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Polluted water can be a ca~r1er ot maDT d1 ea 88. 
Th. pollution ot the water can be detected b, he multiple 
tube termantat10n or the membrane filter technique • 
Transmie ion ot dis.aaee oan be prey nte' b~ tilt tion aDd 
disinfection. 

Baoteriological Examination of the water by Me.brane 
filter techniqu and the determination ot the etlict nOT of 
disinfeotion by the orthotolid1ne method haTe be n perform. • 
The correct amount otcchlorine whioh should be added to the 
water was calculated trom the break-point OdrT • 
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Experiments made on pigeons have shown that although 
they can live 12 dars without tood, they will die it they 
are left 4 da18 without water (2172). Man similarly can 
not liTe tor long period without water, because wat r ha 
seve.al important duti. in th continuation ot lit ; it 
is used in the formation ot oells; it regulates the ch mi­
cal reaotions within the organism, it transports different 
substanoes trom one part ot the organism to others or 
extract them, !nd it regulates the bod, temperature. 
(2171; '111,16) 

Mant however, does not use water only tor drinking 
and oulinary purposes. He usea it a1 0 tor bathing, 
washing, heating and air conditioning, for agriculture, 
stock raising and gardens, tor industrial processes, 
tor~ water power and steam pow r, and tor tire protection. 
In general it can be said that every activity ot man 
1nvolvea some use ot water. It i8 beoause of this, that 
mants search tor pure water began in the prehistoric 
times. 

It 



THESIS 
ROBlDlT aJtLEGB GIlADUATB SCHOOL 

BEBEL IsrANBUL 

• .lUIl-JOg DIBBAsg 

of til whi b. 0 b tRI18.i t 

PAGB 

trio t ~,that i bo h t7Pho1d P 1Phoid, 
18 contraoted a he 0 b, th .diu. of food, 0 
w ter cont .1uted with nhold 0 pa 1Pholel b 1 
.1g.1 hows a dlagraa 4 or1blng how at.rio t. 1 
pHd. 

I 

Po04s, 
111 I 

t b •• 
oJ ter tc. 

111. ion ot D 1'1 f· ..... I -

pro 

c" 



THESIS 
ROBERT COLLEGE GRADUATE SCHOOL 

BEBEK. iSTANBUL 

a) Tlphoid Fev,r ·1 

PAGE' 

Was a rather serious~illne88 having mortality which 
varied trom 10 to 207V, but now..} by antibiotic therapy 
the fatality is reduoed to 2-'~. The ar17 symptom 
are vague and varied, but common complaints are head­
ache, lastitude, 10s8 ofapp3tites nausea, oontinued 
t ver, constipation or diarrhoea, sore thro t, pains 
in abdomen or back, nose-bleeding, shivering and 
enlargement ot spleen. Th re 18 progressive increae 
in severity ot the symptoms during the seoond and third 
week. Inoubatiou period 1s variable and usually 
ranges from 1 to , weeks. 

b) Paratyphoid lever : 
Ie milder, ahorter in duration and much less fatal 
than typhoid tever. Manr mild infections give no more 
than a transient diarrhoea. Paratyphoid bacilli may 
be tound in feces, blood and urine. Incubation period 
10 days. ('18, 61497, "8-564, 11117, 201) 

CHOLERA 

This is essentially a water born disease and oalamitous 
outbreaks arise trom the infeotion of water. The etiologio 
agent is Vibrio oholerae. Severity differs greatlT trom 
place to place and within epidemics; mild oases show only 
diarrhoea! Death ma~ oocur within 24 hours. Fatality 
varie trom 10 to 80~. The incubation period is from tew 
hours to 5 days. It is characterized b7severe diarrhoea, 
vomiting, bdom1nal and musoular pains, exhaustion and 
oollapse due to endotoxins of the vibrios. There is no 
t ver, the temper ture being subnormal. Great damage is 
done by the excessive and ~apid dehydat10n ot the patient 
whioh is a consequence ot the diarrhea. 

Cholera is a classio example ot what results from lack 
of sanitation, especially with respect to water supplies. 
The most important oholera outbreak of the last Tears 
took place in the Near East and Eastern Mediterranean 
during 1941. ,Data publi. hed by the . Orld Health Organi­
zation set the total number of cases at around 7'00, with 
about '200 d athe, between September 2' and October 20th. 
Some other ouroes intorm that during the same year in 
Egypt there were over 20.000 cases halt ot whioh ere 
fatal. 

Cholera, oda1, oontinues to be endemic in Lower Bengal 
and from here spreads from time to time to other parte of 
the globe. (61'71-2, 7:", 91410-1) 
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There are seTera1 kinds of dysentery. The most 1 po~ 
tant re the Bacillary and the Amoebio dysentery-

a) Baoillary DYsenterY: 
It is caused by bacilli of the Shigella gnus. Th 
organism discovered by Shiga in 18~6 during a fright­
ful epidemic of dysentery in Japan with over 22.0~O 
death - Because ot that it i called Shigella 
d; enteriae. Atter Shiga's discovery many other 
kinds ("speoiee") of dysenter, bacilli were d1 oovered 
by lexner, Boyd, Sonne and others. 

The Shlg 1188 lnte tin 1 disturbanoes ranging trom 
very mild diarrhea to severe and eometimee tat 1 
dysentery with intense inflammation and ulceration 
ot the large bowel, often ith soar formation and 
strioture of the bowel after reoovery. Abdominal 
pain and headaohe are trom the us al oh raoteristic • 
The inoubation period is short (usually les8 than 4 
days) and the on set sudden. 

B o111ary dysentery h 8 ooourred very widely in 
armies and 1s otten epidemic among civilians. The 
bacilli can appear in the excr ta tor eT rai we k 
atter pparent reoovery, but there appear to e no 
permanent carriers, and there 1 no immunim tion, 
either by an attack of the disease or by vacoination. 
The tr nsmiseion is by pollution ot the water or 
foods. (81'72-', ,,9-10, 91493) 

b) Amoebic dYsenterY (Amoebiasis) 
The d1sea e is common in tropical oountrie , but 
appears in lighter form in other oountries also. It 
1s cued by the protozoon Endamoeb h1etolyt1oa. 
Formerly it was thought that the int otion aa spread 
through food by food-handler carriers, but studies 
made during the Chicago epidemic in 19", which 
involved 1,049 known os es and 98 deaths, indicate 
that the water oarriage 1s more important than tood 
co~taminatlon. Endamoeba h1etolytioa forms cysts, 
which are present in the human exoreta. The oy ts 

re particularly resistant, and are chietly respon­
sible for the spread of the di ease. In laboratory 
experiments Chang and Fair (7) tound that the oysts 
survive in water tor nearly three onths at freezing 
temperatu~e8 about a month at lOoC, about ten days 
at 20 0 C and three days at ,ooC. 
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The cute torm ot the disease is characterised by 
fever, diarrhoea (60-80 times in 24 hr) with passage ot 
blood and mucus in the stools, emaciation and the deve­
lopment of' iiver abe~esses. This aoute torm oontinue ror 
10-20 days and atter that becomes chronic. 

Amebiasis is only ocea ionally a direct cause of 
death. (6157;, ':10, 10:'94, 11:'21) 

WElL'S DI EASE (Leptospiral Jaundice) 

This disease is cau ed by leptospira ioterohemorrha­
giae J a, spirochete sometimes present in excrementall;r 
contaminated water, mud nd slime. It is 0& able of 
penetrating the skin. It is transmitted from animal to 
man through the urine of animals -usually rats, but aleo 
other rodents, doge, cattle and ocoasionally other animals­
as well as anything ooming into contaot with the skin ot, 
or being ingested by, man. To became infected, therefore, 
it is not neoessary to drink oonta inated water. On the 
other hand communioability trom man to man is negligible. 

The typical symptoms are sudden shivering and headaohe 
with tever and collape, stift neck, and some time is 
toll owed b7 jaundice and hemorrhage in skin and mucous 
membranes_ ~he aoute illness lasts trom one to three 
weeks; relapses maT oocur-

If storage cisterns are acoessible to rodents, spread 
of' the disease bl this me"ns should 1"&18 be kept in mind. 
(6,'76, ':11, 7199, 9:407) 

INFECTIOUS HEPAT1S1s 

This disease whioh is also known as "oatarrhal 
Jaundioe" is oaused by the virus of infectious hepatitis­
The virus is present in the blood and feces of an infeoted 
person. 

An aoute infection 1s oharacterized by a prodromal 
period, and ' seoond phase oommonly assooiated with 
ja ndice. Prodromal symptoms inolude fever, anorexia, 
nausea 'with or without vomiting, fatigue, lassitude, 
headache and abdominal d1sconfort. Fever subsides after 
a tew days, and olinioally reoogn1~able jaundice appears. 
The second phase is of variable duration, with ocoasion 1 
ohronic impairment ot liver funotions. The inoubation 
period 18 long and variable (1~40 days, commonly 2' d81S). 
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Transmission of Polio : 
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The virus leaves the body in the feoes and -during the 
early stages of the disease- in oral and nasal ~ecretions. 
Apparently animals do not harbor the virus in n ture, nor 
is there any evidenoe that house tlies and biting insects, 
are of importance in transmitting the disease. It ppe re 
to be transmitted mainly with feces and article 
oiled 1th feces. 

About the transmi sian of polio by w ter different 
scientists have different opinions. Thus although Taylor, 
Ehl r nd Steel (,,6) believe that it 18 theoretic 11y 
pos tbl for poliomyelitis to ·be spread by infected ater 
there is practioallr no evidence ot that. 

On the other hand, Camp (I) and 80me others inform 
that the virus ot poliomyelitis has been recovered from 
se age nd polluted waters and there i8 eVidence that this 
di ease is ster born in some oases. 

