I____INTRODVCTION

'Mariy "areag of . the United States, including Penﬁsylvania ha_ve

r‘wexperienced ‘.cor‘ltl,ami'nation of ‘gr‘rOundwater‘ supplies byl nitrates. On-Site,
subsurface dispésal of domésti(.‘:"\;rs;stewater is a potential’ contributor of
ni‘tlrates.(ll‘- T'heréfore, new on-site sewage ‘freatme'nt systeﬁns inraréas with
“-.high gfouﬁdwate; nitrate levels are ‘ofte‘n‘requ‘.ired to femove nitrates ‘priql;- to
sUb_surface 'aispogal. Bliolo'g'icall proCe's‘Sels for nitfog;en | removal"lffom
‘wa_s:t,ewa‘ter have been extensively ,studied-fzﬂ) Biblc;gical drenitrific‘ationfhas
,bgeﬁ éh‘own to . be the I_nost "-re'liéble l;[lethod‘ of nitrog;le'n rémovai -from
wasiewa_tér. (5-7 |

Biological denitrification is the ‘réd_uction of nitrate to

nitrite- and subsequently to nitrous oxide and denitrogen gas. Thisg is carried

' out under anaerobic c_onditibns by hete_arotfophic faculative bacteria in the

‘presence of an energy and organic carbon source. Temperature, pH, nitrate,

and carbon concentrations, solids retention time, and presence of toxic

. materials all | affect the Eienitrificétioﬁ_‘ process. Sequencing Batch Reactor -

‘tech"nélogy '(SBR) has -the inherent ability, by aprp'rlopriately changing the
operating stratégy, to “acl'.xieve." BOD remlc;val,‘ nitrifié;a‘ltion,l and denitrific‘afion.(a_
12) | Presently, the few d‘en‘itrification‘ systems on the market Vare ‘expénsive
-gnd .téke 'up‘ large aress. ~ The | resultj. _is that fésidéntigl and: Qommefcial
devélopment is greatly limited. 4becau‘se ‘-rof the‘,kléck. of affofdﬂble treatment
systerhq \wit'h' prdven- technolégy.; |

The pl’.lri)ose of this project is t_b do a-performahce evaluation of an SBR

wastewater treatment system, developed bjr Cromaglass Corporation of

Williamsport, PA, working on an alternating aercbic/anoxic cycle. - Cromaglass

Corporation has -mar'xuféctured-r and mérké'ted ‘waétewaf.er treatment system for
'iﬁdiviagal residences, comﬁlerci,é}. _establishme.r’xts‘, and small .c0mmunit-i_es ‘since
1965. The current marl‘:at‘-fo‘rj Cromsilass Systems is for domestic wastev{:ater
_"flbw_sr ranging 'from 400 GPD t-o 100-,000 ;GPD. Per‘forihénce evaluation. “oflthei‘r

asrobic system has been .reported earlier.(®
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- 'B.‘ ‘ Sampling Mgthggl:

 IL__ METHOD OF STUDY

A.__The Sequential Batch Reactor (SBR) Unit

A .(;‘romaglasaModel'CA'—SO | SBR, has been used for'the past fiye years
by the Meadowbrook Chr1st1an School, Mllton, PA. The DER permlt for the
school allows for chlorlnation of treated effluent and discharge into a small
stream. PI‘IOI‘ to modlflcation for this study, the Meadowbrook SBR cycle ‘was

a 2 5 hour flll/aeratlon perlod, 1. O hour eettle (sol1ds aeparatlon/clarl.flcatlon)

'per1od and 0.5 hour dlscharge, repeated 6 t1me per day with 5000 gallon

rated capac1ty. The -or1g1n of wastewater was from the school (275

student/Staff), church and rectory on slte. -As & part of/"the maintenance, the

-school operator routmely added 3 quarta per weelk of hydrated llme over the

duratlon of the study.‘- '

L

Ba'seline data was - collected on the unmodified. Meadowbrook SBR (cycle

‘as descrlbed above) durmg Phase I (September through November 1990) of the .'

