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SUMMARY B o #

A study of the trlckhng filters at flve sewage treatment plants -

| :|.n the 'viclm.ty of !Ltlante, Georgia was m:derta.ken. The techm.eal '. : |
llter&tm'e contalns much 1nformatlon on studies of - tnckhng fz.lters at

sewage treatment plants operatlng in nerthern. cllmates »- .and. has :m recent

years reported results in temperate climates in the United States. There | , .gl_

o et

is a lack of infomation, however, i‘or areas ex;per:l.enclng a chmate such

‘as Atlanta.-. It -was felt that--a' stud,y‘ of several f:l.lters mlder-dlfferent
perating conditlone would give an insight into 1aw-rate trlckllng f:l.lter
performance in thls area. o - _ | _ |
| Samplee‘ ef the fllter :|.ni'1uent were collected in. the dos:.ng ehamber,
a.nd filter effluent sanrples were ta.ken from the efﬂuent channel. The
D.0. content and sewage temperatute were recerded in the . field” medlately
c after ta.kmg each sapple . Addlta.onal portiene of edch’ sa.mple were
- stab:.lized and taken to the laboretory for further tests.' The physical
features of each fllter 1:J:ere alse recorded. _ - o .
The 5-—day 2o°c B.O.B. of~ each semple was determ:med and the de- '
~crease in B.O.D. o.f‘.the sewage _pass:.ng_ thr@ugh--the £ilters was compubed
to determine theremoval efficiency. The loading rate of '?'each i’ilter,
expressed in pounds of B.O.D. per acre—foot per day, was determlned. ’
| Each sample was further analyzed for nitrate content, and n:.trate
produotion increase through the fllter was noted. The total organic

n:L-trog_en ccntent was measured in both :I,nfluent and effluentfsampleé, and
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the per c'ent'.n'itrogen removed by the filter was recorded. Hew_ever, this

detemin'aﬁign was dropped eérly 'in._ t-,his study since .its_. -importanéé s.'eelrlnec\l
slight. - | S
The fellemlng conciuslens nwere drm .

1, This study has shemn that each trickling fllter had its own -
operating characteristics. When plotted on a gra.ph the perfomnce
results of a i‘:l.lter gemrally fell m.thln a narrow band dur:mg dally
operatlon. Hesults obta.lned from en@ filter should net be used w:.thout.
qualificat:l.on te ant:l.clpate performame taf a second f:l.lter._ |

2. N:Ltrli‘lcatl. on tended tm increase -as efi‘luent D.O. 1ncreased,.
a hlgh contemt of each was founcl in those f:.lters where ventilatlen was
adequate. For mtrii‘ica‘bion to ocour ih a i’i].ter, a.dequate ventllatn.on-
must be prmded. . |

3'. Hl'brifn.cation was low er completely bl@cked in - f:l.lters where

ventllatmn was restricted by contlnueus pend:l.ng, regard.‘l.ess of the memen— '

't.ary 1oa.ding. Nltriflcatien d:.d net shew an increase even at extremelfy
1@“‘ Bo@.Da leadingS. |

_h. Nitrification decreased as B.O.D. loading increa.sed :m filters

- where ventllat:l.en was adeqmte » when all fllters were censmlered t@gether. -

However,. when individual -filters were analyzed this tendency wa,s-net se .

pronounced.

T E, With:x.n the time lzl.mi'b of this study temperature variations were

‘not 3ignifica.nt. _ _ ) _
| 6. From the analyzed data and__demparison .o.f_’ fLilfer stons size and .
effectiveness, it appears that stone not less than 2.5 inches in diameter

should be specified in trickling filter design.
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CHAPTER I

" IN'RODUCTION -

General;;;One.of the mostfimportant conceptshthet a design eogineerte?erf
' leerns is the relationshiplof efficiency to cost. ﬁconomy on'the instel— _f
1atioo cost'of an engieeered deviceﬁmay belthe governing—factor in man;- | ' ,!
instances, but when the efficiency of a device can be 1ncreased, then & N
;higher initial gost nay be justified. A thorough understanding of the

mechanisms involved in any item to be designed or improved.is therefore e

an important asset to the engineer. Thie study is being made in_order
" to gain a-better understanding of trickling filter-ﬁerformence so that -

_ this knowledge may be applied to trickling filter design.

The Trickling Filter, or Biological Filter as it is sometimes _

called, is used in many domestic sewege and industrial waste treatment

plants throughout the world as en efficient-means of secondary or com~ -k

.plete treatment of théee'waStes; Tte importance hes been recognized for N |
| many years by thdse?coﬁeerned-with‘Weste treatment. Although there has |
_been much research on trickling filters, some controversary still remaine
.ameng the various engineers, biologists and chemists ag to how the
'procesees that occur within the filter effeot its performence efficiency.
.Descrigtion,-The-medern.trickling'filter aé'we generall&-see it ieta'}t L o _EE
larée circular concrete structure vérying from 100 to 175 feet in diame- - 11ﬁ
ter end heving ‘an average depth of seren feet, with a range of from 2, 5 |

to 10 fest, The interior of the filter is filled with crushéd stome or . |f
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blast furnace slag ranging from 1.5 to ka0 inches in size. The :t‘ilt_er
_ stone come within one foot of the top'of the ooncrete walls and aret
supported on the bottom by & porous. tile floor which rests on a sloping
concrete floor._ ' -
Settled sewage is applied to the filter stone by a revolving dis—
tributor° The distributor consists of two or more perforeted pipes with
each arm extending half the diameter of the bed and revolving approxi-
mately six to nine. inches. above the stone.' Generally the distribubor is.
driven by jet eotion of the .sewage as it is omitted.throughvoriiices'B/B
to 1/2 inch in diameter. ‘where sufficient hydraulic head is not availa-
ble the distribntor may be. mechanically operated | ' '
- As the applied sewage trickles over the stone, microscopic and
'macrcscopic flora and fama consume the dissolved,.colloidal and suspended :
'"food" material of the sewage or waste and accomplish their purpose in
| reducing the food concentration of the liquor going to the river, " The
'_transformations occurring within the filter are numerous and con51st of
complicated inter-related actions and reactions of a physical, chemical
and. biological nature. The various organisms constituting a filter |
produoe a mass of slime attached to the stone surface, this gelatinous
. mass being called "zoogleal slime," The condition or appearance of this'
serobie slime growth on the stone of a trickling filter is one of the :_d
'first visible indices of the operating efficiency of that filter° o
| Once the sewage has passed through the interstices ‘of the filter
bed, it passes through the porous filter tile and into 2 colleotion .

chennel. -‘This ohannel serves the dual purpose of removing the effluent

-
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liguid frem the filter while at the same time permitting the - free flow
of air 1nte and eut of the filter bettem.;i  '
Franks (1) defines a. trlekling filter thnsly

. -A trlckling filter, which is not a filter in the usual sense may
be defined as a bed of filtering mediz of various kinds; sizes, and -

. shapes; and of varying depths and areas; over which settled sewage

© is distributed by diverse means and at different rates, and where
the sewage, upon trickling through, is so altered in character by
‘complex biotic, chemical, and physical means as to render it
sufficiently stable to be innocuous te health and prevent musance
.downstream. As will be noted, this definition is very bread, but

- any attempt to make it more specific places upon it limitations
vwhich are subject to numerows differences of oplnlon.. _

History,-~The history of sewage treatment has been adequately reported
.____ZZ

by Bmmersen (2), Imhoff (3) and ethers. Development ‘of the tricklmg

filter has-been described by Emmerson (2), Jones (h) and Imheff 3).

: Jenes (h) states that the trickling filter was erlglnally developed

te re'duce th-e area required by 1ntermittezrt sand filters. -Gole Geerge E.

: Waring, Jr., and the Massachusetts State’ Department of Health dld early

impertant development werk in 1891 and 1892o

Bloodgood (5) states that the first experimental gravel filters in
the United States were built at the Lawrence Experiment Statien ef the
Hhssaehusetts State Board of Health in 1889, He further states that a-
small experimental filter was built at MEdieen,‘Hiscenain, in 1901, and '

_that the first municipal installation was. made in Atlanta, Geergia, in

' 19@3. Jomes (L) indicates ‘that the first municipal trickling filter -

' plant in thie eeuntry to go 1nte operation was at Reading, Pennsylvanza,

[T E e SRRCPY et SRR

in 19@8.