The the ry of Camp 1s supported also by the cases of 
poliomyelitis, which appeared during the last fe years in 
Istanbul, and most of which had ratal end. The e case 
are an other evidence, or at least enough stimulous in 
order to pay attention to this disease when e tud7 the 

t r born diseases. (1:77, 61'77, 5s1', 9"82) 

Other ater born diseases are J .. _ F, .......... 

Ga tr~ nteritis 
Scht to ome dermatitis 

ohinooocoo ie, etc. 

Exoept the d1se e hieh are described bove, and 
in hich ater 1s simply a vehiole of transmission, water 
may cau e some other diseases due to the chemical subs­
tano s, (and their ooncentrations) which it may contain. 
Some of the e re: 

Goiter - Caus d by the absenoe of iodine from ater 
ethemoglobinemi& (blue ba~ies)- serious and 
oooasionally fatal infant di ease cau ed fro the 
in estion of nitrates (more than 70 ppm) found in 
Bome waters. The most acceptable hypothe 1s for 
the speoificity of nitrate poisoning ot infante 
1s that the lower acidity in an intant's astro­
tnt atin 1 tract permits growth of nitrate-reducing 
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tlora, hioh reduce nitrate to nitrite. Nitrite 18 
absorbed by the blood, converting 
large quantities of hemoglobin to 
methemoglobin. 

L ad pOisoning 

Argyria 

Dental tlurosie 
(mottl d enamel) 

It may cause death 

A permanent blue- gray discoloration 
of the skin, eyes and muoous membrane, 
caused bT silver. 

1s caused by the presence of tluorides 
in water in concentrations exceeding 0.' ppm, while reduction ot dental 
cariee is achieved with law conoen­
trations. 

Intes~inal deran2ementa. (1194-99, 121'70) 

A table giving the allowable ooncentrattons of 
different substances and properties affeoting potability 
1s given in the appendix. 
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ter to be used for public supply mu t be unpollut 
Pollution oan be defined as the presence ot any foreign 

ubatanoe (organic, inorganio, radiological or biologic 1) 
hich tends to degrade the water quality and con tltute 

a hazard or reduce the usetu1nes of the water. 

In oases when a water system oonstitutes p rt of 
city system, where all the necessary treatr ent are done, 
the most possible source of pollution after treatment, 1 
aero s connection lth a ewage, or in general a pollution 
by organic matter. This contamination may c use the 
diseases which are desoribed in the previous section. 

In this part, the methods for detecting pol utton 
of organio or biologioal origin, nd more peoificl, the 
deteotion of pathogenio organisms w1 1 be explained. 

ethode of determining other pollutants oan be found in 
Standard ethods for the Examination of ater nd aete 
ater. 

INDICATOR ORGANISM 

The analytical procedures tor pathogenic baoteria 
are very difficult and at the same time tar trom being 
reliable. Because of that the sanitary microbiologists 
rather than looking for the specifio pathogene, they lind 
an indi,cator -whose origin is in feoal matter- for fecal 
contamination, the coliform bacteria. 

The coliform baoteria are mem ere of the 
Ente~obaQter1aoeae. They inolude the genera E oh r1cbiat~~~ Tl.ncluttesh'sev ral llpecies, the most important of which re 
Escheriohia 0011, Escherichia treundl1 and Escherichia 
inter~medium. The last two of these can l1ve out ide the 
body of the arm booded animals as ell as in the intes­
tinal traot. (9:468). The g nus Aerobacter includ A. 
aerogenes and A. Cloacae (4:24') . 

The oharacteristics and the reactions 01 ooliform 
have been studied extensively and oontinue to b the Bub­
ject of 'studies. 

The SiE8 and shape ot coliforms vary from torms 
almost coccal to long rods- Usually the rods are 2 to 
J I in length and 0.'1' in width. 
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TESTS FOR PRESENCE OF 

A) ultiple-Tube Fermlntatlon Teohniau! 

GROUP 

This technique 1s separated into three parts, 
Pres~umpt1Te, Confirmed and completed te t. 

I. PresumptiTe Test : 

PAGE 14 

In the Presumptive teet coliform organisms ferm nt 
laotose, forming a gas. Thus it 1 poe ible to 
deteot the co11forms by adding a sample of water 

-0 a tube ot laotose broth, a solution ot beet 
extraot, peptone and lactose d1eolved in ater, 
containing a small inverted tube. The tube 18 
inoubated at " ± O,'·C tor 24 ~2 to 48 ~ hr. 
As the co11forms metabolime the lactose under 
anaerobio conditions, acide are tormed which 
depress the pH, force oarbon dioxide out 01 the 
solution and ass1t in th~produot1on ot hydrogen 
gas. These two gases are trapped in the inverted 
tube. 

Thus it gas is absent from the inverted tube it 
means that no colitorms are present in the 
sample. The preaenc at gas however does not 
mean always that some co11torms are present since 
some other baoterias and aerobic sporeformere 
also oan produoe gas. In order to be sure that 
the positive results re not due to an inter-. 
terence of aerobic sporeformers an at er te t, 
the oonfirmed test's neoessa~. 

II. COnfirmed Test : 
This test oan be performed either by brilliant 
green laoto e bile broth or by eosin methylene 
blue agar. 

a) ~ril11aDS green i.ctos bile b~: 

A loopful s mple trom the lactose broth presumptive 
tube showing gas, 18 transferred to a fermentation 
tube oontaining brilliant green lactose bile 
broth, and this 18 incubated tor 48 ., hr at 
" ~ O.'·C. Thi brilliant green lactose bile 
broth is a favourable medlu~ for the growth of 
ooliform organisms, hile aerobic poretormers oan 
not grow beacuee the depressed surtace tension 
prevents them f.~m obtaining enough oxygen tor 
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growth. ~he formation of ga8 in the invert d 
vial during the incubation confirms the pre.ano 
ot oolltorms. 

A small sample from the lactose broth presump­
tive teet i8 sbaaked on the surface ot th eosin 
methylene blue agar plate and thi plate 1s 
incubated at "OC • O"oC tor 24 • 2 hr. - -
The colonies developing an eosin methyelene 
b ue agar~e deAoribed asl 
1. Typical - nucleated, with or without metallio 

sheen. When the e are develop d the results 
ot the confirmed test are considered positive. 

2. At,pical - opaque, unnucleated mucoid atter 
24 hr. incubation pink. In this case identi­
fication 1s not possible, it 1s necess r1 to 
complete the test as described below, in 
section III ... 

,. Negative - all other are considered a 
negative. 

The eosin metbylene blue agar medium 18 quite 
popular becau8e it has the ab111t7 to di tinguish 
E, Coli and A.aerogenes. R.eo i forme a small, 
raised, flat, dr1 vol D7 4th r n m tall 
sheen. A.aerogenes forms a large moist oonvex 
oolo~ with a dark oenter. 

III. Completed Test : 
If the brilliant green laotose bile broth tubes 
used tor confirmed tests, ive positive results, 

ome eosin methylene blue BUB) plate are 
streaked trom eaoh tube shOwing gas and they are 
incubated tor 24 • 2 hr at " • O.'·C. From - -each ot EMB plates a coliform colon, is taken 
and transtered to lactose broth term ntat10n 
tube. It the bacteria produoe gas. he test 1s 
considered positive evidenoe for the peresence 
of oolltorms. Sometimes the samples are a1 0 
examined microsDop1oal17. 
A schematic outlin ot the Multiple-Tube Permen­
tation tecn1que 1s giv n on Chart 1, p.'~ 



CHART I- SCHEMATIC OUTLINE OF IVlULTIPLE-TUBE ~-'ERl\IENTA1'ION TECHNIQUE (9:471) 
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roba.ble 

hile it 1s important to determine the presence ot 
ooliform bacteria, it 18 also essential to determine the 
nu ber of co11torms in a water sample in order to. luate 
the extent of contami tion. For the enumeration of 
coliforms statistioal ethod 1s used whioh 1s the n 0 t 
Probable Numberft (MPH). 

MPH 1s "that bacteri 1 den ity, hleh if it had 
been actually pre ent in the sample under e aminatlon, 
would more frequently than anr other have given the 
ob erved analytical Bults" (22:2'7). This number is 
not exact, but neT~rtheles6 is useful. 

To determine MPH, several fermentation tests using 
different dilutions are made on the same sample. For 
drinking water for example Standard ethods requires a 
minimum of five fermentation tubes each conta1nin 10 ml 
or 100 ml of the water, on which the cOnfirmed or the 
completed test must be employed. 

USing the resulks of the test, the PH can be deter­
mined by the following e uat10n of Ho kina. (41247,121410) 

(2' ) 

7 .:: 1[g.-e-H1))PCe-Ifr")3 ~l_e-)fV)rCe-NV)~ [il-e-JDj)tCe-u, 
a 

here 11, 112, If} • siBes ot portinos examined, in - milliliters_ 
p, , t • number of portions of respective • 

sizes giving positive te ts tor 
coliforms. 

q, 8, U • number of portions ot respective • 
sizes giving negative te ts for 
coliform. 

oJ) I concentrations of coliforms per 
mil111 iter. ., I pnbab11ity of oocuranoe of a 
particular result. 

e : ba e of Naperian 10 rithms, 2.718 
a I a constant tor any partioular Bet of 

oonditions and therefore may be omitted 
in computation of • 
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The PI 1s the mode ot the ourTe given by the aboT 
equation. Theretore MPH 1s determined by finding the 
Talue of .~. whioh when 8u~t1tuted in the equation 
will make "7" maxi'lUum. This Diu of· ~ 1s the MPH. 

tandard ethode oontains tables, prepared from 
the previous equation, which can be ueed to determine 
the MPH directly. 

B) 

(101244-2~t 121412-4, 
21:1'4-6, 241494-'02) 

liter Techn1g u. 

