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I. INTRODUCTION 

The ult1mate stabilization of the decomposable organic 

material found 1n domestic sewage and certain industrial 

wastes 1s attainable only tl~ough complex reactions of a bio

chemical nature. Chemically these reactions are of the 

oxidation-reduction type in which both free and combined 

oxygen play an essential part. InvestIgators have long ex

perienced dlrficult~r 1n develo satisfactory control tests 

for sewage treatment processes due to the fact that in sewage 

mixtures many separate oxidation-reduction reactions are 

taking place simultaneously. 

Control tests have been developed progressively from the 

crude putresclbl11ty test to the relative stabilIty deter

mination and Dlore recently to the chemical oxygen demand 

(C.O.D.) and the biochemical oxygen demand (B. O.D.). The 

B.O.D. test has been accepted as the standard method for 

determining the amount of decomposable organic matter present 

in se~age. Since the B.O.D. test measures the amount of ox

ygen utilized in the stabilization of the sewage for a 5'-day, 

200 centigrade incubation period, immediate results cannot be 

obtained. Investigators have attempted without success to 

develop a more rapid type of Il1easurelllent than the standard 

B.O.D. test. 
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II. REVIEW OF LITERATURE 

Clark(l) found that an electrical potential exists within 

an oxidation-reduction system and that as long as certain 

other conditions remain unchanged, the potential 1s quanti

tatively dependent upon the ratio of oxidant to reductant 

present. The oXidation-reduction (O-R) Fotential concept vvas 

further 1nvestigated by HeVJitt(2) who applied the fundamental 

theories to biological systems. He expressed the O-R pot

ential in terms of electron migration in which the loss and 

gain of electrons result in oxidation and reductlo~ respec

tively. In an oxidation-reduction system, when one sUbstance 

1s oxidized, another 1s simultaneously reduced. 

Rohlich (3) vias the first to apply the O-R potential to 

the study of sewage mixtures. He concerned himself prin

Cipally with a highly aerobic treatment process (activated 

sludge) in which dissolved oJtygen (D.O.) concentration plays 

an essential part. It was shovm that the oxidation-reduction 

potential of activated sludge-sewage mixtures becomes more 

posItive as the system becomes more oxidized. Moreover, good 

correlation was found to exist between the stage of oxidation. 

as measured by the rate of oxygen utilization, and the O-R 

potential. The O-R potential increased positively through

out the aerobic units of the plant when tl'lO overall treatment 

system appeared to be functioning properly. 
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Hood(4) prompted by Rohllch's(3) work with activated 

sludge, endeavored to apply O-R potential principles to the 

efficient operation selvage treatment processes in general. 

found that under normal operatIng conditions, one may ex

pect to find positively ascending values for the O-R potential 

as the hydraulic descent is made through the plant. Any unit 

or units which does not increase proportionally the potential, 

under normal conditions, may be accepted as not functioning 

properly. Hood 1s findings suggested that it would be a 

simple n~tter to detect offending units within a system mere-

ly by noting those units which do not increase the O-R potential 

of the sewage mixture. 

Hood and Roh11ch C,) in an attempt to establish quanti

tative values for O-R potential eXisting within the treatment 

plant, found that potentials occurring in normal oxidation 

processes varied from + 200 to + 600 millivolts while those in 

anaerobic processes varied from -100 to -200 millivolts. This 

investigation indicated that early detection of conditions 

detrimental to proper operation of plant can be made by 

utilization of an O-R potential survey. 

porter(6) expressed the characteristics of the O-R poten

tial as an "intensity factor" rather than a "capacity factor". 

In this respect, O-R potential may be considered similar to 

temperature, as temperatt~e gives one no information as to 
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the hea.t ca.pacIty, just as the O-R potential gives one no 

indication of upoising effect", the capacity term used in 

O-R systems. Falson(7), however, explored the possibIlity 

that normal domestic seVjsge is sufficiently uniform in 

composition to allow a correlation to be made between the 

intensity factor, O-R potential, and the capacity factor, 

B.O.D. Working with unsettled sevJags, Faison was unsuccess-

rul in establishing such a correlation. 

The present investigator, knowing that settled sewage 

exhibits greater uniformIty, felt that Faison's investiga

t10n should be continued on settled sewage. 
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III. OBJECT OF INVESTIGATION 

The object of this thesis research was to determine 

whether or not a correlation exists between values obtained 

from performing the standard biochemical oxygen demand 

determination and the oxidation-reduction potential deter

mination on settled sewage. The samples were collected from 

the effluent of the primary clarifier at the V.P.I. Sewage 

Treatment Plant. The results obtained from these two tests 

VJere to be statistically compared and the degree of correla

tion was to be ascertained. 
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IV. THE INVESTIGATION 

The research invest1gation consisted essentially of per

forming two different determinations, B.O.D. and O-R potential, 

on similar samples of settled sewage. The samples were obtain

ed from the effluent of the primary settling tank of the 

V.P.I. Sewage Treatment Plant. The inherent characteristics 

of the two determinations together with the ex1sting local 

conditions prompted the division of the investigation procedure 

into three distinct phases. (1) the colleetion of the samples; 

(2) the initial laboratory work; and (3) the final laboratory 

work. The investigator attempted to minimize procedural errors 

by making every effort to maintain a consistent technique 

throughout the investigation, paying particular attention to 

the time element to insure the elapse of the same increment 

of time between successive phases of the determinations. 

The initial phase of the investigation consisted of 

collecting the necessary samples for the O-R potential, and 

performing the B.O.D. and the D.O. tests. The D.O. samples 

were fixed immediately er collection to insure a more 

representative value. The samples 'Vlere carried at once to 

the laboratory where the second phase of the investigation 

could be initiated. 

The initial laboratory work was divided into three parts: 

(1) the determination of the D.O. of the un.diluted samples; 

(2) the preliminary work on the B.O.D. test; and (3) the 
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Plate 1. 

The Site of the Investigation ',as 

The V.P.!. Se age Treatment lant 
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O-R potential determinations. The initial 'work on the B.O.D. 

test consisted of preparing a duplicate range of dilutions 

from the raVl se\'u~.get incubating one set of samples and per

forming a test for dissolved oxygen on each sample of the 

second set of dilutions. 

The third and final phase of the investigation consisted 

of performing tests on the incubated B.O.D. samples to deter

mine the dissolved oxygen content. Calculations of the 5-day, 

200C B. O.D., of the sev~age, 'Were then made on the basis of 

the initial and final dissolved oxygen content of the dIluted 

B.O.D. samples. These values 'VIere tabulated and filed for 

analysis following the completion of the research. 

