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I. INTRODUCTION

The Biochemical Oxygen Demsnd (B.O.B.) Test is widely used by sani-
tary engineers to estimste the amount of oxygen necessary to stabillze
the decomposing organic matter in a body of waters Daily B.0.D. values
extending over a period of several days are used to trace the course of
a biologiecal oxidation resection under different conditions and to study
the rzte of change in oxygen demand over varying periods of time, Al-
though the standard dilution test (bottle method) is most often used to
get a single B,0,D, reading, it 1s cumbersome and time consuming when
used to obtain a series of daily B,0.D, values from one sample.

A menometric method has been developed which entails the use of the
Warburg apparatus to obtain B,0.D. values for any period of time and
which allows the oxidation rate to be charted for any time interval., A&l=-
though this method will give higher B,0.,D, values for the first few days
of the reaction then will the standard dilution method, it has the advan=~
tage of giving values for as many time intervals as are desired simply by
reading the manometer at any time.

The investigation herein described consisted of a manomeiric study
of the effect of several veriables on the B,0O.D. of a neutralized acid
industrial waste., OSuch information was desired so that the waste could

be disposed of in a practical and efficient manner ..
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1T, THE REVIEW OF LITERATURE

General
"The biochemical oxygen demsnd (frequently referred to as B.O.D.)

of sewage, sewage effluents, polluted waters or industrial wastes is the
oxygen (in parts per million by weight) required during stabilization of
"the decomposeble organic matter by merobic bacterial action.® (1).

Although widely employed, the standard dilution method (1) for deter=
mining the B.0.D. of sewage and industrial wastes has several shortcomings,
foremost among which is the necessity of dealing with high dilutions of
the original wastes Certain "direct methods," however, have been develop=
ed which do not entail such high dilutions.

Adeney (3) in 1908 probebly made the first attempt to apply the dire
ect method (direct oxygen ebsorption technique) to determine the oxygen
requirements of a stabllizing waste.

Sierp (19) in 1928 developed an epperatus wherein sewage was main=
tained in contact with pure oxygen, the absorption of which was measured
in a calibrated eudiometer tube., Symons and Buswell (20) used the Sierp
procedure while Wooldridge and Standfast (22) used the Barcroft differen=
tial manometer for measurement of the B.0.D. of sewage. In 1935, Burtle
and Buswell (2) (4) used a Nordell oxygen demand epparatus (later called
the odeeometer) to measure the B,0.,D. of sewnge.

Several other modifications of the Sierp epperatus have been made
and the direct method has been used for other than B.0.D. determinetions



of sewage snd industrial waste (9) (14).

Manometrie methods for estimsting exchange of pases in biological
and chemical reactions have been used for many years, Dixon (8) divid-
ed menometric spparatus into three groups: (a) the Haldanc gas analysis
type, (b) the Barcroft end Haldane type, commonly called the Werburg
apparatus, and {c¢) the Bareroft or differential type. The Warburg type
is now being used most widely for studies of blochenlcal oxidation of
gsewsge and Industrial wastes. This apparatus enables the enclosed re-
action system to be kept at a constant volume and temperature, and from
the change in the pressure reading on the manometer the gas evolved or
absorbed is calculated.

Recently, studies have been made by Caldwell and Langelier (5) on
the B.0.D. of sewage, by Dawson and Jenkins (6) on the oxygen require=-
ments of ectivated sludge and by Dawson and Jenkins (7) on the effect of
the addition of chemicals on the oxygen uptake of activated sludge., Using
manometric means, Gellman end Heukelekian (10) (12) studied the problem
for formaldehyde oxidation and the effect of certain environmental fac-
tors on biochenical oxidation of wastes. Gellman and Heukelekian (11)
also formilated a proposed standard method for direct oxygen measurements

of sewage and industrial wastes,

Hrdror Concentrati
Dawson and Jenkins (6) found thet activated sludge took up oxygen

over a hydrogen ion concentration (pH) range of 4 to 13, but that the up~



take below 5 and above 12 was negligible. In addition, they found the
optimm pH range for oxygen uptake to be between 7 and 8§ with the maxi-
mim at pH 7«4 They concluded that the oxygen uptake was less sensitive
to increase‘in pH thsn to a decrease and thet a drop from pH 6 to pH 5
reduced the resplrastory activity of the sludge about 75 per cent.

From studies with industriel wastes, Gellmen and Heukelekian (12)
reported that adjustment of the pH values bétween 6 and & prevented the
initial pH from affecting the oxidation process and that the optimum pH
range is conslderable, but is grester for some’wastes than for others,
Also, for some wastes the optimum pH is more on the alkaline side while
for others it is on the acid side of neutrality. They noted ﬁhe effect
of pH was more pronounced and the range more restricted during shortened
periads of incubation. Furthermore, they report that in poorly buffered
wastes the tendency of the pH was to gravitate toward the acid side of
the neutral point; especially when gcid intermediste products were pro=
duced in the oxidation process.

Iype of Seed

Gellman snd Heukelekisn (12) found that the origin of domestic se=
wage used to seed & dextrose peptone substrate had a minor influence on
the rate of blochemical oxidation of the substrate. They reported also
that industrisl wastes containing large numbers of bacteris are not affect=
ed by variations in sewage seed origin, but that with wastes containing
relatively few bacteria little oxidation ig obtained withoult seeding.

of S

No direct reference to the effect of seed age on the B,0.D. of an in=
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dustrial wvaste was found in the liternture.
Lipman (18) showed that the bacterial content of dry soil was large
end varied for a long period and that to produce active stages of bacteria

the soill suspensions should be prepared at least 24 hours nrior to use.

Gellman and Heukelelian (12) found thet by adeptation a seed material
could be produced which readily oxidized phenol concentrations as high as
2,000 ppms With unadapted seed prolonged initlal lag periods in oxidation
oceurred which increased with the concentration of phenol. They noted fur-
ther that the inltial rate of oxidation of certein industriasl westes was
increased by an inercase in adapted seed volume. This effect was minimi-
zed with increased periods of incubation,

Dilution Water

In their Procedure for Provosed Direct Method of Determining B,0.D.,
Gellman and Heukelekisn (11) recommended a B.O.D., nitrogen, phosphorus
ratio of 60 to 3 to 1 in order to develop properly the B.O.D, of industrial
waste. Vhen Caldwell and Langelier (5) measured the B,0.,D., of an industrial
weste manometrically, they added 1 ml of Normal sodium dibasic phosphate
solution per liter of waste and sewage seed solution,

Dilution

It is reported that oxygen demand values (12) obtained by the direct
method for sewage and wastes sre somewhat higher than for the stondard di~
lution method, the increase apparently being caused by the higher concen=
tration of organic matter present in the flask when the direct method is

useds The minimum manometric B,0.D. values of sewage oceurred at s dilu=-



tion of 107 and were arproximstely equal to the velues obtained by the
standard dilution method. Spent sulfite liquor geve no difference in
the 21 hour B.C.D. values for dilutions from 5% to 50% when seeded with
adapted seed.