' pro_le,ct. ‘During ' settle" (sohds separat1on/clar1.f1cat1on) part of the SBR cycle,

around 10:30 a.m.‘ Just .before dlscharge, samples of ~"1nf1uent" (Chamber A),

‘aeration (ChamberB), and effluent" (Chamber C) were collected and analyzed

for l4 ‘,parameters, includlng- observatlons on microbiota., All. analytical .
proc'edures i«rerel conducted using Standard-,Methodsuo 'a's outlined in ITable 1

| In ‘Nove.mber, Cromagla‘se' completed their- modi_fication ‘of ~ the unit
allowing ’for an anoxic period and. 'obtained- the required permit‘ amendment

form the Department of Env1ronmental Reeources (inspected November 30,

‘1990) : Phase II began on December 6th with an operatmg 6 hour sequence

(repeated 4 times per day) of the SBR as followe Aerate (2.5 houre), Anox1c )

: (15 hours), Aerated (05 hour). Settle (J hour), and - dlecharge (0.5 hour).-

The gystem was allowed to run centlnuously on this cycle (December 1990 -

May 1991}). Samples ‘were agaln collected‘ durmg the- settle“ perlod (around

11:45 =. mq, and analyzed as in Phaae I. . L -



. During each' of the phases, samples of mixed liquor .were collected for
analysis of ‘microbiota. Identi.fication'and' enumeration of filamentous bacteria,

protozoans, rotifers, and nematodes‘tvere madefollowing procedures outlined in
Hggj;g’\vgtenﬁjglggi : The Microlife.ts | |
IIlz EE ULTS AED DlSQUﬁSIOH

‘Table 2 summarizes: the results obtained from samples collected from

. each of the three chambers .durmg the & "gettle” mode of the SBR cycle durmg

each phase of'the study. esults ‘show signi_ficant effluent quality for CBODs,

TSS, VSS, Ammonia mtrogen, ‘nitrate n1trogen, and nitrite n1trogen durmg the

aeroblc (Phase I) and anox1c (Phase I1) SBR : cycle -protocols. ,Relatlve

. efficiencies (% removal) . ranged from 86.25 to 95.5 for CBODs and TSS ‘(see '

Table 4) for all phases, However,‘ s1gn1f1cant, 1mpro_vementsy in removal
efficiency‘ of - total ',nitrogen‘was observed during Phase I1 over Phase 1.

Ta_bles 2 and 3 summarize the resnlts‘obtained- for effluent CBODs, ‘nitrate, and.

ammonia n1trogen at each phase.

The 1mproved removal of nltrogen durmg Phase II 1nd1cated that both_

nitri.flcatlon and -d'emtr].flcatlon has been achleved. : Note: Prior to time 0 on
the graphas, Chamber B had been aeratmg for two hours. In 'the two hours of

:aeratlon prior to tlme 0 on the graphs, 1t. appears that nitrification had

occurred 'W1th the onset of the anoxic per1od {time 30 - 120 minntes),'

ox1d1zed nitrogen (n1trate + n1tr1te) i8 removed ag’ den1tr1f1catlon proceeds. ‘
Perlod1c samples of mmed liquor were also exammed durmg all phases of

‘the prOJect (see Table 5) Only two spec1es of fllamentous bacteria were

observed, Sph.serot:lus natans and Nocardza BDs Nocardza and Sphaerotz!us are
ranked the first and slxth most common f1lamentons ‘bacterm\' ‘observed in
‘activated “sl‘udge in -the 'Un'ited. States.us} dThe freqoenc‘y of S -natans‘
incressed in the ,samples collected ‘during Phase II. The "develop"melnt of this
"baCterla mav .have been .stimulated by the ‘addition'of the low DO cycles.

During all phases, a diverse mixture of invertebraies was observed.

concentrations' of ciliates . (stalked, ‘free swimming, and crawling) has been

High
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associated with stabilized system. The dominate stalked ciliate during Phase II

was Vorticella campanula. This species has been associated with
nitrification/denitrification system. - It does not appear t.hat.‘ the anoxic period

utilized was long enough to'inhib_it the protozoa population and interfere with

wastewater processing.

CONCLUSIONS:
A) The aerobic/anokic ‘ cycle‘ did permlt -gignificant nit.rification/

‘ demt.rlflcatlon whlle mamtammg hlghly acceptable OBODs and euepended

. sohde removal

V‘B) ' Slgnlflcant. n1tr1f1catlon was achleved due to 1) the maintenanCe ‘of an

,aeratlon system that dehvered' relatlvelj,r hlgh dje‘eolVed oxjrg‘en‘ and;. 2)
'temperat.u_ree 'maintained above 15°C, due to the design of the below-
“gro'und tank.l .

C) The anoxic ‘cyclle appeare‘i long' enough to aliow : for- Blgnlflcant

demtrlflcatlon and stiil mamtam a healthy mlcroblota for treatment.

D) ‘ The presence oi’ mtrates and nitrites. in Chamber A ("mﬂuent") may

“mdlcat.e that treatment beglna as soon as waatewater entere the SBR as
_DO and other exchange -occure through bafﬂe w1th Chamber B.
Furthermore, denlt.rlflcatlon may Stlll be proceedlng durmg "gettle” in

Chamber C as DO levels drop.

