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The Ammonia-Chlorine Treatment of Water·: 

A study of Some Reactions of Free Chlorine at High Dilutions 

as Affected. by .Amffionia and. Certain other Substances 

Introduction. 

The disinfection of. water by the use of chlorine or 

calciwn hypo<lhlorite haabeen pra.otiaed almost as long 

as the germioidal power of chlorine he.a been recognized. 

Bleaching powder, which was formerly wide:J.y 11aed, ha.a 

now been ·largely replaced by chlorine gas for disinf eotion 

of water on a plant aoal(a11. ~fithin the la.et few years, the 

use of ammonia. in oonjunQtion v1ith the regu.le.r ohlori-

na.tion has been receiving increasing attention, and where 

thia process has been tried with suooeas its advantages 

1na.y be summarized as follows: 

{l). Tastes and odors whioh do not yield to chlorine 
.. 

treatment alone, or are even increased. by i.n. · 
b.e:ve been eliminated. 

C 2). The effectiveness of a·terilizs.tion ha.a been in-

, creased, with ~he use of lass chlorine. 

if ;1) ~ The ability to· increase. the chlorine dosage 

.withou~ objectionable .taates or odors e.llowa 

the use of a heavier.dosage to aid in the con-

trol of .algae. 

( 4}. The maintainanee of residual chlorine through-

out ·the distribution system insures against 

aftergrowths or su.bseq11ent oontamina.t1on. 



The fir.st applioa,tion of t~e ammonia-chlorine pro-

cess of wa.tei: treatment on a plant see.le was made by 

Race (l) at ottsws Oana.de in 1916. The treatment -waa 

w.idertaken principally in the-- :hiterest of economy, e1nce 

bleaching powder,· which we.a used as a. source of ohlorine 1 

had advano.ad greatly in price. Ammo11ia. and bleaching pow-

der were m:txed 1n dilute solution; with a very short oon• 

taot period baf ore being ad.dad to the water. A ratio of 

2 parts by weight of chlorine to l part by weight of am-

. monia, was fou.nd to giite good results. Race• a records 

show praotieslly the same porcentage.reduotion in num-

ber of ba.oberia per cc. with 1tbles.ehn and ammonia as 

with nbleaoh11 alone, but by using 0 .. 13 part per million 

of ammon;is.. the available chlorj,.ne required was red.uoed 

from l.:t .ppm 1H> 0.25 ppm• For tho same period, the oost 

per million gallo1u1 of water treated using 0 bleaoh" 

a.lone ,was $1.20, while that using nbleaoh" and ammonia 

\./<,,- \ 

Recent wor.k by Harold (2) has dealt with the chloro-

amine treatment of field water supplies for the .British 

Ar'l.D.y in India. Liquid chlorine added to pr~-ammonie.ted 

water wa.s found to be a. very effeotiV'e sterilizing a.gent, 

even for highly polluted waters. 

McAmis{3).in·l926, began the use of ammonia at 



Greart.ville Tem1essee. to, correct tastes which had been 

prevalent .in the looal water aupply einoe the 1ntrod11etion 

of ohlo~ine.tion in l9J..2~. and his auaoess has lead: to a 

renewed interest in. ita uee in the, United st.ates. 

Spatllding { 4) ~eports .that the a~onia-ehlorine 

treatment has been eucoesafull.y employed in the Spring· 
,, •' . - . 

field llli11oia. plant. being eapeoiallY' eff eoti ve in the 

prevention of chloro•tastes. 

; . 

Harrison (5 ): says that the p;rooesa, when ueed e.t 

:Ba.y City Miohigen, ha£J not proven effective for the tastes 
j ' ,, " 

encountered in that water, but is suited. for the removal 
. , 

of odors. Experiments there ha.v~ extended over a period 

of 2 yes.rs. 

A se:riea o:t teats ma.de ·by .Bra.ideoh (6) at the Baldwin 

filtration plf.Ult ot Cleveland Ohio, serves to. establish 

1;he value of pre-ammoniation in the prevention of tastes 

and odota and inoree.sed effioienc;v of ohlorination. 

Beoau.ae of ita chemical activity. chlorine will unite 

readily with many au.beta.noes ooou.rring in surface waters 

and produ.oe compounds o:f obJ eotionable ta.ate or odor.. In 

this oonneotion, Runow and co-wo1'kers{ 7) a~~te that not 

more than 2~~ of .the applied chlorine ia used for the de-

atru.ction of ba.oteria., the moat of it being used by other . 
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organic matter and salts in the wnter. Thia "ohlorine de~ 

mandtsof the water mu.at be satisfied before d.iainf eotion be-

comes effective. 

Induatria.'l. trade we.ates from coke ovens, gas wor}ts. 

and oil refineries• which may find their way into a water 

sµ.pply, contain su.batancea especially l1.!noly to produce . . ;. 

. tastes in the water u.pon chlorination. These impurities, 

ohiofly phenols, have been fowia. to cause tastes when 

present to the extent of aa lit.tle as l pa.rt per billion. 

· :B~t a.dcling· ammonia to the water fi"r st• ·the 1.;a.et e produ.cing 

. compounds no longer are formed upon the addition of chlorine, 

whioll reacts inatead. with the ammonia presumably with the 

production of ehloroaminea. These exert a toxic a.ation 011 

bacteria., so that destruo~ion of pathoganio ·bacteria. and 

ta:ete prevontio11 are both acoompli.shed. 

The reactions between.chlorine and ammonia. have been 

stu.died by a nwnber of invest1ga.tors. tioyea and Lyon ( 8) 
' , . 

have shown that the raaeti·on be.tween gaseous chlorine and 

eonoentrat·ed ammonia solution. is: 

l2NH3+6Cl2 ~ N2 i- NCl3 + 9~HI40l, when the two a.re allowed. 

to react in these proportions. With an excess of ammonia, 

further reactions may occur: 

'4NH3 i-I~C13·-.> ZN1401 + !i2 or, 
2MH3 + li0l5i-ZH20 ~ ~NH400l-. 