-

. ‘&he rererence numbers enclesed in parentheses refer to the
literature eited in the B:Lbliegra.phy.
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Thﬂ Trickling Filter in Sewage Treatment.--hs has been previously stated,

the trickling filter does its work largely by biological st.raining of ‘the

: liqnid sewage° Therefere the oxidation ef this food material lessens its
exygen demand when the treat.ed sewage is discha.rged into a receiving body
of water, The oxygen demand is narmally spoken of as - the Biochemical |
OxygenBemand (B.O.D Yoo A geod indication of filter peri'ormance is |
feund by determining the decrease in B 0. . of sewage passing threugh

. the filter. Samples are taken of the influent sewage being applied to
the filter and of the effluent sewage leaving the filter.' Analyses of

~ ‘these’ samples indicate the B @.D removed by the filter. _

. The rate at whieh aewage is applied to a filter determines its
twpe: eFilters.to vhich sewsge is applied at a rate'of'fpem ‘one to four
mill-ioﬁ ”gauans' pe'f'-dag_'(.m.-e.m. ) per acre (M.G ,'A.D' ); end frem'ade..-te |
660 peumds of ELO;D, per acre—foot per day are ealled "standard or low-
rate" trickling filters, Similarly, a leading rate of 16 teo 2@ M.G. &-Dg.

. and a B 0.D, loading in excess of . 1,.00 pounds per acre—foot per day
classifies e "high-rate" triekling filt.er. Nermally recireulation ef
. part. or 8.11 of the ei‘fluent from t.he high-srate i‘:l.lter is specified. _
The trickling filter receives the sewage after primary treatment,
| which usually eensists of! removing large coarse material, allawing snnd
g and grit te settle, and remeving suspended sewage solids The liqnid
aewage supernatant then Jows ‘into a dosing chamber and is periodically
applied to the filter. B?sing cyeles very frem continuous doaing daring
‘high flow to 15 or 20 m:l.mfte intervals during 1ow flows at night,

seeondary clarifier may or may not follow a trickling filter, although
it generally does. - .
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Where seeendary treatment of sewage is provided, trickling filters'
are found in over ‘one half of the domestle ‘Bewage treatment plants in
the Uhited States. of approximetely 300 sewage treatment plants built
at various arny camps in this country during'world War II, over 50 per

cent, of the secondary treatment units were trlckling fllters (6).--

f FEcters Effeotlgg_Fllter Perfermance.-AEarly studies et the Lawrenee

| Experiment Statlon in Hessachusetts were instrumental in revealingim ‘

' operatlng eharacteristics of triekling filters. Sinee then much re~
:search has been devoted toward a better understandlng of all phases of
Work acoomplished within filters. o
- Factors effecting trickling.fllter perfbrmence_aree_,(e) preSenoe :
of ‘adequate types and quentities of bacterial growth upon filter stone, .
d(B):qnentity_of waste applied'to filter;.(o)istrenéth of uesté,ltd) waste
'temperatere; (e) size and degth of . stooe,.(f) rentilatioe indfilter bed, |
- (g) nnderdrainage design, (h) method of applying Haste to filter, (1) tlme
elapsed between dosing cycles, (j) prlmary treatment of waste, (k) pH,
: (l) age of sewage, and (m) operstion and: eare glven filters. These ;Q_

L.

factors are inter-related and can not therefore be completely isolated %

individually to discover the function of each. Thls must be borne in

'mind in the present stuﬂy of trickling filters.‘-__ _ .
o When a triokling filter is first put 1nt; operation and sewagﬂ _

applled to the filter, a thin slimy grey layer is soon notloed. .Holtje?(T)

| reports that microssepic examination of the film reveals that this film

is made up of countless bacteria embedded in a clear gelantinous matrlx.,

_He further states that the zoogleal baeterie are aided hy verlous other
. _
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bacteris, each type having afSpecifie function and eccurring,at_different

levels in the bed where 5pecific environmentai cenditions suit thenu-

As sewage centinuee to come inte centact with the bacterial grewth
on the filter stone, more erganic material is depoeited and the 1ayer in-
creases in thiekness. 4s the layer becomes too thick, hacteria closest
to the stone surface begin to die’ and a period ef "sloughing“ or “filter
unleading“ bceure. Unleeding is heaviest as Spring approaches, and may _
again beceme heavy in- the fall.. The zoogeal slime layer is thickest in
winter and thinnest during the summer° Hewever, more B.O D is removed

in the summer when the slime 1ayer is- thinnest and temperature is highest.

' Studies by Heukelekian (8) have berne this outs

Heukelekian (8) further states that "the quantity of film in a
filter bed is determined by the net effect of two opp031ng factors, C
(a) accumulatien and (b) unleading and exidation. '

As might be expected, the build-up of the zoogleal slime in a new

filter tekes time, In the swmmer an active: grewth ia esteblished ina

_ short period of time, wherees filtere put into oPeratien during celd

winter months require more time to deve10p effieient operatidn. No
sharp break occurs in the increaaed B.0.D, removal &3 a filter matures, |

but as- loading centinues, a 1arger per cent of the applied B.O.D is

'removed¢ Breaking-in periods of from three montha to one week were re=:

'quired in New Jereey and Flerida as reported by Ru.dolfe (9) and Grant- -

ham (10), respectively. Grantham (10). further reperted that the breaking-

in period reqnired the eame amount ef time whether a new filter was

._placed in eperatien or an 0ld filter was reactivated after a period of

aditab T A S £ T LT T TR T T e

idleness.

PPN T T ieorll | it e T s T e A T TS T L, R T R T




fFw B

The'vertical'distribution offfilm quantity is mere even in the .
summer, while during the winter the growth is . ‘heaviest near the tep of
the filter, according to Heukelekian (B),_ A thlnner layer of zoogleal

slime is- found as respiratien rates are increased This allows a more

| _intimate eonteet of food and slime and helps te explaln why trickling

filters operate better in the summer. o . :
The effect of temperature upon B.O.B remeval has been etudled by :

many In general one might expect an increase in B,O, B remeval during

' the eummer due to the accelerated rate of biochemieal activity. Ru-

delfe (9) agrees that temperature increase hes an ‘important effect on ji

. effluent B.O. D . decrease. Sorrels (11) was unable to netice any tempera-

' ‘ture effect in his studies on experimentel filters,

: Nltrogen preeent in raw seWage is generelly contributed by humens'

- in the form of uree and complex nitrogen compounds according to Ecken~

felder (12) Hgdrolyeie of the urea and. organic nitrogen compounde

| ylelds ammonia as: sewage flows to the treatment plant°

The removal of all types of nitrogenoes cempounds from sewage for_

',the purpoee of reducing the fertilieing cepacity of the effluent ie a.

more difficult matter than the removal of B.0. D, A committee of the .

American Society of Civil Engineers (13) reporte that ne matter how ,;'

_completely sewage mey be treated and the nitrcgenous compounds oxidleed B

there is no knewn feasible method of reduclng the nitrogen by more than .

50 to 55 per cent,

Nitrificatlon occurs 1n a trickllmg filter when emmonia 1s oxi-

- dized into nitrites by a form of nitrifying bacterieo Nitritee are

\ m LT L b o
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further.exidized'by other'bacterie'into eitrates; Hcitje (7) has'pﬁblished |
informaticn to preeent a clear understendlng of nltrifying organiems. ,

Nitrlflcatien occurrlng ag sewage passes over trickling filter

media gave ‘the early sanitary englneers and chemists a means Hith vhich

-_ to measure filter effectiveness; The B,O. D determlnaticn is -used mcre

wldely todqy, but nltrlficatien still gives a valuable in81ght inte

'trickling filter performance. Nitrate productlon in a filter 13 important

in thet -nitrates are*an additienal oxygen esset-to a-receiv1ngretreemgl

It is presumed that since nitriflcatien is at least a two-step

“_precess, occurrence mast be 3 vertical steps w1th1n the filter. Fermerly

it was belleved that n;trificetlon tcek place enly after exidatlen ef

_carbonaceeus materlal in the top ef fllter beds had been accemplished.
.However, it new appears that nitrificatien tends te occur in greater
'quantities :m the upper two feet ef a filter. Fer this te oceur suffi-
cient exygen must be present and if an adeqnate exygen supply is’ avaala- |

"ble, carbenaceoes exidatien ‘and’ nitrificatien can then ocour simeltane—

ously. Heukelekian (lh) demonstrated this in his laberatery-studles.
Ldmiting the oxygen supply to 2 filter either by pending or by

'-_greatly everleeding the filter and depoeitlng an exce351ve ameunt of

organic matter, will restrict or prevent nitrifieation.- Therefore car-l
benaceous oxidatien limits nitrificatien in the ‘top one to two feet by '1I
using much. of the available oxygen. Studies by Heukclekian (15),ﬁ_z -
Ihgols (16), and Imhoff (L7) have shewn the relationshlp hetween oxygen
supply, nltrificatien and carbenaceous cxldatien.

