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(57) Abregée/Abstract:
In order to determine the biological oxygen demand of sewage, a sample of sewage Is taken into a reaction vessel (1) in which
there Is a biological bath (2) which is kept moving turbulently by an agitator (6). An oxygen probe (8) measures the oxygen
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(57) Abrege(suite)/Abstract(continued):

consumption per unit time. The biological oxygen demand is determined from the dilution ratio between the sewage sample taken
and the dilution water in the reaction vessel (1) and from the oxygen consumption per unit time. After each measuring cycle the
reaction vessel (1) Is rinsed with diluting water and Is then ready for another measuring cycle. The reaction vessel (1) penetrates
Into the sewage to be tested. The sewage sample enters the reaction vessel (1) via an aperture (12).
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In order to determine the biologi

ogical oxygen demand of Sewage, a sample o
sewage is taken into a reaction vessel ' ' '

(1) in which there is a biological bath (2) which i.
kept moving turbulently by an agi (8) measures the oxXyger
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Process and device for determining the biological oxygen demand of sewage

The invention concerns a process to determine the biological oxygen
demand (BOD) of sewage, whereby a sewage sample is mixed
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Rl Lo-mass with the dlluted sewage

(BOD) represents an important

h 3 ge, because the
Filth loading of Sewage predominantly dependg on biologically

degradable substances.

The common idesg in the known processes Lo

determine this degree of fil

th is that a bio-mags, consisting of

collcentration in the biolo

CO determine the biological oxygen dema

Filih of

Che sewage to be analvyvzed.

In a known process of the Lype named ait the beginning (EP-B-0 049

887) which, in contrast to

the previously known

brocesses, brought a basic¢ improvement and acceleration of BOD




FROM BDSM 703 836 202! CA 02234623, 12285995 904:02/8T. 13:59/N0. 4260034741 P 6

determination, a sample stream of the sewage to be evaluated was
dilured before its continuous entry into the biological bath by

means of the constantly measured introduction of dilution water

at a predetermined degree of dilution. The oxygen concentration

was mcasured before entry into the biological bath and after 1its

exit from the biological bath. The average measured value was
kapt constant at a predetermined value by changing the degree of
dilution. This degree of dilution serves to determine the
biological oxygen demand. The turbulent circulation of the bilio-
mass in the biological bhath, which is required for a satisractory

rocaction specd, occurs by mcans ot the continuous pumping 1in a

loop of the fluid contained in the biological batli.

The device regquired foxr the conduct of this process is relataively
complicated, because a regulated amount of the sample stream and

Sy

tthe dilution water is required. Measurement of the oxygen must

ocour at two locations. An additional pump is regquired to pump

~he fluid out of the biclogical batli.

jo—

1t is thcorefore the task of this invention to so formulate a

process of the type named at the outsget, that it can be performed

simply, gquickly and with little regquirement for egquipment.

3
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The task of the invention is solved by a predetermined amount of a
sewage sample being added to a biological bath filled with oxygen-saturated
dilution water and intermittently mixed, so that the controlling oxygen consumption

per unit of time can be measured and the biological bath can be rinsed with

dilution water.

This process is intermittently performed and, after calibration of the
operating conditions by means of one or more measurement cycles, results in a
measured value for the biological oxygen demand in the sewage evaluated during

each individual measuring cycle.

According to one aspect of the present invention, there is provided

process for determining a biological oxygen demand of a sewage sample

- comprising the steps of: in an intermitting operation, rinsing a biological bath

provided in a reaction vessel with oxygen saturated and moderated tap water,
and, when the rinsing process is completed and a water mixture present in the
reaction vessel from a previous measurement cycie has been replaced, mixing in

the biological bath the sewage sample with the oxygen saturated and moderated

- tap water at a predetermined degree of dilution to receive a diluted sewage

sample; providing a predetermined quantity of bio-mass which is formed from
aerobic microorganisms in the biological bath; measuring an oxygen concentration
present in the biological bath which changes as a result of a biological reaction of
sald quantity of bio-mass with the diluted sewage sample; determining a resultant

oxygen consumption per unit of time.

According to another aspect of the present invention, there is
provided device to perform the process as defined herein incorporating a reaction
vessel to accept a biological bath, a dosing device for the sewage sample, an

introductory device for the dilution water, a device to determine the oxygen

~ concentration in the biological bath and an agitator for the biological bath, wherein

the reaction vessel is a closed container into which a feed line for the dilution

water empties, wherein the device to determine the oxygen concentration
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manifests an oxygen probe placed in the reaction vessel, and wherein the reaction
vessel is in contact with the sewage to be evaluated by means of an opening
which serves as a feeder opening for the sewage sample and as an exhaust

opening for the rinsing of the biological bath.

