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'Purvose nf Projec*

The purmnose of this exneriment is t5 find the reletinn be-
tween the time of utilization of nitrates and dissolved oxygen
in the decommoasitinn of nolluted water, Tn the sernhic stabvil-
ization of seware by nxidatinnjthe oxvgen sunmly may be nbtain-
ed from severzl sources: (1) The oxvgen of the atmosnhere is
absnrbed by the water the amount dewending meinly on the temmer-
ature. (2) Certain mlants will give off oxygen that is dissolved
in the water. (3) The vpresence of certain salts such as nitrates
in the water will aid in the process of oxidatinn, The relatinn
of these oxygen resmsurces concerning the time of utilization is
importent in the control of the nolluted stream.

Discussinn of the nroblem

Few references concernine this question were found. Fuller,(T)
states; "With resmect to gourding egeinst ot jectinnable odnrs, I
think it is clearly neces=zary for the chemists an bacterinlngists
to keen in mind thet putrefaction does nnt exist so 1oag as nxy-
gen remains at ell, Ian fact vou can gn further than that, and
say that s» long as oxrveen is evailahle from nitrates, nitrites
or other oxidized s&lts there is substentially no matrefaction.”

It will be nnted that rothing is said about which is used
first the dissolved oxygen of the oxidized szlts., However it is
mede clear that mutrefactinn does nnot begin until both *he disgs-—
olved oxyvgen cnontent and the nitrestes have been used bv the sew-
are. The word "substantially" infers thet there is little if =nv
vutrefaction at the denletion of the oxvgen supnly. This there-

fore dnes not set anv 1limit as to the becinning of nmutrefaction,



(2)

From deta given by Fuller(TI), it wes shown that there were
nitrates nresent in sewage sarmles where dissnlved oxygen has
been denleted., It cagige determined from this data, however,
just when the nitrete and nitrite content are reduced, That ie,
it may have sterted at depletion of the dissolved oxvegen or mer-
havs it may have depleted &t the same time the dissolved oxygen
was reduced.

(111)

The informetion given by H. Heukelekianadoes not settle the
questinn as tn the time relation of the utilization of nitrates
and dissnlved oxyvgen and nitrites. He states: " The nitrates ang
nitrites were added as a potenticzl snurce of oxygen end commered
with actuel aamunts of dissolved oxvgen, The nitrates 2nd nitrites
increased s the oxygen saturatinn was eighty percent or more.

It would aprear that nnllution un tn this nnint was not suff=
icient to have a detrimental effect on nitrification. When the
é&eféée dissolved oxvgen content dronmed tn sixty mercent setur-
ation there was a 1lnss of nitrates. Probablv not only wes nitri-
ficatinn retarded but an actual 1nss nf nitrates due to reduction
might have *aken »nlace. Althnurh it has te~n shown thet the nitr-
ates are not utilized until nractically 211 the dissnlved oxvcen
is consumed, it is »nossitle, &8s indicated in the ahove discussinn
that locelized anaernric zones might ve established in e medium
which is not entirely defecient in dissnlved onxyveen."

This information is rather indefinite as to just when the
nitrates are reduced, The authnr explains the discre»nancy between

the data cnncerning the 1lnss of nitrates end the acrented fact

that the nitretes are not utilized until the dissolved oxyren is



depleted, by 2 theorv that "loneczlized anaernbic" conditinons
exist in which nitrates are rednced but nn dissnlved nxvecen is
utilized. It is =ossi*le however *hat the actual losz of nit-
retes micht have commenced anywhere below the sixty nercent sat-
uration mnin%t, had there teen no " ancerovic zones ".

It hss be=n pointed nut in the ahove discussion: (1) That ou+-
refaction canaot exist until the dissolved oxygen and the nit-
rates have been reduced. (2) That nitrates are present after the
dissolved oxygen has teen exhausted. (F) There is evidence that
helnw a sixty percent dissonlved oxvgen saturztion point nitrates
are reduced althouph it is cormonly eccented that reduction dnes
nnt tezin until the dissnlved oxygen is denleted,

Any connclusinn as to the cuestinn under discussion wnuld have
to be indefinite if hased umon the ahove references. Althnough the
statements mev te regarded as true thev dn nnt cover the seme
scome as wmld be desired, The statement mrde by Heulkelekian that
the niteates are clowly used, reductio. startine when the diss—
0lved oxveen is lese than sixty mercent ssturetion is contrery
tn the other da*a found which seems tn show thet the nitrates were
not used until nossirly 811 the dissnlved nxveen is denleted.