As fllter 1eading increases, nitrificaticn decreases and the j,_

' pelnt ef nitrate production mcves dewnward in the fllter. When the
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leading'rete_ebpreeehee'l;iee'peuede B,0:D, per-acre;feet.per day, nitri?
fieatiehebeceﬁesﬁiees and may eventually be blocked. Studies by Ru- -
~ dolfs (§),'Gfantham (18),-and Heukelekian (15) have shown £his to be

The effect of. dosing time on filtere was studied by Levane (19)
-.-His studies show that as the frequeney of dosing is increased, nitri-

:Lflcetion is increased. When dosing rates were increased frem 20 to 5

minutes, no change was, notlced; but as they were increased 1o 2, 5 minutes,
:e'an inerease in nitrificatien was apparent.

In summarizlng nitrifieat1en, Heukeleklen (lh) states that "the |
,preeence of nitrates in an effluent censtltutes proof that:. (a) thel.
.nitrifying ergeniems are established, (b)-the eystem-is-aerobic;.(e):eon_:

tact time is adequate, and (d) ammonia n;tregen ig present in adequate

'f-qnantlties."--' “ﬂi;;f'?fa R

ETY

 Filter leading rates, both hydraulic and erganlc, have Long heen

recognized as important cenaideratiens in the design of efficlently

A eperating"* trickling filtere.. ‘I‘h:ls one phase of study ha.s perhaps re=.

EDi . - bl d e didabb s TV i Ll ST T TSI LT 0 @ LT T P T T T 1k

.-.ceived more attention in trying te understand trickling fllter eperations :
than any other criteria, vi!. ) _ _ _A _ . _ |
The efficiency of e triekling fllter may be defined as’ the re— |
-'meval of B,0. D per unlt of erea or velume of the fllter. One unfamiliar:
I]With trickling filters weuld nermel]y-expect & decrease in effleiency es |
" the loedlng is increased. On ‘the contrary at 1ew B.O‘D. loadigg retee_'
 effic1ency is- 1eu but increaees as the loading increaees. The effluentr

" B,O. D may be hlgher as B.O b, 1oading increasee, ‘but per cent remevel
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'wiil‘increaSe;“‘Hewever, as the leadingegreetiy exteeds a gi;eh desigﬁ.-
cendition, filter effeetivenees will tend to decrease to some extent.e
'u Studies ef pilot plant filters by Rudolfs (9) and Sorrels (11),
studlee of normal operation at the Fort Werth sewage treatment plant by _.
Hahlie (20), and studies by Grantham (21) on the Uhivereity of Floride
_-fllters all suhetantiate the fact that filters eperate more effectively
©ab inereased loading rates. |
) In 1937 loading rates of 250 peumde B.0.D, per acre-feot per day
_were recommended by Hall (22), whereas present day praetlce allows 1oading
- rates of frem koo to 6@0 peumds B.O.D fer low-rate filterso.- -
| Grantham (21) ind1catee from his Florlda studles that leadlnga up
! te'3700-peunds B.0.D. per-acreefoot per'day.give no deerease in.per eept'
B.0.D. remeval, altheugh nitrification does not- occur at this 1oading
rate. The high Florida tenperatures obvieusly aid filter performance.3.
| The eptimum depth»ferfa triokllng fllter hes long been'a-centrea__
'fversial enbject, while a1l ceneerned agree that Boo D, removal is a
funetie; of depth. Trickling filters 1n the nerthern part of- the Ehited
States are usually*six to’ eight feet deep while a’ feur feet depth might '
' be adequate in Florida according to Grantham (18). o ‘
| It hes been previeue]s'mentiened that the levele of oxidation
and - reduction meve upward in the summer’ and downward. in the w1nter. It;
-1is then. possible for a filter adequate for sumer eperatien to he toe _fe..
" shallow fer winter operatien. Rudolfs (23) also points out that filter
depth adeqnate for ‘one. 1eca1e might be tetally'lnadeqnate for. anether. o
Velz (2&) hae presented a mathematieal appreaeh for filter depth

design. He etetes: *The rate of exirectien_ef erganic matier per
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| interval of depth ef a b&elogical filter bed is’ preportional to the re-
maining cencentratien of erganic matter, measured in terms of ite re-_l |
mevablllty.vm | - _ | |

It must be reglized that not "all B 0.0, 13 remevable, regardless

) of the number of times the waste passes through a filter,  Studies by
Sorrels (11) and Velz (24) have indicated. thab the'removal offsoluble‘
‘and inseluble B,0.D. is & function of loading and filter: depth. Sunh

_ studies led to the findlngs of Velsz (2&) as queted in the preceeding
paragr Q:Pho _

P The proper selection of stene sise fer a trickling filter might
well determine the future possibilities of filter ponding. Small stene
give a large surface area ‘gyailable fer zoogleal grewth while voids -

'velume is small._'With an increase in stone size the volume ef ‘the v01ds'
'inereases and surface ‘area, or film area, decreases. It has been shown

' in full-scale plant ope;atienxthat filters with stone size less than' ‘twe E
'inches in diameter haveie greater tendeney to ‘¢log than filters with stone_
' size-ef‘2 5 to 3. 5 Anches. - This tendency will.be‘studied-for-filters in

the Atlante area. oo oo Co

.1'

Ventllatien and air supply have been discussed previously in con-:
nection with nitrification and B, 0 D. loeding rates,. Since the trickling
filter is an aerebic treatment device and the zeogleal organisms reqnire .
large quantities of oxygen, this item can net be. everloeked in its im=- -i.- ,I. ]
portance to filter efficieney -This-facter-in-trieking.filter'design : .

. will be studied in this thesis. ' . - o AU '.-'j'..L;:i _ ]

Laberatery studies’ by Levine (19) showed ‘that ponding soon eecurred L i

vwhen the air supply to the bettom filter vents was stopped, 1trificat1en

decreased and effluent B.O.D was higher.,
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" Pivet's (25) laboratory studies on filters -showed that air. flows
downward through the filters 1n winter end upward during summer. :

Uhderdrainage syeteme rast be designed to. cerry away the imposed

::hydreulie loado and to permit air to eireulate through the filtersbottop. -

The designer establishes these characterietics and Once the filter is
construoted tho plant Operator has no means of oontrolling the under-.'rr
drainage eystem. | | |

The frequeney of doeing cycles hae ‘been pre71ouely diseussed. .Th

' 'importanoe of the method of applying sewage to the filters can not be

overlooked. It has been found that the application of sewage in spray

form, gather than in 1iquid jets, Will give increased operating efficiency.

Studies by Levine (19), Mehlie (2o) and Lumb (26) substantiate this fact.

Filter “sloughing or unloading, as: has been mentioned earlier,

. tends to oceur when film mass becomes too heavy upon the stone, This

' f-unloeding has also been attributed to- the burrowing action of psychoda

fly 1arvee when they beoome numerous.-‘Wide tempereture variations and :

: high hydraul:l.e loading rates tend 'bo produee sloughing » end ehoek 1oads

"r-'of toxic westee remove zoogleal slime growth in’ Eimilar feehion. ‘

. Heetee with pH varying from six to*eight»will not seriously effect

filter performance, nor in general cause sloughing, acoording to

_Heukelekiae (27). . “?u"‘a, jm%g”" ] ,”'7“ f f' . %;ﬂ"f

E

Rudolfe (28) has indicated that nitrifieation is heet shortly

after slonghing and decreases slightly as film thickness increeses.