Heukelekian (23) reported that the oxygen demand was relatively
higher in the diluted samples than in the original waste. He concluded
from this that there was an inhibiting agent in the waste wilch at some
concentration was sufficiently dilute to permit the oxygen demand to be
fully exerted, He stated further that the dilution at which the inhibit-
ing action was counteracted depended upon the concentration and potency
of the inhibiting agent. In an earlier report, Heukelekien (13) had con=
cluded that many organic substances are oxidizeble at low concentrations

and toxlc at high concentrations.



I1I. OBJECT OF INVESTIGATION

The obJect of this investigation was to use the manometric method
to determine the effect of the following variables on the B.0O.D, values
of a neutralized acid industrial waste: pH, type of seed, age of seed,

adapted seed, dilution water, and dilution.



IVe THE INVESTIGATION

General
The industrial waste for this study came from a large commercial plant

and had the following general characteristics:s (a) a low B.0.D., usually
less than 100 ppm, (b) a pl of ebout 5, (¢) continuous and almost constant
flow, and (d) comprised mainly of neutralized nitric and sulfuric acids,.
The organic constituents of the waste and the presence or sbsence of mater=-
ials toxic to the B.0.D, reaction were not known,

It was desired to determine the effect of different environmental con=-
ditions on the B,0.D. of the waste. This was sccomplished by varying one
of the reaction conditions and observing the effect of the change on the
B.0.D. values while keeping the other factors of the reaction constant.

&s the optimm condition for each variable was determined, it was se=
lected as a reaction constant and the next variable investigated until the
1ist of different conditions was completed.

The congtants for the menometric B.0.D. test in the experiments were
temperature end agitations The reaction flasks vere meinteined at a tenm=
perature of 25° C., and were cgilated at the rate of 80 oscillations per
minute (opm).

The vaerisbles of the B.0,D. reasction in this investipgation were pH,
type of seed, age of seed, adapted seed, dilution water, and dilution.

The pH values used in the tests renged from 4.1 to 7.1. The pH of
4ol was used because the waste treatment process sometimes left the waste
with this pH. A pd of 7.1 was selected becmuse this was in the optimm



pH renge for the B.0,D. reaction as reported in the literature.

To allow the waste to exert a normal B.0O.D., it was necessary to add
some type of bacterial seed and to mix the wsste with a diluting water
which contained mineral nutrients for the bacteria. Seeds selected were
river water (collected below the outfall of the waste being studied), fresh
sewaze, settled sewage, and garden soil.

Dilution waters employed included river water (collected below the
waste outfall), demineralized tap water, and dilution water prepared by
adding the nutrients recommended in Stsnderd lethods for the Ixgminstion
of ¥ater and Sewsge (1) to double distilled tep water (standard dilution
water),.

Seeds with ages from 6 hours to 73 days were investigeted for the effect
of ape of seed on the B.0.,D. of the waste,

The seeds used in the study of effect of adaptation of seeds on B.0JD.
were river water (collected below waste outfall), activated sludge, garden
soll, and adapted garden soil.

Dilutions of 10% and 50% were used to determine the effect of dilution

on the B,0.D., of the waste.

The Warburg Apperatus used in this investigation was rectangulsr in
shape and of a size adequate to hold 10 Werburg manometers. (Plate 1). The
apparatus was equipped with a shaking mechanism adjustable from 50 to 150
opm and had a shaking stroke amplitude of 0 to 4 cms The temperature was

regulated by a thermoregulator which maintained any desired temperature in



Plate 1
Warburg Apparatus
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the 15 gallon water bath from room temperature to 60° C. within two=hun=
dreths of a degree, plus or minmus. The water in the water bath was kept
in continuous circulation by means of a motor-driven stirrver, and raised
to the desired temperature by a heating tube irmersed in the water,

The shaking apparatus of the manometer had 10 dovetail sockets to
hold the manometer supports. These supports had white plastile reflectors
to fecilitate reading, and had a built=-in guerd to prevent breakage of
menometers while in operaticn. (Plate 1),

A Warburg manometer was mounted on each manometer supports The manow=
meter wos & gradugted U=tube with one leg open to the atmosphere and the
other leg comnected to a reaction flask, The bottom of the U~tube was
connected to z flexible plastic well which held the excess msnometer fluid;
e compression device, held in place by a clamp and a spring, could be ad=
Justed to raise or lower the liquid level in the manometer. A three-wsy
stopcock on the closed leg of the manometer controlled the outlet to the
atmosphere, (Plate 2),

The resction flask was connected to the closed leg of the manometer
by ground gless fittings and held together by two rust-proof steel springs
sttached to glass hoocks on the manometer and flask. The reactlon flasks
had a volume of approximately 20 ml., and contained a c¢ylindrical glass
well that was open at the top and fused to the bottom of the resction flask,
The flask also had & side=arm tube with an opening to the air, controlled
by a ground glass insert and secured by steel springs as was the other

ground gless connection., (Figure 1).
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Plate 2
Warburg Manometers and Reaction Flasks
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Figure 1
Warburg Manometer and Reaction Flask
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Severael basic methods and veriations of those methods for determining
flask and manometric volumes sre given in the literature. Three methods
deserve special mention:t (a) The method of Vogler or Krebs as described
by Ludwig, ot al., (17). (b) The use of a calibrator as deseribed by
Lazarow (15). (c¢) A variation of the mercury celibration method as des=
eribed by Loomis (16),.

Vhile the first two calibration methods named sbove are well estab=
lished and can be performed easily, it 1s believed that a calibration with
mercury is most reliables, The calibration with mercury gives the volume
for the flask and mancmeter separately while the other methods mentioned
give only the total volume for flassk and manometer. It 1s convenient to
have separate volumes for flasks and manometers as it is often necessary
to interchange the manometers and flasks because of breskage or for other
Teasons.

The total volume (V) of the flask-manometer system was measured in
thre¢ separate steps. A scratch mark was placed on the neck of the mano-
meter about one inch above the ft,op of the menometer=~flask joint., The wvol=
ume below the seratch mark when the flask was attached was designated as
the volume of the flask (Ve) while the volume above the scratch merk was
designated as the menometer volume (Vm).

