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INTRODUCTION

Clean water supplies are essential to human aratiadifie forms (Horan, 1990).
Water utilized and discharged from domestic dwghinnstitutions, and commercial
companies alike is termed domestic wastewatersteasevaters discharged from
manufacturing facilities are industrial wastes.ttBloold several potentially harmful
compounds (Horan, 1990). In developed countrigsnaost urban areas of the United
States, most waterborne waste from homes, bussassestorm water runoff flow
through a network of sewer pipes to a wastewatsemage treatment plant. In rural and
suburban areas, sewage from each house is usishadged into a septic tank. In this
system, household sewage and wastewater is pumized settling tank, where grease
and oil rise to the top and solids fall to the bottfor decomposition by bacteria (Miller
& Spoolman 2008). The partially treated wastewater on tagissharged via drainage
(absorption) field or sand mound with small holepeérforated pipes embedded in
porous gravel and stone. About % of all homesnitdd States are served by septic
tanks (Miller & Spoolman, 2008).

In municipal areas, raw sewage often undergoe®ptwo levels of treatment
including primary and secondary sewage treatménto typical wastewater treatment
plants exist including one incorporating physicahtment (primary sewage treatment)
and one of biological treatment (secondary sewagggrment) for the removal of
dissolved organic matter (Gerardi, 2002). Biolagiceatment can be defined as the
process in which bacteria convert ammonia nitragamtrate and contribute to the
removal of organics from wastewater (Gerardi, 20@iplogical treatment is considered

technology, utilizing filters, fluidized beds orgked beds for treatment; these systems



primarily involve settling and the removal of s@i(Droste, 1997). Primary treatment is
a physical process of bars, screens, and setiigtparge that achieve 40-60% reduction
of CBOD (Carbonaceous Biochemical Oxygen Demand)Teé8S (Total Suspended
Solids). Secondary treatment is biological andegalfy occurs by bubbling air into what
is termed activated sludge chambers. The aerstionlates bacterial (microbial)
growth that further treats the wastewater to rentoted nitrogen, CBOD and TSS. This
nutrient removal process decreases the need fofetiton agents at the end of
wastewater treatment due to aeration and bactérichvean remove 90% of the CBOD
(Gerardi & Zimmerman, 2005). Modern wastewateilitées incorporate both physical-
chemical and biological operations for removal sai£95-97% of total suspended solids
TSS and BOD , 70% of most metal compounds and eosigient synthetic organic
chemical compounds, 70% of phosphorus and aboutd@be nitrogen loading

(Gerardi & Zimmerman, 2002).

Sludge produced by a physical-chemical treatmelhbwihigher sewage quality
than for a plant using biological treatment witldiidns of coagulation agents and the
absence of biological oxidation of organics (Ger&2802). Physical-chemical treatment
operations are termed advanced treatment procelsss;physical-chemical
mechanisms of filtration and carbon adsorptionfciiow the biological treatment
process for further treatment of purified wastewatéuent (Droste, 1997).

An emerging third stage of treatment is tertiapatment. These systems require
additional chemicals or additional biological treant of toxins and a further reduction
in nitrogen and phosphorus levels. Tertiary systatiize additional chemical treatment

or natural biological treatment found in wetlandsthieve 97-100% reduction of TSS,



BOD and Total Nitrogen. Interests of natural tneexit serve particularly well as nutrient
sinks and buffering zones to enhance the preservatiwetlands and economic
feasibility (Gerardi, 2001 & EPA).

Sewage effluent can be used for land applicatlooygh due to pathogenic and
sanitary concerns has not been an accepted préutozeghout North America (Droste,
1997). However, after primary and secondary treatirland applications of wastewater
or sludge are encouraged due to feasibility. Lapglications are also utilized for
irrigation and fertilization processes of limitedtnient loads (Droste, 1997). Landfills
remain the most common means for disposal of slpdgeuced during the treatment
operations (Droste, 1997).

In Lycoming County, Pennsylvania, the two largestondary wastewater plants,
Williamsport Central and West Plants, are facingpses implications due to adherence to
recent sewage treatment regulations. Last yeakeghmated annual nitrogen discharge
for these two plants was 540,000 Ibs of nitrogenmaste (Chesapeake Bay Foundation).

