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'Thé AmmOnia—ChlbrinevTreatment of Water:
A Study of Some Reactions of Free Chlorine at High Dilutions
as Affecte&’by Ammonia snd Certain other Substances
Intréduction. |
The &iainfectiOn‘afﬂwater by the use of chlorine or
calcium hypodhlorite hasiﬁeen-praatice& almosﬁ s long
as the ge@miaiﬁai power 05 chlorine hes been recognized.
- Blesching Pow&er; Whiah'ﬁaa formerly widely used, has
now been-la&gely replaaeﬁ by chlorine gas for disinfection
"af Watar on & plant ﬁq&l@,,ﬁithiu the last few years, the
uss of ammdnia in aanjuﬁétian with the regular chlori-
nation has been receiving increasing attention, end where
this process has been tried with success its adventeges
may be summarized es foilaﬁax |
{1). Tastes and odprs which 4o not yield to chlorine
| treatment a10né, or &re even increased by is, -
B have been eliminated. | ” |
| (2). The effectiveness of sterilization hes been in-
creased; with the use of less chlorine.
 {3). The &bility to inecrease the chlorine dosege
without'objecfionable~tastes or oiors allows
‘,the use of a,haavier:dosage to aid in the con~
trblAai.algée. | |
(4). The meintsinence of residual chlorine through-
out the diStribution‘system insures sgainst

sftergrowths or subsequent contamination.
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The first'appiiéatién aﬁkthé"ammonia~chlorine pro-
cess of watéx treatment on a‘piant_saale wes made by
Race 112 aﬁ Qtﬁawa Ganéda in 1916. The treatment was
undertaiten prinaigally’in the- interest of economy, since
bleaehing powder, which was usad a8 & source of chlorine,
ha& a&vanca& graatly in priea¢ Ammonia and bleaehing pow«
_ der were mixed in dilute solution, wiﬁh a very ehort con-
taat period before being ad&eﬁ to the water. A ratio of
2 parts by Weight of ehlarlﬂe to 1 part by weight of am-
“monia, was found to give good resulbs, Race's records
show pracﬁieally the same'parcentage_reduatioa.in num-
ber of bacteriazper ce. with "bleach” end smmonia as
with "bleach" alone, but by using 0.13 part per million
of ammonis, the available chlorine required wes reduced
‘_frdﬁ’lﬁl-ppm to 0325 ppma‘Fer the same period, the cdsb
per;millionfgallens c£ water treated using "bleach
alone was $1.26, while thaf using "bleach" and smmonia
was §.54. o |

ke N

Recent worx by Herold (2) has deslt with the chloro-
amine treatment of field water aupplies far the British
Army in Inaia¢ Liquid ghlorine added to pre-ammonieted
- water was found to.be‘a very éfféetiVB sterilizing agent,

oven for highly polluted waters.

MeAmis(B3) in 1926, began the use of ammonia at



Greeaiyville Tennessee, to correct tastes which had been
provalent in the looal weter supply eince the introduction
of chlorination in 1912§ an& his success has lead to a

“ranewad interest 1n its use in the vnite& btates.

:3ﬁaulding,(4) repafﬁé‘that5thé aﬁmonia-chlorine
téeétmbnb‘hae beén suécéésfully emplbye& in the Spring—
fiel& Illinbxa plant‘ being especially'effective in the

prevantian of ahlcrowtastas,

Harrison fﬁi'aaya,that;the probeéé;\when used at |
E&y Gity wichigén; héa‘not proven affectiveifor the tastes
" encountered in that weter, but is suited for the removal
of odors. Experiments there have extan&ad-oVéf‘ayﬁeriod

of 2 years.

A serios of tests made by Braidech (6) at the Beldwin
filtration plant of Cleveland Ohio, serves to establish
the valus of pre-ammonistion in‘ﬁhe prevention of tastes

and odors and inoreased efficiency of chlorination.

Because of its chemicel smctivity, chlorine will unite
readily with meny saaétanaes,occurring in surfsce waters
end produce compounds of objectionsble taste or odor. In
this connection, Runow and co-workers(7) séhte that not
more then 2% of the applied chlorine is used for the de-
struction of baétéria, the most of it being uée& by other
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organic matter and selts in the water. This “"chlorine de-
- mend"of the water must be satisfied before disinfection be-

comes‘effeqtive,

In&natrial traﬁe wasbes from coke cvena. gas works,
.‘an& 0il refineries; whieh mey f£ind thair way into & water
| aupply, contain subahaneaa eapecially 1imely to produce
;ta&taa in the w&ter upon chlorination. These impurities, .
chiefly yhapalg, have been fpun& to cause testes when
: ﬁreaent to ﬁha exﬁent of 88 1ittle as 1 part per billion.
'Byfad&ing agmmonisa to the water,first,;the tgste producing
.eompoands na ionger are formed upon the sddition of chlorine,
‘_Which reaets instead with the ammonis presumasbly with the
prméuetion of ehloruam;naa. These exert & toxic action on
‘bacteria; 80 that aéstruc#ibnvof pathogenic»bacteria and

taste provention sre both accomplished.

