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ABSTRACT

An established Sequencing Batch Reactor (SBR) unit at the Hepburn Lycoming
Elementary School, located in the Susquehanna Valley of Pennsylwasi#, with four fixed
film media units for observation by shiycoming
with the Cromaglass® Corporation. Prior to the installation of the fixed film media, the
maintenance staff at the Hepburn Lycoming Elementary School were required to add stock
bacteria to the unih orderto rediwce the lipid buildup which also preged a foaming problem
The unit pur i f iwassewaserwhichantludes lamproxaratelyreel hdndred
fifty students and staflThe hypothesis of the project was that the fixed film media would reduce
nutrient levels in the effluent wastehile maintaining the required standards for carbonaceous
biochemical oxygen demarf@BOD) and total suspended soli(lESS). Initial testing was
conductedvith the addition of the stock bacteria and then progressed to the removal of the
bacteria, the addition of the fixed film media, aanplingafter the fixed film media had
colonized. Sampling was done twice a week for the length of the projedRartkSum Test
results used to compare two samples with low sample sitdbe conclusion of the project
showed a significant increase in the nitrate tmtal Kjeldahl nitrogen (TKNthe sum of
inorganic nitrogen, ammonia, and ammonium in a sanglels.The mean nitrate levels in the
chlorine contact tank samples prior to the installation of the fixed film media was 0.32
parts per million (ppm}he mean aftethe installation was 4.163.19ppm The mean TKN
levels for the chlorine contact tankngales prior to the installation of the fixed film media was
20.18+3.36ppm, the mean for the chlorine contact tank samples following the installation of the

fixed film media wa23.8+2.6 ppm It is suspected that the lack of an anoxic period could be the




cause of the negative resulthie permit regulations were able to be maintained for the unit

throughout the project, even with the increased nutrient levels.

INTRODUCTION

The Cromar Company, a pfimished hardwood flooring company, began to manufact
fiberglass products in 1968)is eventually lead to the production of fiberglass wastwat
treatment systems. As time progressbdir wastewater treatment technologies expanded past
therealmof the companyand in 1969 The Cromaglass® Corporatras borrnthe main
headquarters of ther@maglass® Corporatiomas and stilis located in Williamsport,
Pennsylvania I n 1972, the companyds newatsmttdadde si gn
made available for purchase on the market. Their wastetwatement systems were sold in
place of he traditional septic system amdareas where central sewage facilities were not
available the systems areurrentlysoldworldwide in over twentysix different countriesAs the
product was further developatgrew from a systerthat could treat capacities upt@®b00
gallons per day (gpd), acceptable for single family homes and small businesses, to a system that

could treat up to 200,000 gpd, suitable fog&afacilities andgchools (Young, 2008).

Today, he Cromaglass® Corporation manufactures Sequencing Batch Reactor (SBR)
style wastewater treatment systems. The individual SBR tanks are sold in sizes ranging from a
CA-5 (500 gpd) to a CA50 (15,000 gpd), multiple tanks candreangedo treat capacitiesp
to 200,000gpd (Young, 2006) A CA-5 tank and a multiple tank argement can be seen in

Figures 1 and Pespectively (see Appendix In addition to the SBR tanks, tid&romaglass®

f



Corporation also manufactures SBR tanks with diéicdtion capabilities, chlorine contact

tanks, equalization tanks, and sludge processing (&itksg, 2006)

The SBR uses a four step process or five step protdss case of @ denitrification
tankto purify wastewater and make it suitalbbe discharge. Step one is the fill procésse
Figure 3) the raw wastewater, called influent, is pumped into the solids retention section. The
solids retention section is separated from the rest of the tank by a screen; this screen blocks the
solids aml inorganic materials from entering the remaining chambers since they cannot be
efficiently broken down. The organic material is broken up as it flows through the screen into the

aeration chamber.

