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Abstract:

The study conducied here was done io iest the validity of a study
conducied iwenty years ago, which found that the ratio beiween COD and
BODs was 1.6 for different pulp and paper mill wasiewatier effiuenis. This
study was conducied by firsi ireating ihree different puiping operation
wastewatiers. BOD and COD tiesis were then conducied on the ireaied
wasiewatier sampiles. The resulis from these BOD and COD tesis were found io
be invalid due to problems encountier during ihe experiment. Due to the
resuits being invalid, it was impossibie to compare resuiis found by this study
and those found by the past siudy. Although the siudy was found to be
invalid, many imporiant lessons can be learned from conduciing an experiment

like this one.
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Iniroduction:

When iooking at eiffiuents from puip and paper miii operations, one of
the mosi imporiant iiems to look for is ihe amount of dissolved oxygen ihai is
present in ihe wasiewaier siream. Dissoloved oxygen is an imporiant aspeci of
a water siream because it heips mainiain the aquaiic life preseni in that
siream. Efflueni from puip and paper miii operaiions coniain organic maiier,
which uses dissoived oxygen. ii is imporiant io find ihe amouni of organic
maiier preseni in a wastie siream, this can be used io deiermine ihe eifect the
organic maiier wili have on ithe dissoived oxygen supply. Two iesis used io
deiermine the amouni of organic matier present in a waier siream are BODs
{biochemical oxygen demand) and COD (chemicai oxygen demand). The
imporiance of knowing the amouni of organic maiier present in a waier siream
comes when deiermining whetiher this organic maiier wili use dissoived oxygen
o a ievei where aquaiic iife in the waier siream suifers.

Wiith new milis operaiing many differeni processes ai one facility, it is
imporiani io deiermine which of ihese processes is creaiing the mosi organic
maiier. R. Van Soesi did a siudy which looked ai COD and BOD correlation
for many diifereni puiping operaiions. Van Soesi’s siudy consisied of gathering
BOD and COD data from these many difiereni puiping operations, ploiiing
them against each other, and deveioping ratios of COD io BOD ior ihe
differeni puiping operations. The idea proposed by ihis ihesis is to iesi the
vaiidity of ihe siudy conducied by Van Soesi. This was done by taking a siep
back in ihe wasiewaier treaimeni process. What this means is that this siudy
first coliecied wasiewaier sampies, ihen ireaied ihese wasiewaier sampies wiih
mixed iiquor, and finaliy BOD and COD iesis were run io see if the resuiis
derived by Van Soest are, in iact, irue.
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The experimeni was run using wasiewaters from three diiferent pulping
operations. These samples came from a bleached kraft plant, a semi-chemical
plant, and a deinking facility. These samples were obtained from operations in
ihe Kalamazoo area. The samples were iested separately to deiermine BODs
and COD. The tesling was conducied in the National Council for Air and
Stream Improvement (NCASI) lab. The equipment that was used included: a
DO meter, COD lesting vials, BOD test bottles, and other general equipment.
Wiih the use of this equipment and the samples collected, the results from this

experiment can hopefully be beneficial io the pulp and paper indusiry.

Problem Statement:

The experiment that was performed for this thesis looked at trying to
correlate ireated BODs resulis to treatable COD results. This was done to test
the validity of resulis obiained from a study conducted by Van Soest, which
stated that in all the waste sireams he studied the ratio of COD to BOD was
1.6 5. The difference befween the siudy conducied by Van Soest and the study
~ which was conducted here, is that this study iook wastewater samples direcily
from the pulp mill, treated them, and developed the ratios from daia collected
from these samples, where as Van Soest used a large number of data points
collected from the individual pulp mills, plotied them and developed ratios
from these plots. It is also the intention of this study to make it possible to
estimaie the amount of BODs present in the sample from COD results, which
can also cui the time for determining the amouni of BODs irom iive days to
about ihree hours. The results also make it possible to look at final mill

effluents and determine which process the organic maiter is coming from.
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Bacikground Information on BOD and COD:

This section wili begin by defining the main ierms io be discussed in this
study which are BODs {biochemicai oxygen demand) and COD {chemicai
oxygen demand).