Increased sediment and nitrogen removal will alsodguired of more rural areas
where alternatives to septic tanks are desirablerefore, Lycoming College Clean
Water Institute in conjunction with the Cromagladsternational Wastewater Treatment
Systems of Williamsport, Pa is researching propgrient reduction of wastewater. The
Cromaglass Corporation developed Sequencing Batch ReactoR[$&hnologies in
1965 for wastewater treatment of small communitiegividual residences and
commercial establishments such as internationati@acresorts. These systems are
considered biological treatment systems becautigoafuse of fixed film media also

known as the “coffee can” to increase surface memicrobial growth.



Cromaglass markets SBR wastewater treatment systems worldihiateprocess
from 500 gallons per day (GPD) up to 1,500 GPD a$tewater. The flow rate is
comparable to the CA-5 which is fed 500 GPD anddAe150 for 1,500 GPD. This
technology differs from traditional treatment sysgebased on space because it functions
in time on a batch basis. In this sense, the systan be regulated for discharge and
aeration cycling with submersible pumps in coortiorawith sampling. Also, all
wastewater treatment processes function in onediiées tank separated in three

chambers; these chambers are labeled as A, B acddzdingly (Figure 1).

Figure 1:CA-5 Sequencing Batch Reactor (SBR) technologyehod
(Adapted from Cromaglass, 2006)

Chamber A, the first step in the treatment proaegslves input and settling of
influent and screening of solids. Chamber B mamstan and off aeration cycling,
allowing for denitrification within the system. @&linal step occurs in chamber C (the
clarifier) in which particulates are settled and supernatant liquid is discharged to a
leach field, sand mound, or permitted surface w@erearby body of water) requiring a

National Pollutant Discharge Elimination System NES) permit from the necessary



state agency. These SBR units may be accommodate@ or below ground depending

on location (Figures 2a & 2b).

el
Figures 2a & 2bThe above left photo is of a preliminary belowgrd system and the
photo to the right is of an operating above gro8BR system.

The market for Cromaglass SBR technologies is lial mreas where conventional
sewage treatment plants have not been built. eediast decade, there has been
increased pressure worldwide for reducing totatdgien, total Phosphorus, Biochemical
Oxygen Demand (BOD), Chemical Oxygen Demand (C@BY, Total Suspended Solids
(TSS) to both surface and groundwater receivingeveester. This is true for
Pennsylvania and especially the Susquehanna Ratershed. The Susquehanna River
contributes over 50% of the fresh water to thedat@stuary in the United States, the
Chesapeake Bay.

In 2000, the states of Pennsylvania, New York arylnd signed the
Chesapeake Bay Nutrient Removal agreement (C2K) tvé purpose to reduce nutrients
(specifically nitrogen and phosphorus) and sedinwad to the Chesapeake Bay by the
year 2010. The agreement carries a federal mabgdtee Environmental Protection
Agency (EPA) that if certain targeted levels areneached then Total Maximum Daily
Loads (TMDL) will be mandated in all sub-watersheflthe bay. TMDL'’s are defined

by the Pennsylvania DEP as the sum of the indiVidaate load allocations and load



allocations; a margin of safety is included so #dditional loading, regardless of the
source will not violate current standards (PADEPhe aim of the bill is to reduce these
discharged eutrophic chemicals from the SusquehBivea waters before draining into
the Chesapeake Bay. The Susquehanna River recritréent loads from the states of
New York and Maryland as well as Pennsylvania, tfroBennsylvania is by in large, the
heaviest contributor (Figure 3). To reach nutrieauction, new NPDES permits for PA
sewage treatment plants must abide by outflow stalscbetween 6 -8ppm of nitrogen
levels with regard to the current standards of @phese requirements will be
implemented from 2010 to 2015. Non-municipal sesvisgatment systems will all need
to improve their efficiency due to there standah#s)ce the intent of the Cromaglass

corporation to improve the SBR technologies.
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Figure 3:Susquehanna River Nitrogen loads (million Ibs/fyeathe Chesapeake Bay

There has been a history of cooperative projedtgdsn Lycoming College (Dr.