Io Petermine Ve

The empty flask was weighed on an analytical belance and then was
filled with mercury. The ground glass manometer joint was firmly seated
in the flask and the amount of mercury in the flask was adjusted by means



‘20 -

of a medicine dropper until the mercury rose to the scratch mark on the
manometer, The flask end mercury were then weighed and the weight of the
mercury found by difference., The weight of the mercury divided by the
density of mercury for its specifie temperature gave the flask volume (Ve).
To Deternine Va

(a) The volume from the seratch mark to the 25 centimeter mark on the
manometer was measured as described below:

A funnel supported by a ring stand was connected to the stopcock con~
trolled manometer outlet by a plece of rubber tubing. A clamp was placed
on the rubber tubing snd the funnel was filled with sbout 100 nl. of clean
mercury. The inverted menometer was held above the mercury level, the
clamp on the rubber tube was removed, and the manometer was slowly lower-
ed with the stopcock open until the mercury rose in one side of the mano=
meter leg to the scrateh nark and in the other leg to the 25 cm merk., The
menonmeter stopcock was then closed one-eighth of a turn with the marking
dot ups At this point, the clamp was put back on the rubber tube and the
stopcock wes rotated another one-cighth of a turn (in the same direction
with the marking dot up and the stopcock horizontal). VWhen the last one=
eighth turn was made on the stopcock, the mﬂrcury.contained in the mano-
meter from the seratch mark to the 25 centimeter graduation point was
caught in o tared contoiner es it came fron the air (side) outlet of the
stopcock, The volume corresponding to this quantity of mercury was com=
puted as before .

(b) The volume between the 25 centimeter and the 15 centimeter marks
was not measured directly; however, a value wes calculated for a 10 centi-

meter length of the manometer tube. Mercury was introduced into the closed
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leg of the manometer tn cover a datence of ebout 25 centimeters on the upper
part of the graduated scale., The column was read and the mercury was welighed
as before. This operation was performed twice for each manometer and the
volume calculated for a 10 centimeter gradusted portion of the manometer.
Tho sum of the volume of parts (a) and (b) gave the totsl volume from
the scrateh mark to the 15 centimeter graduation of the manometer (Vm).
To Determine ¥
The total flask+manometer volume waeg found by adding the flask volume
to the manometer volume. V = Ve + Vn,
Tables 1, 2, 3, and 4 give the volumes of the flask and manometer

systems,



Taeble 1

Warburg Flask Volumes

Flask Tempa Density Wte Mbrcury' Vol. Flask
| Jo, Co Mercury emg . -
1 270 13.5291 230,8086 17.06
2 29.0 13.5242 21644824 16,01
3 és.a 13.5266 26040222 19.22
4 2745 13.5279 227.1896 16.79
5 31.0 13.5193 24046859 17.80
6 2740 13.5291 229.9323 17,00
7 28.8 135247 25362703 18,73
8 31.0 13.5193 2696769 19.95
9 31.0 13.5193 262.6857 19443
10 30.6 13.5203 2724557 20415
11 23.0 13.5389 231.1934 17.08
12 2440 1345364 21645466 16,00
2 2840 1345266 26347710 19450
23 28.0 13,5266 21447107 15.87




Manometer Volume from Soratch Mark

Table 2

to 25 em Mark on Flask Leg

Weight Weight Weight Vol. to

Temp, Density lﬁr;r?al zﬁrg‘rugl wi:;? gghr?

BN Cq Mercury 208 Wi 2a nl
7 2740 13,5291 6.9587 6.9502 649544 0.51
72 | 265 | 135303 | 70000 | 7009 | 707098 | 0.57
61 270 13,5291 8,6626 8.6630 8.6628 0.64
4 2740 1345291 8.,0811 8.,0812 8,0812 0.60
20 28,0 1345266 843962 843964 843963 0.62
83 26.8 13.5297 7.8618 7.8612 7.8615 0.58
7 2645 13.5303 78599 7.8598 7.8599 0.58
27 240 13.5364 748541 78546 748544 058
58 2440 13.5864 8,1710 8.1704 8.1707 0.60
23 22,8 1345395 844839 | 84843 84,4841 0.63
83 28.0 1345266 743142 73143 73142 0454
86 22.0 13.5413 745318 73292 742305 0.53
81 23.0 13,5389 6.8285 6.8321 648303 0.51




Manometer Tube Volume for 10 em Length

u%u

Table 3

on Graduated Flask Leg

Man,. égmp. Density Mzzzﬁgad nggﬁghOf M::i§:; Vol
__Nog Uy Mercury cm cn £ug ol
17 27.0 13.5291 6.1=30.0 6449 19.4435 0422
72 270 13,5291 1.8+30,0 5145 13.7012 0.20
61 27.0 13.5291 1.2+30.0 5243 15,1302 0.21
4b 27.0 13,5291 0.8+29,9 5540 14,7063 | 0.20
20 28.0 13.5266 277299 52.9 14,6314 0.20
83 26.8 13,5297 1.4-30.0 5145 14.5919 021
7 2645 13.5303 0e6=2943 56.5 14.8977 | 0420
27 26.5 13.5303 0,6=30.0 57.1 1644270 0.21
58 24,40 13.5364 1.0-29.2 5ked 16.0122 | 0.22
23 2440 13.5364 1.0=30.0 57.2 16,1378 0.21
86 2340 13.5389 3.8=29.5 5448 9.9396 0.14
81 23.0 13.5389 349=30.0 26.1 6.8799 0420
88 28.0 13,5266 6.0=29.3 23.3 643475 | 0420
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Teble 4

Flask and Manometer Volumes in ml

“Flask Vol, to| Man, Vol. - | Man. Vol, | Flask Vol,
Flask| Man. | Scratch Mark Scerateh Mark | for 10em | plus Man, Vol
__No, [ No, on Man, | ‘o 25cm Grad, | length | %o l5cm Grad,
1 17 17.06 0.51 0.22 17.79
2 72 16,01 0.57 0.20 16,78
3 61 19,22 0.64 0.21 20.07
4 4d, 16.79 0460 0420 17.59
5 20 17.80 0.62 0.20 18.62
6 83 17.00 0.58 0.21 17.79
7 7 18,73 0458 0.21 19.52
8 27 19.95 0.58 0.21 2074
22 58 19,50 0.60 0.22 20632
9 58 19.43 0.60 0.22 20,25
10 23 20.15 0.63 0.21 20,99
23 a8 15.87 0.54 0420 16,61
11 86 17.08 0.53 0.14 17.75
i2 81 16,00 0.51 0420 16,71




—26-:

tion o

The nanometers were thoroughly cleaned by passing the following ser=
jes of flulds in the order listed thyrough all parts of the nmanometer tube:
A detergent solution prepared by dissolving a household detergent (Tide)
in hot distilled water, distilled water, 95% ethyl alecohol, ethyl ether,
end dry air,

The manometers were then mounted on the manometer supports. The
rlastic tube that held the manometer fluid was completely filled with
Brodie's Solution (4ppendix 4). This plastic tube was forced on the glass
connection at the bottom of the U=tube, in such a manner that no ailr was
introduced into the plastic reservoir.