: This is due in part to decreeee in the voleme of v01de end the correspond- '
'ing decrease in available oxygen, and poSSibly by tho roduction of the |

' nitrate to nitrogen gas because of diffueion ‘of the thick aneerobic film.
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In-_agtd:fl__tion to the hdeeig'n dharactlez‘isties of theplant and the

many unceﬁtrellable'variables, the. featurefof plant eperatien is.im- :

- portant in describing sewage treatment plant effectlveness. Sylvester (29)
‘made 2 suney in washington State in 1953 to.determine the factors. that |
centriputed to either geod er peer_operatien ef-sewage_treatment planta
in:that stete; JHé feund'tﬁat gee& eperatien wes uauallyﬂfouhd where'
'plant eperatien persennel had been hired" beeanse of their past experiemce.
In nearly every case’ Where the treatment plant was not eperatlng satis-
factorily he found that the eperaters had been arbitrarily 3581gned the
jeb of plant eperatien, regardless of their previeus experience.

It is readily seen. fr@m this discussien of trlckling filter ep-

eratien, that due to the large numher ef variables existing, one must :"__ g |

cautleusly.qpalifg h%? iqterpretatiens when reperting:trgckling £ilter } '
gpemierﬁanee;'inltheuéh many trickling filters have similer deeign charace
terlstics, no two' filters are exaetly alike, and any ettempted eemparisen |
of reaults must be made w:.th this thought in mind. L -
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| SCOPE OF'srtmr AND DEso_RI?rI_om OF PLANES

ngpose.--Praetically all of the early studies of triekling filters

: ooeorred in the northern part of the Uhited States, in England or 1n

Germany Abont 1936, work was begun in Texas, and in the late l930's

the Uhiver31ty of” Florida 1nstituted & research program in sewage treat—

ment.i Since temperature is an important feature in sewage treatment,.

' ;; .studies from the latter two agencies have given us a better idea of

L what we carn expoct in. Georgia._

After considering the above it was deoided to make & study of

triekling filters in the vicinity of Atlanta, Georgia._ The city of

| Atlanta had not had a sewage chemist for the past to ‘and one-halr

years so no recent records vera available. However, a study of two :

- Atlanta plants was made in 1950 by Balccun and Nippler (30)

'ihEEE ch.-AHithin the Vicinity of ﬂtlanta are between 15 anq 20 sewage o .

' treatment plants employing trickling filters as tha seeondary treatment ii

device. A1 of the'trickling filters are of the standard rate type,_:;, .

although due to overloaded eonditions somo plants are. loaded.at rates

approaching those. of hlgh-rate filtors, S '_ o
While this study was in its preliminary discussion stage, it was .

-felt that a. complete study of filters at twe plants would give the desired

'insight into trickling Tilter operation;in this area, .The filtors were :

Tl et LTS T T mem gt T g gnesemmr s
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to be studied under all leading eonditions of day and night as well as

T en different days of the Week.

Aocordingly, study-was begun on one plant operating at maximum .
}:qy-draulic design capacity: and yet producing 2 high qus.lity effluent. A
search was then made to 1ocate a second plant where filters produced a
highuqnality effluent; ‘Since most plants in-this area are operating
under overloaded conditions, difficulty in finding a seeond plant with

performance similar to the first was soon obvious.. Tt was a.t this 'bi.me

i that the concopt of this the31s waa chenged.

If uithin an area only 30 milee sqnare there existed such a varied
-range of trickling filter performance, then perhaps the most informative

stuﬂy'would ‘be ene which would include analyses of- eeveral plants. The_

: number of plants to be studied was therefere increased from two to five.

It was realised however, that the number of samples taken per’plant -

would neoessarily have to be decreased. The sampling commenoed_on Mey.lo,'
'1956, and ended on sy 26, 1956, | o N |

Desoription of Plants.-JTable lis a description of the five plants o

studied.- All plants have bar racks, equipment for grease removal, con-

tinuous sludge removal equipment for both primery and seoondary olarifiers,

digeeters and open slnﬂge drying beds. ‘With ‘the exception of the Egan '

Park Plant all plante have grit ehambers._ In additiom to bar_raoks,.

cemminuiore are also used at South River.

Table 2 is a detailod desoription of the 1ow-rate trickling filters.

 Types of Wastes Treated.--kt each plant the predominate type of waste is.

e

:-from domestic sources, However, each plant treate waste ‘of - an industrial

P
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origin as follows:

'EGAN PARK: . Waste f:ém’an_autemobiie'assémbiy ﬁlaﬁb
- S _-Waste\from the .ﬂ.t.lanta.-Munieipal' Airport

SOUTH RIVER: Waste from a hosiery mill (including dye)
' . .~ Waste from a chicken packing plant '
Other industriel wastes

Taple'i.-'Bescription'pf;Plaqts

Design . Daily Flow =
_ Date . Capacity’ in m.g.d.:: - Clarifiers
Plant 5'vv Built " in m.g.d. min. max, Prinmry Secendary Filters

'a_hxlénta;;,-'

 Bgan Park = 1945 2.6 65 2.2 2. - 2
_Soutthiver 1936 . 12.0 he5 16,0. 2 .2

-

'-Ehriétta.

Fast ‘Side 199 1.7 - 0wl . 1.8
‘South Side B 19’.].5 T 10_@ . De2 103 R
‘West Side 1956 . 1.0 = 0.1 . 0.6

M NN
RN
[ 5 W o )

.ﬁTgEIé 2. Trickling Filter Data - -

: N N . Volume
: Dosing ' L - Stome . ' per
o D051ng Cycle in Depth .Diameter Size in- Filter .
Plant : Chambers minutes in feet in feet dinches . .acre-feet

Park 2 . 5=30 - 6,25 | 136  2,5-3.5 . . = 2,08
Sewth . . ... - - o S S
.River L Gbntinuous 6.25 173 1.5-2.5 : 3.38. - o -
East Side 2 © = 5-10 - 6,06 . 115  2.0-3,0 - © 1.8 . - i
South | e -
Side . -2 10-h 6.0 115 2.5-3.5 . 1428
West Side 2 16-26 7.0 0 +115 2.5-3.,5 ' 1.665 -

. ‘P'i
TR Tl T T Salibe e G Gk B i TR T RIS R SRR S e

LSRR TR -3 T SO MY | SO S § AP v syt Sl - WA STt R/ ey



Lt ada i 1 K

NET

Waste from a hosiery mill (including dye)

BAST SIDE:.
S (This plant has a long outfall sewer 1ine)
. SOUTH SIBE: Waste from a knitting mill (some dye at times)
WESI‘ SIDE: 'Naste from a ehicken packing plant

Waste from a hosiery mill (no dye)

' St.ndies to be Made,--The B:Lochemioal anrgen Deamand (B O.D ) det.erm:i.nat.ion

' _':Ln sewa.ge t.rearbment 1is well lmown.

B.O.D remval t.hrough t.he filt.or
g:wes the best single indication of- trickling £ilter performance. o

Nitrit-.e and nit.rat.e-.production in trickling filters was one of -

" the earliest. yardstieks used in det.ermim.ng trick]ing filt.er efficiency.

More laboratory work is required in its det.ermimtion than in- the B. O D,

- t.est, but its importance can not- be overlooked :m a st.udy of filt.er |

i ith

additional information conoerning t.he nature of triokling filtars.

B performance.

Reduotion of nitrogen quan‘oitiu p&ssing through a i‘ilter gives
p h_‘" _

o tot-e.l nitrogen test. wag run on early samplos but was lat.or dropped sinoo

3 1ts value in this study seemed slight,
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CCHAPTRR III
SAMPLING PROCEDURE. AND. LABGHATORY ANALYSES
t_SempliogrProoedure .

