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STCRICAL

Chlerine is one of the most widely distributed elerents
known, but it is never found in the free condition. It exists
in enormouvs quertities in cerbiraticn with potassium, calcium,
erd megnesium, end porticulerly with sodium &s sgodium chloride
or cormcn salt,

Chleorine wes discovered in 1774 by the Ewedish chemist tcheele,
vho named it dephlogisticated murietic scid. About 1735
Perthcllet, becruce of the method used in the prepereticn of chlorine,
consicdered it a compound of hydrcehleric scid end oxgen end ealled
it oxygeneted murietic ecides This term had previoucly been uced
br lLevoisier to descrite chlcrires In 181C Sir liwinpnrey Davy
proved that chlorine wrs &n element end gave it the narme it btesrs
todey. The word chlorine is from the Creek word meaning green.

Probztly the first use to vhich chlorine wes put wie es &
bleeche Jrmes ettt first noticed that chlcrine hed bleachirg
properties. His ettempt to preduce chlorine for this propose
ended in feilure becsuce the chlorire hed a deetructive effect
on fivers. This difficulty wes overcome when lienry succeeded in
prepering e combinastion with lime thet could be reduced to a dry
powder, The menufecture of chleride of lime wes teaken up by
Cherles Tennert in 1799 in Scotland,1

2e e dicinfectsnt, chlorine veo first veed ehout 1500 by
de l'oriecu, in Trrrce, end by Crivkchsrk, in Inrl=nd. These men

didn't know vhrt took plzce in digirfecting e csubrtorce, "Mmtil



the middle of the 19th century disinfection wes regerded s =
process thet errested putrefection. l!icro-orrcnisms were not
essocieted with the process.

In 1839 Theodor Schwenn, who is rerarded &s the founder of
the scheel of enticeptics reported tit "Termerteticn ie crrecsted
by eny influerce ccpoble of killing furci; especiclly by nect,

P

potucseium tresencte, etcm====", tlis results vere nct renerclly
accerted becruse of tie belief in the theory of spontaneous gener-
ctione This theory vis firzlly refu$ed by Festeur in 1€E2, vho

proved the possibility of preparir; sterilc culture medio,

)

Cre ¢f the errliect cklerine preycreticrs veed in cenitory
work vre en eloctrelyzed see veter knovn cs Mornite TInid, This
vrs irtrcdvced by ', Hermite in 1202 erd voe ernlered for demestic
puryoses trd for flueninc gewers and lcotriress During electrclysic
of sea veter t{e reonegivm einleoride is pearticlly converted irte
hrpochlorite which dissocictes irto marrecium hydrete end nhrrechler-
ous ecid.

Leter strorg selt sclutione vere substituted for ece veter
erd the prroduct wcs cermerciclly krnovwn ec "Zlectrozore". ITn 1233

a plent vcs inetclled rt Breveter, My Y. for chklorircting severe
from & esmell groupr of hcvees with "Ilectrozere". Tic sevore vzg
dischorred into o gmell creek vhich pclluted Crcton Lokes The
erplicetion of "IZlectrozore" proved successfule Tris wee tlhe “irest
occesien on vhien the erecific objeet of chlerrneticn voes the dee-

. .
trvetion of hrcteriz.

The firct cceaeicr on vhich cklerire cempovnts were used



for the disinfection of water is not definitely known. As esrly
es 1850 wells were treated with blesch, but these treatments were
mede withcut definite knowledge of the destructicn of tactorir,
The credit for the first svtemctic use of chlorire in vweoter
disirnfection is due to . Co Ilcvestor of Zr:lurnd. iis work ves
performed «t Iincoln in 1T04-1305. Owing to flcod conditicne the
reservers, filters arnd distributicn cystem beceme irfected with

