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dditional water’and wastewater treatment Thls Conference was organlzed to direct the attentlon of
. facilities” and for the. improvement of the design and  those in' government; in academia, and in the priv.
“operation of such facilities is well known and extensively.  to the need for increased efforts in long—term fundany
~documented in the’ popular press, the scientific ‘and research on water ‘and- wastewater -treatment sgstems.
engineering literature, and governmental  publications. . Moreover, it is hoped that through:the definition of specific
KCongreSs has responded to this need through legislation - résearch needs, a larger portion of the research talentsin the
_ which has resulted inthe appropriation of several billionsof ~ environmental engineering profession will be diverted to
dol]ars and it-is expected that high expendltures will be  fundamental research thus reversing the trend toward short-
requlred for several years. However, it is not so well known *  term, immediate-application research which has come to
. that research- efforts on water and wastewater treatment dominate the field. Although no one questions the need for
‘have lagged - far behind efforts related to treatment plant  short-term research, a better balance between the two types
construction. One for the major reasons for thisdiscrepancy is necessary if the problems of water pollutlon control areto
is inadequate financial support for research, as documented ~ be solved. o
in the 1974 Comptroller General’s Report! to the Congress Accordrngly, the ptimary objectives of the Conference' -

- on “Research and Demonstration Programs to Achieve - wereto: (l)provrdea’forumand focal point for the exchange * -

Water Quality Goals:"'What.the Federal GovernmentNeeds "~ of lnformatlon on fundamental resedrch needs between the

to Do.” A quote from this report is as follows: ' academlc commumty, users of research and granting |
“Municipal.technology R&D funding has decreased 64% - agencres .(2) define and esta blish prioritiés for these research
. over the last 7 years, while funding of EPA'siconstruction .- peeds; and (3) disseminate the Conference proceedlngs for -

. grant program has increased- about 3,200 per ent v

“Although declining financial support fqr long-term
fundamental -research is a problem throughout the
scientific and engineering community, the probiem iseven

;nore serious in _the environmental engineering area. ‘Wastewater treatment represents one of the major avenues
raditionally, this discipline has received research support by which this objective can be accomplished. -

from the Environmental Protection Agency \and its’ These proceedlngs represent  the integrated  best

predecessc;r agencies. However,- since theicreatron of the judgement of the experts gathered at the Conference as to .
EPA in 1970, funding has been primarily for short-term - _ long-term, ' fundamental research - needs -on water and

' projects designed to support. the mission of a regulatory_ wastewater treatment systems.- It should provide a firm
agency thus leading to a neglect of long-term, fundamental - ¢our420i0n for the development of a national research
research. The current p0smon of thi#! EPA wrth’respectto the - program in this important area.- .
‘type of research supported is i is best illustrated by quoting . R N
from the 1976 EPA Officé of Research and Development - ' ro '
Report to Congress? on“Envrronmental ResearchOutlook B oL P
FY 1976-1980.". = | . » - "~ John F.:Andrews, Cochairman -
. “EPA’s overall researth prs%gram must support the mission . " “ - . AEEP/NSF Conference on Fundamental
of a regulatory agency. Specific. research objectrves and ‘t : .7 - Research: Needs for Water and
~ priorities derive from objectrves and. priorities that EPA s :
establishes in fulfilling its total legrslatrve mandate:
Accordingly, the research program is “mission onented" : .
~. with emphasis on production of timely and quality’ ER S , » S
. outputs—i.e., research results that are directly useful to. SR B - R 1
environmental d?clsron makers, regulator‘y ofﬁcrals and s ' C . : ‘7 o : N
polluters.” - . . ' February 1978 S
" .)Comptroller General of the United'States, Report to the Congress— " zOfﬁce of Research & Development u S Envnronmental Protectlon
" -Research and Demonstration Programs to Achieve Water Qualify Goals?: Agency Report to. Congress— Envrronmen?al Re.\earch Outlook F Y l976-
What the Federal Government Needs to Do. Vol. 1,p-13, January, 1974, - \ 1980, P. 8. February 1976.

the purpose of stlmulatmg research in high-priority areas.
Of course, the ultimate objective of the Conference is to _
improve- the quallty of ' the nation’s water - resources.
. Increased attention to fundamental research on water and

-

Wastewater Treatment Systems '
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BASIC RESEARCH IN ENVIRONMENTAL EN({-INEERING R

AT THE NATIONAL SCIENCE FOUNDATION

o .
s . . . . < e
e . s ¢

) O ‘AA. Ezra . '-« -._' S ) :
,’ ~ T ' INatlonal Science Foundatlon T, B ; o
S e AT Washnlgton,DC e, L

The Englneermg Dlvrsronx at the Natlonal Scrence ' The review procgss is ad hoc We solrcrt by 'mall’ tl'le
Foundation ‘'supports basic research . in énvrronmental jserwces of experts in the fi eld, whoreview the moposals ona
engmeenng As a rough guide to' what we mean by basic . voluntary basrs—there is no ﬁnancral reward for their
reséarch I' shall provide the followmg/\eﬁnltlon services..It i§ wise to remember that a reviewer. is generally .
¢xploration. of - rratural phenamena - of interest to  an author of - ‘ohe or more papers in the field. A less than

’ ,e,nvrronmental engmeenng, the'attempt to explain them or -th-orough review of the literature in the proposal’ may ‘omit
deschbe them quantltatlvely in terms of ﬁrst prmcrples lt is  reference tor on& of hls( or her) publlcatlons—somethlng that, -

» recognlzed that engineering research; both baSlC and applled he Gor she) often’regards as gvidence of poor scholarship. On
_*is; Benerally problem orlented and_that’ it is Often not * _the othei” hartra}(an undul.ytcntlcal review of a publication™

v -obv?ous whether a partlcular project is more basic in nature “may accidentally ‘wind up-in. the hands of a revrewer who -

or more ‘applied. When these cases arise 'they are dlscussed authored that publicatign. An unduly harsh. feview of a

by Dr. Ed Bryan and myself to make this. determimation. T proposal is usually checkéd out fora possrble bias (Lue to thls

shpuld "emphasue that it really doesn’t make too much - sort’of accrdental oocurrence, and the revrewers cvmments .

.dlffsrence ‘to” which directorate -of thé Foundation a’ .- are welghed accordingly. . ' o ,.'",'

' proposal- is submitted, or Whether the | proposer thinks his - There is no specified deadll e for basic research proposals

- work: is basic or'applied. What 1s lmportant is whether his ' 7ty Envaronmental 1] Engineering. They are serit out for review

proposaliis reviewed favorably. Ifitis,support wUl befound - . asthey come in, and the revrewers are the pacinig élemerit in .
somehow even if it means carrying it qver to the next’ fiscal . - the decision process. Proposals have to; -be acted on, ong way.
year, of fundln‘g it at.a much lower level than orlglnally "« or another, within nine months of being.received by the .

: ,requested , S o Foundation. Those of you who arerequested to be’ re\"lewers
" Proposals for support of basic research in Envrronmental §hould keep in ‘mind that your delay. may be'holdlng upa
Englneennga are  unsolicited. We. a,llow the : researc-h very important decision for a young faculty. member who is™
commumty totell us what they thlnk IS lmportant However . belng evaluated for tenure or fora graduate student whose

" a very thorough review of the relevant llferature.must be - ablllty to stay in school depends on the rcsearch-grant his

- presented in the introduction to. the proposal in orde.rm professor is seeking from'us. . . .

n proVrde the necessary Justtﬁcatlon forthe proposed research -. - While the basic research proposals are unsollclt’ed and
project. Gaps in existing knowledge must be‘identified; and - whlle the content .of research proposals funded in the past
the relatlonshlp of the proposed projectto ﬁlllng or brldglng - are rfot, necessarlly a gutde 10 the Tuture, it may be of some
these gaps must be clearly presented. The references cited in . help to you to know what kinds. of basic fesearch projectsin.
the litérature review should be alphabetlcall arranged by - Envrronmental Englneermg have been funded: by us. Wlth .
author. . = ", . . - this in mingd, the following tables are presented R
 'The next most lmportant chapter 1s the technlcal The first is a list of program \elements ‘basgd on the
approacl. While we recognize that what appears to be a  research proposals we ‘have receivedsand funded in the past -

T - reasonable tech‘mcal Lapprpach at the beginning of a research three -years. The relatxve amounts of support for .each-

h pl'OjCC[ may soon be abandoned in favor of another; we ne “ elefnent change from year to year, dependmg on therelative . '.
evidence that enough thought has been given to the subject ., number and quallty of research pro osals we receive in each .

. to-make it possible for the proposer to present a plauslble - " element. The. total. budget for the Water. Resources Urban’

' lechnrcal approach - . _ Do and Envrronmental Englneenng Program in any glven ﬁscal
A T ‘e , . . [ N -
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* year is allocated or

‘\/alue of the resed rch osals received in the previous year.

Assocratlon of Envrror)mental Engtneertng Professors The
.~ third table is a similar summary for awards made as of -

‘regardedas a possrble tndlcatton of future directions.
The relationship of these projects funded by the
Engineering Division at NSF t&'the interests of the Applied
Sciepce and Research Applications Directorate at NSF or:

- to the Envrronmental Protection Anency may be visualized

as l"ollows On completipn of* these projects which -

* considered to be “basig.research the,prmcrpal investigat or

could well'turn to the ASR A directorate at NSF for support
to carry- his worl< one step closeryto application and

'»ulttmatelv to,- thé¢ " EPA Converselv. applied research

. N . g 4 . . ]
v . v oo ] . L] o«

he Basis of both t'lte number and dollar .

' NATIONAL SCIENGE FOUNDATI®N ACTIVITIES -

- projects supported by ASRA, or R&D projects supported
' by EPA may well reveal deficiéncies in basic knowledge -
- ‘For FY 78 this budget s approximately $3.1 million. ¢
', Table II° summames "the awards made in FY 77 for
' basrc research projects that are closest to thé interests of the - .

which could then lead to basic research proJects supported
by the Engineering Division of NSF. .- ’

In conclusion, thws workshep would be constdered a

success if it helps to crystalllze your thoughts in'the form of

,research proposals in Environmental Engineering.
December 1977 in FY. 78. The relative amounts may be, E ' - ‘ Tt

© , TABLE1 _
. PROGRAM ELEMENTS
' Transport Drfl"us,lon and R

oval of Pollutants _

Erosion‘and- Transport of Sediment.