A few·years later, Haschig (9) succeeded in prepar-
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i11g and isolating for nnalyaiat an intermediate product 

in the·reaotiou between chlorine and ammonia~ This com-

pound. lH!gOl~ monoohloroamina, was obtained. 111 tho form 

of pale yellow oily drops by distillation in vacuo from 

·El. cooled miitture . of strong hypochlori te and ammonia. so· 

lu.tions, zincc ohloride bei:rig added to bind any excess 

. ammonia,. Aa is VJell kt1own, whe11 solntiona Of. hypoahlor-
I 

i ~~ are . diluted vii t;b v1at,er, a blu.e aolor is ,prodtieed. up-

on1.,the a.(iditio11 of a s0,lution of e.nili11e. Ra.achig found 
~ . ' ' ' . . ' ' ' . 

that v1he11 ammonia was u.aed ~or the dilution ·of tho hypo• 
' . '. ', ,. . ' 

ohlorite solution, r,io blue color was prodnoed with anil-
1rie. He fll.rther found that the'.blue oolor, when onoo form .. 

ed ~rom diluted hypqoblorite and. aniline, could. not be 

destroyed~;v ammonia., Sinoe e"V"oltttion of nitrogen did not 

immedi~tely ooou.r.u.pou the.addition of ammonia to the 
hypochlorite solution, and si11oe th~ property of coloring 

aniline aolutaon was dest:voyed, Baschig v1aa lead· to be-

lieve .that a.n intermediate product had been formed. By , 

mixing.hypoohlorite solutions ~f known strengt;µ. with 

varying amounts of.ammonia• he :fou.nd that the power to 

color. aniline solution was lost when l mol of hypochlor-

i te encl l mol 'of amI1lo111a were present• ·indicating the 

following rea.otion: 

Nila t Na + 001- -+ NH20l + NEt + OH-. 

In the as.me paper. Ra.sohig po.inta out that monochloro-



amine Will react with e.mm.011ia to :form hydrazine: 

MH20l r ZU!3...,. N2~•H0l 

For thie to ooou.r, the presence of from 10 to 30 times 

the theoretioal amount Of ammonia is required, By mix-

1ng. oqu.al volwnea o:r tenth normal aodiwn hypoohlorite and 

normal ammonia solutions and heating rapidly to boiling, 

he.·states that e. 201' to 2511 theoretical yield of hydra .. 

zi11e vtas obtained.. With egg albumin• ea.aein, or animal 

glue added. to i;he mixture,. tho yield was aa high a.a 'lOi~ ·• 

Later v1ork,: by Bra1 end Dowell { 10) lead them to be-

lieve. that, in alkaline solution, the :format1011 of mono-
ohloroamine taltes place as. a rapid. primary reaction. (a) 

which is eubaequ.ently followed by its slower daoompos1tion~bh 

(a) .,~NH3+ 5NS: ... 3oor _,. 3NH2Cl i- SNet + 30H-

(b) 5~fI201 ~.El!,~+ N2 + 301 +- 3H .. ·. 

Experiments by Yarckwald and \Ulle (ll) upon aoncen• 

trated aqueous solutions of !lH201 show it to be very un• 

stable, $1noe even at O degrees it soon begins to evolve 

nitrogen and form NOlz• The changes occurring are repres• 

ented as follows: 

5lHI20l ~ Nli4+2H~ -r 30:L + Na 

NH2Cl + 2ItT 201-~ MR~ t ·Cl + 012 
Nl:I2Cl + 2012~ N013+2H"" + 201-



In a reeent paper• Chapin (12} states that di•ohloro-

aminEt1 .NHCl2 , as well as mo11o"'l>ohloroamine, may result from 

the e.mmonia•ohlorine reaction. the pH of the solution de· 
•, 

terminiIJ.g which. compound is formed. He found. that i:f the 
solu.tion is more alkaline than pH a.s nothing but rnono-
ohloroamina ia formed, while below pH 4.4.nitrogen tr1-
chloride j.a formed almost axalueively. Between pH 4u4 and 

a.5 1 the 2 ohloroamines. may ~o-exiet. In the interval of 
pH 4•5 to fhO, dichloroam.ine predominates • 

. The possible reactions between ammonia. and ~hlorine 
. . ' 

ave well awnmari zed by Berliner ( 13.) , a.a f ollowa: 

t*In .the interaction of the eu.batarioes, . chlorine may 

replace every a.tom of hydrogen in. ammonia to form llH2Cl, . 
NlIOl2, or ·lto13 : or the chlorine in solution may first 

form hypochlorous acid which ~111 reaot with ammonia.to 
form ammonium hypochlorite. This will, in tu.rn, decom-
pose into monochloroamine and water, The ohloroaminea 
themaelvea may unite with more ammonia to form hydrazine · 
and hydroxyl aminEh Other aide reactions have been noted 

or eu.ape~ted. For all pl'aotioa.l purpoeea, however. we me.y 

consider that chlorine reacts directly ~ith ammonia to 
· f.orm monochloroamine, .NH201 •. This in turn may be subj eot 

to eubaoquent slow rea.otiona involving its decomposition 
into nitrogen and hJdrooh1orio acid." 
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Rideal (14} wae the fi:fat to note an inoreaae in the 

germicidal power .of chlorine vihen uaed in conjunction with 

atnnlonia• He ;found that the phenol coefficient of ohlorine 

.was increased. from 2.1a t,o 6.36 .when used with a.rrunonis • 

. Si.nee the phenol ooefficie11t of ammo.nia 1 tself is. only O .. 7 

~d., that of: .ammonium chloride nogligibl~ in. these conoen-

. t:rations, the other. e.mm.onia.~chlorine compounq.s formed .m\lat 

be h.ish11'~ effeotiite sterilizing agents. Rideel found. as. 

ha.Ve several lfi:tt.~r .1nveatiga.tors. that the c;ermiaidal action 

of Qblorine al.one is more.rapid than it.is when ammonia is 

prese11t. In the presence of a.mmonia 11 howeve~ 1 sterilizing 

action persists over s period of seve~el houra,.,. .untimately 

produ.oing better results than when chlorine is uaed alone. 