Ihe St§ndard Blochem!cal Oxygen Demand Determ1natfon 

The biochemical oxygen demand 1s the quantity of oxygen 

utilized by bacteria in the stabIlization of decomposable 

organiC material. The B.O.D. values 'Were determined by the 

dilution method using the Alsterberg Modification of the 

Winkler Method(S) for determinIng the dissolved oxygen content 

of the samples, The 5-day, 20°C B.O.D.'s were determined 

with the results expressed 1n parts per million (p.p.m.), 

ApPSlratus: 

The sample VJas collected in a two (2) liter bottle, using 

rubber gloves, The dilution water was prepared, aerated, 
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Plato 2 . 

The Apparatus Used in the 

B. D.D. Determination 
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and stored in carboys of approximately twenty (20) liter ca 

city. Just prior to making the dilutions, the dilution \nIter 

was seed ed VJ! th s e by using a pi te while the water VJ8S 

contained 1n a four (4) liter aspirator. The aspirator was 

equipped with a two (2) foot rubber hose, a stopcock, and an 

eighteen (18) inch glass tube to facilitate the fIlling of 

the graduated cylinders. Four-one (1) liter graduated cy .. 

linders, a one hundred (100) milliliter pipette, a fifty (50) 

milliliter pipette, a twenty-five ( ) milliliter pipette, 

and a siphon were employed in the dilution and the trans

ference of the samples. Several three hundred (300) milliliter 

B.O.D. bottles were used for hold diluted samples both 

for the initial and final dissolved oxygen determinations. 

Dropping bottles were employed to hold the reagents and to 

facilitate their addition to the B.O.D. bottles. After beine 

fixed, the nere transferred from the B.O.D. bottles 

to four-two hu.11dred and fifty (250) m111111tel"l Erlenmeyer 

flasks by means of a two hundred (200) milliliter pipette 

and a four (4) milliliter pipette. titratlons were e 

with a burette. The samples were titrated in Erlenmeyer 

flasks. A 200 B.O.D. incubator furnished the proper condi

tions for the incubation of the dllp11cate samples. Other 

miscellaneous standard laboratory equipment were used in 

preparation of the reagents and performance of. the B.O.D. 

determination itself. 
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Qqllectlon of the Sampl~§: 

The sewage required for the B.O.D. determination was 

collected immediately after the collection of the sample for 

the O-R potential. The ngrab method" of sampling was used 

since a representative sample was not required in these 

correlation studies. The sample was collected in a clearly 

marked, clean, wide-mouthed stoppered bottle. The time of 

collection was carefully noted to act as a check on con

sistent laboratory procedures. The bottle was filled by 

carefully holding it horizontal with the mouth pointed in 

the direction of flow, being careful to avoid undue turbul· 

ence. The sample thus collected was stoppered and inllTIediately 

carried to the laboratory for the second phase of the 

investigation. 

Preparatign of the. Simples: 

After collection of the sample. it was immediately 

brought to the field laboratory where a duplicate range of 

d1lutions VJere made. These dilutions \,ere made by placing 

the necessary quantities of the sample, de ing on the 

dilution desired, in each of the four-one (1) liter graduated 

cylinders. Being very careful to avoid agitation, the seeded 

diluting '''Jater ":as then added froin the aspirator until the 

solution reached the l1ter mark. In order to act as a control 

on the amount of oxygen utilized by the diluting ~ater alone, 
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one cylinder contained only the diluting water. Two-three 

hundred (300) milliliter B.O.D. bottles were then carefully 

filled by using a siphon from each of the cylinders. Prior 

to performing the final test, one complete range of samples 

was placed in a 200C incubator to allow for a 5-day deple

tion of dissolved oxygen. The other duplicate range was set 

to facilitate the determination of the initial dissolved 

oxygen content of the sample. 

It et ermina t ion I 

The Alsterberg Modification of the Winkler Method was 

used in determining the dissolved oxygen concentration on 

all the B.O.D. samples. The oxygen depletion in the samples 

was indicative of the amount of decomposable organic matter 

present to be stabilized aerobically by the bacteria. There

fore, a quantitative determination could be made of the 

"concentration" of the sewage. For an example of E.O.D. 

calcula.tions refer to Appendix F. 

Qxldat1on-Reduet1gn Potential Determtpat!pn 

The Oxidation-Reduction Potential \Vas determined by 

measuring the electrical potential existing in the sample by 

mea.ns of a pH meter the proper electrodes. The O-R 

potential in a liquid is due to the respective concentrations 

of oxidant and reduc,tant present. 
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!pparatus: 

The apparatus required for determination of the 

Oxidation-Reduction Potential in the s~wage samples consisted 

essentially of a Beckman Model N-2 pH meter with the proper 

electrodes. ~hree (3) platinum electrodes were used to serve 

as a check for any variations which might occur due to opera

tional dIfficultIes, and the average of the readings recorded 

as the O-R potential value. A calomel electrode was employed 

as the reference electrode. ,A thermometer VJas used for ad

justing the temperature compensator on the pH meter. A 

stand \'Jas used for hold the three platinum electrodes an 

equal distance from the reference electrode in the actual 

determinations. A three-way switch was utilized with the 

three plat1num electrodes, thereby elIminating the necessity 

of a great deal of rewiring of the electrodes to the main 

meter unit. The solution was contained in a fifteen hundred 

(1500) milliliter beaker during the test. Other apparatus 

employed were a wash bottle, a small beaker for standardiza

tion, and several pin jack connectors. 

Maintenenqe end Operatign of the pH mete£1 

Since the measurement of the Oxidation-Reduction Poten

tial depended upon the proper care of the meter and electrodes, 

great care VJSS taken to carefully fo110173 the manufacturers t 

instructions. In general this consisted of carefully 'washing 
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Plate 3. 

The Apparatus Used in the 

O"R otentiul Determination 



and maintaining the electrodes, frequent checks tor any drift 

in the meter, routine checks for standardization variation, 

and utmost care in handling the meter and electrodes. For 

additional information, refer to Appendix C. 

TAe CQllegtion 24 tp~ Sample: 

The sample of sewage was collected in a clean, f1fteen 

hundred (1500) milliliter beaker by placine it under the sur

face of the set',!sgo in an inverted position and then turning 

it back to its normal position allowing it to be filled y;lth 

the sewage. A mark was etched into the beaker markine that 

volume which was consistently collected. The time of collec

tion 1Nas carefully noted in order to alloVJ the same increment 

of time to elapse b een the various readings. Rubber 

gloves Viera used since the beaker wa.s immersed in the serJage. 

The sample, upon collection, was carried immediately to the 

field laboratory vJhere it was allo1Jved to settle before the 

Oxidation-Reduction potential determinations were made. 

Perlormance of the T§st: 

The temperature of the sewage s81nple vIas determined at 

once, and recorded as the field temperature. Inasmuch as 

pH exerts an influence upon the values obtained for the O-R 

potentIal, the pH of the sewage '"Jas determined also. The pH 

was determined with the Beckman meter with the exception 



that a glass electrode was us in lieu of the platinum 

electrode. For more detailed :i.nstruct1ons on use of 

the pH meter, see Appendix C. 