~he Me brane liter was deTeloped during Wo~ld 
ar II in Germany, and haa been applied to the 

bacteriological e.amination of water. In 1960 
this method was accepted as a "Standari .thad". 

Membrane tilters are porous membranes composed 
ot pur and biologically inert cellulose esters 
or similar polymeric mat rials. They are 
ourrentlr produced in more than twenty distinct 
~ore i~es fro 14 microns to 10 mi.ll! microns 
(..0.01 ) in discs ranging trom U mm to 293 ' 
1ndiameter. The pores occupy approximately 80~ 
ot the total tilter Tolume. This erm1ts high 
tlow rates. For pore aiEe nd tlow rates 
recommended, S8 Table I. 



TA BLE I 

8A:5;C CHAtACTERiaTlcs NFpOR{ 3IZE~ANDF!DWIlAT~ 
(26:2) 

,-.... M' ... /IO~, 0126. oP 
60M TJ ftCJk. 

CltllJoN 

~WIlDt. ",.,.. 

102. I' 

0./'51' 

0.2.2./1 

l~ee=II 0 0 I ~ 
SLACk ~~~~~.~. 0.5 f' 
IMJeEO, I 
,t£C7fON I 

ICROJL'OIII 

-e Wok;- flow tQtu Qre ~n ;".,.. 

PC'- cm
2 of filter ar~ Q~ Z5-C 

with A ~ssurc d.rftrenitol of~"t 
AlP flo.v ""k6 .. 8M1M itt y. 

pfr cmz' of f.Her QttQ aJ23t 

~t.. 0 r"$SU~ cf;ffttcn&1 oJlDc .. 

, 

I 
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hen fluids are pa sed through the filter, all par­
ticles, baoteria and cells larger than the pores re 
retained on the filter surface and 11 in a plane where 
th y oan be readi11 examined. Eaoh organi m thus ret 1ned 
on the membrane Filter may then be developed into a visible 
bacterial colony by superimposing the filter on an absor­
bent p d saturated with liquid nutrient medium and i cuba~ 
ting at approximately bod, temperature tor 18-24 hours. 
ith variation in uch factors as oulture edia, incuba­

tion ti e and in combination with different cultural and 
biochemioal procedures, many different kinds of test are 
availabl • 

en potable water i8 tested samples ot 100 ml are 
filtered, Endo-Broth-a nutrient medium- is added and 1n­
cubated at " ~ lQC. The Endo-Broth suppresses the 
growth of most non-coliform colonies, and the dyes which 
it oontains ohange color hen the growing coloni ~kt 
colifor bao~er1 produce acid bT fermenting the Iaoto 8. 
Thus it beoomes verI &S7 to identitT the coliform colo­
nies- (2', 26, 27, 6, .:2;0, 24,508,28) 

COMPARISON OF MULTIPLE-TUBE FERMlNTATION TECH IQUE and 
MEMBRAN~ FILTER 1ECHHiQUE 

en embrane filter techni ue is compared with 
ult1ple Tube Fermentation technique we see that it has 

the following advantages and disadvantages. 

) 

b) 

) 

4) 

Advantages : 
The membrane filter teohnique has a higher degree 
of precision (reproducibility) th n the multipl 
tub ferment t10n test. 

It permits th examination of much larger volumes 
of sample than the multiple-tube test, ith 1ncre sed 
sensitivity in ooliform detection. 

Definite results are obtained in a short r time than 
1th the multiple tube procedure (approximate17 

24 hrs- versus 48 to 96 hr tor PH). Th reduotion 
of time is important oonsideration for the prompt 
initiation of correotive treatment • 

embrane filter method provides 8 direct enumeration 
of the bacterial den ity as opposed to a eatistical 
estimate. 
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.) The membrane filter method can be used in the field 
preventing undesirable ohanges in coliform oontent 
ot the samples which can result in a stored sample. 
This field examination Qses ,. Field opitors 
(J'1g.a) . 

which consist of plastio filter holders}between 
whioh a membrane filter disc is sealed tight17. 
A cellulose pad is placed beneath the filter to 
support and to distribute fluid flow over the ntire 
filter surface. The effective filtration area of 
ill1pore Field Monitor is 9.0 square oent! ters. 

It is advisable to incubate the Field onitors in 
a field incubator direotly after sampling. Monitors 
conta.ining En60 Broth, however, oan be mailed to 
the laboratory if shipping delays are not in excess 
of 48 hrae and temperatures do not exceed 42°C. 

cnisadyantages = 

a) waters with turbidity 'due to algae or other mate­
ria.ls may oause clogging-- 1l11pore filters espe­
cially are easily clogged by liquid-borne partie es 
whioh apprOXimate the M1111pore filter pore sime 
and by stable gels.- Thi preelude.s the testing 
of a required size sample and thus it 1s not possible 
to obtain reliable result • 

b) In waters with a high density of noncolitorm orga­
nisms the ratio of meabrane filter density es,tima­
tea, will.b excess1v;el, low when compared to MPH 
estimates- This ~~ be due to the effects of . 
noncoliform organisms on ooliforms. 

In general the PH and the memorane filters do not 
give the same results, ' nor has a relationship 
between the two methods been' established. 

(412'1, 24:'08-9, 27:22-23) 

An other tentative method for detect1ng pollution 
of a ster supply b pathogenic organisms is the use of 
enterooocci as indicator. The presence ot enterococci 
in water may aoourately indioate feoal contamination 
sinoe these are normal enteric inhabitants in man and 
other warm blooded animals-
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Enterooocoi are seldom found in area not a Booiated 
with feoal pollution of either humans or animals. n 
other charaoteristic of nterococci is that thel have 
wide toleranoe of to heat, oold, pH as high as 9,6 and 
other oonditions unfavourable to other organisms while 
thaT 41 out rapidly in so11~ D tails about the method 
of deteoting pollution by enterooocci oan be found in 
Standard ~ thode. 
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The existence of pathogenio Qrganisms and of other 
~de81red subst no s in the water, foroes people to tr t 
water~using 1 t. 

before 

The earliest reoorded knowledge ot water treatment 
1s in the Sanskrit medioal lore and Egyptian w 11 tnaori~ 
tiona dating about 2000 B.C. (4:1). In modern times the 
destruction and remoTal of undesired organ~sms and s b -
tanoes is ohieved b1 

l~ Physioal· removal through cogulat1on, sedimen­
tation and fi~trat1on. 

2- Natural die-away of organisms in an unlavourable 
environment during storage. 

,- Destructiou by chemicals-

~After these treatments. disinfeotion - the destruc­
tion of the harmful, pathogenic organisms - 1s still 
necessary. Only in this waY' the transmission ot water 
bornf:iiseases is prevented. 

Disinfection is aocomplished by 
a) He ting 
b) Ultraviolet irridat10n 
oJ Chlorination 
d) ~~e addition of ozone, lime, bromine and iodide 
e) Exposure to coloidal silver eto. 
i ... 

!hese methods, although they ·a.re ver,y effeotive do 
not remove all harmful organisms, For example. Ena-

mbeh histolytioa, t ,he cause of moebio dysentery, i 
not removed by ordinarr chlorination. 

From the methods mentioned above the most common 
one is ·ohlor1nat1on. whioh will be disous ed in more 
details. 
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Chlorination 1s a ethod ot disinfection which he. 
been praoticed s1n~oe about 18'0 in emergencies and which 
after 1904 became COmmon practice in England, and later 
in other oountries. . 

{ Chlorine gains ita dSracterl tic a d1 inteot nt 
b~he tact that it is toxic, but at the same time th 
caine ntration in which is used for the killing ot path~ 
genic or niems in ater, does not have any ettect on man. 
Exp riments haTe shown that 50 mg/l can be ingested s !ely 
b1 human beings while in disinleoted water the conoentr -
tion is usually less than 1 mg/l when it reaches the 
oonsum r. 

Chemistry of Chlo'rination : 

Atomic ChlGxin can exist in anr one ot everal 
oxidation at tea. Some of the compounds in which chlorin 
exist in different oxidation states are listed below. 

fJomRound 

. C10~ 
NaCI02 

HOCl 
C1G 
aCl 

Clilorine Valence . ..__.....--__._. "'1.~_""'-'--'~ 

+ 4 ., 
.. 1 
.. 0 
.... 1 

The high r the oxld~tion 1 vel, tb ore powerful 
1s the oxidizing po 91' of the chlorin 00 pound. However 
ith the oeption ot chlorides, 11 t e diftexence in 

bacterial effioienoy 1s noted bet e n the oxidation 
levels. . (29:1'7-8) 

h n ohlorine is added to water we have 
H7Pochlor1te ion (aCl) and 
Btpoohlorous acid (HOCl) tormed. 

The reaotions are : 
I. hen chlorin g 8 1s added _ 

ell .. BjO ( >IIOCI .. B'""t-t Cl 
ana HOCl ~ Jr .. OCl-

When hlPoehlor1tee are added to the water, 
they ioni~e fir t ~o torm P7pochlorite ion, 

BOGAZ1Cl ONlVERSITESi KUTUPHAN~ 
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and then this iOn establishes an equlibrium with 
hydrogen ion in aocordance with the equations. 

Ca(OC1)~ HjO~Ca+++ H20 .. 20CI-
. OCI ... lr ;::! HOCI 

The amounts ot OCl- tons and HOCI in the solution 
depend upon the. pH, thUll, OC1- predominates at higher pH 
while hypoclorour acid {HOC1) predominates at lower 
(see Fig. ,) 

elating thi with the tact that di infection 
efficiencY' of chlorine decreases noticeably with inore e 
of pH, it can be assumed that HOCl is the effective 
agent in disinfeotion with ohlorine. 