·Hinman and Beeson (15) found that the provioua ad-

dititin ·of ammonia ,J;etardad the germicide.~ e.ctia·n of ·chlorine 
.. 

upon a clear water of low organic content. In a turbid 

water of high organic content, howegor, ~ha ger~iaidal 

power of ahlori1).a was inoroaaod by the. presanoe Qf .ammonia.. 

The ohemioe.l properties of froe ohiorine and.the 

chloroaminea'e.re so similar that• aa yet• no completely 

aatia:t~aotory method ·has been devised for. their dif:ferentia• 

tio11 ~hen tlley exist in the ea.me very dilu.te solution. 

Harold(2)• in titrating.a pre•amm9niatod ohlorina.ted . . 

water with aodiwn thioaulfatc ti.Jl. th.~ J?~?sence ·of KI and 



ate.:roh• found h;e could detect· and determine t·wo fra.otione 

of available chlorine., The :fir~t fraction liberated iodine 

from KI' in a neutral solution and aould. be titrated. Af-

ter soidifying, the -'solution agai11 bao~me blue. indicating 

. the exiatance .o:f a se~ond anbatanoa. oape.bJ.e· ·of freeing 

iodine from.Kl in a~id bnt noi in neutral BOll.ltion. This 

· aeeond titra.tion fraction was noted :bi ammo11ia-chlorine 

aol.titiona which ahowed increased gormicide.l powor ,ov~r 

that of similar aolutiona containing no amm.0111a. From 
tha.ae ·facts. HB.r.old oonallided that the. presence of a oom-

pomid of chlori11e and am.110111.a. was indicat.od and that this 

compound vm.s readily decomposed, giving up i ta· chlorine 

upo11 acidifi ea ti on .• 

Besenl&IU1 (16): briefly deaoribee a method for dis-

tinguishing betwee11 free chlorine and the chloroaminea 

formed from ammonia., by the nse of methyl orange. He 

fou.nd tbat·1n. acid solu.tion chlorine deoolorized methyl 

·orange, bU.t 1n· the presence o:f alkali the react1on·be-

~v1een methyl oreJ1ge and an aqueous aolu.tion of chlorine 

wna slowed down or etopped compl~toly. Upon acidifying• 

however• the color was rapidly lost. lle concluded from 

thie that aalta o:f hypoohloroua ~cid do not react with 

(d~oolori~e) methyl or8.nge. while ·the free acid. doea 

prodnce deoolotization. ·He also noted that the addition 
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of emmonia. stopped.tho methyl orange and ohlorine reaction, 

presumably due to the combination o:f the chlorine with the 

ammonia.. Consequently 9 when the aolu.tion waa acHlified.- the 

charaoteristiored color of methyl orange persisted_,1ndioat• . . 

ing that a.ll the free elll01:ine had been.removed. by combi-

- nation i:vlth amtnonie.. Howe'1er • he 0011ld still obte.111 a poai ... · 

tive teat for chlorine with starch-iodide solution. Beaemann 

also .noted a similar binding of ohlori11a ia aolu.tiona which 

contained. other ~itrogenona compounds. au.oh as auili11e. 

ur~a.. and aspsragine. 

Since the work described below v1as begun. Berliner* 

has announced a method for the determination of ohloro-

amine b;y means of the atamlard or.tho-tolidine reagent. 

In HOl solution, ortho~tolidine is present as s salt hav-

1ng the f ormu.la n a 0 • Aoaord• 

ing to Ellma and Ra.user (17). 

oxi.dation of thia oompou11d by· 

fr.ee ohlor11ie produoea ·a yel-

low dye of formula "b'' • the 

.LJJ. . . flh'M 

H .. N -- N-l-1 
. C)..,..H 

· 'e1 

depth of color serving a.a a means for quantitatively de-

termining am.all amounts of chlorine in water. 

Wh(311 chlorine alone ie present, the color develops 
' " .,. . 

at ·once. reaching ita maximum intensity 111 sbou.t l minute, 

-~------~------~----------*Private communication 



and gradually fading o~t on standing, bat when the chlorine 

is preeent a.a chloroamine, the.color develops much more 

alowlyer'reaahes a maximum intensity in 15 to 20 minutes, 

and do~a not fade oat as rapidl7 as does the chlorine color • 

. L,reedom from n1tri tee is essential :for oorreot results, 

s111ae they also produce a yellow color witll ortho-tolidine. 

Chlorine. bei11g a $trong ox:Ldizing agent• readily oxidizes 

nitrites. Hence, if the excess of ohl.orine is auffioient, 

nitrites and free chlorine csn..~ot co-exist. Ohloroamina. 

howeV-er, is not a strong oxidizing agent and will not com-

pletely reset with ni tri tea. Therefore,· ni tri tea and. ohloro-

amine may po preae:ut in the as.me sample and unless the. ni-

trite oonten~ be redu.oed by oxidation, the ortho--t'ol1dine .. 
reagent vri..ll il:~dios.te too high a ohlorine reaidu.al. Ber-

liner ree~mmends removal of exoeaa nitrite as follows: 

Treat a 100 eo sample with l oe of o.'15~ HCl~ · 

Add 0.5 co of oommerci~l 3)~ H2o2• After 4 miu-

titea, add l co of· o-tolidine reagent and let 

at~d 20 ininutas~ Compare with chlorine ,etaudards. 