Biochemicai oxygen demand (BOD) is the amount of dissoilved oxygen
used by microorganisms in the biochemicai oxidation of organic matier ).
BOD is deiermined in a iaboratory based on the nremise that aii the
biodegradabie organic matier contained in a waier sampie wiil be oxidized io

CO2 and H20 by microorganisms using moiecuiar oxygen ©. The foliowing

generai equation shows what occurs when degrading wasies biochemicaily ).

)

aHbOe + O2 + nutrienis -------------- > CO2 + H20 + siudge + energy

he BOD tesi is conducied by firsi iesiing the sampie for inifiai dissoived

oxygen (DO), then piacing the sampies in a temperature contiroiied

Q.
=
N

environment for five days, then iesting for finai DO, an naiily a simpie
caicuiation to determine the BODs ievel.

There are some iimiiations associated with the BOD test. These inciude:
a high conceniration of active, acciimatied seed bacieria is required,
pretreaiment is needed when dealing with toxic wasies, and the effecis of
nitrifying organisms musi be reduced, only ihe biodegradabile organics are
measured, and the long period of time that is required fo obtain the resuits o).

The chemical oxygen demand (COD) test is used to caicuiaie the oxygen
equivaient of the organic maftier that can be oxidized by a sirong oxidizing
agent, nsually potassium dichromatie, in an acid medium ©). The iest is used
in the pulp and paper indusiry io measure ihe organic matier thai confain
compounds that are toxic to biologicali iife 1. The COD tiesi, which requires a
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caialysl (silver suliaie) to aid in the oxidation of ceriain classes of organic
compounds, musi be perforrned at an elevaied iemperaiure 1). The general
chemical reaction, which occurs during ihe COD iesi when using poiassium
dichromaie, is as ioliows:

CaHbOc + CrO7(-2) + H{+) ------ > Cr{+3) + CO2 + H:20

calalysi
The amouni of organic matier present, in a wasiewaier sample, is determined
by measuring the amount of potassium dichromaie used to oxidize the organic
matlter ().

There are advaniages and disadvantages ihai come aiong with running
ihe COD iesi. The main advaniage oi ihe COD iesi is that the results can be
obiained in approximaiely three hours. A disadvantage of ithe COD iesti is thai
il cannot be used io difiereniiaie beiween biologicaily oxidizabie organic matter
and non-bioiogicai oxidizabie organic maiier, Aiso, ihe iesi provides no
informaiion concerning ihe raie ai which organic maiier is being oxidized. The
iest can also be affecied by inorganic constiiuenis. One such consiitueni
could be chloride. For ihis reason, such consiiinenis musi be removed before
COD can be deiermined w«.

When looking ai daia calculaied from running the BODs iesi and ihe
COD iesi, it has been found ihat the COD daia of a sampie musi alwayvs he
higher than BODs daia ior the same sample size. This is true because more
compounds can be oxidized chemically than can be oxidized biologically, and

because BODs does not equal uiiimaie BOD ).

Literature Review:

There has been pasi research conducied on ihe same principie ihai was
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iested ior this thesis. The difference beiween past siudies and the study that
was execuied is ihat ihis study iooked ai specific puip mili operations, the
other siudies iooked ai ratios periaining to puip and paper miiis in generai.
Three of these studies were conducied using data coliected from differeni puip
miiis afier ireaimeni was compieied, which is different because this sindy took
the raw wasiewaier and ireated it in the iab and generaied data from this
ireaied wasiewaier. The other siudy ook ireaied wasiewaier from boih a puip
and paper miii, conducted BODs and COD iesis on the ireated wastewater, and
caicuiaied BODs/COD ratios from ihose resuiis.