Upon collection of the sample, the filled beaker was 

placed in its proper position allowed to settle for ex-

actly thirty (30) minutes. After the proper adjustment of 

the meter read1ngs 'Jere .then made to determine the electrical 

potentIal measured with each electrode. The values were not 

allowed to deviate more than five (5) percent from the aver

age of all three electrodes. This tendency to deviate was 

eliminated 1n most cases by caxJefully cleaning the electrodes. 

The average value giVen by the electrodes was used in cal

culating the millivolts for the correlation of the research 

data. 

A similar reading was made at the end of another thirty 

(30) minutes time interval on a sample obtained from the 

B.O.D. sample bottle. It was constantly necessary to clean 

the electrodes and vigilance t~as required to eliminate false 

readings due to operat1onal difficulties. The temperature 

of the sample "v"JSS det€~rm1ned and recorded as the laboratory 

temperature. 

For a more detailed discussion of the procedure, refer 

to .Appendix C. 
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Procedwe 

At the beginning of each series of determinations the 

necessary apparatus was assembled 1n the laboratory to allow 

the tests to be made with a minimum elaspe of time. The 

same arrangement of apparatus was used in each test to pro

mote similar condItions and increase the accuracy of technique. 

The pH meter was standardized and the electrodes were care

fully cleaned as described in Appendix C. The necessary 

containers used in collecting the samples Viere then carried 

to collection point and the first phase of the testing 

procedure was initiated. 

CglleQtlgD of the SaWQ1~§: 

Four separate samples were collected for the initial 

laboratory phase of the investigation. The first was collect

ed in a 1500 milliliter beaker for the initial O-R potential 

determination; the second was collected in a four liter 

bottle to be used for the B.O.D. test and the second O-R 

potential reading; and the last two samples were collected 

in 300 millilIter B.O.D. bottles to determine the dissolved 

oxygen in the undiluted sample. The samples were collected 

from the effluent of the primary settling tank at the V.P.I. 

Sewage Treatment Plant. The t of collection of the first 

sample Vlas carefully noted and recorded to insure the same 



Plate 4 . The samples ere Collected from the Effluent of the Primary Clarifier at the V. P. l . Se age Treatment Plant 
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elapse of time between the various phases of the determina

tions, particularly the O-R potential determ1nations. 

ln1t1§1 Laboratory Work: 

Upon collect1on, the samples were carried immediately to 

the field laboratory where the second phase of the procedure 

~as conducted. The two used for the d solved 

oxygen determination on the undiluted sample were in~ediately 

"fixed tt by the addition of the appropriate reagents for the 

Alsterb Modification the ,rinkier liethod. While the 

D.O. VJere being prepared, the O-R potential sample 

was set aside for the pH determination and at the same time 

the ter:lperature VJas checked and recorded as the "field" 

t ture. After record the pH reading, the O-R sample 

was arranged in order to obtain the initial reading after a 

proper "settling" time lvas reached. In this particular in-

vestigation, a thirty-minute period seemed to most favorable. 

The B.O.D. sample was then prepared by adding the proper 

amount of sample sewage to the dIlution water in order to 

obtain a dilution ranee adequate to determine the B.O.D. of 

the After -the duplicate range had been epared, one 

set VJ8S placed in the 200C incubator for five days, and the 

second VJas prepared iately for the initial dis-

solved oxygen determination. This phase of initial 

laboratory work was genera.lly accomplished ior to the 
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initial O-R potential reading. After the first O-R potential 

reading was made and recorded, the f3ccond sample was prepared 

by ref1lling the sampling beaker with a port1on of the re-

maining se'V'lage from the B.O.D. ling bottle. The necessary 

titratlons VJere then made for the dissolved o~Jgen determina

tions on both the diluted B. C.D. samples and the undiluted 

D.O. samples. These values v;ere recorded and, upon completion 

of the final phase of the test, those of the B.O.D. samples 

were arranged to facilitate calculation of the ,-day, 20°C 

B.O.D. of the sample. After an ela e of sixty minutes, 

from the time of the collection of the , the second O-R 

potential reading \vas made and recorded. The temperature of 

the sewage was determined at this time and was recorded as 

the laboratory temperature. 

~he E1nal h§£Qritgry Worg: 

The final phase of the research consisted ot performing 

the final dissolved oxygen determinations on the duplicated 

range of the B.O.D. samples which had been incubated for a 

five-day period at 20°C. The same procedure was follot.1ed for 

the f1nal D.O. determination as was used for the initial D.O. 

determination. The results v~ere recorded and the ,-day, 20°C 

B.O.D. of each set of samples was recorded. 
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§tat1st1cal Correlation pf the :)(;:~ta: 

The results obtained from the laboratory phase of the 

research v,lere tabulated then statistically and graph!-

cally analyzed to det if correlation exists between the 

O-R ential and B.O.D. 

Dati and R!sytts 

The data and results obtained from the investigation 

have been tabulated in les 1 through 5. Figures 1 to 3 

illustrate the graphical r ionship exist between the 

O-R potentials and .O.D. The results of the statis

tical is of the data have be€;n presented in FIgures 

4 through 14. 

The comparisons bet'ween the B.O.D. and the O-R potentials 

have been shovm in Figures 1 2. Figure 3 illustrates 

the variations which occurred between the field and laboratory 

det O-R potential. In order to determine whether 

the data rolloTi a normal probability curve, the field O-R 

potent 1, the laboratory O-R potential, and the B.O.D. values 

were plotted on arithmet1c probability paper in Figures 4, 5, 
and 6. 

The field determined O-R potential was plotted in incre

ments of twenty tests each Inst the B.O.D. in Figures 7, 8, 

and 9. The laboratory determined O-R potent 1 the B.O.D. 



30 

were presented 1n Figures 10, 11, and 12 as in the figures 

devoted to the field determined O-R potentials. The correla.

tion between the B.O.D. and the total field O-R potentials 

1s shown 1n l?igure 13, t,hile the correlation between the 

B.O.D. and the total laboratory O-R potentials is presented 

in Figure 14. Figures 7 through 14 were statistically 

analyzed and the results were added to each figure. For the 

detailed statistical treatment, see Appendix G. 

• 



Test Date 
No 1953 

1 21 

2 23 Ilarch 

3 March 

4 24 March 

'5 24 March 

6 24 March 

7 24 March 

8 30 March 

9 30 March 

10 30 March 

11 30 March 

12 30 :March 

T.ABLE 1. 
RESULTS OF O-R POTENTIAL Ai\TD B.O.D. DETFlRMINATIOrlS 

FOR TESTS 1 TlffiOUGH 12 

.O.D. O-R 
Collection (5-day,200 C) Potential (mv) D.O. 
T1me,Hours p.p.m. field lab. p.p.m. 