Jenne and ifelsford ( 18) routinely nsed the above meth-

od. of nitrite removal and chloroamine determination to oon-

trol' the diainf ef.Jtion of awj.mm~ng ~oola in Philadelphia. 

and Be~liner' a directions· for it are included in their pa.-

per. They emphaafze the importanae of the removal of ni-

trites before making the o•tolidine teat, so that tr11e 



residual chlorine readings may be made. 

The results of Beaema.ru.1 and Berliner suggest two pos-

aible. ana.lytiaa.1 differeuoea between oh1orine and ohloro-

amine which might serve· to distin.gu.iah them: first, other 

dyes or 1n.dicatora may show decolorizi11g ef:f aota similar 

to . methyl orange; seoond, a11 exoeaa of ni tri ta added ·to 

a. aolttti.on of. fr.ee ohlorine or to a mbitare of ohloroamine 

.m:1d free chlorine. may destroy the chlorine and not the 
. ' 

ohloroamine~ After oxidation of the exoesi.:i nitrite with 

peroxid~, the oolor.developed u.pon the a.ddit:ion·of ortho-

tolidine would be due solely to chloroarnin.o. , 

In order to determi11e the reliability o:f the~o methods. 

the following experimental work was carried out. 

Experimental \'York, part I. 

Preliminary teats were made upon a nlimber of .dyea to 

select thoea which would give a. diatinot • bu.t not too deep, 

color when present in amounts whioh wou.ld be decolorized 

or appreciably faded by a chlor111e solution of 0.5 part 

per million. in a reasonably short period of time. The 

dyes were preps.red in .0021'.b solu.tione and loo of the dye 

v1aa added to lOO oc of the chlorine solution. All tests 

were carried out in 100 .cc, tall,oyliudrioal glaaa bottles 

about 13.5 om high to the neck, which are commonly known 

aa oil sample bottles. 



The chlorine WS.$ prepare(i b1 gently warming a mixture 

of powO:erod K2Cr207 and concentrated HOl. The gas evolved 

\Vas wished thr~ugh 2 Wotll:f:f bottles containg amall amounts 

0£ water. and collected_ 111 distilled water in a. brown 
. ,. 

bottle surrounded by oold water• .. 4.fter sa.tu.r·ation, the 

~ol11tio~as kept in thO.re:frigera.tor. From this main sol-
u.tion. stock aolu.tiona were prepared as needed, and their 

chlorine content determined by l.odometrio titration.with 

N/100 Ns.2S203. Fro~ the. standardized stook. aolu.tiona, teat 

aolu.tions 0011taining .e.tlY amount of chlorine could be· pre-

pa1-ed by dilution, and ahecked by the ortllo-tolidine method. 

[labule.tod l .. f.H.m.lts of ·th.~ dye reactions with • 5 ppm · 

chlorine solution are fo_und in T~ble ifl· Controls contaiu-· 

ing · 110 chlorine were run on eacli dye. All teats. were made 

iu distilled_wa.ter .. The various t;imo interva.le shown, in-

d1oato the time required for complete deoo:;i.ori~ation of the 

dye. 
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· Table i/:lt Flea.otion of Various Dyes with 0.5 ppm Chlorine. 

Reo.ctiou in Reaction in Heaotion in 
gv_q ____ _.. _e.g.i! 101.'8. ___ !.ll..S.•-a2.l.!.n~ __ .._n,g_ui._c,9..l!_n_ 

Oryats.l. 
violet 35 minutes 

PhellOlJ>hthal• 
ein · (A) no color 

Ueu.tral rod (11)10 minu.tes 

Aoid. :&'uahain 55 

Dimethylami110.-
azobe11.ze11e (H) 30 n 

Gentian 
violet 

Brilliant 
. green 

Phenol 
rad (K) 

sa.frani11 

Methyl 
Orange 

Methylene 
blue 

15 n 

48 hours . 

48 

48 

48 

10 minutt'e 

48 hou.ra 

Color too light to be used 

too light no color 

30 minutoa 

Color too light to ba used 

no change no change 

Color too light to ba used. 

··Control also 
deoolorized. no change· 

110 change 48 hours 

48 hours IlO change 

no change 48 hours 

no ohange no change 

too light colored to be used 

Control also 
dacolorized no change 

(A.) 1 indicates an alcoholic solution of the dya. 

(H} indicates a hydroohlorio solution of the dye. 

(K} indicates a. potassium hydroxide ~olu.tion of the dye. 

In addition to tho above dyes. alizarin s. a.zolitmin. congo 

red, erythroeine. homatoxylill• schlarlaoh R, bismnrk. brown 

and methyl red were tried• but gaV'e too light a color in the 

oonc.e11tra.tiona naed. 



:&1rom the list of eyea tested. neu.tral red ( "a.11 ) t 

dimethylaminoali!Gbenzene ( ''b'') • . ctl:~ 

0 
_ N =- oc.~ 1-l-s 

and methyl orange (non l. were cu, 

ohoaen for further .oonaideration . ~ N -=- cH, 
n8 n 

ainoe their original color was 

0-N=tl~o Ub•• 
..... c:t.t, 

0-N=N-oN ... c.H:t 

of a readable depth, and thei~ 

defi11i.te. Aniline red, crystal 

violet, and acid ftlQhsin ware "\.t -ftl:~:: 
0 -> 

"on . 

eliminateli since· their original color was too indefinite, 

evei{though they were ra.:pidl:V deaolorized by the chlorine 

solution~ ~inoe the reaotiona in acid aolutiona produced 

the moat definite color ohanges. the further experiments 

on deoolorizstion were done in aolu.tiona acidified with 

0.6 co of dilute HOl per 100 "''-

The dyes selected were next tried in acid aol11tions 

containing decreasing ,,a,mowita of chlorine. The lov1er limit 

was a oonoontra.tion of 0.1 ppm of ehlorine, Vlhioh failed 

to decolorize any of the dyes within 24 hours. 