The reaotion of HOCl with lHa in the water form 
ohlor mines acoording to the following reactions I 

~a 4 BOCl --7 1H2C1 ·. ~O ~ monochloramine 
HILa .. 2HOC 1 ~ ImC1z + 2B 0 ~ d ichl or-amine 
NE~ .. 'lIOCl:---7 ICI-a .. ,'H20~ t:r.iclloJ'amine 

(}Qa24S) 

The first two of these have significant disinfec­
ting power. Monochloramine is formed at pH values abov 
7,' diohl;.oramine at pH values from' to 6.5 and trichlo­
ramines at lower pH va.lues <'1:1000). These properties 
are so e times Bed to~ differentiating between monoch­
loramina and diohlora.mine. 

The hypoohlorous aoid and hypochlorite ion are 
refered as "tree ohlorine residuals while the chlora­
mines are called 'oombine ohlorine residual". 

Chlorine combines also with" other materials Buch 
as iron, manganese and organic compounds. The e creat a 
demand, but do not produce any disinfeotion. 

The reactions whioh take place when chlorine is 
added to the water oan be summarised by the "break-
pOint ·curve" shown on Fig.4. . 

~hU8 the chlorine added initially (between ~B) reacts 
with reducing agent (hfdrogen sulfide, nitrites, ferrous 
ions etc.) present, it is reduced to chlorides and no 
residual ohlorine remains- No disinfection oan occur in 
the absence ot residual chlorine. After the chloramine 
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demand exerted by reduoing agents haa been met (point B) 
further addition ot Chlorine resllits in the formation ot 
chloramines, and chioro-organic compounds. (B-C) " 
Chlora.minee thus formed impart a combined ohlorine resi­
dual- Higher dose8 of chlorine lead to the oxidation of 
the chloramines and chloroorga.nic compounds. The deu-
~t~uot1on of th1schloramine fraction, which deorea es 
the cliLor1ne residua.l, is accoapanied by the formation 
of oxidiBed nitrogen compounds such as nitrous oxide, 
nit ogen, and n1trogentr1ohloride. ~he deorease of resi­
dual is the reduction of ato$ic chlorine to its lowest 
oxidation state, that 18 to chloride. This is represented 
bl " C~D on Fig.'_ Point D, 1s the point at which oxidation 
of the chloramines and ohloroorganic compounds is comple­
ted, and it is called tlbmt8k-Piint". The " reactions till 
that point a.re 8ssent1a.ly oomp eted when two moles of 
ohlorine has been added for aoh mole of ammonia. 

. (30.2'2) 
Any further inorease in the dose of oblorine, after 

point D, produoes tree-'residual ohlorine, the ooncentra­
tion of which increases as the dose is inoreased. A small 
concentration of oombined residual ohlorine also may 
remain, as compounds not destroled by the tree residual 
chlorine- (29:160, ",t'S-9) 

a) 

Etftc1,nCl of di§1nfect1opl 
The rate of disinfection, that is the kill rate is 

function of the following variables: 

". b 
c 
d 
e 
t 
g 

'rime of contact, 
Concentra.tion of disinfectants, 
Temperature, 
pH-value, 
Oxidizable substances 
Charaoteristios of organism p reJ.o.t and 
Form at available ohlorine. 

Time of Contaot 
The rate of disinfection usually follows Chiok's 
law which states that the number of organisms 
destroyed per unit time 1s proportional to the 
number or organisms remaining. 
This law is expressed with the following equation: 

4r/dt IX (10-.,.) 
7 : the "organisms destroyed :0 ; ;:i!i:!n:~=~ir (~!i~rt~~))s where 

t : time of contact. 
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Intgrat10n betw • th 1 1mi ts '1 :: 0 at t t 0 and Y' .. 1 
at t r: t gives: . 

ln .o-i ~ In ..! ~ - kt 
No No 

which oan be expressed also as 

or 

" . where 

Ii ~ e-kt 
10 

t : --1 In !.2. 
k K 

N 1 numbe~ of organisms remainins 
~'41417) 

As it is understood from this equation i practically 
impossible the destruction of all organisms. 

Although this 1s the case for most disinfectants, 
chlorin does not follow Chiok's Law. Instead, the rate 
ot kill of ohlorine ha been found to be expressed b1 
the relationship 

dB... ,-vt ...... ~- ...... 
dt 

or ita integral 
12 

v( ;-:: - ~ttdt 

Where 

in B&.~ _ kt 
1 T 

t t~lnn 
k 12 

dl/dt J time rate 
» 1 number of 
11 I It .. 
12 I It It 

(2) 

of kill 
living organisms 

tt .. int ia117 

k : rate 
" "a~t1me t 

oonstant 
(29.160) 

The rate constant k, can be determined experimentally 
from a semi logarithmic plot of theperoent surviving 
Tersus the square of the oontaot time. (291162) 
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b) Cone ntratlon of dleinf otaptl 

0) 

C nges in tt1cleno1, with conoentration of the 
d1B~ntectant oan be xpressed bT the equ tlon 

~Dt , Constant 
wher t I time re uired to kill a giY-n p rcentag 

of microorganisms 
c : concentration of disinfeotant 
D I coeffioient of dilution 

Th T ue o~ n" can be determined by plotting co~ 
taQ.t time as fUnction of ooncentration on a 
lo~log paper. ~h slop of this tre1ght line 
1s -lin 

1thin th pH range of 7 to 10, and or the org'niem 
Each rich1a coli, the Talu ot the coefficient of 
dilution, n, 1 a proximate17 1.' for both tree 

y, 11able and combined av liable chlorine r ldual 
(29:148,1611 4:.79) 

TemRsrature 
The variation of the rat ot dis1ntecti-on 18 expres ed 
b7 the Vanft Hott~ Arrhen~u8 e uat10n 

log (ll) ~ E c,r2-'!J,) 
t2 2.30' BflT2 

(4) 

wh re TJTl : temperatures (tn degrees Kelwin) bet­
ween whioh th rates are to be 
oompared e . 

B 

B 

: times .re uired for equal perc ntag 
. of kill to be eff ot d at these tempe­
r tures and t fixed conoentratton 
ot disinfeotant. 

I activation en rgy (0 lGr1es) 
I gas constant (~1.99 oal per degree c.) 

U ing this they found the effect ot temperature on 
tht r te constant, k, of th quation ot time of 
contact (see eq. 1 and 2) which i8 expressed bT the 
em irioal .relaf1onship 
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k 1" Ce- (.If HaMa) 

C : oonstant 
~Ha : ener81~~act1vat1on ( B in equat.4) 

R : gas constant, L99 al/ C 
~A : absolute tem erature °I 

PAGE 32. 

A plot of lOSk versus (l/TA) nablea us to Yaluat. 
both he oonstant C and the energr of aotivation, ~Ba. 
Values ot dHa and C (when chlorine is h disinfeotant) 
are lieted in Taule 2. Thee 1u • whioh are specifio 
tor the organ 911 Eeher1chia 0011, are ba ed on limite' 
data aDd therefore, must be used th oaution 

('4*.80, 291148c9) 

TABLE 2. 

VARIATION OF THE ENERGY 0 ACTIVATION AND ~HB 
CON~TAHm 

IN EQUATIOB k ,I Ce-·\lIJiI./· a) I'rH pFfi (291162) 

pH S;, (calories) C 

Fl'ee } 7.0 8200 
, 

8.16 x 10, 
Availabl. 8.' 6400 1.40 x 106 
Chlorine 9.8 12000 2.60 % 10 

combined} 7.0 12000 6 8.9' x 107 
Available 8.' 14000 1.00 x 1010 
Chlorine 9 , 20000 1_4' x 10 

• 
d) 

Esch. coli was ueed as th test organism. 

;2H Value : 

Chlorination 1s more ffect1ve at lo w pH. For equal 
ooncentrationsQr ohlorine added, other oondltlons 
being equal, l'~ times as much ohlorine must be 
added at a pH of 10 than at pH ot 2 to r)o oe t e 
'sa e killing ettect (,1215 0 

.) Ox1di~able Substanoes I 

Chlorine is primarily an oxidizing ag nt, hence 
oxidiBable sub tances reduce chlorine and weaken 
its baoterioidal etfect (121"0) 
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f) Forms of Available Chlorine 
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Free available ohlorine is more etfeotive baot r1-
olde than combined available chlorine. To obtain 
the same kill 1th the same amount of tree avail ble 
chlorin and combined available chlorine, under the 
same conditions requir 8 appraximate11 100 times 
th exposure period of the first tor the second. 
It is becau e of that, that the reoomended .m1nimum 
concentration ot oombined available chlorine 
residual 1s higher than the m1nimW9 oonoentratJon 
of. tree available chlorine residual ~8ee table J) 

, (:57:158-9) 
. '. ~:J 

TABLE ,. 

RECOMMENDED IilMUM COHOENTRATIONS OF FREE RESIDUAL 
CHLORINE VEBSUS COMBINE~RESIDUAL CHLORINE TO ENSURE 
BFFECTIVE DISINFECTION 

pH value 

6.0-.7.0 

1.0-8.0 
8.0 .. 9.0 
-9.0-10.0 

10.04 

Minimum ooncentr tion 
ot tree residual chl~ 
rine •• m. 

U.S.A~ TurkeT· 
(disinfeo- (For d181~ 
t1on 'period feotion 
at east period see_ 
10 min.) table 4) 

0.2 0.2 
0.2 0.' 
0.4 0.4 
0.8 0.4-

0.8 0.4 
(with lonJer 

. contaot 

Minimum concentrat~on 
of combined resi'dual 
chlorine 

U.S.A~ Turkey4 
(disinfeo- (For dlsi.n-
tton perl1d tect10n 
at 'east period e e 
60 min.) ~able 4) 

1.0 1.0 
1.5 1.' 
1.8 2.0 

ot reCOrl1- 2.0 .. 

mended 
~ • 2.0 

• From. Manual of instruction ot water treatment plant 
operators of Hew. York Department of health. ("1142) 

• This Talue will be a~plied in Turkey after 
March 1, 1968 . <'7) 
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4) The t ct that it inhibits a keT enml tic 
prooess. 

one of these h7Potheses ha been generally 
accepted (121'29-'0;'111000) 

Chlorine D!mand 

Th. chlorine dema'nd of water, that 1s th amount 
which is required to kill pathogenio bact ria, is th 
difference between the amount ot ohlorine added nd the 
amount of free, oombined or total av 11 ble ohlorine 
remaining in the w t r at the end o! the contact period. 