- Flow Thropgh Underground Aqurfers
“Hydrodynamics of Surface Ranoff -
Wind-Wave Interaction - : i
Alnteractton of Wrnds and Urban Structures

TABLE I
FY 77 SUMMARY OF AWARDS

S ENVIRONMENTAL ENGINEERING . ;

mbia - Ndvak
et .

o ‘\'_ o R
U+ of Mo., Col

UL bf-Cahf Davts :
U of Calif;, Berkeley  Jenkins

\
‘
w

Harlemap

U.of il Holley
Old.Do.minion'U_.-. ) l(uo
-Nat.'Academy‘-of Sclences “Schad
. _ N\
U.of I, -

MIT. Chisolm

"« AEEP

| TOTAL FOR FY 77 $482,100
TOTAL PROGRAM BUDGET. FY 77'$3,374,000
. ”ENVIRONMENTAL PERCENT OF TOTAL 4%

o Br,"éiwer' .

| M'axwell- .

s
lnfluence of Nutrient. Concentratton
Lr§ht ‘and Temperature on Algae -

Sedlmenltatton Basrn Performance R

. »Activated Sludge Floc Structure and Its
- Relatlon to Process Performance

Dynamtc Analysrs of Nutnent Removal

by Waste Stabrltmtron Ponds -’

Traﬁport _of Efﬂuents in Rivers

Srmrlrtude of Mass Transport
Processes ;n ZEstuanne Model -

R .
e =,

" Partial SUpport of’ Commltlfees for

lnternatronal Envrrdnment Program

A‘lr Bubble lnduced Drlutxon
Nutrtent Uptake and Growth Under
Unsteady Conditions ' . - -

Conference on Fundamental Research
Néeds in Water and Wastewater

~ Treatment Systems .*

-
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TABLE m . -

: SOME FY 78 AWARDS
ENVlRONMl:.NTAL ENGINEERING

) . -
: K4

SUNY, Buffalo . . Middleton _ '.Phosphorus Solubilization Durlng
o _ T, N _ Anaeroblc Decomposition of Algae

'
)

Purdue U. A R _' Grady \ Factors Affectlng Organlc Mlcroblal '
L , Lo S By-Products. in- Actlvated Sludge .
Do, s Efﬂuents

+ < . -

' -U:of Houston ° . -Andrgw;/ - ,Dynamlc Models and Control Strategies
o - o ' for Wastewater Treatment Plants

. oCatholicU_. °~ . Kao . - .Effects of Buoyant Pollutlon : .

' ST . © . ."Distharge on Water Quality Control -
- in Rivers and Coastal Reglons _

~ Stanford u. .- Remson - Groundwater Management and Solute

R . '7' ' S Transport Models .
Stanford U. . .. Franzini Mlxlng Processes in the Simulation

: ' Modeling of.Irregularly Shaped )

. . Water BOdlCS . .
Columbia U. ~  Gryte = - Dewate‘rlng of Sewage Slu,dges by '
- ' AT Freeze-Thaw Technlques '

Syracuse U.  PBarduhn © Eutectlc Freezmg Process for
o o :  ‘Wastewater Treatment and: Ice -
- Crystal Growth Rates '

f : - o _ et T ' Y
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lNTRODUCTlON " e sufﬁcrent condltlo'n of achievement of good env1ronmental -

Shortly - after Congressronal action amendlng the
Natlonal Science ?oundatlon statute to authorize its
support of - apphed research NSF announced .and
'lmplemented its program-of Research Applied to National
«Needs. The characteristics of the program were described by
.Dr. Raymond Bisplinghoff in his address to the American

Edwa'rd H. Bryan

]
/ .

NATIONAL sglENCEYFO,UNDATIO'N ACTIVITIES -

'\‘.

TOWARD APPROPRIATE MANAGEMENT OF ’
TREATMENT PLANT SLUDGES AND -
POLLUTANTS OF DIFFUSE ORIGIN

quallty Representlng as they do ‘both athreat to the'
ecosystem and potentlal solution toits security, the program

-strategy has been to couple management of resld ues with the -

recovery Of thell' valueasa resourceasa means tO maxrmlze

. the potentlal for lmplementathn ofsolutlons to problems of
- environmental quallty

Association for the Advancement of Science at its 1972' _
‘meeting. He suggested that; in contrast to basic research, -

problem-focused research is typically, extemally motivated
" to satisfy- the needs of society. Its role in providing support

_entitles. society to insist that,. research ‘objectives’ be»

.influenced, if not totally determined by ultimate utlllty ‘of

thé cresults and that’ responsrblllty for selecting research -
problems was the sponsor’s. He further suggested’ that

research directed toward solvihg complex problems of

o

The resultant progsam hzs consisted: of research that
addfesses management .of community wastewater
treatment plant- sludges, pollutants from diffuse (non-

oint) sources and selected industrial pollutants Research

'pl'O_]eCtS “currently underway or recently completed that -
" address these four issues are summ’anzed in Tables I-IV.,

.-inclusive. The diversity of professronal qualifications for 4

\sechty was likely, itself, to be complex because the issues '
anQlVCd 'social and hiiman values. He further indicated the. .

importahce of estimating the value of proposed-research
before its initiation and that emphasis "be placed upon

the attributes of discovering gaps in knowledge for further
intellectual exploration and offermg students educational’
opportunities, success of problem-focused research would
be meas’ured by the extent to which it found solutlons tothe

undertaking’research on envrronmental issues is apparent
from this tabular arrangement of mformatlon N

COORDINAT]ON ACTIVITIES -
The increased 'need for coordination with mission:

" agencies and other potential users lsadlsungulshlng feature
' |mportant problems: ‘While sharing with any good research -

. dunng review of mdrvndual

of problem-focused researchin cpmparlson with both basic
and traditional applied research. Coordination' occurs
roposals, as a- result of

“participation in appropridte Interagency _ codrdlnatlng

problems addressed.” Provision ,of reasonable balance
"“between support of traditional baslc and applied research

“would continue ' to.recognize lnvestlgatd(-prerogatlve for

- decisions,as to the nature of their research and not require

that " all researchers submit to the discipline. that is-

’ charactensrtc of. research management by Ob_]eCtIVCS _

- upon recognltlon of the fundamental I siduals-resource -

effectrve managemeng of reslduals is both a necessary and .

¢

RESIDUALS MANAGEMENT I

'commlttee .meetings and natlonal' conferences and by

sharing ' of - research "costs. through lnteragency and
interdivisional agreement. Examplés include current cost
Sharing between the National Scrence Foundation and the
UsS. Envrronmental Protection Agency in the research on

energized electron disinfection of sludge at MIT and the.
‘environment;

effects of extractmg oil from oil shale. The

- latter projectalso lncludes costsharing with the Department .

The residuals management- subelement wrthm aprogram
titled “Regional -Environmental Management™ was based -

of Energy (Energy Research and Development-- .
Administration and the Federal Energy Office)- and the .
Engineering Division, of the NSF Research Directorate.

- The final award in- support of research directed toward

relatlonshlp of life-forms comprlsmg an ecdsystem and that -

‘characterization of diffuse pollutants entering Chesapeake
' Bay conducted by the Chesapeake ResearchConsortrum in

: . .
S e R . R
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cooperatlon with the EPA- Athens Georgra laboratory was
made through the Philadelphia Regional Office of EPA,

This was an initial step toward development of the EPA

- Chesapeake Bay Studies Program R

The, award to the Uriiversity of North Carohna for Dr.
" Lauria's_ mvestxgatron of “the limits of - regtonalrzatron .

‘relating to the collection and treatment of wastewater was
made in coopgration: with the Engtneenng Division’s
-Research Initiation | ward program The study by Dr
. Okun of reglonahz tion of water management in Englan
/ and Wales was joirgly supported by the National Sciehc
" and Rockefeller Fou ation$, The wetland utilization study
_-in Florida under the & ecnon of Dr. Okun has also been
P Jomtlv supported by NS arfd the Rockefeller Foundatron

CO‘\'CLLSiON o -'

The goal of research dlrected toward management of
resnduals has been’to reduce to af acceptable level the riks .
1o hUman and ecosvstem health that arise from and are - -

6

- . -NATIC&SC‘IENCE F_OUNDATION AcTtvrngs

“associated. with the use gf water. The program has been .
primarily dnqected toward application of appropriate
technologies to “achieve correspondence between - natural®
laws that govern the operatxon of ecosystems and societal

* mechanisms for managenient of factors that affect risk to
human health or to that“of the eco':.ystem upon Wthh weare \
vntally dependent 1

o The control of water pollutron isan important aspect of
the mterface between communrty water supply .and

* appropriate Management of its wastewater. As one of the
natural resource§ generally in public ownershlp. benefits
from community water.and threats to thém are' of public *

. » concern. These threats whicharise in large part from failures

“to properly manage societal’ resndues need to be better -
understood 4s a prereqursrte to being. better managed. -
Research,” whether basic, applied or directed can
contribute to betier understandmg. the application of that-
understandmg to, establish its significance and ﬁnally its”
dxrectron toward: solutrons to problems. .

¢
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_’§ "« John G. Trump ) Electrical Engineer Massachusetts " . High Encrgy Elcclron Irradlallon
Edward W.-Merrill Chemical Engineer | Institute of . of Mumcnpal Waslcwatcr Liquid 5
“Anthony J. Sinskey: - \Nulnllon/ Food Science - chhnology . ..Residuals . S
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o M o § .‘ - ’ ) ) L FliaY .
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oy \ ‘ B . S : 4 Residual Domestic Wastewater
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. oL .. . . . LN . . . . .
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: ’ s // . R e ’ S C Plant Sludges
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. Investigator

Discipline |

Institution

Project Title

Carlos R. Guerra -

" Albert F. Eble
A.-Farmanfarmaian :

Jack V. Matdon

Josef J. Schmidi-Collerus

¥

Gcbrgc D. Ward |

Larry Boersma

R.V. Subramanian

e
<

William R. Walker . -

v

) b
. Engmccnng?:lcncc

. Biologist

Physiologist

Civil Engineer

Organic Chemist

Civil Engineer

Soil Science -

.