The necessary requirement for fluids limits itself in the process of

- this invention to one sewage sample being brought into the biological bath during

each measurement cycle and the bath being rinsed with dilution water after each

measurement until the content of the biological bath with respect to biologically

- degradable matter is so small that it can be discounted. Since the dilution water is

hereby introduced in a non-proportioned manner, no pump is necessary; a mere
connection to a water line will suffice. For the proportioned addition of an amount

of

43
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scwage, a very gimple, intermittently operating positive

dispvlacement pump will suffice. The proceosg <¢an thexrcforc be

performed gquickly and simply with very little eguipment needs,
whereby a satisfactorily high degree of measurement can be

achieved.

In a favored execution model of the inventicon it s envisioned,

that a constant degree of dilution can be regulated during each

process cyele by means of the addition of a congstant amount of

the sewage gample and that the biological oxyvgen demand will be

determined from the oxygen consumption per unit of time and the .
degree of dilution. The constant degree of dilution is achieved
in a very simple mannex, in that during each process cycle a
consgtant amount of sewage zample 1s snlroduced into the

Biological bath.

noetead of that, it is also possible in each process cycle to so

proportion the amount of the gewage sample, that a predetermined

constant oxygcen consumption per unit of time i1s regulated in the

biological bath and that from the currently selected degree of

dilution the biological oxygen demand can be determined.
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The invention involves an advantageocous device to perform a

process . Proceeding from a known device (EP-B 0 049 887) with a

reaction vessel containing the bioclogical bath, a proportioning

doevice for the sewage sauple, an introductory devicce for the

Adilution water, a device to determine the oxygen concentratlon in
the biological bath, and a circulation device for the bioclogical
path, the device of the inventaion is thereby characterized by the

reaction vegsel being a closed container into which a feeder line

for the dilulion waler empllies, by the device to determine the
oxygen demand per unit of time manifestirig an oxygen probe placed
1n the reaction vessel, and by the reactlon vesgel being
connected bto the sewage to be measured by means of an opening
whichh serves as an entrancce opening for the sewage sample and as

an exit opening when rinsing the biclogical bath.

biaines which carry sewage and thus can become dirty are completely

absentt here. Thisgs system through which fluids do flow consiats

basically only of a reaction vessel, which as a result of the

biological rcactions taking place therein and the rinsing

procedure, can operate largely free of maintenance.

In a favored execution model it 18 envisioned, that the reaction

6
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vessel forme a probe head that can be dipped into the sewage Lo

be cvaluatcd. The device takes up only a gsmall amount of space

and can be brought to various measuring locations in a simple

manneyx, whereby it is only necessary to lowexr the probe head into

S

the soewage to be evaluated.

All essential devices required for the measuring rprocess can e

combined in a probe base Lo which the reaction vesgel shaped as a

prole head is attached. The measuring probe thus formed, which

can be lowered into the sewage to be evaluated, need only be

connected to a central station, at which evaluaticn eguipment i1s
located, by means of a water line f£or the dilution water and an

electric line for pump and agitator operation, as well as

measuryrement and control connections.

Othexr advantagecus variationg of the invention are the objects of

other sub-claimg.

In Lhe following section execution models of the invention are
described in more detail based on a drawing. The cdrawing shows in

a simpiitied ftashion a device to determine the biclogical oxygen

f-

demand of sewage, whereby the measurement probe is shown in a

7
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longitudinal view.

In a basically closed, cylindrical, long, reactior wvessel 1 there

15 & biological bath 2 containing a freely movable growth body 3.

The growth body 3 which, for example, can be constructed as a

hollow cylinder manifeste growth surfaces for aercbic micro-

organisms which form a bio-mass. The bio-mass is capable of

decomposing bio-degradable materials by consuming the oxygen

released .

The reaction vessgsel 1 is placed in a sealed manner on 4 probe

base 4 and is dipped into the sewage to be evaluatad in order to

pertform Lhe measurement .

The shaft of an agitator 6 which is powered by an electric motor
7 1ls positioned in the probe base 4 and constantly agitates the
biological bath 2. The agitator 6 which extends inLo the reaction

vessel 1 thus reprcecsents a circulation device for the biological

bath 2.

A oxygen probe 8 18 positiocned in the probe bagce 4 and measures

8



\ & adw g 4"

FROM BDSM 703 836 2021 CA 02234695 1998-04-094:03/8T. 13:59/N0. 4260034741 P 172

the oxygen consumption per unit of time in the biological bath 2

and furnishes that measured value to a central control device 9.