E) An evaluat.lon of the coet eavmge of not runmng the aeratlon pumpe as
‘long durlng an aerohlc/ano:uc SBR cycle should be evaluated.' The need'

‘ and cost of BOlldS waetage must also be conmdered. n
F) 'Mamtenance of acceptable - alkahmty ‘ and.' | pH ”'for

‘n1tr1f1catlon/demtrlflcatlon and the neceaelty to add llme will vary w1th ‘

different source water and eho_uld be ‘evaluated.
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". Table 1

Laboratory procedures . and equlpment used for study. Unless otherwme
1ndlcated, parameters wﬂl be run with b5 hours of collectlon time followmg
methods outline in ard Methods for - xaminatic of Water and
- Wastewater, APHA, AWWA, WPCF, 17th edition, 1989. " Underlined .equipment was .
purchased from funds provided by this grant. All other equipment provided
by Lycommg College. , ' S : '

Paramei;er L Eauin‘ment-
1) CBODs - . Environmental chamber, YSI
g Dissolved oxygen meter
2) Total ISuspended Solida =~ " Balance, oven dessicator,
(TSS) ' L . filtration/crucibles.
" 3)" Volatile Suspended Solids " Balance, muffle-oven’
| (VSS) : _ , o (550°C capaclty)
4) pH - : - CH o labor tor _pH/ISE meter.
'5) Alkalinity =~ Titrations -
' 6) Dissolved oxygen (DO) . YSI Dissolved oxygen meter
7) Tem;ﬁerature {eC) _ YSI Dissolved oxygen
N - ‘ meter/thermistor
'8) ‘Ammonia Nitrogen =~ Digestor (HACH}, Labconco still
' : ‘ H. aborator et r )

Ammonia sample probe, po ;i;,gbl

ISE meter converslon

9) Nitrite- Nitrdgen_ ‘ ' - VHACH Spect rophotometer
10) Nitrat'e.Nif:rog'en ‘ ’ HACH Sggggrophm_gmig
L o ' .sample be CH one lal
B L o : \ ‘ H[lﬁg meter - -
11) Organic Nitrogen - o " abcong Kjeldahl Rapid Digestor,
- S - S _Lghm..g.ﬁm&eh..ﬁemﬂ%
. Anmmnonia sa
1_5_:, oratory pH/ISE mgﬁg:
12) Soluble 'phospher;us : 7 ; .'HACH Spectrophotometer

13) Total pheeph:_qr:_as_-"“ Dlgestlon/HACH Spectrophotometer )



" DO mg/L

Summary

,f}lfab!,e 2
of PHASE I Results

- (September - November 1990}
(without anoxic .cycle)

(mean value + standard dev1at10n

- Chamber* Chamber.
A B

CBODs 140,14 + 12.75 (14)%%

TSS mg/L - 139.6 * 20.6 (9)
- vSS mg/L 115.2 + 14.8 (8)

pH . 7.2 4016 (14) - 7.1 303 (14)
-Alkalinity ,

mg/L (Cac0s)  150.6 + 60 (14) 77.1 + 22.4 (14)

2.3 + 0.6 (14)
To (C) 21.3 + 0.6 (14)

‘Ammo'nia N
mg/L (NH+-N} -
ﬁitrite N-
mg/L (NO:-N)

4

- 0.12 + 0,08 (14)

Nitrate N
mg/L (NO+-N) -

I+

3.2 & 1.3 (14)

Organic N
mg/L (TKN)

Phesphorous-
mg/L

¥ Chamber refers to:

A
B
C

15,02 + 2.13.(7)

5.4 + 0.5 (14)

21.2 + 0.5 (14)

7.5

I+

0.85 + 0.12 (13)

ST

9.8

I+

L7 (3)

2.9 (13) -

11.05
19.2
17.6

. 6.6

55.6
2.3

21.4

5.1

6'8

6.1

2.1

+0.73

Chamber
e N

1.09 (16)¥xx

+

2.8

1+

(14)%%x

L7 (13)xxx

I+

+ 0.4  (16)%%x

+ 16.1 (16)%xx
+ 1.3 (16)
+ 1.0 (16) —
(Tyxex

+ 0.4 (16);*;

+ 3.4 (16)¥%
+ 0.9 (3)

1 0.24 (16)

Solids Retention Section - (Influent ‘Area)

Aeratlon Sectlon

Contact Clarlﬁer Section (Effluent Area)

" of Cmmag]ass SBR Model CA—50 located at the Meadowbrook Chrlstmn School,

M]lton, PA ..