1610 71 138 140 2.4-0 

1230 65 260 189 2.73 
1430 55 84 132 2.95 

1300 42 241 221 4.91 

1410 62 208 206 4.15 

1515 62 208 179 4.72 

1700 49 231 216 4.22 

0905 73 269 265 4.57 
1010 53 252 236 3.60 

1345 102 188 171 1.13 

1445 142 188 175 1.;1 

1545 93 181 128 1.47 

.pH 

7.50 

7·42 

7.·48 

7.32 

7.21 

7.2; 

7.37 

7.20 

7.38 

7.32 

7.28 

7.40 

Temperature 
oc 

field lab. 

13.0 16.0 

15.0 17.0 

16.0 19.0 

14.0 18.0 

14.0 18.0 

15.0 18.0 

15.0 18.0 

14.0 16.0 

13.0 16.0 

15.0 17.; 

15.0 17., 

15.5 17.; 

l.v 
1-' 



Tes; Date 
No 19,3 

13 1 April 

14 1 April 

15' 1 April 

16 1 April 

17 1 April 

18 1 April. 

19 3 April 

20 3 April 

21 3 April 

22 3 April 

23 3 April 

24 3 April 

TABI2 2. 
OF O-R POTErrTIAL AND B.O.D. DETEPJJII'lATIONS 

FOR TESTS 13 THROUGH 24 

B.O.D. O-R 
Collection (5-day ,200 C) Potential (mv) D.O. 
TIme ,Hours p.p.m. field lab. p.p.m. 

0900 10, 172 240 3.50 

1000 84 238 208 3.30 

130, 9, 166 150 0.60 

141, 104 166 1,7 1.60 

1500 200 173 150 .90 

1600 182 150 144 .80 

091, 60 266 209 2.80 

101, 80 190 176 1.70 

1300 156 173 155 .80 

1400 92 166 160 1.10 

1,00 80 149 127 1.,0 

1600 84 180 168 .30 

pH 

7.18 

7.20 

7.20 

7.15 

7.32 

7.28 

7.42 

7.30 

7·32 

7.30 

7.35 

7.10 

Temperature 
Oc 

field lab. 

16., 18., 

16.0 18.0 

17.0 19.0 

17.5 19.0 

18., 19., 

18.0 19.0 

15.0 17.0 

15'.0 1° ,. 0. 

16.5 .0 

16., 18.0 

16., 18.0 

16.5 18.0 

W 
J\) 



TABLE • 
OF O-R POTENTIAL B.O.D. 

FOR TESTS THROUGH 

B.O.D. - O-R 
Test Date Collection ( ,20oC-) Potential (mv) 

No 1953 ,Hours p. p.m. field lab. 

25 8 Apr!l 124, 180 69 41 

26 8 AprIl 1330 112 24 0 
-

27 8 April 1430 132 54 2 

28 8 Apr!l 1515 144 1 46 
\. 

29 10 April 0945 62 170 163 

30 10 AprIL 1300 90 153 137 

31 10 April 1400 152 122 106 

32 10 .April 1500 156 119 108 

33 10 Apr!l 1600 148 126 83 

34 15 Apr!l 0845 38 244 214 

35 15 Apr!l 0945 48 184 172 

36 17 Apr!l 094, 34 154 160 

D.O. 
p.p.m. 

0.00 7.35 

0.00 7.42 

0.00 7.28 

0.00 7.25 

2.16 7.50 

1.,1 7.15 

1.65 7.23 

1.79 7.40 

0.71 7.25 

3.72 7.30 

2.92 7.43 

2.97 7.,1 

Temperature 
OC 

field lab. 

17.5 18.0 

18.0 .0 

17., 18.0 

17.5 18.0 

16.5 18.0 

17.5 18.5 

18.0 19., 

17.5 19.0 

18.0 19.5 

14., 16.5 

15.0 17.0 

14.5 17.0 

vJ 
W 



TABLE 4. 
RESULTS OF O-R POTE:UTIAL B.O.D. DETFru1INATIONS 

FOR 37 THROUGH 48 

B.O.D. O-R 
Test Date Collection (5-day,200 C) Potential (mvl D.O. 

No 1953 Time ,Hours p.p.m. field lab. p. p.m. 

37 17 Apr!l 144, 96 133 104 0.42 

38 17 AprIl 1545 84 79 103 0.00 

39 18 Apr!l 1300 113 104 112 0.00 

40 18 April 1400 145 109 94 0.52 

41 18 .April 1500 102 97 104 0.24 

42 18 AprIl 1600 145 94 87 0.00 

43 April 1700 93 103 106 0.75 
44 18 Apr!l 1800 182 71 79 0.00 

4, 18 AprIl 204, 152 106 104 0.00 

46 18 April 214, 172 114 100 0.00 

47 18 Apr!l 2245 140 112 92 0.00 

48 18 April 2345 176 112 109 0.00 

pH 

7·29 

7.10 

7.29 

7.32 

7.42 

7.30 

7.22 

7.29 

7.40 

7.33 

7.2, 

7.25 

Temperature 
°C 

field lab. 

16.0 19.0 

17.0 19.0 

16.0 18.5 

17.0 18.0 

17.0 18.0 

16.5 18.0 

16., 18.0 

16., 17.5 

16.5 17.5 

16., 18.5 

16.0 18.0 

16.0 18.2 

Lv 
~ 



Test Date 
1953 

49 19 Apr!l 

50 19 Apr!l 

51 19 Apr1l 

52 19 April 

53 19 AprIl 

54 19 April 

" 19 April 

56 19 April 

57 19 AprIl 

58 19 Aprl1 

59 19 April 

60 19 April 

TABLE , 
OF O-R POTENTIAL ArID B.O.D. DETERUINATIONS 

FOR 49 THROUGH 60 

B.a.D. O-R 
Collection ( 5-day ,20OC) Potential (mv) D.O. 
Tlme,Hours p.p.m. field lab. p.p.m. 

0045 99 123 118 1.23 7.38 

0145 92 126 127 1.08 7.40 

0245 100 143 138 1.27 7.30 
0345 . 78 147 145 1.93 7.27 
0445 40 166 1,6 2.97 7.23 
0545 36 158 140 3.35 7. 

0845 34 170 161 4.28 7.28 

0945 26 157 153 4.48 7.10 

1045 55 153 148 3·20 7.30 
114; 106 126 126 3.44 7.27 
1245 88 118 109 2.12 7.40 

1345 102 109 107 1.79 7.22 

Temperature 
oc 

field lab. 

1,., 18.0 

15.; 18.0 

15.0 17.; 

15.0 17.5 

15.0 17.0 

14.0 17.0 

15.0 17.0 

14.5 17.; 

14.0 17.0 

15.0 17.0 

15.0 17., 

15.0 17.; 

W 
Vi 
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v. DISCUSSION O}i" RESULTS 

The results obtained from the statistical analyses of 

the investigation data revealed that poor correlation exists 

between the B.O.D. and the O-R potential of settled sewage. 