Step two is the aeration cydieee Figure 4)xhe activéed sludge that is now in the
aeration chamber is aerated by submerged pwhph circulate air through the sludgehe
aeration through agitation created by the mixing motiturther breaks up the sludg=alled
mixed liquorduring aeration, andllowsfor biological growth. The biological growth helps to
further break down the sludgarticles and reduce the nutriem®robig nitrifying bacteria are
able to break down the ammonia in the influent into nitrites and nitlatdse systems that have
adenitrification cycle(see Figure 5)the aeration isuspendedhough mixing continuesnd an
anoxic period occurs allowing for the growth of anaerobic bactédang, 2006) The
anaerobic bacteria include denitrifying bacteria which convert nitrate into nitrogen gas. The

nitrogen gas is then able to escape the atmospher@/Velch, 1980)

Step three is the settling peri¢gbe Figure 8Xhe treated mixed liquor is punghénto the
clarification section and isolated from the rest of the system. The treated wastewater is allowed

to settle under quiescent conditions. Flock particles settle and trap nutrients evathi the




bottom of the tank leaving the clarified supetiant, which is considered the wastewater effluent

upon expulsion from the tank.

Step four is the dischargsee Figure 7)once settling has cortgied, the purified
effluent is pumped out of the tank for discharge. The effluent can be dischargedhitorec
confact tank, a body of water, arghmoundan irrigation systemor it can be recycleds toilet
bowl medium. The remaining sludge can be pumped back into the aeration section for further

treatment or it can be wasted to a sludge processindYaning, 2006).

To further increase theffluent quality and decrease thetrient levels (primarily total
nitrogenbecause of its ability to trigger algal blooms in water systems, which may lead to
eutrophicatiopin their systemstheCromaglass®@orporation has developeaw fixed film
media technologies (Young008). The fixed film media is comprised of a hollow PVC pipe
(see Figure 8), capped off at both ends, fillétth eightplastic matrixescalled c o f f ee cans o
Figure 9). The coffee cans provide extra surface area for bagpevdh; this bacterial growth is

called a biofilm(see Figure 9)Young, 2008)

Integrated fixed film activated siige (IFFAS) is the name given fthre use of fixedim
media in the activated sludge process. The Cromaglass® Corporation has performed numerous
research projects i ncl udi ng sever al i n conjunction wit!l
Institute,using IFFAS in order to perfect their fixed film media techgglfyoung, 2008) The
project performed at the Hepburn Lycoming Elementary School from January 27, 2009 through

April 9, 2009 was an IFFA8asedesearch projedsee Table 1 for timeline of events)

Hepburn Lycoming Elementary Schotdcated in the Susghanna Valley of

Pennsyl vani a, is the CromaglassE Corporationd




2008). A CA60 (6,000 gpdrontinuous aeration SBR unias installed at the school
approximately three years prior to the start of the pr@jedtis considered an established system
(see Figure 1@nd Figurell). The site also contains a chlorine contact {@ele Figure 12and

a sludge wasting tank. The discharged effluent from the unit passes through the chlorine
contactfank prior to itsfinal discharge in Lycoming Credkee Figure 13} tributary of the

West Branch Susquehanna RivEne Hepburn Lycoming Elemeaany Schoolcurrently holds a
National Pollution Discharge Elimination System (NPDES) permit under the Clean Water Act
administeed by the PA DEP, the permit number is PA0032352 and it is validSeptember

30, 2011 This permit requires monthly testing of ptdrbonaceous biochemical oxygen demand
(CBOD, which is the amount of oxygen depleted over a five day period in onggnéwe the
wastewater from the sample), total suspended sdlf@S (vhich is used to estimate the total
solids suspended in the liquid samptejal chlorine residuaénd fecal coliforms; the pH must

be within the range of 6:0.0, the CBOD under 25 ppmSS under 30 ppm, total chlorine
residual under 1.0, and total coliforms under 1,000 #/100 mL. The nutrients hpgamib
limitations at this time, but the school is requireddport results of a grab sampéyery quarter
(currently tested by Seewaléboratories)see Tabl® for the Seewald Data in comparison to

the NPDES regulations)

The school faced a problem with excess lipid builohugheir system which caused
excessive foamingn order to correct this problempound of mixedBacillusandPseudomonas
bacteriaprovided by Maryland Biochemical ComparBigaugmentation, 200/yvas added
daily in a process called bioaugmentatiororeak down the lipid9hey also sprayed liquid
chlorinesolutionon the foam in the tank daily to hdlgtherreduce it.The foam caused the

system to be less efficient when left unattended.




