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INTRODUCTION

The Science and ‘at’ of wastewater engineering dretches only dightly beyond one hundred
years Within this period, the goplied technology has cetanly mede ggnificat drides in
promoting dissese control and environmenta  protection.  Fixedfilm trestment  unquestionably
plays an importat role in this higory, paticulaly snce it represented the origind biologicd
mechanism. Beginning with options like the trickling filter, intermittent filter and contact bed,
fixedfilm sysems dominated the technology of wadtewaer treatment for severa decades And
dthough this daus hes subsequently been assumed by suspended growth process, there is
unquestionably a resurgence of interest in fixed-film gpplications

Given the rdative hidoricd dgnificance, and projected future of fixedfilm sygems a
dronologica review of the associated progressve developments should be both interesting and
informative. This paper will, therefore, explore the genedogy behind our current  fixed-film
technology, condensang the redevant yesteryear literature into twenty-five year increments. While
atempting to limit this synopss to a reasonadle length, every effort has been made to fadilitate a
thorough documentation of the associated literature.

1850 - 1875
As described by the dassc Dickens tde in 1859, "It was the best of times, it was the wors of
times . " (1) This literary image poignantly portrays a mid-ningteenth century era freshly

endowed with the blessngs of an Indudrid Revolution, yet virtudly helpless in the face of
rampant, epidemic dissese. Cholera, done, flared through the British Ides in four deadly
outbregks within one terifying ten year period. (2) Without quedion, these problems with
communicable dissese provide a sad reflection on the exiding defidencies in environmenta
sanitation. However, the concurrent infancy of bacteriology yidded only vegue dues regarding
the dangerous correation between fecd contamination and diseese trangmisson. Exiding efforts
towards sawage digposd, let done treament, were virtudly nonexigent. (3) Certainly it was
fortuitous, then, that legidation (i.e, the Nuisance Removd Act) was enacted in 1858 to control
sawage discharge, dbet more so a function of safeguarding aesthetics rather than a perceived
hedth hazard. (4) This emphess quickly shifted towards diseese control, though, following Dr.
John Snow’s monumenta publication on epidemiology within the same year. (2, 4, 5).

England shortly organized a seies of Royd Committees (6, 7, 8) charged with the dudy of
problems reaing to sewage digoosd and tretment. Their initid findings categorized the
exiging daeof-the-at according to chemicd precipitation, filtration and irrigation, with the
latter two procedures generdly associated with land trestment. While land sysems caried a
traditiond background extending severd centuries (4, 9), some of the other avalable options
were rather curious. One such precipitation procedure, the ABC process, employed a bizarre
mixture of dum, blood and day. (4, 10).
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None of the avalable trestment mechanisms were, however, recognized as biologicaly-relaed
sysdems. Hence, Dr. Alexander Mudler’'s demondration in 1865 that sewage could be purified
by living organiams in a filtration column provided a mgor revdaion. (11) Dr. Mudle, a
prominet City Chemig of Belin, subsequently patented his biologicd purification process
sverd years later. Unquestionably avant-garde, neither the patent nor the fundamenta concept
atracted much attention, though.

In 1868, one of the Commisson membeas Sr Edwad Frankland, began an epic dudy of
filtration peformance on raw London sewage in laboratory columns packed with media ranging
from coare graved to pedy soil. Usng a twice daly dosng patern, Sr Frankland maintained
successtul  filtration  performance for over four months (11, 12, 13) Although the filter's
treetment capability was <0ldy credited to physcd-chemicd means, the associated
eseblishment of the intermittent filtration concept had notably introduced a necessty for resting
or aeration periods between sewage gpplications

Based on these reaults the Royd Commisson began to place consderable emphasis on the use
of intermittent land filtration. (14) In 1871, J Baley-Denton initiated the firg full-scae
operdtion & Maeathyr Tyadvil, Wdes (14) Success a this fadlity, and others subsequently
devdoped by Baley-Denton, soon promoted severd enginears to apply Frankland's concept. (4,
11, 14) Unfortunady, these enginears oftentimes neglected criticd factors such as ol
pamedbility andlor the necessty for intermittent dosng, such that falures  became
commonplace. And with subsequent documentation of 38 such falures, (4, 11, 14) technicd
interest in the intermittent concept quickly faded.