~ The réacpiogs between chlorine and ammonia have been.
studied by & number of inVGsﬁigatorﬂ‘ Noyes and‘Lyon (8)
havé éhawn'that ‘the reaction between gaseous chlorine end
cancentrated ammonia solution ig: |
l%NH3+6blg-a'N3+-§0151-9HB461, when the two are allowed
‘to react in thege pxoportmons* #ith an excess of ammonia,
further reactions msy oceccur:
 ANHz +KClz— BNH,CL + Np  or,
 2NHy+ NOLgtBHz0 & BHE,OCL,

A few years 1ater. Reschig (9) euecée&ed in prepar-
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ﬁiﬁg and iaalating for analyéia; en intermediaste product
in the resction between chlorine and ammonia. This com=-
pound, Eﬁgei, monochloroamine, was obtained in the form

of pale yellﬁw oily drops hy’digtillatlon in vacuo from

"”a cooled mixture of strong hypochlerite end ammonis o~

"‘luticns, zinau ohlori&a being adﬂea to bind any excess

'ammeniai Aa is wall knaun. When aalubione ef hypoehlor-

1%9 are dilutea with water, & blue calor is proaueed up~

",5,mn khe aﬁ&itiaﬂ of a snlutian of aniline. Resehig Found

“that when ammenia was uae& far tha dilution of the hypo~
"chlorite solutian, ne blue celer was produced with anil-
1ne. He iurthar faun& that the blue color, when once form-

| ed frcm &ilutaa hypochlcrite and aniline. could not be
' &sstroye& by ammonia. 3ince evolution of nitrogan did not
immediately oceur upon the adﬁlticn of ammonis to the
hypaehlorite aalutian, and since the prcperty of coloring ‘
‘aniline golution was destroyed, Eaachig was lead to be-
lieve that an inhermeazata praduet had been formed. By .
| mixing,hypuchlorite golutiens of known strength with
varying smounts of smmonia, he found thaet the power %o
calor aniline golution was lost when 1 mol af hypochlor~
ite and 1 mol of smmonia were preaent in&icatiﬂg the
following reaction: ‘

- Niy + Na' + 0CL — NH,CL+ Nel+ OH .

In the seme paper;yRasahig points out that monochloro-



o

amine will reaat with ammonia to form hydrazine.
| NHpOL + NHz - HgHyeHOL
Farvthia to oceur, the preseneévof from 10 to 30 times
 the theoretical smownt of smmonia is required. By mix~
,Zing‘equal volumes éf tanﬁhknormal,aodium hypochlorite snd
hoxm&i anmonis golutions and heéhing rapidly to boiling,
" he states that & 20 to 25% theoreticsl yield of hydra-
zine wae obtained. Vith egg elbumin, casein, or enimal
giue adié&:to the mixture, the yisld was as high &8s 705 .

Later work, by Bray and Dowell (10) 1eaa them to be-
'1iQVe that. in alksline solution, the formation of mono-
ehlaroamina takaa plaee ag a rapid primary reaction, (a)
which is subsequently follcwed by its slower decompositionéb):

{a) 3NH5+-ﬁﬂa + 30C1 — BNH, Gl~+aﬁa + 30H
{ﬁ} SNHaCl > EHﬁﬁ-Ng-*ﬁGl+—éH
2NHp + BN + B0CL — Nj + 501 + BHy0 + 5Na’

Experiments by'marckWQlﬂ and Wille (11) upon concen-
trated aqueous solutions bf’HHéel show it to be Very un-
stable, gince even at 0 degrees it soon begins to evolve
nitrogen and form NClzs The changes occurring are repres-
enté& as follows: |
| -mmgcl - Nﬂgfza‘«» 301 + N3

NH,CL + 2+ 201~ NE, + CL + a1,
NHpCL + 201y NOLg#2H' + 201
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In a reéenb pageri éhapiﬂ (iz)‘atatéé thab di~ehloro~k

amine, Nﬂﬁlz, as well a8 mono»chlaraamine. may result from
the ammania~ahlarine reaetian, tho pK of the solution da~
tarmining whieh ccmpaun& is formedg He found that if the
sclutmon is more alkeline than PH 845 nathing but mono-
chlaroamine is farmedg while below pH 434,n1trogen tri- |
‘ehlaridé is fofmed almaet,axciuaiVely; Between PH 4.4 znd
séﬁiyth@ 2 ahlorcaéinss may go—exiat; In bhe.interval bf

pH 445 to 5a0, &ichloraamiﬁé predominates.

fThe'pdésiblé resctions between emmonis and ghlorine
- dve wéll &um&arized by Berliner (15). as followa:

V“in,bhs interaction of the subatéﬂdas,,éhlorinejmay
‘repléce avery atom of hydrogen iﬁvammonia‘to forﬁ Nﬂgci;
Nﬁclg,'ar?§015: or the chlorine in soiutien may first
form hypochlorous scid which will resct with smmonia to
lform‘ammonium hypochlorite. ths'will, in turn, decom-
pose into monochlorosnine and water. The chlorosmines
themeelves may unite with more gmmonia to form hydrszine
and hydroxyl amine. Other side reactions have been noted
or suspected. For sll practical purposes, however, we may
'coneiﬂer that chlorine reascts directly with ammonia to
~form monochloroemine, NH,Cl. This in turn may be subject
to subsequent slow resctions involving ite decomposition

into nitrogen and‘hydroehloric acid."
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"Rideal (14) wag the first to note an increase in the
garmiaiaal pcwar of ehlorine whon uaed in,aonjunetion with
ammoniss He found that tha pheﬂol coefficient of ahlorine
was iueroasei from 2.18 ta 6‘56 yhan used with ammonia.
‘3ince the phenol coefficient of smmonia itself is only 0.7
end thet of ammonium thariﬁa uegligibla'in_thesa concen=
_ trations, the cth@r,ammoniawahloiine compuunas formed must
| be highl&faffeetive,aterilizing:agents. Rideal found, as,
have,ae?aral 1gtﬁr’investiga§ora, fhab ﬁhe»germiaidél action
- of chlorine alone is moro rapid ﬁhan it is when smmonis is
present. In the @reaénce of ammania,_howeveg‘ sterilizing
‘metion persists over a’peﬁi@& of‘sevegél ho@rsiiuntimatoly

proaaaiﬁgibetter results than when chlorine i used alone.