Chemical Engineer

Civil !'Engi‘nccr
Law :

Public Service

Electric & Gas Co. )

Trenton State College

Rutgers University

University of Houston

Denver Research -
Institute

George D. Ward &
* Associates
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~-University
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Utilization of Waste Heat From
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Feasibility of.Eliminating
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in Oil Shale Residuals and the
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Residues , .
A

-Utilization of Waste Heat in a’

System for Management of Animal "
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\Rcsiduals by Encapsulalion
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rUNoAhe!thL RESEARCHNEEDS .~~~ . . RESEARCH USER PERSPECTIVE .
FUNDAMENTAL RESEARCH NEEDS = IR
AS SEEN BY A MUNICIPAL WATER DEPARTMENT

- Carmen F. Guarmo
Water Commrssroner, Phlladephla Water Department
- Joseph V. Radziul -
~ Chief, Research and Development, Philadeiphia Water Department
- Patrick R. Cairo~
Asswtant ‘Chief, Research and Development, Phlladelphla Water Department '

: ' o . . . . : '3‘\

INTRODUCTION T e TN discussion would ‘be 'member‘s'?romahe general public as -
‘The continuing need for fundamental resear the' ~ well as those. with specific interests -such as.
, “areas of water treatment and wastewater pollu on control - environmentalists. This forunfwill seek to obtain confments
. has been recognized, ‘redefined. and reprlontlzed onarather - from this sector by the questlons and dlscussmns whlch wrll
frequent basis. The focus of this actlon has generally been - fc’)’llow the presentatlons
"engendered by the effac.tment of federal laws, an emerging
~national. awareness of the effect of pollution on the GENERAL DlSCUSSlON
envifonment ~and,. most - recently, the ~concern for - Managtment ofa large municipal Water and Wastewater ’
conservation of fixed, unrenewable natural _resources.;” Treatment Department presents many difficult problems in-—
Unfortunately. fundamental research in the water. field ha's -"_plannmg, control and innovation. Since all these activities -

’ seldom .been "cognizant of _operation, ‘maintehance and . require financial support and approval of the community,-
-economic _constraints. faced- by water. and wastewater - time becomes a, critical facfor in all of our decision making.
treatment, facrhtles As ones’ responsible for plannmg, .. For example, the upgrading of our wastewater facilities
management and Operatlon of these two types of facilities,-  willencompass ten years of effortand approxrmately half a-

- we find it essential that research mvestlgators should also billion dollars. of public funds. The last updatmg of our:
‘considér input . at the level of lmplementatlon if they hope .'water treatment facilities spanned more than ten yeats, and .

" that their work will * result in- successful practical  current plans‘for automation and trace orgamcs removal
appllcatlons Furthermore, any. fundamental research must -~ will take at least five more years. .
“also-include inputs from mdustry. consultants and the . Investments of these types required theappllcatlon of the _
: general. publlc since these activities will necessarily require broad_est knowledge available in the fundamental principles’ - -
. financial support and approval from the communlty at " ‘being utilized. And yet, a large part of our decision making .-
large. = . ' , - process is based on.a primitive understanding of the
The dwmdlmg ﬁnancxal support for fundamental 1,-fundamentals involved. For instance, the development of
research is the second area which™ needs your serious - - detailed design criteria for the activated sludge processis
conslderatlon Research is an inyestment which the water-.  still ant emplncal operatlon This- process has been utilized
“field can lll afford to neglect. Although billions of.dollarsare ~,‘over seventy years, ‘and not until the last twenty years has a -
currently being spent on the designand construction of new scientific method been employed for the formulation of a
~ wastewater facilities, a meager fractlon ofthls sum is usedto = basic understandmg ‘of the activated sludge process. The = -
" support the basic research which is necessary to develop new appllcatlon of th¢ fundamental equations developed to date’
techmques orf to’ help truly understand existing progesses so are stlll subject to engineering interpretation and experience '_

“"that these may be opérated- at constant high efﬁcrency which ‘may - result in-many different design variations :
Increased financial support by the federal governmentisthe . producing the desired effluent quality. Laboratory and pllot
only possible means of achlevmg the level of fundamental plant’ evaluations are still requlred in specrﬁc areas to
researcih Tequlred if this country is truly seekmg toreacha support engineering decision. makmg feo
safer cleaner efivironment. - ' Billions of- dollafs ‘are "being presently spent on the

" The panel‘members of this sessron represent all areas: of " mstallatlon of this process throughout the: country, whilea :

. mﬂuence and’ contnbutlon to the user such as regulatory complete understanding of | process basics may beavallable
o agencnes. mdustnes and consultants Mlssmg from thls " in the dlstant future.. i
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+In other instances, although there may exist a basic

.understanding of the theory -and empmcal relatlonshlps'

within the unit process very little may be known about the
~ dynarai¢s - of ‘each individual . unit process or the

+ interrelatidnship that the various processes will have upon

each other.- ; _ - .
,Fundamcntal‘. re earch _ should be directed towards
- deriving innovations and answers whi¢h could gc useful to
the des1gn and plang engineersin developlng process control
* strategies. These would enable the optrmlzatlon .of entire
“treatment plants lrl

-in-personnel, energy and resources.
‘In large utilities” recogmtron of the gap betweeri outputs

-~-fLom fundamental research studies “and , usable process

desrgn\crm:rla_ has led to the. creat|on of m—house staffs

S

thls has often led to a duplrcatron of effort among the
various utilities due’ to’
— cooperatlbn which often results from independent
orgam?atlons It shou,ld be emphasized that this is not the
case in ceftain codntries such as Germany and Britain where
both fundamental research and applied technology is
sponsored and drrected by strong unitied orgamzatlons
N
WATER RESOURCES AND WATER TREATMENT‘
NEEDS - .
Fundamental researchi in water resources wastewaterand
water treatment is being discussed in detail by the various
speakers today. To present these from'a user. perspectlve we
-will briefly discuss certain problems that are faclng water
utilities trying to meet .the requlrements of federal
regulations as well-as safeguardmg the interest and welfare
. of its consumers.

feed-forward or feed-back fashion to
© produce a high quzllty product wrth a mxnlmum expendlture"

RESEARCH USER PERSPECTIVE

Contrnulng leakage in water transmrssron llnes may costa

~ City up o 30 percent of its water supply "Although ‘this

_problem is centuries old, there isaneed todevelopa meIhod .
for- identification- of these leaks through some new and

possrbly unique ‘means. Wdter’metermg which is generally - '

acknowledged as .a’proven methqd of insuring water
conservation suffers from the use of imprecise and drfﬁcult-
{o-maintain. equlpment o

Watet treatment plant by-product sludges represcnt a
major solid waste problem. Better methods of dewatermg

" and recycling are needed t0 minimize-new chemicalusage as . .

well as simplify, disposal problems. Study in thls area is

"'_needed to avoid chemical additions and i increasing energy’

consumption, and dcvelopment of possible industrial uses . '

of the sludge. ) .
‘A large need exists in both water and wastewater

-, treatment in |mprovxng the entire area of instrumentation.’

lack of . communication and’

Measurement . of the amount of biodegradable . organic.
material. in wastewater is -indirectly detefmined by
measuring the oxygen consumed over a five-day period by
" microorganisms in decomposnng organic constituents of the

. waste. Techniques producmg real-time results wouldpermit

- ‘establishment

-of process "corntrol algorithms and

' adJustments of wastewater treatment plant operatxons Thx

is an especially critical area since federal and state discharge
standards include BOD measurement as a performance
standard for treatment plants.. ~

On - the ~ water treatment side we have federal
bacteriological standards with no real time: capabllltles for
measurement. Whether one uses the * multiple-tube

- fermentation procedure, the membrane fllter techmlque or
" the standard plate count method, many hours are cofisumed

This country is rapidly maklng declSrons on ocean outfalls- -

and ocean dumplng of wastewater sludges and other wastes
’ out 4 fundamental. understanding of the environmental

envrronmental xmpacts on marine life and aquaculture to
ermine if there are trade-offs in using our oceans for

fects. There is a need for basic understanding of the

"in preparation, mcubatlon and examination of samples g

Furthermore, the results obtained do not provide deﬁnmve
information concernlng the bacterlal safety of the water,
and evaluation must be presently- based onexaminationofa
series of samplés. collected -over a known and protracted
period of time. Fundamental reséarch is needed to develop

~ more rapid 9nalys1s as well as 1dent1ﬁcatron of pathogemc'

. bacteria and virus.

thermal and solid waste- disposal. We need a fundamental -
. research effort in the utilization of wastewater sludge for

- construction materials and the conversion of large amounts

of this available wastewater treatment "by-product into’ '

useful energy products such as methanol.

In the area of water pollutron probably the greatest -

offender is.the stormwater runoff from.street surfaces of a .

municipality. This has an important impact to-the overall

. water quality picture not only ‘from the basis of control of -

dlscharges but also to improve treatment plant efficiency.

Ip the treatment of water, therc is need for a compléte

study of disinfection alternatives. These studies should

' rnclude effectiveness and by-product analysis, as well as

_ productlon and cost of dlsmfectlon ‘
»

y
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"+ expenditures in-power and pumps. The solutlon’would have .,

¥

In the area of wa‘ter resources we ne'ed 1nstru mentatron for’
rapid "detection and identification of the presenc,é of toxic
substances, . particularly trace quantities of organic chem-

cals. This instrumentation should be capable of rapld-"

detection of toxic chemrcals in river. water as well as
identification of trace organics in treated drlnkrng,water.

Water distribution “systems have ‘a multiplicity of
_elements. These include plplng networks,

that - 1mprove system operation. -
maintaining. pressures and. flows “with - reduced energy

to be'anticipatory rather thanreactionaryand include dally.

