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ABSTRACT

Biochemical oxygen demand (BODs) is a five day test.
Chemical oxygen demand (COD) is a two hour test. Both
measure the Sxygen demand exhibited by organics in a
wastewater sample.

It was proposed that if a significant correlation exists
between BODs and COD, the faster and simpler COD test could
be subétituted for the more commonly used BODs test. Three
effluent streams were chosen to test: a pulp mill stream, a
paper mill stream, and a combined effluent stream. The
correlation that existed between BODs and COD in the combined
effluent and paper mill streams were 0.90 and 0.92
respectiveity. A correlation of 1.00 would be a perfect
linear correlation. The correlation of BODs to COD
associated with the pulp mill stream was 0.72.

These results can help a mill predict BODs in a short
time allowing for the saving of money, man hours, and time.
It will also provide thevmill with soluble organic.

concentrations in their effluent streams on a regular basis.
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I. INTRODUCTION

Ovér the years, reséarchers and'industrial‘plant
oberatorsrhave been trying to abahdon the BODs analxsié since
it has a high deQiation, and the test is time éonSuminéf
However, since all design parameters'fofubiological treatment
systems, and evaluation parameters are based on Boos.values |
for determining organic_effluent loads. Regdiaﬁory agencies
cqntinue to use the:éoos ﬁest as their parametef for
measuring organic effluent loads (1).

There are other methods for predicting organicreffluent
concentrations. They are chemical oxygen demand (cop), total
organic carbon (T0C), and total oxygeﬁ demand (TOD);_ For
duite a while now, manyiengineers haVe Seenrcollecting data
on’correiating these tests with BODs. _

It has been proposed that by cqrrelating, BODs and COD,
a pulp or paper mill could predict mill effluent loads in
shorter_periods of time. This is because 80Ds requires five
days before test results are determined, while COD results
can be obtained in less then threé thrs. If the tests
show a significant correlation between BODs and COD, a mill

can ‘figure out its BODs load in less then three hours.

II. BACKGROUND
A. Literature Review
Van Soest (2) did research work on BODs/COD ratios. He
stated that data‘accuracy isia key to correlating the two
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tests. He found in his study that potentially 40 percent of
the samples collécted were inaccurate. This was based on
different operators collecting'sambles with differentrmethods
of grabbing samples. - ' _ | . |

| At all times the COD wvalue Qf a sample mus£ be higher
then the BODsz value. It is poséiblé to have én'ultfmate BOD
reachrthe COD value. The COD value is always highér than the
'BODs because of the presence of inorganic materials like |
cookingichemicals, filler clays, alum, ect. These inorganic
materials'have no BODs, but may exhibit a COD value. Organic
materials sugh as lignin also exhibit no BODs,'but do exhibit
a COD value. So, COD is always higher ;hen BODs (2). |

In Siberia, Timofeeva (3) has_réported on_a“studf done

on BODs/COD ratios. Thelsgudy was performed on a kraft pﬁlp
mill, and the BODs/COD ratios were between 0.6 and 0.7; This
was used to predict BODs from éOD data. This result was used
to reduce the amount of laboratofy wbrk’required to monitor
the wastewater effluent stream. Another study performed in

Germany on effluent from a sulfite mill had a 0.3 BODs/COD

‘ratio (4).

B. BOD

Biochemical oxygen demand (BOD) is the amount of oxygen
consumed in metabolizing biodegradable organics. BOD
determination'is‘a laborator? procedure, which tests for'the
ox?gen requifements of.wastewaters, effluents;:and pdlluted
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Z waters. The test measures the oxygen required to degrade the

,zcrganic material (1).

Dissolved oxygen 1is of great fundamental imbortance in
é maintaining aquatic life. If the dissolved cx}gen gets too
- low in lakes and streams aquatic life will die because there
; 1s not eecugh oxygen available in the water. If lakes and

% streams become polluted by industry or other Human

| ectiyitles, BOD increases causing a deficiency in dlssolved
oxygen. This deficiency can kill fish, insects, and other

- forms of life. BOD levels rise when waters are polluted
because the bacteria (bugs) require oxygen and other
gnutrients such as nitrogen and phosphorous to degrade the
;organic material. Thus, BOD measurement.in lakes and rivers
iis one of the most important tests when monitoring bodies of
{water .

-Tce following equation show how the yveaction occurs when

- degrading wastes biochemically (1).

CaHpOe + Oz + nutrients —-———=——- > COz + Hz0 + sludge + energy

In‘this reaction the organic waste is oxidized to its lowest
energy state (carbon dioxide) throughvthe metabolic action of
microorganisms. Products produced other than carbon dioxide
are energy, water, and new cells (1).

