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~influent increases the rate of nitr ification and decreases RBC surface area
requirements . The decrease in required RBC surface area for secondary treatmen~or n~tr~f l ca ti on w i ll res ult i n less cos t1y-~~~rad es for ex i st i ng trickl i ng
filter wastewater treatment facilities . Increased rates of nitrificat ion will
also result in more consistent and reliabl e attainment of effl uent standards .
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— ‘-‘~ he RBC in this study received effluent from a high-rate trickling fi l ter
that performed at less than secondary effluent standards 4 PJnmonia-nitrogen
and BOD5 remova l efficier_ies were determi ned at varied ~ydraul i c loa di ng ra tes
rang ing from 1.5 to 4.3 gpd/sq. ft. of RBC surface area , Other parameters
i nclu ded the i nfluent pH levels , organic l oading rates., and suspended solids
concen tra ti ons .

—

Performance of the RBC was evaluated over a 2-year period without tempera-
ture control , in order to determine both summer and winter efficiencies for
BOD5 reduction and ammonia-nitrogen removal .,~ RBC performance was evalua ted at
norma l and el evated pH levels of pH 7.1 and p~i 8.7 for the RBC influent(trickling filter effluent). Treatment effiqiency of the trickling fi l ter was
varied to provide different levels of B005 i~ the RBC Infl uen t. Leve ls of
suspended solids in the RBC influent were vaf’ied by having secondary settling
before the RBC and hav ing no settling betwe the trickl ing fil ter and the RBC .
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INTRODUCT ION

S Man ’s wastewaters contribute heavil y to accelerates eutrophi cation
problems in the nation ’s surface waters . Nitrogen , a growth -limiting
nutrient for al gae an~ aquatic plants , is normall y present in minute
quantities . However , si gnifi cant amounts of nitrogenous compounds in
these wastewaters result in the overfert il ization of receiving water
bodies . W astewater effluent standards have , therefore , been imposed ,
attemptin g to limit the nitrogen concentration relative to that which
exi s ts at the point of discharge .

The addition of nitrogenous materials to receiving waters by way
of wastewater effluents may have numerous detrimental effects on the
existing biota . Ammonia-nitrogen exerts an oxygen demand thereby
depleting the dissolved oxygen levels , as oxidation to nitrite and
nitrate occur. Ammonia-nitrogen at levels of 0.3 mg/i is toxic to
fi sh. Excess i ve al gal growth is resultant of the increased concentra—
tions of all nitrogen forms . Ammoni a-nitrogen may reduce the poten-
tial for water reuse as it adversely affects chlorine disinfection ,
thereby creating a possible public health hazard . It is important ,
therefore , to study and control the biologi cal and chemica l processes
which regulate the concentration of ammonia-nitrogen in treated waste-
water effl uents .

Ni trogen control techn iques can be divided into two categories .
The firs t is the conversion of nitrogen as ammonia to the nitrate
form , wh ile the second is the physica l removal of nitrogen . The con-
version of ammonia-nitrogen (NH3-N) to n itra te-nitrogen (N03-N) is
termed biological nitrification. Nitrification is the method of
n i trogen control with which this report is concerned .

The practice of biologica l nitrifi cation has only begun to bios-
sum in the past decade . This interest in nitrification has been
spurred by enactment of environmenta l legislation as well as increased
activ ities of regulatory agencies . !~ischarge l imitations have been
placed for ammonia-nitrogen in the National Pollutant Discharge Elim i-
nation System (NPDES) within Public Law 92—500 (currentl y the Cl ean
Water Act of 1977, Public Law 95-217). Department of the Army instal-
lat ions must apply for and receive discharge permits for wastewater
effluents . In many cases , existing NPDES permits impose ammonia-
nitrogen limi tations on Army-produced wastewaters, and it is antIci-
pated that future permi ts will contain comparable , if not more
stri ngent, discharge limitations .

Existing NPDES permits also impose secondary standards for bio-
chemi cal oxygen demand of less than 30 mg/i , with the l imiting
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concentration based on the condit ions of the receiving waters . Bio-
log cal treatment orocesses , which a o~. nitri f~cat ion , decreases the
B0E~ level resulting from the carbonaceous and nitrogenous mater ia ls.
As oxidation of carbonaceous organics and ammonia -nitrogen occ~ r within
the same process , stringent discharge requirements for both narameters
are frequent ly obtained.

This report concerns 8005 reduction and NH3-~ removal tbrou ~bbiological nitrification wit hin a rotating biolo g ical contactor (RBC)
treatment process. The RBC process was evaluated to upgrade US A m y
wastewater treatment facilities that currently have trickling fi l ters .
The RBC followed trickl i ng filter treatment to provide additional B0D~reduction and ni trificat ion . This treatment scheme was selected f 0r

evalua t ion based on several factors. It has potential utilization in
existin g facilities , a relatively low energy and operating cost .
simplicity of operation , and flexibility with respect to expansion
or upgrading of treatment facilities . :

p

LITERATURE REVIEW

Oxygen Demand of W astew ater

The major criterion used to determine the extent of pollution for
receiving waters has been the measurement of oxygen required for the

• s tabi l i zation of organ ic matter present in the system . The total
amount of oxygen necessary to s tab i l i ze  a waste has been referred to
as the oxygen demand. The ultimate oxygen demand includes not onl y
the amo unt of oxygen required to s tab i l ize  oxid izable carbonaceous
“ateria ls , but a lso that which is required to microbially transform
ammonia -ni trogen to nitrate -nitrogen .

The test used to measure the oxygen needed to oxidize organics
is the biochemica l oxygen demand (BOD) analysis.  The BOD test
is a bioassay procedure for measuring the oxygen uti l ized by hetero-
trophic bacteria during stabilizatio n of wastewaters; however , the
presence of autotroph ic nitri fying organisms produce an addit ive
effect on the observed oxygen consumption. Fi gure 1 il lustrates the
BUD curve for carbonaceous ma~~rial as wel l as the nitrogenous
phase of oxygen demand (1). For untreated domestic sewage there
is littl e oxygen demand by nitrifying organisms for the fi rst
8 days of stabili zation . As for sewage which has received secondary
treatment , conversion of ammonia to nitrate may signif icantly
increase the BOO 5 meas urement and erroneously indicate a lesser degree
of treatment .

8
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Figure 1. Biochemica l Oxygen Demand is Represented wi th Respect
to the Carbonaceous Materials Oxygen Demand (Curve a)
Versus the To ta l biochemical Oxygen Demand Including
the Nitrogenous Ma terials Demand (Curve b).
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In the RBC unit , as in other biologi cal treatment processes , nitri-
fy ing organ isms are interspersed among those oopulations which oxidize
carbonaceous materials. The relative concentrations of both pooulations ,
at any specifi c point in the treatment train are a consequence of the
nutrient supply and the amount c f  treatment received. There fo re , to
proper ly assess the E cfect of a treated wastewater eff luert on the
receiving waters , it is necessary to know how much of the observed
oxygen deman d was required to stabilize the carbonaceous materials for
which the standards were set.

The purpose of biological treatment of wastewater should be the
conversion of soluble organics to bacterial biomass (2). Biological
treatment needs not be applied to removal of colloidal and suspended
organ i cs. Suspended solids that contribute to oxygen demand can be
removed by phy sical-chemical processes such as gravity settling and -~ -

.

filtrati on . The practical consequence is that optimal treatment for
removal of oxygen demand may be removal of suspended solids and not
biological treatment. The use of filtered and unfiltered BOD5 tests
should indicate relative fractions of oxygen demand as originating
from soluble or particulate material. In addition , the filtered
BOD5 tests should not undergo nitrificatjon , because nitrifying
populations in the BOO bottle would be reduced to insignificant
levels (1).

Nitrogen Control 
r~The biological productivity of surface waters is greatl y affected

by uncontrolled discharges of soluble forms of nitrogen. Al though
solub le nitrogen is often considered a fertilizing agent , its
immediate effect upon recei ving streams is dependent upon its
oxidation state. Nit rogen exists at an oxidation state of plus 5
in the form of nitrate or at minus 3 as ammonia. In its most
reduced form , ammonia decreases the dissolved oxygen level
downstream from its point of discharge . The lowered dissolv ed
oxyge n concentrations may be detrimental to aquatic life . Another
problem associated with amonia is its acute toxicity to fish (3).
Ammonia causes fin and tai l decay as we ll as pat hological changes in
the gill structures of rainbow trout. Reportedly, ammonia-nitrogen at
concentrations of 0.25 to 0.30 mg/i are lethal to fish with in 14 to 21
days (3).

The oxidized form of nitrogen , nitrate , is readi ly avai lable for
assimi laticn by plant life , causing agal blooms when present in too
large a quantity (1). Also,  nitrate can cause met hemoglobinemia in
infants w hen nitrate contaminated w ater is used as a drinking water
supply (4).

Figure 2 illustrates the changes in oxidation state of nitrogen
as biolog ica l oxidation and reduction occur. The port ion of the

10

L - - . — - .. ~~~~~~~~~ ~~~~~~~~~~~~~~



1

4’,. ~

(
“ip.