\Mbtheds of Sampling.--meny chances for error occur even under controlled

'lsam@ling conditions. Providing contlnuoes sampl1ng eqnipment or statlon- .

fllng a man at one polnt to take continuous samples ‘can eliminate such o s
I?ariables as the change in volume of flow and character of the waete.
'f_'Thls was not po531b1e in the study under dlSGuBSlOM, so the samples :
: .taken were “grab sampleso" -_ I_ | _ . . : - :
] Slnce this stuoy was 1imited to the trickling filter, sampling |
. was confined to this area of the sewage treatment plant. Samples were l - ;
"7*:;taken in the d031ng chamber preceeding the filter and agaln as effloent. - l
| .left the filter. 85 cach pair of samplee vas takeén, the follom.ng in-
formation wa.s noted' sanple number, date, t:une, flow, tmnperatnre of :
'sewage, Bissolved Oxygen (D, 0 ) in the sewage, weather, recent weather |
_ conditions, number of filters in operation, last time the filtere were
"'flooded, genet'al appearance of sewage and appearance of zoogleal growth_'.- |

o on the filter stone..

sanﬁplmg; gppar_atus.--lt was desirable to collect the séwage samples -

o without-entrance of e&ditional atmoepﬁeric-oxygoo..'A_standérdlsﬂmpiing.
can as described in Standard Metheds (31').was wsed. - With this can two

rD 0. eamplee ean be collected at once. Tﬁe oan'ie eo'designed that as

it 1e submerged in sewage, the bottlee fill and overflow with & volume o
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equivalent to _thrée times the volume of the P.0. bottle, In t-hismanner
a representative saniplé_ of s'eﬁage is collected with éﬁtr'ance of a mm:n.mum
a.mounf. éf'-'oxygen. | |

‘The sampling can was used whenever poss:.ble, but on some occa.sions | N
vwhen dosing chambers were contmually discharging, bott.les had to- be |

fillad jndividually by_ dipping them into the sewage. _

Di,Spoa:.tion of Samples,-~It was desired to know the condition ef t.he

_ '-sa;uplg_at the -time_ it was taken. The D, 0. de't.ermination was :hmediately _
made on collected samples, but 1aber_'atory Ifacilit:_n.es_ vere not available

; s ai.'-,'t'}-'ae plénts for other 'b'ests to be méde’. - Samples to be used"in' othex;

' t.est.s were therefore stabilized at the time taken in- order to secure
accurate I'ES'IJl'bSo

- The .additien of 20 m1/1 cencentrated hydrexide to the mtrlfica.-
tien samples, and 20 ml/l concentrated ac:Ld to the samples for total

nitroegen detemina.t;gn-- stepped ba.cterlal actien J.mmedla.tely. Sa.mpl_es _fei‘ .

BeOuDs determinatien 'ﬁerg tightly stoppered and brought te the laberatoery

i : for further analysis.
Laberatory Analyses -

Dissélvéd (bqrgen Testl.--.-'-The Ki'st.-ei‘ﬁef‘g’* (Azide) -M@diﬁ'éaiien of the -

. Winkler Method as- deseribed in Sta.n.dard Methods (31) was used to detar- :

mine Dy0¢ in the samples. This me'bhed is med for samples cant.aim.ng

' mere than 0,1 mg/1 nit.r:.te rq.tregen, wh:l.oh one would expect te finrl

present. in trickllng filter effluents.
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B:Lechemical O:Qfg_n Demand.—'frlckling :E‘J.lter :Lni‘luent samplee ef three y

six and nine ml/l were filt.ered threugh cea.rse fllter paper to remove

| euspended materlal and placed in D.O. dllutlen bett.les. ‘l‘hese 265 ml
bettles were then filled wlth B.O.D. dilutlen water and incubated for .
five days at 20°C. F:ther efflnent eamplee of 5, 10 and 15 ml were

o emllarly prepared and 1neubated.

was kept a.t 20°C b4 1‘a but on eccasmns temperature varled as much as
'-2° and +6 C fer sher’s periods -ef time due to inefficient eperatlen_ of
‘ the air ceeler.- .

B.O .D ‘dilutien water was prepared in eccordence w1th Standard

oi‘ the required nutrlents, a_nd was etered fer cne to t.wo daye in the
dark room be‘fere ‘being used. On one ecca.s:_en when dllutlen ‘water was.
-stered en a w::.ndcn sill in the presenee of ezmlight & grewth of algae
was, net:l.eed. On anether occa.szl.on nltrlflcat:l.en occurred in the d:l.lutlenl_
we.t.er a.fber it ‘had' been et.ered in the dark room fer over & menth. II_-z o
_ bet.h instances the. dllutien water ceuld not be used.
After the incubation peried had elapsed the D.O. centent« of the:
. samples was detemined and the 5-day 2090 B.0JD. was cemputed. (See

Appendlx for sample calculatlens )

N:Ltrifica.tlen.—--It wae net deemed ne¢essary to d:.stlngu:n_sh betmeen

_ mtrltes and nitrates present. The Reduct:.on Method (Tentatlve) as

- descnbed in Standard Metheds (31) was- used.

The 1ncubatn.en reem was a phetegraphic dark room where temperature -

Metheds (31) The dllutlen water was aerated: fer :E‘eur days a.fter addltlon_
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As has been previeusly mentloned, cencentrated hydroxlde was

: added to the nltrlflcatlon samples as they'were cellected. Immedlatsly
after they had been brought to the laboratory, they were alloned to
settle fer 30 to 45 minutes; then 100 ml were plpetted and cencentrated
to abeut 20 ml by beiling in a casserole. These_samples.were then_ -
rinsed into a test tube and~filled to the 60 ml mark'wlth emmeniahfree

' water. A strip of” alumlnum'was added, the tﬁbe Was cevered with a

1Bunsen valve, and the solutien was allowed to. sit evernight.

The fellewlng day these samples were dlstllled and the dletlllate

'analyzed as speclfied with results being reported as n1tr1te plus
: 'nltrate-nitregen. Twe allqupts of each sample were_analyzed_81mulé'_,

tanebusly end'averaged iﬁ order that a coptinuous’check_could_be'made- ' !

enlleberato:y'procedure; .(§e§.gppendix_for sample caleulefions.)

Total Nitrogeﬁ.;-fhevtetal-ﬁitfogen determination includes eﬁmqhia-and'
ergenic:eitrogen;'but'does not_iheluee nitrite and eifrete'eitregens_

| ¢_Seﬁblee fOr'nitrogenidefefminatioﬁ-were cbllected_es preiiOQSly'

deseribed.e.ﬂealyeie'of ﬁhese.saﬁplesnﬁas by the.Kjeldahl-tecﬁﬁiéue:es

'speeified in Standard'Methoas'(si). The total nitrbgen'détermiﬁaiioh |

- was dlscontanued in the early part of the sampllng perlod as 1te cen— h

'trlbutlen te this stuﬂy was ef no practlcal 51gn1f1cance. :
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'filters as showh by the data in Figure 2. The B.O.Ds Loadings rahg‘ed
o ranged frem h6 te ?8% s With the majerity of the samples falling in t.he

beétween May 15 to Julj" 26, 1956'. Dur.i.ng peak flows this plant exceeded

L% ralide oot e v Dambin pebd v
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CHAPTER IV .
._ ‘n:tédt}ssion oF' REsums -

Eg k.--F:Lgure 1 shews the results of ana]yses of six- samplee taken

from May 10 o July 26 1956 while 'bhe sewage centent varied frem 20 te
6°c. B,0.D, removal var;.ed frem 56 to 877 with filter leadings ranglng-

_from 123 teo 860 p.emds of B.O.D.. per acre;foet'per elay. The l;igheSt

B._,O.D.’ removals occurred at maximun loading -ra.t,es and lowest efficiency'

- eccurred at the lowest 'B.OI.D. 1oading. .At peak flows this ‘plant operates

at. apprcocimately 10% above :Lts maximum hydraulic des:.gn capac:.ty. ,

The i‘:l.lters exhlblt a good. zeogleal growth a.nd adequate vent:l.la-'
tien is apparent. Ne ponding eecurred at any tlme dvmg th:l.s stu_dy,
and the effluent D.C. ranged from 3.0 to S.J.L Pspols The.se-.D O.. valuee"
are typlcal of good ventilation. Nltrlflcatlon showed. a sllght tendency

to decrease as B.@.D. 1oading 1ncrea.sed.

Seuth. R'iver.-'-The"lerrate filters at this plant are overloaded to the

'exﬁent that they operate at loads eemiparable to those of high-rate .
frem 168 0 1580 pounds per acre-foot per day, a.nd B O.D. remevals
50% range. Te@erature varied only h°c during the =samp11ng -pera.od

its design capacity by apprex:unately 35%.
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Figure 1. Effect of Filter Loading on Nitrification and B. 0. D.

Removal--Egan Park.
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A1l fllters ponded contlnuously durlng thls study, and bacterlal

o

' 'grawth was. practlcally nll on the stene at the surfece of ‘the- fllters.3
Ventilatlen of the fllters was further blocked by contlnueus submergence .
:of the filter effluent channels. Blsselved exygen was present in only

_ threa-filter effluent-samples,.tws_of these occurrlng-derlng a ra;ny _
Qspell 1esting sevéral‘deyss This is-cleefly.indicatiﬁe_ef'iﬁadeqﬁate

.leter ventilatlon.