‘Hinmen aud Beeson (15) found thet the previous ad-
dition of emmonis retsrded the germicidal action of chlorine
‘upoﬁ a clesr water of low organic content. In & turbid
water of high organic contaﬁt,‘hcweger, the germicidal

power of chlorine wes incroased by the presence of ammonis.

The chemicsl properties of free chlorine and the

' chlorosmines are so similer that, &s yét, no completely

satisfactory method hes been devised for their differentis-~
tioﬁ‘when,thay exist in the seme very dilute golution.
Harelatzlg.in titrating:a prewammoniatad chlorinated

- water with'eodium thiosulfatezithhﬁfpnesence‘of KI and
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sterch, found he esuid &étéat and dﬁtermiﬁa two fractions
of avsilable chlorine. Tho first fraction liberated iodine
from XKI in afnéutxal‘séiutiqn and could be titrated. Af-
‘ter acidifying, the ‘solubion again bookme blue, indicating
‘ﬁhe‘exist&neexaf & second substance, céﬁabie of freeing‘
iodine from XI in scid but not in néutfél solution. Thisﬁ
gecond stitration f@&ﬂtiau was noted in ammonie-chlorine |
1'3&&&&103& which ahcwe& increased germiéidalijWOr.ovér
that of similer solutions &ontaining no ammonia. From
;'thagetfaaté* Harold caﬁol&&e& that ﬁﬁéfpresence of a com-
pound of chlorine end amonis was indicetod end that bhis
cdm@b&né vwas readily decomposed, giving up its chlorine

upon acidification.

;Bésemann (16) briefly"deécribaa 8 method for dis-
tinguishing between frea'ehioriue snd the ciloroamines
formed frbm'ammqnia, by thé‘use of methyl orange. He
~ found that in scid solution chlorine decolorized methyl
‘orange,.but in‘ﬁhg presence of alkali the reaction be-
tween methyl ogange end an aqueous solution of chlorine
was slowed down or stopped gompleﬁely. Updn;acidifying;
hoﬁever,_the color was rapidly lost. He concluded from
this that salts bf hypocehlorous acid do not react with
{deeoloriqe) methyl Qréﬁge,'while'the'frea acld does
produce deeolorization,fﬁa als0 noted that the sddition
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of ammonis atopped tha methyl oraﬂge and chlorine reachion.
 presumably due to the ccmbinabion of the chlorine with the
ammoﬁia. Gqﬁaequentlyi when fke golution was acidified, the
| charéatéristia.ée& color of ﬁethyl orsnge persisted, 1ndicatﬁ
ing that all the free ehlorine had been removed by combi-
natien with ammonis, However, he ‘sould abill obtain 8 posi--
tive hest for ehleriae with starchrio&ide solubtion. Besemann
also nota& & similar binding of chlorine ig solutions which
 eonta1naQ other nitraganaus aempaunds, aueh as aniliue,

urea, and abparaginee

8ince the work described below was begun, Berliner™
has snnounced e method for the determination of chloro-
amine by means of the standard ortho-tolidine resagent.

In HC1l solution, ortho-tolidine is present as a salt hav-

ing the formuls "a", Accord~- ”’in
ing to Ellme and Hauser (7), <fi::j> Qf
oxidation ofvthia gompound Ly " Mal "
free chlorine produces a yel- a%N{C::::>-~—<:::::>gi:
low dye of ﬁormula "o, the . npn =

depth of eolor gerving as a means for quantitatively de-

termining emall amounts of chlorine in water.

When chlorine slonc is present, the color develops

at'cﬁdé;‘réauhing its meximum intensity in about 1 minute,

*Private communication
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‘and graduslly fading out on stending, but when the chlorine
is praaant es chloroamine, the color develops much more
slowly, reaches a meximum intensity in 15 to 20 minutes,
and does 3¢t~fada out as repidly es does the’chicrine color.
Freedom from nitrites is eéééﬂtial‘fer correct resulbs,
aiﬁce'they’also produce & yellbw golor with'ortho~toliaine;
Chlorine, being a strong oxiﬁizing agent, roadily oxidizes
nitrites. Hence, if the excess of chlorine is sufficient,
‘nitritaa and frae c¢hlorine canot co-exist. Chloroamine,
however, is not a strong oxidizing sgent and will not com-
pletoly react with nitrites. Therefore, nitrites and chloro-
‘amine mey be present in the same sample énd unless the ni-
trite content be m@eea by oxidation, the ortho-t’éndine
reagent will indicate too,higﬁ.a chlorine residual. Ber-
liner recommends removal of excess nitrite 88 follows:
~ Trest 2 100 cc sample with 1 ce éfA0.75%AHCl;'
Add 0.5 ae of aommerciél B Hgoé. After 4 min-
utes, add 1 cc of o-tolidine reégent and let

stend 20 minutes. Oompare with chlorine standards.