A study conducied by R. Van Soesi was one of the first siudies that
examined BODs/COD ratios in the pulp mili indusiry. Van Soest used daia
coliecied from seven different puip and paper milis to conduci his siudy. In his
siudy, he points out that the key to correlating the iwo iests is daia accuracy.
For ihe data he coliected, he found thai 40% of the data points were
inaccuraie. He assumed thai this was due io difierent meihods used io iest
the wasiewater at ihe different miiis. Afier disregarding ihe inaccurate data,
Van Soest found ihai correiations couid be made beiween BODs resuiis and
COD test resuiis. The study showed, afier ail the daia were pioited, that the
ratio of COD to BODs was 1.6 5. One problem found with Van Soest’s study
was the use of the “eyebali” to piace the ratio iine in the dense poriion of ithe
daia points.

Two siudies were conducied overseas on BODs/COD ratios. One of
ihese siudies iooked at raiios at a krafi puip mill in Siberia. Timofeva found,
by using datia coiiected at the pulp mill, ithat BODs/COD ratios were in the
range of 0.6 and 0.7 jor a krait puip miii effluent ©. In a similar study
conducted in Germany, ithe BODs/COD ratio, for a suifite pulp miii, was fonnd
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io be 0.3 7. When reading these two studies it was found ithai the main
purpose jor exarmining ihis quesiion was io find a quicker way for obiaining
BODs resuiis.

The final past study reiated to the iopic being examined here, is one
conducied using ireaied wasiewarer irom an iniegraied puip and paper miii
faciiity. The siudy looked ai BODs/COD ratios l"rorh ihe puip miii efiluent, ihe
paper mili efflueni, and a combination of ihe puip and paper mill effiuent.

. ~

uskan found thai the effiuent from ihe puip mili had a BODs/COD ratio of

~

o

.12, ithe paper miii effiueni had a ratio of 0.86, and the combined effluenis

:¢

ad a BODs/COD ratio of 0.24 4.

Establishment of constant reiationships among the various measures of
organic maiier conient depends on the type of wasiewaier and ihe source of
ihis wastewater. For ihe sake of comparison, ii was found that for typicai
unireaied domesiic wasies the BODs/COD ratio varies from 0.4 io 0.8 i)

Une purpose jor conduciing this experimenti was io iook at speciific puip
mili operatiions and see whai amouni of organic maiier each puiping process
will coniribuie io the finai effiueni. When researching ihis subjecti, it was
common piace io find siudies conducied on producis or operations used io
reduce BODs and COD in specific operations. One such operatiion used aikaii
and aium ito reduce COD in hardwood Krafi puiping processes. it was found
when using alum, with precipitation and fiocculation, the COD in the effluent
sireams was reduced up io 45% . Another siudy iooked at ithe effects that
chlorinaiion would have on BOD and COD of secondary effiuents, This study
found thai BOD and COD response is a fuinciion of the chiorine dosage. In ali
cases, as the chiorine dosage was increased ihe BOD and COD levels increased

{5).
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Experimeniai Pian and Procedure:

This study iooked ai the correlation of BODs and COD in three pulping
operations. The three different pulping operations that were chosen to be
researched included: a semi-chemical process, a bleached krafi process, and a
deinking process.

The semi-chemical wastewater sample was coliected from Menasha
Corporation in Otsego, Michigan. This pulp mill produces unbleached
hardwood pulp using 320 ton continuous digesters, from which 830 tons per
day of semi-chemical corrugating medium is produced in the paper mill. The
wastewater treatment system, at Menasha, consists of primary and secondary
treatment system with an aeration pond iio.

The bleached kraft wastewater sample was obtained throungh S.D. Warren
in Muskegon, Michigan. The pulp mill in Muskegon produces 250 tons per day
of bleached hardwood and bleached softwood. Wastewater treatment at S.1).
Warren consists of primary and secondary treatment (io)

The deinked pulp wastewater sample was collected from an operation
which chose to stay anonymous. The pulp produced at this facility is used to
produce 400 ions per day of bond, offset, label, coated and recycled grades.
Water treatment at this facility consists of primary treatment, clarifiers,and a
joint municipal system o).