The field and laboratory determined O-R potentials when com

pared with the corresponding B.O.D. values yielded a variation 

of t 65.46 p_p.m. and:t63.04 p.p.ra., respectively (Figures 

13 and 14). These values were established by a 90% con

fidence limit. 

There appeared to be a general tendency for the O-R 

potential to increase as the B.O.D. decreased. (Figures 1 

and 2.). It 'was also observed that correlation between the 

O-R potential and B.O.D. increased with each successive 

series of tests. (Figures 7 through 12). Better laboratory 

tecl~ique ~as no doubt responsible for this trend toward 

closer correla.tion. The best degree of correlation (t 47.34) 

obtained was between the field O-R potential and B.O.D. for 

tests 41 through 60. (Figure 9). Generally, however, the 

laboratory determined O-R potentials yielded a slightly 

better degree nf correlation than corresponding field O-R 

potential values. This variation can be attributed to the 

longer "settlLl1g" time provided by the labora.tory deter

mined O-R potential 'Which allovlied the system to become 

better poised. T~le investigation also revealed that after 
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all of the measurable dissolved oxygen was depleted from the 

sample, the O-R potential remained at a highly oxidized level 

for some time before it began to decrease. 

It is absolutely essential to meticulously clean the 

electrodes prior to performing any O-R potential determina

tion. ( ee Appendix C). Figure 3 graphically illustrates 

the manner in which variations between the field and 

laboratory deternlned O-R potentials decreased as the in

vestigation proceeded. Both the field and laboratory D-R 

potentials followed a normal probability curve when plotted 

on norw~l arithmetic probability paper. (Figures 4 and 5). 
The dilution water used in the B.O.D. determinations 

caused some difficulty it was aerated and aged for at 

least a week. The B.O.D. values when plotted on arIthmetic 

probability paper followed a normal probability curve 

(Figure 6). 
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VI. CONCLUSIONS 

Based on the rE:sults of the stat:1.stical and graphical 

treatment of the research data obtained on settled sewage, 

the following conclusions are drawn: 

1. Insufficient correlation exists between O-R pot

ential and B.O.D. for the former test to replace the latter 

as a meast~e of the concentration of organic material 

present in sewage. 

2. The D-R potential offers possibilities as a measure 

of the state of oxidation even when the dissolved oxygen 

concentration is low. 

3. Results of the investigation followed closely the 

principles of O-R potential established by Rohllch and 

Hood('). 
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VII. SUMMARY 

The purpose of thIs investigation was to determ1n, 

whether correlation exists between the O-R potential a~d 

the b10chemical oxygen demand of settled sewage. The source 

of the samples was the effluent end of the primary clarifier 

at the V.P.I. Sewage DIsposal Plant. 

The investigation consl.sted essentially of performing 

the standard biochemical oxygen demand determination and 

the oxidation-reduction potential determination on similar 

sewage samples. The data obtained were statistically ana

lyzed and graphically presented. The standard deviation 

VJ&S ascertained and a ninety percent confidence limit v~as 

estab lished. 

The final results based on statistical methods ot 

analysis that no valid correlation exists between O-R 

potential and B.O.D. of settled s e. 
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XI. APPENDICES 



Append!;; A 

Apparatus and Chemicals Employed 

I. Apparatus Employed: 

a. In the Main Laboratory: 

1 Balance, analytical 
1 Balance. triple beam 
1 Barometer, mercurial. precision, 50 ml 

Beakers, Griffin low form, 2,00 ml 
Bottles, storage, miscellaneous size 

4 Bottles, dropping 
1 Bottle, washing 
1 Burette, 50 ml 
1 Burner, Fisher, high temperature 
1 Cylinder, graduated, 1 l1ter 
1 Cylinder, graduated, 250 ml 
1 Cylinder, graduated, 50 ml 

Filter paper 
1 Funnel, 8 inch 
4 Flasks, Erlenmeyer, 2,0 ml 
1 Flask, Erlenmeyer, 1000 ml 
1 Flask, Erlenmeyer, 4000 ml 

Glass tubing 
pH, comparator, Hellinge, a1 
Incubator, B.O.D. 

1 Mortar, Pestle, 100 nun die. 
Pipettes, from 1 ml to 200 ml 
Rubber stoppers 
Rubber tubing 

1 Spatula, 6-inch blade 
1 Support, burette 
1 Thermometer, centigrade 
1 Trj.pod 

Miscellaneous other normal laboratory apparatus 
Aeration apparatus 

b. In the "Field and Field Laboratory": 

1 Beaker, Griffin lov: form, 1000 ml 
1 Beaker, Griffin low form, 50 ml 
3 Bottles, storage, 20 l1ters 
1 Bottle, sampling, 3 lIters 
1 Bottle, aspirator, 4 liters 
4 Bottles, pping, 125 ml 
1 Bottle, vlashing 
Approx. 100 Bottles, B. O.D., 300 roi 
1 Burette, automatiC, 32 oz-bottle 
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4 Cylinders, graduated, 1 liter 
4 Flasks, Erlenmeyer, 25'0 ml 

Glass tubing 
3 Pipettes, 2 ml 
1 Pipette, 4 ml 
1 Pipette, 10 ml 
1 Pipette, 25 ml 
1 PIpette, 50 ml 
1 Pipette, 100 ml 
1 Pipette, 200 ml 
1 Pr. Rubber gloves 

Rubber tubing 
1 Thermometer (Oe) 
1 pH meter, Beckman, a1 i'J-2 
2 Glass electrodes 
2 Calomel electrodes 
3 Platinum electrodes 
1 Electrode stand 
1 Three-way switch 

Cleansing tissue 
1 Beckman 700 terminal connector 

II. Chemicals Employed: 

a. In the Main Laboratory: 

Manganous sulfate OmS04 • H20) 
Pota~;sium hydroxide (KOrr) 
Potassium iodide (KI) 
Sodium azide (NaNs) 
Soluble starch 
Sodium thiosulfate (Na~203 .' 5H20) 
Chloroform 
Ferric chloride (FeCl2 • 6H20) 
Calcium chloride (CaC12 • 2H20) 
liagnesiwl1 sulfate (MgS04 • 7R20) 
Potassium acid phosphate (YJI2P04) 
Sodium hydroxide 
Ammonium sulfate (NH4)2 804 
Concentrated sulfuric acid (HeS04) 
Nitric aoid 
Distilled vlater 
Manganous sulfate solution 
Alkaline-iodide-sodium azide solution 
Starchsolut1on 
Standard sodium thiosulfate 



b. In the Field 

/'1 t; 

Field Laboratory: 

Manganous sulfate solution 
Alkaline-iodide-sodium azide solution 
Concentrated sulfuric acid 
Starch solution 
Standard sodium thiosulfate 
Nitric acid 
Saturate KCl solution 
Distilled water 

, Standard dilution water 
Beckman pH 7.00 buffer solution 

Appendix B 

Preparation of' Heagents(8) 

(1) Nitric acid solution (10%): 

Used in cleaning th~ platinum electrodes in the O-R 

Potential determination. 