Jenne and Jelsford (18) rautinely ugsed the above meth-
od 0f nitrite removsl end chlorosmine determination to con-
trol the disinfection of swimming pools in Philadelphia,
end Berliner's directions for it sre included in their pa-
per. They'emphasize the importanoe of the removal of ni-‘

trites before making the o-tolidine test, so that true



residual chlorine re&&iﬂgafmay be made. |

The results of §esemann and Berliner suggeat two pos-
aible enalytical difierancea between chlorine and chloro=~
emine which might gerve to dishingaiah them: iirst, other
dyes or indicators may show decélorizing affectsABimilar
.ta‘mqthyl orange; seaana; an excess of nitrite added’to
2 golution of free chlorine or to a mixture of ehloréamine
5andifree chlorine, may destroy the chlorine and not the
'ahlqraamiha, After oxidation of the excess nitrite with
peroxide, the color developed upon the addition of ortho-

tolidine would be &ue solely ta chloroaming.. .

In order to detormine the reliabality of theae methods.

the following experimentsl work was carried out.

Experimentel Work, part 1.

Preliminary tests were made upon & number of dyes to
saleot thoes which would giVQ a dlgtinet, but not too deep,
color when pregent in amounts which would be decolorized
or appreciably faded by & chlorine solution of 0.5 part
per million, in a reasanably‘shoit period of time.s The
dyes were prepared in .002j éclutionS'andilcc of‘the dye
wag added to 100 cc of the chlorine solution. A11 tests
were carried cut in 100 ce, tall cylxn&rical glase bottles
about 15.5 ¢m high to the neex which are aommonly known |

as oil saemple bottles.
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. The ¢hlorine waa prepare& by gently warming a mixture
of pow&ara& hgcrgﬁq an& emneentrate& HCl. The gas evolved
_was Waahed through 2 Wealff bottles uontaing small amounts
af watar, and ealleoteﬁ iu distilled water in a2 brown
,battla aurraun&ad by cold waﬁer. After sataration. the
solatioﬂwas kept in tha refrigerater. From this mein scl-
,ntion‘ stock Holubions were prep&re& as needed, and their
‘chlo¢ine conbent &etermlnea by 1odnmetria tmtration with
N/100 Nag5p0z. From the &kan&aramzed stooi aolutlana. test
solutimn& contaiuing uny amcunt of ehlorlna could be* pre~

pared by dilutionf and chaemed by the ortho-tolidine method.

. Tabulated resulte of the dye reactions with .5 ppm -
chlérine solution sre found in Table #1. Controls contain~
1né‘h0 chlorine were run on each dye; All tests were made
in distilled water. The varioug time intervals shown, in-
&ieata the timé requir@& for complete decolorization of the
dye. | | -
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Table #1l. Eé&ctiau of Various Dyes with 0.5 ppm Chlorine.

: Reaction in
Dye _ .. _ .. .eeid sol'n

Crystal
violet &5
Phenolphthal-

ein yfﬁl no

Heutrsl red (H)10

Acid Puchein 35

Dimathylamiﬁa*~v_
szobenzene (H) 30

Aniline red 15

violet 48
Rosolic seid 48
‘ﬁ?illiant ‘

. green - 48
Phenol L
red (K) 48
sefranin 48
. Methyl
- Qrange 10
Metnylene

blue 48

minutes

.eolor

minatesi

1

n

hours -

it

minutes

houre

-

Reaebion in Reaction in

~ Color too light to be used

too light - no color
oo 30 minutes

Golor too light to be used

1no change - no change

Color too,light'to be used

. Control also.

deecolorized no change:
nb chﬁnga 48 hours
48 hours ' no change
' no change 48 hours
no chenge ~ no change

too light eolored to be used

‘Control also

decolorized . 1o éhange

(4) indicates an aleoholic solubion of the dye.

(H) indicates & hyﬁfeahlbrié solution of the dye.

(£) indicstes a potassium hydroxide solution of the dye.

in asddition to tho sbove dyes, alizerin 8, azolitmin, congo

red, erythrosine, hematoxylin, schlarlach R, bismark brown

and methyl red were tried, but gave too light a color in the

concentrations used.
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From the list of dyes tested, neutral red ("a"),
dimethylaminoszobenzene ("b"}, . c#s | a
: 8. N VRPN
and methyl orange ("c"), were ©Hy | '
) . _ _ “a"
chosen for further consideration - N = s
N =™
~ ~~
N N

pince their original coler was

of & readabls depth, gna their —‘AFN npe

decolorization was rapiavan&‘ | N::;

definite. Aniline red, cryaﬁal TN "g"

violet, éna acld fachsinyweré LN \\J/mci?
e

eliminéte& sinéa-thair'original eolor was'too indefinite,
avenbhongh they ﬁeré rapidly decolorized by the chlorine
golution. 3ince the reactions in acid solutians produced
‘the most definite color ahanges.'the further experiments
on decolorization were done in solutions scidified with

0.5 ce of dilute HCL per 100 cc.

The dyes selected were next tried in acid solutions
edntaining daerea&ingfamounﬁs of'ehicrine. The lower limit
wag & concontration af 0s1 ppm of chlorine, which failed

to decolorize any of the dyes within 24 hours.
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E;_ Table #2. Time of decolorization of dyes by chlorine.

Concentration iethyl Dimethylam. Neut.
of chlorime _ Oremge _ _ _ _ &zobenzene . _Red _
Ou5 Papeite 10 minutes 50 minutes 10 minutes
04 " 15 " R 15 "
0,3 " 25 40 v 20 "
Osg " - 4B * - 56 o 20 n
Oe % ‘o change within 24 hours slight dec.
' ‘ ' in 24 hrs.