Each of the wastewater samples discussed above were collected in five
gallon buckets and transported to Western Michigan University where they
were stored in the lower level refrigerator in McCracken Hali. The sample size
collected at each facility was approximately 3.5 to 4 gallons.

The experiment that was rin also nsed a sampie of mixed iiquor to freat
the wastewater samples. This mixed liguor was gathered from Simpson Paper
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Company in Plainwell, Michigan. The sampie size collecied was aboiii ihree
gallons. This sample was placed in the lab wiith aerators and fed daily to keep
the microorganisms alive.

Thie experiment was run in the National Council for Air and Stream
Improvementi laboratory located in McCracken Hall. The experiment consisted
of first running preliminary tests to determine the amount of time it will take
to reach 90% treatment of BOD. The samples where then placed, with the
mixed liquor, in five gallon buckeis to be treated for the predetermined amount
of time. After the ireatment was completed, the samples were the tested for
BODs and COD. The resulis of these itests were then used to develop ratios of
treated BODs to treatable COD. These results were then used to evaluate the
study conducted by Van Soest. The ratios can also be used to estimate BODs
levels by calculating COD levels. The results can also be used to determine
which process, at a complex mill facility, is creating the most organic matter.
With this information, il will be easier to identify that process and work to
decrease the organic matter created.

The equipmenti that was needed to run this experiment is a dissolved
oxygen (DO) meter, five gallon buckets, BOD bottles, COD vials (discussed
later), COD temperature control, and pipettes.

The first operation that was conducted, for running this experiment, was
to make nuirients for the BODs test. The nutrients were made following the
instructions described in Standard Methods. The nutrients that were used,
consisted of a phosphate buffer solution, magnesium sulfate solution, calcium
chloride solution, and ferric chloride solution 1. Once the nutrients were
taken care of, the following procedure was followed to perform the BODs test
(1.
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1. Aeration, of a determined amount, of distilled water for about a half hour.
This is done to add as much oxygen to the distilled water as possible.

2. The addition of the pre-made nuirients to the aerated distilled waier.

3. Calibration of the DO meter using the Winkler Titration method, as
described in Standard Methods.

4. Two bottles are then filled with the aerated dilution water. The initial
dissolved oxygen is verified and the bottles are stoppered. These are
going to be used as the unseeded blanks, which are used to test the
quality of the dilution water. The depletion of dissolved oxygen should

be no greater than 0.2 mg/L.

(o]}

. Microorganisms are then added to the dilution water.
6. Two bottles are then filled with this seeded solution. The initial dissolved
oxygen is tested and recorded, the bottles are stoppered. These seeded

blanks will be used to calculate the BOD of the samples.

~1

. The treated efiluent is then added to each BOD bottle. The amount of
eifluent, to be added to each bottle has not yet been determined. The
bottles are then filled with dilution water, checked for initial BOD, and
finally stoppered.

8. The bottles will then be placed in a controlled environment, which consists

of total darkness and a temperature of 20° C, for a period of five days.

9. After five days, the bottles will be removed and tested for the amount of

final dissolved oxygen.

BODs is then calculated in ihe following way -

BODs (mg/L) = (D) - D2) - (By - B2) {

P
D) = dissolved oxygen of diluted sample immediately after preparation, (mg/L)
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D2 = dissolved oxygen of diluted sample after 5 d incubation at 20°C, (mg/L)
P = decimal volumetric fraction of sample used

Bi = dissolved oxygen of seed control before incubation, (mg/i.)

B2 = dissolved oxygen of seed control after incubation, (mg/L)

J = ratio of seed in sample to seed in control

There are different methods used to determine the COD of a sample. The
one which was used for this study was the ciosed reflux digestion method,
which is described in Standard Methods. This method uses prepared vials
containing potassium dichromate, silver sulfate, suifuric acid, and mercuric
sulfate. The potassium dichromate in the sample is used as the oxidizing
agent, while the silver sulfate is used as a catalyst. The sulfuric acid, in the
vials, is used to control the pH of the sample and the mercuric sulfate in the
vial to complex halides, so they will not interfere with the test on. Ferrous
ammonium sulfate, of known molarity, must be prepared to titrate the
remaining potassium dichromate in the sample vials. The following is the
procedure used to conduct the closed reflux COD test 1.