Ten (10) millIl1ters of concentrated nitric acid were 

added to ninety (90) milliliters of distilled water. 

(2) Ferric Chloride solut1on: 

Used in the preparation of the standard dl1uting wa.ter 

for the B.O.D. determinations. 

Twenty-five hundred (0.25) grams of ferric chloride 

(Fe C12 • 6H20) were dissolved in one (1) l1ter of dis

tilled water. 

(3) Calcium chloride solution: 

Used in the preparation of the standard diluting water 

for the B.O.D. determinations. 

Tv.'elve seventy-nine hundredths (12.79) grams of 

Ca C12 • 2H20 were di solved in one liter of distilled 

VJater. 
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(4) Magnesium sulfate solution: 

Used in the pre ion of the standard d11uting water 

for the B.O.D. determinations. 

Ten (10.0) grams of 804. 7H20 were dissolved in one 

liter of distilled water. 

(5) Phosphate buffer stock solution: 

Used in the preparation of the standard diluting water 

for the B.O.D. determinations. 

Thirty-four (34) of potassium ac1d phosphate 

(KH2P04) were added to five hundred (500) millIliters 

of distilled water. 

Approximately one hundred and seventy-five (17,) milli-

liters of one normal Ium hydroxide (IN NaOH) , more 

or less, was ad until a of 7.2 was reached, 

One and five tenths (1.5) grams of ammonium sulfate 

(NH4)2 804) was added the entire solution was dilut-

ed to one liter with distilled water. 

(6) standard DIlution vJater: 

Used in the preparation of the samples for the B.O.D. 

determinations. 

To each carboy of distilled water, containing approxi

mately twenty (20) liters, the following reagents were 

added in the stated quantities: ten (10) milli11ters 

of the ferric chloride solution; fifty (50) milliliters 

of the calcium chloride solution; and tv~enty-rive (2,) 

milliliters of the phosphate buffer stc,rch solution. 



The water VJas then aerated for twenty-four (24) hours 

and aged for several days before using. Two (2) milli

lIters of sewage were added to each lIter of the standard 

dIlution water as each separate E.O.D. determination was 

performed. 

(7) Manganous sulfate SOlllt1on: 

Used in the D1Esolved OX'Jgen determinations. 

Three hundred sixty-four (364) grams of MnS04 • H20 

were dissolved in distilled er, filtered and then 

made to one liter. 

(8) Alkaline-iodide-sodium azide solution: 

Used in the Dissolved Oxygen determinations. 

Seven hundred (700) grams of potassium hydroxide (KOH), 

one hundred and fifty (150) grams of potassium iodide (KI), 

and ten (10) grams of sodium azide (MaN3) were dissolved 

separately 1n small quantities of distilled water. The 

solutions of potassium hydroxide and iodide were mixed, 

dIluted to nine hundred and fifty (950) milliliters and 

VJere cooled to room temperature. Then ten (10) milli

liters of sodium azide were mixed with forty (40) 

mil.liliters of distilled water and then it tvas added 

slowlYt with constant stirring to avoid local heating, 

and the entire solution up to one (1) l1ter. 

(9) Concentrated sulfuric acid: 

Used in the Dissolved Oxygen determinations. 
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Approximately two hundred (200) millilIters of con

centrated sulfuric acid, with a specific gravity of 

1.83 to 1.84, were placed in a reagent bottle in order 

to facilitate its use in the field. 

(10) Starch solution: 

Used in the Dissolved Oxygen determinations. 

A starch solution of approximately 0.,% VJBS prepared by 

adding five (5) grams of soluble starch to a small 

amount of distilled water in a mortar and then it was 

ground to a thin paste. This was poured into one (1) 

liter of boiling distilled vJater, stirred and allowed 

to cool. The resulting solution was allowed to settle 

overnight and the clear supernatant was drawn off into 

a reagent bottle. The solution was preserved by add

ing one and twenty.flve hundredths (1.25) grams of 

salicylic acid to the liter of starch solution prepared. 

(11) stock sodium thiosulfate solution: 

Used in the preparation of the standard sodium thio

sulfate solution. 

Twenty-four and eighty-two hundredths (24.82) grams of 

Na2S203 • ,H20 were d1ssolved in one (1) liter of 

distilled water; this resulted in a solution or O.lN 

sodium thiosulfate. Five (,) milliliters of chloroform 

VJere added to each liter in order to preserve the 

solution. 



(12) Standard sodium thiosulfate solutions 

Used in the Dissolved Oxygen determination. 

Two hundred and fifty (2,0) milliliters of O.lN stock 

sodium thiosulfate solution were diluted to one (1) 

lIter by adding freshly boiled distilled water. 

Instructions for the Use of the Beckman Model N-2 pH Meter(9) 

Both the 'pH and the Oxidation-Reduction potential of the 

sewage was measured with a Beckman :Model N-2 pH Meter using, 

of course, the proper electrodes. It is the purpose of this 

appendix to brIefly list the procedure followed together with 

a brief discussion ot electrode maintenance as they affected 

the thesis research determinations. 

A. Buffer Standardization. 

Using the General Purpose Glass Electrode and the 

FIber type Heference Electrode the following procedure was 

for standardization: 

1. The Range Sw1tch was turned to the Check posi-

tion. 

2. The electrodes were rinsed with distilled 

water and immersed in a beaker of buffer solution of known pH. 

3. The Hange Switch was turned to the O-R or 6-14 

position depending on the of the buffer. 

4. The temperature of the buffer solution was deter

mined and the Temperature Compensator VJas set at this value. 
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,. The Standardization Central (8TD) was turned 

until the meter needle lndlcat the pH of the buffer solution 

at the temperature of measuxement. 

6. The Range Switch was then turned to the Check 

position and the Check Control (CltK) turned until the Check 

pointer coincided with the meter needle. This allowed checks 

to be made routinely without buffer standardization since it 

was necessary to merely bring the meter needle to coincide 

with the check points if any slight drift was noticed. If 

the drift was appreciable, the buffer standardization was 

repeated. 

B. pH Measurements: 

Using the General Purpose Glass Electrode and the 

Fiber Type Reference Electrode, the following procedure ~as 

used for pH determinations: 

1. The electrodes v~ere rinsed with distilled water 

and wiped dry with absorbent tissue. They VJere then immersed 

in the sample placed in a beaker. 

2. The temperature of the sample was determined 

the Temperature Compensator was set at that value. 

3. The Range Switch was then turned to the proper 

range, i.e., 0-8 or 6-14, and the pH of the sample was 

read and recorded. 

C. O-R Potential Measurements: 

Using the Fiber Type Reference Electrode and a 

metallic electrode, the following procedure outline ~as used 

in the oxidation-reduction potential measurements: 
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1. The Temperature Compensator was set at 2900 

regardless of the temperature of the sample. The Range 

Switch was then turned to the Check Position and the meter 

needle was !nade to coincide 'rJith the 7.00 pH value used by 

the Standardization Control. 