The Hepburn Lycoming Elementary School was selected as the test site for this project
because it providedhaestablished system aadccessful resultsith the fixed film meliawould
greatly reduce the upkeep cost of the systethe schoolThe school would no longer need to
purchase the stock tizria and thautrient levelan the effluentwould be reducethaking it
easier to meet any potential future nutrienel reguitions The stages of the project can be

seen in Table 1 along with any system error that occurred over the pestaugperiod.

The hypdhesis of the project wabkata reduction in nutrients and an increase in effluent
gualitywould be observedfterthe introduction of the fixed film medi&ince the effluent is
discharged into Lycoming Creek, the quality of the effluent is very important not only to the
aqguatic life of LycomindCreek but farther down the water systasnwell. Lycoming Creek, as
mentoned above, is a tributary of the West Branch Susquehanna River. The Susquehanna River
providesappoximately fifty percent of althe Chesapeake Bays  wwahicleis the first estuary

in the nation to be targeted for restorati@mesapeake)

In 2005,the Environmental Protection Agency (EPA), along with the six states included
in the Chesapeake Bay watershaad the District of Colombiagreed upon new, stricter limits
for all wagewater nutrient levels that agdescharged within the Chesapeake Bay watershed. The
goal of thenewlimits is to reduce the amount of nitrogen and phosphorus that enter the
Chesapeake Bay (Landers, 200H)ese nutrients cause algal blooms in the Bay which block
sunlight from penetratminto the wateas well ageducingoxygen levedin the water. Both of
these things are vital to the success of many of the plants andlatihat make the Chesapeake
Bay their homeThese plants and animals, as well as the overall health of the systeide
humans with food, jobs, andcreationFor example,iie Chesapeake Bay is responsible for

producing 500 million pounds of seafood each yE€desapeake).




The stricter limits on nutrient discharge levels affect all wastewater treatment systems in
theChesapeake Bay watersh#dilliamsport Area Sanitary Authorifyhe large scale treatment
plant in the local areds estimating renovation costs of $110 million to comply with the new
regulations (Walker, 2009The Cromaglass® Corporation may novéao comply in the same
manner as the larger treatment plants, because they can sell their systems in areas with less strict
regulations, but in order for their products to be sold locally thdyneéd to meet these
requirementsThe more testing themutrient removal technologies undergjoe better they
become. Eventually, the Cromaglass® Corporation will need to gain certification from the
National Sanitation Foundation for their nutrient reducing telcigies That can only be
accomplishedf their technologies haveden thoroughly tested awdn beprovento work

efficiently.

METHODS

Sampling was conducted every Tuesday and Thursday for the duration of the project
unless specifiedThree samples were collected on site during each samplingldagamples
consisted of one from the aeration tank, called the mixed liquor sample; one from the clarifier
tank; and ondérom the chlorine contact tankhe samps were collecteds close to the start of a
discharge cycléalways the morning dischargeni between 8:00 am and 9:30 amgnsure the
clarifier had hagnoughtime to settldoefore sampling commencegach sample was comprised
of 1000 mL of sample liquid; the samples were collected by means of a grab sample. A grab
samples a single sampleotiected at a specific time. The grab samples were collected using a

sampling devicecalled agrab stickcomprised of aacid washe&00 mL plastidottle attached
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to the base adin eight foot pole. The pole had a wire thattteninternalength of the pole and
attachedo an apparatusiside the device that connectib@ bottle to the pel This wire, when
pulled, openedp holes in the atthenent apparatus and allowtee sample liquid to fill the

bottle (see Figure 14)The bottle washien able to be detached and used to fill ugthed new

sample bottle. This had to be done twice to obtain 1000 mL of sample.