Mel Zimmerman) and the CromaglasSorporation, with research projects in 1991 and



1996. Both research initiatives were partiallydad by the Pennsylvania Ben Franklin
Partnership Program. Between 1991 and 1992 amalieg aerobic and anoxic cycling
SBR at the Meadow Brook Christian Academy in Milt®%a was set up as a preliminary
test for the ability of the unit to denitrify. 096, this preliminary study examined
recycle and reuse of an SBR system in which a @Aibwas set up at the Jersey Shore,
Pa sewage treatment plant. Conclusions regartagédrcent reduction were drawn
from the 1996 SBR study (Figure 4) and used to @agage the 2007-2008 nutrient and
solids removal research. The figure below demotestrtne ability of SBR technologies
to reduce and improve Carbonaceous Biochemical @x@pmand (CBOD), Total

Suspended Solids (TSS) and Ammonia levels.
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Figure 4:Percent Reduction of wastewater influent CBOD, 588 NH;
compounds from 1996 Recycle/Reuse SBR study.
Sequencing Batch Reactor technologies have thigyatoilalter the operation
strategies of sewage treatment for achieving imgadaemoval efficiency for BOD and
total nitrogen levels for nitrification and denfication (Reeckt al., 2001; Zimmermaset

al., 2008).
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In preparation for this project, the spring and $aimesters of 2007 were used to
research the protocols for sampling and analysigastewater treatment systems
developed by the National Sanitation FoundationfN&hd Williamsport Sanitary
Authority. In December 2007, a Cromaglass CA-3 wais set up above ground
(insulated with wood chips) at the Williamsport Bary Authority: Central Plant in
Williamsport, PA with a new bio-film media “coffezan” construction to further aid in

nitrogen and solids removal (Figure 5).

Figure 5:“Coffee can” construction for biofilm growth; timage to the left is prior to
microbial growth and the image to the right is agswth.

It is proposed that the increased surface areddqed\by the “coffee can” will
allow significant growth of both nitrifying and digifying bacteria, the nitrifying
bacteria will function when oxygen concentrations greater than 3 ppm in the unit to
convert ammonia to N (nitrate) and the denitrifying bacteria growimgtihe heart of
the “coffee can” will convert nitrate toJYelemental nitrogen) as gas, thus reducing total
nitrogen to the waste stream during both the aerahi anaerobic SBR cycles. For one
of these reasons, SBR’s are considered biologieatrhent systems for their use of fixed
film media also known as the “coffee can”. A commpEkntary study of microbial growth
and diversity on the “coffee can” biofilm was intigated by another Lycoming College

Honors Project student, Brittane Strahan in 2000820

11



The purpose of my project was to evaluate totabgén discharge (mg/L), total
suspended solids (TSS in mg/L) and biochemical erydggmand (BOD in mg/L) of a
Cromaglass CA-5. The unit was to have been sat the Williamsport Municipal
Sewage Treatment plant during August-September BO0due to unavoidable
engineering delays it did not go online until Jagu008. Beginning the project in the

middle of winter caused difficulties with treatmesfticiency.

METHODS

In Fall 2007, as an independent study course,mmadiry testing was performed
on the below ground CA-5 SBR at the Cromaglass @atpn manufacturing facility.
This preliminary work was utilized to develop gtyakssurance (QA) and quality control
(QC) protocaols for confidence in analytical testswgh as calibration, standardization of
reagents and assessment of individual analysesd&th Methods, 1998). All protocols
were written with regard to standard proceduretheiWilliamsport Wastewater and
Water Authority laboratory, the J(Edition of Standard Methods for the Examination of
Water and Wastewater and the HACH Corporation. e&sory protocols were written
for preparation of standards and necessary sokifamosphate buffer, BOD dilution
water etc.) Data sheets and Excel charts werecadsted for data compilation and
calculations.

Preliminary data concerning the Cromaglass CormoratCA-5 SBR was
compiled during September and December 2007 foanla¢ysis of water chemistry.
Effluent samples were collected twice a week (Tagsathd Thursday) from Clarifier C

of the Cromaglass Corporation’s underground CA-R$Bigure 6). Effluent samples
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were collected using a plastic water sampling agtparattached to a metal pole (Figure
6). An o-ring chain was pulled at the handle, whatlowed filling the sampling bottle.
The bottle was submerged a foot (about 30 cm) béhewvastewater surface and two

samples were collected each sampling day.