2. The electrodes were then rinsed with distilled 

water and wiped dry with absorbent tissue. The electrodes 

were next 1n~ersed in the sample. The Range Switch was 

1;urned to the proper range and the value on the pH sca.is 

was recorded. A reading 7.00 indicated 0 mv; readings 

above 7.00 pH indicated negative voltage; and readings below 

7.00 indicated positive voltage. 

3. The following formula VJas used to convert pH 

scale reading to millivolts: 

(7.00 - pH scale reading) : MV 

For examples 

Assume a pH scale reading of 10.0 
(7.0 pH scale reading) 6.00 :,mv 
(7.0 - 10.0) 60.0 = (~3) 60.0 =-180 mv. 

D. Care of the Electrodes and Operating Precautions: 

In general cxtrem~ .:--ars YJas taken in using each 

type of electrode and the specific instructions pertaining 

to each electrode were closely followed. 

1. The Beckman Fiber Type Reference Electrode was 

prepared for service in the following manner: the rubber tip 

and rubber plug were removed from the electrode allowing 



the atmosphere.to reach into the electrode. The electrode was 

then washed with distilled water wiped dry with absorbent 

tissue. If theKCl solution needed replenishing, additional 

amounts were added with a dropper. For temporary storage the 

electrode was immersed in a KCl solution in a small beaker, 

and for longer periods the electrode was removed from solu

tion, cleaned and the rubber tip replaced closing the fiber 

end from the air. After each measurement the electrode was 

cleaned as above and at no time was the sa:ople allovJed to dry 

on the glass. 

2. The General Purpose Glass Electrode: 

The new electrode was soaked in a buffer solu

tion for eight hours prior to use and during the first two 

days frequent checks v;ere made to note any lack of stability. 

The electrode was stored for short periods of time immersed 

in a beaker of buffer solution, and for longer periods it was 

cleaned, dried, and returned to its box. The glass electrode 

was cleaned VJ1th distilled vJeter and wiped dry ,\'iith absorbent 

tissue. Here also, as in the care of the reference elec

trode, the glass electrode ~as carefully cleaned after each 

determination and never was any sample left to on the ex-

terior of the electrode body. Precautions were taken to be 

careful also never to hit delicate glass membrane at the 

base of the electrode particularly Inst the bottom of the 

sampling beaker. 
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3. The Platinum Electrode: 

Prior to use each day the platinum electrodes 

were rinsed in a ten (10) percent solution of nitric acid 

and carefully washed VIi th distilled \':ater, then dried \'31th 

absorbent tissues. The same care '\118S shown the use of this 

eleotrode as VIas shovJn the reference electrode in that the 

platinum electrode was washed and dried both prior to each 

determination and immediately after each. If erratic results 

became apparent during the day, the electrodes were scrubbed 

with a mild, abrs.sive cleaner, Bon .... Ami. Since three diff

erent platinuDl electrodes were used on each determination 

the l.f't of anyone of the three could be immedia.tely noted 

and correctod by one of the methods listed above. The elec

trodes were rinsed with dist1lled water, dried and were left 

in the electrode rack exposed to the air for any storage 

period since they al'o by their very nature inert metallic 

electrode, 

The following rules were used to prevent in

jury to the electrodes in their use vl1th the pH rueter: 

1, The electrodes were never removed from 

solution until the Bange f.wltch was turned to either the 

Check or Ofr position. 

2. The electrodes were carefully cleaned prior 

to immersion in the sample and immediately after the reading 

YlaS noted. 
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3- The instrument and electrodes VJere checked 

periodically to insure proper functioning and if any devia

tions VJere noted they 1f:ere proclptly corrected either by 

standardization, cleaning, or replacement. 

4. The instrument \'Jas always turned off to 

conserve the batteries if a delay period longer than three 

(3) minutes was expected. 

Appendix D 

Correction Factor for the Standardization 
of o.o25N Sodium Th10sulfate Solution w1t80\ 

Saturat Solution of Dissolved Oxygen ~ 

The method outlined herein 1s based upon the forced satu-

ration with oxygen of distilled or ltnder gIven atmospheric 

pressure, temperature, and time of aeration as a standardiza

tion medium for the standard s 1um thiosulfate solutions used 

in the inkIer method dissolved oxygen determination. In 

brief, it is a method based upon the reserve application of 

the fiinkler method \vhere the amount of dissolved oxygen in 

the water known and the concentration of the s lum thio-

sulfate is unknown. Due to the relatively small solubility 

of oxygen in water, the method 1s limited to concentrations 

of NllO or less. 

One and one-half liters of distilled water were aerated 

vigorously for at least thirty (30) minutes to assure satura

tion with dissolved oxygen. The temperature of the aerated 
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distilled water and barometric pressure was observed and re

corded at the end of the aeration period. Upon completion 

of the aeration period, three standard B.O.D. bottles were 

1mmediately filled by siphoning VJlth the aerated '~Jater. The 

stopper was inserted in the bottles after filling and upon 

being certain that no bubbles of air were entrained in the 

water. The sodium azide modification of the Winkler method 

was then used to determine the dissolved oxygen present as 

determined with the given sodium thiosulfate reagent. All 

preca.utions used in the normal \~Jinkler method VJere employed 

in the above determination. The correction factor for the 

sod1um thiosulfate l!JSS determined by the formula below using 

the data in the included table, 

above procedure. 

N = 0.025 x rv- x ~ x 2~O 
VJhere: 

that observed in the 

Os : D.O. saturation (ppm) at the observed temperature 
(PC) and 760 mID pressure. From the table on D.O. 
values. 

Ps = 760 mID 

Po = Observed barometric pressure (rom) 

N = Normality of sodium thiosulfate solution 

V : Corrected volume of original sample titrated (ml) 

v = Volume thiosulfate solution used for titration 

f : Correction factor. 