The first sample was collected on January 27, 2009. This was the last day the stock
bacteria were added to the system. Sampége collected to obtain baseline data for the system.
It was estimated that the stock bacteria would take two weeks to bedlasmpletely from the
system once the daily bioaugmentation was discontinaapling occurred over those two
weeks, with thexception of January 29. The following two weeks of sampling were to obtain
data from the system as it would notipé®e running without the addition of tistock bacteria.

On February 26, no sampling occurred while the fixed film media were added tuttHeour

fixed film media units were added to the ®A tank, two in the aeration chamber and two in the
clarification chamber. The fixed film media were allowed to colonize for a week undisturbed; the
sampling resumed on March 10. The last day of sag@liais on April 9 and a sample of the

biofilm from the fixed film media was extracted on April. Ebr a complete timeline of all

significant project dates, see Table 1

Dissolved oxygen (DOand temperature were both measutedng the onsite sampling
period. The DO and temperature were measured with a YSI 55 Dissolved Oxygen Meter; the
probe was placed side he aerating aeration tank to genetatéh values. The DO meter was
calibrated prior to each used the membree was checked regularly fproblems The
membrane must be replaced if it becomes clogged with dirt, has a bubble in or, or if it is dried

out After each sample was retrieved, the grab stick and the samples battéall washed off
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thoroughlywith deionized water. The DO meter was aissed off with deionized water after

being used.

Once all of the samples were collected and the DO and temperature readings were
finished, the samples were taken back to the lab and placed immediatelyafriezator.The
samples were analyzed as 8@s possible so as to kebepmfresh without having to add
preservative chemicals for longer storage perittdssamples were alwagsalyzed within

twenty-four hours of collection

Chemical tests were performed on all of the samples; the chdestaincluded
orthophosphate, total phosphsruitrate, nitrite, and TKNThechemical test kits are produced
by the HACH Company, all of which are EPA approved except for the nitrate testsamhich
pending EPA approval o perform the tests, small prmms of each sample type were placed in
beakers andontinuously stirred to keep all particles suspended in the samples. Two tests were
run per sample per chemical parameter. The two samples were to ensure accuracy and were each
averaged together to getreean result for the parameter being tested.iif$teumentused to

generate the results for each test was the Hach DRSp@@frophotometer.

Testing for orthophosphate in the samples pexformedusing the Hach Phosphorus
Total and Reactive Testing KIENT 845 model. The standard test procedures were followed
when performing these tests, they can be found i#ol Water Analysis Handbook
Procedures, 8 Edition download that is available on the Hach Company website (Hach, 2008).
At the completio of these tests, a blue color svendicative of a positiveesult and the DR 5000
measuredhe anount of coloration and producéte results in mg/L P§. The testing

performedfor Total Phosphorus was also conduaisihg the Hach Phosphorus Total and
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Reactve Testing Kit, TNT 845 model. Th@ocedures werslightly different from those of the
orthophosphate test and can also be fammthe Hach websit@Hach, 2008)The results for the

total phosphorus test were reportedhe same manner as the orthoplnage tests.

The nitrate testwereperformed using the Hach Nitrate Testing Kit, TNT 835 model.
The tests followed the Hach procedures (Hach, 2008). A pink color was indicative of nitrate in
thesamplesthe DR 5000 measured the results in mg/LsN@ The nitrite tests were performed
using the Hach Nitrite Testing Kit, TNT 839 model. The tests followed the Hach procedures
(Hach, 2008). A positive tests result was indicated by the formation of a pink color and the
results were measured in mg/L DD by the Hach DR 5000. The TKists were performed
using the Hach Ammonia Testing Kit, TNT 832 model. Tdss followed the Haghrocedures
(Hach, 2008)The results werpositivefor TKN if a green coloration wsproducedthe Hach
DR 5000 measures the resuh mg/L NH-N. In addition to the nutrient levels, tipél was also
taken during the chemical testing. Td@mplesised for the chemical tests were used to measure
the pH with the aid of a@akton pH 510neter in accordanasith the Standard Methods

(Clesceri et al., 1998)500Electrometric Method

The solids in the clarification chamberdathe chlorine contact tank wareeasured using
the total suspended solids (TSS) tests. In order to prepaBotwhcrucibles used for testing,
they were kept in a 105°@ryingoven to keep them from collecting moisture. When the
crucibles were needed for testing they were removed from the oven and allowed to cool in a
desiccator. They were then weighed usangalibraéd analytical balance. The crucibles were
placed in the 550°C muffle furnace, Barnstead Thermolyne 1300 Furnace Model B1315M, for
ten minutes. Upon removal, the crucibles wagain cooled in the desicca@md then weighed.