The manometer sbtopcock and menometer were thoroughly cleaned with
xylol, and dried with lens paper. A medium weight burette stopcock gresse
was used to meke three longitudinal stresks of grease on the ground glass
portion of the stopcock. The stopcock plug wes firmly Inserted into the
stopecock barrel by a slight rotational twist. The portions of grease came
together over the entire matching sres without entrapping eir; otherwise,
the entire process was repeated,

Narbure Avparatus

The water bath of the instrument was filled with dietilled weter to
within 1 ineh of the top and the wanter level marked. The thermoregulator
was set at 25° C,, the shaking apparatus was set for 80 opm, and the War=

burg instrument lubricated according to the instructions outlined in the



operating manmusl,
on Flas

The reaction flasks were cleaned by bolling in a detergent solution
for 20 minutes, end rinsed thoroughly by dipping the flasks into three
successive beakers of boiling distilled weter. The flasks were placed
in a dry~heat oven at 103° C, for 8 hours, allowed to cool, and then
wrapped in a clean lint-free towel until used.
Elpettes

The volumetric pipettes used were cleaned by weshing thoroughly in
& strong detergent solution and rinsing three timeg in distilled weoter.
The pipottes were placed in an open pipette container and dried in the

dry=heat oven at 103° C. for & hours.

The waste samples used for the B.0.D, test were adjusted to a pH of
7, except where noted, by the addition of powdered sodium carbonate.

It was necessary to add a dilution wabter and bacterial seed to pre-
pare the waste for the B,0.D. test, & 50% dilution of waste was prepared
by pouring 500 ml. of neutralized waste into a graduasbed cylinder. Dilu~
tion water was added to the waste to bring the total volume to approximetely
950 ml., One ml. of fresh sewage was added to the diluted weste and ths
total volume was made up to 1,000 ml. by the further addition of dilution
water, Different concentrations of weste samples with various geeds were
prepared in the same manner as the sbove samples. An exception was made

when river water wes used as dilution water which nade the addition of



bacterial seed unnecessary.

Eerforminz the B,0,Dy Test

The water level of the water bath was checked and a correction for
the water volume was made, if necessary. The water bath thermeoregulator
was set at 25° C. end the electric switch, which controlled the thermore=
gulator, the sbirring mechanism, and the hester in the water bath, was
turned on., While the wabter was coming to the control temperatufe of 25°
C., other preparations for the test were mnde.

The inside top edge of the alkali container in the resction flask
was coated with a layer of petroleum Jelly (Vaseline) by mesns of a wooden
splint. A calibrated medicine dropper was used to introduce 0.5 ml, of
10% potassiun hydroxide solution into the alkeli well, and then 4 ml. of
the prepared waste sample were introduced into the rcaction flask with a
volumetric pipette. .Iﬁ was essentlal thet the potassium hydroxide be put
into the alkall well and the sample of waste be pipetied Into the resction
flask without any spilling or intermingling of the liguids.

At the nmidpoint on the ground~glsass surface of the male manomecter=
flask joiut, three drops of sealing lubricant were depositeds (This Inbe
ricant was prepared by nixing thoroughly cquel portions by volume of anly=~
drous laenolin and Vaseline.) Ihe manometer joint was then forced into the
ground~glass {lask entrance and the flask rotated slightly until the drops
of lulricant ren together. If air tubbles remained in the joint, the flask
was removed fronm the manomeber, Uhe joint wes cleened with lons papoer, and
the above process repeated wnltil corrced Joint connectious was oblnined.

Two rasteproof steel springs were then atbached to the zlass hooks on cach
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side of the manometer tube and the flask. The procedure used for the mano=
meter=flask joint was also used for seating, sealing, and securing the glass
inserts of the side-mrm tube on the reaction flasks,

Any changes in the atmospheric pressure after the B.,0.D. test was starte
ed produced a change in the mancmeter roading. This change of pressure
was determined by using a control rosetlon flask or thermobarometer fiask
which conbained only diluvting water. Two thermobarometers vzre wsed for
each toold rune

The manometor supports wihich held the assewbled manometers and rsaction
flaske were placed on the dovetall sockets of the Werburg shekxing apparatus.
The shaking apparatus was started, with the manometer stopcoek open to the
atmosphere, and allowed to run for 1 hour.

At the end of the equililwztion period, the shuking apparatus was
stopped cnd bthe entire menomcler-reacition flask systen inepscbed for leaks
or other defects, Uhen the inspeciion and adjustmenss were completed, the
manomzber stopeocks were closed and the manomeder fluld wos Drought to
the index point of 20 cm. by verying the manometer fluid reservoir sdjucte
sent. The veadings on the open legs of the menometers were recorded ag
were bthe menomoter numbere and the time of the reedinge. Vhen the resdings
vere completed and recorded, the shaking mechanism of the Werburg cppeva=
tus was sterted and allowed to rui.

The B.00, values were delerined afler any elapsed time for each
gemple flask by stopping the sheling apperatus cnd adjusting the nanometer
fluid Yo the index point on Lhe closed manonelter leg, The veadings on the

open leps of the sasple flasks and control Larometers were taken and recorded



30

Table 5.~~Virginia's civilian labor force by industry

Industry Number of employees

(Thousands)
1940 1950 1962

Manufacturing 137.4 225,1 291.3
Wholesale and

retail trade 115.8 188.6 224.1
Government 66,0 173.5 207.4
Agriculture 223.90 167.5 117.0
Totall/ 905.4 1,150,.2 1,340.,8

E/Total row i3 not a summation of four other rows

Sources: Federal Reserve Bank of Richmond, 1963.
' U.S. Bureau of the Census, 1561.
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Table 5

Effect of pH on B.0.D.

¥arburg Tegt ]
Hrs, Lypeg of Seed*
River Water | _ Frogh Sewage | Sottled Sowage
24 2.4, 0.0 0.0
48 244 0.0 0.0
72 243 0.0 0.0
96 2.2 0.0 0.0
120 345 0.0 0.0
Norburg Tegt 1
Hrs, +4
River Veter
24 0.0 0.0 0.0
48 0.0 0.0 0.0
72 0.0 8e4 9.8
96 5.0 12.8 9.0
120 4e2 12.7 542

411 samples had initial pH of 4.5.
+Samples were run at 50% dilution.
++Samples were run at 25% dilution.
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Table 6

Effect of pH on B.OJD.

Worburs Tegt 2
Hre. JInitiel ol Valuos
Zad Lol ol sl
24 0.0 2.7 0.0 0.0
48 15.5 19.5 0.0 0.0
T2 2845 21.0 0.0 0.0
96 32.0 205 9.6 1.0
120 33.0 179 15.0 7e5
Bottlo Togt
Hrs, Initial pH Volues
Zal — e i
120 42 - - -

River weter used as seed and as dilution uater.
All ssmples run at 50% dilution.
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Table 7

Effect of Different Seeds on B.,0.D.

Marburz Test 3
firs, :
River Fresh Settled Garden
Mater Seyaze Seusge Soll
24 25.6 17.8 2448 11.9
48 86,0 68,7 6545 65.3
72 9540 792 756 7945
96 101.2 83.8 80.6 871
120 107.8 89.3 8540 9Re7
Bottle Tost
Hrs.
River Fresh Settled Garden
Hater Seuage Seyage Soll
120 97 90 110 -

All semple dilutions were 50%.
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Table 8

Bffect of Different Seeds on B.0.D.