1875 - 1900

Following upon the gngula work by Mudler over a decade ealier, severa researchers
successvely explored the microbid agpect of sewage purification. Schloesng and Mintz (15
firda demondraied soil nitrification in 1877. Fve years laer, Warington (16) confirmed that
deilized solutions log ther nitrifying ability until inoculated by fresh soil. And in 1890,
Winogradky (17) succeeded in identifying Nitrosomonas bacteria Thee pioneers  were,
however, dill uncertain as to the pragmaic application of these bacterid mechaniams to effective
treatment.

Up to this point, Europe had dominated the developments in wadtewater trestment technology.
Within the United States though, comparable concan for pollution control resulted in the
establishment of the Lawrence Experimenta Stion by the Massachusetts State Board of Hedlth.
(4, 18) Organizdion of the Lawrence fadlity was handled by Hiram F. Mills a digtinguished
hydrologist, and Professors Sedwick and Drown from the Massachusetts Indtitute of Technology.
(4, 190 Under the drection of Allen Hazen, the Lawrence group began a series of filtration
experiments in 1887 which were comparable to the prior Frankland tets on intermittent dosing.
In this case, however, the filters were dgnificantly larger, a 1/200th acre per unit. While thar
results subsequently  verified the treatment potentid afforded by an  intermittent  filtration
mechaniamn, the Lawrence group's fird publication in 1890 provided a monumentd anayss of
the associaed microbid ectivity. (18) Indeed, ther findings truly furnished the hdlmark
demondration tha microorganisms caried within the filter media could degrade sawage in an
aerobic environment facilitated by intermittent dosng. Given the success of the Lawrence
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expaiments, biologicad tretment sydens rapidy expanded in tems of goplicaion and
sophidtication. Condderable controversy had aisen in the 1890's over patent rights obtained by
Dondd Cameron for septic tanks, (4) such that most municipdities were anxious to find suitable
treatment dternaives Severd  full-scde  intermittent  filtration  sysems  were,  therefore,
condructed in the New England ares, most of which were successfully maintained for severd
decades.

In Europe, though, sanitary enginears were dill hegtant to accept the intermittent filtration
concept. This opinion likdy semmed dther from a lingering disstidaction with the Frankland
era fadlities, or because of the widespread unsuitability of European soil. (4) Ingteed, they chose
to intengfy filtration rates usng coarsr media such as coke breeze, grave, burnt clay and coarse
chak. Scott-Moncrief (9) probably began the firsd such tests, usng sewage percolation through
sequentiad rays of 1 inch diameter coke media In 1893, J Corbett (20) dso employed a serid
filter scheme with an additiond wooden trough to continuoudy didribute influent sewage across
the bed. And in the same year, F. Wallis Stoddart (21) reported on the use of a course media
filter receiving a continuous, trickling flow. Of these two latter researchers, Corbett
acknowledged the impetus and direction provided by the previous Lawrence findings Stoddart,
however, indged tha his work gdemmed from Frankland's principles and that his continuoudy
percolated units were the firgt of their kind. In either case, the trickling filter had been concelved.

Ancther dassc European option which deveoped & much the same time was the contact bed.
Acting dong the lines of the Lawrence experiments, W. Santo Crimp and W. J. Dibdin decided
in 1891 to experimat with a dodng patern which flooded a coarse media filtration bed for 8
hours, followed by 16 hours in a drained date. (4, 9) Of the coarse media maerids tested on
chemicdly-trested London sewage, Dibdin found that the coke breeze provided satisfactory
treetment, while sand clogged extengvely. In subsequent tests Dibdin expeimented with a
double-contact  gpproach, usng primary and secondary beds respectively containing successvely
sndler media (4) The success of this operation quickly led to severd full-scde inddlations, dl
of which mantaned the cydic fill, dran and reect periods And in their fifth report (6), the
Royd Commisson provided extendsve technicd support for the inddlaion and operation of
such contact beds.