Each crucible was weighed wighwhatma& 9 -AR glass merofiber filter, 24 mm, and
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following the dry weighing, thélter was seted in the crucible by washing it witd0 mL of
deionized wateusing vacuum filtration. The crucibles with seated filters were then allowed to
dry in the105°C drying oven for at least one hour. At the end of the hour, the crucibles were
ready for the TSS test. The TSS test followedStandard Method€&Clesceri et al., 1998540

D Total Suspended Solids Dried at 103°C methodThe same procedures wdodowed for

the mixed liquor suspended solids (MLSS), with the exception of crucidiélger size, which

were considerabliarger.

The MLSS samples also had mixed liquor volatile solids (MLVS) performed on them.
MLVS required that the crucibles, withe filtered sample, be burned in the 550°C muffle oven.
The MLVS tests followed th8tandard Method&Clesceri et al., 1998540 E Fixed and

Volatile Solids Ignited at 550°C method.

The tests focarbonaceoukiochemical oxygen deman@BOD) werestarted on March
19, 2009. Because of their five day incubation perioelCBOD tests were only ruonthe
Thursday testing daysvhich allowed them to be analyzed on Tuesdake CBOD teds were
done in acid washedutoclavedCBOD bottles. The dissolgeoxygen of each sample was taken
at the start and end of the five day period using a YSI 52 dissolved oxygen meter attached to a
YSI model 5905 BOD probe. THEBOD tests were performed following tl¢andard Methods

(Clesceri et al., 1998210 BiochemickOxygen Demand method.

The data will be statistically evaluated using the Rank Sum Test. The Rank Sum Test
compares two sets of data with small sample sizes to determine any statistical significance
between the two. The method followed for the Rank Sest follows standard procedures

(Zimmerman, 2002)Three different comparisons were made using the Rank Sum Test;
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comparison of the pre and post installation data, comparison between Tuesday and Thursday

data, and a comparison between the mixed liquor kaamal the chlorine contact tank sample.

RESULTS

During the project, several unforeseen evaeffecting the Hepburn Lycoming
ElementarySchool, such as power failures; some of these events even altecgdlithg times
of the CA60 unit changing thesampling times of the projecthese changes affected the
settling times in the cldication chamber thus affectede data. It was decided that the data
involving the clarification chamber was not pertinent to the results of the pbejeatise they
hadno effect on what the final effluent results werbefiefore they wereexcluded from this
report. It should also be noted that when Seewald Laboratories tests thelfieak eff the
Hepburn Lycoming EEmentary School they use the contents of the ctdarontact tankas
opposed tahe clarification tankThis project is concerned with the final effluent discharge and
not the intermediate steps, therefore the most pertinent pieces of data are that which are derived

from the chlorine contact tank

The esults that were compared include pre and post installation of the fixed film media
data to determine if there was a change in the wastewater quality with the addition of the fixed
film media. Pre data is considered all sample days prior to the instaltdtibe fixed film media
on January 26, 2009 and the post installation data is all sample days following that date. Tuesday
and Thursday data was compared in order to determine that there was no significant difference
between the two sampling days duéhe school being vacant over the weekend. It was

speculated that the lack of use on the weekends could affect the Tuesday data since the Thursday
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data was following days of consecutive use. The mixed liquor sample was also compared to the

chlorine contactank sample to ensure that the system was properly treating the wastewater.