The minimum chlorine residual, according to the 
New York state Department of Health (seet Table J) 18 
0.2 mgll. Acoording to the Standard. .thode the .ftllest 

mottnt considered signifioant is 0.1 m&/l-
. (24 10'). 

The ohlorine demand can be det rmined in the 
lollo ing wq s 

PAGE3i" 

A break-point curve is dawn r 'or the water in con­
sider t1on, bT preparing different solutions in whioh the 
concentration of chlorine varies trom 0.1 .g/l to 1.0 mg/l 
or more. After a period of time eq al to the conta~t 
period the chlorine residual i8 determined. The initial 
ooncentration of the solution, giving the required 
chlorine residual, is equal to the chlorine demand. 

Determination of Residual Chlorin I 

In the 11th edition ot Standard Methods, the 
follo ing m thode tor the determination ot residual chlo­
rine re reoomended. 

lod metriC method 
Orthotolid1ne method 
Orthotolidine flash method 
Orthotolid1n - Arsenite method 
Drop dilution method 
Amperometric titration method 

g) Differential amparometrio tit­
ration 

h) Palin method 

Standard 
Methods 

} 
Tentative 

e'thod 
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T • first two of the-se methods det r ,mine total. 
chlorine 1'8 1dual, while t 'e ' ot re dUt rent1ate between 
tree and combined chlo~ine residual. The last two which 
are tentative methods, difterent! te between chloraminee 
and dichloramines. 

ethod of measuring ohlorine res1du ls depend upon 
the oxidizing power ot ohlorin j consequently &nJ othe~ 
oxid1~lng agent pre ent may interfere with the teet. 
Manganes in valenoe above two and nitrite are the mo t 
common interferenoes. 

Details for the above mentioned methods oan be 
round in Standard ethode, however some explanations for 
some of th m will be giT n .ln the following lines. 

a) lodo etric.. ethod 

This ethod depends on the faot that chlorine will 
liberate free iodine ~rom potassium iodide solution, 
when its pH 1s 8 or less. ~he liber ted iodine is 
titrated with O.l.-N standard thiosulfate solution, 
,using starch as indioator. The end point of the 
titration 1s indicated bT the disapp aranoe ot the 
blue 00101'. which iodine prOduots in the" presenoe 
of tarch. The reaotions which take place are J 

Cl~ • 2I-~ I + 2Cl­
(12" starch -.I) blue 00101') 

I~" 2)1. 82, 0 0 ' .. 2llaI 
Itt .. 2S 05 

This ~ethod 1s used in determ1n1~g chlorin re i­
duals of more than one mg/l. 

b) Orthotolld1ne ethod 
This method depends on the fact that orthotolldtne, 
whioh is an organic aromatic compound, 1s oxld1~e4 
in acid solution by chlor1'ne, ohloramines or other 
oxidizing agents to produce a ,ellow oolored 
oompound, holoquinone. The reaotion 1s represented 
asl 

'-f3 . ~3 H b("~ t1l3 If. 
~ ~ Hi- -I <' H2N~ \ __ >-NHz.. .... Clz.. -> Cl-~ __ .:::.. 11'f -C.1 

or ~ho+oh.ol J.ne H L 1 . H 
rIO 09U1.none 

(30 :254) 
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.) Drop-dilution method 

Th Drop-dilution method 18 a rapid ti 1d m thod 
applied espect 11y hen chlorine concentrations 

re gr ater than 10 mg/l. 

t) Amp rometlic titration method 

PAGE 38 

Amperometric titration method 1s the most accurate 
m thod in the determination of tree or combined 
chlorin ~itration procedure requires the use ot 
internal indioators or eleotrometr1c devices, 
employing a suitable electrode system to show when 
r actions are completed. In the titrationt a 
titrating agent Phenylarseneox1de (C~B~O) 1s 
usually used as a reducing agent. Fr~e •• ailable 
ohlorine is determined by titration at pH between 
6.0 and ,.,. .l ,range in which the combined ohio­
rin d08S not r aot. Th combined chlorine is 
titrated in the presence of the proper amount of 
pot 88iu~ iodide in the pH rang ,., to 4.'. 

The amperometric titration ethod 1s u ua117 
un tleeted b, the presence of ~ rioue oxid1Eing 
agents, temperature variations, turbidity and 
color which interfere with the accuracy of the 
other methods. (30:2"-'.24181-9a) 

CHARACTER! TICS 01 CHLORINE 

Some important oharaoteristics of the ohlorine 
affecting its use and handling are 

1) Color: of gas : greenish-y llow 
of liquid' a ber 

2) Odor : typical penetrat1n 
,) 19ht: of gas at room temperature bout 

2.5 times that of air; ot 1i uid 
1.' times th t 0 te~ 

.) Solubility: Solubility of ohlorine in ater 
1s low (abbot 7'00 mgll at 68°1 and 
pressure of 1 atm.) and it is fleeted 
by the temperature as shown in Fig.'. 
Below 49.2 0 • chlorin combin with 
water to form solid chlorine 



~ 

· ~I.op-__ ,-~~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ __ ~ 
~ \ I 0 
<» ',AI ~9.2 ~ Chlorine h,yclroLe rar~.re/lllJtIIA9 
~B ~hlorilJe from -aolulion c» -sobti q.c:9-40 1'-----1 