Nitriflcatien occurred in two of the eix samples taken, with
enly 0.3 p.pam. nltrates belng.present-ln these-samples.- Even at 1ew

1eads nitriflcatien d1d not eccur. The faet that smell ameunts ef

'.-nltrates were presant on. two occasions shows that mltrlfylng organlsms

were establlshed in the filter, but due to-the high organle 1oed and -

. lack of adequate ventllatlon nltrlfication was effectlvely blocked

ngh B.O.D. leadlng rates on the fllters were partlally caused

' chambers-were ln.use,_the f;ltere_were dosed contlnuelly dﬁring most

oftheday.-

It is interestlng te note that thls plant contains the smallest

- --f:ther stone of any ef the flve plants studied,

East Slde.-Figure 3 shews the results of analyses ef seven samples

ztaken from June 7 through June 22, 1956 when the temperature was

relatlvely'censtant. The East Side Plant is eperatlng ab 80% abeve :
its design capaclty durlng maxlmum flow perleds. '

During this study the filters pended contlnuously, although the

- underdraln channels were not submerged like these at the South River L

_by 1nadequate detention time in the primary clarlflers. Although_d031ng |
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_Piant. Dissolved eaqrgen content of the effluent was low, rang:.ng frem o i
1.0 to 2.7 pepam. The filter stone had 2 good bacterlal grcwth. o o
Remeval ef Be0.D. ranged from 47 te 7% at loadlngs var'_ving frem ' . -1#
?? te 698 pounds of B.O.D. per acre-feet per day. _ The per cent B.0JD. | i
removed deereased slightly as E.D.D. load:l.ng 1ncreased. Nltrlfa.catlon
\wae limited by an ina.dequa.te air suppl;y as a result ef the f:l.lters '

' _pond_mg. Increase in. nitra.te content ranged frem 0 te 1.5 p.p.m. |

. s.lout.h‘ Side .Q-.-Onl& four sa‘;;ii)iee-jrere taken at t}xis -plant _fi_'em J une 27 te
"".J uly 29, 1956. Ten@ehx:atur.'e‘e- -'rema.i-ned relatively e.enst'ent a.nd thepla.nt '
'experlenced an everlead of 20% above 1ts deea.gn cepaclty durlng ma.xa_mmn' _'
"I._perleds of flow. | _ _ .
_ | The data ef Flgtn"e L shewe that B.O.D. removal renged from 72 to
82% as load:.ng varied frem 151 te hhS peunds of B.0.D, per acre-feet
"-per day. The highest B.G ]3. removal ratee occurred at higher 1oad1ngs .
'Geed bacterlal growth on the fllter stone was observed durlng this -

study and ne tendency teward pondlng was net:Lced. '

N:Ltrate content 1ncrea.sed frem 6. 8 to 949 p.p.m.. ﬁeratlon was

B adequate and fllter effluent centagmed from 3.6 to b 7 p.p.m. D O. -
IWest S:Lde .—-Tha:er pla.nt has been in. operetlon enly seven monthe end is’
| '-'eperatmg at a.bout 50% of 1ts des:.gn capeca.ty dunng peak flews. Reeulte |
", ef six samplee a.nalyzed between June 29 and July 16 1956 a.re shewn 1n
F‘J.gure 5. Temperature remamed censtent durlng th:.e perlod. _
The B.O.D. leadmg ra.nged frem bé te 171 pounde per acre-feet

per day, and B.O.D. remeval ranged frem 61 to 82% of the appl:.ed 1ea.d. |

»
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.Filtef growth-ﬁas-goéd,-sut not'athea?§ as that in otheffplants; ex-
cluding the South R:wer Plant. .Thi-s can be partly -éxplained when "6ne'
cen31ders ‘the: 1ength ef tlme this plant has been in eperatlen and the
present loads 1mposed upon 1t.. D051ng gyple 1ntervals of as much as
20 minutes were neted durlng daytlme. | |
Adequate ventllatlen of the filter produced an effluent wlth a

.0. content ranglng frem h 6 to 6.0 p.pdm. Nltrate;centent ranged from
9,9 to 21.7 p.p.m; and‘was the-hlghest degree ef-nitrifieaeion'recerded
in tﬁie'study; The two - samples centalnlng the smallest nltrate content
alse centalned partlally treated effluent frem one fllter‘whlch was being

" £looded.

Gemparlsen ef Results.——Table 3 glves results ebtalned frem the five

plants studled._ The overall average shows that for a 1oad1ng of 470
jepeunds of B.G.D. per acre—feot per day the removal was 67%. Nitrate'
content increased 6.2 p.p.m._and filter effluenp-contalned 3.5 ﬁ;p}m.-_
D.0. o o _. |

The data of Figure 6 clearly shews that those fllters whlch con—
talned considerable D.O. in thelr effluent were alse hlghly nitrifying
fllters; The two fllters which pended~cent1nuously dlstlnctly show the
effect of 1nsu£flclent ventilatlon upen nitrate productlon. The data of
: Figure 6 1nd1cates that asg- effluent D.O. 1ncreased nitrate productlon
also 1ncreased'1n-plante-where ventllatlen was adequaxe. i

The data of Figere 7 agEin shewe theJdistinciien between filters.
having adequate ventilatlen and those where air supply is restrlcted.

" In the twe filters in whlch the air supply'was greatly restricted

B T A
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Table 3. .Average Results -

 B.0JD. Loading in . B.OD. Removal Nitfate_Prdc)iuétien"' © Effluent D.0, -

' pounds per acre— . . © (Mo, k WON . T

,l;-'c,g-_b per day ' . (in per cent) - %in p;PB-m ) ~ (in p.pem.) _
Plant - min. . ma'x_.-_.-'-_l_-airg.‘ min., = max, avg. . max, = avg. ' min, max, avg.. B

3 E—— T, R

[]

BganPark 123 860 538, $6 g gy
- South River:.168 1,580 ‘1,046 . ~ L6 78 - S8

4,5 4.7
- Bast Side - 77 698 . 3507 Ch7 70 55 0.0
. 6.8
7.9

- 1.0

S
3.0
La7
6.0

I O BN SRy

South Side 151 WS, 335 g2 g 0 78 L2
West Side ¢ k6. 171 93 éL g2 p2
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nitrificatien was retarded or blocked completely% This clearly bears

‘out the findings ef Heukeleklan (15) ‘Ingols (16), Imhoff (17) and
Levine (19) which ehew the . effect of restrictlng air supply upon nitrlfl—
j.catien. This has been dlSGUSSEd earller in the text.
. In the filters where ventllatlen 13 adequate nltrlflcatlon de—
.ﬁ creaSes as B.O.D. loading increases. This bears eut the flndlngs of
Rudolfs (9), Granthan (18) and Heukelekian (15).=
| When conalderzng all of the fllters, the data of Flgure 8 in-
dlcates that as effluent D.G. 1nereaaes, per cent B.O.D. removal increases;
Hewever, examinatien of the data of the filters where ventllatlon Was
o restricted did not reveal such a tendency.' The same con01031en is |
'ebvious when data of the filters where ventilatlon is adequate is ex—
amined although the results of each group of filters appear to fall '

- withln a small area on the graph. The filters wlth a hlgher effluent

D.O. centent do in- general exhlblt a greater per cent B.O.D. remeval.
Tt-is impertant that fllter etene size be censtant throughout tte
fllter 1.3 that veid epaces will net be filled and prevent ventilation |
| wi'thin the fllter.' The removal of B.O.D. is apparently net a functi
of stone 3129, but the productien of a hlgh quality effluent requlres

that proper 3129 stene be used in erder to assure an adequate exygen

' supply-

' Frem the analyzed data and comparlsen of fllter stene 31ze and
effectiveness, it appeare that stene not lees than 2,5 1nches in dlameter

should be speelfled_ln'tr;ckllng-filter de31gn,_
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CHAPTER V.
’eeNéfUEieis. __

Tt e

A study of trlckling i‘ilters at f:.ve sewage treatment plante :Ln
the vic:Ln:Lty of . Atlanta has revealed tha.t eeoh fllter has 1ts ewn |
eperat:.ng ch&racterlstlcs.