The time of decolorization of tho dyes can nob be
stated more acearabaly then to the nearest 5 minutes, be-
cause the finel stages of the decolorization taike plaece

very sldwly&

After d&hérmining the effeeb of chlorine slone upon
the dyes selectedy the efiect& of ammonia-chlarine mix-
turg& were next studied. Ammcuium hydroxmdﬂ solution of
sy.gr. 0.9 was Giluted to made & stoek solubion of 100
p&rts per million of ammonia; frém‘which further dilu-~
tiong were mede as nee&ed. Varyiug concentratzon& of
chlarine snd emmonia were uged, with the vesults shown in

the following taobles.
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Yable 3 Chlorine and chloring-smasnia mizture in dis-
tilled wmﬁzr, :m u:mtémt with the dye 0 mimz%.%. buforo
mi&iiz;*mg ‘&Mzh w oo m:t,

& %‘m c;ﬁ ke,

L R | Q@{% of_ehlorine _ . _ &nd #75 ppm Ty
Hetite %giga no eglor noe eslor

feat. rod I o a
@ié@ﬁ#ﬁl&ﬁl&ma | & “ ‘ A o "

Tablo i 4 »ﬁ%ﬁlmmﬁ and chlorise~smnonis mizture in bap
'%mr, in wm—sma with dye 30 mi%u&e%: bufore being scid~

i¥ied with -5 634] 5.%%:&.-,

Bra ...‘......,.,.a”.mw P i&%__,mlgm*m i w — afigm mﬁ)‘,‘m iy
Hoth. orengo no ea:\,ar , ~ goler {faded}
-Heut. red | E - ' ' nmo color
Dimethylem. "t " | color {foded)

Table §5 ) ;mwaﬁam as sbove, in tap wabor.

} 1 ppa ﬁl,,,,
£ Q mmwmmmmﬁi&% vw%&-mgi;lkmwmmwm@‘i{i *(J h;& i

Hoth. orango ne color | alight ml@r{ia&ea)
Hieub. rod B eolor ao color

:s)azmsz‘zylwm - #o golor slight color{isdead}
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Table #6 Chlorine sm& chla:ri.né-ammmia mixture in tap
w&tar, iniaantaai, with dye 30 minutes before being acid-

ified with 5 oo HOL.
' 0.5 ppu Clyp,
e oo D5 ppm Clp only __ _ _ and D.12 ppm HHg

teth. orenge  no color slight color(faded)
Heut. red m v no golor
‘Dimethylam. " N : . slight color{faded)

Teble #7 Same procedure as above, in distilled water.

~

Uel2 ppm NHg and

g;y*_““_.m_n__mﬁz.ﬁ__pgmﬁl only . _ 0.5 ppm (313,_
lleth. orange decol. in 25 min. ' decol. in 25 min.
Neut. red " ml5 N | " w15 o

Qimethylam‘. ‘ 1t "o40 " won 40 ®

In the more concentrated solutions, tablos 4 snd 5,
the presence of ammonia spparently slows up the decolorizing
action of the chlorine, since a &light-color is obtained
uponr acldifying the ammonia~chloriune solution,.while no
color results upon acidifying a chlorine solution of the
ssme concentration, eontaining, no smmonia. in 1o case,
- however, is the reaction between the dye end éhlorine
stopped eompléi:‘ély, ‘since the color in the ammonia-chlorine
solution slm'l:y fades oubt. ¥or the bleaching of the d;ye ;
by the chlorine to be completely inhibited, a longer con-

tact period would:probably be needed.
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Ho aifference,iﬁ the timelof &eaoierization of the
dyes is noted in the dilute chlorine end ammonia-chlorine
golutinne. Since the ﬁsaa1 chlorine concentration encount-
ered is much less thé&lthe lowest dilution of chlorine
used. above {0.5 pﬁm);7itfis»eviéant that none of these
» dyag Waula be suited for the dxffarentiation of free

ahlcrine from . chloroamlae in the average public water

supply.

A serlea of solutxsna cantainmng varyang amounts of
ehloriue and ammonia in the ratle of 2 parts of chlorine

to l part of ammania gaVG slmxlar resulis. .

sinee naturai waters and water in swimming pools may

' éontain traées of nitroganaas orgaﬁic auﬁaténcaé,Aa series
of them was studied in connection with the ammonia-chlor-
iﬁe reaction to debermine théirfeffect an‘ehlorinb; as
evidenced by the éﬂeolorizatinn of dyes. These are not in-
tended as the identical cempoun&e ocoeurring iu water, but

the list was s&leeted to include an aliphatic and anvar~
omatic smine, an smide, an amino acid, ote. Aniline,vémmon~'
ium chlbride, phenol, scetamide, smmonisa, methyl emine hydro-
chloriae; asparagiim, bacto-éeptane*, anartié scid and

E?gg*yg?gwg§e& Phenol was inculded,in _the list because

*L water soluble nitrogenous bacteriologieal nutrient

produectmarketed under that nome b :
ments Company. y the Digestive Fer-



of its well kﬁoﬁn propersyhaf uniting with chlorine to pro-

duce troublesome chlorophenol ccmpenndé.ﬁ

in ail the ezparimenbs on the binding’of chlorine by
the various ﬁitrogeﬁaas compounds, the same concentrations
Were uséd and the ssme procedure Followed throughout. One
cce of a 100 ppm stock solution 0f.the'teSt substance wasg
added to 5 cc of a solution containing 10 ppm of chlorine
and left in contact for a given time. The mixture was then
diluted to 160 cc,‘making’the'final/eanegntrations when the
inﬁicétﬂr and scid were added, 1 ppm of the test substance
and 0.5 ppm of chlorine. In all the series of tects run,
two bottles of each nitrogen compound and chlorine mixture
wérg gset up. One bottle was allowed a brief’edntact period,
10 to 15 minutes, and the other, & 24 hoaf periad. Controls
of 0.5 ppm chlorine with no ﬁitrogén compound, were run un-
‘der parallel cand@tiens‘~controls eontaining i ppm of the
nitrogen compound én& no chioriﬂe, were run to show that
no dneolbriz&tion of the indicstor was produced by the ni-

trogen compound slone.