Warburg Teot 4
Hrs, Type gg Seed
River Fresh Settled Gardent
Hater ~Sewage | Sqysse Sodil
2/, 3349 30,0 31.7 31.5
2/ 28.3
48 487 37.2 1.5 4347
48 38.3
72 56,9 4349 4642 4940
72 4649
96 61.5 45.8 48.8 51,7
9% 4945
120 63.0 475 49.1 54,42
120 51,1
Bottle Tegt
I‘h‘S- - '
River Fresh Settled Garden
Hater Sewage | Seyaze Soil
120 56 L7 45 ———-

A1l sample dilutions were 50%.

+ Duplicate samples were run using garden soil seed,
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Table 9

Effect of Seed Age on B,0.D.

Harlure Togt 5
Hrse Age of River Mater Seod jn Davat
<7k 36 v i V/A B A d
24 Leb 5.1 2.7 2.7 2.1
24 406 203 -—— 1.6 302
48 9.7 5.0 6.3 27.8 6.0
1&8 905 7.0 - 20.5 7.4
72 2347 10.1 1.6 36.1 16.5
72 22.0 28.1 hadaahadad 34.6 2005
96 38,3 29.6 25.0 4241 2546
96 437 41¢6 - - 4005 2708
120 5047 433 32,2 4540 2748
120 50.4 4}8.5 hataduind 43.9 14102
Bottlo Tegt
Hrs, %ﬂmﬁw
67 1N/
120 y /A 58

A1l sample dilutions were 50%.

*Duplicote samples were analyzed for each seed.
++Garden soil seed in river water and aged 1 daye.



=36m

Table 10a

Effect of Seed Age on B.0O.D,

Hrse
73 1t
24 10.5 5.7 7.l Le2 847 11.5
47 5946 5449 55e4 55e4 54¢2 5547
72 6845 624 62.7 64.0 | 62.0 62.6
96 73.8 68.2 6645 68,8 6744 6647
120 7946 T3 70.2 7340 71.0 734
Hrs,
- 1/4 -
120 - -~ - - 55 -

A1l sample dilutions were 50%.
+Garden soll seed in Standard Method dilution water,
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Table 10b

Effect of Seed Age on B.0.D.

Marbure Tegh ©
Hrs, ATEWQ
é V/A A+
24- 6 .3 42 07 ll 08
&7 62,9 ' 68.9 5945
72 7847 92.6 63.8
96 81,9 96.2 88.0
120 86.6 9642 87.4
HI'S »
120 - 55 -

A1l smmple dilutions were 10%.
+Garden soll seed in Standard Methods dilution water,




Table 11

Effect of Adapted Seed on B,0.D.

Warbyrg Test 7
Hrse w
River Garden Adapted Activated
Water Soll Garden Sodl | Sludge |
24 463 0.0 0.0 12,7
24 0.0 0.0 0.0 10.3
48 4he5 945 1042 375
48 30.4 Le9 . 2543 3440
72 64eb 3840 28,1 5645
72 4541 3%.1 45e5 5240
96 107.5 4046 3243 7364
96 5046 54e2 5149 6543
120 21046 5242 3.8 972
120 6648 7343 634 8l.3
Bottle Tegt
Hra, Ixpes of Doed
River Garden Adapted Activated
Hater Soll Sardon Soll | Sludge |
120 65 - P, 4_0

All sample dilutions were 50%.

+Duplicate samples were snalyzed for each type of seed.



Table 12

Effect of Adopted Seed on R.0.D.

Horburg Test 8
Hre, Lyves of Seedt
River Garden Adapted Activated
Hater _Soil Garden Sodl | Sludga |
24 415 0.0 4042 b6
24 73.1 0.0 45.1 T4
48 6443 2e2 84..0 8l.6
48 119.5 2842 85.3 72.8
72 714 20.3 118.3 107.5
72 166.3 5146 116.9 102.1
26 89,6 71.2 164.8 13344
96 22447 70.2 1/2.7 - 115.7
120 110.9 102.3 213.4 155,.8
120 2720 93.6 181.3 142.1
Bottle Test
Hes. Iypen of Seed
River Garden Adapted Activated
Hater Soll Garden Sodl | Sludze
120 55 - - 4B

A1l semple dilutions were 10%.
+Duplicete samples were anelyzed for each type of seed.



Table 13

Effect of Dilubtion Waters on B.0.D.

Morburg Test 9
s, Zypeg of Dilulion Vatert
Standerd River Demineralized
Hethodg Yater Zap Water
24 0.0 9.9 47,0
24 0.0 13.9 279
48 0.0 272 539
48 0.0 51,6 1445
72 0.0 3347 5545
72 0.0 1.4 -
% 0.0 _ 91.8 -— e
120 0.0 4149 5444
120 0.0 110.3 -
H?:'S' 4 SIS 4.3 21182 011 WO LE
Standard River Demineralized
Methods Yater Iop Woter
120 50 - -

All dilutions were 10%.
+Duplicate samples were analyzed for each type of dilution water end sceded

with river uster.
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Table 14

Effect of Dilution Waters on B.0O.D.

Harburg Test 10
Hrse Iypes of Dilutdon Watert
Standard River Demineralized
Methods Hater Igsp Weler |
24, 59.6 12,1 20.1
24 28,3 20,2 21.0
48 116.1 4046 30.6
48 4749 5842 4249
72 155 ¢4 61.0 41,7
72 6041 867 5845
96 189,1 88,7 417
96 5746 10442 5341
120 227.0 113.8 42.8
120 64,0 12542 £9e4

411 dilutions were 10%.
+Duplicate samples were analyzed for each type of dilution woter and seeded

with river water.
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Table 15

Effect of Dilution on B,0.D.

10% Ave, 10% 50% Ave, 50% :
Hoyxrg Mad Dil. Value Dil.** Dile Value

24 12,5 19.4 2.5 2edh
24 26.3 2.0

24 25

24 2.6

48 4746 56,0 20.0 19.0
48 6.4 17.4

48 19.1

48 19.3

72 6540 19.9

72 22.5

72 23.3

96 4546 5347 24,43 2244
96 61,8 18.4

96 2345

96 2344
120 4t o8 5344 25.3 243
120 62.0 20,0

120 23.7

120 24,40

All semples were seeded with river water.
+Duplicote samples were snalyzed for 10% dilution.
++Quadruplicate samples were snalyzed for 50% dilution.



