mfngéAﬂ N Western Michigan University

UNIVERSITY ScholarWorks at WMU

Paper Engineering Senior Theses Chemical and Paper Engineering

5-1963

The Influence of Cellulose, Lignins, and Organic Compounds on
Biochemical Oxygen Demand

Dale Phenicie
Western Michigan University

Follow this and additional works at: https://scholarworks.wmich.edu/engineer-senior-theses

b‘ Part of the Wood Science and Pulp, Paper Technology Commons

Recommended Citation

Phenicie, Dale, "The Influence of Cellulose, Lignins, and Organic Compounds on Biochemical Oxygen
Demand" (1963). Paper Engineering Senior Theses. 423.
https://scholarworks.wmich.edu/engineer-senior-theses/423

This Dissertation/Thesis is brought to you for free and
open access by the Chemical and Paper Engineering at
ScholarWorks at WMU. It has been accepted for inclusion
in Paper Engineering Senior Theses by an authorized
administrator of ScholarWorks at WMU. For more
information, please contact wmu-
scholarworks@wmich.edu.

WESTERN
MICHIGAN

UNIVERSITY



http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/
https://scholarworks.wmich.edu/engineer-senior-theses
https://scholarworks.wmich.edu/pci
https://scholarworks.wmich.edu/engineer-senior-theses?utm_source=scholarworks.wmich.edu%2Fengineer-senior-theses%2F423&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/93?utm_source=scholarworks.wmich.edu%2Fengineer-senior-theses%2F423&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.wmich.edu/engineer-senior-theses/423?utm_source=scholarworks.wmich.edu%2Fengineer-senior-theses%2F423&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:wmu-scholarworks@wmich.edu
mailto:wmu-scholarworks@wmich.edu
http://scholarworks.wmich.edu/
http://scholarworks.wmich.edu/

"THE INFLUENCE OF CELLULOSE, LIGNINS, .AND ORGANIC

P

CCMPOUNDS ON EIOCHEMICAL OXYGEW DEMAED"(

DALE PHENICIE

May 17, 1963



"The Influence of Cellulose, Lignins, and Organic

Compounds On Biochemical Oxygen Demand"

Biochemical Oxygen Demand (B.0.D. as it is commonly
called) is the oxygen, in parts per million, required during
stabilization of the decomposable organic matter by aerobic
bacterial action. ‘

This thesis represents work done to:find out what, if any,
B.0.D. 1s exerted by cellulose, lignins, and other organic

materials found in paper and pulp mill effluents.

I became interested in this topic during the past summer
while working for a local mill which produces pulp from the
neutral sulfite semi-chemical pulping process. It came to
mind thet cellulose, and particularly the lignins, hemi-
celluloses and pentosans, might exert a portion of the high
B.0.D. recorded in the mill effluent. Observations throughout
the summer indicated that the B.0.D. had a tendency to rise
as the suspended solids of the effluent increased. No direct
relationship between suspended solids and B.0O.D. could be
found however,

Theoretically, these materials should exert a B.0.D..

Let us first take a look at some of the nutritional requirements
of microorganisms. The majority of all bacteria obtain their
supply of energy from theilr food. The food which is consumed

i1s used for two purposes: one, as a source of energy; and two,



as the actual material or bullding blocks which make up the
cell. We will be concerned with the food only as a source
of energy for the microb. The food of the microb is made up
of several inorganic elements which are necessary to sustain
life. These elements include (listed in order of decreasing
amounts which are required): carbon, hydrogen, oxygen,
nitrogen, phosphorus, sulfér, with much smaller amounts of
iron, calcium, magnesium, potassium, sodium, and chloride.
Trace elements of such things as manganese, zinc, copper,
boron, molybdenum, iodine, and stront;um are also required.

The carbon requirement and the enérgy requirements of the
cell is all that this paper will Be concerned with.

The majority of all bacterla is a type of bacteria
known as the heterotrophic bacteria, These organisms must
obtain thelr supply of carbon and energy from the breakdown
of organic materials. What better supply of organic materials
could bacteria find in a pulp and paper.mill than the cellulose,
lignins, and other organic compounds which are the direct
resultant of the pulp and paper making brocess. However,
most people are of the opinion that cellulose by itself does
not exert B.0.D. The problem seems to lie in the fact that
in order for the bacteria to obtain their supply of carbon
from cellulose they must first depolymerize the cellulose
molecule. This belief 1s contrary to the fact that a certain
species of bacteria will attack and break down the cellulose

molecule., In fact i1t will even go back one step further and



break down the cellulose complex found in the cellulose fiber.
The decomposition of cellulose by this micorb goes stepwise in
the following manner,

Cellulose complex = Cellulose molecule = Linear glucose

compound -0 Cellobiose « Glucose -0002, Organic acids,

CH4, Hy
If this cellulose decomposition prbcess can and does take plaqe,
it would seem that the hemicelluloses, which have a much lower
D.P. (degree of polymerization) than does the alpha cellulose,
would be even more readily decomposed. If all this were true,
cellulose would certainly exhibit a substantial B.0.D.