The graphs are albtated in Appendixll; the dividing line in the middle of each graph
represents the installation of the fixed film media and thus divides the pre amaspaittion
data setsFigure 15s the temperature recorded from the aeration chamber throughout the
project. Temperature is important because some bacteria must be kept in a specifitusmpera
range to survivelhe bacteria that perform nitrificati@re inhibited when temperatures drop
below 15°C (Gerardi, 2001). Figure di6picts the fluctuation in dissolved oxygen over the
length of theproject. The dissolved oxygen was taken in the aerationlmrarhe aeration

chamber is caimuously aerating anldas no anoxic periods incorporated into its cycle.

Figures 17 and 18re the graphs pertaining to thithophosphate data. Figure isthe
mixed liquors ampl es 6 (top) and chl oriesuksfor ont act t ank
orthophosphatésee also Tab&2 and 3Jor statistical significancelOne line represents
Tuesdayods datrae parneds etnhtes sTehcuggraguid shgwdhe changeinghe T h e s e
orthophosphate over time as well as the differences betweenihe t e data.Figuee & 0
compares the Tuesdaythophosphatdata(top)and t he Thursdaydés orthopt
(bottom)from both the mixed liguor sam@and the chloria contact tank samplésee also
Tables 4 and)5Figures 19 and 20, 21 and 22, 23 and 24, and 25 and 2@ tbidosame pattern
as Figures 17 and 18 (meaning each set of two figures show the same as Figures 17 and 18) but

they represent total phosphorus, nitrate, nitrite, and TKN, respectively.

Figure 27represents the total suspended solids from the chlorimaatdank over the

entire projectFigure 28represents the BOD results from the chlorine contactftank the
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projed. Figure 29epresents the mixed liquor suspended solids from the mixed liquor samples
for the length of the projedEigure 30represets the mixed liquor volatile solids for the mixed

liquor samples throughout the project.

Appendix Ill alsocontaingthe results of thetatistical data. Ranks Sunedts with
U = @b, were used to determine whether or not sets of data were statistivéldy sf different.
Rank Sum Tests are used to determine statistical significance between two samples with small
sample sizes. If they were similar, then the Rami $esultfound no significant difference or
they accepted the null hypothesighe RankSum Testejected the null, they were considered
significantly different (Zimmermar20032. If the Rank Sum Tesdetermined that two sets of
data were significantly different, the mean and standard deviations for those sets of data were
consulted to deterine which the higher data set was and which the lower was. The comparisons
made were between pre and post installation data for the mixed liquor samples and the chlorine
contact tank samples (see Tables 2 and Besday and Thursday data sets were alaluated
using this method (see Tables 4 apdas were the data sets between the mixed liquor samples

and the chlorineantact tank samples (see Tab)e 6

Appendix IV contains the Hepburn Lycoming Elementary Sahal wa stese wat er
results from Seewaldaboratories, In¢see Table 7, 8 ang.%eewald Laboratory, Inc. is an
independent analytical laboratory that is certified in the State of Pennsylvania for compliance
under the Safe Water Act (Seewald, 200®)e Hepburn Lycoming Elementary School hadais
NPDES permit which specifically regulat€e8OD and TSS (among other parameters less
pertinent to this studysee Table 9)The permit has no regulation on nutrient levels. It was very
important that this project did not cause the system to fall azgrapliance. The Seewald data

was alsaused as a reference to ensure the results obtained during the project were @e=urate
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Table 9) The nutrient levels are only required to be reported quadertiiere are fewer data

sets for them.

AppendixlV alsocontains the daily data from each parameter, for both mixed liquor and
chl orine contact tank sampl es. Each dayods

run for each paraater.Some samples were not able to be evaluated by the HacO@R 5

spectrophotometer either due to high particulate matter, a value above the measuring range, or a

value under the measuring range; the reason for the missing data set is noted in. {hebiable

10r epresents the mixed Ilinstglationrsegmennoptihegrejéiakdea t a
llr epresents the mixed | iqgqguor samplesad dat a
Tables12 and 13vere the same asables10and 11 respectively, exceptablesl2 and 13vere

for the chlorinecontactt an k6 s sampl es.