OXygen-gsaturated dilution watey can be introduced inteo the

reaction vessel 1 by means of a water line 10 in which a valve

activated by the control device is located.

In its lowex portion the reaction vessel 1 manifests an opening

12 which serves as the entry opening for the sewage =ample and us

Che exit opening during the ringing of the biological bath 2. The
blological bath 2 is in contact with the surrounding scwage 5

through this opening 12.

A suction pump of the positive displacement type 13 attached to

Che recaction vessel 1 and located in the probe base 4 serves as

the proportioning device for the introduction of the sewage

sample. In the execution model shown, this suction pump 13

incorporates a suction piston 14 whose cylinder 15 is connected

—

-0 Lhe reaction vessel 1. Power is provided to the suction p1amp

by an electriec motor 16 which is supplied with currcent by the

control device 9.

A measurement cycle runsg, for example, as follows. The growth

S
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bodies 3 are kept in turbulent motion in the biological bath 2 by

Lhe agitatfor 6. Each measurement cycle begins with the ringsing of

the reaction vessel 1 with OxXygen-saturated and moderated tap
water by means of tlie opening of valve 11. The tap water then
Lilows into the upper part ol the reaction vessel 1. The water

already inside leaves the reaction vescel 1 through the opening

12 1n the lower part of the reaction vaessel 1.

When the rinsing process is completed and the water mixture in
Lhe reaction vessel 1 from the pPrevious measurement cycle has
been replaced, a constant, predetermined amount of sewage is

sucked through the opening 12 into the reaction vegsel 1 by means

Oof an upward movement of the suction Piston 14. Because of the

introduction of sewage Lhere arises in the bioclogical bath 2 a
nutrient mixture consisting of dilution water and sewage which

S€rves as the nutrient pbase for the bio-mass. The suctlon piston

L4 raturns to its lower initial position, in order to prevent the

interior of the cylinder 15 from containing an unsatisfactorily

mixed amount of fluid. In place of a siuction piston 14 a positive

displacement piston can also be used.

I'he degree of dilution, i.e.. the relationship between the amount

10
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ol sewage sample sucked in and the volume of the reaction vessel

1, 18 80 selected, that the BOD concentration ol Lie mixture lies
1n a range 1in which a largely linear relationship exists between
Che BOD concentration and the amount of oxygen breathed by the

bio mass. This relationship is known from the so-called Michaelis

equation which was described in EP-B 0 049 887.

The constant degree of dilution and the resultant oxygen

consumption pcr unit of time, which was determined by the oxXygen
concentration measured by the oxygen probe 8, are furnished to an
evaluation computer in the central control device 9 for the
delcrmination of the biological oxygen demand. The delLermined

level ©Of BOD is displayved on an indicator device and registered.

AfFter completion of the measurement the reaction vessel 1 ig

rinsed in the manner previousgly described by the introduction of

dilution water through the line 10. The reaction vessel 1 1S

Lhereafter ready for another measurement cycle. The measuring

Lhus occurs intermittently in a batch procedure.

Another possibility for calculating the BOD consists of so

selecting the amount of the sewage sample sgsucked in, that the ROD

11
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composition of the mixture remains basically constant during each

measurement cycle. In the process, then, the previous measurement

.

1s used to correct the

following measurement. The oxygen

consumption of the organism

1]

must be kept congtant 1in the process

and serves ag a guide value. Here the suction pump 13 is

s

nrigured as an adjustable dosing pump, whereby, for example, a

O

C

stroke control of the suction piston 14 is used.

The BOD is determined from the currently selected degree of

dilution by means of an evaluation computer in the control unit

5.

By the use of additional mcasurement probes of the same type

construction the toxicity of the sewaye could simultaneously be

Mmeasured 1n addition to the BOD. To do that the first measurementc

probe 18 operxated in the manner described above tce determine the
BOD. With regard to the second measurement probe a basically

greatexr amount of sewage i1s sucked inte the reaction vessel 1

during each meagurement cycle, in order to achieve so low a

degree of dilution, that maximum oxygen consumption occurs by the

kio masg, in so far ags no Loxicity is present in the sewage. In
the process the degree of dilution in the first measurement probe

12
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15 always selected so large, that if there is toxicity in the

saewage, there will be no influence on the measureme:nl resulfts of

the measuring probe because of the toxicity. On the other hand

the degree of dilution in the second measurement probe is always

selecled so high, that any toxicity present in the sewage has a

negative effect. The BOD concentration of the mixture of sewage
and dilution water in the second measuring probe is purposefully

selected at least five times greater than in the first measuring

0

probe. Tf both measuring probes show the same BOD value of the
sewage, then no toxicity is present. A difference in the rtwo

measzured BOD values shows the degree of toxicity.