Measurement of BOD is based on a five day storage
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reading. The samples are kept in a dark place at 20 degrees ’

Celsiué.' Temperature and light can effect BOD measurements.
The samples should not be exposed to light, in fear that
algae might grow. Algae produces oxygen and could give a
false BOD reading. -Temperature also affects the degradation
of organic material. If temperature increases, degradaiion

occurs faster, thus the BOD value will increase (5).

€. CoD

vThe chemical oxygen demand (COD) test is used as a
measure pf the oxygen equivalent to the organic matter
content of a sample that is suséeptible'to oxidation by a
strong chemical oxident (5). The COD test measures organic
content of natural waters, municipal wastewaters,band
industrial wastes. The COD'test‘caﬁ be used by industrial
companies when they want to check their waste stream quickly.

The COD test can not be used to differentiate between
biologically oxidizable and inert organic matter. Also, the
test provides no information concerning the‘rate’at which
organic matter is being oxidized. The test can also be
affected by inorganic constituents such as chloride. Such
constituents must be removed before COD can be determined.

The COD test is used to measure the oxygen equivalent of
the organic matter using a sﬁrong oxidizing agent, potassium
dichromate. The chemical réaction is represented as follows:

4
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CaHbOce + CrO0»>~2 + H* ————--—- > Cr+3 + COz + H=zO0
catalyst

To determine the amount of organic maﬁﬁér present, the amount
ofvpotassium dichromate used to oxidize the organic matter is
measured. The reacﬁion takes place in heat with the addition
of a catalyst, silver sQifate. The end products are Chromium

plus three ion, carbon dioxide, and water (1).

III. Experimental

A. Sampling

The correlation between BOD% and COD was done
on pulp and papef mill effluent from S. D. Warren, Muskegon,
Michigan. The tests were performed on three waste streams: a
ﬁulp mill, paper mill, and éombined.effluent streah. The
cOmbinéd effluent stream consisted of wastes from the entire
mill.

The effluent was collected over an eight hour work day.
Five samples werebgrabbed from each stream during this time
period. Process variables were also monitored in case any
upsets occurred. The samples were stored in a cooler packed
with ice, and were transported to Western Michigan University
for testing.

The samples were then sﬁored in a refrigerator at the
National Council of the Papef Industry for Air_and Stream
Improvement (NCASI) laboratory. The samples were initiall}
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-filtered to remove all insoluble matter. The samples then

were separated into two containers: one for BODs testing and

the othérﬁqné for COD testing. The COD test.samples were

mixed with sulfuric acid to drop the pH to below two. In

appendix 6, there 1s a chart showing storage. and holding

conditions for tests.

B. Preparation

| Before fhe tests could be run, nutrients had to be made
for the BODs tests. The nutrients were made a week iIn
advance. These nutrients were made following the procedures
described in Standard Methods (6). "The nutrients consisted
of é phosphate buffer, magnesium sulfate solution, calcium
chloridé solution, and ferric chloride solution.

[:7here are several ways.to perférm the COD test. The
cloéed reflux micro diéestion procedure in standard Methods
was chosen (6). This method calls for prepared vials which
contain potassium dichromate, silver sulfate, sulfuric acid,
And mercuric sulfate. As explained e%rlier, the potassium
dichromate is the oxidizing agent and the silver sulfate is
the catalyst. The sulfuric acid is used for keeping the pH
low, while the mercuric sulfate is there to complex halides,
so they would not interfere with the test .2

‘A known molarity of ferrous ammonium sulfate (FAS) must

“also be prepared. FAS is used to titrate the remaining

potassium dichromate in the sample vials. This information
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is used to calculate COD.

C. Procedures
1. BOD
Following are the steps that were used to determine the

amouht of BODs in mg of oxygen per liter. o LA

X Aéraﬁion of 55 liters of distilled water for approximately

" a half hour . Purbose is tb add as much oxygen to the water
és possible.

* The addition of nutrienté to the aerated'diStilled,water;
| -1 hl/L phosphaﬁe buffer

- 1 ml/L magnesium sulfate solution
= 1 ml/L calcium chloride solution
- 1 ml/L ferric chloride solution

* Calibrate the dissolved oxygen meier using Winkler
titration in Standard Methods (6).

*VFill two BOD bottles with dilution water. Check the
initial dissolved oxygen, stopper and cap. These are the
unseeded blanks. They are used to check the quality of the
dilution water. Depletion should ndﬁ be gréater”than 0.2
‘mg/L .

- % Add seed (microorganisms) to the aerated dilution water.
% Fill two BOD bottles with seeded blanks. Check the initial
‘dissqlﬁed oxygen of the bo££les, stopper, and cap. These
- blanks will be usea when‘calCUlating the BOD of the |

-
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samples.