In the following tahles, the time required for complete
decolorization of the dye in the solution is shown. When
complete?decolorizatioa did not occur, the tebles indicate.

roughly tho depth of the color at the end of 24 hours.



Table # 8§ Effect of 1 ppm of test substance upon .5 ppm of free chlorine indicated

by time required for decolorization of dyes. O-tolidine values show amount of

chlorine indicated by standard o-tolidine reagent. Fifteen minute contact in distilled

water.

Test substance

— — — — — — — omn - o o e  Panay  mmmn S e e e e ewwm e et e em eme e s S s e e

Aniline
NH4,C1
b.Phenol
- Acetamide
Amménia
CHSNﬂgoHCl
Asparagine
Bacto-peptone
Aspartic acid

Urea

(Controll

Methyl

no decolor.
55 mintites
50 "
faint color
slight-cdlor

60 minutes

- faint color

faitn color
slight color

20 minutes

20 minutes

Neutral

no decolor.

35 minutes

45
20

35

38
45
25
25
30

20 minutes

1t

n

n

i

n

4]

44

n

Ortho-
tolidine

Dimethylamino
azobenzen

no decolor. less than .03 ppm

40 minutes «5 ppm .
25 " ~+35 ppm i
25 " .35 ppm

25 " r.é ppm

45 " .25 ppm

3" " .3 ppm.

25 M .3 ppm

40 " «25 ppm

10 " .3 ppm

25 minutes .3 ppm



Table #9 Effect of 1 ppm of test substance upon .5 ppm of free chlorine ihdicated
be time required for decolorization of dyes. O-tolidine vaiues show amount of
chlorine indicated by standard o-tolidine reagent. Twenty-four hour contact in

distilled water.

Test substance

— o —— — — - e ——  —

— weme e ov—

Methyl

no decolor.

Neutral

Dimethylamino
azobenzene

Ortho-

tolidine

— — w— m—— o o — e st v emmm e e e e Gman e e e mmm e s omee

Aniline faint color no decolor less than.03 ppm
NH2C1 o " 40 minutes 60 minutes .2 ppm
* Phenol " n 60 " slight color  +15 ppm ,“‘:
Acetamide 60 minutes 35 " no decolor. .2 ppm ‘
Ammonisa slight color 40 " no decolor. .3 ppm
CHsNHg -HC1 no decolor. slight color " " .15 ppm
bAsparagine " " faint color faint color .15 ppm
Racto-peptone 60 minutes " " no Yecolor. .15 ppm
’ Aspartic acid no decolor. slight colof 60 minutes o2 ppﬁ
Urea 2 hours 2 hours 60 " .1 ppm
(Control) 35 minutes 45 minutes 40 minutes .2 ppm



Table #oEffect of 1 pom of test substance upon .5 ppm of free chlorine, indicated

by time required for decolorization of dyes. O0-tolidine values show amount of chlorine

indicated by standard o-tolidine reagent. Fifteen minute contact in tap water.

Test substance

Aniline

" NHqCl

Phenol
_Acetamide
Ammonia

- CHzNHo -HC1
Asparagine
Bacto-peptone
Aépartic acid

Urea

(Control)

— e vean e e —

Methyl

no decolor.

3 hours

slight color-

40 min.
40 1t

slight color

1 1"
11 1t
1 "

3 hours

30 min.

Neutral

no decolor.

<. 8light color

n o
2 hours

20 min.

slight color

n 1t

n 1

no decolor.

25 minutes

30 min.

Dimethyl Ortho-
aminoazo. tolidine

—— — — — — - ——" . At Swma e e e e cown e Seas Smw e e e

no decolor. less than .03 ppm
slight color .3 ppm
no decolor. .25 ppm N
slight color -3 ppm ¢
faint color «3 ppm
slight color .15 ppm

" " .2 ppm
faint color .25 ppm
40 min. .15 ppm

40 . f . 25 ppm

faint color .3 ppm



Table # 11 Effect of 1 ppm of test substance upon .5 ppm of free chlorine indicated

by time required for decolorization of dyes. O-tolidine values show amount of

chlorine indicated by standard o-tolidine reagent. Twenty-four hour contact in tep water.

Egst substance

Aniline

NH,C1

Phenolt

. Acetamide
Ammonia
CHzNHo *HC1
Asparégine
Bacto-peptone
Aspartic acid

Urea

(Control)

no decolor.

.on 1n

1n n

slight color

no decolor.

n 4]
n 1]
n . n

1" 1

slight color

slight color

Neutral

no decolor.