~

The storage end

dexniice

e

tyrhoid bucilli vhich cuuced & severe

o
y

purificetion works were treated with sodium hjpochlerite ccrtaining

A . . . \ . .
1C, aveilible chlcrines The doszge ves one rert per million of

m

chlcrines The resultc vere very satisf&ctory.l
£t the Reyel Testing Stetion in Berlin, numerous exrerirents
in eeveje chlerinetion were made by Krerejuhl end Furrjuivut,
The results were judred by the B. coli content which wes taken
s the index of petiucgenicity beccuce this hermless intecstingl
becillus vere found to be more frequent end less vicble tnsn the
mcjority of pethorernic orgunicmecs Bo coli is ecsr to test for
erd the B. coli index is £till used in beactericl enclyeis of water.l
Tt vee common Luropesn prectice to ute lcrge doses of chloerire,
severel perts per million, end then remove the excess efter z
predetermined contect prericde GSodiuvm bisulfite wes used to remove
the excese chlcrine. Today weter cupplies ere doced to ebout
Oed pepems or less.
The first bipg ettempt tc cklerinete on e lerger sccle irn this

country wes in Chicegoe. In 1908 the Union Stock Yerds Co. were

proceeded erainet by the City of Chicero regardirg the effluvent



of tle Pubbly Creek filter plent. Copper sulfcte ncd beer veed
in the filters but stock chippers compleired thet the weter hed
e deleterious effect v-on the ernizels corsunirg it. The corper
treatment was elimineted &nd bleech substituted. The resuvlis
were very satisfactory.l

About the sere time Jersey City weter wes trected with chlorine.
Tne gbility of this process to purify vater adecurtely wes contested
in court. The judge held that from £ll evidence the chlorine
had e bereficiel effect on the water end thet it left no deleter=
ious substence in the wsater.

The increase in the use of chlorine vwas tremendous the first
few yecrs of its uses In 1908 some 50,000,000 gallons were treeted
a day; in 1911 over §00,C00,000 gallons per dey. Today the mejority
of plants treat with chlorine and prectically all plents are
equirped to do so in cazse of dsnger of pollution, Where surface
water is the source of supply, chlorinstion is used elmost with=-
out exception.

Today most plants chlorinete with pure chlorine rather than
bleach as formerly. Chlorination usually requires complicated
mechsnisms which need the attention of skilled operetors to avoid
breskdown or incorrect dossges. The dangers from the interruptions
of service are so greet they must be avoided by every mesns pos=-
sible. In 1916 &n ettendant et the weter works in Yilwaukee
stopped the operetion of the chlorinator for 8 hours. The water
was badly polluted thet dey, end there resulted over 50,000 cases

of enteritis, over 400 ceses of typhoid, and 40-50 deaths.3



The graph below shows the typhoid fever cezses in Fhiladelphia
end the effect of chlorination of the public water supply on the

typhoid rate.
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Typhoid fever cases per 100,000 pop. from 1890, Philadolphid4

During the years 1909-10-11, when practikally the whole of
the city supply wes filtered the average typhoid rate was 90
cases per 100,000 population, but when the water wes 2l1so chlori-

nated, in 1914-15-16, the rate was only 35, a reduction of 617%.



MASS ACTION L2 AID pH

When two substences, A and 3, react with each other and there
is no further change in the relstive mcsses of the two substances,
ecuilibrium hes been reached. “/hen the reaction nroducts, C ard
D, cen reect with eech other to form A and B, the rezction is
said to be reversible ard is generclly written in the form:

A4B+=C+D

Wnen ecuilibrium has been rezched tlie velocity of the reccticn

between 4 £nd 3 is egucl to that tetwveen C end Do The speed of

the reactions is ex~resced bty the Low of less Acticn, first eteted

I

by the Yorwerianes Guldberg cnd Trere in 1270: "The rate of recction
between zny two svbetereces in e nixture is prejorticncl to the
product of the sctive mr-cses of theege substarces in the mixture,"d
Tn lire with cemmon prectice (4) will be used to reprecert
the conceriration of the substoice A in moles per litcre. Denote
the velocity of tle resction frem left to rirlit by v—s, then
v— oC (1) X (2), therefore v—p =¥F7(1) X (7}
vhere Y4y is & rronertion lity frctor or niber,
Cimil-rly
ve—& () x (D), thcrefcre v «— =I~’2(C) x (D)
¥, %11l te a differert number from V.
Fcfore eny A erd B heve reccted, tune corceriraticn cf thcese
tre tt the hi~lest volues, i.6e, Vepic & meximive ot the Perirninge

of tie rescticn.s ¢ 0 or D ere rrecert ¢t the ctort, thercefere

o+

Ve— =C 2t *ie strrte Az A crd © recet to rroduce 0 oord 2, *U



}ae

corcertroticre of M end T decrecsce ¢rd cereeqrer bl v—s decresces,

Cn *ne ctier hrrd, Ve— strrte ¢t zero w2 d ircrcreses ¢s tie con-

[

4

certrotions ¢f 6 zrnd D becote grevter erd gresier, Finellv &
roint of equilibrium is resciied vrere thne tvo vilecities cre

equel, l.fey V—» =vVve—o At itiiic roint

or trens eoin,

(c) » (2) 1
(o) % () ~ 1,

I is ecinnrly o ruvber or cerstort, It is the
tvo nurbers Iy zord Y?. V is celled tle mocs ceticn corctsnt,
Thie genersl clpebrric exjprescsion vwill te fornd verr veeful

icr-

e}
ct+
b

in sfvédring revereible reescticrnes  Ter everle conzide
izeticn of o cuvbtctirce like zcetie weid in cyuecro scluticn,.