It seems cuite pons=idle, however, thet "aneerobic zones " micht
have bteen established armund some of the larger mnarticles, or in
certain sreas where contimination was esmecially heevyv., That is,
nitrates mizh*t have b2en used in these zones while there was dis-
gnlved oxygen present in the weter as stated hyv Heuxelekian abnve.

There gre several nracticel »oints that hince on the cuestion

under discussinn- the relative time of the utilization of dissslved

oxygsen and nitretes &ls» the onset of sentic or anaerobtic eond-
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iti~ns. (¥vdrogcen sulnhide ges is cnmnmonly used as asn index of
sentic conditionns,)

Prbbably the mnst likely m»oint in this connection is the devel-
cvment of annerobic conditinns in a nolluted stream., The stresm
provides a netural means »~f disvosing of sewage and industri el
wastes ty dilution, allowing the wastes to decomose with the aid
of oxygen then to becnme inert. At times, esnecially durins low
flow neriods of the stream, gentic connditinns will nccur csusing
an odor miisance as well as beconning unsightly, Often the stream
is used in meny ways, both wublicly and commercially and therety
affected serinusly with the davelonment nf sentic conditions,
Snome of the consideratinons that mist bYe kXent in mind in the reg-
uletion of a volluted strecm &s given by Metcalf end Eddv (IV):
K. Yvgienic consideratinns,

1. Contoaminatinn of
a. Private and muhlic water sunnly.
b, Vaturel ice.
c. Shell fish,
d. Water and btething beaches.

2. P»n1lution resulting in
a. Misance af fecting miblic heelth and comfort,
b, Immairment of recreationgl facilities,

B. Esthetic considerationsg, creatinn of cnnditions ~ffenzive to
1. The eye,
2., The sense of smell,
C. Econnmic considerations, damage %tn

1. Industrial water supnlys.

2. Live stnck,
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« Fish and nther useful equstic life,
4, Proverty,with resulting denreciation of values.
5. Private and public river and herbor improvements and
navication., ( such as silting due to sewage denosits)
D. Legsl cnnsideratinns, interference with
1. Rirarian owners,

In the develmmuent of sentie conditinns , thz last three con—
sideratinns (B,C,D) are all affected to sone derree., I% can be
gsean from this outline that the nrevention of sentic conditions
is important tn & variety of cnarideratinns. Therefore in streems
where this cnnsideratinn st be met it is iwmnortent t» nrevent
these anserobic conditions from forming if mossivle.

A secnhnd point to e conesiderad in the allnwable nollution
of a streem is the maintainance of fish life. The decree of nol—
lutinn necessery ton keen a stream fit for fish 1life may nont nec—
essarily be the same 8s that neceszsry tn develnm anaerntic con—
ditions s mentioned above. That is, the crnditinon of nnllu*ion
of a stream is imnortant concernine the fish 1ife, as well as the
vrevention of sentic conditinns and the cnnseguences that follow,
Rudolfs, Heukelekien,Lackev, Zeller and Lecgvgrom studies on the
Raritan river rennrt as fnllows concernine fish life:"As long se
pollution only is 1limited, that is, when the dissnlved oxygen con—
tent of the river does not farll btelow six*y mercent sesturetion at
any time of the yvear, conditions are favoreble for fish 1life, »ro-
vided sludre denogits in the river or 2lonr the hanks are of slight
extent,

When the dis:nlved ovvFpen in *he gtream has reached ahnut fifty

nercent gaturation snd sludge denosits are being formed below
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gsewer outfalls end on sHallow nleces, fish 1ife will etill exist
tn a more nr less limited extent, althourh thev will not mltinly
excevnt in rather limited »laces. The mnre suscentible fish micr-
ate.