1. Two digestion vials are prepared as blanks by adding 2 ml of distilled water.

These are used to tell how much potassium dichromate is present.

2. Effluents are then added to vials in predetermined amounis, which have
not yet been determined.

3. The sample vials are then placed in a heating chamber, which is set at
150°C, for two hours.

4. The samples are then removed and titrated with ferrous ammonium suifate

{(FAS) to determine the amount of potassium dichromate that was

consumed.
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COD is then calculated like this (113

COD (mg/L) =(A -B)*M * 8000 * dilution factor
ml of sample

A = ml of FAS used for the blank
B = ml of FAS used for the sample
M = molarity of FAS

Problems occurred during the procedure discussed above. These
complications have made the results found by this experiment invalid. It was
determined that the results from the BOD tests were invalid because the DO
meter, used to conduct the BOD tests, had a faulty probe. This caused the
results of the preliminary and final BODs tests to be invalid. It is yet
undetermined what went wrong with COD test. The results, which will be
discussed later, were found to have impossible trends. For these reasons,
averages of BODs and COD were calculated for each wastewater sample, these
averages were then used and compared to the results found by Van Soest.

After the BODs and COD values were calculated, the results were
tabulated and averaged. The average COD value was then divided by the
average BODs. This calculation gave a ratio to correlate COD and BODs for
specific pulping operations. These ratios were then compared to the ratios
which Van Soest developed. This was done to see if the results obtained by
Van Soest are true, but as stated above the results from this study were found

to be invalid, so the comparison of results would also be invalid.

Results:
The BODs and the COD test results generated by this experiment have
(12)



been found to be invaiid. Complications occurred during the running of the
experiment, which made the results, almost impossible to achieve. This was
determined by other tests conducted in different studies. The complications
included: trouble with the DO meter used, and trends for BODs and COD that
were unheard of. For these reasons, the results that will now be discussed
were found to be invalid.

The experiment conducted first required preliminary tests to determine
whether the mixed liquor solution treated the wastewater to a desired 90% +
removal of BOD. The results of the preliminary tests did, in fact show that for
two of the three samples at least 90% removal of BOD did occur.

The first sample treated with the mixed liquor was the sample from the
bleached kraft operation. The BOD was first tested on the wastewater sample.
The sample was then placed in a beaker with 10 ml of the mixed liquor
solution for a time period of 24 hours. The sample was then filtered and the
BOD was again tested on the treated sample. The results of these tests showed
that there was 91.3% removal of BOD in the sample after treatment. The other
samples were tested in the same way. The deinking operation wastewater had
92.5% removal of BOD after a treatment time of 24 hours.

The problem that occurred, with the treatment, was with the semi-
chieinical wastewater sample. The tesis were conducted in the same manner as
the other two wastewater samples, but the resulis were not what was expected.
The results of the first treatment period showed that the percent of BOD
removed was 83.4%. Since this did not meet the standards of the experiment,
the tests were run again this time using a new sample of mixed liquor solution,
from the same source as the other sample. This was done because it was
thought that the microorganisms used in the first sample were old and possibly
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dead. The resuiis of the second treaimeni showed an increase in BOD
removal, but still noi the amouni of removal ihat ihe experimeni demanded.
The removai of BOD in ihe second ireaimeni was 86.4%. For this reason, ihe
resuiis from this wasiewater same were hard io compare to the resuiis of Van
Soesti’s study.