Figure 6:Clarifier C sampling chamber of the CA-5 SBR & @romaglass Wastewater
manufacturing facility.

The effluent was analyzed for pH (field/laboratonmonia, nitrate, nitrite, total
kjeldahl nitrogen (TKN), orthophosphate, total pbloste, total suspended solids (TSS)
and Carbonaceous Biochemical Oxygen Demand (CB®i&ld pH was recorded with
an YSI meter and confirmed with pH testing stripsl@). All parameters were measured
in milligrams per liter (mg/L), which is roughly atyalent to parts per million (ppm). A
temperature data logger maintained a foot abovevistewater surface monitored
temperature changes in the underground SBR asteoton

Laboratory water chemistry analyses were carrigdising a HACH water
guality company test n’ tube vial kit which detenad the amount of ammonia nitrogen
(0.4-50.0 mg/L), nitrate (0.2-30.0 mg/L), nitrit@.Q03-0.500 mg/L), reactive phosphorus

(orthophosphorate) (1.0-100.0 mg/L) and total phasp (1.0-100.0 mg/L) and read
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using the HACH DR spectrophotometer 5000. The f@d vecorded using a 510 Series
Oakton pH meter.

Determinant of total suspended solids (TSS) wasechout by drying four
Gooch crucibles in a 105°C incubator. The dryinges alternated heating in a 550 °C
muffle oven, cooling in desiccators and weighingimifcibles. Crucibles were dried,
weighed for analysis and solids accumulation derlwas calculated. Whatman 24mm
Glass Microfiber Filters were placed in the bottoheach crucible (rough side up) seated
with de-ionized water and dried before filteringisfluent and effluent samples occurred
with vacuum filtration.

Carbonaceous biochemical oxygen demand (CBOD) aeslgissolved oxygen
levels over a five day time period. This paramatalyzes the influent and effluent with
nitrification inhibitor (inhibits nitrogenous sowes available for microbes), CBOD blanks
(serve as controls filled with BOD dilution wate®BOD Seed blanks (serve as
microbial planted blanks for oxygen concentrationtools) and a series of six CBOD
sample bottles per influent and/or effluent sanwaté varying volumes of seed,
wastewater and with or without inhibitor addition.

In January 2008, the above ground, CA-5 (Figurewa3 connected to influent
and effluent discharges of the Williamsport Sagitauathority in Williamsport, PA. The
influent and effluent wastewater was dischargetvtolarge sampling tees which are

housed in an insulated and heated shed (Figure 7B).
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Figure 7A & 7B The above ground CA-5 at the Williamsport SagitAuthority on the
left. On photograph on the right displays the iafluand effluent sampling tees housed
inside the shed.

The same parameters as in the preliminary indepestiedy were examined,;

however, the focus was on the total suspendedss@li@S) and carbonaceous
biochemical oxygen demand (CBOD). Temperaturegwenitored as in the previous
study with temperature loggers, one was placeldarabove ground CA-5 (in clarifier C
above the wastewater) and a second was placed bdloov the surface of the mulch.
These temperatures were compared against the tahthe underground factory CA-5

to analyze temperature interference with the roatfon process.

RESULTS

Data recorded during the fall 2007 study on thet wt the Cromaglass
Wastewater Corporation facility was compiled iregart; however, the water chemistry
values collected varied broadly over the collectpmriod due to suspected chemical
discharges and varying wastewater flow from the ufesturing facility. Due to a prior
agreement, the data cannot be published since #t@ was used to change the
manufacturing facility discharge to allow for pedtment of the industrial effluent.
However, it can be summarized that the unit wagpset receive 500 gallons per day raw

sewage from the Williamsport Central Plant (Janugpyil 2008).
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Appendices I-IV summarizes raw data from the mergh January-April at the
CA-5 SBR at the Williamsport Municipal Authority. Appendix | displays Water
Chemistry data on pages 1-4. Appendix Il displ@gsbonaceous biochemical oxygen
demand (CBOD) on pages 1-4. Appendix Il displegtal suspended solids (TSS) on
pages 1-4. Appendix IV displays total nitrogenpages 1-5.