: monthly and seasonal patterns of Wwater usage. The solutu‘n

49"

valves and -

multiple pumping stations. The variability of load ona -
-water system requires the development ofcontrol strategles,
" possibly computerized,
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would also mclude ‘optimum eft"clencres ‘of pump‘s ‘and
- pumping pressures.in water systems. Where the water-
systems include more than one water-treatment or supply
-source, the system developed would - select. the - most :

economlcal and power saving distribution. - *
As you can see, _we have been ‘pushing technological

} lmplementatlon of our basnc knowledges in this field to’

o
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maximum frultum. hOWever, this drive. has exposed many

.voids in our”Know-How.” Insome areas we wijll ieed major

'fundamental research now! . .-

-"breakthroughs in basic understandmgs before we will be
" able to take the next giant steps in'the waterand wastewater .-

... RESEARCH USER PERSPECTIVE

field. Our' most important neéd is the mmatlon of.
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. ANTICIPATORY RESEARCH AND DEVELOPMENT

o “William J. Lacy, P.E.
Pnncrpal Englneenng Science Advisor, Office Research & Development

§ o ‘ C-

. RESEARCH USER PERSPECTIVE

U.S. Envlronmental Protectlon Agency, Washlngton, D.C. 20460

- INTRODUCTION . A ‘
~ The purpose of the EPA’ sJAnucrpatOry Research and
Development program will be’ to:
1. 'ldentify Potential Problems Before They Arlse
_ 2. - Conduct Long~Term Investigations
3.
- Understandlng of Environmental Problems Leading
to Changes'in EPA’s Decision-Making Process.. *

Conduct Fundamental Research to Advance Basic

In -attempting to achieve these purposes. EPA' desires to.
improve its ties to the scientific community,.to provide

improved meéchanisms for urfacmg innovative ~research.

ideas and to improve' the long -term SClCntlflC baSlS for lts -

" decision maklng process

“BACKGROUND, - '
"The -National g/ Academy of Scrences
" Technology . Ass :
Committee on Environment and. Public Works have all
~ expressed concerp over the lack of fundamental research i in
"EPA. Other critics have charged that the Agency’s
regulatory responsiblities . disrupt the ° atmosphere for
" fundamental environmenta) research and that the Agency
has often failed to recognize adverse conditions until after

the" Office - of

widespread damage has occurred. To insulate these typesof '

-programs from regulatory pressur¢ it has been
-irecommended that a specific authorization be enacted
which would authonze the Agency to perform anticipatory
that ‘EPA  consider

and fundamental research,

— Design of Monltorlng Systems -
-2 Characterization of Pollutants and Dlscharges

"~ Assessment of Trends in Environmental Quality

— Determination of the Fate of Pollutants '

— Determlnatlon of -the’ Effects of Pollutants and Other
Man-Caused Environmental Disturbances - . L

- — Investigation of . Funda‘r‘nental Physical, Chemlcal

and Biological Proces .

— Analysrs and Mpdellng of Ecosystems -

RECENT ACTIVITIES .
. In order to tespond to these concerns, the Office of -
Research and Development (ORD) undertook during theé

ZBB process a review of inhouse activities which could be

‘ * classified as anticipatory or, fundamental. The - review
' ldentlﬁed approxrmately $4.7 million and 66 posrtlons in’

" our ecologlcal transport, process, ‘monrtorrng and healtH

ssment, and ‘most recently, the Senate _

) Decrsron Unit. Specrﬁca

. — Marine Microcosm- Studies

(including all cancer research) programs These activitiesare

included within the Anticipatory Research- Budgetary

they includé our: h

- Envrronmental Carcinogen Research Program"
Integrated Exposur Monltormg Program

" . — Basic Envrronmental Process Activities -

In addition, during our- ZBB activities we ldentlﬁed in

‘conjunction with our .program -office ‘counterparts, a. .
number of areas which could beneﬁt from. antrcrpatory and .

'_'fundamental research. -
-A broad outline of these actlvmes was presented to the O

the

establishment of “Centers of Excellence to conduct research

“.on speclﬁc problems and that a “bottoms up” -planning
'approach be utilized to implement these types of programs.

The National Academy of Science’s “Research and

Development in the Envrronmental Protection Agency,”

Chapter 11, specifically identified the followl?fg activitiesas’

" areas.in which antrcrpatory research ‘and development
. should be conducted

¢

P

..2,1'.

~

Executlve Commlttee of the Scrence Advisory Board for- -
review and comment. Asa result of these reviews, ORD' -

proposed that,. in addltlon to the prevrously ‘mentioned

- activities, to further research in the following areas:

: _- — Acrd Rain Studles

— Developmeht of Brd-mdlcators
— Specrmen Bank Feaslbllrty Study
— River Basin Ecosystem.Studles B
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SO\’IE (‘HARACTERISTICS OF ANT'ICIPATORY

. RESEARCH AND DEVELOPMENT < CL s

L
- Antrcrpato‘ry R&D - i is- d'rstrnct ‘from research for’
regulatory purposes. -However, .along with more
GO applied etforts, it must ultlmately change the basrc
decision-making process in EPA. " -
— As an rntermedrate step " jt- -should be. aimed at
producrng new techniques, mechanrsms assessments .
tand analysis for use by moreapplied R& D programs..
-- The production of data or more detailed data will not
»,be a specific goal although some data wrll naturally
result. '
Tt may - be long term in nature .but ‘the lcngth of
time is not'an especially dlstlngulshlng characteristic;
.. likewise the program may have global natlonal andr
local spatral proportions. Co
= It is-not limited to biological, transport, health and
monltorlng activities, but may include technologlcal

4

- and socro-economrcal sciences. - - A
-+ Itis'not oriented toward a smgle medra or group of
N pollutants » : - -

!

_Broad Approach :
_ ~- The: program wrll seek broad representatron from the
ST scientific: communlty in" the conduct of research

activities and’ wide participation- in proposal revrew :

and program evaluation activities.
— Thé program will strive to-maintain a “bottoms-up
_planning approach while provrdlng broad guidance to
. the research comfnunity on the research themes of  #
. special interest to EPA.
+— The decision- makrng process for new proposals will
be straightforward, 'i.e., as admlnlstrattvely simple
.as 'possible.
process than existing mechanisris.
~- «The program will be a visible and distinct Agency
~effort. It will be w1dely adverused to the scientific-
. community. -
-~ The program will utrlrze in-house scientists to link
- external research projects to/more applied ln house,
grant and contract research ! :

VL

' SOME PROPOSED ACTIVITIES @ [
Carcinogen Research ' %

.- The basic purpose of this program rsto determine whether
. or not the obscrved: level of chemical agents: in the ambient
atmosphere and drinking water. supplies contrrbute to the
prevalence and ingidence of human cancer. The pr,rncrpal
" objectives are: to ‘cstablish a monitoring ~ program to
~characterize chemical carcinogens in the: drinking water
environment; to develop retrospccttve and - prospective
external exposure mgdels suitable for generaJ population
studies; and to assess the impact of_ exposure to chemical
carclnogens ‘via tnhalatlon of ambient air and through

‘»

A FuiText provided by Eric AN : . N . -

It may require a different decision
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.

c e

s

drinking water upon can er occurrence and prcvalence in
the general human’ pop ation. ‘ '

In FY-79, it is profosed to extend and expand the
program btgun in FY-78. Epidemiological studies will
continue to' use available mortality .and morbrdrty

- information as it relates tp specrftc localities and condition$

and new studies - grll initiate  long-term - (lifetime) .
rnvestlgatlons to relate the total carcinogen exposure
history, total carclnogen body burden and the incidence of

* cancer. in human populatrons Further, eprdemlologrcal

studies will relate population health effects to data gathered
durrng clinical and toxicological studies. Such relatronshrps, ‘

will; "hopefully, permit- better ‘estimates . of’ the

carclnogenrclty of substahces from anlmal type’__

toxlcologrcal studres o .

. : . -4 P
a S . f—»‘;kz

lntegrated Momtormg . ' ' &

One' of* the basic difficulties in pollutron studxes is thes

_.'.estrmatron 'of exposure. People receive varyrng levels of

exposure to many ‘potentially ca,rcmogenlc materials at’
homeé, at work, in the marketplace. in.thé streets or durlng
recreation. These exposures are. uncontrolled and most
often undocumented In the - fLIture eprdemrology studies

:would be greatly enhanced rf these estimates could be
" improved. . . —~ ’
“ Activities to be conducted In thrs area include:

— Research to. develop methods for estimating lifetime
exposure histories.
~— Studies (models) to develop methods for estlmatlng
total body hurdens of pollutants and carclnogens on- '
single receptors and populatrons -
— Studres tormprove exposure monltorlng by optxmrzrng .
. air water quallty networks through -use’ of srmulatlon'
models _v.'-r; . : :
Development of Bio- mdlcators
"The development and application ofblologrcal systems as
cearly | warnrng indicators of pollutant stress will be: studied. o
Actrvrtles will be conducted by both the Narragansett and

~ the Las-Vegas ‘Ej)oratorles

Narragansett activities will. rnclude

o Development and reﬁnement of integrating marine
ofganisms, e.g., Mussel watch types of systems. In"
-this project, mussels are collected: in .nearly 100
 locations around the U.S. coast. These samples are
analyzed for heavy ‘metal transuranics, petroleum and
chloru{ated hydrocaibons. The first year's collection
effort hds been completed and the samples are being
analyzed. It lSwhoped the use of these types of systems
~ will permit early detection of pollutant problems.

I Develomeent of unders_tanc'ing of pollutant-induced . -
changes in microbial and “biochemical. systems.. -
. Emphasis will be on rnvestrgatrons of enzyme systems
.as’ envrronmental exposure monitors” and early
mdlcatrons of pollutron stress T \’

. S SR
' Ca .L - o . . . ’ .'.

v
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-~ Las Ve.gas Laboratory activities include: mvestlgatrons :

of terrestrial microbiolégicalindicaters for monitoring
selected ‘substances in the environment; e.g., the use of
. anaeroblc bacteria which use hydrogen as an energy
~ -source . to determlne persistence  of ublqurtou:.
' pollutants in sorl - v o
. , i
Total River Ecosystem Studles :
Multimedia studies of the impacts of selected pollutants
© onriver basrn(s)ecosystem will be initiated. Identified by the

-SAB as a serious gap within ORD’s total program, these

studles have as\l'hmr goal the development ofunderstandrng
'+ of'ecosystem structure and function when stressed by tokic

-organics and other pollutants lmpacts of industrial,

municipal, agrrcultural and airborne sources wrll be *
‘ evaluated A draft study is under development‘

Marine Ecos stems

Studies o

' multlple stresses and complex effluents will be conducted

"mainly through the contlnued development -verification

“and use of marine microcosms. Emphasis will on the

" determination of effects, persrstenee and’ bioaccumulation-

¢ of pollutants Ecosystem recovery rates wrll also be studred
Envrronmental Processes

_ Studies of environmental processes w;ll be directed at: 1)

gaining the understandlng of selected_ basic environmental .