Ts.ble {fa2. Time of deooloriza.tio11 of dyes by ohlori.Dith 

Concentration Methyl Dimothylam. lieut. 
g_f_o}11£!rim!! __ ·_or_e.~.r:. __ ..._ ...... !:,Z.2.b~.n~ell.e- _ ..... ~ Jt.!d __ 

0.5 P•P•lll• 10 minutes 

0.4 n 15 ,, 
0.3 n 25 t1 

0.2 ft 45 ff 

0.1 n lfo change 

30 minutes 

30 u 

40 n 

55 n 

tnthin 24 hou.rs 

10 minutes 

15 

20 

20 

tt 

slight dea. 
in 24 bra. 

The time of decolorizatiou of the dyes can not be · 

ata.ted more aoou.re.tely than to the nearest 5 mim1tes, be-

cause the final stages of the deeolorization tske place , 

very slowly. 

After de~ermining the eff eot of ohlo·rine alone tipon 

the dyes aelected.1 tl1e eff'eo,ta o:r amm.0111a-ohlorine mix-

tur~o were 11ext stad.ied. Annnonium hydro;,cido solu.tion of 

sp.gr. 0.9 was diluted to made e. stock:. aollltion of 100 

parts per ,.,million of amt-nonia, from which further dila-

tions were made aa ueeded. Varying oonoentrations of 

chlorine and iunm.011ia. were used, with the results shown 111 

the :following tnblea. 



ti.I.led YJs.tar,:: ll,1 coz~.taot v,1.th ~tbe d,We "O miuu.t0e·. boforo 

ae1di.f,ins with .• 5 co~ liCl .• · 

Wable ~~ 4 Clllor1no ;Bild cl;tlo:rlne•wmu~u.ia mi~ta.re iu ta11 

· wete1"., 1u con.tt1ct 'f1ith dye, 50 minu.te~~. buf'o1"e being nold • 

1f.1ed vd .. th .6 ce HOl. 

no color: . 
:t'f. 

TE:lbl.o, ~~£) -~ proeodurc a.a ebovo. iu tap t11a~er .. 

· . . . l i).Pfil Cl~, • 
Tnre . , . . · . l. n1ll?4 Old.·.. , onlg . . . ma:.d. • :.:,u.··.. ~1.;;· .. ·;;n1 11.a.~. ::::J:Y-··---· -- --~--~ -· __ ....... _ - ..... - - """"' - .... ~:;..-.., 

no color 
no color 
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Table· 1f:6 Chlorine and cbl.o:rine-wmnonia mixture ill tap 

water. i~contaet with dye 30 minutes "before being acid-

ifi.ed. w;Lth .s oc HCl. 
o.5 ppm 012• 1!Y!! ______ ,_0.!.5J>p_m_C4-o!!ll. _____ ~.fl: £•!.2J?J2.l1l_j~H3 

Meth. orange 110 color alight aolor{faded) 

Neat. rea. !l tt 110 color 

Dimethylam. Tl n olight color( faded) 

Tabla ::/!=? same prooedu.re a.s above., in distilled. water. 

0.12 ppm MH3 and .Bvs. _______ o.5yI!_m_-012~o!!_ll. _____ Q•! l?.P!!!. .Q..12.i.. ·-

Ueth. orange deool. in 25 min. decol. 111 25 min. 

Neut •. red n 0 15 ff ff n 1·5 •t 

Dimethylam. ti rt 40 t•f u n 40 tt 

In the more 9oncentrated aolu.tions. tablas. 4 and 5, 
tl1e· praae11oe of ammonia. apparently slows up the decol.orizing 

action of the chlorine, since a slight-color is obtained 
upon acidifying the ammonia-chloriue soltttion •. while no 

color results upon acidii"ying a. chlorine solu.tion of the 

same concentration. containing, no ammonia.. Iu no case, 
however, is the reaction betwee11 the dye e!ld chlorine 

stopped completely. sinee th-e color in the ammonia-chlorine 
solution slowly :fades out. ]1or the bleaching of the dye 

bJr tho ohlorir1e to be oom1>lately 1nhibitedlt a longer con-

tact period would :probably be needed. 
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ll.o differane.e in the time ·of deooloriza.tion of tl1e 

dyes is noted in the dilute cb1orine and srnmonia-ohlorino 

aoluti•>ns. Since the u.sual eh1or1ne concentration ericount-

ered is much less than . the lowest dilution of chlorine 

u~ed. .. above {0.5 ppml. ·it is evident that none of these 

dyaa, \Voul.d be suited for tho differentiation of :free 

chlorine :from.chloroa.mine. 111 the avers.go 'pu.blia water 

supply. 

A series of soiutiona containing va.ryi.ng.a.mou.nta of 
. . ' 

clll."orine and e.mmoni.a. in the ratio of 2 parts of clll.orine 

to 1 pa.rt of ammonia. gavo similar resuita •. 

tiince natural waters and water in swimming pools may 

contain traces of nitrogenou.s organic aubstancea, a series 
! ' : 

of tbem was st11died. in oollllection with the ammon1.a-ahlor-

irie reaction to determine their effect on chlorine, as 
. . ' 

evidenced by the decolorization of dyee. These are not in-
. , 

tended as the identical compounda oceurring in water• bu.t 

the list was selected to illcl.i1de an aliphatic and an _er-

oms.tic a.mine. an amide, ru.1 amino acid, etc. Aniline. am.man-

ium chloride. phenol, aceta.mide. ammonia. methyl amine hydro-
. ~ . . 

chloride. a.sparagiue, bacto-pepto11e·, aspartic acid and 

;r!:.a Y!:!! !s~d!._!h2_n.2_l_w_!s_i!!CJ!lde! ,!.n_the_1,!s! .!!,e.Q.Qj!s.!, 
A water soluble nitrogenous bacteriological nu.trlbent 
produo~marketed under that name by the Digestive Fer-
ments Company. 