Due to the nany varlables 1nvolved m sewage treatment each

| pla.nt nrust be studied on an ind1v1du.al basa.s. _ All ve.rlables must be "

taken :Lnto cena:.deratlon ever an extended perled of time before speclflc

e statements can be made.. When' th:.a has been ac-compllshed all a.nalyzed'

wiadii- | osdeides od-

belh Ll e thie s § b a0 S T

: data then deecrlbee the eperatmg charecterlstlcs ef the f:l.lter stud:.ed
. but can net be construed to be represerrbatlve of a.ll fllters.' Wlth
these thoughts in mind, hcrwever, ome can form a general oplnlen ef
: trickling filter operat:.en. . ' _ |
From data preeented in this thes:.s the follew:.ng general obser- )
| va.tiens of the 1m~rate trickling f:.lters studied can be stated
o -1-'.. N:Ltr:.ficatien tended to increase as effluent D.O. increaeed
in these filters where vent:l.latlon was adequa.te. For m.triflceta.on te '
) occur in a’ filter, adequate ventﬁ.lation muet be prev:.ded. L _
' . 2-. Nltrlf).catlen was 10w or completely blocked in those f:l.lters
where ventllatlon was - restncted by contlnuous pendlng, rege.rdless of the
mementary loadlng._ Nitr:.f:.gat:__.-en _d:Ld- net shew an increase. e._Ven. et ex-—

tremely low B.0.D. loadings.
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3; Nltriflcatlon decreased as B.O.D. loa.ding increased in fllters

_where ventllatlen was adequate s when all fllters viere: con31dered together.

. Hewever, when individual f:l.lters were analyzed, thls tendency wa.s net so

Lo

pren@mced. 3

l" ko . Pet cent B.O.D. removal d:l.d riot a.ppear to effect effluent D.O. :
Hewever, filters 'w:Lth inadequa.te ventilatlon showed correspendingly 1ewer '

'per cent B,0.D, remeval and effluent D0, centent than f:l.lters where '

ventilat:. on was adequate .
5. ‘Within the time l:l.m:l.t of this study temperature varlatlons

1.'vere not si gm.f:l.cant.

6. Each filter appeared to have :|.ts onn operat:r.ng characterlst:l.cs. '

When pletted on a graph, the results of B.O-D. remova.l and m.trate produc—

'thIl fell w:Lth:Ln a narrow band.. These l:.m:l.ts were relatively constant
s when normal day by d.a‘,}r operat:.on was cons:.dered.
7¢ From the analyzed data and comparlson of filter stone size a.nd

: effeetiveness, it appears that stone net less than 2.5 :anhes in d:l.a.meter'

ehould be spec:.f:.ed in trickling filter design.
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GHAPTER VI
RECOMYENDATIONS
. RECOMUERNDATION:

The total chemically combined nitrogen in filters decresses.

Some study to justify this _m:ig‘ht be made. to. show the relationship of

niﬁrités ,'.'. nitfates s ammonia a.nd "t.oté.lﬂ :ﬁitrégzen._
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- SAPLE CALCULATIONS

Filter Calculations:

- (&) Area = ]ﬂ— S U D - Inside dismeter
| | a S : of filter in o
feet ' L -]

- (3.1)(136 ft) 1 |
T L. m 0 ft. /acre '

- 0.33L acre

V(b)J V@lumﬂ's Ad _ - _ o A = Area in acres

depth in feet

(0.33h acre)(6.25 £8,)  a

2,08 acre-feet

n

 Biochemical Oxygen Demand (B+0.D.) Calculations:

(a) ;SQdayJQOoc B.0.D. L _ . D.O. = Dlssolved Oxygen '
, - o T _ b_ content of blank
= : ~~x V K '
e 8 .- . Du0. = Dlssolved Oxygen
T N o : - - content of sample
3_1370 P-ij-é-mg'h PepPelie) 265 ml © +inp.pam. :

n

- R o o _ Sample'siéé_
| o : Volume ‘of dilu~ -
~ tion bottle

in ml

-
]

Flew per fllter B

(b) Pounds of 5-day 20°C B.OD. . R
S : ’ - irl mcgodc

8.34F(B.0.D.) -
S . - 8.34 = 1 p.pem. -
(8.34 1b./h.g.d.)(0.8 m.g.d.)' © = B3k 1b./m.g.

N |

x (159 Pep.m. BODL) -
= 1,060 1bs. B.O.D.
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- Filter Loading:

Loading Ai T P = pounds S-daqr 20°C B.O.D.
S L T R per filter per da.y :

1, o@o 1bs, B.OD. . AJ. = Volwme of filter in.
e 2.08 a.cre-feet S L TR F acre-feet '

g e

= 510 le. .@.D ./acre-foet N

F:ther Eff:.czency.

Efficiency = ~ i € x 100 .B‘O*'D'i Applied
- _ .O.D.i B o - , -~ B.0uDe -
o . o i-n p.p'.m. _. -

i

= 15934"”1' - 21 ppan. 100 B.OD., = Effluent e

p.p-m-_ I

: l

Nitrate Con'bent Increase'

" Increase = (NO + Mo, W Efflmrrl:- - (N02 + No¥ Influent-

08 p.pomo - 0.5 p.p‘mt

E 7.3 P ‘.’p 'mi (N02 NOB)N

‘I‘otal Organic Pﬁ.trogen Decrease o
I, -E o
Per cent Nz.trogen decrease 2 22 x100 - T Influent

R | BT

| _E'n.
- iIl P.P.mc Co

60%

e L T T T E e T A e T A g L it il S e O T T e e e DT

0 R A A e wmu.ma..i LR arentidld i 8

n L L mtregen m p.p.m. )

Effluent nitrogen o




Egdn Park Sampling Data.
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Table 5, . South River Sampling Data

Flow
in

B.OJD,
Loading -

in pounds
per acre— T
NO. m.g_cdo foot o

empe
OC-

Influent Effluent Removal
- NOy Total - NO, Total
DoO. B-OaDc N03 ! Bo@o B.O.D. NOB

30 016,3 0 710 25 0 2,1 A1 0,0 = 2k 00 -— - 78 =
5 6.2 168 26.. 1.9 W 00 - 2 0,0 e kbl
2 9.8 1,580 26 1,7 197 13 -- 98 1 — - 50 . =
28 1k.5 - 1,320 28 0,1 129 0.6 — 68 O — o hp Y —
30 13,6 1,310 29 0,0 156 0.0 — 35 03 -~ 78

. . . Increase in

. (j_n_____p_;_er cent). __,,_(in'p'.p.m.)_l

Yl
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Table 6. East Side Sampling Data -

. . BL0.Jd, _
- - Loading e § R
Flow . in pounds . Influent Effluen‘b Removal
in per acre- Temp. 7 NO, Total jmgTo‘l‘,al - Increase in '
Mo, megeds foot . 00 D.e. .o.D. NO; N n.o B.OJD, NO, N .o.D Tot. ¥ NO,, NOBI
o = --(m p.p.m.) (in p-p-m-) -~ {inper cent) (in p.puns)
6 1.3 398 26 048 '101;', 2.0 22.6}' 1._9 W8 2,0 18,1 s 20 0.0
9 1.6 W72 26 040 101 0.0 L8 2.1 L3 . 1.5 32,1 .57 ° 28 1.5
10 1,8 698 26°7 0,0 133~ 0.0 37.3 1.1- 71 0.0 27.6 L7 . 26 0,0
211 0,5 17 = .5 - 53 . 0.0- 2&.6-. 2.7 16 7 1.5 13.8 70, - hb 1.5
13 0.5 - 53 26 1. 36 0.0 23.3 1.7 15 1.5 TS 58 Lo . 1,8
1k 1.8 - 1537 257 15 3/ 0.0 L8 2,7 - 18 1.3 29,1 Lo . W0 1.3

M
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Table 7. South Side Sampling Data.

BQO'ODO -

Loading -

in peunds _
per acre- Temp.
foot - 9%

Flow

No.. m.g.d.

" Influent

Effluent Removal

D.0. B.ODs

.

NO, Total
Noy . W
. (in p.p.m.)