. processes (Vviz., photolysts‘ oxjdation, microbial degrauon

volatrhgtlon. and sorptlon) necessary to describe them’

mathematically; 2) development of an evaluative model for

predicting thetransport andfate of i inorganic chemicals and
: \cahbratmg it for mercury and cadmium;.3) development of .

an evaluative model for predicting the transport and fate of

- organic chenricals mcludlng pestlcldes, and 4) development
of simplified mlcrocosms for use as rapid test mgthods for
obtamrng repfesentatrve transport . and fate data on

g potentrally toxic ;:ompounds of interest.

'

: Speclmen Bank Feaslblllty Study

The feasrbrhty of an énvironmental specrmen bank will be- '

' 'cxan]med on a pilot bank bas:s The Natlonal Bureau of

«

marinie - estuarine ecosystem responses to .

t ue - PERSEN

.. S _ _ R.ESE-ARCH us'En‘PEnsp'ECTlvs'

Standa\rds propOscs to adopt a portlon Qf their faCl]ltleS to
achieve biological and envrronme.ltal specimens. An\lysts
will be made of the qi\
~and mamtamlng such faclllty and alternative approaches
to establlshlng such a

Acld Ram . :
Acid rains have become. recogn|z5ed throughout tl‘le world
ashavrngthe potentral forsignificantly altering bothaquatic -
and terrestrial ecosystems. A number of studies have
-documented the effects omlake systerns but no systematic
assessment of the patlonal scope and potential long term
effects has been assembieds This |n|t|at|ve wéuld provide for

" 1) the development of a broad assessment of the natronal . i

_problém; 2) studies of the chronic : effécts on soil
characterrstrcs and ‘selected terrcstrlal ecosystems. '
particularly in the northeast quadrant of the US.; and 3)
studles of the effects on Jake’ ecosystems .

-

1‘ 4

o¥ . -

SUMMARY . =
Whether the research necessary to’ accompllsh the
Agencys goals ls’undertaken in-house or extramurally is
entrrely dependent on the availability of the scientific
expertise, facllltles and manpower in__ the Agency
laboratories. If the: research is undertaken outsrde of the
-Agency, it is normally:through competrtlve grants and.
,contracts. Proposals are reviewed in-house.as well as by )
outsrde expertsYor feasibility, cost, and- screntrﬁc capabrhty
. of the researchers. -~ -’ ,
There is ng ‘official d|fferentlat|on between basrc and"'-.
- applied research in EPA In fact, which research falls into
“which category is open to debate Procedures for initiation,
review, and termlnatron are the same for all research One -
proposed solution to EPA’s problem of insufficient basic- -
research.is to separate basic research from applied resegrch
.in early planning stages so that it may be better protected
The. Agency has increased its basic research since its
inception in-1970. The need for basic researoh in EPA is
certainly more generally recognlzed Perhaps it 1s srmply a .
question of time. /

lity ofpreservatlon cost of operating\



-t

E

Aruitoxt provided by Eic:

. N . \\ ’\ z
FUNDKMENTAL RESEARCH NEEDS .. .

t

AS SEEN BY AN INDUSTRIAL USER OF TECHNOLdG ¥

e .

'RESEARCH.USER'PERSPEGTIVE

".' J.C. Houous and. R A, Conway e

‘Research and Development Department, Chemicals and Plasncs

o

o

lNTRODUCTlON
Before describing an industrial user's view of f undamental
' research needs’in wastewater treatment, it is appropriate to
. first define the nature of the intended use arid the discusser’s
view of fundamental research. While Union Carbide rnay be

- more well kfiown in envrronmental circles for products such T
‘as its pure oxygen activated sludge process or solid waste" '

conversion system, in this discussion the “industrial user” is

a representatrve of the organic. chemrcal manufacturmg,

business “using” the technology for complrance with
wastewater discharge regulations. The “use” of technology
ugtrmately résulting from fundamental research would be
oriented- to treatment for the compliance with NPDES
permrts or pretreatment discharge - permrts at thirteen

. organic chemical manufacturing lants Whiilean lmportant'
-We are speakmg only for

example of the chemical mdustr

_Union Carbide. ’
Wlthm ‘Union: - Carblde and m

fundamema] research i defined as-

.thls d|scus510n

A planned search for better underst ndmg of a.

', screntlﬁc phenomenon. .
Fundamental research can lead to proce research
~.—= The search for' new knowledge ang the appllcatlon of
- existing knowledge to’ the definition of a potentral
process for a specrﬁc purpose:
We would differentiate between fundamental research and
exploralory research which we would define as

- — The search for new knqwledge in a selécted ‘area of a.-

general field with no specific’application in mind.
Both authors are familiar with wastewater researché

‘both by managmghor personally cond ucting research studies.
{.-sponsored by Union Carbide or governmental agencies.

‘related tp process development or fundamental process
understandmg for treatment of orgamc chemical
-manufactunngwastes Weé arc concerned with the need for

.- additional fundamental r sea rch based on.the experience -
- that the findings of fundarT; nt,al research frequently lead:{o _
earch and other applied research \

,more( fruitful process res

o 1/ .
[ S - i e R
-

fl

C ,

J

\/\\
.
<

", — Populations’ shifts. .

.~ Union Carb|de Corporatlon, South Charleston, W Va. 253?3 B Lt "

'efforts The ultlmate result is the mtroductlon of new or

improved treatment process technology which is more cost

1 effective and 'less energy and resource mtensrve than .

available optlons -
X 'lthough it is understood that the prrmary purpose ofthrs. o

seminar is the drscussron of water and wastewater treatment . -
needs, it should be emphasized that it is virtually impossible

- to pnorltlze research needs without understanding the goals .

of requi ed -t echnology. The stated objectives of -current .
federal leglslatlon are to maintain the chemical,

., . physical, and blologlcq[qmtegrlty of the nation'’s waters
.. through application. %of‘ appropnate waste .treatment

technology. In addmoni it is a-stated pollcy that the.
discharge of ."toxic pollutants in toxic amounts - be

~-eliminated. In our-view a major -area for’ fundamental
_research in'the watgr~wastewater field is in the area of both

long and short ter’ effects of pollutants on water uses to . .
guide attainment of “these objectives and policies: Such - '

- specific needs will be covered later. - SN

In identifying fundamental research needs, wé have crted

' major areas and phenomena which we have observed ta be'_'
. potential limiting factors to the effectlveness of treatment '
‘processes or to otherwise present gapsin needed knowledge

Specific areas of | investigation, wauld then be based on a . .
planned search for better understandmg of the descrlbed'

'_phenomena

-

3

BIOLOGICAL TREATMENT ' .
The phenomena lrsted below are considered to limit-

- ,treatment of marginally degradable matetials in blologlcal

treatment systems or to otherwise prevent these systems -

from achieving maximum potential. - : .
-— Competltlon (and suppression) in multl-substrate

multx-specres situations.

applles to bacterial; bactenal-

protozoan, and bactenal-algal systems R :

—Unsteady-state nature of system due to factors suchas.
varrable feeds. : -

-
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=< Relatlve mass transport rates of substances oxygen
- and metabolltes P

. st
. . L R
- . .

‘PHYSICAL-CHEMICAL TREATMENT. - _
Phenomena listed below limit effectlveness of separation
or oxrdatron m complex mixtures.. .
— Competition;, dlsplaccment mass transfer, and kmetlcs
- in adsorption of organics on carbon. - '
, errted extent and rate of dilute- organrc-solute
oxldatlon ‘by physico- chemrcal approaches
(lrradlatlon acceleration appears promising.)- A
— Soluble organic interferences with flocculation. .
"+ .- Formation of ltlterfacral deposrts in membrane
' separation.- ~ - e :
In additon, many physrcal and chemlcal treatments result in’

.a separatlon-concentratlon of pollutants’ rather than -

destruction. The ultimate disposal of these residues should
receive consideration if the zero d|scharge goal of current—'
-federal legislation is to be attamed :

BIOLOGICAL SLUDGES AND OTHER RESIDUES

Main problems are drffculty in achrevmg release of water
from sludges, putrescl,blllty of - the sludge, ‘and at tlmes

o

content, of metals orgamcs resistant to degradation, and ¢

' pathogens Phenomena involved include: - -
L= Tenacrty of water retention by blomass
' — Metal retention and release. ~ -
— Varymg blologlcal stabilization rates leadmg to odor
generatlon despite pre-conditioning. -
— Leachate release, degradatlon and transport ln land-
~fills. . N g
- The llmrted options for d|sposal of residues éontalhlng salts,

organlcs and solids from physico-chgmical separatlon
g systems is a problem needmg explorat research

'_ANALYTICAI.
Major advances: in -analysis of volatlle constltuents

recéntly have been made. Although many materlals whicli’ .-

may result rmﬂeleterlous effects in"receiving waters ‘have
been. identified, a considerable fraction of resrdue from
_,treatment operatlons remalns to be studied. In addltlom
much experimental work rema7|ns to determine effects of
_'samplmg, concentratlon storage, and analytrcal technlque
" on recovery, precision, and accuracy for mariy matenals
current.ly identified. Important phenomena are
C— Losses and transformations during samplmg, concen-
tratron storage and analysis of trace cohtamtnants
— Mass transport of non-volatile organic constltuents in
analytlcal procedures; e.g.; during concentration and
matrrg& change prior to chromatographrc_separatlon. -

'

Q AT ) .
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' RESEAR‘CH_'USER P_ERSPEC.TIVE

1

¢ . . .

" WATERS - . - S
In- order to establish prlorltles for pollutant COntrol
‘technology research needs and capltal expendrtures for

control, accurate measures of the effécts of those pollutants

_remaining in the post-1977 era need to be determmed

Phenomena. of interest are;. o - -
—. Interaction of complex orgamc mrxtures at very low
. levels. ) S :
- — Thresghold effectlevel. =~ . .-

— Relationship of toxicity tests: between various order,s of
O life. - oo ‘
— Cellular transport/‘brodegradatron/ bloaccumulatlon

SUMMARY

From the viewpoint of this lndustrral-user prlorltles of E ‘

research needs would be in order as follows .

