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INTRODUCTION

The importance of the blocremic2l oxygen demand
(Be Oe Do) test eannot be questioned in its application to
sowa~e treatment plant operation, water treatment plant
operation, stream surveys and tha treatmant of industrial
wastes, The test 18 used to determine the efficienoy'of a
wasts trastment plant or of a unit of such a plant, to
determine the extent of pollution of & stream and to compare
the strenzths of different domestlic and industrial wastes,

This thesls 1s chlefly concerned with the aprlication
of the test to industrial waste analyses. In the design
of sewase treatment plants the englneers are often
confront2ad with the problem of determining the population
equlvalent of some contributing industrial waste. This 18
usually done by determining the Te Os Do Of the waste and
calculating the ponulation equivalent in terus of domestic
sewva~e having the sama D. Oe De requiroen-nis., Large
contributions from industries have an important bearing on
the capacities of sewane treatmznt plants and 1t is
1aportant that the 3. 0. De deternination of any industrial
waste be accurate,

The bilnchemlcal oxysen demand determination is & measure
of the oxyzsn rejquired to oxidize the or-anic matter of
a cortain snmmle (1), The oxidation is brought about by
bacterla in a sammle which 1is held at s»me predetermined
tenperature for the raqulred incuhation period; frequently

for five days. Z1-ht ounce glass stornered bottles are
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ugsed for incubhating the saaple which 1s pfepared by
making a proper dilution of the waste beinz ussd. Several
d1lutions are usurlly required s» that after t'e incubatlon
reriod a few parts per million of oxy~ren will be left in
the bottles. Sterile industrial wastes must be inoculated
with the proper orzanisms. To do this, varions amounts of
seware are added as seeding to the botiles and then incubated
for the desired perilod at some c¢onstant tem-~erature.
Bottles contalning the varinsus amounts of se2ding and
dlluting water wlith no waste are alen incubated to
eliminate the 3. O¢ De Of the saading naterial that has
been added. Similar s2ts of incubation bottles are set
up for each day that the 3. Oe¢ De 18 to he determined.
After the incubation has proceeded the proper number of days,
one set of bottles 18 remdved from the incubator and the
dissolved oxygen contents of the incubations are deteruined
by chemical methods, The diffsrence lLetween the oxygzen
content of the dilutinz water and the dilution is a
measure of the B, O. De of the waste.

ilowaver, the test as it 1s now made, has not proven
entirely satlsfactory for the deternmination of the Q. Oe De
of industrial wastes., 'any dlscrepencies are anparent due
to several factors among which the most imrortant is the

seeding given to the dillution prior to incubation.



HICDORICAL

The blochemicil oxyssn demond deterninatinn is by no
means a new test for it was usad as early as 1370 by &
British Rivers Follution Comnission. In Germany 1t was
used as early as 1300 and in France as early as 1335, The
test in its presant modified form has been usced in the
United States since about 1?15.(2)

Trom experiments conducted by Theriault and confirmed
by others, 1t has been found that the deoxygenation of an
orcanic waste procesds in two distinct stares--first the
carbonacsous stare where the carhonaceous nmatter 1s
oxidized and then the second or nitrificstion stzse where
the nitrogenous matter i1s oxidized. The general course of
the deoxysenatlon curve 18 shown in the accomnmanylng granh
which 1s talken from Therilault. The gurves are plotted from
data of the same samprle Incubated at different temneratures
for varying lengths of time,

Phelps proposed a formula many years a~o which fits
with reasonable accuracy the experinental results of
deoxygenatlions Tne formula 18 based on the assumptlion
that the rate of denxyzenation at any instant 1s directly
proportional to the amount of organic matter present in the
satnle and 1s applicable only to the first stare of
deoxygenation,

Without going into the derivation of Thelps formula

which can be found elsewhera(3) 1t may be stated as follows:
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Xy 2 L - Ly 3 L(1 - 10701%)

Thers Ly equals the Be O De in pP.pem. remaining after
time t. 'There L equals the B. O De in pPePeme exerted by
the organlic matter during first stoce.