.1·-
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of its ll/ell known. property of uniting with chlorine to pro-

duce ·troublesome ehlorophenol compounds. 

In all the experiments on the binding of chlorine by 

the va.riou.s n_i trogeriotts compounds. the same concentrations 

v1ere nsed and the as.me procedure followed thr0t1ghou.t. One 

co of a. 100 ppm stock solution of.the teat substance was 

added .to 5 ao of a. sol.ution co11taiuing. 10 ppm of chlorine 

aud left in ao11taot for a given time. The mixture was then 

diluted to 100 cc. mak:i11g the final concentrations when the 

indicator and acid wero added. 1 ppm of the teat s11bt;;tanoe 

and 0.5 ppm 0£ chlorine. In all the aeries of tests run, 

two bottles of each nitrogen compound and. chl.oz~ine mixture 

were aet np. One bottle w~s allowed a brief contact period. 

10 to 15 minutes. and the, other,, s. 24 hour period. Controls 
' . 

o:f o.5 ppm chlorine With no nitrogen compoWld, were rwl. un-

· der parallel oon~tiona. ·Controls containing 1 ppm of the 

11itroge11 compound and no chlorine, were run to show that 

no deoolorization of the indicator was produ.ce·d by the ni-

trogen compound alone .. 

In the following tables, the time required £or complete 

decolorization of the dye in the solution is shown. When 

aornplote docolorization did not occur, ·tho tables indicate 
1 

roughly the depth of the color at the e11d 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. 0-tolidine values show amount of 

chlorine indicated by standard o-tolidine reagent. Fii'teen minute contact in distilled 

water. 

Methyl Neutral Dimethylamino Or tho-
Test substance __ o£_ange __ red· azobenzene tolidine 
- - - - - - - - - - - - - - - ----------------
Aniline no decolor. no de color no decolor. less than .03 ppm 

NH4Cl 55 miniltes 35 minutes 40 minutes .3 ppm I 

l'O 

Phenol 50 tr 45 ti ·25 If .35 ppm 

Acetamide .faint color 20 n 25 n .35 ppm 

Ammonia. slight color 35 n 25 n .3 ppm 

CH3NH2 •HC1 60 minutes 35 ti 45 u .25 ppm 

Asparagine faint color 45 11 30 n .3 ppm. 

Bacto-peptone fai tn color 25 n 25 It .3 ppm 

Aspartic acid slight.color 25 It 40 tt .25 ppm 

Urea 20 minutes 30 n 10 n .3 ppm 

(Control7 20 minutes 20 minutes 25 minutes .3 ppm 



Table #3 Effect of 1 ppm of test substance upon .5 ppm of free chlorine indicated 

be time required for decolorization of dyes. 0-tolidine values show amount of 

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

distilled water. 

Methyl Neutral Dimethylamino Or tho-
Test substance __ £r~ng_e ___ . ____ red __ azobenzene tolidine - - - - - - - - - - - ------- ------
Aniline no decolor. faint· color no de color less than.03 ppm 

NH4Cl n n 40 minutes 60 minutes .2 ppm 
I 

Phenol 1t 1l 60 tl slight color .15 ppm r3 
l'° 

' Acetamide 60 minutes 35 " no decolor. .2 ppm 

Ammonia slight color 40 n no decolor. .5 ppm 

CHsNH2·HCl no decolor. slight color ff tf .15 ppm 

Aspara.gine II It faint color faint color .15 ppm 

Bacto-peptone 60 minutes 11 u no llecolor. .15 ppm 

A spar tic acid no decolor. slight color 60 minutes .2 ppm 

Urea 2 hours 2 hours 60 n .1 ppm 

(Control) 35 minutes 45 minutes 40 minutes .2 ppm 



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

by time required for decolorization of dyes. 0-tolidine values show amount of chlorine 

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

Test substance 

Aniline 

Phenol 

Acetamide 

Ammonia 

Asparagine 

Bae to-pep ton·e 

Aspartic acid 

Urea 

(Control) 

Methyl Neutral Dimethyl Or tho-
- _o£a~g~ _____ rad ______ ~min£a~o~ _ tolidi~e 

no decolor. no decolor. no decolor. less than .03 ppm 

3 hours ~.slight color slight color .3 ppm 

slight color It tt no decolor. .25 ppm 
~ 

40 min. 2 hpurs slight color .3 ~ ppm \ 

40 tt 20 min. faint color .3 ppm 

slight color slight color slight color .15 ppm 

n n 1t 11 ti " .2 ppm 

n n n n faint color .25 ppm 

n ft no d·ecolor. 40 min. .15 ppm 

3 hours 25 minutes 40 11 25 ppm . 
30 min. 30 min. 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. 0-tolidine values show amount of 

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

Methyl Neutral Dimethylamino Or tho-
Test substance ____ 0£8.!!_g~ _ ~ ____ red ______ azobegzene ___ t£lidine -- -- - --
Aniline no decolor. no decolor. no decolor. less than .03 ppm 

NH4Cl tt n n tt tt tt .15 ppm 

Phenolt tt n tf . 11 n n less than.03 ppm 

.. Acetamide slight color n ti n n .2 ppm I 
~ 

Ammonia no decolor. t1 n n tt • .25 ppm • 

CH3NH2•HCl 1l u n It n n .03 ppm 

Asparagine lf It u tt tf n 'less than.03 ppm 

Bacto-peptone n n If n n n .05_ppm 

Aspartic acid " n ti tf n ft less than.03 ppm 

Urea slight color slight·color tt n .1 ppm 

(Control) slight color slight color slight color .25 ppm 
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Evidences o:f bindi11g of chlorine by the va.riolls ui-

trogen compounds., as shown by the preceding tables. is 

somewhat inco11clusive. There ia indication of some bindi11g 

in the cases in which.the time required for deco1orization 

o:f the dye in the presence of the nitrogen compound is con-

siderably greater than the time requ.ired fo1" deoolorization 

of the dye in the control.. containg chlorine alone. The 

p1,.eae11ce of the nitrogen compound has· a.t l.ea:sb slowed down 

tho reaction between· chlorine end the dye. 1'he complete · 

binding whi.ch l3eaemann describes. is beat shown by the re-

action obtained witll ammonia in tsp vmter with 24 hour con-

tact ftable ~;ll). a!ld in distilled water with 24 hour .con-
tact (table j:;9). Here deoolorization of the dye did not oc-