Dosing drategies for both the trickling filters and contact bed systems received intensve sudy in
the years immediady following ther devdopment. For uniform loading of intermittent filter
units;, Waring and Lowcock devised a dmplidic technique in 1892 based on an ovelying fine
gavd layer to promote equivdent flow didribution. (4, 14, 23) However, this procedure
retarded desired bed aeration. Perhgps as a consequence, Waring dso devised and patented a
trickling filter system which employed forced aeration. (4, 14)

Soddat's (4, 21) gpproach to flow didribution was that of corrugated sheet-metd plates with
symmetricd discharge ports. Although consdered satisfectory, leveing of these horizontd plates
required tedious adjusment. Corbett (4, 20) initidly used dotted wooden troughs and then
switched to a variety of fixedgray jets In 1896, Cafidd (4, 14) improved the fixed digtributor
concept by adding an intermittent dosng tank. The Sphon action insured an intermittent dosing
procedure which prevented locdized flooding a the media
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Rotary flow digributors were origindly tesed in 1889, with additiond refinement by Corbett in
1894. (20) Two years later, Whittaker and Bryant (4) introduced a rotary Sprinkler eguipped with
a pulsometer. This latter addition not only produced a pulsed, intermittent flow, but dso warmed
the influent sewage. However, thar modd employed peforaed pipe digribution ams prone to
clogging. Rotay wooden troughs were then introduced by Mahe and Pat to avoid this
plugging problem. (4, 14)

1900 - 1925

Given the dassc technicd advancements made by Hazen, Stoddart, Corbett and Dibdin in the
past quarter century, the next twenty-five years could be viewed as an era of practica application
and refinement. Of the availdble biologicd trestment sygem (i.e, intermittent filtration, trickling
filters and contact beds), it is interesting to note that each comprised a fixedfilm process
Rudimenta experiments in sewage agration were undeway a the time, but suspended gowth
sysems did not originate for severd years. (4)

Trickling filters were fird introduced to the U. S. in 1901 a Madison, Wisconsn. (4) By 1910,
svad additions in mid-west and esdtern dcities brought the totd to ten. (9) Monumentd in Sze
done, the 31 acre Bdtimore trickling filter system is remarkably ill in operation some seventy-
five years after itsinitid development. (24)

Among thee early U. S trickling filter units, and for severd decades, fixed oray jets served as
the norm for flow digribution. (4) Contemporary sewage trestment texts typicaly caried severd
pages devoted to goray jet desgn and inddlation. (4, 9, 14) In most cases these didributions
were dso equipped with dphon dosng tanks While rotating digributors were only  randomly
teted in the United States (i.e Springfidd, MO in 1912 and Pontiac, M1 in 1920), (4) European
trickling filter designs favored the rotary or traveling sprinkler gpproach. (11)

With the advent of trickling filter gpplications interest in intermittent-filtration began to fade
Experimentation continued on both options a Lawrence, (19) demondraing that the higher
loading rates provided by coarse media design could sgnificantly reduce the requiste land area
Mahematicd modding of these biologicad filters was d<0 initiated in 1916 by Taham. (25) In
usng a mass-bdance derivation based on fird-order kinetics, this sudy dasscdly sought to
define the purification process according to precise chemica engineering principles.

As for contact bed desgn, severd full-scae gpplications were recorded. (4, 26) Although a few
large scde units were built in the United States, (4) contact beds did not receive much interest
outdde Europe. Because of the involved flooding routine, anaerobic conditions tended to lower
find effluent qudity. (26) This drcumstance, combined with frequent cogging of the bed media
by entraned dudge (4, 26) cetanly began to cast doubts on the ussfulness of contact bed
treatment.

Recognizing the dedrability of an agrobic biofilm, Dibdin decided in 1904 to experiment with
forced bed agration. (27) And to fadilitate flushing solid matter from the bed, the coarse media
was replaced with date dabs packed in horizontd layers Operation of the modified unit il
followed the phasad fill-and-draw routine. (4, 28) After tweve months of laboraiory Sudy,
Dibdin successfully progressed to a full-scae demondration of his date bed desgn a Devizes in
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1905. (29) However, in ther fifth report, the Royad Commisson indicated that the date bed
goproach should only be consdered as a primary sedimentation mechaniam. (6)

Within the U. S, Dibdin's date bed technique drew immediae interest. Experimentd tesing was
initiated In Planfidd, New Jasey in 1905. (30) Hidoricdly important experimentaion on date
bed trestment was dso begun a Lawrence under the direction of H. W. Clark and S. Gage. (19,
31) In compaing eeraed date bed units and aerated bottles containing dgd suspensons, these
investigators reported in 1913 that the bottles provided better treatment efficiency. (31) This
vaiance was atributed to a falure by the previoudy strgpped date plaies to accumulae a
auitable biofilm during the short period of study.