If the dissolved oxyren conten*t in the river during sny time of
the vear fells belnw thir*y mercent scturatinon and sludge dennsits
becnme moré or less verrnanent durin~ the summer or at lower water
flow so thet 1loacel nuisance might be exnected on ac~nmunt of odor,
still a few fish like eels, which are able %o exist on little
oxygen womld be present but 211 other tvnes wnuld disappear,"

From this discussion it seerms that the welfare of the fisgh
denend on the dissnlved nxvgen content of the strecm as well s=s
the surrounding conditions of the stream bed., The 1imit thirty
percent dissolved »xycen saturation as the 1imit of »ollution
that fish will endure anpears t» be renerelly ac~ented., It is
immortant, then, that if the stream is to »rotect fish lire this
1imit of pollu*tion be observed.

Twn of the imnartant ~robleins in streem control, as nninted ot
above, are the prevention nf sgsentic conditinng and “he maintainance
of fish 1ife by keening the minimun requirements »f diss-lved ox-
vgen present at all times., The question of meeting these reouire-
ments bears directly on the relafion of the time of utiligastion »f
nitrstes and dis=olved oxvgen.

Thig relatinon is of immnrtance cgcerning sentic cnnditions as
the time of utilization of the oxvgen resources may hel» in nre-—

venting these conditions from develoning, That is 1f the nitrates

end dissolved OXycen are used =rinr to sentic conditinns *hen thev
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will aid in the nrevention of sentic conditinms and in some
cases wnmuld nn doubt ectually nrevent these chnditions if vnresent
in lerce enough awmunts, As stated bty Fuller etnve, this is what
likely hammens. However, it 1s not stated definitely *that some nf
these resmirces might nnt remain after sentic cnnditinns commence
nor is there any references as to which notential oxvgen snummly is
first utilized, this »noint however is n»n%t imn-rtent in this con-
nection., It is evident tha*t in this first case the full oxyve-
en sumnly would not be avallable *no nrevent anaerohbic conditionns,
The time of utilizatina of oxresen resources, however, is inmort-
concerning the question of fish 1ife, That is,it is desirsble
to meintain a certain definite 1limit of dissolved oxvgen but as
the relative time of utilization »f the nitrates is unknown, it
is nnt known whether their presence will aid the fish by giving
up its oxygen to the dissolved oxyeen present nr not, Conditions
would te favorable to fish 1life if the ni‘trates were reduced
wholly or nartislly rtefore the dissnlved oxvgen was used up.
Anothgr reesnn for the immortence of théa reletion is 8s an
indicrtor of pollutinn. Tt is comuon to use either the diesnl-
ved oxvcen cnntent or the nitrete content 2s an index o»f noll-
ution without regerd to the eonditinn being investisated. Fow—
ever if these twn oxvgen sumnlies ere not utilized 2t *he same
time in the decnmmosition »f sewspe then each will be an irdisc-
etor nf a2 different stage of mallutinon., For exandle, if the dis—
solved nx7sen is used um coammletely nrior to *he use of nltrates
efter wnhich sentic coditinng fnllow, thea the disgsnlved oxveoen

con*ent would be & better &ndex of nmnllutinn during the early
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stage, the nitretes dnrins the lat*er stage nf deacommnsition,
If, however, the order of utilizatinn is reversed, the onvns-
ite would he true concerning the proner index of »nolluatinn,
Also, if the two oxvgen summlies are used tngether then either
one would be an index of the cnnditions being studied, If sen-
tic conaditinng oc-ur refore the entimwe utilization of nitrates,
the oxyocea contrnl would te the best indicator 8s tn when an-
aernbic conditions might be exnected. If nitrates are used
efter the dlssnlved oxvzen, the nitrate index would be incorr-
ect, however it is not usually used.

It is the purmnse of the sdwage disnnsal plant to nrevent
these conditions, 23 well as nther considerations mentinned
in the nutline given above. Thet is, to nrevent the develov-
ment of sentic conditinns and tn nrotect the fish life, Of
cmirse the sewage mlant 1s nnt entirely resmnnsi»le for the
preventinn of the undesgsiratle conditinns, Other fsctnrae that
eglsn govern the stream cnnditinng are: (1) The volume of flow,
(2) The amrun*t »f reratinn due tn rawids, dams etc, (2) The
presence of certain green nlents +that supnly oxvren., (4) The
surface area avaeilable for onxyren absorotion the amdunt de-
vendinr unon the temmerature and the dissnlved nxviren glreadv
present, In meny streams these factors gidins mureficetion are
ennugh *n hzendle comaritively heavy lésds with nn undesirable
conditions resultine. However the ammint of purification aceon
nlished ty the sewage "»lant is often the element that con*trols
the condition of the stream. It seems *then, that the degree nf
the ourificatinn of the sewazre nlan* effluent is an imneartent