Fixation

Li fe c~~ .1 Denitrif icatiOn

,
~~~~ 

NO 2

Assimilat ion

~

Fixation

Plant
Li fe

/ -2
Assimi lation 

NO3

Figure 2. Nitrogen Cycle , the Por tion Illustra ted by C i rcles

ShOWS the Sign ificance of Biolog i cal Ox idat i on and

Reduction Ofl which WasteWater Treatment 
Processes

are Based for Nitrogen Control .

L 11

4 —. -. . ..



__-

nitrogen cycle mos t appli cable to wastewater treatmen t technology f i r
nitrogen contro l Is the ni trif icat ion- den itr iH cat ion processes . ~~ jprinciple of bio log ica l l~ induced nitrogen removal in wastew ater
treatment facilities is wholl y based on the a c t iv i t y  of poou l~ t ions
of n it i  i fyi ncj  and de~’i tn t~ ing hacteri a and the I r capabi 1~ ty to
seoucntial ly ox id ize and reduce nitroq~n from amm onia to n i t ra te  t~’
nitrogen gas.

Nit r i f icat ion  is the oxidation of an~nonia to nitrate , and den i—
trificat ion i s  the reduction of nitra te to nitrogen oas.  )i fferent
types of mic roorgan i;ms are reouir~d for each action , and the extent
of their use in wa stew ater treatme nt plants depe nds upon the end
objective. Ni t rif icat ion is used to contro l wastew a ter  effluent
levels of ammonia, hut both nitr i fi c ati on and dera itri fication are
u - e d to contro l total nitrogen levels in wastewater  ef f luents.

In add i t ion to ni tn f i & ~it i on j  Lk~nitr ifi~-at ion , i c roorgar ’ is s
require nitrogen for growth . The amount of nitro gen assiHla tt d
0~~r i og OX i - 1 i t  ion of i IrhOIith- rOUS l iater i  a 1 h m s  been ~~~~~ l iv  p1 u~ ed - ‘1at 5 percent ~f t h ’  ox ’ . qen demand (i . . , P0~ to N : 0 to 1 )  (5 ) .

he c on ‘.t~que’n. V I t~~fo ) 0 : (1) nitrogen mu St be pres eqi t for i e —
i cal ox i Oat  ion of carbonaceous -a ten al , and (:~) remiiov~ I of

anETon i a — n i t  roqen durin g h-i ol oq i ia 1 trea tmen t of was t t ’wa t er’~ ui
be due to .m’. -

~ imi l i t  ion , n ot  iii tn fication .

~ ro~ es Techrio l ogy

Process technolog y for aninoni a-nitrogen removal includes break-
Pifl nt chlorination . arnoni a stripping, ion exch~ net , and ni tn fi cat i on/
denit ri f cat ion.

Breakpoint chlori nation occurs when a suff ic ient amount of chlorine
is added to wastewater effluent to convert ammonia-nitrogen to nitrogen
gas . Equations illustrating the conversion are gi ven as follcm.-c :

NH3 f HOC1 
~~

- NH~C1 + 1-420

NH2CI + HOd —
~~~~ NHC12 4- H~O

NHC1 2 + HOC1 
~~
- NCh + H20

if free chlorine species still exist , dichloramine w ill be highly
unstable and may react as follows:

NHC1 2 + H20 [NON] + 2H~ 
4- :~Cl

- _____s~- _ , 
~~~~~~~~~~~~~~~~~~~ 
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The ni t roxi le radical , [NON] , is an intermediate wh i ch has been theorize d
to explain the observed yield of nitrogen gas. F -

NH2C1 + [NON ) -
~~~

- N~ t + H20 + H4- + C1

or NHC 1 2 + [NON] s. N2~ + HOC1 + Fl4- -I- Cl-

A s the b reak po i n t reac ti ons near com p le ti on , the wastewater ph is
sli ghtl y depressed due to the production of HCl . This process is hiqhl y
effective for ammonia removal , but is costl y and requires a large
quan tity of chlorine (lOx the ammonia concentration), which produces
nume rous chlorin ated organics of unknow n impact on the environment.

The ammoni a str ipp ing process is based on two fundamental princip les .
First, the pH must be increased to a value of approximatel y p1-I 11.0 which
causes almos t complete conversion of amnionium ion to ammonia gas , which
w i l l  ex is t  in a less soluble state . Secondly , ammonia gas is removed 

- 
-

from the water by escaping to the air by providing good air -water con-
tact  and ag itation to increase droplet format ion and reformation on
stri pping tower packing material .

Even though the ammonia stri pp ing concept is based on a very simple
principle , a n umber of operational problems ex is t .  Because the ph has
to be greatl y elevated , scale formation in the tower may resul t .  Also ,
as effl uent and air are forced throug h the packing material , the eff l u-
ent is cooled , thereby decreasing the animnonia removal ef f ic iency due to
increased ammonia sol ubility . In addition , it is necessary to consider
the fate of ammonia removed wi th respect to i ts impact on the environment.

Another method of ammon i a removal is accomplished by passing th e
wastewater through ion exchange materials. In theory , ion exchan ge
invol ves the displacemen t of sodium , magnesium , or calcium ions from
an ion exchange ma terial such as c linopt i lo l i te.  After some period
of operation , the clino ptilolite beds must be regenerated by a basic
solut ion (usually a lime slurry ) which removes the ammonia from the
exchange mater ial.

Unlike break point chlori nation where an Inert gas is produced, the
wash i ng o f the exch an ge mater i al leaves a solut ion of ammonia wh i ch must
be processed. The ammonia laden wash water Is usually cycled throug h
ai r-stri pping towers so it can be reused.

NI-trificatlon

The two microb ial genera usuall y associated with nitri ficatlon are
Ni trosomonas and Nitrobacter. Both genera of organisms are autotrophic
nitri fying bacteria indicating that energy for growth is derived from
the oxidation of Inorganic nitrogen . The oxidat ion of ammonia to n i t ra t e
is a two step process requiring both organisms for the conversion.
Nitrosomonas transforms ammonia to nitri te whi le Ni trohacter further
ox idizes nftri te to ni trate.

13
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Process Chemistry

The oxida ti on of ammon ia to nit rate by Nltrosomonas an d N it robacter
requi res numerous intermediate steps , many of wh i ch will affect the
observed rate of ammonia removal and consequent formation of nitrate.
The ove rall stoichiometri c reactions for ammonia oxi dation and bacter ial
synthesis are listed Nelow .

NH44- + 1.5 02 + 2 HC03 Ni trosomonas N02- + 2 H2C03 + ~2 o (1)

NO2- + .5 02 N itrobacter N03= (2)

NH4~ + 2 02 + 2 HC03 N0 3 + 2 H2C03 + 1120 (3)

13 NH4~ + 23 HCO3- Nitrosomona s 8 H2C03 + 10 N02- + 3 C5H7N02 + 19 H20 (4)

NH4~ + 10 NO2- + 4 H2C03 
Nitrobact~~ 10 N03= + 3 H~O + C5H7 N02 (5) :.~

It can be seen from equation (4)  that as ammonia is ox id ized by
Nitrosomonas carbonate is uti l ized. As nitri te formation occurs

L 

carbonic acid is produced. This microbiologically induced change in
the carbonate buf fe r ing  system resul ts  i n the destruct i on of a l k a l i n ity
at a rate of 7.1 mg (as CaCO 3) per mg of ammonia oxi dized (6) (7 ) .
As the nitr ificati on process reduces the alkalinity and increases
the carbon i c aci d concentrat i on , the pH of the wastewater may drop as
low as pH 6.0, and adversel y impact the rate of nitri fi cation . This
decrease in pH can be minimized by aeration to stri p C02 from the fl
wastewater , or by insuring the presence of excess alkalinity (6).

-~~~

The reported pH optima shown in Table 1 cover a wi de range , but
the concensus Is that as the pH decreases the rate of nitri fi cation
processes also decline. Sawyer , et al . (8), and Enge l and Alexander
(9) have reported pH optima for nitri fi cation between 8.0 and 9.0 ,
and 7.0 and 9.0, respectively. Painter (10) has stated that nitri-
fi catlon processes cease at or be low pH 6.3 to 6.7. Poduska and
Andrews (1) have shown that abrupt changes in pH from 7.2 to 5.8
marked ly reduced the ammonia oxidation by nitri fiers while the reversal
in pH restored the orig inal nitri fi cation rate .

Tempera ture

The vari ations of influent wastewater temperatures for Fort Detri ck
have been prev iously shown to be In the ran ge of 10 to 26 °C (40).  These
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tempe ratures are for most purposes 1 ower than those values reported ii- ;

optima l for growth of Nitrosomonas and Nitrobacter (Table 2). The
temperature data lis ted was mostly derived from warm li quid synthetic
media cultures , not cons idering the prac tical aspect s of waste treat-
mi ent facilities . Careful cons ideration must be niven to the conditions
under whi ch th~ ->e tempera ure optima were obtained. For ixamp le , one
should not expec t the JPk~ temperature or ph optim a ~~~~~~~~~ m tt a ched
growth and suspended g row t h- s y s t & -r I- , -~r from m ix ed cultures and sepa-
rate stage processes. This has not alwa ys been addressed and has ,
therefore , created some conf u > iorm in the literature regarding temper-
ature effects (6).

Temperature dependence of micr ob ial activity is Important in assess-
ing efficiency of biolog ical treatment. Temperature influences hetero-
trophic and autotrophic microorganisms , thereb y affecting seconda r y
treatmen t and ni trif ication efficiencies . The nitrification ra t e is
more temperature sensitive than the rates for orqanic removal (2).
Nitri fi catjon rates decrease about 50 percent for each lO~C drop in
wastewater temperature below about 30°C (6). For example , the nitri-
t i ca tio n rate at 10- -C would be about half that of 2O~C. Seconda ry
treatment efficien cy is less likely to ~se affected by temperature
changes , probabl y due to m icrobial p opulat ion divers i ty and other
sys tem constraints (2). Organic removal rates for fi xed -film proc-
esses should decrease about .>5 percen t for each l~ °C dro p i n
wastewater temperature below about 30°C. For exampl e, the rate of H
biolog ical activity in a trickling fi l ter process , at 10°C wou ld he
about 75 percent of that at 2O~C. However , the actual temperature
effect on a biolog ical process is probabl y characteristic on ly of that
System .