1. 7 Effects of Pollutam.s on: Receiving Waters. Contr(\l
o vneeds technology -needs, and compllance strategles
will continue to- be unclear ‘_wrthout further
_information on pollutant effects. ° Adequate
' mformatron on pollutant effects cannot.be o,btalned'
in an economlcal.« and timely manner without new.
information on the phenomena’ described - above
- leadmg to 'new technlques 1o determine pollutant
effects This-area showuid have a top prrorlty

In some respects, the. need
«funda mental analytrcal work goes hand-in- -hand with
the Effects-of-Pollutants area. Many of the commonly
recognized problem pollutants are contained in the
more - readily’ detectable . category of
materials. Verification of available sampling and
analytlcal techniques as well a% development of

. new techniqugs for analysis of “light” materials

is’ required to accurately measure pollutant dose .
.and assess the progress - of control activities. A

second, lower pr|or|ty analytical research’ actrvrty_.
would: be ‘in method development for analysrs of
'“heavy materlals ™~

e

3. BroIOgrcaI Treatmem Brologlcal treatment is the most -

widely utilized process in the world. for appllcatlons
_ involving -soluble organic . materials. ‘As such, a
' fundamental understanding of the basic mechanisms

EFFECTS ‘OF POLLUTANTS ON IQECFIVING'

“light”

«

" controlling performance and removal of materials in

~ . this process- must have a high priority. With the .
- number of systems in existence, fundamental under-’

standing could likely be moved to development and

. 'lmplementatlon in shortorder. - - S

lOILL.‘ o
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'4." Blologu'al Sludles and Other Re.sldue.s The problem
' \of disposal " of . bielogical, sludges has . received
considerable “publicity. Fundamental work
paticulary ' in. the
water from sludges\is desperatély needed to provnde
basic mformatlon or solving this important
problent. Major additional ‘studies in disposal of
organic an'd bnnc 'concentrates rﬁay become.
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area. of . achlevmg release of . .

L4

#* .
’ .

1mportant as the emphasns to achleve thc zero
discharge goal of the water law becomes.more clear.
Physical-Chemical - Treatinent. Physncal~chem|cal
treatment would be Judged to be most appropnate

if guided by the work on -effects of pollutants in

the aquatic "environment. in order to ‘prioritize

C RESEARCH USER PERSPECTIVE:

treatments with appropnate pollutants to control in
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INTRODU(;TION s : S
" A few intr ductory words are in order to ldentlfy the .
~special perspective that the industrial -user of research
findings bnngs to this discussion of long range research
needs'in the water and wastewater treatment arca. You have

é

‘mdlcated a deep sense of disappointment at the declmmg .

VlSlblllty of a commitmeni toward, and. support for, long

~ disappointment and concern are fully shared

in the

range research by our national regulatory” d}g/wcy That

industrial community. We . function to y under a-

~ regulatory framework whose deficiencies can be traced in

part to the resultant lossof a credlble screntlﬁc basis for such .

regulatory programs. .’ : D
It is therefore our: des1re that such a well- ﬁnanced fully
: vrsrble. _-comprehensive, broadly planned and - well- |

" coordlnated long range research. program be restored toits

. position of central importance in . the nation’s water - -
~ pgllution control effort: Whether this can, or should bedone' .

within . EPA is a- separate yet related, questlon whose
‘further discussion now mlght detract s from ‘the
conference’s stated _goal. o

" view that the correctsolutions to our water pollutiomcontrol
problems will matenallze with the application, if you will, of
“social engineering” skills leads me to apprqa!ch the

: .'deﬁmtlon of long range needs i In the following manner. A

N systematlc approach to their solutlon should consider threef" -
. consecutively related phases involving (a) a: comprehensrve a

.examigation_ of the state of water quality sufficient to

'AN IDENTIFICATION OF LONG Rt@NGE.
'RESEARCH' NEEDS FROM

AN. INDUSTBIAL
. PERSPECTIVE - o - v oY
" There'is little doubt that the comprehensrve examination

,o£ the dynamlcs of receiving)water quality continues to .
: suffer from the absence of a fong term commitment toward" .
_-lts sc1ent,1ﬁc study With a major hational commltment to
“water pollutlon control at least twenty years old, with .

opportunities to either build deliberately ontoa preex‘ftmg

. USGS water quallty network, or to carefully construct and
:.gradually expand ‘such a specialized network; we still find.

ourselves d|scovennga ‘mercury problem” usmgthe llmlted

* findings of a lone aquatic biologist examing fish specrmens S

In Canada. ‘or -a “chlorinated .hydrocarhon problem”

_-through a-public interest organization’ s limjited analysis of P
“‘cancer frequency statistics on' the lower Mlss15s1pp1 River.

-Surely a water pollution control program nowannually .
commandlng ‘multi-billion dollar: ‘capital | and operating® -
.~ expenditures in the pubhc and private sectors deserves more

. thana dollar-short piecemeal, chronlcally faltering water_

: ,qualrty study program 4s its geientific Justlﬁcatlon and
A recognition of the conference sponsorshlp and personal -

progress monitoring basls To this end 1 would propose

pursumg the following long rangé needs

identify the _problem areas meriting. solution, . (b). the

development of remedlal téchnologies capable

. of -,
- sufficiently mmlmlzmg adverse impacts of effluents on.

water quality, and (c) the deployment of those technologles '

. inaspatial and chronological mannerthat accompllshes the

. desired’ purpose consistent with _meeting ¢ other socral needs :;
. as well .Each"of these three phases or area$ presents longé:
- rangc rcscarch neégs whlch -are bnefly set out below S

(l) Orgamzatlon ar?d\mamtenance of a longAterm“
network of water qua'hty ‘monitoring: s'fat?onv\at-
. which flowing water, bottom sediments: apd a
sufficient variety of ‘aquatic -life ' forms  are
. regularly monitored for, specific and class‘indi‘cato"r’

‘chemlcal constltuents and maJor water quahty: '

o parameters. - R}

(2) Contmumg research on’ data ‘lnte ratlng and
- analytical techniqués to alloW' () detectlon of
‘downstream travel of ¥ unusual. -water’ ‘quality,
(b) determmatlon of slgmﬁcance of devratmns from
"~ . desired, water quallty. (c) automated monltormg of
' .SpeClﬁC parameters.

¥ and (d) 1nput to c0ntrol'~_:_
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ment system performance . .

“Research on the processes controlllng the move-
meént of- pollutants through major ¢lements of the
receiving water environment such ‘as sediment,
flowing water and living systems to strengthen'
(a) our knowledge of the removal prbcesses for both
conservative ~and non-conservative . constltuents
(b) our appreciation ‘of the- role of  bio-

" concentration processes, and (c) our conﬁdence in-
the predictive capablllty of .mathematical models
of all these processes through an improvement in

.. the physical; chemical/ blologlcal lnformatlon base

" . . for their use. _ : '

- (4) 'Determlnatlon of site~ speclﬁc *practlcal tolerance
~ limits for key constituents of major categones of
industrial effluents’ that can be® used, to establish
.conditions of compatlbtllty between various water

. uses and ' growmg lndustnal actlvrty along the
nation’s waterways ‘ :

3)

With  well-identified water quality concerns ‘and

models used to modlfy on-land wastewater manage--. .

. consrderat;ons as -a continuing point of departure, the.

_development of improved and new control technologles can

» 'move beyond a search for novelty to.ward rmprovements

H

4

Q
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and tools fitted to well-defined tasks. Long range research

needs supportlve of such progress ificlude the following: .~

(nH ln-de,pth examination of major control- technologles

to identify the’ |mpact oftransrentchanges in process ‘

loadmg, load composrtlon and process conditions’
-on . operational . fesults, “so Aas to lmprove th&
performanee—predlctlve quallty and process. desrgns.,,
This need exists -for- both the biochemical and_ ¥

- physicochemical processes and extends to a growmg‘@

_ number of design- performance parameTers .
(2) Development of means for mlnlm gperformance
varrablllty through (a) gre on-line process-

e control, (b) lmproved automati¢ detection,

" segregation and reprocessing of - intermittent

manufactunng pnocess materials - losses resultlng

;-"nss'EAncH USER PERSPECTIVE

RV

. .

process wastes in optlmal comblnatlon w1th extcrnal :

treatment ot

0 -

Whlle the last of these is mcluded in this research needs
analysrs for purposes of completeness, it is viewed as an

investigative , area uniquely suited, for industrial

concentration and- university partrclpatlon by those with-

. close” experiential ties to industry and thereby sharing a
knowledge of problems encountered in altenng industrial

* process technologies. The possible need and jastification for -
. public financial support of large scale trials of such modified »'
technologles is, however recognlzed under certam h|gh rlsk.;

conditions.
The final research area to be consrdered encompasses the
‘various soc10-econom|c problems related to the pace and

. extent of control technology appllcatlon -Each ‘of these -
whose
|nvest|gat|ve.

present, continuing methodologlcal
solutlon . commands partlclpatlon

problems
and

leadershlp by the environmental engmeerlng communrty N

These can be identified as follows:
(l) Determination of: economic im‘pact
_ .Industries and the national economy of broadfscale
a.ppllcatlon of specific technglogical control levels.
@
programs for- attalnlng specific - reglonal’ ‘water
quallty conIrol objectlves through  alternative

load allocatlon procedures, low: flow augmentatlon"-

: programs, and; fundlng approaches,
Exa m|nat|on of broad-scale efﬂuenttreatment versus

.‘. (3) .

on g'iven'

Development of cost-benefit analyses covering -

e, selegtlve -advanced ,water treatment technology as

o,

i

~from., etther spllls or. transrent, ,cycllc process N

steps e !
(3) Exammauon -of new control technology appr‘oaches
to dete;m)ne whether they offer potential. for
(a) bett~er or more. rellable removal of conventlonal
constltuents (b) lower cost . performance
(c) ‘temoval of additonal constituents whlch
' - enwironmental study has shown to merit major
!_ " attentioh. 5. :
(4) Development of optnmal means for dewatenng the
" hydrous residues of wastewater management through
o apphcatlon of comblnatlons of thermal, mechanlcal
) electncal and chemical energy ‘sources.” R

L (5) Examlnatlon of the. opportunmes for recycle of

r

treated efﬂuent as well as. ln-process recycle of

or: -

28

'(6 .‘

alternatives for meetlng ‘water supply quallty needs:
(4)
the dlscharge of ayrrultlpllclty of efﬂuent chen}lcal
l,.
" ‘cost and sensitivity of analytlcal procedures for their
.,detectlon,m efﬂuents and. recelvmg waters

e

SUMMARY e

constituents in face of the growing sophistication, .