fector in the contrnl of the sanitiry conditions thet are foudg
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in the water wav, 3ome of the immortant tests of cewage effluent
which indicate river conditions are: The reduc*ion of solids,
the reduction of banterinlogical oxyvgen demand, the reduction

in bacteria count and the increesse of oxidized salt content as
well as the davelopment nf a dissolved o2xvgea in some cases, The
first three tests indica*te the plant effeciencr conce rning the
nollutinn to be added %o the water while the latter notentiel
oxyren resources indicete the aamunt of pollutinon that may be
expected tn be comhatted., It is throurh the utilization of these
lact named tests that the exveriment is invorlved. Included in
the grHun of axidized ~8lts are the nitrites and nitrates which
are the mast immortent in this resnect. The control of *these
cnhrnditinng from the sewape mlant denend somewhat nn the relation
of the time of utilizatinn of the oxvTen resmrces,

The questina tn be enswered,frnm & »rectical sinndnnin%, is
wvhe*her or not the high nitrate content »nroduced from certein
tynes of seware nlants 1is aiding in the nreventinon of the un—
desireble sentic cnnditinns and if 80 to what degree. From the
material covered by the investipstinng ¢iven above, the enswer
would seem to be tha*t the nitrate content in nolluted weter
tende to retard sentic conditinns hut dnes not help in meintain-
ing 8 high disgnlved oxygen conteat, thus the fish life is nont
aided by this nntentizl oxygen sumnly, However, as mninted out
befnre these references dn nnt answer the couestinn setisfactor-

mst be
ily and the mis=ing dataasunmnlied experimentrolly,
Exverimental
The seware samnles used we—e *taken from the Test Lansing

seware vlant effluent channel. This sewazre recieves ~nly vnri-
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mary Set*ling in Imhoff tenks,

The nlan was to simla*e »m7llu*ed stream condi*tinns where
both ni*trates and dissnlved oxygen are nresent, The sewzge semn-
ples used contained nn nitretes and little dissnlved oxveen end
is ecenerally cnnsidered weak in bacteriolosical oxvgen demand,
The nitrates were zdded *o the samnles in the formn of notassiun
nitrate, *he same amount beingy added *n esch. Verinmus dilutinns
nf the nriginal samnle were made with dilutine water which hed
been stabilized and thus coatained a fixed samnunt of dissnlved
oxycen., A wide range of dilutions wes now available throupgh
which the nitrate content was constant but the amount of »nll-
ution was directly promortinnzl +0 the dilutinon and the dissnl-
ved oxygen was iaversely nrowmnrtional to the dilution. Each dil-
ution was tested immedistely for dissonlved oxvgen content end also
the nitrete conteat was checked *no se= if the dilu*tinns contained
the enmmuted ammints. Three other sammles were drawn from esch dil-
ution and were incubated for a merind demending on the strength
nf the sewage. The incubstinons were m de in clnsed bnt*les at
ro~m temmerature and *tested efter the nerind o« inmmhation—-
usu2lly less than five devys— for the same sukstances including
the test for hyvdrngen sulohide. It wes desired that the oxygen
regnurce that was first denleted would occur in abhnut the middle

dilution—- in »rder of strength- an that the relatinn with the

&+

hig it
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=
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other oxygen suwnly could best be ohserved. To do
neces=ary to make a trial test *n de*termine wha* rangse nf 4il-
utions would best fit this condition. An artitrary scele of dil-