L « Ly ® Xg oxyzen in p.peme used up in t days, as
determined by the B, Oe¢ De test.

K1 ® deoxygenation constante

The deoxyzenatlion constant for any temrerature has
besn found to vary with the 20° temperature constant as
the following formulag

Ki(p) ® Kl(go)[1.047(T = 20)]

Where Kj(20) ® 0.100

The temperature also affects the magnituds of the
first stage Be O¢ De, &nd the first sta~e denand at any
temperature T bears the following relation to the 20°
demands Lp 3 L 5 [1+0402(T = 20)]

These formulas can be used to change any oxygen value
for one temperature and a given perlod of incubatlon into
terms of the oxyzen value under an entirely different set of
conditions, They are applicable to recently polluted samples.

There are & numbher of factors which affect the 3¢ Oe De
determinationy the pH of the medium, the amount and kind
of bacteria present and the mineral content of the saple
and/or dilluting water,

In general the advantase of the test over a strictly
chemical test like the potassium pernanganate oxygen consumed

test 18 that it is very simllar to the natural streanm
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conditions or condiltions in the dilutirg body of water.
The disadvantaszes of the test are that there are often toxle
substances whilch inkibit bacterial srowth especlally in
sore induetrial wastes, lonz poriods of 1Incubatlons at
constant temperatures which require a hish degree of neche
anical control and rather close attention(3) and also
there may be, particularly in industrial wastes, certaln
chemlcal constltuents whilch will interfere wilth the
dissolved oxyzen determination by the Winkler nethod.
Theriault{6)(7) ana Theriault and canee(3) have success-
fully =modifled the Winkler method to glve correct values
for dissnlved oxyzen when interferencs 1s encountered
due to iron snlts, nitritss, orgrnic matter, hyvochloarites
and sulphite wastes. Ildridse and 'a11mann{#) have found
that a synthetlic diluting water with a2 mineral content very
similar to the mineral content of river waters will glve
high>r R. Oe¢ De v7lues than dilstilled, bicarbonate, carbone
ate or phosphate waters, They also found that the pH of
thelir dilutions dropped slightly during the oxidation perlod
in dilutions made with t=p water and distllled water, but
in dilutions with other waters there was practically no
changee Thelr results show that the initisl p’} has eonme
effect on ths B, Os De results, but that 1t 1is not necessare
1ly a 1imitinzg factore

Eldrldga(9) hag found that 1n :aking dilutions of

8terils material and seeding with seware that the Be Os D



varies almost directly with the amount of se=ding up to
about seven days 1incubatinon,

Hinlderby and T.eall0) have found that the De Qe De 18
substantially asffected by the ratilo of ormanic car.on to
total nitrosgen. '7ith ratlos of cor on to nitrogoen as large
ag 120 to 1 the rate of oxidation 1s very slow, but 1f the
ratio be raeduced t0o 5.7 to 1 the filve day oxysen demand
valuas would be at a maxlnune

uch uncaertainity surrounds the test esreclally when
se2ding nrterlal nmust be adided as pointed out by Klirldge(ll)
who shows that the five day 3. O« De 2f & raper mill white
wat2r increazses in hi-her dillutions a-d increcases with an
increasing amount of seedlnzg, Theae same results have been
found to an—ly to a sterille milk waste as 1s shown in the

accompanying experiasntal and data portlons of this roporte

LAPTRITTTAL

Thls study was macde to determine, if pnssible, the
corract amount of sewa— e s2eding to be added to & sterlle
industrial waste samrle to pget the proper Be Oe De 0f tha
wastes, The experiment was divided into three trials, each
of which extended over a twenty-day incubatlon period using
an incubation tsemperature of 20°* 1° Centigraie.