1n 1
1 n o
n t

n n

" n
" 1

slight ‘color

slight color

Dimethylamino
azobenzene

no decolor,
1 1
1 1

n "

1" 1
n 1
1 n

n 1

slight color

Ortho-
tolidine

— - — —— . pma  m— v e mman e e Saas e e s S e omm e e e Sme e Mees e e e

less than .03 ppm
.15 ppm

less than.03 ppm

.2 ppm !
)
T

«25 ppm

.05 ppm

‘less than.03 ppm

.05 ppm
less than.03 ppm

.1l ppm

.25 ppm
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Evidences of binding of chlorine by the varioua_ni-
trogen campounds, as’shown by ;&e preceding tables, is
gomewhat inconclusive. There is indication of sbme binding
in thevéaaaa'in which the time'requirad for decolorization
of the dye in the presence of $the nitrogen compound is con-
giderably greater thaﬁ the time required for decolorization
of the dye in the‘éontrel, containg chlorine mslone. The
yreéeﬂee of the nitrogen compound has at least élowéa down
ﬁhe resction between chlorine and the dye. The complete -
binding which Qeeémann‘dascrihes* is best shown by the re-
action obtained with ammonia in tap water with 24 houi con-
tact (table éli), and in distilled water with 24 hour con-
tact {table #9). Here decolorization of the ﬁye'did.not oc~
car, yet & sufficient chlorine cohcent#abion;xas shown by
ortho-tolidine, was prescnt tévhavevﬁauasd.decolofization,
had é‘eombinaﬁicﬁketwcen chlorine and smmonis not taken
vlece. The resulbs indicate, on the whole.\slightér dif-
forences in oxidi#ing.ﬁbwer between free chlorine snd
chlorosmine than Besemenn found. In most cases where bhe
dyes wore not ﬁecoloriée&, little or no chlorine was shown
by o:thoftoli&ine, indicéting the change of practically
511 the chlorine into compounds which, uhlike chloroamine,
do not resct with‘ortho~tolidineQ_This‘combimaticn took
place usually in the longer contact periods, although in

the case of sniline, binding ocecurred almost at once.
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ﬁame §£‘t§@ combinntiong of ﬁh& ?ariaaﬁ.aitragun coin=
pounds with chlorine, decolorised one ﬁ§§vgamy1¢taiy but
gerhﬁgﬁ affoctod suother only olghtly. (soe ssportic aeid,
15 minabe coubtaosb iai%ﬁg'wﬁﬁﬁr‘ teble ¥10: bacto-poptone
sud eimsoniom ckhloride, 24 hour contoet in dissilled water,
‘Eaﬁla %ﬁ;*&@§&r&giﬁ®, 13 mianbe conbuot in dietilled watoer,

table §8; ctoel}

Fxporinental, psrt 1l.
The second difference debween cilorine and ehloro-

emine, which wase studied, is their éﬁffaraat oxidizing

it ic sopamed that the presence of nitrites preclades the
co~oxipbonee of frec chiorine, as such. 1t @ﬁb&la‘zharefora
be poseible to ineure s repid romoval of free chlorime, if
not é%geaﬁy sbaent, by the addition ﬁi-&xaea@‘ﬁizri;c wﬁiéh
couldysubsequently romoved by porozide aﬁi the reasialing
ahléra&mim@-ﬁﬁtermiaeﬁ by crtho~tolidine. ﬁ‘ﬂiﬁﬁiﬁﬁveonw
centration sufficiont to rcm&vé Iroo cﬁl@riuﬁ‘rgﬁiﬁly
mighﬁﬁ ovover, aleo resel with part or &ll of the cihloronmiuc.
Thﬁ‘rﬁ@alﬁﬁ aht&imﬂ&}hy this nothod sre summerized in the |

iailuwing tablos.

Tho nonochloroanine weed wes preopered by the follow-
iug method, rocvonceaded by Tilley end Chepin {193:_

Ciie hundred ec of e solution coutsining U.2 gn of
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ammoniuﬁ sulfate and é0~cc,é£:ﬁflﬂshprax, is mixod
with an equal éclameidf s solution containing 2 ce .
of H sodium‘hyﬁxdﬁiﬁe_aelutian and 10 ce of strong
chlorine water. Tha réa;lting@dxture hes a ?3;ka'o
The aveilable chlorine content of solutions of chloréeming
prepered infthis'wég ﬁas;frsm'lﬁo to 285 parts per million,
deponding upan:thé strength of the chioriné gnluhionvused.
 The availabla~cﬁlerine wag titrated iodometrically, snd
the solution dil&ﬁeivto the desired chlorine content. (This -
chloroamine SQImtibﬁ was'aimilar to free chlorine in ite
ﬂaction'npﬁn'dyes,-hut Whén titrated, showed frmactions
of available chlorine in neutral end acid solution, sim-

iler to the results moted by Harold (2). )’

A stock solution contsining 100 ppm of nitrite ni-

trogen was prepared frbm‘éodium nitrite.

Commercial 3 hydrogen peroxide was used for romoval
of excess nitrite, thé'yracedure given by Berliner being
- followed. One-half cc of peroxide was found to oxidize &s
much as 1.0 ppm of nitrite nitrogen in 5 minutes, so com-

pletely that no color was produced with crtho-tolidine.

Thﬁvchldroamine~chlorine mixture used was prepared by
mixing 50 ce of a chloroamine solution containing 1 ppm of
available chlorine, with 50 cc of chlorine water contsining

1 ppm of free chlorine. The resulting mixture contained,
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 thorefore, é.ﬁ«ppm of free chlorine snd 0.5 ppm o#;hlorine'

as Ghloroamine¢ §he chlorine solution referred to in the

tables édn&ainaﬁ 0.5 ppm of free chlorine only. The ortho-
tolidine ra&ﬁingé represent thﬁ;éhlorine ¢Qntent in ppim.

The réaetiunainf‘the dyes are similarvto those previously

obtained. 411 tests were run in distilled wator.

Table #12 Effect of 1 ppm of nitrite nitrogen in contact

2 hours. |

. Clpomly,  NHCl Cly,  HHuCL Clg,

@%@ﬁwm,ﬁ@&yﬁﬁﬁ_ with nitribe_ _ mo'mitrife
| Ortho~tol. - = =no ¢hlorine . no chlorine | 3 ppm

Heth. orangé ~ no decolor. no decolor. 20 min.