Shortly theresfter, Gilbert John Fowler, a British Professor of Chemidry a Victoria Universty,
vigted the Lawrence labs and witnessed these same expeaiments. (31) Upon returning to
England, Dr. Fowler's sudents Edward Ardern and William Lockett began the historic study of
sugpended gowth trestment. In 1914, thee two dudents then published the firg account of an
activated dudge process, dicking with the accepted intermittent (i.e fill-and-draw) pattern, but
diginctivly switching to a suspended biomass. (32) Spesking on behdf of his sudents, Fowler
did acknowledge the contributing and inpiration provided by Clak and Gage, refearing to
Lawrence as "the Mecca of sewage purification. . ." (32)

In much the same vein as Dibdin's dae bed, Dr. William Owen Travis dso sought to improve
upon the contact bed procedure. (22) As the locd hedth officer in charge of a contact filter at
Hampton, England, Dr. Travis was quite familiar with the problem of bed dogging. (4) His
solution, introduced in 1904 a the Travis Hydroytic or Colloider Tank, was essantidly
configured as a multi-dage septic tank. Successively  divided into  detritus,  hydrolytic  and
finishing tanks, the later two zones contained wooden colloider baffles or laths placed in a
padld aray. These baffles were intended to attract fine particulates for subsequent degradation.
Only one such plant was ever built, & Norwich, England in 1909. (4) The condruction a another
Travis facility by the Emscher Drainage Didrict Board was discontinued after the death of the
involved design engineer, Wattenberg. (4) His replacement, Kal Imhoff, subsequently
convinced the Board to switch to his persond design, known theresfter as the Emscher or Imhoff
Tank. (9, 14)

As a footnote to this era mention should dso be made of two unique patents obtained for
roteting support media (33, 34) The fird, conceved by Wegand in 1900, (33) comprised a
moving cylinder with wooden das Poujoulat’s patent in 1916 (34) employed agglomerated dag
or porous brick fashioned as a hdlow cylinder and rotated about its horizontal axis. Flow
digribution was provided usng a peforaed pipe placed over the cylinder. Although nether
option atracted much atention a the time these desgns could wel be condgdered vintage
predecessors to rotating biologica contactor technology.

1925 - 1950

Over the next twenty-five years, intermittent filtration and contact bed sysems were effectively
discaded in favor of trickling filter desgn. Within the U. S, extengve efforts were made to
improve and upgrade trickling filter performance, induding the devdopment and adoption of
technicd dandards for desgn loading, bed condruction and sysem operdtion. (35) High-rate
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dedgns, deveoped to increese hydraulic capacity, were maketed by severd companies,
induding: Lakesde Enginesring (Aeofilter), Dorr/Link-Bdt Comp. (Bio-filter) and Infilco
(Accdofilter). (35) In most cases, fixed-goray jets were dso discarded in favor of rotating
didributor systems.

Much of the popularity of these trickling filter units could certainly be dtributed to ther redive
amplicty, eese of opeaion and cod-effective peformance capabilities Activated dudge was
dill a somewhat innovative process, and one which prompted considerable concern regarding its
intensgve energy demand for agration. (31, 36, 37) Legd problems dso plagued the activated
dudge process with codly paent infringement suits filed agangt severd mgor cities by
Activaled Sudge, Ltd. (38) Many municipdities consequently turned away from sugeEnded
growth systemsin favor of the more consarvative trickling filter option.

There were, however, severd tangentid developments in fixedfilm technology which deserve
condderations. The application of one such option, the Hays process actudly rivded the
ingdlation of trickling filters for the period of 1930 to 1940. (39) Developed in 1930 by Clifford
Hays a chemig from Waco, Texas, this procedure employed large asbestos-concrete sheets
veticdly dacked with a 1" to 2" gpacing. (39) This desgn goproach was physcaly andogous to
the Dibdin date bed (dthough verticdly arayed, raher than horizontd) or the Travis colloider
system (with the added feature of a diffused aeration system). By 1942, there were 63 such units
in operatoin throughout the U. S, many of which were located a military ingdlations. (40)
However, the limited avalability of corrugated asbesos-concrete sheets during wartime
conditions necesstated the use of fla sheats (41) Lacking surface rigidity, these latter sheets
frequently buckled and collgpsed, resulting in process falures which doomed its future
condderation.