Development'of : an effectlve program for regulatlng -

N

In summary, a series of long range research eeds have

: been identified that fall into three broad’ categor/les involving

(1) environmental. problem identlﬁcatlon ,(2) deVelopment

“of control technblogres’ -and (3) examlna/tlon of the factors

related to optimal deployment ofthose technologies: While =

these problem areas demand partrcrpatlon of investigative

skills - other than those -of env1ronmental engineers, the
‘successful integration of such long range programs as well

as’ lntelllgent application of the research results; remain a -
primary responsibility of this comsunity~and should .

field..

- . v

3

.~ -.2."‘"
) ¥

.provrde opportumtles for constructive leadershlp ata time
.of apparent dlsorganlzatlon in the wasteWater management
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o FUNDAMENTAL RESEARCH NEEDS AS SEEN B/Y
| . THE CONSULTING ENGINEER

RoyF Weston ' ." R b

Roy F. Weston, Inc.

‘It is my assignment to identify and prioritize fundamental
re arch needs: associated with water and wastewater
treatment systems that are or that should, be of particutar

concern to the consulting englneer I am.assuming that -

fundamental research pertains to research to establish basic
charatteristics and principles, as contrasted to applled
_ research, whlch is concerned with the practical appllcatlon
of fundamental research, or to demonstration research;
which is concerned with thél practlcablllty of the results of

" both applied and fundamental research.,
Each consulting ‘engineer is inclined to see his role

' dlfferently, depending on how he perceives his role in soclety :

.and how he implements that role:
T will ldentlfy the roles of the, consultmg,engmeer as those
of: 1) the definer of the water or wastewater treatment

problem; 2).the evaluator of alternative solutions to that -

problem 3) the designer of the mrost feasrble and cost-

: effcctlve solutlon ;to the problem, and 4) the advrsor on
system and/ or faclllty operations. -

There are fundamental research needs relatlve to each of

the consultmg englneer s roles. “a

In hls role as the definer of the problem, the consultmg
englneer may have to contend' with serious questions of a
technologlcal socio-political, and institutiorial nature. He

may find that analytical procedures or instruments requrred-.
for accurate measurement of the concentration of ions or ..

substmces suggested -or required by the controllmg

regulatory agency are not available ;He must determine -
whether the best practical or the beSt%@allable wastewater
‘treatment technﬁlogy will, in fact, meet the enwronmenta,l :

standards for natural waters 9r for gaseous emissions to}]
,_atmosphere or for sludge disposal onto the land. - ~ ~

He niay find that the environmental and potential public
~ health impacts assoclated with emission, ‘discharge, or

dlsposal of some ion;or substance afe not, at the time of the

B study, clearly defined. This js pa(trcularly so relative, to the:

“concentration of toxic and/or catcmogenlc ions -~or
materlals and to the fate of these ions oF’materlals in the

Aruitoxt provided by Eic:

" environment.
‘encountered
transport of ‘foxic ions and carcmogenlc materials m the -
“earth. ‘ R
The conscientious and responsrble consultant must be .
_ . concerned. and _conservative about these matters. On the

Chester, Pennsylvania =~ - S S | R

This lack of clear defmltlon is also
in connection  with the- attenuation -and

othér hand, he must recognize that life i is not without risk.
Each and every individual is exposed to many hazards every

N

day of his life. Mogt exposures to hazards are controlled or

controllable and ol\low risk to life; others are insidious in

that they slowly but\surely cause dlscomfort illness, lack of

bodily function, and
consultant is obliged to ‘identify and evaluate the risk
defining the problem.

-He is well aware that envrronmental control problems are
no longer restricted to a single part of the environment; they

" pervade the entire environment. Therefore, the consultant

th;and some are acute in theireffect -
on life: Sincé risk taking is a normal part of man’s life, the

‘associated ‘with alternative plans of action as a part of

must face up to the axiom: “The control of air pollution may

: create water or land pollutlon the control of water pollution

may create:land or air pollution; and the control of land
pollutlon may create air of water pollutron and so on ad
infinitum.”

Scientists and engineers have not, to this date, serlously
addressed the_ full ramifications of the mterrelatlonslnps

elements of our enviroriment (i.e., the air, the water,and the
fourth element of our world, is consrderd‘d

"The. consultant encounters socio- pol|t|cal and

and wastewater treatment processes th\at must eventuall§

" endup on the land. In.most cases, the socio-political climate
‘and t the’ ;nstltutlonal ;ealltles make it ll’ﬂpOSSlble to acquire

dlsposal sites forifutdire use, and, in some-cases, make it

xtremely difficult to acquire sites even for current needs. -

among ‘the efforts to protect the quality of the various,

, land) This is partlcularly -s0 when energy, the mythologlcal \

' lnstltutlonal problems of both fundamental and practical -
' srgnlﬁcance For-instance, there are residues from all water

-

L
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- Although this is not an example of'engineering as'such itis.

interrelationships
impacts, efficient energy use, -risk analysis, and socio-

so dramatic that the englneenng profession' must learn how
to educate the public so that sound. projects will be

‘consistently funded and constructed on a cost-cffective -

‘

timely basis.
Thus, the consultant may encounter serious obstacles
relatiye~to positively defining his client’s problem due to a
need for research in qualitative. and quantitative chemical
potent‘iagironmental and public health iinpact

the technologic socio-political and .economic
\ among .

the various

_political and institutional constraints: e
Fundamental research i is seriously needed in each ofthese
areas. - - : :
As the consultant evaluates alternauves he mustconsider

- technological- fe_asibllity and financial cost. He may be

confronted with the psychological problem of evaluating the

‘seriousness of the regulatory agencies’ requirements. If he
"assumes that h
_ precisely -as St
reliability of performance evaluation of each alternative. '

must, in fact, meet their requirgments
ulated; he is faced with the need for

This may present a problem because adequate records on-
which. to base . reliability ‘of performance _may not be
available. ' ‘

In some cases, the consultant will ﬁnd that there is no

established and proven technology available forsolving his.. -

client’s 'problem To complicate the situation, when the
_problem requiresaninnovative solution, the consultant may

“well find that control agency rulesand regulations will not

permit.other than standardized approaches. :
In- other cases, consultants may find themselves

responsible . for inadequately performing equipment or -
instrumentation because EPA decided that such equipment
or instrumentation must be mcluded as equrvalent to

superior products of proven performance

Current trends relative’to the - liability of consultants for

facility quality and performance increase the need for more

information. relative to the :fundamentals involved in the -
. ‘control of the performance of, various.process units and the -
" impact

“of variable operating . conditions ‘on such
performance. Such fundamental information ‘is also
pertintmtrtg/'{eliability of performance predictions.
Consultants recognize that .safe drinking water supply |
and ﬁshablg ,swrmmable natural water are important'
elements bih not the only important elements. of a high
living standard and a high quality of life. As longas thereare-
ill-fed, ill-clothed, and ill-housed people in the United
States, there will be c¢ompetition for a limited” supply of
dollars. - Therefore, safe drinking * water supply” and_
ﬁshable/ swrmmable natural w, ters must bé provrded at the

ﬁlowest poss1ble cost.

I believe that this country czhliflot continue to reduce and

' control water. pollutlon on an: arbitrary basrs without

o

Q
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consideration of cost Fundameptal research relative to

establishing national costs for protecting the quality of our -
waters, using diff€rent control philosophles and concepts, .

should be undertaken.
‘1 believe that it is imperative to let the publlc know the

< -

cost of attaining and maintaining incremental differences in °

water quality. The importance of fundamental and accurate

.models for such predictions is emphaslzed by the need for '

“more definitive information on’the impact of non-pornt
source pollution and the interrelationshlps between point .
source - 4nd non- point
envrronmental and water quality, .

Current federal law requires, preprogrammed robot- llke,
4unprofessronal performance ‘from

source. " pollution -on’ overall'

the environmental .

quality control_profession. Technological rather than legal '

solutions to. environmental problems are badly needed.

. To assure adequate evalution of “alternatives, the-
consultant needs fundamental research 50 that he can be
more accura,te in predlcting the reliability of performance of
the different unit processes and combinations thereof under
various operating conditions; he needs economic researchto .
establish the relative’ costs to, the whole community of

different pollution control strategies; and he needs systems -

research to develop’ methodologies. and models for-
determlning the relationships between point and non-point -
pollution control that will achieve the most cost-effectlve
environmental resuits. .

In -addition, research to establish the - technical and
economic feasibility of alternative concepts for solving -

-problems should be continued. Examples are dual water .

_ " supply for reduclng the costs of provrdmg an acceptable
- drinking water supply, and specral actions or facilities to

protect endangered species br unusual spawning areas.
Also, research is needed to confirm the validity of existing
state facllltles standards. The consultant must endeavor to
- design systems_and facilities that will achieve the desired™-
level and. reliability.of performance at the least “life cche”
cost. The .escalating costs of energy and operations and
maintenance, wages and salaries will slgnificantly influence

municipal treatment plant designs.

While fundamental research may not be involved, data on

“energy utilization and on operationand maintenance should -

be collected under the auspices of EPA for various process
‘unlts and control systems. Also EPA should undértake 7

K N\
‘wnstudié‘s to determine: the economics of different types of’

materials of construction for sewage treatment facilities.

Studies should be made to evaluate the influence, if any,
of the federal grant phllosophy and process on the “total
cost” of municipal water supply and wastewater&reatment
“Total cost” should be evaluated. because it is minimum .
“total cost” that will minimize taxes..

/

As the consultant participates in4solving operatlons

' problems the need for.fundamental knowledge of process:
" and equlpment behavnoralcharacterlsticsisapparent While
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we must recognlze that a few operators can - -achieve
operating results: from “gut feel,” or intuitive reaction, to

. " situations” that . others . cannot achleve with the most
sophlstlcated monitoring and control facilities, we mustalso
“recognize that knowledge of fundamentals helps both the .
intitive and the pragmatic. Thus, fundamental research -

relatlve to_‘unit-operations - behavroral chardcteristics is
“essential to optimum utlllzatlon of exrstmg equlpment and
proceésses. : .