. -
cur, yet a anf:ficient chlorine concentration. as shown by 

ortho-tolidine. \qaa present to I:iave caused. deaolorization, 

hs.d a combi11e.tior~betwoen chlorine m1d am.mania ·not ta.ken 

place. The resu.lta indio.ate. on the whole. slighter di£-

fe.renaes in oxidizing power between free chlorine and 

chlorosmino ~hat.L .Besemann fowid. In most cases where the 

dyes vvoro not decolorized. little or no chlorine was shown 

by ortho-tolidine. i11dicating. the change of practically 

all the chlorine into componnds which. tmlike chlor.oamine. 

do not roact with ortho-tolid:l.ne. This. combination took 

place usually in the longer contact pe~iodst although in 

the case of anili~e, bind.ing occurred almost st once. 



:Jot.1e of the oomb!net1ons o~f the var1ou~ nitrogou 001.t1-

ltOUmla td.til ·chlor1u.c. decolort~ed. one a;vo cor;;1kletely hu.t 

lJ·erhspa affected s.\10.tl)er O:.tll3 SiS'htlH. { ;~oe r.u1pG1!tlc acid. 

15 m11111te e~t1tact, 111 tep \~at.or,. table frlO; 'bacto-poptoue 

Mt\ 1~11nouiwn elllor1i1e. 24 hoar con~aet 111 :distilled water. 

table 0:9; aspe.rngirie. 15 n11unto coutnct iu distilled. ;;;st.or. 

table fa; etc.) 

l~xperimm1tal.,. pert ll.. 

Tlle aocoucl. d1ffe~ence betr1ae11 clllorinu mu\ chloro-

arniae. · vrhioh tial' atttdied,. . is t!loir d1f£er011t oxidizing 

i1ov1or to~m~d 111tr1tes. ln tho method dovi~ea. by Bt1rlinor, 

1t 1G aa~waad tha.t the }JJ:"etiEu1ce of ·n.ttritea 11.reol1tdoa the 

co-04'"tistenoe of freo olU.or111e. 8$ eu.c.h. l t a-bou.ltl. th.oroioro 

be ll00~1blo to 1r1euro a rapid r&10vc&l of froe 0J1lo1~ble. if 

uot elroody a-baent. by the sddit1011 of exoeea nitrite v1hioh 
be 

eot.1l.c\"eubatHJ;u.ent111 removed by- peroaido on.d. the reme:1n1.tl8 

chloro!uni11e dotorminod. by ort110-toli&lt1e. Ji nitri to co11-

oentrr.~tiou sttfflc·iont to remove free obl~riue rapidly 

migh~h ov1ovar. alao react n1tb }?art o~ sll of tho chloroHm1uo. 

Tllo reaultu obt!tinod by thi~ method t~re ii~W:.1}!aFir1zod in. the 

Tl10 ?OO.Uocrdoronmme a!BC(\ wi10 l1l!'epnred by the follow-

ing mothotl. rouor1uuou~w~i bu :filler SU(l t;hs.pi11 f lei.: 

Oua hu.ndi:od eo of a solution oou.tniu.ing o.e gtn of 
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smmonium au1fate and. 40 cc of J!i./10 borax. is mixod 

with an equal volume of a sol~tion containing 2 cc . 

of M sodium hydroxide solution and 10 co of strong 

:chloriue water. The rosultin~tu.ra has a pH ofp.o 
T.he available ehlori11e cont.ent of solu.tio·ns o:f chloroamino 

prepared in this WS'if waa.from 150 to 225 parts per mil.lion, 

depe11ding u.pon the strength 0£ the chlori11e solation u.sed. 

The availsblo chlorine was· titrated iodometrically. and 

the solution diluted to the desired chloriuo conte11.t. (Thia 

chloroamine solu.ti'on we.a similar to free chlorine in 1 ts 

·action npo11 dyes• but Wh.en ti·tratod, showed fr•actiona 

of available chlorine in neutral and aclid solution. sim-

ilar to the reatllta noted by Harold (2} .• ) · 

.A stock aol.u.tion containing 100 ppm of nit~ite ni-

trogen wns prepared from sodium nitrite. 

Commercial .3)~ hydrog.en per.o:ti de was used. for removal 

of excess nitrite, the proa.edu.re given by Berliner being 

followed. One-half cc of' peroxide was found to oxidize as 

mt1ch as 1.0 ppm of nitrite nitrogen in 5 minu.tes, ao com-

pletely thnt 110 color was prodnee<l ·with ortho-tolidine. 

Tile chloroe.mine-chlorino miXtu.re ttBed was pr·epa.red by 

mixiug ·50 oc of a ohloroamino solu.tion cont.aining l ppm of 

available chlorine. with 50 cc of ohlorin9 water containing 

l ppm of free chlorine. The resulting mixture contained. 
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thorofo·re, 0.5 ppm of free chlorine and 0.5 ppm o{ohlorine 

as ohloroamine. The chl.orine sol11tion ref.erred to in the 

tables contained 0.6 ppm· of free chlorine only. The ortho-

tolidine readings represent the chlorine oonteut in ppm. 

The reactions of the dyes are similar to those previouc;1y 

obtained • .A:ll tests were ru.n in distilled water. 