~ 

e 6 ~a I~+-~--+-~+---+-~~--~--~--~ __ ~ __ ~ 

~ 
'~ 

~~~--P-~~~+---+-~~--~--~--~--~~~ 
~ 

32 50 68 86 104 122 IJ,O 158 176 191, 212. 

Tem,perolure d~r"Q~ F. 

FiS.s:..sOLlJBILIT)' of CHLORINE IN WATe/? (3J:/002) 
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,) Cr1t1.cal tempe 

hydrate, called "ohlorine ioe • 
This interferes with the proper ope­
ration ot the re.ding e u1pment, 
thU8 water which comes into oontact 
with the ohlorine gas should be 
kept above 49.2°P. 

ture I At atmospheric pressure the 
critic 1 temperature 1 291.2 0 P. 

6) Vapor pressurel Some charaoteristic values ar I 

Tem'2 (OF) 

68 
100 
1'0 

Vapor ~ges8ure (pei) 

81.9 
140 
270 

or details see Fig. 6 

7) Critioal pressure : The oritioal pressure 1s 
1,118.7 psi. 

8) Vi 00 tty : The viscosity of chlorine gas,1e 
9~xlO-1, and ot liquid 23x10- • in 
pound per seoond per foot at 68 0 P. 

9) Compres ib1l1ty coeffioient I is 0.0118 peroent per 
unit volume per unit or atmo ph.rio 
pre sure, which is the highe,t 
compressibility of any liquid 
lement and results in rapid increase 

in pressure with rise in temperature. 

10) R tio of volu e ot gas to Tolume of liquid at '20 
and pressure 776 mmHg 1s 462; or One 
lb.Df11 aid torms about' cub.,tt.gas. 

11) Toxicity • This is the main char cteristio ot 
chlorine which renders it dls1nt c­
tant. 

12) Other properti e : The dry gas 18 highly corro ive 
to metals at temperatures aboT 
'°0°" and it mal beoome oarro iT 
at 19,oF (steel burns bright17 in 
dry ohlorine at temperatures abOT 
194°'). At lower temperatures it 
d08S not react with metats. 
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6. One hundred 00 ot water were filtered 
bT drawing the syringe plunger baok very slowly. 
If the filter in the onitor became wet before the 
on1tor was completely filled an "air look" 

developed and !iltr tlon waa impo8sible. 

1. The on1tor was removed trom the 
syringe, and was shaken, to be sure that no water 
droplets remained in the bottom hole. 

8. Eight tenth's ot a milliliter ot Rndo­
Broth was poured through the bottom hole ot the 

onitor on the absorbent pad. The broth was 
dded trom the bottom ince it is somewhat toxic 

if applied to the surface. 

9. The plugs where replaoed on the 
monitor. 

10. The monitor was incubated in an 
inverted position at '7 QC tor 24 hrse Recommended 
temperature to~ncubat1on 18 "oC • lOC.o -

11. The number1Coliform oolonies noted br 
a heen were counted. 

RESULTS and DISCU ION 

Te t for the baot riological valuation ot the 
water system were conducted during a four month Dertod. 
The results 0 tained ,from these te ts are ummarl ad as 
tollo • 

The samples from the fountain to the north ot 
the footb 11 field and from the drinking fountain of 
Anderson Hall had atypical colonies whic'h might indicate 
the presence of coli~orm bacteria. 

The sample from Ham in all had exoessive solid • 
This water would be deemed unfit for human consumption 
under the United States Public H.ealth tandarda • 

. During the laboratory portion of the project 
several d tfioulties were encountered which might affect 
th valid1t, of the tests. 
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The quantity of Endomedia used was 2.0 ml. per 
monitor. (The' media was packed in sterilize. oontainers 
ot 2 ml.) Th1s tended to flood the disk and could hay 
wasaed the organisms to the upper surfa.ce ot the onitor 
where they would not be observed. On opening these 
monitor after incubation. tor counting, excess liquid was 
always present. The larger quantity of Endomedia could be 
toxio and prohibit the formatiQn of the met -1·10 sheen. 
The volume added after ebruary 13 was approximately 0.8 
ml. This quantity only soaked the pad behind the filter 
and this would not wash off the organism which had been 
cultured on the nad. Samples of sewage were used to check 
the media and t e validity of the- test .Early samples gave 
posit1ve results, when a sewage sample was used. However 
sampl s run On February 21 and March 22 did not give pos1-
tive r sults. Howe"er this can be due to the tact that 
large quantities ot ooliform organisms can inhibit the 
formation or ooliform oolonies. 

-The media 18 known to detonate with age even 
when standing in sterilised viles- The media. was manu-­
taotured in February ot 1964 and had passed the normal 
exp1tation date by February 1967. 

Another difficulty enoountered was that a regular 
incubator as not available. A furnaoe in the soils labo­
ratory had to be used and the temperature could not be 
maintained t ,,0 • 1°C. A variation of as much ae 5°C -was detected. 

I 

The oth r means to check the filter would b th 
mult1p e tube termantation technique. Attempts w re made 
to prepare laotose-broth, but no oommeroi 1 be f-extraot 
was available in Istanbul. Beef-extrapt was prepared by 
cooking .8 beef for 30 min in "bain-mar'e tt (a boiling water 
within hioh a closed jar oontaining the be f as plaoed). 
The laotose broth prepared f~om this extr ct had a pH 
4.' whtch was below the optimum pH of 6.9. This low pH 
would inhibited the growth of the bacteria. In future 
experiments a butter should be used in th~ lactose broth 
to malnt in the pH at 6.9. 
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A 001 ooap to~ tor ohlorine wa Q e4. he 
o p tor WU ot '.nodi4 '1-717 1P, aDd it raUl 

t • 0.1 to '.0 g/l. 

PAGES" 

It no chlo%ine had been added, no re 1 u '1 ohlozin 
t oDduotecl. 

I' 
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IDETERMlNATION OF THE AVAILABLE CHLORIHE PRESENT IN 
THB HYPOCHLORITE SOLUTION USED FOR CHLORINA~INO THE 
WATER BY vODIUM A:RSENITE mHOD .. , 

PAGES2 

In the determination of the available chlorine, 
present in the hypochloritesolutlon.,the sodium 
Arsenite method given by nell, in Commercial Methods 
of Analzsis (41:1-'6-7) wae used. -

Results 

The av rage or the result obtained from tqe 
three testa (tor data see appendix p. 73 ) was 4.8% 
available chlorine in the hlP oohl ori t 'e solution. 



010 o .par.tor 

x • l1t r gr , 
~ 

• Dr pp 
p 

1 

p. 1 

, H E 5 I 5-

....... IsTANIIUL 

A tn. pe 0414 
rane. 0.1-'.0 8111 

uat •• c111JUl !' 

1 

tan 17 o • 
... a4decl 
o the. 0 t 

PAGBS'I 

177 wi 0., rw 

• 



THESIS 



..... lI1r .... 



! L 
.01 .. 
:.fL.. ' 
.: i 
: ! ~ t -• 

I 
\. 

o I. 

" ! 
::'j-

.. '1. ... 
-, .. 
· i .. ~1 .. 

" o'i _: i..:. 

'j" . '. · .... ~ , .. 
• - - ... f - .. 

',:!."::!:;.: 
,'j ': .• 

::1 .: ~ ~ 

'j 

.~J . 
· t.::: 
;~1: .4_! 

::1 I, :. ..J., 

-- ........ ~-~' .. 

"1 .;.: 

.1 

" 

::1 
J 

:1 ., 
. 

! .. , 
I 

: I 
'1 
.) 
I 
I 

.. 
I . 

I 

t 
! 

r 

r---_____ _ 

r--------- --
_ _______ ,J»U __ _ 



OIl 

i 



• 

• 

• • 

i : ~ .. ' -- -.. ----
~<J 

It) . • _ . 

QJ ~ C'C') 
"> , ..... 

'" -d Q) ~ () 
U·..., '-s.; :I 

ti ....... . 
.L.I~q) s: . ' \. . 
• ..J 4-J ~ & .. (J a. 
-.:i~~ 
<O§~ vu 

cii~1 
, d.. co 

0 

~ 
·oJ 

u.. 

t- • 
T 
I 

--t 

r -

~ 
f 0 

lU ~ 
'2 
~ 

0 
..J 
:r. 
U 

a 
W 

-J a 
0.: ' ~ 
a 
<t: 

i 
I _ 

I 
0 1 

~ 

! 
i 
L 

0 i 
-! 

f 
I 

I 

f 
I 
I 
I .. I 
r· 



\- -

, 

~ .~ 

j-

I 

I 
I 
i . 
I 
I 
[. 

1'-

I 

I 
L 
! 

I 
I 
f-
1 

-I 
! 

t 
I 
i-
I ., 

t 
l 

-- !-
,I . ··'r 
i. 
I - ~. 
I 
1 
I 

~ - . '. 1 
) . I "i' ; . . ,~ ~ . J.~.:w....... .. _~: __ .L._ 

• 1 
I 

-1 

! ..... 

f- -, ;. 

J .. 

,. 

-- --. ~ - r-

...- ---t--­
t 

jO_---".._ 

j' 

t 
- :t ., 

I 

. '. ,I. -, 
~ ;- •• -r-- t--

. - I -j' 
LL _.J~:". ~~ __ .... _ 

••. l • ~ • ! 

.i- '-+-' '~ JL ... J_:L 

.\' :1 _ ':.';' !; .j ! 
'.1' ". _ .!":..!. 

, 
t- -

:t:" . 
,. ~.j ~~1---

i-. d _t !-

'j 

.... * ---.- "1''"'-

f ..... ·i , 

-J.--": ,-

_ 1 __ '1 

, .';":1 -
I 

! • 
I" 

," 
i.. .!' ,:' I 

t- '-- ", 

·-r ,I 
t. 

I i -, 
I 

";" -! 
! .! :; 

- 1 
\ 
t 
1--

._ ... , ---- . _. __ ... ~,- . .,.. ... -
, I 

,j 
. or 1: .. J' I 

, 
'J 

... -1:-

.. I 

'" --:-,," 

--- _ ... --- -------------_._ ------------_._---------------

L_ 

I· " 

·L 
t 
f 



, 
. -._ .. :' <.J .j. -

. 0 

' 0 
Qt 0 "" 

~ ~~ ~ 
J-S.s ~ 

~ 
• -J ~ 

~ ~ 

.~~ t w 
O-....J Z 
a..(,)~ -

~ 

~j~ 0 co t: .J ~ ~ :r 
en ~ ~ <J 

I cf 'E a 
~ lLI -~ .J o · • '- n. ('Ij 
l.L. a. 

ct' 

0 ' 
(\j 

.. -. 

.. 

• 

. . . .q, .. I . 
, .' : ' . ,,: ~ .,.J ._. • _.1.. ____ . _ •• ~ __ "__ __ • ~~ ¢ _ _ ..4 __ : 

.,.,# :.- •• -~ ...... • _--- •• 

• v ( • 



, 1 

i-- - . 

.; . ~ 

I 
.L 

• 

- t 
t 
1- • 

- - -t 

• 
- --,l-:,-: 

I'.":'" 

i 
--, - -1 ~ • ., 

I - - ---. -

I, 
t 

. t ,-

,t- ~ • 
. L. __ L --: -t-

'1; 

-- i 

~ 

,- ",'-
I 

-I-
t' 

-i 

·'·1 I ; 

~~ ~ ____ ~~_~ L __ I_:L __ ~ __ ~.~~ __ l~ _____ " L_~~:.~~:.ljj.L.~~Ji'" r;f : .1:: 

---------- --_.- - -

W 
12 

- ~ 
~ Q:' 
o 

. -~ 
:r 
<) 

o 



THESIS 
ROBERT COll..EGE GRADUATE SCHOOL 

BEBEL IsTANBUL 

GENERAL DISCD§SIOB AID CP'CLRBIOI 
.,{J • 

.AGE~ 

Th. water cllstrtbl1t1on 878t • ot Istanbul 
delinre water wh1ch "18 oonsidered untit for huma.n con­
sumption without 'further treatment. Se.eral inst1tutions 
now praotioe reohlorination as disinfeotion •• thod. 

Robert Colleg., attez an .pidemio of tnt. 
tiDy. hepatitie, installed a ohlorinator and mad impro­
vement. to it. distribution sY8te •• fhe installation of 
the ohlorinator has not bee. a total sueoeS8 as 1t was 
in U •• oD17 2' out of 1'8 4a7s e On the other d&78 
ohlorine wae added b1 pail or none was added. HoweTer 