Another such resurrected concept was that of the Nidus Rack. (42) Developed by A. M. Buswel
in 1929, the Nidus Rack was intended to advance the Travis Colloider principle by sgnificantly
increedng the surface aea for colloid/paticulae atraction. Numerous woven lattice  units
congtructed of veneer or basket wood were placed into a contact tank and mechanicdly agitated
to promote depogtion into an underlying settling compartment. Buswell’s article dso mentions a
number of related studies incorporating straw and corncob filter arrays. (42)

Following dong the research line edablished by Wegand and Poujoula, a number of
investigators independently studied the use of rotating support media J. Doman (43) reported in
1929 on the devdopment of a contact filter using partidly submerged roteting plates congtructed
from gavanized ged. The schemdic overview provided with this report (43) bears a driking
resemblance to modern RBC designs.

One further option on rotating media the Biologicd Whed, was paented by A. T. Madtby
shortly before 1930. (44) The unit conssted of a saries of paddle wheds patidly submerged in,
and rotated by, sewage flowing through a surrounding channd. Bicofilm atached to these wheds
consequently rotated in dternating fashion through the sewage and into the atmosphere.
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1950 - PRESENT

Mohlman's Sewage Works Journd (45) editorid entitled, "Revivd of the Trickling Fiter,"
provides an excdlent commentay on the mid-twentieth century date-of-the-at for fixed-film
sydems. Despite referencing the rdative advantages of sysem rdiability and economy, this
editorid acknowledged that trickling filters, "were dmog rdlegated to limbo." (45) Indeed, over
the next few yeas convetiond tricking filter condruction udng rock media was
unquestionably surpassed by activated dudge. Mohiman dso provided a timey reference to the
related technologies recently developed by Buswdl, Mdtby, Doman and others. In essence, he
collectivdly defended fixed-film treatments a worthy dternative to the rapidy advancing

suspended-growth concept.

At much the same time, dSgnificant developments were occurring with the incorporation of
pladic-based support media into various fixedfilm treatment sysems. These synthesized media
forms offered severd advantages over naurdly avaldble materids paticulally in terms of
surface contact areg, voidage fraction, packing dendgty, and congruction flexibility.

Research and devdopment on plasic media proceeded dong two distinct lines during the early
1950s. In America, bundled plastic units were being proposed and tested as innoveive packing
for daionary filter agpplications (46) Invedtigators in Europe, though, begen testing rotating
plagic discs in much the same manner as Doman's rotating cast iron sysem. (47) These latter
ressarchers a Stuggat University, West Germany, conducted extensve tesing on wooden and
plagic discs, 1 meter in diameter. (47) Further improvement by Popd and Hartman (48, 49) led
to the use of expanded polystyrene media which then opened the door for commercid
aoplication.

By 1957, the J Comwrad Stengdin Company in  Tuttlingen, West Geamany had  begun
manufecturing expanded polystyrene discs 2 and 3 meters in diameter for use in wastewater
treetment plants. The fird commercid inddlation went into operation in 1960, (44, 45) and soon
thereafter the process began to attract considerable interest through Eurgoe.

During the early 1960s the research divison of Allis Chdmers Corpordion dso invedigated
the use of rotating discs in various chemicad processng gpplicaions. Ther disc was cdled a two
phase contactor (TPC), and was tested for gpplications of gas absorption and dripping, liquid-
liquid extraction, liquid-liquid heat trandfer, and other mass and energy transfer applications.
Eventudly, the device was conddered for oxygen trandfer. In the summer of 1965, three-foot
diameter metd discs wee evaluaed a the Jones Idand trestment plant in Milwaukee,
Wiscongn. These units were initidly employed for oxygen trandfer in an extended aeration
process, and then tested without dudge recycle and with an atached biomass (i.e. as a biologica
contactor). [In retrogpect, the Jones Idand Ste was an ironic location, as it represent the origind
goplication of ectivated dudge on a large commercid bass] To confirm the favorable results of
these initid tets and to lean more aout the trestment process, laboratory tests were
subsequently conducted using a synthetic dairy waste and 3-foot diameter duminum discs. (49)