DISCUSSION

The primay goal of the project was to vieavreduction in nutrients with the use of the
fixed film media.lt was also important to see no change, or a degneaselids; an increase in
solids could cause the systenbteakthe regulations set by the NPDES permit. The results were
carefully monitored to ensure that the TSS remained under 30 ppm and the CBOD remained

under 25 ppm. These values were the limitations set forth by the NPDES permit.

The results of the teshowed some significant changes in nutrient levidsording to
theRank Sum Testperformed on the pre and post installation of the fixed film media data, a
significant change was seen in the nitrate levels from the mixed liquor s@epl€able Pand

the nitrate, nitrite, and TKMevels from the chlorine coact tank (see Table.3To determine if

18
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these significant changes were due to an increase or a decrease between the pre and post
installation data, thenean valuegsee Table 2 and Tabl¢ ®ere reriewed from both the pre and
post data and compared to see which was the higher and which was thedloedn the case

of the nitrate levels in the mixed liquor sample, a statistically significant increase was seen
betweerthe pre and post installah data (see Table)2The mean value for the pre data was
0.97+1.1ppmand the post data had a mean of 2461 ppm For the chlorine contact tank
(see Table B the mean values for nitrate went from 1+827 ppmin the pre data to 4.643.19
ppmin the post dataa significant increase¢he nitrite went from a mean of 2A446.24ppmin

the pre data to a mean of 8:89.21ppmin the post dataa significant decreasand the TKN
mean went from 20.183.36ppmin the pre data to a mean of 2386 ppmin the post data, a

significant increase.

Rank Sum Testwere performed to evaluate the difference in test results between
Tuesdays and Thursdays. It was speculated that due to the absence of students and faculty over
the weekends at the schoole tivastewater that entered the system could be significantly
different from that of Thursday when there are people in the building. After evaluatiRgnke
Sum Testesults and the mean values for the datalsstgseen those days (see Table 4 and Table

5), it was determined that there was no significant difference between the two test days.

In a properly functioning SBR unit, the nutrients and solids should decrease between the
aeration chamber (mixed liquor samples) and the final effluent (chlorineatdabk samples).
Rank Sum Testwere used to evaluate statistically significant changes between the mixed liquor
sampl esd6 data and sampk 6c dlad @i Theemhaandakieswere thena n k
used to determine in which direction the change occurred (6altewvas determined that there

was a significant decrease between the mixed liquor samples and the chlorine contact tank
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samples in the areas of orthophosph@atial phosphorus, nitrate, and the solids. There was a

significant increase in TKrom the mixed liquor samples to the chlorine contact tank samples.

The results of the test did not meet with the expectations set for the results of the fixed
film media.There was a significant increase in many of the nutrient levels between the pre
installation testing and the post installation testing. Thereagasan increase in TKNvels
through the treatment process (aeration chamber to final effldérmtyesultof this experiment
are contrary to mangther experimentperformed withfixed film media and biofilms in SBR
units. Previousexperiments concluded that fixed film media and the biofilm they produce
significantly lower nitrogen and phosphorus levels BRSystemgSriwiriyarat, 2005), (Terada,

2006), (Kim, 2001), and (Hu, 2005).

Through researching successful experiments with fixed film media and biofilms, possible
causes of the results from this experiment have presented themselves. The most sibiliypos
is the aeration cycles of t he -68aniRAsipremioutlyy c o mi n
mentioned, this unit employscontinuous aeratioaycle with no anoxi¢ denitrification cycles.

One source found that when the fixed film media was liest&n aerated areas there was little
denitrification and the phosphorus removal remained the same (Sriwiriyarat, 2005). Another
source found that for proper nutrient removal, the fixed filedia had to be properly aerated.
They used a membraiaerated tofilm, so as to form different environments for different types

of bacteria to grow (Terada, 2006). A third source showed that the most important factor in the
amount of nitrogen left in a systambased on the ratio of mixistg-aeration (Hu, 2005). A

fourth source also found that aeration levels played a role in the reduction of nitrogen and

phosphorus levels (Kim, 2001).
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The data results showing an increase in nitrate and TKN with a decrease in nitrite are
somewhat difficult to interpret. It speculated that the introduction of the biofilm caused the
nitrite to be nitrified into nitrate, causing a drop in nitrite and an increase in nitrate. The nitrate
did not become reduced as it should have because the bacteria needed for denitrification were
unable to colonize the continuously aerated biofilm, inhibiting the denitrification of nitrate into
nitrogen gas. The increased amounts of TKN could then be due to the new biota colonizing the
biofilm. This project has an accompanying study performederchanging biota of the system;
in that study, rotifers were found to be the only significantly increased orgéRistk, 2009)