Table 16

Effect of Dilution on B,C.D,

'{J&am rr Moo
104 Ave. 1 50% Ave. 50%
lours Dil.t Dida Veolue Dilat Dil, Voine
24 11,7 T2 0.0 0.8
24 13.9 D0
24, 0.0 1.0
24 545 2.0
52 105.3 101.7 2448 3448
52 122.6 39.6
52 795 FAVYA
52 9943 34.2
73 128,2 128.5 4742 5245
73 16642 4949
73 90.6 52.2
73 129.1 5045
100 177.8 168.7 5549 63,7
100 R2747 59.0
100 11.4 56.0
100 15449 7349
121 208,0 191,7 63.2 71.0
121 266,1 65.3
121 119.5 723
121 173.2 83.1
314 4713 43446 86.0 - 113.0
314 677.8 10742
31 251.1 114.6
31 338.2 4.2
484 6979 629.,0 115.8 156.8
484 96043 1944
B4 38440 150.1
484, L7347 22240

All sampleswere seceded with river water,

*Quadruplicgte saemples were asnalyzed for each dilution.
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Table 8.--Lumber used in furniture manufacturing by quality

class and species groups, l960£/

Spggiiitiﬁu . Furniture class
‘ . WooG aousehold ‘Wood nousehold® wWood office

« (not upholstered) | (upholstered) .

soiftwood

High 26 5 2
Mediwn 37 62 80
Low 37 33 18
Hardwood

High 24 11 21
Medium 68 80 74
Low 3 g 5
Sweetgum

High 26 6 9
Medium 67 80 88
Low 7 i4 3
Hayxd HMaple

High 35 44 33
Medium 52 55 63
Low 7 i 4
Red Cak

High 25 2 20
Mediun 52 S92 76
Low 23 6 4
Yellow Poplar

High 12 ] 6
Medium 74 77 85
Low 14 5 9

1 .
~/Hatlonal Figures

Socurce: Gill, 19€5:E4



which is critical to those Virginia forest industries,
such as sawmills and veneer and furniture plants, which
must have good size sawlogs. Trees available for sawlogs
are rapidly becoming smaller in diareter, even to the
point of disappearing as sawlog material."

If wood is to continue £o be used for furniture,
then quality wood supplies must be available. Due to
technological advances in lamenating, the gluing of
shorter pieces of quality wood to form larger pieces, and
the combining of wood with other materials to improve
properties, it has been possible to decrease the quantity
of quality wood per unit of furniture., The increased use
of plywood, particleboard and hardboard in furniture can
decrease the need of quality wood since these prefabricated
products can be used for core stock and other less visible
areas.

Quantity Requirements of Lumber

Virginia produces large quantities of lumber. "The
Virginia cut has exceeded one billion feet each year since
1939, except in 1945 when it was just under one billion
(General Assembly of Virginia, 1955:19)." Since 1956,
more than one-half of the hardwood produced in the South
has been cut in five states. In order of hardwood pro-
duction, 1957-1961, the leading states are: Virginia,
Tennessee, North Carclina, Arkansas and Mississippi

(Siegel, 1963:n.p.).



with the time of the veedlron,

Caleulation of B,O Value
Caleulation of the B.0.D. valves was nnde by use of The Tormmles used
by Divon (8) and Caldwell and Langelier (5). (Appendix E).
The B.0.D'e value wos found by multiplying the flask constants (Appen-

dix F) by the corrected deflection roadings of the open nenometer tube.

Dstp and Regults

ot

The data obtained from the manometric B,0.D. tests of the industrisl
uwsste are presented in tabular form in Tables 5 through 16, and graphic=-
ally in Figures 2 through 13. Two rune of the B.0.D, test were made for
each of the variables listed in the object of this thesis and the B.0.D,
resulls reported 25 1, 2, 3, 4 and 5 dey values. All the B.0.D, tests
were run at a temperature of 25° C., and the B.0,D, values reported as
ppr. oxygen, The sbandard dilution 5-day 25° C., B,0.D. values obtained
from another investigator are reported with the correspondling manometric

test.
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V. DISCUSSION OF RESULTS

Genersl

Throughout the investigation, only two test runs were mede for each
variable; therefore, the results cannot be considered conclusive but are
only indiecative of a trend.

The industrial waste effluent came from a plant utilizing the batich
process of manufacture. While the plant operation was of such a size
that the waste flow was constant and continuous, the constituents of the
waste vere assumed to be varisble,.

The waste samples were "grab" samples taken immediately before the
specific B,0.D. tests wvere begun and successive test runs were made approx=
imately 7 dgys apart.

The bottle B.0,D. values furnished by another investigator are pre=-

gented in the Discussion of Results under each scction.

The data from Test 1 is conbtained in Table 5 and is shown graphi-
cally in Figure 2. At an initial pH of 4.5, the waste exerted B.,O.D.'s
from zero to 3.5 prm. At a different dilution in the same test run, the
B,0.D.'s ranged from 4.2 to 12.7 prm but exhibited a lag phase from 58 to
70 hours.

In Test 2 (data given in Table 6 and on Figure 3), the initial pH
was el and the B.0,D,.'s exerted ranged from 7.5 to 15 ppm after lag per~
iods ranging from 80 to 90 hours; however, when the pH was ralsed to 7.1
the samples gave B,0.D. values from 17.9 to 33.0 pom after lag periods of
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only 20 hours.

In Test 1 when the pH of the waste was 4.1, the B.O.D. values were
low and were exerted only after long lag periods.‘ In Test 2 when the pH
of the waste was reaised from el to 7.1, the B.0.D. values were increased
and obtalned after much shorter lag periods.

The only bottle B;O.D. reported was 42 pym on a sample with a pH of

7.1-

Zype of Seed

The results for Test 3 are presented in Table 7 and Fipure 5. When
river water, garden soil, fresh sewage, and settled sewage were used as
seeds, the vaste gave respective B.0,D., values of 107.8 ppm, 92.7 ppm,
89.3 ppm, and 85.0 ppm.

The same seeds were used in Test 4 as in Test 3. The analytical da~
ta for Test 4 1s listed in Teble 8 and illustrated graphicelly in Figure
6. The waste seeded with river water gave a B,0.,D, of 63,0 prm, whercas,
the tvo B.,0.D. values obtained from the sample seeded with soll were 54.2
ppm and 5141 ppm. Samples inoculated with fresh sewage and with settled
gsewage exerted B.O.D.'s of 47.5 ppm and 49.1 ppm respectively.

In Tests 3 and 4 the river weter seed gave the highest B.0,D. values,
and gorden soll seed gave the second highest B,0.D. values, The fresh gew=
age seed geve a higher value than settled seed in Test 3, but settled sew=
age seed gave g higher value in Test 4. These results indicate that the
river seed may have contained bacterial organisms more suited to decompos=
ing the waste than the other seeds used. This may be explained by the



fact thet the river welor used in the experineont was obteinad below &
vaste oulfzll, and the micro=organisms had become adapted to the waste
under study,.

Bottle B.0.D, tests were run by another invesctigator using river
water; fresh seusge, and settled sewsge as seeds. The values obtained

ranged from 90 to 110 ppm for Test 3, and from 45 to 56 ppm in Test 4.

Aze of Seed
For Test 5, soll seed 1 day of age and river weter seeds varying in

ege from 6 hours to 67 days were used to seed the waste for the B.0.D,
tests The B.0.D. values (Table 9 and Figure 7), ranged from 27.8 to 50.7
PPae

The average B.0.D. value of the waste, using a river water seed of
67 deys age, was 50,6 ppmsy with a 36 day old river water seed, the aver=
age BJ0.D. value was 45.9 ppm, and for e river water seed with.age of 6
hours, the average B.0.D. value was 44.5 opm. A single B,0.D. value of
3242 ppm was obbained with river water seed thet had been aged 7 dgys.
The aversge B,0.D. value using soil seed prepared 1 day in advance wes
34e5 ppm.