RBC Treatment Process

During the past decade the RBC process has been studied as a feasible
wastewater treatment alternative to Activated Sludge and Trickling Filter
process (28) (29) (30 ) (31 ) (32 ) (33) .  This interest is accountable
due to the abi l i ty of the RBC process to provide n i t ri f icat ion as wel l
as oxidation of carbonaceous materials. The RBC consists of a series
of p last ic  disks of which 40 percent of the surface area is rotated
throug h the w as tewater eff luent. As the disks are rotated , the entire
med ia surface develops a culture of microbiolog ical organisms . The
organisms adhere and multiply to form a uniform growth referred to as
a fi xed-film. The blomass supported by the p lastic media picks up a
thin layer of nutrient laden water as it rotates throug h the wastewater .
The film of water trickles over the mi croorganisms which remove dissolved
solids and oxygen. The rotation of the media through the wastewater
not only allows for aera ti on and m i x i ng of the m i xed li quor , but also
provides sheer forces which cause sloug hing of excess growth . RBC units
are usuall y operated in ser i es to remov e organic matter with the latter
stages providing nitrification . Nitrifica tlon processes do not begin
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until t he  B0D~ and corresponding large populations of heterotroph s have tj.
been adequatel~- ~~~ d~~ - l . The actual reason that heterotrophic organisms
ard au to tr op~- i c n it n i  ~iers do not co-exis in equal quantities t b r o u; h—
out success i ve  RBC sta- ~e--- Is not clearl . unders tood , hut it is known
that t he i c1v i~~es r~~ the two p opulat ions do not occur si m ultaneous l y
(18) (34) (~5).

~radi ti ona l l 5  , banks o ’ RBC u n i t - . are operat ed i n s~ ri es Wi t he
n-Jr11t~er of un its depending upon the hv d rau l  1 C load to he treated. The
functi on of the * 1 r ~~ t stages is to remove o ’oanic material , wit h su h-
sequent s tages r ’ o v i  n i  ami noni a (when n i t  r j  - c a t i on  is ne c L ’ cs a rv  to
meet effl uent stan ~r- 1 ) .  The degre e of nutrient removal ach i eved has
been attributed o the hydr au lic load i n : of the svS tom , us ua l l v  expressed
as the volume of waste wa ter app lied to a --quare measure of surface inca
oer day . One to 4 i p d ’ -.q .  ft. have often been used at standard loadi n
rates foi - p i lot p l ant . (36) m d  ful l scale waste treatment faci l ities —

(34)  (39).

Th e change in bvdr a ul  i c load also c ’-~m n~ e- - t he  o rca n~ c load a- - more
food is i ntroduce ‘ r the active component r the waste t reatment s v s  tern .
I t  has recentjv been s uq-w ~ ted t h at - h - > ’ tcoH nq~ ob served in t~ e quaIl tv
o~ treatment by R[’C uni t’; was due to Oxc O c S  i ye o romni C l o a d i n g ,  wh i le
operating at less t han hydraulic de- , i c ~r capaci~ (3 .~\ . The oues~~ on of
which parameter , hydraulic loading or o ro a n i c  load in~ , should be ~is ed
for proper de s i gn and operat ion of an RBC nrocess is - c t  to he Oc cided.

RESEARCH APPROACH

In order to assess the impact ü~ Publ ic  Law ~2-50 O on US Arm s irs t~ l li-
U ons , a comprehensive rev ic- .. of NP t~ S perm i ts was conducted in earl y
for many Army wastewater d-kcbarges . 0~ 7~ inst al l ati ons revi ew ed, 49 had
been issued NPDES per .rits for 64 wastewater dis cba r>~es. sinc e Pu b lic Law
92-500 placed lim itation s on wastew att- r discharges , but did not dictate
methods of obtaining limitations , the Army had alternatives of rneet inq
stringent limit at ions by advanced wastewater treatment (AWTY. land apnli -
cation of wastewater , wastewater reuse, or connection to area-wide sys-
tems . Nineteen of the 78 ins tallations reviewed had all wastewater dis-
charges connected to municipal area-wide systemm . with 10 iis t all ati csns
pendin g connection to area-w de ~ y . t e m .  . Fea s ibilit y stud ies 1cr l~ ’md
application had occn conduct e d at 14 i n s t a l l a t i o n s .  hu t :~- ; ‘ -s u i t of l a nd
application as a means o~ -“entin g NPDES permi t l i m i t a t i o n s  bad ceased at
most of these installations .

Of the remaining alternatives ‘or T mm ee t ~~ng s t r ~~nq e nt  0 is ~~ha rc - require-
men ts , AWT was applicable in most case s . Of the 64 ~!rn~S permit - recei ved .
37 required only secondi r~ treatment w hi le ~ contai ne0 more ctr i n cme nt

18

- ~~~~~~~.  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~ _~_t ~~---‘



limita tions. AWT was the onl y alternative in “ost cases. More specific
data on the 27 permits containing AW T requirements are prese nted in Table 3.
Aninonia-nitrogen removal was indicated for over one-half of those haste-
waters having AWT requirements.

US Army wastewater treatment systems consis t  primari l y of t r ic k linr i
fi lters as seconda ry treatment processes , a few ac t iva ted  sludge systems ,
and severa l extended aeration package plants . The Army has unique situa-
tions in which treatment plants are often flow underloaded due to decreases
in the size of the Army population during peacetime . Also , consol idat ion
of acti vi ties from several i nstalla ti ons to onl y one installation , summer
training of Researve and National Guard troops , and manuevers of troops
can cause drastic seasonal changes in loadings on treatment plants .
Drastic diurnal changes in loadings can be caused by c iv i l ian work forces
that contribute wastes during norma l workin g hours , but not at other times . -

‘

In addition , size of Army treatment p lants (0.1 to 5.0 MCD ) , d ic tate the
need for simplicity of operation and maintenance . Therefore , AWT tech-
niques applied to municipal was tewater treatment sys tems may not be app li-
cab le  to Army treatment systems .

The RBC process was selected for eva luation for seconda ry treatment
and ni tr i f icat ion following a trickling fi l ter to provide technology
applicabl e to upgrading Army wastewater treatment faci l i t ies . The
choice of this treatment scheme conside red the relat ively low energy
an d operating costs of the RBC process , simplicity of operation , and
flexibility with respect to the upgrading of existing treatment p lants .
Therefore , RBC technolo gy and state-of-the-art BOD5 reduction and bio-
log ical nitri fi cation processes have been reviewed and presented herein.

The RBC process was developed during the past two decades . In the
las t few years , the RBC process has been chosen over tri ckling fi lter
and acti vated sludge systems in some designs . Reportedly, the RBC
process allows for a longer and more intense contact time than the
tr ickling fi lter process , thereby increasing 8005 removal . Continuous
sloughing of blomass is a feature of an RBC process , whereas excess
growth on a trikling filter can cause pondings . A high degree of
treatment within an RBC can be achieved by proper design of aeration
capabilities and effl uent retention without unnecessary recycling of
effl uent to mainta in minimum wetting rates . The RBC process is less
likel y to be affected by organic shock loads or a hydraulic surge as
woul d the activated sludge process , wh ich rel i es on sludge recycling
to ma intain the proper food-to-mi croorganisms ratio. Lastly, because
of the high density of the biological solids in the RBC process ,
purportedly higher flow rates can be used in the seconda ry clari fier,
yet ma i ntain a comparable or thicker sludge than the activated sludge
process .

In the RBC process , as wi th other biological treatment processes ,
nitri fying organisms are interspersed among those populations which
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TABL E 3. NPDES PERMITS REQUIRING ADVANCED WASTEWATER TR EAT !-tY~T
AT US ARMY INSTALLATIONS (64 PERMITS REV ii ~~i :~)

P NH3-N Total N SOD SS Tot a l

2 - - - - 2

— 2 — — —

4 4 4 4 -t 4 t~.
1 1 — 1 1 1

- 5 - 5 - 5
-, -m

c~ .- — 
‘- — ~-

2 — - 2 2 2

— 1 — 1 1 1

- - - 8 8 8

Total 11 15 4 23 16 27
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utilize carbonaceous material . As eAplained previous l y, it is necessary
to have adequate degradation of carbonaceous material (BOD5 reduction)
before nitri fication can occur to any appreciabl e extent . A number of
factors which a f fec t  80D5 reduction also af fect  the sys tems abi l i ty  to
provi de a nitri fied e fl uent. Some of these factors include hy draulic
loa ding, organic loading, shock loading , dissolved oxygen , temperature ,
and pH. For example , increases in the organic loading requires mo re
R BC su r face area for P OP 5 reduction and less surface area is there for
availabl e for nit ri fication. The degree of nitrification will be pro-
portionall y reduced. Reduction in nitri fier act ivi ty may he due to ~he
presence of oxidizable carbonaceous material , depressed dissolved oxygen
concentrations resul tant of the increased organ ic loadin c , or a conibina-
tion of both .

Other vari ables influencing effl uent SOD5 and ammonia concentrat io ns
are temperature and pH. The effect of temperature on microbial ac t i v i t y
and consequent substrate and nutrient removal is blatantly visible , hut
mo re surreptitious is the effect of temperature on the dissolved oxygen
concentration in the wastewater , which in turn affects substrate and
nutrient utilization . For example , during summe r months the temperature
favors hi gh rates of microbial ac t i v i t y , hut the dissolved oxygen trans-
fer into the wastewater is poor. As a result , l ower dissolved oxyaen
levels may limi t mi crobial activity . During winter month s the l ower
temperature favors oxygen transfer , hut microbial activity decreases .
Since temperature is one agent causing poor performance of 4reatmen t
plan ts i n both summer an d wi nter , the rates of oxygen transfer and
microbial activi ty mus t be considered with respect to each parameter.
Microbial activity is also affected by pH . However , the intertwined
effects of pH , tempe rature , dissolved oxygen . organic loading, and
hydr iulic loading can create chaos while attempting to determine the
optima l operating parameters for wastewater treatment facilities .

Carbonaceous material and ammonia-nitrogen are two major components
removed from wastewa ter by the RRC treatmen t process. This project
investi gated both parameters wi th emphasis on the ammonia—nitrogen con-
centra ti on i n the final effl uent . Removal effi ci enc i es across th e RBC
were compared for wastewater which had the RBC infl uent pH elevated to
8.7 by the addi tion of lime , and for was tewater wh i ch recei ved no pH
adjustment. In each case the wastewater had been previously treated by
a hi gh-rate trickling fi l ter before entering the RBC unit. The trickling
filter was added to simulate conditions of an Army upgrade scenario, in
whi ch an existing trickling fi l ter plant is upgraded by adding an RBC
unit to the trickling fi l ter effluent. This tri ckling fi l ter treatment
was expected to provide les s than secondary treatment conditions , so
th at the RBC process would prov i de addition al BOD5 removal p lus
nitri fication .
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vdrau l ic loading rates were the primary con-ideration in RBC proc -
ess o f 4  ic iency for n - tr ili cati on . Orcianic loading was a se~ onc con-
siderat ion for nitr 4 fi c ation efficiency. Intermediate sett l ino hetw een
~~e trickling filter and RBC process was evaluated for its e ’-~ec

t on RBC
treatment n’~rf ur I :kmnce . Target levels for RBC e ffluent concentratio ns
were 10 ~mg i l  for BOD~ and 2.0 rng/ l for amm onia-ni trooen at the lower
loading conditi ons .

PURPOS E

The purpose of thi s study .~as to evaluate performance of the RBC
~or 80D5 reduction and ammoni a-n itrogen removal where the RBC follo ~.-eda trickling fi l ter. The RBC in th is s tudy receiv ed efflu ent f rorl a -

‘ -hi gh-rate tricklin g filter that Lerfor ned at les s than seconda ry effl uent
standards (i.e., trickling cu ter secondary effluent BOD5 was routi ’~el ygreater than 30 riq/l). Amm onia -nitrogen and SOfl~ remonal efficiencies
across the RBC wer e deternii n e - Si a t  var ied hydra ul ic  loading rates rang i n~ ~- 

-

f rom 1 .5 to 4.3 gpd / s q . f t .  of RBC surface area . Other parameter s whi ch
were varied includ ed the influent pH levels, organic loading rates ,
and suspended sol ids concentrat ions.  Perf ormance was eva luat e d dur in~both summe r and winter conditions.

MATERIALS AND METHODS

Performance of an RBC was evaluated for BODE reduction and amm onia -
nitrogen remova l at the pilo t-scale where the RBC followed a trick l inq
filter. The RBC consisted of four compartments in series . The 0.5 meter
plasti c disks provided 250 sq.ft . of surface area for microbial attach-
ment. The disks are rotated throug h liquor at 13 rpm w i th 40 percent
of the fi xed -film submerged at any po int. A schematic o~ the pilot RBC
process is shown in Figure 3.

Pi lot studies used dome s t - c  wastewate r  from the Fort Detrick hous i ng
area. The wastewater was shredded by a grinder pump and pumped into a
250 gallon equalizat ion tank w hich was period i call y replenished through
a float level switch control . This enabled a relativel y constant flow
of partial ly sett led wastewater to be pumped into the primary c lar if ie r .
The wastewater flowed by gravity through the primary clari fi er and was
then pumpe d to a hi gh-rate tr ickling filter. The trickling filter con-
tained a 2—inch i rregular stone media with effective media depth of
4 f t. and 2.25 sq. ft. of filter surface. Effl uent was collected at
the bottom of the fi lter in a wet wel l  and pumped to the secondary
clarifier. This pretreatment scheme is show n in Fi gure 4 and was L~ed
to simu late an exist ing trickling fi l ter plan t . The RBC followe d
t r i ck l ing  f i l ter treatment and was used as an upgrading technique for
addit ional BOD5 reduction and n itrification (ammonia-nitrogen removal).

22

______  - -  -~~~~--~~~~~~ -~~~~~~—



- - -

Top V i ew

I ~~~

r~~~~~~m1~~ L~1 iii i1 ~h~ ~~~ ~~~~_________  -- 4 - 

4 
-— 

tStag e -~4 Stage #3 Stage ~2 Sta -e ~lE~~luent I rl e t
Well/Outlet 