Since the goal of a SBR unit is to decrease nutiliead in the effluent, the
percent reduction of TSS, CBOD and total nitrogexs walculated over the course of the
study from January to April 2008. The total susjsehsolids (mg/L) reduction ranged
from 6.61 to 95.7% over the course of the studgyfa 8). The total suspended solid
protocol was modified throughout the study for ioy®d consistency. Initially, influent
and effluent wastewater was added to the fibeer§iltby pipette, this allowed for only
particles small enough to pass through the piggitand prevented larger solid passage
for filtering. Also, stir plates and stir bars wezliminated due to solid particulates being
pushed to the outside of the beakers and altehieghbmogeneity of the solutions.

Instead, influent and effluent sample bottles weverted ten times for homogeneity.
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Figure 8:TSS percent change in the CA-5 SBR from Januait@®pril 15"

Carbonaceous biochemical oxygen demand (mg/L) walsiated for the course
of the study, revealing percent reductions in tifleent of 38.7-86.2%. The microbial
growth on the fixed film media construction grewilizing oxygen concentrations in the
wastewater. The fixed film media “coffee cans” epsitioned in a vertical cylinder to
be placed in chamber B of the CA-5 SBR. Thougpragriate flow in unit was not able
to continuously keep the cylinder submerged, résuih microbial death and sloughing
off. It is hypothesized that the cylinder needbéamodified, cutting it in half for the

fixed film to be submerged at all times and allogvfar consistent microbial growth.
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Biochemical Oxygen Demand (BOD) (mg/L)
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Figure 9:CBOD percent change in the CA-5 SBR from Januéfta April 9".

Total nitrogen levels were expressed by the suanafytical testing of nitrate,
nitrite and total kjeldahl nitrogen (TKN). Due t@mperature fluctuations throughout the
study period, consistently warmer temperatures @balve allowed for proper
nitrification of the sequence batch reactor systdinerefore, all reductions of nitrogen,
though minimal, were not seen until MarcH"&ind have steadily increased the percent
reduction of total nitrogen discharge in effluefithe percent reduction seen in total
nitrogen ranged from 14.2 to 17.2%; it is hypothediwarmer temperatures will no
longer inhibit the process of nitrification. Thewed, microbial growth will also assist in
the breakdown of total suspended solid concentratamd alter biochemical oxygen

demand levels.
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Total Nitrogen (mg/L)
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Figure 10:Total nitrogen percent change in the CA-5 SBR fidarch 11" to April 8".
Internal and external temperature changes overdanebe viewed in Figures 12
and 13 of the above ground CA-5 unit. The firstperature plot displays the slightly
warmer temperatures found in the CA-5 chamber;ténigoerature difference is due to
the microbial activity present in the chamber agaged to the second temperature plot.
Figure 13 displays the temperature changes witll&ite logger placed one foot beneath

the mulch outside of the CA-5 unit.
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Figure 12:Data logger placed in CA-5 SBR clarifier C chambbemperature probe was
placed in the chamber on Januar{'25
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Figure 13:Data logger placed in the mulch surrounding theZC3BR; temperature
probe was placed in the mulch on Januafy &520:10:31.

DISCUSSION
The CA-5 unit with biofilm did not achieve the ieféncy of CBOD, TSS and
nitrogen removal that has been previously obseavetldocumented. There are two

proposed reasons for this outcome. The main diffiamas the temperature; it was
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unfortunate that the study had to start in Janu&iynoted by the data loggers, the
internal temperature of the tank stayed below 16?Qughout the study. This explains
why the ammonia and TKN values remained high. ifdiaition (the conversion of
ammonia to nitrate and nitrite) by nitrifying bagteis inhibited at temperatures below
15°C (Gerardi, 2001). In addition it was discodetieat the “coffee can” cylinder
growing biofilm media was too tall. During transtg/cles (six times a day) from
chamber B to C the microbes in the upper one thiittie biofilm cylinder were exposed
to air and resulted likely in microbial cell deathd sloughing off. These dead or dying
microbes would not have been nitrifying and mdstliy led to increased levels of TSS in
the effluent from the SBR unit. These solid lewetsild also have contributed to higher
BOD levels. Based on this study, starting on Ap2] 2008 the unit will be drained,
cleaned out and refilled for another study. Thetthe “coffee can” biofilm media
container will be shorter so as to be submergetimmowvusly and the above ground
temperature will be above 15°C, thus allowing fibrification and denitrification to lead