YM1lk waste was selected becnuse 1t elimninated many
factors which affect ths B. Oe De determination, Thls waste
is homogeneous, has an ontimum pH value, is easily

obtainable and easily made sterily. A factory wsste of milk
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diluted with distilled water and oontaining 0.5 per cent

whole milk was made up and autoclaved for each trial, In
trial No., 1, 1.0 per cent and 0.5 per cent dilutions were
made of thls factory waste and in trials No. 2 and No. 3

0.75 per cont &and 0,5 per cent dilutions were used,

Eight ounce glass itoppered bottles were cal;brated
and used for the incubation of the samples, DBottles were
selected which did not vary more than five cubic centimeters
from 250 cublice centimeters capacity. The samples were
incubated in & water bath at 20°C, for periods of 2, 5,

10, 15 and 20 days, At the end of these periods the
dissolved oxygen content was determined by the Winkler method.

The sodium bicarbonate diluting water(1) used was
prepared by adding six grams of sodium bicarbonate to five
gallons of distilled water and bubbling air through the
contents until the dissolved oxygen content 1s above 7.0
PePems It has been pointed out by Eldridge and Mallmann(4)
that this diluting water does not give as high Be Os De
values as other waters, but 1t has been temporarily
accepted as a standard in sewage treatment plants and
glves results comparable to practice in this part of the
country,

The effluent of the Last Lansing Imhoff tanks was
filtered and used as a sesding material,

The following dilutions and seedings were made for the
2, 5, 10, 15 and 20 day Be. Oe D. determinations.



TRILL NO. 2
1.Piluting _ 1.0 por cent _ 0.5 per eent _ ... with no seed.

Yater waste waste
2w n - " - " - " " loce. "
3_ ] - " - " - [, ] " 3°°‘ "
4- " - " - " - " " 5cc. "

TRIALS N0, 2 A2 NO. 3

1.D011uting_O0.75 per cent _0.5 per cent _ gach with no seed.

Water waste waste
Dew " - " - " - " " loce .
3_ " - [, ] - " - " " 3@0. ”®
Le " - " - ] - " " 50C. [}

Bacterlal counts were made of the sewaye seedlng
naterial and of the dilutions Jjust before the chemicals were
adled to make tho dissolved oxygzen toote These glve the
nunber of organisns added to each Be O« De bottle and the
bacterial population of the samples after the incubation
rerlods of 2, 5, 10, 15 and 20 dayse hese bacterial counts
are plotied agalinst the days incubation for trial t'os 2 on
graphs 'oe 9 and Yoe 10 Craph lNoe. 11l compares the
bacterial count and the B. Os Ds 0F the same sauple. Graph
'0oe 12 glves the dally Be Qe De values plotted agzinst the
days 1ncubntion.

Grarh !'oe. 5 shows the average effects of sewage seeding
on the Be Ce De 0of a Cu5 per cent nllk waste using various
rerisds of incubatisn and 1s a conposite of graphs Noe. &,
M0e 7 and "jo. 3 which in turn are the resrective graphs of

trials "oy 1, !0e 2 and '0e 3.
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DISCUSSION

It 1s clearly shown by grerh Yo. 1, which 1s a composlte
of graphs 'o. 2, '0e 3 and 0. 4, that for the 2, 5 &nd
10 day incudbation neriods there 18 a narked increase 1n the
Be Oe De Of the waste with an increase in tne amount of seed-
inz materialse The curves for the 15 and 20 day incubatlions
have shown a tendency to flatten out and even to decline
with the amount of seeding. Such decline cannot be explalned
by the wrlter,

Graph lo. 5, being a composite of graphs No. 6, Noe. 7
and Yo, 8, shows azain that the Bs Oe De Of a 0.5 per cent
milk waste varies directly as the amount of seeding nearly up
to the tenth doy of incubation., From thls point on, the
curves tend to come closer together and some even cross each
other, The fact that the curve for the five cc, of seeding
dgcllnes between the tenth and fifteenth days of incubation
cannot be explained., It 18 apparent that the five day
Be Oe De results are not dependable because of the wide
variations in values from 345 to 635 p.pe.me fOr the same
waste wlth amounts of sewage seeding varying from nothing to
5 cce