The next portion of the experiment consisied of running a number of
BOD and COD tesis on ihe ireated wasiewater samples. Ten BOD and ten
COD tesis were run on each sample. The amount of sampie in each BOD iest
ranged from Z mi to 10 mi, and the amount of sampie in each COD test ranged
from 1 miio 5 mi. The raw data for each wasiewaier sampie is shown in
Appendix A through C. By looking at ithe caiculaied BODs vaiues it can be
seen that there are definiie irends. The probiem with these irends is that they
are backwards, because as the amount of sample used in a tesi increased the
BOD decreased. Wiih ithe COD resuiis, there shouid be no irends ai ali, bui
instead the resulis should be near the same for ali the tesis conducied, no
matier what amouni of sample used was, with each wastewaier sampie.

An average value was calculaied, for each different wasiewater sampie,
for ali the BODs and COD tesis conducied. The COD average was divided by
the BODs average to give a ratio. These ratio were then compared to the ratios

found by Van Soest. These resuiis wiil now be discussed.

Discussion:

The siudy that was conducied encounier many probiems aiong the way.
The first problem, which was not discovered untiil laie in the study, was a
fauliy DO meter, which was used. This meier caused the BOD resulis o be
invalid. The second problem was the COD resulis, which were found io have
backward irends, meaning as ihe amount of wasiewater sampie increased the
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COD decreased. In fact, there shouid be no trends found in a COD test,
instead the results from each COD test should be near the same as other COD
results, for each given wastewater sample. The third problem discovered was
that the mixed liquor, used in treatment, did not treat the semi-chemical
wastewater sample to the level expected by this experiment. Even though it
has been found that the results obtained by this experiment were invalid,
ratios were developed to give the closest possible comparison to Van Soest’s
study.

Ratios were developed by finding the average of ali the BODs and COD
results, for each wastewater sample used. Table 1. shows the results for the
bleached kraft wastewater sample. The table shows the BODs values and COD
values, the average of different values, and finally the ratio developed from
these averages. For the bleached kraft sample, the ratio of COD to BODs was
found to be 4.26, which is far from the 1.6 ratio Van Soest found in his study.
Tables 2 &3 are set up in the same manner as Table 1. was set up, with the
difference lying in the type of wastewater sample tested. Table 2. shows the
results of the semi-chemical wastewater. The ratio found for this sample was
2.1, again not real close to Van Soest result. The final table shows the results
found for the deinking operation. The ratio found for this operation was 3.0.

Since the results of the study have been found to be invalid, it is
impossible to make valid comparisons between the ratios found by the study
conducted here and the study conducted by Van Soest twenty years ago.

Conclusion:

Conclusions are difficult to discuss when resulis of a study are invalid.
Valid comparisons could not be made between this study and the study
conducted by Van Soest, which was the main question to be tested by this
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Tabie 2.

Development of COD/BODs Ratio for Semi-Chemical Operation

BODs (mg/1) COD (mg/i.)
553.5 884.7
558 813.92
272.25 548.51
2745 548.51
178 436.45
i76.5 412.86
130.13 380.42
130.88 415.81
102.3 375.11
101.4 389.26
Average: 247.75 520.55

Ratio of COD to BODs = 520.55/247.75 = 2.1
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Table 3.
Development of COD/BODs Ratio for Deinking Operation

BODs (mg/L) COD (mg/L)
255 469.84
255  536.96
145.5 436.28
142.5 402.72
103.0 380.35
102.5 380.35
85.12 352.38
83.62 335.6
72.3 335.6
72.0 322.18

Average: 131.65 395.23

Ratio of COD to BODs = 395.23/131.65 = 3.0
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study. Ratios were developed, but the validity of these ratios rest on the
results that were found during the experiment, which means the ratios are
invalid.

After conducting this experiment, it is believed the most accurate way to
test the validity of Van Soest’s study is to collect wastewater samples from a
number of different pulp mills producing the same product and conduct the
same type of experiment conducted here. With the results from many different
mills, a ratio can be developed by plotting BOD and COD against each other
and finding a linear relation between these results. This linear relation can
then be used to develop a ratio by finding the slope of the linear relationship.

From the experience of conducting this study, the main conclusions
derived were to be sure that all the equipment, that is to be used in a study, is
junctioning properly, and if there is place or person that can answer questions

about resulis or testing procedure, consult this source frequently to keep a

study proceeding properly.