Lignin is a complex organic substance which certainly
should supply a good deal of carbon to the microbs. Like
cellulose, the molecule would have to be broken up or de-
polymerized before it could yield carbon to the bacteria.

This fact might suggest that the lignin would not exert B.0O.D.
because it would not be readily broken down. However, there is
also a bacteria species which devotes its carbon seeking time
to the decomposition of lignins., In view of this fact, it
would be expected that lignins would exert B.0.D.

The other organic materials such as the pentosans and
gamma celluloses of very low D.P. would not be present in a
highly purified pulp. However, a pulp sample such as unbleached
semi-chemical, unbleached kraft, or groundwood would contain a
small amount of these materials., These materials are very close
in structure to simple sugars. These materials would show a

high B.0.D. because the simple sugars are a very accessible



source of energy for microbs. However, the relative amounts of
these materials in a pulp mill effluent would be small and
might not affect B.0.D. of the system.

A survey of literature was made to determine what work
had been done on this subject and what results were recorded.
Upon completion of the literature éurvey, it was found that
very little, if any, work has been done in the area of the
B.0.D. exerted by pulp fractions., However, evidence which
could be made to apply to the problem was found. This material
seemed contradictory as there were facts to support both sides
of the issue of whether or not these materials had any influence
on B,0.,D. An article in Sewage and Industrial Wastes 29,

No. 11:1267072 titled "Biochemical Oxygen Demand of Organic
Chemicals", the authnor established the following things:

"The biological oxidation of organic chemicals does

not proceed always with ease and certainty. An

inflexible analytical procedure, such as that for a

5-day B.0.D., may not express the true nature of

biological oxidation of a given waste."

From TAPPI 32, No., 12:559-62 comes the following
statement:

"Formaldehyde will show B.0.D. while oxalic acid

which exerts oxygen demand on the stream shows

no B.0.D."

Harry Gehm in an article in the Sewage Works Journal
19, No. 5:8365=71 titled "Problems in the Application of
Biochemical Oxygen Demand Test to Pulp and Paper Waste"
says this:

"One of the major questions regarding Pulp and

Paper wastes which is as yet unsolved 1is the
rate of oxlidation of the fiber. Experimental work



at Rutgers University dealing with the B.0.D.
rates of paperboard mill waste before and after
fiber removal yielded variable results, the most
puzzling being the varilation between the various
types of pulp since the oxygen demand in no way
follows the cellulose content."

The latest edition (1lth) of Standard Methods for the
Examination of Water and Sewage, has a standard solution
which is a check on B.0.D. procedure. This solution is
made up of glucose of a certain concentration.

In another article by Dr. Gehm, Technical Assdcelation
Papers, 30:504-55, he says:

"The presence in others of chemical oxygen absorbers
such as bisulphites and of wood sugars capable under
some conditions as pointed out by Martin of promoting
the decomposition of even resistant lignins further
complicates the picture."

The articles listed above are Just a few of the ‘many
surveyed for this thesis. This is the only information that
could be found dealing with this subject.

A1l of the literature which was found to deal with this
subject 1s quite old. Also no statement of any quantity of
B.0.D. was made.

Before starting the investigatory work on this project,
a method of measuring B.0.D. had to be found. It was decided
to use the standard Wirkler Method for determining B,0.D.

J‘{.)
This procedure consists of three samples to be tested which
are diluted to a standard volume of 300 milliliters in a
special B.0.D. bottle. The water which is used for dilution

is a specially prepared dilution water containing an inoculum

of bacteria. The dilution water is prepared by saturating
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deionized water with alr to a dissolved oxygen content greater
than 8.0. To each liter of dilution water is added the following
nutrient solutions:

2.5 ml, CaCl

2.5 ml. I’{gSOZ‘_
1.25 ml. Phosphate buffer solution

0.5 ml, FeCl3
2

These nutrients make up the necessary inorganic elements mentioned
earlier which constitutes the microbs' food supply. The inoculum
of microbs is introduced into the dilution water containing the
nutrients. I used influent to the local sewage disposal plant.
One milliliter of sewage per one liter of dilution water proved
to be sufficient. |
Along with the three samples three blanks are also set up.
The blanks consist of only dilution water to which no sample
has been added. DBoth samples and blanks are incubated for five
days at 20 degrees C. Upon completion of the incubation period,
the samples and blanks are analyzed for dissolved oxygen content.
The analysis for oxygen content is made by reacting the

samples and blanks with 2.0 ml. of the following three reagents:

Manganous Sulfate solution

Alkaline Potassium Iodide

Concentrated Sulfuric Acid
After the additibn of the sulfuric acid and the precipitate has
dissolved, 200 ml. of the 300 ml. are titrated with standard
.0250 normal sodium thiosulfate solution, using a starch
indicator. The result of the titration is equal to the dissolved
oxygen content in parts per million. The B.0.D. is obtained by

subtracting the dissolved oxygen (D.0.) of the sample from the



D.0., of thé blank.
As samples the following pulps were used:
Cotton
Bleached kraft
Bleached sulfite
Unbleached kraft
Unbleached sulfite
Teutral sulfite semi-chemical
Groundwood
To prepare the samples for B.0.D. trials, the pulp was
first ground up in a Mead%disk type refiner. The purpose of
this was to destroy the fiber and eliminate the necessary
mechanical decomposition of the fiber which must take place
before the bacteria can attack the cellulose complex. This
action on the fiber was used as an attempt to get more
reproducable results oa B.0.D. tests,
The dilution of the sample had to be determined by a
series of trials. The series of dilutions found to give
the most consistant results Was.l, 3 5, 7, 10, 15, and 16 per
cent with most tests run in the 5 per cent range. The term
dilution means the per cent sample added to the entire volume
of the 2.0.D. bottle. For a 5 per cent dilution, 5 per cent of
300 ml. or 15 ml. of pulp sample would be added to the bottle.
The bottle is then filled with 285 ml. of dilution water.
The data obtained from the five day B.0.D. test on the
pulp samples 1s shown in Table 1.
The data of this table is taken from the average of fifteen
tests on all pulp samples., The pulps are listed in the order of
increasing lignin content. This table shows a tendency toward

an increase in B.0.D. as the amount of lignin present in the

pulp sample 1s increased. To arrive at a more specific indication



of the effect of lignins on B.0.D., let us first consider the
amount of lignin which was present in each\pulplsample. Table
2 snows the amount of lignin of each pulp sample tested.
TABLE 1
THE B.0.D. OF PULP SAMPLES

Pulp "Observed B.0.D.
Cotton 8e37 DeDellie .
Bleached sulfite 11.10 p.p.m.
Bleached kraft 10.06 p.p.m.
Unbleached sulfite 14.55 p.p.m.
Unbleached kraft 2.3 Dp.p.m.
Groundwood 26,5 D.p.m.
Ileutral sulfite
semi-chemical 52.7 DeDeme.
TABLE 2

LIGHIN CONTENT OF PULP SAMPLES

Pulp Sample Lignin Content
Cotton 0O %
Bleached sulfite AT
Bleached kraft .58%
Unbleached sulfite 8%
Unbleached kraft 4.6 %
Groundwood 26.3 ¢
Neutral sulfite

semi-chemical 1.93%

The values in Table 2 are the values which most often
appear 1n literature.

Jsing the data from Tables 1 and 2, a plot of lignin
conteat versus 3.,0.D. can be made., Figure 1 éhows just such
a plot. We can see from this graph that with the exception of
the neutral sulfite semi-chemical as the amount of lignin of
the pulp increases the B3.,0.D. also tends to rise. In fact,
it appears azs if there is a sharp increase in B.0.D. with

increase of lignins.
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The neutral sulfite semi~-chemical does not comform with
the other pulps, as it shows the highest B.0.D. There may be
two reasons for this. (1) The pulp sample may have been partially
spoiled before the test meaning that bacteria would have already
started to decompose it, or (2) the chemical action performed
on the pulp may have made the ligniﬁ more accessaple to the
bacteria, I suspect that the first reason is more nearly the
case, |

What sbout the B.0.D. exefted by the pentosans of the pulp?

Table 3 shows the pentosans content of the pulps which were

tested,
TABLE b)
THE PENTOSAN CONTENT OF PULP SAMPLES
Pulp Pentosans (%)

Cotton Less than 0,9%
Bleached sulfite 8.5
Bleached kraft 10.6
Untleached snlfite 5.1
Unbleached kraft 3.0
Groundwood 16.0
Neutral sulfite
' semi-chemical 19.3

These values we obtained from the same source as was the lignin
composition of the pulps. A plot of the data from Tables 1 and
3 1s shown in Figure 2. As can be seen there is no easily
discernable curve as there is in the case of the lignin versus
B.0.D., curve in Figure 1., TFor this reason not too much of a
conclusion can be drawn about the B.0.D. of pentosans,

As far as the B.0.D. of cellulose goes, this work has
shown that cellulose does exert some B.0.D. on a five day basis,

However, to be able to find out the total B.0.D. exerted by
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cellulose alone, extended time B.0.D.'s of more than five

days would have to be run,.

SUMMARY ¢

Through this work the following things have been investigated
and established.

(1) The B.0.D. of a pulp sample which has been made to
simulate the conditions of paper mill white water tends to show
an increase as the lignin content of the pulp is 1ncreased.

(2) The total B.0.D. of cellulose cannot be effectively
measured by the standard five day B.0.D. procedure.

(3) The effect of the pentosans on B.0.D. cannot be

effectively measured by this procedure.
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