utions wes chnsen for the first trial ond the exneriment finish-
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ed, It was found that the dilutions were tno 1low for the stren-
gth of sewzge thet was used, that is, only a8 smell axsunt of
dissnlved nxvgen was used um throughmmt the entire ranfe »f dil-
utinns while nnone »f the nitrates were used, A second triel wes
run this *ime using a higher renge of dilutions, H¥nwever there
migst have been & variation in the strength o»f the sewace &8s the
rance waz arain ton low , On the next trinl , however, the diss-
0lved oxvgzen was utilized in 211 hut the weaker dilutions and
the nitretes were used after the denletinn nf the nxvren., Al-
though no hydrongen sulnhidd test was. run the cherecteristic ndor
indicetins its presence was frund in thnse dilutions in which
the nitrates h1ad been utilized., Almost the same renge of dil-
utions wes Tun on the last test and the results were similar to
the previous test and in addition a hydrogen sulnhide test wes
made, The prnceedure of Theroux and Eldridse (V1) wes fnllowed
in making un the s»lutions 8nd perforning the tes*s that were
made 2n each dilu*tion. These were as follows:
(1) Dissnlved oxvgen (Winkler .e*hod)
1., Add one c.c. of mancannus sulnhete sdlution hv means of a
nipet*te,
2e Add one c.c. of glkaline vwntassium indide snlutinn,
3, Insart the stomner and mix bv inverting the bnttle several
tires,
4, Allow the nrecinitate to settle half way end mix a second
time.
5. Agzin allow tn set*le half way.
8. Add »one c.c. of concentrated sulphuric acid, insert the

stooner and mix immediatelv., Do nnt allow “he tot+le tn
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stend onen after the additinn nf the acid,

7.

8.

Allow the mixture tn stend at least five minmutes.

Ranidly withdraw one hundred c.c. nf *the sarnle intn a
flesk and *itrate with twentv=five thausand+thes norrel snd-
ium thinsulnheate ueins starch as en indicator neer the end

nf the titretbou,.

Note: This titratinon should nont recuiré over twn nminutes after

the saxamle has heen remnved from the bnt*le, Shmld the tlue

cnlor nf +the stzrch indide return eafter nnce treine decnlor-

i,ed, it should bve diererserdad,

Celculations:

c.c. thiosulnha*te x @2 ecquals p.p.m. dissnlved nxvgen,

(2) itrate Titroren ( nhennldisul»honic Acid fetwnd)

1,

[S2B
. .

Filter abmt thirtvy »~r thirtv-five c.c. of the sewage through-

e filter »Haner,

Evennrate twentv-five c.c. of “he filtrate %o drvness nn &
water tath. ( Use a smeller amnunt 1€ the nitrate cnntent
is hich.)

Inis*en the residue wi*h one c.c. »f nhennldisul»nhonic ecid.

Dilute tn abvmt *wenty c.c. with distilled weter,

~Add a fiftyv mercent solutinn of sndiumn hvdraxide until the

meximim color i8 nroduced, ( ¥nt over five or six c.c. will
be required,)

Filter intn & Nessler tube and wash the mever with water

m Zing un finelly to fiftv c.c.

Xake un enlor standcrds conteining thfee tenths, five tenths,
seven tenths, one, one and nne half and twn c.c. nf *he

standeard nitrate solution and sdd *wo ¢c. nf fdfty nercent



(13)

sodium hydrnoxide tn eaoch,

8, Dilute each tn fiftry c.c. and select the s*tanderd commerings
with the samdle,
Calculetionns:
c.c. s*eradord Xx 10 ecurls ©p.n.m, nitrate nitroren,
c.Cc, 8aMl2 used
(Authnrs 1nte., A cnlnr disc was used in the exnerimen*t in
nlace of mzkin. un colar stendards as directed in sten seven.)
(3) Hydroren sulnhide.

1. Syphon five hrundred c.c, of the semnle into a cradueted
cvlinder.

2, Pivette ten c.c. nf *the twentv-Ffive thmigend+ths normel indine
salutinn 1intn erch nf twn erlenmever flesks,

2. Add one cram of mntegsium indide tn each flesk,

4, Tn nnz 2dd *wn hundred c.c. of distilled water.

5. T» the nther,svnhon from the eradunrte twn hundred c.c. of *the
samle,

8. Titrate hnth *he dis*tilled water blenk z2nd the semmle with
twenty five thomusgrndthe nartmal sndium thinsulnhate, using
gtarch es #n indicztoar near the end of the titratinn,

Calculations:

c.c. indine used for semmle — c.c. dsed for hlank x ,Z40R
emiels nen.n. of hvdrocen sul-ohide.

Note : This methnd is fnor hnth free and combined hydrocen
sulnhide.