The oxygon consumption in a constant sewage pbiolocy for normal

communal sewage 1n relation to the BOD tg almost lincar until

approx. 25 mg/l. For examplce in the measurement probe described

CO determine the BOD with a volume of 200 ml and a ROD

concentration, X,, of 25 mg/l, an oxygcn consumption, Y., of

about 1 mg 02/min would appear. For a limited time when the BOD

concentration was approaching zero, an oxygen consumption, Y ot

5 2 4

about .12 mg 02/min would appear as base breathing. There thus

regults a linear eguation of the form:

13
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Y = Y... X

Y — 02 consumption in mg/min of a bioclogy of C¢ - 25 mg BOD/1. Y,
1s thereby the base breathing value of .12 mg 02/min.

The constant, m, thus results for the linear eguation:

m - Y, - Y, = 1,0 - 0.12 = 0.035 mg 02/min
X, 24 mg BOD/1
There thus results the BOD concentration X, = 25 mg BOD/1.

For a constant gsewage-dilution watey ratio of 1:20 the BOD

measuring probe will determine a BOD concentration of 0 - 500
mg/l. The BOD is calculated as follows:

BOD = X - ¥, {1+ n), whereby n is8 the portion of dilution water.
M

Example with numbers:

Y = 0.72 mg 02/min

BOD = D.72 - 0.312 (1 + 19) = 342.8 mg BOD/1
0.035+

Procesg and device for dcectormaining the biological oxyvgen dewmand
of scecwage.

14
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CLAIMS:

1. Process for determining a biological oxygen demand of a sewage

sample comprising the steps of:.

- in an intermitting operation, rinsing a biological bath provided in a
reaction vessel with oxygen saturated and moderated tap water, and, when the
rinsing process is completed and a water mixture present in the reaction vessel
from a previous measurement cycle has been replaced, mixing in the biological

bath the sewage sample with the oxygen saturated and moderated tap water at a

- predetermined degree of dilution to receive a diluted sewage sampie;

- providing a predetermined quantity of bio-mass which is formed

from aerobic microorganisms in the biological bath;

- measuring an oxygen concentration present in the biological bath

~ which changes as a result of a biological reaction of said quantity of bio-mass with

the diluted sewage sampile;
- determining a resultant oxygen consumption per unit of time.

2. Process according to claim 1, wherein the steps of mixing the

- sewage sample with oxygen saturated and moderated tap water, of measuring the

oxygen concentration present in the biological bath, and of determining the
resultant oxygen consumption per unit of time are performed intermittently
between steps of rinsing the biological bath with oxygen saturated and moderated
tap water, and wherein a constant degree of dilution is regulated in the biological

bath by means of introduction during each measurement cycle of a constant

~ amount of the sewage sample and wherein the biological oxygen demand is

determined from the resultant oxygen consumption per unit of time.

3. Process according to claim 1, wherein the amount of sewage sample

Introduced during each cycle being so proportioned, that a constant,

~ predetermined oxygen consumption per unit of time occurs in the biological bath

and that the biological oxygen demand can be determined from the currently

selected degree of dilution.

15
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4, | Device to perform the process according to any one of claims 1 to 3

incorporating a reaction vessel to accept a biological bath, a dosing device for the
sewage sample, an introductory device for the dilution water, a device to
determine the oxygen concentration in the biological bath and an agitator for the

biological bath, wherein the reaction vessel is a closed container into which a feed

line for the dilution water empties, wherein the device to determine the oxygen

concentration manifests an oxygen probe placed in the reaction vessel, and
wherein the reaction vessel is In contact with the sewage to be evaluated by
means of an opening which serves as a feeder opening for the sewage sample

and as an exhaust opening for the rinsing of the biological bath.

- 9. . Device according to claim 4 wherein the reaction vessel forms a

probe head that can be dipped into the sewage to be evaluated.

6. Device according to claim 5 wherein the dosing device for the
sewage sample is a suction pump of the positive displacement type attached to

the reaction vessel.

7. Device according to claim 6 wherein the suction pump manifests a
suction piston or a displacement piston whose cylinder is connected to the

reaction vessel.

8. Device according to claim 4 wherein the agitator for the biological

bath extends into the reaction vessel.

9. Device according to claim 4, 5, 6 or 8 wherein the oxygen probe, the
suction pump and the agitator are combined in a probe base on which the reaction

vessel is attached in the form of a probe head.

16
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