Temp_ 
oc 0.0 

15 10.15 
16 9.9, 

i~ 9.74 
9.54 

19 9.35 

20 9.17 
21 a·Z9 22 8. ~ 
23 8.6 
24 8.,3 
2, 8.38 
26 8.22 
27 8.0? 
28 7.92 
29 7.77 
30 7.63 

SATURATION VALUES OF DISSOLVED OXYGEN IN 
PARTS PER MILLIon, FOR TEMPERATURES FROM 

1,0 TO 300 C. (FROM TABLE BY STRgETER(2) ) 
UNDER 1{t::ElIAL ATMOSPHERE AT 760 ~J1l!t.' PRESSURE 

0.1 0.2 0.3 0.4 0.,5 0.6 0.7 

10.13 10.11 10.09 10.07 10.05 10.03 10.01 
9.93 I 9.91 9.89 9.87 9.8, 9.82 9.80 
9.72 9.70 9.68 9.66 9.64 9.62 9.60 
9.,2 9.,0 9.48 9.46 9.44 9.43 9.41 
9.33 9.31 9.30 9.28 9.26 9.24 9.22 

9.1, .~g 9.12 9.10 9.08 9.06 9.04 
8.98 8.94 A 93 8.91 8.89 8.88 u. 
8.81 8.80 8.78 8.77 8.75 8.74 8.72 
8.66 8.65 8.63 8.62 8.60 8.59 8.57 
8.,1 8.50 8.48 8.47 8.45 8.44 8.42 

8.36 35 8.33 8.32 8.30 (' 8 8.27 d.2 
8.20 8.19 8.17 8.16 8.14 8.1~ 8.11 
8.0, 8.04 8.02 8.01 7.99 7.9 7.96 
7.90 7.89 7.87 7.86 7.84 7.8) 7.81 
7.7, 7.74 7.73 7.71 7.70 7.69 7.67 - - - - - - -

0.8 

. 9.99 
9.78 
9.58 
9.39 
9.21 

9.03 
8.86 
8.~1 8. 6 
8.41 

8.2, 
8.10 
7.9, 
7.80 
7.66 -

0.9 

9.97 
9.76 I 

9.,6 
9.37 
9.19 

9.0l 
8.85 
8.69 
8.54 
8.39 

8.24 
8.08 
7.9~ 
7.7 
7.64 -

-.....J 
f\) 



Sample calculatlonss 

N = 0.02, x ,:g1 x ~~g:Z x ~g6 : .024;, 

N : .0246 

Therefore: 

tlftt .. ~ ... .. -;02,0 -

Appendix E 

Dissolved Oxygen Determination by the (8) 
Alsterberg Modification of the 'Winkler Method 

To a full sanlple In a three hundred (300) milliliter 

B.O.D. bottle, the following reagents were added in the order 

given and in the quantities as shov4n by use of pipettes: 

two (2) milli11ters of manganous sulfate solution (introduced 

just under the liquid surface) t and tv:o (2) milliliters of 

alkaline-iodide-sodium azide solution (also introduced just 

under the liquid surface). The sample was then inverted and 

shaken thoroughly; the preCipitate v;as then allowed to settle 

half-way of bottle. The sample y;as shaken again and allowed 

to settle. Two (2) milliliters of concentrated sulfuric 

acid (H2S04) were added to the sample above the surface by 

means of a pipette and the solution was 

ghly. 

in shaken thorou-

TVJO hundred and four (204) milliliters (cor'rected volume) 

of this sample were transferred to a t~o hundred and fifty 

(250) milliliter Erlenmeyer flask by means of a two hundred 



(200) mil11liter ·8 four (4) In11111iter pipette. The 

corrected volume was found as given below: 

Volume correction: 200 x 30~~ 6 = ~04 ml. 

The sample was then titrated to colorless with the stand

ard sodium thiosulfate solution using the starch solution as 

an indicator. The total number of milliliters of thiosulfate 

used was recorded and the quantity of dissolved oxygen present 

Vlas calculated in parts per million (p. p.m,). 

Sample calculation for dissolved oxygen: 

D.O. (ppm) : ~g~ x (ml. thio. llsed) (trfll) 

: ~g~ x 2,04 x .984 

D.O. : 1.97 ppm, 

APl2endix F 

(8) Biochemical Oxygen Demand Sample Calculations 

The data relative to B.O.D. determinations were arranged 

in following manner and calculations of the ,-day, 200C 

n.O.D. made as illustrat s' 

(1) (2) 

0 7.62 
2ir 7.40 , 7.28 

Where: 

Colurne (1) = 
Column (2) = 

(3) (4) ( 5) (6) (?) 

7.22 .40 ... 
5.84 1.56 1.16 ~17~ 
3.1? 11 3.71 51(~t 20 /l~f 

percent sewage in diluted sample 

initial Dissolved Oxygen in ppm 

(8) 

74.2 



Colwnn (3) : final Dissolved Oxygen in ppm 

Column (4) : Dissolved Oxygen depletion 

Column (5) = depletion of D.O. corrected by depletion 
attributed to the dIlutIng water 

Column (6) : percent oxygen depleted 

Column (7) : concentration factor of the diluted sample 

Column (8) = 5-day, 20oC, E.O.D. of the sample in ppm. 
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ARpend~x G 

statistical Correlation of Data 

B. O.D. vs. Field O-R 

Test B.O.D. O ... R 
X2 y2 No. Y X XY 

1 ~~ li8 
2 2 0 
3 " 84 
4 42 241 
g 62 208 

62 208 6; 49 2~1 

~~ 2 9 
9 2,2 

10 102 188 
11 142 188 
12 93 181 
13 10, 272 
14 84 2i8 1, 9, 1 6 
16 104 166 
i§ 200 173 

182 150 -
19 60 266 
20 80 190 

n = 20 21779 ~ 4069 Z876~OO9 2348,895 ~192t545 
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I. Method of Least Squares for Determination of the Equation 
of Best Fit: 

where: 
Y : observed B.O.D. 
X : field determined O-R potential 
n = number of determinations 
m : slope 
b = ftY" intercept 

The Normal Equations 

1. m :2 X + Nb -.i!:. Y : 0 
2. m ~ X2 + b...c X - z 1J. = 0 

Substituting the proper value from the table in the 
normal equation: 

1. 4069m ... 20b .. 1779 : 0 
2. 876,009m r4069b .. 348,895 : 0 

Solving the equations simultaneously: 

1_ 82'l,634"m t4069b ri,361,848.6 = 0 
2t7876,009.0m ~ 4069b 'Iii' 348,895.0 == 0 

- t22~1.6 - 268 m - -Bj~.; - -. . 
Substituting the value of the slope (m) in equation 1 

4069 (-.268) ~ 20b - 1779 : 0 

b : 143., 

Curve of Best Fit 

y = - .268 X +- 143-2 

II. Pearson's Coefficient of Correlation 

where: 

r = Pearson's coefficient 
Y = observed B.O.D. 
X = field determined O-R potential 
n = number of determinations 
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n 

r = ~ ~ X2-. (~X)2 ] ~y2 - ~ny)2J 
348,895 - ~1772)2g4Q69) 

r : ~ [876,009 _ ~4Q~g)2J [192,545 _ 1l7i512 ] 
r : .. 132985 

III. Confidence Limits: 

< G""r2) = [1 - r2 ] Cot" y2 • ~L.!l2 ] ~ 

(6"r)2: [1 - <-023085')2J [!92,545 - (lzg5)2:J ~ 
(crr )2 = 1709.,4 

err : ! 41.3 

Degrees of freedom : 20 .. 2 : 18 

For confidence at 180 of freedom 

ttt l
' value: 1.?34 (obtained from tables) 

err for 90% confidence: ! 41.3 X 1.734 = t 71.61 

The ions of Confldence Limits: 

Upper Y = - .268 X + 215.11 

J ... ower Y : - .268 X + 71.89 