~~~~~~~ ~el1

Sys t~~ 

7
/ ~~~~~~~~~~~ de View

~~ W a s t ewa ter

Figure 3. Diagr ar - of Ro~ itin g E3i oiogica l Contactor .

23

_ _ _



L
‘_)  ,— - -.- -

I 0

j

F l
L~2L~ ~L~IIII

r j ~~~~~~~~~~~~~~~~~

4~i — — ——--ô ---
~ 

— “

— rO~~~~4.J -
.
~j-

24

_____________________________________________



Performance of the RBC was eval uated over a two-year period without
temp erature con trol i n order to determ i ne both summe r an d w i nter effi-
ciencies for B0D~ reduc tion and ammonia-nitrogen removal . RBC performance —

was evalu ated at normal and elevated pH l evels of pH 7.1 and pH 8.7 for
the RBC infl uent (tri -klinq filter secondary effl uent).

The RBC infl uent flow was varied to provide hydra ulic loading rang ing 4from 1 .5 to 4.3 gpd/sq. ft. of RBC surface area. Treatment effi ciency H
of the trickling fi l ter was varied to provid e di fferent levels of BODE
in the RBC infl uent. Levels of suspended solids in the RBC infl uent
were va rie d by hav i ng seconda ry set tl i ng before the RBC and having no
settling between the tri cklin g fi l ter and the RBC.

Sampli~ g and Anal yses

Sample points included 24-hour compos i tes of primary infl uent ,
trickling fi l ter effl uent (RBC influent) and RBC effl uent. Anal yses of
test parameters in the four stages of the RBC unit were determined from
grab samp les .

Measurements of flow , temperature , dissolved oxygen , pH , sus pende d
sol ids , total organic carbon , and ammonia-nitrogen were made dail y.
Alkalinit y and chemical oxygen demand (COD) measurements were made four
times per week. Biochemical oxygen demand (BOO5) analys es were per -
formed twice weekl y.

Total organic carbon measurements were made on a Beckman Model 91 5
Total Organic Carbon Analyzer. Ammoni a-n i trogen concentrations were
meas ured with an Orion specifi c ion electrode . Dissolved oxygen and
BOD5 determinations were ma de using a Delta Scienti fi c Model 211 0 D i s-
solved Oxygen Mete r and probe. Ch emi cal oxygen demand , total Kjeldah l
nitrogen , and phosphorous a nalyses were ma de using a Technicon Auto
Anal yzer II system according to Technicon methods . Fi l tered samples
were fi ltered through fiberg lass fi lters . All other anal yses were per-
fo rmed according to Standard Methods (36).

RESULTS AND DISCUSSION

Hydraulic Load ing

The RBC was initially evaluated for secondary treatment and nitri-
fication follow ing a high—rate tri ckling fi l ter during the fall , winter ,
and spri ng of 1976-1977 at hydraulic loadings of 1 .5, 2.0, 3.0, and 4.0
gpd/sq. ft. of RBC surface area. Secondary treatment efficiency was
evaluated using fi ltered and unfi ltere d BOD5 , and f i l tered TOC. Ni tri-
fi cation e ffi ci ency was evaluated using NH3-N , TKN, NO2_ ~!/ NO3_ N , and
alka linity. Suspended solids , pH , temperature , and dissolved oxygen
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levels w ithin the RBC stages were moni tored. Samp le points incl uded
raw wastewater, trickling fi l ter effl uent and RBC effluent. Limited
sampling was conducted wi thin stages of the RBC to evaluate pron ress ion
of treatment.

Ch a racter is t ics of the raw degritted wastewater  ar~ shown in
Table 4. Wastewater pa rameters were found to remain re lat ively con-
stant on both a diurnal basis and from day to day . Confi dence inter-
vals in Table 4 are i ndicati ve of the relativel y consistent strength
of the wastewater , which was probabl y due to fl ow equa l izat i~

Wi th in  this report box —and—whisker plots are used in the evaluat ion
of resul ts of pilot studies , as shown in the fi gure that follows (Fi gure 5).
A detailed explanation of box-and -whisker plots is contained in
Reference 37. The box rep resen ts the centra l quartiles of data. The
lower edge of the box corresponds to the bottom quarter (25 percent) o~data points , whi le the upper edge corresponds to the upper quarter
(75 percent). T he horizontal line across and ex tending out of the box
corresponds to the medi an value (50 percentile). The whisker is the
verti cal l i ne at each end of the box , and i s drawn the same length as
the box , as a v i sual aid. Data points are p lot ted to the l e f t  of t he  LI
box—and -whiskers .

Fi gure 6 shows 80D5 removal across the t r ickl ing fi lter and RBC
treatment processes , where the RBC received 1.5 gpd/sq. ft. of flow
from the trickling fi l ter. The trickling fi l ter treated approximatel y
1000 gpd, and only part of the secondary eff l uent was pumped to the
RBC. Domes ti c wastewater was treated to less than secondary standards
by the high-rate tri ckling fi lter , as indi cated by the fi ltered i~(1flr
level of 50 mg/ i for trickling fi l ter secondary effl uent. The RBC pro-
vide d additional treatment to better than seconda ry standards as shown
by the RBC sec ondary eff luent level of 9 mg/ l for f i l tered 5005 .
Secondary treatment per formance of the RBC i s shown by data i n Tab le 5
in whic h the RBC removed 20 mg/i of TOC . Tab le 5 also  s hows env i ron-
men tal conditions of the study at 1 .5 gpd/sq. ft. The wastewater
temperature averaged 13.4°C during this peri od In ~

1 anuary and February
of 1977, and the med i an pH for RBC infl uent was 8.6. Natura l (biolog ica l )
recarbonation and nitri fication within the RBC process depressed the pH
to about 7 .5 in the RBC seconda ry ef f l uent. It can he concluded from
Fi gure 6 that an existing trickling filter can he upgraded to secondary
standa rds by use of an RBC process.