(19)



APPENDIX A
BOD AND COD RAW DATA FOR BLEACHED KRAFT

BOD
ML SEED INITIAL FINAL DISSOLVED BODS
OF SAMPLE RATIO D.O. D.O. OXYGEN (MG/L)
2 1.0 9.05 6.09 2.96 159
2 1.0 9.03 6.03 3.00 165
4 1.0 9.08 5.85 3.23 99.75
4 1.0 9.11 5.87 3.24 . 100.5
6 1.0 9.07 5.61 3.46 8
6 1.0 9.05 5.69 3.46 8
8 1.0 9.09 5.45 3.64 65.25
8 1.0 9.11 5.49 3.62 64.5
10 1.0 9.06 5.33 3.73 54.9
10 1.0 9.04 5.30 3.74 556.2
SEED 9.03 717 AVERAGE
SEED 9.06 7.12 1.9
COD
ML DILUTION INITIAL FINAL FAS COD
OF SAMPLE FACTOR FAS FAS USED (MG/L)
1 1 0.0 3.0 3.0 530.82
1 1 3.0 6.1 3.1 460.04
2 1 6.1 8.7 2.6 406.96
2 1 8.7 11.5 2.8 336.19
3 1 11.5 13.6 2.1 389.27
3 1 13.6 15.8 2.2 365.68
4 1 15.8 17.5 1.7 362.73
4 1 17.56 19.3 1.8 345
5 1 19.3 20.5 1.2 361
5 1 20.5 21.7 1.2 361
BLANK 21.7 256.5 3.8 AVERAGE
BLANK 255 29.2 3.1 3.75

(2o



APPENDIX B
BOD AND COD RAW DATA FOR SEMI-CHEMICAL

BOD
ML SEED INITIAL FINAL DISSOLVED BOD5
OF SAMPLE RATIO D.O. D.O. OXYGEN (MG/L)
2 1.0 9.03 3.44 5.59 5535
2 1.0 9.08 346 5.62 558
4 10 9.06 353 553 272.25
4 10 9.11 3.55 5.56 274.5
6 10 9.07 361 546 178
6 1.0 9.03 3.60 5.43 176.5
8 1.0 9.06 3.69 5.37 130.13
8 10 9.08 3.69 5.39 130.88
10 1.0 9.05 374 531 102.3
10 1.0 9.05 3.77 5.28 101 4
SEED 9.03 7.17 AVERAGE
SEED 9.06 7.12 1.9
COoD
ML DILUTION FAS COD
OF SAMPLE FACTOR USED (MG/L)
1 1 25 884.7
1 1 2.6 813.92
2 1 2.2 548 51
2 1 2.2 54851
3 1 19 436.45
3 1 20 412 86
4 1 16 380.42
4 1 14 415.81
5 1 11 375.11
A 1 1.0 389.26
BLANK 3.8 AVERAGE
BLANK 3.7 3.75

(D



BOD
ML SEED INITIAL FINAL DISSOLVED BODS5
OF SAMPLE RATIO D.O. D.O. OXYGEN (MG/L)
2 10 902 552 350 255
2 10 S .00 550 350 255
4 1.0 905 531 3.74 1455
4 10 908 536 370 1425
8 1.0 9.03 517 388 1030
8 10 904 519 3.85 1025
] 10 908 501 407 8512
8 10 902 499 403 83 62
10 10 9.04 483 421 72.3
10 10 908 481 4.26 72.00
SEED 9.00 7.17 AVERAGE
SEED 9.03 7.26 18
oD
ML DILUTION FAS COD
OF SAMPLE FACTOR USED (MG/L)
1 1 3.3 469 84
1 1 32 536 96
2 1 2.7 436 28
2 1 28 40272
3 1 23 380 35
3 1 23 380 35
4 1 19 352 38
4 1 20 3356
5 1 15 335.6
5 1 16 322 18
BLANK 40 AVERAGE
BLANK 4.0 4.0

)
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