In Test 6 (deta found in Tebles 10~a, 10<b, and Figure8), the aged
river water seed (6 to 73 deys), the fresh river seed, and the aged soil
seed (1 day), pave B.0.D. values for the waste from 71.0 to 79.6 ppm.
The river water seed of 73 days age gave the highest B.0.D. valus, while
the B.0.De values obtained from the seeds of different ages (1/4 to 42
days) were approximately 103 less. 4t a different dilution of the waste



sample, river water seed 6 deys old gave a B.0.D. of 8646 ppm, whereas
the river water seed aged 6 hours gave & value of 96.2 ppme The soil
seed of 1 day age caused the waste to exert a B.0.D. of 96,2 ppm.

The B,0.D. values from Tests 5 and 6 do not show a definite trend
toward eny age of soed with respect to effect of seed nge over the time
range invesiigsted.

The bottle test (6 hour and 67 dsy seeds) B.0.D. values given were
higher than the coﬁrespanding mgnometric BeOJ.De values for Test 5. In
Test 6, the manometric B.O.D. values were higher than the bottle B.0.D.

value for waste shd a 6 hour seed.

Adapted Seed
The data for Test 7 is listed in Table 11 and shown in graphical

form in Figure 8., The waste gave B.0.D. values from 43.8 to 210.6 ppm
when seeded with river water, garden soil, adapted garden soil (Appendix
D), and activated sludge. The average B.O.E.kvalue of the waste when
seeded with river wabter wag 138.7 ppm while the waste seeded with activa=~
ted sludge was 893 ppm; garden soil seoded vaste exerted a B.0.D. of 62,8
ppm and the waste with an adapted soil seed gave a B.0.D. of 5346 ppne

In Test & (results in Table 12 and on Fipure 9), the same seeds were
used as in Test 7 and the B.0,D. values of the waste ranged from 93,6 to
272.0 ppme The average B.0.D. value of the waste with adepted scil seed
was 197.4 ppm, and with river water seed was 191.5 ppm. Using an activa-
ted sludge seed, the B,0.D. value was 149.0 prm, and with garden scil seed

the B.0,D. value was 98,0 ppm.
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end activated sludpge give higher B,0L,D. velues fthan the B.00D. resulis
obtained vhen gerden soll was used es a geed,

It is belioved thobt the bocterial orgonismg in the river water be=
low the waste oultfall had become sdapted to the waste mebtorisl snd, there-
fore, this river water when used as seed cauced the waste to exert hicher
B.0.D. than the waste when seeded with non-sdapted seed.

The bottle B.O.D. vzlues reported in each test for river water and

activated sludge werc from one-fourth to one~half the manometric B,0.,D.

values,

Dilution Vgter

For Tost 9 (resnlts in Table 13 and on Figwe 10), river watoer, de=
minerelized tap water, end standerd dllubion wsler vere used %o dilute
the wrste samples for the D.0.D. test. The diluted wnote geve values Trom
419 Yo 110.3 ppme The average B.0JD. value for the waste using river
veter zg the dilutant was 76.1 ppn and the single value obtained when de=
nineraliced tap water uas‘uﬁeﬁ as dilution water was 54.4 prme The woste
did not give a B.0.D. value when standard metliods dilutlon water was used.
This zero reading wae probably the result of lTaulty technique.

The values of Test 10 (dets reported in Table 14 end on Figure 11),
ranged from 42.8 to 227.0 ppm =nd vere oblalned by using the same dilution
waters as were used in Test 9. The cverage B.0.D. value obhiained with
ghandard dilution water wne 145.5 ppmy the average B.0.D. value obtalned

with river water as the dilutent was 119.5 ppm, and the average B.0.D.



value obtained with demineralized tap water was 46.1 prm.

These tests indicate that river water and standard dilution water
gave higher B,0.D, values vhen used to dilute the wasie then a demineral-
ized dilution weter. It is uell esteblished that certain minersl salts
rmust be present to enable the rescting sample to exert a normsl B.O.D,

In this case the minersl nutrients moy be present in river uwater due to
minerals dissolved from the soil or from artifieial pollution, and also
some portion of the minerals needed may occur in the waste itself, The
standard dilution water contained the minerals recomrended by Standard
Yethods for the Examination of Water and Sewsge (1), plus the possible
minerals found in the waste. However, the demineralized dilution water
had only the mineral nubtrients present in the particular waste sample
wvhich was enalyzed at a 10% waste dilution,.

For both Tests 9 and 10, the curves show that when demineralized tep
water was used the maximum B,0,D. was exerted in about 2 days; this in=-
dicates thel something wes linmlting the B,0.D. reaction after 2 deys and
this moy have been the lack of mineral nutrients.

The bottle B,0.D. reported was 50 prm when standerd dilution water

was used with sample from Test 9.

Dilution
Table 14 snd Figure 12 show the data obtained from Test 11, The 50%

and 10% dilutions of the waste samples exerted a B.0.D. ranging from 16.4
to 5647 prme The B.0.D, values of all the 10% dilutions were grester than

the 50% dilution values, the average being 53.5 ppm for the 10% dilutions



and 23.4 ppm for the 50% ailutions.

Test 12 {data in Table 15 and on Figure 13) shows B.0.D. values for
the 50% and 10% dilutions from 63,2 to 266,1 ppm.

The average B.0.D. value for the 108 dilutions of waste was 191.7
ppm as compared to the average B.0.D. value for the 50% dilutions of 70.9
PPnia

The fact that the B.0.D. values increased as the waste was made more
dilute indicated the presence of & substance toxic to the B,0.D. reaction.
The dilution at which the B.0.D., values were not repressed by this toxie
city was not determined.

No bottle B.0.D. values were obtained to accompany Test 11 and 12,



I, COUIISIONS

The following trends were observed in the manometric study of the
BsOeJD. of a neutrelized acid industrial waeste under the infliuence of the
variables pH, type of seed, age of seed, adapted seed, dilution water, and
dilutions

(1) The waste exerted a normel B.0.D. when the pH was adjusted to 7.l.

(2) The waste geve the hisghest B.C.D., values when river water was used
85 o seeds The waste geve comperable B.0.D. velues when scoded with garden
soll, fresh seuage, and settled sewage.

(3) The age of the seed made little difference in the B,0.D, exerted
for the secds stnudied.

(4) The wacte gove higher B.0.D. values with adapted seeds than with
unadapied seods.