FI gure 6 al so show s un fi ltere d 80D5 levels at various points of
treatment. Care ful considerat ion should be used in evaluating tr~~rt-
nient ef f ic iency of the b io log ica l  processes based on unf i l tered ROD E.
The oxygen demand of suspended solid - ; makes unfiltere d BODç levels
h igher than fi l tered ~OD5 for raw w i- ; tewater and trickling fi1 t~ r
secondary ef f l uent. For h iqhly treated RHI secondary effluent , nitri-
f i c a t ion  coul d add to the oxy cj e n demand of s us pended  solids to make

‘6 
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TABLE 4. CHA RACTERIZATION OF SEWAGE INFLUENT TO THE
PILOT WASTEWATER TREATMENT FACILITY

Conf ide nce Intervals (~~5f )

Parameter (mg/i) Number Mean Variance Lower Lim i t Upper Limit

BOO 5
Filtered 38 113 38 101 125 r
Unfi l tered 35 212 42 199 225

NH3-N 100 17.0 5.7 12.2 21 .7

TOC , Filtered 72 73 15 66 81

COD , Fi ltered 80 163 83 145 181

SS 76 107 40 94 120

Alka l in ity  59 148 37 136 160

pH 99 7.2 0.3 6.2 8.2

Temperature 94 18.1 2. 7 14.8 2l .d
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TABLE 5. RBC TREATMENT PERFORMANCE AT 1 .5 gpd/sq. ft.

Parameter (mg/i) RBC Influent RBC Secondary Effluent
Mean Values Mean Values

8OD~Filter ed 50
Unfiltered 99 23

NH 3-N 15.9 0.7

TOC , Filtered 35 15

ss 102 33

Alkalinity 231 127

PHa 8.6 7.5

Temperature 13 . 4  -

N02-N 0.18 0.22

N03-N 0.44 15.65

a. Median value.
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1
un fi l tered BOO 5 greater t h an fi 1 te r ’d  B O D r ~. Because of the effe :t s of
sus pended sol ids and nit r i f ic a t~ on on o\y gen demand , unfi l tered ~OD5should not he used alone to evaluate biolog ical  treatment e f f i c iency .
The di fference between values of unf i l tere d and f i l te red 5005 rust be
recogn ized because NP~ES pe rmits onl y require anal ys is  for unf i ltered
SODS without disting uishing th~ sd u5le loading fl-em the parti cul ate
loadi ng of a biolog ical treatment process. The di ffl-rence between
unfi ltered and fi l tere d 5005 values in Fi gure 6 indicate that p ilot
studies did not optimiz e removal of suspended solids . This ~a c t  is
also shown by the suspended solids data in Tabl e ~~~. Data for ammonia-
nitrogen in Table 5 indicate that nitrification was essentially comp lete
for the RBC seconda ry effluent and could contribute little to the
unfi l tered B005. Reductions in unfi l tere d r3005 values of Fi gure t’
should be attempted by removal of suspended solids and not thr oue ’ r
biolog ical treatment. : -

Fi gure 7 sh ows ammonia removal through b io log ical  ac t i v i t y  in the
trickling fi l ter and RBC processes , where t h e  RBC hydraulic 1 oadi n i was
1.5 gpd/sq. ft. T~1e RBC seconda ry eff l uent ammonia level  of 0 .5  nig/ l
indicates this to be a highl y nitr i fied was tew a ter .  As d iscu ssed in
the Literature Review sect ion , removal of nitrogen can be due to both
bacter i olo gical assimilation and nitri f~cation. Generall y, nitrogen
would be assimi lated in the amount of about 5 percent of the quantity
of ca rbonaceous oxygen demand utilized , or about 5 percent of the
change in filtered 0005 across the treatment process. This nitroge n
loss/removal should show up in the total Kjcldah l nitrogen (TKN) test
(e.g., organic nitrogen plus ammonia) but may not decrease the ammo nia
level because microorganisms could ass i m i la te  nitrogen directly from
organic compounds or convert organic nitrogen to amm onia. Removal of
nitrogen beyond assimilation should be due to nitri fi cation. The amount
of nitri fication can he determined from N02-N/NO3-N analyses , since
ammonia is oxidi zed to nitrate . Nitr i te and nitri te-nitrate levels
are shown in Table 5. The alkal ini ty tes t can also be used as a check
on the amount of nitri f icatlon , because 7 . 1  mg/i of alkal in i ty are
destroyed per 1 mg/ i of NI-13-N ox id ized (6 ) .  A lkal in i ty  levels are
show n in Table 5.

Comparisons of Fi gures 6 and 7 and Table 5 should be made to
evaluate nitri fi cation across the RBC process.  Fi gure 7 shows the
RBC infl uent and RBC seconda ry effl uent levels of ammonia to be 18 and
0.5 mg/ l , respectivel y. This shows that 17.5 mci / i of ammonia-nitrogen
were removed across the RBC process , from both assimilation and nitri-
fi catlon . Unfortunately, TKN ana l yses were no t ava i l a b l e  for thi s par-
ti cular study because of equipment problems , and the total nitrogen story
cannot be told here . Fi gure 6 shows that 41 mg/i of fi ltered BODE
were ut i l ized wi th in the RBC proces s , there fore , 5 percent of 41 , or
about 2.0 mg/ i , of n i trogen would be ass im i lated by heterotrophic organisms ;
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addit ional nitrogen would be assimilated ~ autotrophic organisms .
Remaining ammonia would be ava ilable for nitrific at ’on . Table 5 shows
that 14 mg /i of N02-N/N03—N was formed and represents ammonia oxidized
by nitrificat i on. Table 5 also shows 100 mg/I of alkalinity destroyed
across he RBC process , and this corrospond s to 15 mg/i of ammonia
ni trif i ”d (e.)., 100 d’ vided by 7.1). In summary , of th~ n it roqe n
present in -~BC nf 1ue~t, an excess of 2.0 mg/l was assimilated and
a~~~u~ 15 m q l  was oxidized. This agrees wel l wit h the actua l levels
- -~~ ammonia observed . ,‘g ’rr ’~ e i a  removal was essent ia l l y complete in RBC
secondar y e f f l uen t  at 1.5 cipd / sq.  f t .  even t houg h tempe rature (13.4°C)
was eco r for n i t r i f c a t i o n ;  however , H had remained near op ti m um for
n i t r 1~~r a t iOn.  The r - t-~ r~ n p~ levels were 7.5 in R U C secon dary eff l uent.

Fi gure 8 conta ins resu l t s  o~ ~ur~her s tud ies  of second ary t r ea t me nt $

by the RBC process fo l low ing a t r i ck l ing  fi lter. Su~ioc r t ing data  3re
e nta ined in Ta b les 6 , 7 , and 8 for hydrau l ic  load in~ -~ o f 2.0 , 3.0 .

and 4 .0 gpd / sq. it ., re spe ctiv el y. Secondary standa rd s were achieved
a ’ a l l  hy d rau l i c  loadi nqs as s - o w n  h ’ ~i 1 ter ed eoo 5 levels for RBC
second a ’-v e f f l uen t .  F iiter- ~d BflD~ v~ 1ues were about 10 nrc/ I or less
~er RBC secondary e f f lue nt  at a~ i hy d r a u l i c  loadi noc . Fi ltered ~~~ut il i zed by b i olo gi ca l activit y wi thin t he  ROC proces s (e.g., R BC
I n~ 1 ue nt va 1 uc— nii nus RBC s econdorv e “I uent va l ues ) were 36, 39 ari d
38 mn /I at 2.0. 3.0 ~ d 4.0 gpd/sq. ft.. respeo ive i~~. Th is  corres-
:‘ends to an organ i c renre~al  ‘-a t e of about 1.~ lbs . ~‘lte red C005/l00(1
sq. ~t.-day a the 4.0 qp d - - sq. f t .  hydrau l ic  load ings . The oroani c
removal rate s sho uld i ?1c r~~ se it  t he o r qan ic  load i nc v~ere hi r h er . - 

I

Likewise, fil tered ~0C -~t i 1i zed w i t h i n  th e RBC process were 21 , 17 , and
17 m- ~;i at 2.0,  3.0 and 4 .0 qpd/ sq.  f t . ,  res pec t ive 1~~. Th e ra t io  ~f
‘ lter ed 80D5 utilized t o  f i l t e red  TOC u t i l i zed  avera ged 2 . 0 : 1 .  Was te -  p

water  temperat u re  incre ased sl i ghtly at each increased hydraulic loading
as shown ~ r’ Ta b les 5 , 7 . and 8. RF< in f luent  p~

-{ le ve l s  remained at
about ph 8.5. It can be conc luded ~ rOII Figure 8 that an e~~st inq
t r i c k l ing ‘‘iter can be upgraded to secondary standards by use of an
RBC process at hydraulic loadings up to 4.0 gpd/sq. f t .  and at orqan ic
remova l rates in excess o ’ 1.3 lbs . f i l t e red  5005 / 1000 sq. ft.-day .