Trig icnizoticon is a revercitle rewction ce dirdicuted by the equcs

tion

Circe thig is a reversible reccticr it ie governcd by *ic

loevw of mees actiorn, so tie follewirs icric relaticns vill be trues

=,

Thic errrecsion gtrotes tict the conctant 7 is equnl to the
. . . . .4 .

bydroren icn ccrecrireticn ir meles per litery (U Y, ticec thre

ecetcte ion cencerntrrntion in zcles per liter, (CBHvCQ Y, divided

by the un-ionized ccetic #cid in mcles rer liter, F(COY.Csﬂ.
~ v~

1C



be such that the ebove indicated quotient will alweys Lave & vzlue
numericelly eguel to Ke The constent K which represerts the sbove
reletion between the concentrations of the ions £rd the unionized
substance is celled the ionizetion constant,

Instead of four substences = A, B, C and D - we have only
three, nemely, ﬁ’; CoHz0p” &nd H(CyH30,)e This does not elter
the situation: it mekes & simple relation with three factors irstead
of four.

Fure weter is ionized to e very smell extent according to
the ionic equetion

Hyo=x H" +CH

Applying the Lew of lass Action

() % (o) _
(Hp0)

On eccount of its slight dissocietion, e&ny chenge in (kf)
or (OH") will have only a slight effect on the velue for (H,0)
In fact, (H0)} mey be considered zs & constant., If the value
(Ha0) is designated as K;, then

(H") X (OH") K or (H") X (OH) = K3 X K = Kyq
K1

Kﬂzo equals the ion product for weter. By experiment the

mmericel value for Ky,g=1%* 10714,

If (H*) is made smell then
(OH") will be correspondingly larger end vice verse,

In pure weter, the velue for (E*)=(0H")=1 X 107 m./1.
Since weter is a neutrel substance, it is possible to define a

neutral solution es one which has a velve for (H*) or (CH )=

1 %1077 m./1.

11



Assume a slightly ecid solution, the (H') of which hes been
determined to be 1 X 10'6 m./l. Applying the equetion
(') x (o) =1 x 10-14

1 x 10-14 o
= 1 x 10- mo/lo

It follows that a solution in which (H*) > 10-7 or the (cif™)
< 107 is &n ecid solution or gives en ecid reaction. Also, &

-7 is an glkaline

solution in which (H*)< 10~7 or the (cH)> 10
solution or gives a bssic reaction.
It is customary, now, to use tie system of expressing the

acidity or alkelinity of a solution in terms of the logarithm

of the reciprocol of the (iI*) and tkis is known es the "pH" velue.
Then
1
Suppose the (H*) of & solution is 1 X 10-3 m./l., then

pH= logﬁ‘% =1log 10*3 = 3

The following table shows the relationship between the (H*)

and the pH values.

Acid Neutral

(*) | 10-%+5 10~1 102 103 10-4 10-% 10~6{10~7

pH 0.5 1 2 3 4 S 6 7

Alkaline

(5*) | 10-8 109 10-10 10-11 30-12 10-13 3p-14

pH 8 9 10 11 12 13 14

Thus, an ecid solution is one in which (H*)> 10"'7 or pH 7

12



A neutral solution is one in which (H) = 107

or pH=1"17

An elkaline solution is one in which (H*) < 10=7 or pPH> 7

See bibliography note 6 for source of information on mass
action and pH.

The pH of a solution can be determined by figuring the con-
centration of the reascting substances, but in water and seviege
enelysis there are two other methods in common use, nemely the
colorimetric and electrometric methods.