After learning of the European activities, Allis-Chdmers reached a licenang agreement in 1968
with the German manufacturer for production and sdes didribution in the U. S. The treatment
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process was marketed under the trade name Bio-Disc. The firs commercid ingdlaion in the U.
S. went into operation at asmal cheese factory in 1969. (50)

In 1970, AllisChdmes <0ld its rotaing biologicd contactor technology to Autotrol
Corpordion. At that time, polystyrene discs were dill not competitive with the activated dudge
process, primaily due to the high cepitd cost of the polystyrene discs However, in 1972,
Autotrol  announced the development of new rotating contactor media condructed from
corrugated sheets of polyethylene. Until then, (51) the RBC unit condsted of a series of pardld,
fla 0.5 inch thick expanded polystyrene sheets, eech separated by a 0.75 inch space. The new
arrangement used 1/16 inch thick polyethylene sheets with a 1.2 inch space.

At much the same time (l.e. ealy 1950') that the West German researchers began exploring
plastic RBCs American invedigators a Dow Chemicd Company were initiating ther
experiments with the production and use a plagic packing media (46) Two initid plagic units
were devised a Dow induding a modified ‘bel-saddle (trademarked as Dowpac FN-90) ad
bundled arays of nested, corrugated sheets (trademarked as Dowpac HCS). (46) Dow
subsequently reassgned the Dowpac term, subgtituting it with * Surfpac.’

Flot-scae tets were conducted on both Dow packing materids using various types of indudtrid
wades. Both peformed acceptably well, but future emphass was given to the bundled form (i.e.
Dowpac HCS) because of its perceived cod-effectiveness and operaiond flexibility. This
maerid was desdgned to didribute fdling liquid wagtes in thin films over large surface aress to
tha maximum effidency of contact with aerobic microorganians was atained. It provided a
high percentage of void space for unimpeded draft circulation and wagte flow. It provided large
arface area adherence of biologicd dimes The materid produced by Dow Chemicd Company
congded of individud sheets of polystyrene or Saran plagic maerid, (63, 64) corrugated in two
directions, having dimensons of 3 ft. by 175 ft. The individud sheets were typicdly shipped
dacked in bundles, and then assembled into dructurdly sdlf-supporting modules a the point of
ue In assambly, the sheats provided gpproximady 1 inch of free gpace. These modules were
lad in the filter dructure in a layered grid pettern to provide good didribution of flow of liquid,
and to asSg in dructurd debility. Void space within the assembled filter bed was about 94
percent. Assambled weight of the individud modules was 4 to 6 Ib/ft2. This enables the modules
to be stacked to depths of 30 to 40 feet, conserving the use of land space.

Generdly operaed as aerobic sysems, these latter packed bed units typicdly receive a trickling
flow which facilitates desred tower ventilation. Submerged contact has been recently tested,
though, both for aerobic and anaerobic treatment. Tunick et. d. (74) and Hines and Wester (75)
have accordingly reported on the behavior of upflow anaerobic contact sysems packed with
sdected media materids. A downflow submerged contact process has dso been maketed by
Cytox (76), incorporating a pardld aray of verticdly dacked plasic sheets Continuous fluid
recycle within the vessd is directed towards a splash pad above the tank which then promotes
oxygen transport. Adde from this later agraion mechaniam, the Cytox system could wel be
condgdered a resurrected Hays process. Another option fa submerged media will be presented by
a subsequent author, Li and Whang (77). This unique approach employs a synthetic ribbon media
design which is then unfurled and weighted to maintain extension.
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SUMMARY

This paper has described the important historicadl developments of fixedfilm wastewater
trestment sysems. Beginning in the 1860s with filtration columns, various methodologies have
been developed for wastewater trestment. This pgper addressed the development of such fixed
film sygems like trickling filters intermittent filtration, contact beds hydrolytic tanks and
roteting biological contactors This paper cannot possbly incude dl the relevant references on
fixedfilm processes. Raher, the god of this paper is to highlight the technologicd advances
which have occurred within the fidd. Huidized bed sysems have not been induded in this
discusson. They were intentiondly omitted since they are semi-suspended growth cum fixed
growth sysgems. Fgure 1 highlights the important chronologicd developments of fixed-film
wadewater trestment systems. This figure provides a quick synopss of the involved genedogy
described in this paper.

With the resurgence of interest in fixedfilm gpplications, these processes are indeed consgent
with the current federd policy regarding "trickle down theory.” (78)
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