Figure 9 shows RBC treatment performance for nitri fication at
hydraulic loadings of 1.5, 2.0, 3.0 and 4.0 gpd/sq. f t .  RBC secondary
ef f luent  was hi ghly n i t r i f i ed  at 1.5 gpd/ sq.  f t .  and at  3 .0  ~pd/ sq .

~~~~ 
‘ . for temperatures above 13°C ( T a b l e  6 ) .  ~~t r i f i c a t i o n  was e s c e n -
t i a l l v  complete at 3 .0 and 4.0 qpd/~ q. f t .  Wastewate r  te m perature
was re la t ive l y poor for n l tr if i cat l on at 1.5 and 2.0 c r p d - s c ’ . ft.
(e .g . ,  13.4 and 15 .1°C. respect ively) as shown by data In Tables S
and 6.  However, pH levels were near o p t i r- r u n ’  for n i t r i f i ca t ~ on at
those i oa d ings . RBC seconda ry effluent pH was about p0 ‘.5. ~ ste-
water  temperature and pH levels  were re la t ive l y good fer n i’ rif’ca-

~ion at hydraulic loadings of 3.0 and 4 .0 gpd /sq .  f t .  as shown by
data in Tables 7 and 8. Continued good performance by the RBC
proc ess at t~~ ’ ‘I gher hydraulic loadings is probab ly a t t r ’bu tabl e
to environmenta l conditions of was tewater temperature and pH.
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TABLE t .  RBC TREATMENT PERFORMANCE AT 2.0 gpd/sq. ft.

°arameter (m / 1) ROC Influent RBC Secondary Effluen t
Mean Va lu es Mea n Values

B0D~Filtered
Lrf i l te red  35 32

~i3°C 15.2 1.5
NH 3-N

<13°C 14.3  5. 2

TOC . F i l t e red 32 11

Suspended Solids 101 25 
- —

A lk a l i n i t y  212 140

pH 8.3 7.5

Temperature 15.1 -

N02~N
b 

0.1 0.5

N03_N b 
0.4 14.9

a . Median value .
b. Limited data .
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TABLE 7 . RBC TREATMENT PERFORMANCE AT 3.0 gpd /sq.  f t .

Parameter (mg / i)  RBC In~~uent RBC Secondary Effl uent
— — — — —

BOO5
Filtered 64 9Unf i lte red i oo  -

N H 3-N 12.2 2.7

TOC , Filtered 35 18

Suspended Solids 112 72

Al kalinity 215 157

— 
PH a 8.5 7.4

Temperat ure 16.8 -

N02_N b 0.18 0.39

N0 3_N b 
0.16 11 .30

a. Median value.
b. Limited data .
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TABLE 8. RBC TREATMENT PERFORMANC E AT 4.0 gpd/sq. ft.

Parame ter (mg/i) RBC Inf luent RBC Secon dary E ffl uen t
Mean Val ues Mean Values

B 005
Filtere d 49 11
Unfi l tered 81 -

NH 3-N 12.5 2.8

TOC , Filtered 32 15

Suspended Solids 55 26

Alkalinity 209 146

8.0 7 .3

Temperature 20.6 -

a. Median value .
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4

Combined use of Figures 8 and 9 and app licable Tables with supporting
data are necessary to ful ly evaluate nitri-fication across the RBC
process. Figure 8 showed that about 40 mg/i of fi l tered 30D5 was utilized
across the RBC process at each hydraulic loading; this represents about
5 percent of 40 or 2.0 rng/ l of n i tro gen ass imi late d by heterotrophic - 

-

organisms . Addi t io na l ni trogen would be assimilated by autotrophic
nitri fying organisms . Data in Tables 5, 6, 7 , and 8 show nitrate lev els
present in RBC secondar y effl uent , and show the alkalinity destroyed
by the RBC process to com pare favorably with ammonia l evels. For
example , at the hydraulic loading of 4.0 gpd/sq. ft., 63 mg/ i of
alkal ini ty wer e destroyed , corres ponding to 8.9 mg/i of ammonia-nitrogen
remova l by nit ri fica-tion. To balance nitrogen losses at 4.0 gpd/sq. ft.,
8.9 mg/I would be added to 2.0 or more rng/l , showin g tota l nitrogen
ass i mi lated and nit r4fi ed to be about 11. 0 mg/i . This compares well
with observed ammonia levels of 12 mg/i in RBC influent and 2.0 mg/l
in RBC secondary effluent , or 10 mg/I ammonia-nitrogen remov ed at 4.0
gpd/sq. ft. Organic nitrogen was unaccounted for and would represent
a fraction of the nitrogen assimilated or present as ammonia in the
RBC secondar y effluent.

The effect of was-tewater temperature on seconda ry treatment and
nitrification across the RBC process can be seen by use of Figure 10.
This Fi gure shows the temperature profile and RBC secondary effl uent
ammonia l evels dur ing the period December 15 , 1976 to Janua ry 11 , 1977 ,
at a hydraul ic loa di ng of 2. 0 gpd/sq. ft. The RBC secondary effl uent
was hi ghly nitrifi ed during the period of December 15-28 as evidenced
by an average ammonia-nitrogen level of 1 .0 mg/i . Ammonia nitrogen
levels in the RBC seconda ry effluent increased to about 6 .0 mg/l during
the period of January 3-1 1, after wastewater tempera tures had dropped
to about 10 °C. Decreased ammonia removal lagged behind this tempera-
ture drop, but the effect was substantial in lessening the degree of
n itri fication. Both organic removal and nitrification rates should
have been affected by the dro p in wastewater temperature . Decreased
n-itrlfication rates should be about half for each 10°C drop (6) ,  wh ile
organic removal rates (secondary treatment) should be about 75 percent
for each 10°C drop (2). Combined temperature effects from decreased
orga nic remova l and nitr if icatlon rates resulted In the increased
ammonia levels shown in Figure 10. Treatment progression within the
RBC process s hould show those effects , since organic removal occurs
in the initial stages and nitrif ication in the later stages . Pro-
gression of treatment is show n in Figure Il and indicates hi gher
rates of nitri fication at hi gher temperatures .

Figure 12 shows the progression of nitr if icatlon within the RBC
• process at the 1 .5 gpd/sq. ft. hydraulic loading. Gra b samples

were used for data presented in Table 9 and show n in Figure 12 and
shou ld represent a valid picture of RBC stage-by-sta ge performa nce ,
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Figure 11. Progression of Treatment within the RBC Process
at 2.0 gpd/sq. ft., Showing Tempera ture Effect.
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TABLE 9. NITRIFICATION WITHIN THE RBC TREATMENT
PROCESS AT VARIE D HYDRAULIC LOADING RATES

RBC Stage Number Parameter

NH3-N pH DO °C NO2 + ~‘JO3 
- N

I. 1.5 gpd/sq. ft. :~9.4 8.0 4.6 13.2 4.68
2 3.6 7.5 5.1 12.7 9. 60
3 1.8 7.4 5.9 12.4 14 .56
4 0.9 7 .5 7.2 12.2 17 .24

Il . 2.0 gpd/sq. ft.

1 13.4 7.9 3.5 12.7 —

2 8.4 7. 7 4 .1 12.2 —

3 3.7 7 .6 4.6 11.9 -

4 1.8 7 .5 5.0 11.7 -

III. 3.0 gpd/sq. ft.

11.1 8.2 5.1 17.5 4 .70
2 9.7 7.7 4.9 17.3 5.73
3 6.2 7.5 5.1 17.2 9.15
4 3.6 7.4 5.3 17.3 13.60

IV. 4.0 gpd/sq. ft.

1 12.7 7.9 4.5 20.2 -

2 9.6 7.4 4.2 19.8 -

3 5.3 7.2 4 .2 19 .7 -

4 2 .3 7.2 4 .8 19 .7 -
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~Ih~~~ ) h J S~~ f1~~ equa l i :a • io n had oc iurr ed with in treatment roc~m --- e— - bet ore
RBC tr, i~men t . \ i t r i t ~ ca ’~ o~ ~a - — occurr ing in Sta~e 1 and subsequent
s~a-i - - ~~

- - evidenced by format ion of nitr a te and reri ov al of ammonia.
I t  ~s a~so e~ ident th at  nitr i fi cat lon and organic removal were occur rino
s i m ul t ane ous l y  ~i thln  the intla l stages because the f i l tered BOD E and
T O C 1 e v i l s  dropped ac r 155 t be RBC process ( Table 5) , even thoug h or~an c
remova l data was not taken w i t h i n  RBC s t a ges . Ammonia w as removed in
greater q uan t i t y  than n i t ra te  formed; the dif ference , about 3 .0 mi/ i ,
is at t r ibuted to assimilation by both heterotrophs and autotrophs.
Dissolved oxygen l evels remained ideal for n i trit i cation in all RBC
stages . The pH drop from stage to stage was caused ly biolog ical
recarbonation plus de--tr u tion of alkalinity by n i tr i f i cation .

Ammonia-nitrogen remova l pattern s throug h the trickling filter and
RBC processes are shown in Table 10 . These data are typ ical of near
seconda ry treatment by the trickling filter and additiona l seconda ry
treatment and n lt r i f i ca ~ ion by the RBC process. Changes in ammonia
level show that l ittle nitrif l cation occur red in the f i r s t  RBC stage ,
w h i l e  h i gher rates of nitrif i cat ion occurred in Stages 2 and 3, and
a lower rate of nitrification occurred in Stage 4 for thi s particular
stud y. Sim lli ar l v . Figure 13 shows progres sion of n it r i f i ca t ion
within the RBC proces-~ at various hydraulic loadin qs of 1.5 , 1~Q , 

- 
-

3.0 and 4.0 gpd/ sq. ft .. Rates of nitr ifi cation anpeared to reach a
maximum level at each loading, and then decreased in t h e  l a s t  RBC
stage . This point s out sev eral issues of ammonia-nitrogen removal .
First, nitr ifi cation rate is influenced by organ ics removal , an d
organic remova l seems to take precedence. Ammonia removal in stage
1 shows this influence ~1V organic removal . l’giimonla removal in ~tages2 and 3 indicate that n i t r i f i ca t ion  rates are re la t i ve ly  unaffected - 

-

by ammonia concentrations above about 5 mg/i . while Stage 4 results
indicate that nitri fication rate h a s  decreased due to limited con-
centrat lons of ammonia. That is . nitrif i cat io n rates approximate
a zero -order reaction above about ~‘.5 mg/i and first- order reacti on
below 2.5 mg/ i (6 ) .  This expla ins wh y stringent NPt)ES rermit
limi tations of 2.0 mg /i makes comp liance difficult.

No Intermediate Settling