Colorimetric methods make use of the changes in color which
certain dyes undergo under various changes in hygrogen-ion con=-
contration. This chenge in color is not complete with a very
small chenge in pH but extends over a comparetively wide range
of pHe Indicators have certain definite pH rsnges for color change
snd the indicator selected should be goverred by the pH of the
sample tested. The accuracemy of the indicator is greestest near
the center of ite range and decreases as the limits are epproached,
The sample under test is compared with color standards. The follow=

ing are some indicators snd the pH ranges covered by thems!

Indicator A pH_Range
Benzo yellow 2¢4 to 4.0
Brompheqol blue 3.0 to 4.6
Bromcresol green 3.8 to 5.4
Chlorphenol red S5¢2 to 6.8
Bromthymol blue 6.0 to 7.6

13



Phenol red 6.8 to 8.4

Cresol red 7.2 to 8.8
Thymol blue 8.0 to 9.6
Tolyl red 10.0 to 11.6

There are several types of electrometric pH meters. They
meke use of standard cells and a Wheststone bridge. Glass elec-
trodes ere commonly usedes A Beckmsn electrometric pl meter wes

used in the control work for this thesis.

14



SCOPE OF PROBLIL!

The problem of chlorine stability is a direct result of ob-
servetions of swimming pools which formerly used hard water end
more recently softened water. A few case histories are cited to
give an overall picture of the problem.8

Prior to 1931 the Michigan State College pool wes supplied
with e pool water of 500 p.p.m. hardness and a pH of ebout 7.6.
Liquid chlorine wes added for disinfection and residuals of 0.3
to 0¢5 pepem. were meintained.s 1In the fall of 1931 the pool was
supplied with zeolite-softened weter, After several weeks of
operétion the pH dropped to 5.5 and chlorine residuals were zaro.
The pool water was bedly contaminated. The pool was emptied =znd
refilled with herd ﬁater. The pool operated setisfactorily as
previously.

In the summer of 1940, when the }oore's Park outdoor pool
in Lensing was opened, a lime-soda treated weater wes used and a
gimiler experience resulteds Formerly a well water of 500 p.p.m.
was useds The pool was operated at a pH of 7.2 to 7.4, with a
chlorine residual of 0.3 to 0«5 pepeme In 1940 the pool wzs sup-
plied with lime-soda softened water with a hardness of 85 p.p.m.
end & pH of 7.6 to 8.6 With bright sunlight the pH fell to a
range of 5.5 to 3.5+ To correct the pH, ebout 175 pounds of sods
esh were sdded during the course of tvo weeks. Tiie pH would reach
7.1 2t night but drop to 5.5 during the dey.

A similer situstion existed ot the outdoor pool st MNidland.

15



It wes found that by zdding lime the pH would remein up and chlorine
residuals could be maintained.

Following this experience, the Moore's Perk pool wes trested
with 15 to 20 pounds of lime during the course of two days. The
pH wes reised from 5.5 to 7.6. The chlorine consumption dropped
from & maximum of 12 1lb. to 6 1lb. per day end chlorine residusls
of 0.3 to 0.5 pep.ms were maintained throughout the day.

The Richmond Perk pool at Grend Repids wes exemined. The
water is a softened river water with & herdness of 100 p.p.m. &nd
a pH range of 9.0 to 10.0. No difficulty is experienced in main=
taining chlorine residuels in bright sunlight. The stability of
the chlorine in this pool &s contrasted to the other pools cited
is probebly due to two factors = (1) the high pHd =#nd (2) tue
reletively higher celcium end magnesium carbonate content of the
soft weter,

In this investigetion an attempt to duplicate this condition
in the lsboretory was made. It is also desired to find out tihe

effect of pH on chlorine stability.

16



LASCRATenY 280 D

Zach series tested irn the l:oborotery censicted of ten one-
liter semples, erch of diffcrent pli. Ten one=liter volumetric
flasks were filled with the sem;ls vritcrse “he Il of ercn vis
rdjusted so thet the ;Y vclues ranged from =bout 3.0 to 12.0.
Tne pli vclue bclow thzt of the crmple wrs edjusted with szulfuric
scide The pH zbove thet of the emzple vwrs gdjusted with sodium
hydroxide and lime. Yo gtten;t wrs mrde to cdjust the piH to e
certain velue, but rathier to =djust for velues within the rence
3 to 12. The pH values were determined with a 3eckmnan electro-
metric pH neter,

Smell quentities of different tyres of orzcnic nmetter were
edded to each sample in equsl esmounts., Orponic mectter used in-
cluded settled sewae, nentone, activzted sludge snd urea. Chlo=-
vine in the liquid form w<s sdded in equal emounts to each ssmples

The same quantity of calorine as wes added to tre sem.les
wes edded to a liter of distilled wetere. This wes tested for
residual chlorine and this velue used &s the initiel chlorine,
The indivuduel semples were tested «t 15 minutes, 4 hours end 24
hours,

The starch-iodide method a&s outlined below wes used to test
for chlorine residurl.