33

St

COXk¥
(t - test < = 0.05)

Number of Bample datee

Indlcates Blgmflcant d1fferences between Chamber A and C :



Table 3

Summary of PHASE II Results
" (December 1990 - May 1991)
{with anoxic cycle)
(mean value +. standard devmtlon)

‘Chamber* " Chamber "~ Chamber

A "B . - c
CBODs . . 176.9 + 167 (16)¥ - 75+ 2.1 (16)kxx
TSS mg/L -~ 171.8 + 17.1 (16) 119 £ 2.5 (16)%xx
VSS. mg/L  156.6 £ 33.8 (16) | 11.3 + 2:3 (16)%xx
pH 7.15 + 0.2 (16) 7.26 £.0.3 (16) 6.7 + 0.6 (16)xxx
Alkalinity - S |
~mg/L (CaC0s) 146.8 + 31.6 (16)  96.1 + 32.8 (16) ~ 50.4 % 15.1 (16)%xx
DO mg/L = 2.48 + 0.81 (16) = 4.58 + 1.4 (16) o 2.0 + 0.9 (16)%xx
Te (€) - 1811 1.2 (16) - 183 + 1.5 (16)  18.5 4 4.4 (16)
 Ammonia N R B o - . - '
mg/L (NH-N) 16,7 + 1.8 (11) 61 % 0.7 (11) 179 + 0.8 (16)xxx
‘Nitx;ite N o ' . o -
mg/L (NO:-N)  2.1'#08(14) 1.5+ 04 (14) = 0.57 £ 0.2 (14)%%x
- Nitrate N~ : o ‘ L : S ‘ : :
mg/L (NOs-N) 3.4 4 0.6 (14) 50 % 0.7 (14) 2.36 + 1.4 (14)%%x
Organic N ' : ‘ ‘ 7 :
mg/L (TKN) o | L 2.67 + 0.4 (10)
 Phosphorous R - | 7
mg/L - 1.76 '+ 0.3 (-16)

Solids Retention Sect1on (Influent Area)

Aeration Section
Contact Clarrher Sectlon (Effluent Area)

| Chamber_ , refqrs to:

A
B
- C

of ummaglass SBR Model CA 50 locat,ed at the Meadowbrook Chrlstmn bChOOl,
Milton, PA - .

% Number bfr sample dates

Indlcates mgmﬁcant dl.fferencps béiween Chamber A and C

313
' (t — test . L= 005)
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RELATIVE EFFICIENCIES FOR SOLIDS AND NITROGEN REMOVAL
e PHASE I - ~ PHASE II
(without anoxic period) ' {(with anoxic period)
CBODs | |
Chamber A = 140.14 .. 168.0
Chamber C = 11.05 . 1.5
% change = . 92.1% | '95.5%
TSS mg/L B
‘Chamber A = ' 139.6 S 16740
% change = B6.25% - 92.9% -
' N-f mg‘/L (Totél ‘Nitrog‘en_ = Ammonia + Nitrite + Nitrate ) N
Chamber A = 1834 24.4
. % change = - 29.7% . 79,9%
% - Chamber refers to: AT Solids Retentibn Section (Influent Aréa)
T ' © - C.= Contact Clarifier Section (Effluent Area)
" of Cromaglass 'SBR‘Modél CA-50 located at the Meadowbrook Christian School,
- Milton, PA o : : ' § L
"/‘—"
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Table 5

Percentage Rangee of Biota in Mlxed quuor Samples
{Chamber B) During the -Two Sample Phases.
Numbers in Parenthesis Indicte Number of Sample Dates 4

-when Counts Taken.

PHASE I

{without anoxic' period)

,Imr'erteb'nates
‘N‘ematedes
Retifers o '

Protozoaﬁ
,Si\;all;ced ciliates -

Free. s.wim:'ning'/
© Crawing ciliates

Flagelleates ‘

Amoeboida

"Filamentous" Becte'ria:

Sphaerotilus natans

Nocardia 8p.

0.0% (2)"

0-5.0% (2)

2-10.0% (2) .

15-25.0 % (2)
120-40.0 % (2)

10-25.0 % (2)

50.0% (2)

50.0% (2)

. PHASE II
(with anoxic

0—310%

6-20.0%

| 5-40.0%

18-40.0%

- 6-20.0%

- 2-9.0%

. 85.0%

' 15.0%

peri'o'd)

®)

(8)

(8)

(8)
(8).
(8)

®

V(g) -

11



Significant Differences

‘ in Mean Effluent Parameters for Phases
* without. (Phasg I) and with (Phase II) Anoxic Period

- Ortho[P

. PHASE
I versus II
-.CBODs‘ ’ YQS
o 'iI'_SS-‘mg‘/L Yos
. VSS ‘mg/L Yes
] pH iiNo
* Alkalinity 'No
| DO mg/L No
Te {C) Yea‘
- Ammonia N | Yes
Nitrite N ‘Yes
Nit:at;e N féa
" Organic N Yes
 Yes

NS
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