Further studies of the RBC process for secondary treatment and
nitri ficatlon following a trickl i n g filt er were made at hydraulic
loading of about 3.C gpd/sq. ft. with out inter med ~ a t v  sett li n q
between the tr ickl ing f i l ter  and RBC process.  Thes e s tud ies  wer e
conducted to eva l uate the possibili t y of  upgrading ex is t t n q
trickling filter plants by use of RBC processes w h i l e  ‘dn ta in i ng
existing secondary clar i fie r s t o  settl e ~ ut RB C eff luent .  T h is
scheme should result  In s av in q ’  on to ta l  was te w at e r  t reat me nt
plant upgrade by mak ing m ax imum use of eds t ing facilities . The’~e
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studies were conducted with RBC influen t ph elevated to about pH 8.0
to create good environmental conditions for nitrifica tion , and se pa-
rately with neutra l pH for the RBC influent to evaluate pt-I effect onnitrifi catjon .

TABLE 10. AMMONIA-NITROGEN REMOVAL PATTERNS TH ROUGH H
THE TREATMENT PROCESS AT 1.8 gpd/s q . ft. THROUGH THE RBC 

V

NH3-N Removed . - - -

Samp le Point (mg/ i) % Removed By Process Cummu iat - ive Removed (%)

1° Infl uent 20.3 0 0
10 Effl uent 18.7 7 .9 7.9

IF 2° Effl uent 13.1 27.6 35.5

PBC Stage #1 12. 1 4.9 40.4

RBC Stage #2 6.7 26.6 67.0

RBC Stage #3 2.9 18.7 85.7

RBC Stage #4 1.4 7.4 93.1

RBC 2° Effl uent 1.8 - 91.1
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• 1 .5 gpd/sq. ft.
14 - • 2.0 gpd/sq. ft.

I £ 3.0 gpd/sq , f t .
• 4.0 gpd/sq. ~t.
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I i -  -
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~ 6 -

4 t•i

2 -  -

O 1
Stage #1 Stage ~2 Stage #3 Stage #4

RBC Stages

F i g u r e  13. Progression of Nitrification wi t h i n  the RBC
Process at Variou s Hydrauli c Loadings.
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Fi gure 14 shows seconda ry treatment performance of the tr ickl ing
f i l ter and RBC treatment processes at 3.0 gpd/sq. f t .  w ithou t
intermediate settling between the trickling fi lte r and RBC p ro cess.
Filtered BOO5 values show that the RBC seconda ry effluent met secondary
standa rds . It can be concl uded from Figure 14 that the RBC process can
~e used to upg rade an ‘~xisti ng trickling filter to seconda i~y standa rdswi thout intermediate sett l ing between the tr ickl ing fil ter an d RBC
process.

Am monia remova l across the tr ickl ing fi lter and RBC process is
shown in Fi gure 15 , where the RBC process treated wastewater effluent
at a hydraulic loading ra te of 3.0 gpd/ sq. ft. without intermediate
sett l ing after the trickling fi lter. The ammonia level of 2.0 mg/ i
in the RBC seconda ry effluent shows this to be a well nitr i f ied
effluent. Supporting data in Table 11 for alka linity indica te that
about 15.9 mg/ i of ammonia was removed by nitri fication (e.g. ,  113
divided by 7.1 ). Temperature and ph were both nea r opt imum for th i s
study as shown by data in Table 11. Performance of the RBC p rocess 

- -followi ng a tri ckl i ng filter w i thou t i ntermed i ate se ttling com pares
favorably with perfo rmance where intermediate sett l ing was used at
similar hydraulic loadings (See Figure 9). It can be concluded from
use of Figures 9 and 15 that nitrifi cation across an RBC process is
not greatl y influenced by intermediate settling between the trickling
fi lter and RBC process.

Progression of treatment within the RBC stages at 3.0 gpd/sq. ft.
following a trickling fi l ter without intermediate settling i s shown
in Figure 16. This shows that rates of nitri fication were relatively
low i n  Stage 1 and  hi gher i n  Stages 2 and  3, and again lower in
Stage 4. This is similar to results of Figure 13 where intermediate - 

-settl i ng had been used before the RBC process. Again , these ra tes
of nitri fi cation show that organic removal affects nitrification - -

ra tes i n the initial RBC stages where secondary treatment takes p l a c e
and nitri fi cation rates are hi ghest at ammonia levels above about
5 mg/i--where the rate of reaction is reported to be zero-order (6).
Nitri fication rates decrease when the amm nia level drops below
about 5 mg/i so that the latter stage of treatment is less efficient ,
and stringent NPDES permi ts become more difficul t and costl y to
meet.

The effect of pH on nitri fi cation across the RBC process is shown
in Fi gure 17 , where the RBC process followed the trickling fi l ter
without intermediate settling. RBC secondary effluent ammonia
levels increased from about 1 .5 mg/ i with elevated pH adjustment
before the RBC process to about 10 mg/ i at neutra l ph l evels. Good
nitri fi catlon wi thin the RBC process co ntinued for about 4 days
after elevated pH changed to neutra l levels. Then , poor nitrifi-
cation continued for the duration of the study at neutra l pH.
Figure 17 shows the benefit of chemical feed for pH and alkalinity
control for nitri fication. Reportedly, elevated pH primarily increases
the ratio of nitr ifiers to heterotrophs in the system (6) .
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TABLE 11 . R~3C TREATMENT PERFORMANCE AT 3.0 qpd/so . ft.WITHOUT INTEP EDIATE SETTLING AN D ELEVATE D pH

Parameter RBC Jnf iuent RBC Seconda ry Effluent

8005
Filtered 53 8Unfi ltered 122 18

NH3-N 18.2 1.6

TKN 26. 1 4 .2
COD , Filtered 56 20
SS 77 12

Alk a l in i ty  266 153
ph ä 7 .7 7.2
Temper ature 23.9 ND

a . Median value .

- 

co
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f b i s  f avors  s i m u lta neou-  n it r i  fi cation and orqan ic removal in in i t i a l
RBC stages and hi ober nit r i ficaHon rat es in l~~t t er s t a q e-  for e~e—
v a ted ph leve l s .  hut not b r  neutral ph.

Further study of -e p11 e f fec t  on ni tn fi ca t ion w a s co nduc ted
by re~rat inq the neut- - - i l  pH condi tions f o r  RPC per f or ma nce t i  t hout
inte r-m ediate se t t l ing  af ter the t r ick l ini  f i l t e r .  Pesu l t s  of both
st ud ies at neutral ph wi thout  intenu - d ia t e  - e t t i i n q  a’- presented
in Tabl e 1? . H qure 18 shows ammoni a 1 e v - i s  f o r  RBC inf luent and
RBC secondar y e f f luent .  RBC performance for n i t r i f i c a t ion  t- a s
ri-i  - i t i vel v good w i t h  e leva ted  p11 as I ndi - ,~ed t v  i n  fluent
ammonia level of 1 .6 mg / i . but poor w i t h  ne utral  p 1 as m d i  ~ tt~~diw eff l uent anv ionia levels of 12 .7  111/1 and P.8 n t / i for t he two
stu dies . Suppor t i ng  dat a in Tah i e 12 for a lka l i  ni N- and T ’~N
confi rm the poor nitri fication at neutral pH leve ls ;  66 mg/ i ~ f
a l k a l i n i t y  were des t royed ind icat in e 9 .3 mg / i of , rwto n ia  r i t r i f i e d
at neutral p 11 v a l  u~s . The PPC second a ry TKN e f f i  uent value was

•0 mg / i , again ind ic aH nct  poor n i t r i f i ca t i o n  at ne utral ph .

Data in T h i  e 12 for H 1 tered PODs TOC indicate that
secondar y eff l uent standards were achieved by t h e  R~ C process at
neutral ph. RBC secondar y effluent fi l tered PO2~ values were P
and 10 mg/i for the two s f u d i e - - • and 2 1 and 2 2  mQ/ 1 of T OP wore
removed by the RBC process. This secondary treatment performance
by the RBC process it both neutral p!1 l eve l s  compar es favorabl y
w i th  R!1C pe r f o n inc~ at e leveed pH leve ls  of about ph P .O shown
in Fi gure 14 and Table 11. It can be concluded t h a t  eleva ted p11
leve ls  of about pH 8.0 do not  af fec t  secondary treatment perform-
ance (DOD~ removal) of  the RPC proc ess .

Or~an ic Loadin~j

Further studi es of the RBC proce ss for second ary treatment
and nitri fication were made it hydraulic loadin is of  a b o u t  3 .0
qpd/sq. ft. to evaluate the effect of organic loading on
secondary treatment and nitri f icat ion.  These studi es e v a l u a t e d
the effect of part ial and comp lete secondary trea tment by an
ex i st i r t i t ni ck l inq fi l ter, versus no secondar y treatment , prior
t o an RBC proce ss for ;econdary treatment and / or  ni tn  f i cat i on.
These studies sh ould help answer th e questi on a r i sin q in les i qn
upgrades . “Should ex is t ing  f ac i l i t i es  be abandoned • or used?” -

The re - t i l t  should he t h a t  i nc re i o i  nq organic loading increases
eff l uent ammoni a levels unless a lc i i t ion a i  PBC surf ace area is
ava i lab le  at higher organic load inqs , because sub stantial organic
removal m i t  occur befor e ni tn fi cat ion beg ins (3D ~~. Therefore ,
the use of ex i stin i facilities for organi c removal  sho uld sub-
s tan t ia l l y  reduce surface a rea  requi re - l e n t ’ , of t he R8C process
for further - .econdarv tre atme nt plus ni t  ri fi ca t ion . For examp le
Antonie showed that a 6 ~‘PD , mec hani ca l  drive CPC plant t or

h 3

- - — - . ~~~~ 
.



-

4-)
C
0)

N- C) 0~
C) C) 

~1- C’-.~ O~% .— .— • -~~ C)
‘4-- (‘4 .— ‘.0 C)
LU

L)

- (‘1 (‘-4

01 a) CO C) C~ c~ C) D ‘0C .— 1 -
‘V

~~

‘.0 N- ~~0— LU 4- . . . -

~ ) LI) C r- C) ‘0 ‘~~ ~~ ‘.0 N- ‘.L’ N-I ~ ~~~ -~~
- 