Rotifers aramulticellular organismghis meanghey excrete ammonis wasteAmmonia is one
of the main components of th&N test; it is possible that the increase in the ammonia is in fact

caused by the rotifers.

Another major factor in this project was the mechanical difficulties the unit faced. Over
the sampling period, there were several power failures resulting igdtegrsneeding to be
restarted. There were also two pump failukeading to their replacemenh addition, there was
a high water flonthrough wherghe system received too much influeintthis case from a
clogged toilet in the schoand thetreatmem of the wastewatestops; all the sewage is then
allowed to run through the system and be discharged into the river untidate used as a
preventative measure to stop potential flooding of the ulitef these eventplay major
factors in the nwient results immediately after each event occurred. If these mechanical issues
had not happened the results could have possibly been different. Unfortuwétetythe

parameters of this experimeittis impossible to know what the results may trudyé been.

All of the issues above factortmthe results of the test, causing it to produce results

contrary tothose originally hypothesized. Although no positive results were observed through
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the installation of the fixed film media, it has not beemasted effort. The research clearly
showedhat the fixed film media should not be placed in SBR units with a continuous aeration
cycle. A future project should be one in which the same test is performed using a denitrification
SBR unit. If this project we to be performed, it should be in an underground unit, unlike a
pervious honors project performed similarly which was in an above ground unit. It was found
that the low temperatures inside the tank inhibited the nitrification process (Yud, tb308

would be another deterrent to the projdtte positive aspect of the project was that the
installation of the fixed film media did not cause the unit to bosskpliance with its NPDES

permit.

CONCLUSION

Over all it should be concluded that the introduction of a fixed film media into a
continuously aerating SBR urdid not change the overall quality of the NPDES permitted TSS
and CBOD, but it also did m@anprove thenutrient (nitrogen and phosphorus)uetion The
recommendation for the Hepburn Lycoming Elementary Schdbétshe fixed film mediaid
no harm and they can decide if the cost savings of not paying for the bioaugmentation is worth
the increased nutrient levels cause by the fixed film enédfuture permits requiring nutrient
regulations, it would be recommended that they switch to a tank with denitrification capabilities

or reset the aeration cycling on their current unit to include an anoxic cycle

If a fixed film media is installed iota continuously aerating SBR it can be concluded

that:
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1. The continuous aeration maggatively affect the impact of the fixed film media and the
biofilm grown on it.

2. The nitrogen levels will not be reduced and in some cases they will inanetes.

3. Thephosphorus levels will not be affected.

4. The level of solids will not be affected.

The hypothesis of this experimettiat the fixed film media woulteduce nutrient levels in an
SBR, is rejected based on the findings of the prdjettould occur with thaddition of a

denitrification tank
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APPENDIX |

Figures




Figure 1: A CA-5 SBR unit located at the Williamsport Area Sanitary Authority

Figure 2: Five units being installed in a single site to increase the amount of wastewater

that can be treated per day (Young, 2006)
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Figure 3: The filling cycle (Young, 2006)

Figure 4: Aeration cycle (Young, 2006)
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Figure 6: Transfer and settling cycle (Young, 2006)




Figure 7: Discharge cycle (Young, 2006)
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Figure 8: The fixed film media (after use in a SBR)
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Figure 9: The coffee cans; the one on the right is brand new and clean, the onetba left

has the biofilm on it

Figure 10: The Hepburn Lycoming Elementary School site, as viewed from the chlorine
tank (bottom of the picture). The CA-60 SBR is in the center of the picture and the sludge

wasting tank is in the leftcorner below the brick building