Graph lioe 9 shows the number of bacteria per cce. present
in the Be Oe De bottles after the incubation period for the
bottles which contained only diluting water and seeding
material. The curves reprasenting the growth in the bottles
with no ssed and with 1 ce. of seed show the typical lag

in the growth to maximum number of organisms, while the other



alle

curves show a rapld increzse in the first two days and a
gradual decline over the remainder of the reriode. The lag
in the development of growth in the sanples with no seed
and a2 small amount of sced 1s present bHut not so pronounced
In the dllutlons of the 0.5 per cent milh waste as shown
by gr.vh 0. 10

Grach oe 11 compares th2 number of bacteria with the
Be Oa De Of & sanple containing 1 cc. of sowace seeding, over
the twanty-day incubatlon periode It shovs how the number of
orzanigis present In a Be Os De Hottle iIncreasss ranidly to
a maxiaua in the first one or tvw days, tlien as the relative
amount of fond per orzanism dacrenses thae bacterinl poprula-
tion must and does decrease steadlly ovér the remainder of
the 1Incubatinsn perinde As the nun’asr of organlsrus decrease
becausas of a dacre2sa2 of fo04 or oxldizable orzanic matter
the dally 3. Ce Ds values decrecsees In othier wor™s the
increxnent of increasz 1n Be Oe Da volues decrezses during
the lnocubztlon paricde This fact iIs clenrly showvm by graph
I'oe 12 which gives the increment of increase of Be Oe De
values Jor each day, over the value for the preceeding

reriod of incutetinn,

CHITLUSIONS
1, With this waste selected 1t was found that the
Be Oe De incrensed in direct rrorortion to the amunt of
sewace seedinge

2. The bacterial population of the B. 0e D. samrles



was found to increase rapldly in the first one or two days
to a naxlum then gradually dron as thae incubatisn period
nroceeded.

3« From the results obtained no definite amount of
seadlinz c=n He s2ild to be the »ripar ancunt to gilve the
axact value of the B, Ce De of this waste.

4, It is quite cortain that by using the 5 day Be O« De
valves we =2re llable to a wilde variation 1n results as eclearly
gshowm by uzranh 710 5e

5« It was foundl that t1in dnlly Be Oe 2o curves follow
the s2m7? ganzral trend as do the curvas for tho number of
orianisms rregent in the B. Ne De bottles as shown by

cnzaring gronhs TTo. 10 anl o 12,

TARULATED DATA
Trial ¥ oe 10
Sseding materisl count - 33,000 bacterla per cc.

0.5 per cent milk waste

Days Be O¢ De = DePelle
inCue 10 lcc. 3@0- 5030
bation goed seed geed geed
2 44 323 230 363
5 420 552 5313 520
10 722 603 636 TO4
15 723 312 556 412

20 734 604 732 560



Trial to. 2
Sa2ding material count - 110,000 bacteria per cce.

Ce5 par cent millk waste

:}lys B. O. D.-p.}).m.
incu- o lcce 3cc. 5cce
bation seed sa~d secd secd
2 36 253 272 300
5 132 4505 540 752
10 415 515 z02 356
15 pls 716 738 G535
20 oLl 7232 734 330
Tays Toe Of TZocteria per cce
incu- o lecce. 3CCe 5cce
bation gerd peed sced sced
2 34,000 £50,000 200,000 £0C,0C0
5 30,000 40,000 13,00 45,0C0

10 150,000 627,000 51,300 40,000

15 6,500 3,500 1,600 3,000
22 1,500 2,000 1,000 3,000
Trial "'oe 3

Joeding 'aterial Count - 93,000 bacterla per cce.
0.5 per cent milk waste
nys Be O De = NeDelle

incli- e lc=e 3Cce 5cce
bation gecd gsoecd sced g2o0d

2 200 312 2006 334
5 4373 512 533 o4
10 534 615 €23 720
15 A3 Sho 5G4 €43

20 724 576 734 560
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