* Add effluent to each BOD bottle. The amount of'sample.

_addition'vafies with the strength of the wéste...fn
;appendices 1, 2, and 3, there is raw data showing Ebw much
?sample was added. Also in appendix 5, there is afdiagram
showing the BOD bottle preparation‘brocedﬁre. The béttles
are filled with the seeded dilutibn, checked‘for'initiél

dissolved oxygen, stoppered, and capped.

* The bottles are now placed in storage for five days at a

temperature of 20 degrees Celsius in a dark placé;

* The final dissolved oxygen is takén_on the bottles.

* BODs 1s calculated.

BODs Calculation:

mg/L BOD =

DO;sample - [[ DO seeded blank] [(300 ml - ml sample)/300]]

— — — o S - o — Y W O P ot S W i o S T W S i T W P (A A M Tt WP S S N PR T T AR S T VD W e Gk T T TP e T — — S Y o - ——

ml sample/3oo ml

DO = Dissolved Oxygen (mg/L)

2. oD
The procedures for COD are listed belbw."COD_isr
calculated in mg of oxygen per liter. The procedures follow
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standard methodsvclosedireflux‘(é).

* Two blanks are prepared by adding 2 ml of distilled water
to the digestion vialsﬁ‘ These. are used to ﬁell how much
potassium dichromate iéfpresent.f .

* The effluent samples are added to the digestion vials.

| Appéndix 4 shows how muéh sample was added to each viél.
If the samples had contained high strength waste where all

the potassium dichromate could be consumed, then the
'samples would be diluted.

X THe samples are placed in a heating chamber for two hours
at 150 degrées Celsius.

% The samples are titrated with.FAS to determine potassium
dichromate consumption.

* COD is calculated.

COD Calculation:
mg/L COD =

‘ .

_ ml of sample

ml of FAS used for blank
ml of FAS used for sample
molarity of FAS

O oD
o

IV. DISCUSSION
Correlating BODs and COD is possible in pulp and paper
effluent streams. However, the same correlation can not be
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used in each waste stream because each stream is made up of
different organicbcémponents. For this correiatién to exist,
~sampling and handling techniques have to pérfbrmed |
consistently without deviation,land pfocess variables have to
be monitoredAfor process spills.

“The following three graphs show the linear relatioﬁship:
of the results. The eduation on each graph is the line
aepicting the relétionship of COD to BODg in‘a best fit line.
The R value stands for the coefficient of correlation which
ié a measure of the stfength of the linear relationship
betwéen two random variables x and y (7).
| In Figure 1, tHe combined_effiuent'stream, the R value
ié 0.90, which shows a strongblinear relationship between

BODs and COD. This graph shows good variability of the BODs
vrange. This range is from 115 mg/L.to 250 mg/L.

’In Figure 2, the pulp mill effluent, a 0.72 correlation
is derived from the line. This BODs and COD correlation is
low due to the low variability of 8005 waste. It ranges only
from 71 mg/L to 77 mg/L. |

The paper mill stream showed the best correlation
between BODs and édbvwith 0.92 value of R. This.stream,
“shown in Fiéure 3, has wide range of BODS:. 175-650 mg/L .

This correlation showed the most variability;

10
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Figure 1

Combined Effluent
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Figure 2
Pulp Ml Efflusnt
 CcODvs BOD
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Figure 3

Paper Mill Efflusat
COD vs BOD
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V. CONCLUSIONS

Pulp and paper effluent streams can be used to correlate
BOD= and COD if process variables are monitored. éome
process variables ‘that might alter a correlation between BO0ODs
‘and COD could be starch spills, temperature swings, .or pH
chanées. |

A correlation factor between BODs and COD can only be
used in an individual waste stream. The correlation of BODs
and COD from a paper mill stream can not be used tovcorrelate
BODs to COD in a pulp mill stream. The two streams are
different because they contain different types of chemicals,

organics, and inorganics.
VI. RECOMMENDATIONS

* A long term study correlating BODs and COD in one waste

stream.

* A study done on correlating BODs and COD on the individual

components that are contained within the waste stream.
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VIII. APPENDICES
 APPENDIX 1

PAPER MILL SAMPLES BOD“RAH DATA
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APPENDIX 2

PULP MILL SAMPLES RAW DATA BODS
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INITIAL FINAL DISSOLVED BODS
D.O. D.O OXYGEN

COMBINED EFFLUENT RAW DATA BODS

APPENDIX 3
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" Appendix 4

PAPER MILL SAMPLES RAW DATA COD
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APPENDIX 5
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Reference Guide
SAMPLE COLLECTION, PRESERVATION, HOLDING TIME

None:

cool, 4°C,
H2504 to pH

H2504 - sulfiric acid
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