discuss alternative methods to the
observed chlorination practice. The study showed that the mean concentration of
chloroform in different swimming pool waters at various time and locations is between
88-407 nug/l. Mean concentration of CHCl; and CHCLBr in the air of 8 covered
swimming pools are between 36-21 | and 0.2-22 g/l respectively. The study

concluded that the application of ¢ \ infection should be minimized

.___\*:__,_:-'_,

d
ated occurrence in various water
fo mking water contained very low

—
and at the outler of wastewater

Chambon et al
samples in Rhone-Al

levels of haloforms.

T " il
. ‘ ‘”' [N - e 5 .
products, such as sweat, trace§'of urine. and man grease or from cosmetics might

AT .‘.ﬂ. &
-""'5"'”:.:-:}':‘.”" Ly

S€rve as precursors. -

levels of volatile halogenated

hydrocarbons(VHO) it drinking water, surface water and swimming pool water.

. ¢ o o/
31111/ £ AL
as a consequentg o nation with sodium hypochlorite.

¢ =

ANIASD MBI TNENAY..., ..

disinfectants, the only organohalide contaminant observed in the water and in the air at
concentrations in excess of 1 pg/L (water) and 1 pg/m’ (air) was the trihalomethane
corresponding to the disinfectant used. The levels of trihalomethane observed in the
water in thermal spas were comparable to levels reported for swimming pools. The

study was concluded that the heat, agitation and aeration of the spas do not produce
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higher residual levels of trihalomethanes in the water and do not promote the formation
of novel volatile organohalide. The concentration of trihalomethane in the water
appeared to be related to the combination of high total dissolved solids and high
disinfectant levels. The trihalomethane levels in the air though dependent on the
concentration of trihalomethane in the water were modified by the variety of room

sizes, ventilation rates, water surface areas and aeration rates associated with each

\W//

e lev alomethanes produced by the

alley. The results showed that the
r I € specifically chloroform, than

individual spa.

Coates (1991) s

chlorination of swimming E’

the private swimming po - ) chlc found in private pools was
20.1pg/l. For the public Verage 1level was 65.3 pg

Dietz and Singl . co a : e method with the purge and
trap method that used fof d mlha&bq rganics in drinking water, well

base line noise. In ad (i, :
: !
purge and trap method-while 25 samples per day (8 h)*were routinely examined by

o i1t} ] Eiﬁ%;ﬁﬂ"’lﬂiefe’a"'e o e
AL PR oy ngu A NAA. &) cctniaue or

determmat?on of some volatile chlorinated hydrocarbons i.e., methylene chloride,
chloroform, carbon tetrachloride, 1,1,1-trichloroethane and trichloroethylene in water
samples. Various factors having effect on the sensitivity and the percent recovery i.e.,
equilibration time, temperature, liquid to gas phase volume ratio, injection volume and

salting out with sodium chloride, sodium sulfate and calcium carbonate were studied
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and evaluated. The temperature of 60 °C, equilibration time of 60 minutes, the liquid
to gas phase volume ratio 30:30 in 60 mL serum vial, 1.50 mL of injection volume, and
salting out with 13.00 g of anhydrous sodium sulfate were chosen as the optimal
headspace analysis condition for the analysis of the volatile chlorinated hydrocarbons in
water samples. The minimum detectable level of this technique was lower than 0.50

ppb for all studied compounds and percent recoveries of the chlorinated hydrocarbons

were in the range of 54.22 - 90. 81°\“ 771 .04 - 4.81% RSD.

Dunnick and Mel 9”&2’ m the carcinogenic potential of

chlorinated or chlorami four organic trihalomethane by

products of chlorinati ethane, chlorodibromomethane

and bromoform) in r that trihalomethanes were

carcinogenic in the liver o éﬁws These studies suggest that
organic byproducts of ch  th reatest concern in assessment
of the carcinogenic potenti _
et
Beech (1980) estimated Wstt_ca - omethane body burden of a child using
a swimming pool. The resuﬁ-'s' showed :’,"“' ‘the nt of trihalomethane (as
chloroform) .__~._:_~:._:~:_:.:.-.f.;._-- --------- &-year-old boy when using a

av OBnug/liter of trihalomethanes,
has been estimated to be 2 82 mg

A1kmg eq’zy §J4;grel.]rtgi]a pilot s?ﬁy that a‘(i]ressed potentlal effects of
A AN S A T e
compo‘a wimmers in an

indoor pool (mean=0.89 +0.34 ug/l; N=10), but not in outdoor pool swimmers.The

concentration of chloroform in pool water was between 18.4-28.7 pg/l. No
hepatotoxic effect was indicated by serum glutamate oxaloacetate transaminase
(SGOT), serum glutamate pyruvate transminase (SGPT) or gamma-glutamyl

transpeptidase (y-GT) enzyme levels B-2-microglobulin, an indicator of renal damage,
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was significantly eievated in urine samples of the slightly, but significantly , vounger
indoor swimmers. The precise ratio between these two possible causes, age and

chloroform exposure, as well as the mechanism of the former, remain to be elucidated.

Biziuk, Czerwinski and Kozlowski (1993) determined volatile
organohalogen compounds in a swimming pool using three methods : determination of

volatile organic haloform (VOH) sorption on XAD solid sorbent, thermal

adsorption and coulometric - i alides formed ; identification and
determination of the indivi % ounds after sorption on XAD-4,

; direct injection of aqueous

sampled to the chro n " entration of organohalogen

compounds varied fro 9.7 mug/dm ichloromethane, 22.0 to 57.7

Bonn-Rhein-Sieg  area. ihalogenmethanes, = ha na acetic acids, 2,2-
dichloropropionic ag

substances mentioned abo ' every sample reaching total

i
concentrations up to g; ug/l ConSIdermg the results one can see that some of the

main pollutantﬂdﬂlﬂo%)woﬂﬂ? w EjarﬂT ﬂ:l?roacetxc acid as well as

choral hydrate.
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