Table lf.12 Effect of 1 ppm of ni·trite ni trogeu in contact 

2 hours. 

Ortho-tol. · uo chlorine no chlorine ~5 ppm 

Meth. orange no deoolor. no d.eoolor .. 20 min. 

Dimethylamino.. 11 n 30 min. 

Table !fl3. Eff eat of 1 ppm nitrite nitrogeu in contact 

15 minutes. 

Ortho-tol. .05 ppm ..O? ppm .. 5 ppm 

Meth •. orat1go slight decolor. 110 deeolor. 15 min. 

Dimethylami.uo. H n fl n 25 min .•. 

Table -if14. I~:ffect of 0.5 ppm nitrite nitrogen iu· contact 

l hour • 

. ' Cl only' ' NH2Cl 012 . . NH2Cl Cl2 
lie!Y!.2.n!. ____ v1,tt!!_ B.ilrit.2_. __ ![ilh_n!,.t£_1!_e __ _119- !iifr!_t.!!. 
Ortllo-tol. .15 ppm .07 ppm .5 ppm 

Meth. orange 

Dimethylmni110. 

alight deoolor. slight decolor. ZO min. 
n no decolor·. 30 min. 



-29-

Te.bl.a 1f 15. Effect of o.l ppm of nitrite 11it.rogen in con-

tact for 16 hours.* 

Ortho•tol. .os ppm .4 ppm .5 ppm 

:Wteth. orange no decolor. 30 min. 20 min. 

Dimothylamino. ti tt 40 min. 25 min. 

Table fi; 16. Effect of 0.1 ppm nitrige nitrogen in contact 

24 hour~.** 

' 012 011ly: ' rra2 Cl ciJ2 ' t IHI Cl ' Cl ' • 
Jie!!8~nt ____ vli. t!, !!iit'it~ ........ !,i!,h_nitE_i!_e.:.. _ _nQ.2a_i_tr_ttU • 

Ortho-tol. no chlorine .01 ppm • 5 ppm 

Meth. orange no decal.or. 110 decolor. 30 min. 
l 

Dimethylamino. ft ff n tt 30 min. 

' ' 

Tabl.e 1rl3 shows that ·within 15 ~i1utes, a iii tri to 
' ' 

nitrogen concentration of, l ppm ha:d reduced .the free chlorine 

from l5 pp~ to .05 ppm •. bu.t.had,at t;tie aame time, reduced. 

the total. chlorine in the 1fH20l-c~2 mixture to almo~t the 

same a.mo.tint. This indica.toa that when the nitrite conoen-

. trat1on is large.· b(ith free chlorine and chloroamine arp 

apparently simultmieotialy destroyed by it. Tho resulta shown 
~ ., 

· ........... ~ .... · ..................... .;...... ......... .:.._. ..... -- ......,· ............... _ .... · ................... .._, .... ' ............... _,_ ..... 
*Control •• 5 ppm chlorine \rvithout nitrite, showed. .4 .ppm . 
chlorine a.f·tor 16 hours. 

*·~co11trol, .5 ppm chlorine without nitrite. ahowe;d .3 ppm 
chlorine after 24 hours •. 
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in table #12 1 :fo:r: a contact period o:r 2 hours. show that 

in a longer time interval both the free chlorine a11d. tho 

chloroamino were completely dest:r.·oyed. ln table f 14. the 

results tndicate that the chlorine in the chloroamine-

chlorin.e miXtu.re had eve11 been.more completely destroyed 

than ·that in the solation containing ·only :free chlorine. 

The theoretical oxidation ·1:-atio between chlorine and 

i11 trite nitrogen can be calculated from the :f olloWing equa-

tion: lie.tro2 + 012 + H2o ~ liaN05+ 2HC1,. showing 71 ps.:rts 
~ ,•· ,• ; 

of chlorine equivslent to 14 parts of nitrite nitrogen. 

This is practically a nitrite nitrogen- chlori11e ratio of 

1:5. Table iflf{showa that with a nitrite nitrogen concen-

tration of 0.1 ppm, equiva1ent to 0.5 ppm chlorine. the 

tcn~doncy was to destroy the chlorine firot, while the- chloro-

amine underwcm.t little change,. After a longer con.ta.ct per-

iod (table /f.16)., the chlorine in the chl.oroamine-chlo:rine 

mixture hnd also been almost completely destroyed. 

It is ther·ofore evident that in no case has the chl.oro-

nmine chlorine rema.i11ed e11tirely una.ff eeted during t_he re-

movel of free chlorineby treatment with excess nitrite, and 

that 111 the case~ 111 whiah it ia least af£eated. the timo 
' ' 

required for the reaction between the chlorine and nitrite 

is too long for e. 1aborato~y ooutrol teat. 



Summary and Conclusions. 
) ,. . . l 

·1. The difference intha decolorizationof methyl orange, 

dimethylaminoazobeuzene. e1l.d 11011tral red, by chlorine 

al.one and chlorine in the presence of strunonia •. is nei-

ther snf:ficiently uniform nor sufficiently consistent 

to serve as a means 0£ dif:f erontiation between free 

chlorine and the chloroamino· formed from chlorine and 

ammonia.· 

2. Chlorine. in the preaenoe of several of tlie organic 

compounds studied., will no longer deco1orize the dyea 

or give a color with ortho•tol.idine, indiuating a com .... 

bina.tionbetweell them. 

3. When free olllorine end ohloz·oamino exist in the same 

soln.tion. en exeesa of nitrite will doatroyboth, i:f 

the concentration of nitrite be great enough and the 

time of corita.ot long enough. Lower concentrations· of 

nitrite in contact for longer periods will. destroy a 

greator amount of chlorine than of ohloroamine. but in 

no case is the :free chlorine destroyed and the chloro-
.• 

amine left entirely w1affected. 
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