(5) The presence of mineral nutrients vere necegsery for the weste to

exert a normel B.0.D,

(6) The presence of g substence In the weste which was toxic to the
Be0.D. Teaction wes indicated,

The bottle B.0.D. velues were in the same general range as the corres-
ponding menometric B,0.D, velues,

The VWerburg evparatus was well alepted for use in studying the effect

of variables on the B,0.D. reaction of 2 neutralized acid industrial waste.
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VII. SUMMARY

The purpose of this investlgetion was tc use the manonetriec method
to determine the effect of the following variables on the B.0.D. values
of a neutralized scid industrial waste: plH, type of seed, age of seed,
adapted seed, dilution water, and dilution. In order to determine the
effect of each variable on the B,0.D. of the waste, the tLemperature and
agitation of the Varburg apparztus were kept abt fixed values. VWhile the
optimunm condition for one varicble wes belng determined, the remaining
factors were kept constant. Az the optimum condition of ecach varisble
wes found, it wes used as e reaction constant, and this process was con=
tinued until the list of veriable factors was completed.

Since only a limited number of tests were run for each variable, no
definite conclusions can be drawne. However, the following trends were in=
dicated from the data obtained: A pH of 4.1 depressed the B.0.D, values
and they were exerited only after long lag periods; the wasie exerted a
higher B.0.D. with mach shorter lag periods when the pH was raised to 7.le
River water seed caused the waste to exert higher B.O.D. values than did
garden soll seed, fresh sewage seed, and sebtled sewage secd, This in-
dicoted that the river wober contained a microbiological population adapte
ed to the utilizatien of the woste under studys The age of seed nade 1ittle
difference in the B.0.D. values exerted for the seeds studied., The waste
gave hirher B.0.D. volves when odopted seeds of river water, adapted soll
secd, =nd activated sludge vere used than when regular gerden soil seed

was uscd. t is belleved thot the bacterial orgonisms in the river water
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below the waste outfall had become adapted to the waste material., The
preceres of mineral mutrients as found in river water or the eddition of
mineral nutrients as recommended by Stendsrd iMethods for the Exaeminstion
of Mater znd Sewgze (1) are necessary for the waste to exert a normal
B.0,Ds The presence of a substance toxic to the B.0.D. test is indicated
because the B,0.D. values inereased with ineressing dilution.

The botile B.0.D. values, oblazined from snother investigator, were
not given for all of the tests; therefore, no conelusions were drawn ex-
cept thot the bottle B.0.D. values were in the same general range as the

corresponding manometric B.CJD, values.
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Table 1l,--Commodity class furniture sailpped from Virginia

Lo other states by Class I Railroads, 1961

De?tinit%onl Volume of freight Short-line distance2
state)

Arizona 24 2313
California 128 2731
Colorado Pt il0s
Florida 490 TLO
Iilinois 87 724
Iowa 27 113¢
Massachusctts 73 GLY
Minnesota 41 1142
Missouri Z B92
Nebraska 30 1157
New Jersey 64 47%
New York 73 562
Ohioc 33 539
Texas 141 1327
Virginia 50 i4
Washington 22 2339

1

Only stetes with shipments of 20 tcns or more included,

2Short-—line distance is the shortest rail route over

which carload traific can be woved witihwout transfer

of lading.

Source: Adapted from, Interstate Commerce Commission,
1963:253~-254.



Brodie's Solution was prepsred according to directions (see Appendix
A) and the density of the solution determined as follows: 4 small tared
specific gravity bottle was filled with distilled water at 25° C, and
weighed. The bottle wes then filled with Brodie's Solution at 25° C. and
weighed again.
The data and celeulations ere shown below:
Weight of bottle plus water at 25° C. == 43.2345 g
Weight of bottle - 18,3250 g
Weight of water at 25° C, 2449095 g
Density of water at 25° C. 0.99707
Volume of bottle == 24.9095 = 0.99707 = 24,9827 ml.
Weight of Brodie's Solution plus bottle == 44.1048 g
Weight of bottle e
Weight of Brodie's Solution 25,7798 g

Density of Brodie's Solution == 25,7792 . 1.032
2/..9827



7l

Avpenddx C

on_of o

Approximately one pound of fresh garden soil was rolled into & ball
and allowed to dry at room temperature., The dry soll was powdered and
mixed thoroughly. The soil was then placed in a ground glass container,
wrapped in aluminum foil to protect it from sunlight, and stored‘in e
desiccator at room temperature,

Twenty~four hours before the soil seed was to be used, 100 milli=~
grams of the goil were placed in 100 ml, of dilution water prepared accord=
ing to the procedure outlined in Standard Methods for the Examination of
Hater and Sewage (1), and thoroughly shaken., This mixture was kept at 25°
Ce for 24 hours and the clear liquld from the upper portion of the contain-

er was used as seed,
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One gram of prepared garden soil was added to one liter of dilution
water prepared as per Stgndard Mothods for the Examingtlon of NWoter and
Seware (1). After shaking, portions of the liquid were withdrawm from
this nmixture and equal portions of the industrisl waste werc added, in
the amounts and after the time intervals shown below., This mixture of

soll, dilution water, and waste was kept at a constant temperature of

25° C,
Time Interval in davs
2 0
5 3
5 1
5 1
5 1
5 1
5 1
5 1
5 1
5 3
5 2
5 1
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Appendix B
De ation of Fls Fo!

Dixon (8) uses the formula X = hK for determining the oxygen uptake
where X is the milliliters of oxygen uptake, h is the change in the open
menoneter leg in centimeters, and K is the reaction flask constant. The

value of K is expressed ags

2B Vg 4 Vfoc
T in which

Po

Vg = total volume of gas in flask-menometer system to index
point in ml.

T = absolute temperature,
Vf = total volume of fluid in flask in ml.

X = golubility of oxygen under test conditions (in ml./mle
at 25° C,

Po = normel pressure in centimeters of manometer fluid.
Caldwell and Lengelier (5) convert the Dixon equation from milliliters

of oxygen consumed to parts per million by weight (w) of oaxygen used to gets

273 Vg mc) 1430 . h.
w“( TPo Pol * Vs *

Using a temperature of 25° C, and 1.032 for the density of the mano~
meter fluid (Brodie's solution) the equation reduces tot w = h 1,31 Vg/Vs
+ *04Veh/Vs o

Since the second term of the equation is small it can be dropped end
the equetion used as ¢ w = h (1.31Vg/Ve) where (1.31 Vg/Vs) is K.



Avpendix F

cylatio r Constant
A flask constant (X) was celeulated from the following date as showm
belowt
V = 17,68 ml -~ volume of flaske-manometer system to index point.
Ve = 4.0 ml = volume of diluted waste added to resction flask,
Ve *® 0,5 nl = volume of alkali added to alkali well,
Vs = 2.0 nl = volume of undiluted sample sdded to reaction flask,

Vg = = total volume of gas in flask-nsnometer systen to
index point.

Vg = V.V Va
2 17,68 oo LoD - 0,5
= 13,18 ml

Then:

K= 1,31 ¥g
Ve

= 131, 13,8

= 3,63
RK® vyglues were calculated for other flasks and other waste dilutions

in a sinilar manmer,