1. Pleced 1C0 ml. of the srmnle in en Erlenmever flask,

2. Added 1 m). of concentrated hydrochiloric escid (This test

must be carried out in &n £cid medium becsuce Tree iodine

17



forms compounds in en elkeline solution)
3. Added e smell crvstel of potessium iodide.
4, Added 1 ml. of starch indicator solution.
5. Titreted with 0.005N sodium thiosulfete solution.
The resctions tinat taxe plsce ere &s followe:
2KI 4 Cl; = 2T 4+ 2KC1
2I + RMapS503 = NagS40g + 2MNal
Calculations:
¥1le 04005N thiosulfate X 1,773 = p.peme Chlorine
The fector 1.773 is obteined as follows;
Zquivelent weight of NegS,503 = 158.11
Equivalent weight of I =126.92

Equivelent weight of Cl = 35.457

8e One milliliter of 0.005N Na25203 contains

0.005 X 158,11/1000 = 0.00079055 gme or 0.79055 mg. of NepS303.

be 079055 mg. NapSg03 is equivelent to 126.92/158.11 X 0,79055 =

0.6342 ng. iodine,

ce 046342 mg. of iodine is equivalent to 35.457/126.92 X 0.6342=

0.1773 mge. chlorinee.

Of the 1l-liter sample under test, 1CO ml. was used for the
chlorine determination (Step 1 ebove). Then
041773 X 10004100 == 1.773 mg. of Cly per liter per ml. of

0.005N sodium thiosulfate or 1.773 pe.p.m. per milliliter

18



of 0.005N sodium thiosulfate used,

Therefore, ml. thiosulfste (Step 5) X 1.773 = p.p.m. Clj.

The chlorine residuel tius found in each sample wes subtracted

from the initiel chlorine to find the loss in chlorine.

19



FAPLRT JUTAL DATA ATD CUTVTS

On the following pages ere recorded ell the results of the
29 experimentel eseries run in the laboretory.

The curves ere plotted with chlorine loss e&s ordinete end
pH es ebscisse.

The different types of water tested include college tep veter,
zeolite and liuwe-sode softened waters, distilled veater end college
tep lime softened.

Approximetely 9C0 titrztions vwere preformed in this investiget-
ion.

The first few series were tested only once or twice during
the 24 hour run. As the investigetion proceeded it was believed
edventegeous to compile detz tnree times for eech series,

The teorm stebility is taken to mecn the degree to vhich

chlorire remeine sveileble in thie solution for bectericidel purposes.

20
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20 ml. Activated Sludge Ca(OH)z-___
No¢ Chemical|] Dosage pH (1 | ~ Chlorine Loss il Dep.me
PeDeMe PeDele 15 min. 4 hrs. 21 hrs,
1 52504 300 500 5.’6 0.19 2032 4018
2 . 200 6.1 " 1.67 2485 3.84
3 " 100 6.6 " «01 3.03 4,09
4 none Te2 " 1.34 3438 4,53
) NaOH 100 1003 ol 1.69 3e65 4062
6 " 200 10.7 - 0.36 3438 4.80
7 " 300 11.2 " 0.48 1.51 3.91
8 Ca(OH)z 150 7.9 » 2.49 3.38 4,98
9 ” 275 10.1 Ly 2485 241 4,98
10 » 400 1l.1 " 0.19 4.18 4,27
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College Tap Weter crcmceee
20 ml. setteled sewsge
[No.| Chemical | Dosage pH g Chlorine Loss in pepems
p.p.m. PeDeMe 24 h:g.
1l H2804 200 4.9 S.4 4,16
g . 200 640 " 4.60
3 " 100C 646 N 4,78
4 none 7e3 ) 4495
NaOH 20 749 » 4,95
6 ' 200 10.8 L 4.69
7 ” 300 11.2 " 3.10
8 Ca(OH)z 150 8.1 L 5413
9 » 275 10.4 " Sedd
10 » 400 11.1 " 3410
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