Dimethylamino. ™ " " L 30 min.

 Table §13. Effect of 1 ppm nitrite nitrdgen‘in contact

15 minutes. , '

5 Cls only, ~ HH,C1L Cl, ?chl 012
Beggent _ _ _ _with nitrite._ _ g{i__‘aﬂn}__trlte‘ _~_no g_lgr}_tg_.
Ortho~tol. «05 ppm «07 ppm +35 ppm
Heth. orsnge  elight decolor. mno decolor. 15 min.
Dimethylemiinoc. " " noom 25 min.

Table %14; kffect of 0.5 ppm nitrite nitrogen in contact

1 hour. _

| . C1 only, NHCL Clp,  NHgCL Clg
Reagent _ «gﬁﬁﬁgyﬁ& _ with nitrite_ _ no mitrite
Ortho-tol. 15 ppm ‘ «07 ppm | «5 ppm

Heth. orange  slight decolor. slight decolor. 30 min.

Dimethylsamino. " " no decolor. 30 min.
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Pable ¥ 15. ﬁffect‘oﬁ 0.1 ppm of nitrite nitrogen in con-
tact for 16 hours.*‘ | "

Clponly, | §Cl Clp . NHRCL Clg,
m

Resgent _ _ _ 7 ulth pitrite.  _ witl n,ng}gggplkw.upg_gggxgpg,
Ortho-tol. .05 ppm «4 ppm «5 ppm
Hoth. orange no decolor. 30 min. 20 min.
Dimethylamino. " ? 40 min. 25 min.

Table # 16. Bffeet of 0.1 ppm nitrige nitrogen in contact

24 hours.* |

| | Cls only,  NH9Cl Cle , ﬂﬁ201 1,
Resgent  _ _ _with gl_t_:‘rgtg.* _with nitrite. _ _no gig_r_i_tg
‘Ortho-tol. " no chlorine .07 ppm "6 ppm
%eth; o?ange - no dﬂcolor; nc‘aecolcr; 30 min.
Dimethylamino. " R R omoom I $O"$in;

Teble #15 shows that within 15 minutes, & hitrito
nitrcgenfééncentratisn of 1 ppm had‘reance& the free chlorine
from Zﬁvppm to .05 ppm,'bdt,had‘at'tpe s&mé time; reduced
‘the total chlorine in the ﬂséﬂ1~elg'miﬁtnre to almost the
}aame‘amount. This indicateé that when the nitrite concen-
ltration ig lérge,‘bath fréa chlorine sud chloroamine sre
appa:ently simultaneaugly &éatroyed‘by it. The results shdwn
*Control, .5 ppm chlorlne without n;trita, showed <4 ppm
chlorine after 16 hours. ‘

**control, .5 ppm chlorlne without nitrlte, showed +3 ppm
chlorine after‘aé houra.,
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in table #12, for & contact period of 2 hours, show that
in a longer time interval both the free chlorine and the
. chloroamine were completely ﬁestrcyed;,ln table # 14, the
results indicate that the chlorine in the chlorosmine-
chlorine mixture~ha& even bean_more comﬁlétely'destroyed

thﬁn thﬁb in the solubtion conbteining only free chlorine.

Tha‘theoretiéal oxiﬁétianﬂratia-batween chlorine and
nitrité‘ﬁitrcgan‘can be ealcnlétea iroﬁ the following egua-
tion: NeliOy + Clp + HyO — NallOg+ 2i01, showing 71 perts
of chiarine equivelent %e 14 partskaf nitrite‘nitrogen.

This ié practicelly a nitrite nitrogen~ chlorine rstio of
1:5. Table #15shows that with a nitrite nitrogen concen-
tration of 0.1 ppm, equivelent to 0.5 ppm chlorine, the
tendency was to destroy the chlorine first, while the. chloro-
amine wndervent little'chaﬁge. After & longer contact per-
iod {table §#16), the chloriﬁe in the chlorosmine-chlorine

mixture had also been almost completely destroyed.

1t is therefore ovident that in no case has the chloro-
amine chlorine remained entirely unaffeeted during the re-
movel of free chlorine by trestment with excess nitrite, and
that in the cases in which it.is‘leéstfaffected, the time
rbquired for the réactian.between‘tha chlbrine and nitrite

is too long for a lsboratory control test.
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. Summery and Conclusions. o
The ﬁifferanﬁe,innthe decblorizatipndf'methyl orange,

dimethylaminéazoﬁeﬁzené, and neoutral red, by‘chlorina

' alone snd chlorine in the presence of ammonisa, is nei-

‘ther sufficiently uniform nor sufficiently consistent

to serve as &8 means of differentiation between free

chlorine and the chlorosmine formed from chlorine and

Capmonig.

Chlorine, in the presence of several of thie orgenic

compounds studied, will no longer decolorize the dyes

or give a color with ortho-tolidine, indicating a com-

5&

binatieﬁ‘hetweeu them.

When free chlorine and chloroamine exist in the sasme

~solution, en excess of nitrite will dostroy both, if

the conceniration of mnitrite be gre&t‘eﬂnughraﬁd the
time of contact lang'&nnagh. Lower ecncentraﬁibhs?of
nitrite in contact for longer periods will destroy a
greator amount of chlorine than of chloroamine, but in
no éase ig the free chlorine destroyed #nd the‘chloré-

amine left entirely unaffépteé.
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