D.0. B.0.D. WO, N

: Increase in
BOOGDI Teto N NGQ, NOB

(in per cent) (in Pepas).

g 18
17

H I I
C 1.2
- l!’ ‘-

327 27
Wy 2
- 151

.0

Qe

o2
2

112

27 62
127 a

296 Lo 2

1.0 3. L
1.0

8L
78

60
: 25 1.2 kW3 0,0 - L7 12 83 — 72 - .
e 7 260 11 19 0.0 -4 3.6 21 9.9 — 82 — .
s
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‘Table 8, West Side Sampling Data -

Flow  in pounds - Influent, . Bffluent o R
. in per acre- . Temp. ; - ' N02 I N02 . B.0.D, " Increase in .
| o (in p.pams) - ~ (inp.opas) (in per cent) (in p.p.m.)

Cay e ':10.6 T3
26 ¢ 10,9 . B2

18 037 ¢+ -~ 57" . - o8 . 63 7.9
10,6
_ | 21.7
<28 - 2Ll o R I T
11.8
15,8

0.9
20 o3h 76 25 .00 8
21 028 48 2.0 - 68 -
22 0,25 K . 2857 1.0 7L
3.3
2.7

FNooley

25 0.52 72 26 131
%6 008 ¢ 158 25 8L

ONVORVRLAR N
[ ]
OO Lo O B

29 135 78
.37 '”16,?.

L FrosoO

72 .

9. o
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Works Journal, 17, 710, (July, 19L5) .

_Imhefi‘, Key "Improvements in Tr:u.ckling F:thers o Sewage ‘Works
'_Jonee, F¢ W., "Irickling Filter and its Operat.lon,“ Sewa.ge Works -

Sff,w@rks, 101, 193, (April 195h)
. latione," Sewage Works Journal, LB_, 897, (Sept., 19L6) .

Te ,Hol‘t.:je s P; H.,- "'I‘he Biolegy of Sewage Spnnklmg Filters R Pro—-

"Associa.ta.on, pl, March 1942,

8. |

- . and Biological Characteristics of Film and Purification Gapacity of =

‘& Biofilter and a Standard Filter. .Part I Film Accmnulation," B
' Bemage Werks Journal,- 17, 23, (Jen., 19h5)

'Ruielfs, Wey Heukelelcian, H., and Cha.mberlln N. S., “Prel:.nimai'y ‘

10,

12.

3.

ur

BIBLIOGRAPHY -

Jeurna.l 17, 595, (May, 19457,

Ermersen, . Aoy "Smne Barly S't.eps in Sewage Treatment i S gﬁg"

Jeurnal, 2, 91, {(Jan., 193?).

J@m&l, .J_.§', 89, (Jant’ 19,46)0

Bloodgood, De E., "Irickling Fh.lter Opere.tlon,“ Water and Sewgg_ E

National Research Co‘uncll, “Sewage T'reatmen‘b at Mllltary Instal—

ceedings .of the 27th Ammual Meeting, New J ersey Sewa.ge Works

Heukelekian, He, “The Relatiopship Be'lmeen Accmnulat:.on, Blochem:l.cal

Results on Experimexrbal Sprinkling Filters," New Jersey .&grlcultura.l

" Experiment S'bation, Bulletin 521, p6, April,. 1931. -

Gran‘t.ham, G. Re, and Seger, Je Cey dr., "Progress of Puriflca.tlon
During Stdrting of a Trickling F‘ilter," Sewage and Industrial Wastes »
23, 24L86, (Dec., 1951). _ . _ .

"Serrels, He H., and Zellar, P.Jda A., "Sewage Purlf:.catien by Reck

Filters,” Texas A and M Eng:'i.neenng Experiment Station, Bulletln

123, Nov., 1950. _ -
.Eckenfelder, We W., Ir., and Hood, J Wey “The Role of A:rmnen:l.a

Nitrogen in Sewage Treatment ," Wa.ter and Sewage W’orks 91, 2]46
(June, 1950).

.“Advances in Sewage Treatment and Presen‘b S'batus ‘of 'bhe Art " Pro-

Ceedings American SOclety of Civil Eng;neers, Ths - 1315, (OGt.,"§u8)

w e oo PR Wb ol T T T T M e




TN

i

[ar e pR ]

15.

17.
18.

1%.

20,

21,

22,

23.

2k

25,

27,

UL ik 2T ik Tl D D s ki

. -(Jume, 1939).
. 26,

Y

Heukelekian, H., "The Relationshlp Between Accumulatlon, Biochemical
and Biolegical -Characteristics of Film and Purification Capacity of
a Biofilter and a Standard Filter. FPart III Nitrification and.
Nitrifying Capa.c:.ty of the F:le." Sewage Works Journal, 17, 516,
(May, 19L45). . _

'Heukelelﬂ.a;n, H.,. "Iﬁfluence of Nitrifying Flbra., Cbcygen’, 'arﬁ.Amzﬁoma
Supply on Mitrification of Sewage," Sewage Works Jeurna.l , 961;,
(Sept., 1942} . .

Ingols, R. S. ,"Determ.natwn ‘of Dissolved Ozt.ygen b’y Drepping Mercury o
Electrode," Sewage Works Journal, 3 1106 (Nov., 1541).

Imhoff ‘K., Gesundheits. Ingenleur, 614, 1).;, (19hl)

.Granthan Ge Res Phelps, E, B., Calaway, w. ‘I’., and Emerson, D. L., Jr.,

"Progresa Repert on Trickling Filter Studies," Sewage and Indmtr:r.al
Wastes Wastes, _23, 867, (July, 1950). '

Levine, M., "Coservations en Tnckllng Fllters »" Proceedings of the
ES'Eh Annual Meeting, New Jersey Sewage Works Assoca.a.tmon, p27, March
1940. :

Mahlie, W. S., “Tr:.ckling Filter Loadings at Fort Werth, Texas 5"
Sewage Works Journal, 11, 472, (May, 1939).

Grantham, G. R., "Sewage Treatment Research at the UnlvemJ.ty of

'Flor:.da," Proceedings of the Second National Public Health Engi.n—

eering Conference, Florida Engineering and Industrial Experiment
Statien, Bulletin Series 35, L, no. 7, ph6, July, 1950, :

‘Hall, G. A., "Trickling Filter Loadlngs,“ Sewage ’i'.forks Jeurnal ‘9,

50, (Jan., 1937).

Rudolfs, W., Chamberlin, Ne Sop and Heukelek:l.an, H. ,. UPerformance of .
Experimental Trickling Filters During Winter ind Summer,® New Jersey
Agricultural. Ebcperimen‘b Station, Bulletin 529, ﬂprll 1932. '

Velz, C. ,. g Basic Law for the Performance of B:Lologlcal F:.lters,
Sewage Works Jowrnal, 20, 607, (July, 1948), .

'Piret E. L., Memn C, A., and Halvorsen, H. 0., “ﬂ.erodynamlcs ef

Trlckling Fll'bers," Industr:.al and Eng;neemng Chemst.ry," 31, ?06

Lumb C.,. "Periodicity of Dosing Trlckllng F:thers," Surveyor, 107,
33?, (JUly, 19h8).___ - __ _ | .

Heukelehan, Hey "Blologloal Qxidat:.on of Industr:l.al Wa.stes ," S g

- and Tndustrial Wastes, 22, 87, (Ja.n. ’ 1950)

e T T I T A D T A e, TS T Lk SRS T L b SR TF




28.
29,

- 30,

. D i St eI IS 1T I SO e BT A A - ol - S T T e LR T e i L REA T R R
Mt T LLPE 7 T [l APRU I T N UG sl dalabrtonte B L R e IR s it 3

31'0 .

Lo

Rudolfs, Wey and Peterson, D., "btudles on Film Accmnulatlon in
-Sprinkling Filter Beds," Repert of the Sewage Substation of the New

: Jersey Agﬂcultural Experiment Sta.ticm, 1926,

Sylvester, R. O, ,' "Critical Appraisal of Sewage ‘i'ierks Operat:.on and
Design," Sewago and Industrial Wastes, 27, 759, (July, 1955) .

.Ba.klnm P. L., and Nippler, R. W., Nltriflcatlon Stu::_iy of Tr:.ckl:i.ng

F:Ll't-ers in At-lanta, Unpubllshed Study, Georg:l.a. Instltute of Technologjr,

~ 1950,

-.Sta.ndard Methods for the Exanﬁnatlon of- Water, Sewagg ,a.nd Industrla.l

Wastes, 10th Edition, New York: American. Publie Health Associatioen,

TIne., 1955 s pp2h3—266

Ay

oo J}.‘%‘T.m:;.,r_

e

]