~~~ -a- LU .--
I—

C)
U) L,J
L

F
-~~ 4- ’ ;

C

UJml  .— U~4- . . .
4.— CX~ IX) C’.) CO C) CO C) r—.. C)

- 
~~~ LU ‘.0 (‘4 ~~

-

— ---‘ r—.
L,J 

~~~ (‘—. ‘..J

-i~

0

a~~
_-.. ~~c~~~v ..— ..- LI) . C) 0)
0. 4- .

01 C 0) ¼C) (~ 0) N- 0) 
~~ N-

- — C’) ~~ .— (\‘ 0) C) (‘4(~.IC) ~~
- (_‘4

- L)
C’)

LU )
_ J C )

< ci:
0-- -

01
E 0)
‘—. 

.•.-.
I 01 -

0) t’ E ‘V- t1’ L 0) •-..—
I.. Q)

L — 4- 4.’ - —
~. ~~~ CU >, L- 0) ‘--. ‘~~‘ ‘ ml ~~ ‘ 4-~ ‘V4-’ 0) 4 -.— ‘ .. ¶ ~~-__ .—.. .‘_ 4—’ -.—

- 0) E~ .— “— 0) — - 01 — C
E —~~ -~ -~~~~~ E E U.. ..— I.-

4° _. U’
L U) I ‘V ~‘V C) (._~ (~) ~‘- ~~ l
0 C) CD ~~ ~~ - ~~- C U

~~~ 

- ‘— < - ‘V

54

~~~~~~~~~ 
_ _ _ _ _ _ _ _



~ _ - - -  - -
_

------ _ _ _ _ _ _

C-)
CO

CO

S • • N-
- 01..—

CbO C ) 0
.
~~ C-’)

‘V
4-’= ‘0 4-’

C I- ;
C a )
o~~~

~~
‘‘ • z ~~~~~~.,- ‘-

S - ’ V

C
~~ 0or—

~~~ 1- 0) 40
N- 0 U ~- 1 -
N- 4- -0.’I -

ri-i
4’ $ I I  ~~ ‘. O~~~~~C1~I~3 C

— “ — - ~~ L L 4° .0
*44 ~(4.4 4 - 4~~~~Lu ~I ~~~ C C U

~ 0 ) 0 ) 4 - ’

‘-

• — • e U)
4 -4

Lu
S —

o .  0 0 0

t/6u~ ‘suoL~eJ~uaDuo3 ua6o4LN—
e~.uOuIuV

55

—-‘- -L~~S4)&~~~~-~~~



_ _ _ _ _ _ _ _ _  -~~ -

secondary treatment to 20 mg/ i 8005 would cost $3 mi l l ion ( in 1076)
while such a plant that provided both secondary treatment and nitri-
f icat ion to 1.0 mg/ i ammonia would cos t $4.5 mil l ion (39).  This
points out the value o - ex ist ing faci l i t ies , such as tr ick 1~ ng
fi l ters , that prov id e organic removal , during design upgrade. In
the examp le  c i t ed , an exi sting trickling filter providing secondary
treatment could he worth up to $3 million.

Earl ier studies at elevated pH levels using intermediate settling
between the tri ckling filter and RBC process were based on hydraulic
loadings . however, the  o r g a n i c  and ammonia  concen tra ti ons rema i ne d
e s s e n t i a l l y constant, so that increases in hydraulic loading also
increased organic loading. Results of these stu di es a t eleva ted pH l e v e l s
showed that increased hydraulic (and organic) loadings had l i t t le  effect
on effl uent ammonia levels (Fi g u r e  0) .  howe ver , temperature increased
wi th increases in loadings during those studies and partiall y accounted
for additional nit ni fication at hi gher organic loadin gs . In addi tion ,
it was observed that simultaneous organic removal and nitri fi cation C

occurred in the same stages of the RBC process at elevated ph levels ,
and this hel ped account for the good nitri fication at high loadings .

Studies were conducted at neutral ph and two temperatures to
further evaluate the organi c loading effect on secondary treatment and
effluent ammon i a l evel s . The R~C process was evaluated at 3.0 g pd/ sq.
ft. following a tri ckling fi l ter at wastewater temperatures of about
20 °C and later at about 15°C. Then , the  !~BC process was evaluated
without prior bi olog ical treatment at wastewater temperatures of about
20°C. Results of RBC treatment performance for secondary treatment
are shown in Fi gure 19 , and nitri fi cation results are shown in Fi gure 20 .
Supporting data are contained in Table 13.

Fi gure 19 shows tha t Rt3C secon dary e ffluent met secon dary standa rds
in all cases . Howeve r, this does not imp ly that organic removal wi thin
the RBC process was the same in all cases . Fi gure 21 shows progression
of treatment for organic removal within the RBC process. Pro gres si on
of treatment show s that organi c removal occurred mos tly in initial
stages of the P.BC process~ but at different levels for the s ame stage
during various studies . For examp le , fi ltered B0D~ levels in PBC Stage
2, where the RBC process fol l owed the tri ckling fi l ter , were 8 and 18
mg/i for 20°C and 15°C, respectivel y. (Progression of treatment data
for fi l tered 8005 was not avai lable for the study where the PBC process
had no prior treatment. ) Since substantial organic remova l shoul d
occur before n -itri fi cation beg ins , the i ncreased f i ltered 80D5 level
1n RBC Stage 2 indicates that less nitri fication should occur due to
less RBC surface area available for nitri ficati on . In addi tion , a
lower rate of nitri fication should result at l ower temperatures ,
further limiting nitri f icat ion.
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Fi gure 20 shows that nitrI ficatj on was near completion at 20°C withlower orga nic loading on the RBC process; whereas , nitri f icat -j on wasrelativel y poor at the l ower temperatures wi th hi gher organic loadingto the RBC process. These resul ts indi cate higher organic loadings ,w hich in turn increase effl uent ammonia levels , because substant ia lorganic removal must occur before n i trifi cation begins . Lower tempera-tures seeme d to have a s im i lar  e ffect on e ffl uent ammonia levels 1 l i k ethat observed with increased organic loading. 



SU1-”~AR Y AND CONCLUSIO NS

The RBC process performed ef fect ivel y as a system to upgrade an
ex is t ing tri ckl ing fi lter p l a n t  when used for secondar y trea tment  ov er
a range of hydraulic ‘oads from 1.5 to 4.3 gpd/sq. ft. Secondary
t r ea tment  was less no ti ceabl y affected by wastewater temperature ihan
was nitri fi cation. Results also indicated that elevating the RBC
infl uent pH to about pH 8.0 increased the nitri f icat ion rate . The
i ncre ase i n n itri fi ca ti on rates decreases th e RBC sur face area
requirements resulting in less costly was tewater treatment p l a n t
upgrades .

An exist ing t r ick l ing filter plant can be upgraded to secondary
standards for 8005 by using a rotating biolog ica l contactor ( PBC ) I - -

process for organic removal wi thout intermediate sett l ing between
the tri ckling fi l ter and RRC process •

An exist ing tri ckl ing fi lter plant can be upgraded for ammonia
removal by usin g an RBC process for nitri fication wi thout intermediate
settling between the trickling filter and RBC process .

The use of exist i ng trickl i ng f i l t e r  p l a n ts for part i al or com p lete
seconda ry treatment decreases the surface area requirements of RBC ’ s for
secondary treatment and /or nitri fication , r e s u l t i n g  in less cos tl y
upgradings . 

r

5

Chemical feed or elevat ion of pH levels to about ph ~•0 in RBC
infl uent increases the rate of nitri fication and decreases RBC surface
area requ i remen ts r e su l t i n g i n less costly improvement and more con-
s i s t e n t  a t t a i n me n t  of ammon i a removal .

Wastewater tempe rature affects both secondary treatment and
nitri ficat lon within the RBC process , with nitri fi cation rates being
more sensit ive to low temperatures than organic removal .
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RECO NIMENDAT I fl~S

Existi fl g tr~ckl in~ fi l ters should be utilized , when poss ib le,  during
the upgrading of waste~i-’~ er t reatment plants for secondary ~rea t~e’~and/or n i tri fication -‘y t~~

- - rotating biolog ical contactor (RBC) process.

Seasonal stan da r~i-~ in w astew a ’- er discharges of dne o r a  should he
encouraged because of t be  more costl y t reatment requi rel rents for
nitri fication at low temperatures .

Elevated pH control should be practiced to raintain ph levels above
pH 7.0 at all tires and at hi gher pH values during winter months to
achieve less cost l y  upgrades for biolog ical ammonia removal (nitri fi-
cation) and to more consisten tl y meet ammonia effl uent limitations . c-I

Further research should be conducted on the proper chemical , dosage
and point of addition w i t h i n  the RBC process , which may he optimum for
nitri f icat ion.

Biological recarhonati on within the RBC process should be studied
in more detail to evaluate the potential of a treatment scheme consist-
ing of the low—l i l e process for phosphorus removal fo l lowed by the
RBC process for recarbonat ion and secondary treatment and/or
nitri fication •

L. ____________ - 
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I

L ST OF A b3 REV IAT IO NS

NP DE S ‘- ati ~nal Pollutant Discharge Elimin a tion System

~dv~inced wastewater  treatment

BOO biochemical oxygen demand

SS suspended sol ids

NH 3-N ammonia—ni t rogen

N n i t r o g e n

N0 3- N n i t r i te-n i t rogen and n i t ra te  nitrogen 
•1

‘ K N  total Kjeldahl nitrogen I

COD chemica l ~~ v- ;en demand

TOC total organ ic carbon

mg /l m il ’i gra m per liter

INF influent

EFF eff luent

NA not app l icabl e

ND no data

1° primary

2° secondary

TF tri c~lina f i l ter

RBC rotating biolog ical con t a c to r
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