to a lower total nitrogen, suspended solids and Bi3bharge. Another aspect of the
study, after the nitrification/denitrification isabilized will be to perform a “stress test”
on the system following the NSF protocols (NatioBahitation Foundation). These tests
consist of everyday stressors such as power equipfiatire, wash day stress, working
parent stress and vacation stress in which therenareased and decreased sewage flows
analyzed with five consistent sampling days. Tleadies will be maintained by

Lycoming College Clean Water Institute interns dgrihe summer to the fall of 2008.
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Table 1: January 2008 Water Chemistry data summary at Williamsport Municipal Authority Williamsport, Pa

Water Chemistry

APPENDIX |

Parameter

pH (lab)
Orthophosphate (ppm)
Total Phosphorus (ppm)
Nitrate (ppm)

Mitrite {(ppm)

Ammonia (ppm)

TKN (ppm)

T55

BOD

MLSS
VLS5

1/16/2008 1/16/2008 1/23/2008 1/23f2008 1/30/2008 1/30/2008

Influent

7.3
MNC
MNC
0.9
0.014
12.1
14.0
MNC
169.5

1/16/2008
MNC
MNC

Effluent

7.5
NC
NC
3.5
0.062
13.0
13.1
135.0
23.4

Influent

7.1
4.2
12.8
3.1
0.042
12.1
15.5
273.5
88.8

1/23/2008
274
54.10%

Effluent

7.4
MNC
9.7
2.6
0.034
18.7
21.1
82.5
MNC

Influent

7.3
12.7
9.9
6.0
0.052
17.3
18.9
136.6
111.0

1/30/2008
538
91.50%

Effluent

7.3
15.3
8.7
3.3
0.018
23.3
24.1
23.5
52.9

Page 1



Table 2: February 2008 Water Chemistry data summary at Williamsport Municipal Authority Williamsport, Pa

2s{2008  2/5/2008  2/6/2008

2/6/2008 211272008 211272008 2/13/2008 211372008 2/19/2008 2/19/2008

212012008 27202008 2/26/2008 2/26/2008 2/27/2008 2/27/2008

Parameter Influent  Effluent  Influent  Effluent Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent Effluent
pH (lab) 7.24 740 7.20 743 7.30 740 7.25 740 7.20 7.30 7.30 740 7.20 7.30 7.13 740
Orthophosphate (ppm) 12.7 7.05 8.20 8.00 10.5 9.90 8.80 7.80 5.90 9.20 6.10 9.20 123 10.7 10.0 10.8
Total Phosphorus (ppm) 104 5.30 410 4.90 6.60 6.70 6.50 5.50 3.20 5.90 2.00 440 6.30 490 4.50 4.80
Nitrate (ppm) 1.30 1.80 0.90 5.80 1.60 1.60 1.50 2.10 1.30 140 1.80 1.50 2.00 1.70 0.80 1.00
Nitrite (ppm) 0.013 0.063 0.041 0.037 0.006 0.138 0.063 0.065 0,053 0.021 0.027 0.042 0.009 0.024 0.004 0.010
Ammonia (ppm) 14.6 13.2 10.2 14.7 8.40 10.3 10.7 10.5 4,90 13.2 9.40 14.5 15.0 17.3 15.6 19.5
TKN (ppm) 18.2 14.0 11.2 154 8.40 10.8 10.9 10.6 MC NC NC NC 16.2 17.5 16.5 19.6
T85 173 15.5 384 16.8 716 27.0 02.8 9.3 155 56.5 523 522 34 160 63.0 32.0
BOD 113 22.0 510 159.1 65.2 26.2 53.6 19.8 504 325 58.8 24.5 118 47.0 84.6 25.5
2/5/2008 211212008 2/19/2008 212712008
MLSS 645 393 750 399
VLSS 93.0% 93.0% 84.0% 61.0%
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