when the chlorinator was operating 1." mg/l of chlorine 
was added, and whe. ohlorine was aclcted b7 pall 01117 about 
0.7' ag/l. ot chlorine bad be •• applied. 'fest8 indioated 
that at l ... t 2 .gll ot chlorine d08&81 ... n.o.88a~ 
to .obtain an adeq .. t. residual. 

Test carried out on the distribution s7stem 
indioated that over a period of 160 d~8 there was at no 
time adequate ohlorine to ... t the mini.WI reoommended 
by the Turkish Standards 

The baoteriological exam1nation using the 
Ml111pore tilter indicated that the drinking tountain 
on the first floor ot Anderson Ball although it has a 
sign "dtink1ng water- delivered water ot questionable 
bacteriological quallt1~&t.p8 should be taken in this 
building to ensure a separate water s1etem containing 
only potable water. 

The water ot the drinking tountain at laa11n 
Ball near the cafeteria exit oontains more suspended 
lIol1d8 than are permitted in drinking water. 'The _ystem 
should be cleaned. 

Th. oTerall condition ot the College water 
sTst.em would indicate that the following steps should be 
taken ' to avoid the break of a new epidemici 

1. !he label of "drinking water" shouldbe 
removed immediately trom the drinking tountain ot 
AndersoD Ball, and this water should not be used until 
more tests can demonstrate that thie water is suitable 
tor hGDaD consumption. 
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r1day 
onday 

TU8Sd. 

ednesd. 
Thursd. 
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Reading Tim 
of interTl11 

Meter (days) 

Novemb.18,1966 05111' 1 

" 21, • 0'200' , 
• 22, It °'4'4' 1 

• 23, • 052684 1 

" 24, • . 
052988 1 

Summation: 44 

Amount of 
tar Used 
(103) 

'73 
890 

'40 
J'9 

04 

14097 

Q!lgyJ.atioll§ ang Re§ul~§ 

Average d 11y demand I ;L409Z I '20 lID/day 
44 

Max. .. I 931 s 
2 

461 Iday (on Octob.15-17) 

Min. " 1t I 182 /day (on Nov. 10 ) 

Averag of October I 64'6 • '22 lID/day • 20 

Average of Novemb r 7661 • '19 Ida, • • 
24 
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DATA OF BACTERIOLOGICAL EX INATION 0 R.C. ATER BY 

MILLlFORE FIELD ONITORS 

D te 
of taking 
the sample 

Nov.24,1966 

Hov.29 t 1966 

• 

• 
• 

(samples of lOOml. were used) 

Plaoe from where Results Notes 
sample was taken 

Polluted water + This test was made 
to check if filters 
are working 

Perk1~! Hall, 
.Co.t2 floor 

Anderson Hall, 
Drinking Fountain 
at 1st floor 

Hamlin Hall, 
Cafeteria 
Hamlin Hall, 
drinking fountain 
at the lett of 
the exit ot cafe­
teria 

-
? 

-

3 large colonies 
and some smaller 
were notioed, but 
the characteristic 
sheen color dis­
apeared after 
some hours_ 

ent7 of 8U pended 
solids 

D oemb.l,1966 Anderson Hall, 
Drinking Fountain 
at 1st floor ? 4 1 rge oolonies 

• 

" 

Library Building, 
drinking fountain 
Administl'ation 
Building W.C.next 
to the post offioe -

and oertain smaller. 
Sheen color dis­
apeared when it was 
removed from inc~ 
bator and dried. 



• I t kiDS 
U IYI1! 

D o •• b ~ , 66 
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e ult. 

Bulin l1al1, 
Cat t :r1 -
Hulin Ball, 
Dnnking fount in 

t h 1 It of 
th exit of oat 
ten. 
... hbam Ball, we 

t ba .me t -
P rk111 Ball, 
t 2 1100!' -

.. 

.. 
Water tank, outh 
we.t of aapus -
Perkin' Ball, 
Drinking Fountain 
of' floor -
Lib ? Build1.g 
4r1 kins IOd tal .. 
Gr-, Show r 00 -
And :rson Hall, 
Drinking Pouat.in -
Baaih Ball, 
oatet.r -
,."kin t Ball, .. C. 
2D.4 floo 

• • • 
• .. 

PAGB" 

• te • 

too 0114 

.e 01011 • of 
whit olor. 

Wat r 00 hot" 
a1 08 lllpO.81bl 
todrink t. 



Date 
ot taking 
the sam:ele 

Feb.20,1967 

" 
• 

Feb.21,1967 

. arch 22,1967 
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'lace trom where Results 
sample waa taken 

Anderson Hall, 
Drinking ountain ? 

Librar1 Building, 
Drinking Fountain 
Hamlin Hal , 
drinking fountain 
at the lett of 
exit ot oafeteria -
Polluted water 

--~ • " 

" 

, Not ooliform present 
+ : Colitorms present 

PAGE '9 

Notes 

Coliform like 
colonies but co-
lor become almost 
black some hours 
after it was 
removed from the 
incubator. 

Some 8011ds 
present in w ter, 
This was done in 
order to check 
the procedure 
tollowed. The fact 
that not any co-
lony was present, 
proved that some-
thing was wrong 
in the procedure • 

• 
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DATA ABOUT CLORINA!IO 
(Data trom pumphoQ e, related to period. of Chorination 

and Non Chlorination) 

Sun- lion. - Tu.- Wed. fhg. rn. Sat. 

OCTOBER 1966 

CiO ell C12 cv C14 Cl' 
C16 Ai7 .118 A19 .120 .121 .122 
.&2' .124 '&2' A26 A21 A28 .129 
DO C'l 

IOVIMBEB J.!!6 

C1 C2 C, C4 C, 
C6 C1 C8 C9 CiO ell C12 
cu C14 C1' C16 C17 Cia Bl9 
H2O 821 822 82' B24 12' 826 
B21 828 829 100 

~BCEI4BER J.!66 

Bl B2 10 
H4 B' H6 87 B8 B9 BlO 
811 Bl2 au H14 Bl' H16 Hl7 
D18 D19 D20 D21 122 D23 1)24 
D2' D26 D27 »28 D29 D'O DJl 

JANUARY 1?§6 

D1 D2 D' M D' 1)6 D7 
D8 D9 D10 D11 D12 »1) Dl' 
D1' D16 D11 »18 D19 D20 D21 
])22 D2' 824 B2' B26 827 B28 
B29 .IDO lOl 

DaUYI J.26§ 
H1 B2 ID B4 

B' B6 B1 B8 B9 no Bil 
Bl2 Hi} B14 Bl' Hl6 Hl7 Bl8 
Bl9 H2O 821 B22 B2' .l24 A2' 
.&26 B27 828 

I 
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B7 
Hi 

e • 

B2 
B9 
Bl6 

-.....;...... Bat. 

!D 
no 
Bl7 

B11 
Bl8 

PAGB7' 

C I Chorlnator ope ting. ~pll.d chlorin.~1.9' mg/l 
D. Chlorlnato~ although not operating p~op.r11 

ohlorination b~hlorin tor ~ deticient ohlorinatl 
B a Chorinator not pe inS - chlorination b7 haD4 

.ppit 4 chlor1n.~O.7' .gll 
.l I Bot &n1 ohlonn tlon. 

".ylt. 
Appropriat ohl rin tion with on 0 1nator 2' 4.,8 
Chlorination w1 h nOD properly 0» rating 

ohlo~lD&tor '7 dar 
Chlorinatl b7 h 81 dar 
110 .., ohlonnat101l 17 dq 

160 aT 

'ot., 
1. Chlorinator didn't oom back from the r pair 

till k:roh 1'. 
2. nen ohlorinatoJ.' 1 operating '7'-400 liters 

of hJpochlorite are oon umed per month (Into~ 
tlon obtain d from Permod14, the lira trom 

wh • Rob ~t Coll, bU18 the h7Pochlorite 
olut1on) 

'. ' Wh n chlorination i don haDd ,.7 l1t ra t hfpoch rite are added t th water p.~ 
4., {Informations obtain d trom the operato~). 
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D.l!A JBl) CALCULA!IOIS OF THE TIS! MADB FOil DirE InT:tOI 
OJ' AVAILABLJ CBLOItID (B ODIUM AIS15ITB IIBtROD) PaESENT 

II !liB HIPOCBRORI!I SOLT1.rIOI USED roB CBLORIHATIIO tHE 
p, II _ b W.ltllt 

pat. 

1st teat I Bod,um Ars nit. used tor titration I 21.2 ale 
2ad • • II • . • • I 27.1 • 

'lPd. It • • • • • 26.' • 
ormallt7 ot sodyua ~r8e~lt. I 0.0, 

C.loglatlOA 

~he percent ot aYal1able ohlorine i8 to b calculat 4 by 

".lvatlabl Chlori.n a (JIl of d,W1l Anent. 801 tion) 
x lormallt7 x O.O'N6 al1quo x .... 10_.,.0_ ................ --

.eight of sample 

lo~ the tirat teet. 
27.2 x 0.0' x 0.0'546 X 1 x 00 • 4.8 ~ 

~or the aeoaud test. 
27.1 x 0.0' x 0.0"46 x 1 x 100 J 4.8 _ 

PQr the third teat. 
26.9 x 0.0' x 0.0"46 x 1 x 100 I 4.7 ~ 

AT rase I • .- Of a~11able ohlorlne xi.t in th 
hipooh ~rit. 8olut1on. 
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.&I.LQWABLI COICIH 'rIO F CBIIIlCAL SUBS!.A.ICBI 

Sub.t·_ ...... -
bop 

) o. t -fIL .., 
. ~ o 0' 

o 0' • ( 

- 0.2 ( 

Ca4al -Bartc • 
lroll ) 0.' f'1 Olq/l~ 
MaIl&&De ) o. .0' 

• ,. 
" 2Jag/l ~ • 

200 • • 2'0 • 200 • 2~ • ,. ., 

~o gil 000 .~11 
• O. 2-"'-

o 2 as! 0.' -./1 
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TYPES A D OlERATIJP' 0 ... C:J.LORI ATORS (from ie 1 , 

and reet uent (39) 
ater upply 

DISINFECTION OR STERILIZATION 

6. Is very corrosive to most common metals when wet. Since it 
usually is applied dissolved in water it must be measured and 
carried through non-corrosive materials such as glass, rubber, 
and silver. 

7. Is extremely irritating to the membranes in the nose, throat, 
and lungs. Therefore, great care must be exercised in handling 
and applying it. 

Some precautions which should be observed: 
1. A gas mask should be readily available and always should be 

used when entering an atmosphere containing chlorine gas. 
2. Apparatus, chlorine lines, and cylinder valves should be tested 

frequently for leaks. (Ammonia fumes and chlorine produce a 
dense white cloud assimilating smoke.) 

. 3. Never stoop down when the smell of chlorine is noticed as chlo­
rine, bein& heavier than air, collects at the lower levels. 

Operation of Manual Control Mechanical Diaphragm 
Vacuum Type Chlorinator 

In the Manual Control Series A-677 Chlorinator, the chlorine gas is 
metered and controlled under a vacuum developed by an aspirator 
type injector (A). The gas enters the chlorinator through an adjustable 
spring loaded, diaphragm operated pressure reducing valve (B). The 
setting of this valve determines the vacuum ahead of the metering 
orifice (C), through which the gas passes next. A manometer (0) is 
connected acr088 the metering orifice to indicate rate of gas flow. From 
the metering orifice the gas passes through a meter vacuum control 
unit (E) on its way to the injector (A), where it is dissolved in water 
and from which the resultant solution is discharged to the point of 
application. The meter vacuum control unit functions to maintain a 
constant vacuum on the downstream side of the metering orifice. This 
is accomplished by the simple expedient of adding makeup water, 
under definite hydraulic conditions. to positively limit injector vacuum. 
Thus the downstream metering orifice vacuum is a constant and the 
upstream vacuum depends on the spring tension on the chlorine pres­