( Authors nnte., Inasimich e&s the szmnle used was »nly *two hun-
éred c.c. the celeulation fectoar wes changed when cornputine

the hvdrnzen sulmhide content.)
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gsamnle 1 2
% dilution .1 5
NO, added 5.3 5,3
D. O, 8.7 g,5

(14)

Deta
Triel #1
3 4
*10 1S
8.3 5.3

8.4 8.2

Readings after incubation for two days. -

N0, 5.2 5.3
D.0O. 7.7 7.5
samnle 1 2
% dilutinn 1 5
NO; added 5,2 5.3
D.O. 8.6 8.8

Readings after five davs

N0, 5.3 5,3
D.O. 8.7 8,8
sarple 1 e
% dilution 10 15
NO; edded 4.4 4.4
D.O. 8.5 7.8

5,3 5,3

6.7 5.9
Trial #2

3 4

10 15

5,3 5,2

8,2 8,2

nf incuvetinn,

5,3 5.2
4,0 2.3
Trial #3
3 4
20 25
4.4 4.4
7.4 8.9

Reading after five days of incubation.

N03 4‘.4 305
D. O, .4 N.0
H,S (Odor detected)

2.6 0.0
0.0 0.0
X

20
5,3

7.6

5,3

7.8

30
4.4
6.4

0.0
0.0

82
)
A

C.0
0.0

(9] n
i n ~3

3
(o] ()

2,6

0.0
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Trial # 4
samnle 1 2 3 4 5 6 4
% dilution 1 2 5 10 20 30 50
NO, added 4.4 4.4 4.4 4.4 4.4 4,4 4.4
D.O. 2.4 8,3 7.7 7.4 8.4 5,2 2.8

Reading sfter four davs of incubation,

YO, 4.4 4.4 0.5 0.1 0.c 0.0 0.0
D. 0. 3.8 3.4 0.0 0.0 0.0 0.0 0.0
H,S 0.0 0.0 0.0 .2 .5 .8 1.3

Note all reedings of D.O.,, NO,& H,S are in n.n.m,
See granhs for results nf trials no. 3 & 4.
Discussion nf results

The data may be interpreted from the exnerimental data with

the aid of the grephs as follows:

(1) Al11 the dissnlved oxygen wes utilized before any reductinnm
to the nitretes took place.

(2) Immediately after all the dissnlved oxvgen was used the
nitrates‘were reduced,

(2) Immediztelv after #1ll of the nitrates were utilized, sentic
conditions fnllowed.

Inasmuch as 8ll nitratzs nresent in the scwage were in sol-

ution and nnt cnnt:ined in suspended or settled solids there
was no mossibility for "locelized aneerobic zones" to develon,
This,therefore would not lead tn falae conclusiong of sunnns-
ing that the nitrates were utilized before anv oxvgen wes used,
as nbserved by Heukelekian, mentioned above. Alsn this nroves
thezt his asummtion was correct concerning the fact tﬁat

nitrates were nnt used »nrinr tn the use nf dissnlved nxvegen
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s his deta seemed to indicate.

Annther »nint brough*t nut by the exnerimental date, ias thot
ritrates #nd dissnlved nxycen must be utilized cnmnletely be—
fore the undesirrble sentie conditions will result, As a Prec—
tical »oint this shows that all »f the nitrates »nresent in the
effluent of a sewege mlant will be utilized prinr to the devel-
nomnent of these ennditinns,

Ynwever, &8s 1t wasg mninted out in the data the nitretes ere
used after the disznlved oxvgen is denle*ted und thus are unable
to give unm there mwntential oxvgen until efter the criticed diss—
olved oxyvgen szturation noint of about thirty percent hes teen
rezched, thus nnt aidine fish life.

The vnractice nf using the dicsnlved oxveen content as en in-
dex nf pnllutinn is sound hTat it would nnt re exactly nmromer to
use this test as an index of when septic conditions might be ex-
nected, but the nitrate test womld show the true cnnditions. In
generel, the nreeticel results might bhe summarized by stating
that the nresence of nitrates in a pdlluted stream will give u»n
its oxvgen simly to sid the nrevention of esnaerobic conditions
but would nnt be availeble to aid in the nrnotectinn of fish life.
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