sure reducing valve diaphragm. Since this valve is, in essence, a force 
balance system, it provides the means of controlling the rate of gas 
ftow~ Increasing spring tension by means of the control handle (F) 
on the front of the chlorinator increases the vacuum necessary for 
balance, thereby reducing the differential across the metering orifice, 
and, as a result, reduces the chlorine flow. The chlorine pressure re­
ducing valve, therefore, acts not only to .reduce pressure to below 

59 
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atJnolpheric but • an ~bIe CCIltrOl valve and .s a 
mut-off valve in the event that injector water .pply failure destroys 
the operating vacuum. 

Operation oj ManUDl Yirible Vacuum ChloritUltor 

The manner in which the machine operates is shown by the flow 
diagram. The main flow of water enters the machine through a strainer 
and flows through the injector (A) to the point of application of the 
chlorine. The water flowing throuah the injector creates a suction 
which is transmitted to the adjustable suction tube (B). The adjust­
able suction tube pulls PI through the orifice meter and make-up 
water from the hard rubber, constant level box (D) mounted in the 
rear of the machine. The water to thi. conataDt level box is supplied 
through aDd controlled by the float operattd make-up water valve 
(E). This water' is supplied from the auxiliary water ayatem. The 
heipt to which this make-up water must be pulled to reach the top of 
the adjustable auction tube determines the amount of vacuum pr0-

duced in the orifice meter. TUI'Dinc the CODtrollmob (II') on the front 
of the machine raiIeI 01" lowers the rack which carriea the injector 
suction tube. Tbia ad,tuatable vacuum determmea the rate of feed of 
the cbIorinator'. The chloriDe flow i. indicated by the hei&ht of the 
water column appeariDg in the rate of feed indicator. The amount of 
cbloriDe beinc feel i. indicated by the 8C81e (G) which i. part of the 
rate of feed indicator. 

The chlorine is admitted to the bell jar by means of the chlorine 
pressure reduciD& valve. This valve maintains the rate of flow equal 
to the amount paaaing thrOUlh the orifice meter. In this way the water 
level inside the bell jar remaina in a fixed po.ition for difterent rates 
of feed. The water for uae in the tray is aupplied throuah a control 
valve from the auxiliary water system (H). A diversion valve (I) is 
provided in the tray it:lelf to enable the tray water to be split into the 
large and the small compartments. It should be adjusted so that most 
of the water flows into the small compartment. A small flow is allowed 
to enter the large eection of the tray in order to prevent the tray 
water from becoming too rich in chlorine with resultant fuming. 

When the chlorinator is out of operation or when the cylinder of 
chlorine becomes empty, it it natural for a vacuum to be cr6lted which 
will draw water up into the bell jar. It is not desirable for water to 
rise in the bell jar more than an inch above the normal operating level. 
For this reason a vacuum relief (J) is provided which will admit air 
to the bell jar when this water level rises above normal. This device 
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bat • further fuDctioD fI di8I_ .... t~.IIii~j 

builctiDI if eoGditiODI were neb 
up UDder the bell jar e 

Operation 0/ V-Notch Clalori1uJtor 

-n.e chlorinator operateI 
The water ftowI continUOUlly throiuIh aD ee 

tinator. del ia mixed with chlorine pi entRe ~ tllIe~ld6JtC.~.iIi~ 
lated flow ratee 
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WATER SUPPLY AND TREATMENT 

With the chlorinator set for start-up, the external water supply 
valve is open, the chlorine rate valve (B) is almost closed, and the 
chlorine shut-off valve is about to be opened to allow chlorine gas to 
enter the chlorinator. 

Water, under pressure·. flowing through the ejector, creates a 
vacuum extending to the chlorine regulator (C). The presau~ of the 
incoming chlorine gas is reduced to 20" water column negative pres­
sure by the vacuum regulator (0). Flow of gas is metered at this re­
duced pressure in the chlorine flow meter (E) located in the front of 
the cabinet. This gas flow rate is adjusted by the chlorine rate letting 
valve (B) which is in parallel with the differential pressure rqulator 
(F). The differential pressure regulator (F) throttles the flow of gas to 
maintain a constant differential pressure across the rate valve (B), 
thereby maintaining a constant gas flow for a given rate valve letting. 
Gas flows to the ejector (A) where it is mixed with water and the re­
sulting solution is discharged to the point of application. 

Operation of Chlorlnizer 

Flow Path: Dry chlorine gas from the cylinder enters the upper 
chamber of the chlorine control valve (A) in which pressure is reduced 
and maintained constant regardless of variations in cylinder g81 pres­
sure. Chlorine leaving the control valve passes through the meteru.. 
orifice (B) at a constant rate because of the constant pressure differ­
ential established across the orifice. The system from metering orifice 
to injector is entirely under vacuum. Gas is drawn through the Sight­
flo Indicator (C) (where it is metered) through the moisture trap 
(which maintains dry conditions in the vital control parts during 
shutdown periods) and into the bell jar (D). The injector (E) which 
produces the operating vacuum draws chlorine gas, together with a 
small quantity of makeup water, through the suction standpipe (F). 
The makeup water satisfies excess injector capacity at feed rates below 
maximum. The thoroughly mixed solution is then discharged to the 
point of application. 

Maintaining Vacuum Conditions: The hei&ht of the suction 
standpipe under the bell jar limits and maintains the vacuum constant. 
The difference in elevations between the water in the bell jar and the 
tray shows the amount of vacuum created. Tray water i. maintained 
at a constant level by means of a pilot-operated, diaphraam-type 
control valve (G). 

• In most installations a pressure ratio of 3 to 1 (in absolute psi units) ia recom­
mmded. 
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WATER SUPPLY AND TREATMENT 

Chlorine Rate Control: Since the metering orifice size is fixed 
and the downstream vacuum is constant, the rate of chlorine feed is 
determined by the reduced and compensated pressure of the gas in the 
chlorine control valve upper chamber. Any change in the water pres­
sure imposed on the lower side of the control valve diaphracm will 
cause a corresponding change in the chlorine gas preuure in the upper 
valve chamber, and a change in the rate of chlorine feed. In manual 
and semi-automatic Chlorinizers, the water pressure in the lower valve 
chamber is determined by the setting of the rate setting knob (H) 
located at the front of the panel. In the program-operated Chlorinizer, 
this pressure is automatically governed by a Program Controller, and 
in an automatic proportional Chlorinizer by a Pneumatic Converter. 

Operation of Chlorine Control Apparatus 
The manner in which the machine operates is indicated by the flow 

diagram. The chlorine gas enters at (K) and flowl into the Chlorine 
Gas Regulating Valve (No. 40 or No. 50). Water enters at (A), one 
line supplying the Reservoir (9) and another line IUppl)'iDc water 
through Water Pressure Regulator (20) to the Ejector (7). The Ejector 
(7) creates the necessary vacuum to pull water up into Abeorption 
Tower (8) and maintains a vacuum or IUction bead • eDt to operate 
the Chlorine Gas Regulating Valve (No. 40 or No. SO), aDd pull the 
chlorine gas through that valve, through the Gu Throttling Valve 
(T), up through the Rota-Meter (0), and down to the Abeorption 
Tower (8) where it mixes with the water. Thil mixture il then lifted 
by this head into the Ejector (7) and flows from there throuah the 
Solution line (18) to the Point of Application (Z) in a main or .ewer. 
Vent from Absorption Tower is indicated by line (8B). All PI in thil 
apparatus is under constant suction head, the quantity fed bein& con­
trolled by Gas Throttling Valve (T). 

How Chlorine Kills Bacterio 
The effect of chlorine on organisms in water and sewage has been the 

subject of considerable controversy. It was believed originally that 
nascent oxygen, produced by the reaction of chlorine with water, ac­
complished the destruction of bacteria. The following reactions illus­
trate what is lupposed to take place: 

H20+CI2~HCI+HOCI 
HOCI~HCI+O 

Esplanation of reaction: Chlorine unites witlt water to form hypo­
chlorous acid which, being unstable, breaks up into nascent oxyaen and 
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DISINFECTION OR STERILIZATION 

CHLORINE CONTROL APPARATUS 
(Evenon Manufacturing Co.) 

@ 

Water A-Water Supply Inlet 

Chlonne Water SolutIOn K-Ga. Supply lDlet 

c::::J Vacuum Chlorine Gal 

_ Pressure Chlorine Gas 

18-S0lution o-.1tlct 

8B-Vent to Outside 

IlB-Emcraency' Overftow _Air 
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2 -Chlorine Cylinder V.lve 
W-Awtiliary Ga. Valve 
T -Ga. Tbrotthnl Valve 
o -Visible Indicatilll Meter 
40-Hydrauhc Reculatinc Valve 
SO-Vacuum Reculatine Valve 
7 -Ejector 
2o-Water PrHaure Reculator 
Z -Point or Application 
8 -Vacuum Tower 
9 -Reservoir 
6 -Chlorine Cylinckr 
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