PRlORlTlES B L o

It is difficult to establish prlorltles when there are so-many

-and such diversified research needs to optimize the solutions "
to ourproblems. | would establlsh research prlorltles on the'.
~ following basrs

.- -7

L 1. 'ldentify arid-characterize those drinking and natural

‘Water . quality : problems - that -may, directly dr |

B indirectly, adversely affect the public health..
2 ldentlfy and chiracterize those pollution problems
_that adversely affect the balance of natucand

«essential natural processes
. .
« ®

2,

Q
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3. Identify those pollutants for which adequate control
methods are not available, and then develop the
~needed control methodology. '
4. Further develop fundamental information essentlal
“to~optimizing the " performance of existing invest-
ments in .water and wastewater treatment and
’drsposal systems. © - . et

.. S. Establish the technologies, the tradeoffs, and the _

. means by which the technological, socio-political,
|nst|tutlonal ‘problems associated with water and
R wastewater treatment residue - dlsposal may - be
resolved. . .
6. Develop the parameters cntena and methodologles
needed:. L
a..to evaluate the costs and benefits from achlevrng
" alternauve natlonal water ‘quality goals; and,
< b, to establish ‘the. most technologically- and
economlcally feasible strategy for. achieving thez
o selected national water quallty goal.

Although the development of parameters cntena ‘and
methodologles appears in thé foregoing priority listas No. 6,

. there are many reasons why it should be No 1.
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Marty Wanielista (Florida Technological University):

A proposal-was advanced to establish an extensive water
quality - monitoring system in our natiofial waters. This
should -be questloned in view of (1) the need"for extensive .

data to separate point from non-point sources which now’ "

" requires much field data if no. models are ‘available, and (2)
“the more cost effective appllcatrons of models based on in-

_depth- . basic
surface ground waters.

-qualrt\ product ata very low.cost. Unfortunately, rtappears'

research  studies of,_a minimum of

Water J. Maier (L'nivers'it'y‘ of Minhesota)’
Water utllltres have provided the communlty with a h;gh

that the water ‘industry has neglected support’ and

' sponsorshlp of research that can help solve the problems
.Vposed by ‘the presence of the host of new chemicals in the
_\\ater environment. There has been 100 much reliance on

EPA orother government agencies for research fundingthat
properly belongs in the domain of the water utilities. In
mady -cases. the problems are iocal -and relate to the

'geographlcal-geologlcal erivironment and should be studledv

at the local level without involving Washrngton D.C,asa

source of flnanclal support and. hence, control of research.

Ro\ Hanensteln (SLNY-Syracuse) .
© The decomposition -processes that occur in sludges

following their discharge ‘upon land are extensions of the
biological  processes which were begun in the wastewater

‘treatment plant.'Aerobically digested sludges are generally
" compatible with most blologlcal processes that occurinsoil.

Such sludges are usually consumed rapidly by earthworms

' -and other soil invertebrates. The egested materials from

these an_lmals have (1) a surface area which is enormously

. greater than the sludge had prior to ingestion and (2) a

greater density of micro-organisms. In consequence of both '
of these changes ttie sludge decomposes and stablllzes atan
enhanced rate, and the material can be dried more rapidly =

‘and transported more economlcally for land appllcatlon
_purposes.

Anaerobically digested. sludges in"contrast, are acutely

“toxic to earthworms when they are initially obtained froma

.

digester. Toxicity diminishes with aglng and exposure toair

" DISCUSSION
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N mtxrng and aeratlng the soil | components In conjunctlon :

with other members of the soil fauna (including nematodes
enchytraelds and protozoa)-and ‘microflora (bacteria and
> fungi) they may be used asimportant tools in envrronmental

management. Te maximize this potential; more research is .

needed  on” the biological - attributes . of these organisms’
and on-the technology necessary for using earthworms in’
large scale operations. . These operations include the
.. conversion of various organrc wastes, such as pulp. slud ge, -'
" biodegradable solid- wastes, and sewage- sludge into -
'marketable products which help offset the costyof waste
lreatment g .

. PN

e

_ Davnd W Hendrlcks (Colorado State Umversnty) forer.-' .

"-Wllham Lacy
EPA has grown and expanded to the potnt that there area’
multitude of disciplines employed. With this thére is no ..
professional ldentlty The sanitary englneerlng professron-"
“has lost its leadershrp within the agency in developing the
vision-of what ought to be done inresearchand in preserving
a good ethical cllmate\for proposal handling. Instead, EPA
. research programs fo low fads and novelties and Jack -

; continuity. Current practlces are in sharp contrast with'the

_old USPHS traditions of: high ethlcal standards in handlrng

- proposals and which supported sound well—concelved '

research. A vast amount of. monies have been poured into
EPA research activities through in-house pro;ects and
. competitive bid contracts -with ‘ very little- output of
~worthwhile results. There really needs to be a’ ‘budget real~
"alocation toward support of findamental research outside of -
EPA using the unsollclted proposal mechanlsm provrded
by NSF : i : . o

~

Lacy s Reply: . :

The Envrronmental Protectlon Agencys Office of
Research. and Development has_grown a total of 109 in
. Seven’years, about 1.3% per year, not much in apyone's book.
It is my opmlon our scientific staff feels a high professional
rdentrty and would resent implications to the contrary. ']
. doubt that sanitary engineers ever had the leadershlp within

asindexed by an Eh in excess 6f+ 250 my. Anaerobic digests - thrs or any agency or should. have had that role. In a..

are nevertheless |nfer|or to aerobic/ dlgests w1th regard. to
earthworm nutrition.-

‘Since large metropolltan areas pr duce mamly anaeroblc
sludges which- are increasingly befng disposed . of by land
application, it is critical to understand the po‘tentlal of using
earthworms in- sludge ‘manageme¢nt. In-soils earthworms

predomlnate over other biological agems with respect to

Q

E
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" National Science Foundatlon survey ‘on’ occupatlon
» distribution of full time, government workers EPA was '
. found to have 26% scientists, 21% engingeys and archttects‘- -
and 2% lawyers, all other agencres average 15% scientists,
lO 4% engineers and architects and 3.4% lawyers.

" The degree levels for these R&D scientists and engineers -
were found to be in EPA Ph. D 27 6%, Masters 38. 3% and

b/ . ’ -

37
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~

B.S. 32! L% and for all otherfederal agencies Ph D 19 3%,

Masters 26.4% and B.S. 48.2%.
The current handling of all proposals has placed this

' activity on the highest professional gthical plane and by -

competition for the limitéd funds. vrrtually elimlnated the .
““old boys club” atmosphere.. .
The NSF still uses the unsohcited proposals mechanism
and should for their-type program.

a. "lgp planning and’ executing - research, the ORD

..%to.recognize imminent ad_verse.condit_ions until after wide- - .

H
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might be obtained
3. If a proposal gets poor lnternal review. it is
't réturned to sender with these comments and their.
speciflc suggestions
G proposal outside for additional revrews
It has been -said that the Agencys regulatory
“responsibilities dlsrupt the atmosphere for fundamental

envrronmental research and that‘the Agency has often failed"

- strategy does have a balance between research that + spread damage has octlirred. To insulate these programs

responds to the minimum ,regulatory requtrements,
viewpoint, and quallty reseatch that is responsive -
to the full scope of envuonmental control problems.”
The longer range anticipatory and fundamental
vresearch programs are designed (1) to gulde rather
than _fespond to environmental control strategies
and (ii) to develop concepts ‘which may provide the
basis for future pollution control. technology and
regulations . : _
Planning includes input from a. broad base of
scientistsy and engineers both from inside and
outsrdethe Agency -~ - ) -
EPA has in-house researchers who are experlenced in

b.

- <.

d.

»
.

“from regulatory pressure, it has beeri recommended that the

Agency be‘ authorized to perform. anticipatory and
fundamental resgarch, that EPA consider the establishment

of “Centers of Excellence to conduct research on specific <

problems, and that a**bottoms-up”, planning: approach be
‘'utilized to ierlement these programs.

As a result of these and other recommendations, speclﬁc
‘language is embodied withih the recently enacted (Dec. -
Public .Law 95-155, .the Environmental ‘Research,
Development and Demonstration Authorization  Act, of
1978, to requtre the long-range plan to address some of
these concerns. This year's (FY 78) R&D program plan
presents information specifically in response to Sectlons 4.

fundamental research and they help plan a balanced” « 6, and 10 of the Act. -+ :

program that includes such’ anticipatory research."
. . % . .

Peter 0. Nelson (Oregon State University) for Mr William

Lacy:
- 1. Are unsolicited proposals consrdered seriously"2 How
are unsolicited proposals handled which dont directly fit

"into EPA-identified programs? 3. If a propOSal gets.poor

-

internal reviews by EPA program. directors, is it sent out for

" outside review too? Comment: It was unclear to me whether

E\.
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EPA will. or.desires to fund fundamental research from
unsolcltied proposals that-may .or may not fit. into their .
identified programs. Are the so-calléd “centers of research
to be established by EPA going to handle the: only
fundamental research effort in the future?

s
’

l}acy s Reply ' a
1. "All unsolicitéd proposals that are received by EPA's

Office of Research apd, Development are considered

.

*These presentations include:. ,
- Several resource proyections O assist Congress in
evaluating the progress and leYel of effort of the
research program (gections 4).

5

A presentation of a. continumg and long-ter
environmental earch and development progra
(Section 6).

The status oftlie plementation' of the recommend~
ations prepared for the' House Committee on Science
. and Technology in “The Environmental Protection

‘Agency’s Research Programs with anary Emphasis. "
on - the Community Health ‘and Envrronmeﬁtal 7

Surveillance System (CHESS)
Report™ (Section |0)- -

Also in compliance with Public Law95 lSS thls year’s
R&D plans been revreWed by, EPAs Science Advrsor\

An lnvestlgative

: Board

seriously. ‘Each is analyzed and evaluated with -

regard to program interest  :ncluding need -and -
technical merits i.e. adequacy of design; competency
of proposed staff, suitability of purpose, available
resources, appropriateness of the project period,
‘probability the intended results will-be accomplished
and'uniqiieness or originality and last but not least
availability of funds. "

2. Unsolicited proposals which-do- not ﬁt into EPA

'identiﬁed programs or ,outs1de the. mission _or

responsibility. of EPA are usually returned to the

" .sender with specific suggestions on where support .

N

1Y

SN K

We do ‘not - send this type _

LR ]

Stanley Klemetson (Colorado State Umversnty) for Mr‘.

William Lacy

I would like Mr. Lacy to discuss Mr. Geilman's comment’

‘on the recycling of treated effluents. We. put considerable

" empbhasis on treatment of wastewaters but not to the level of -

potable . use. What is the future of research on water -
treatment. and: more particularly water reuse for potable

- use"
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“-discharge,”

'Lacy s Reply :
In EPA’s Industrial Pollutlon Control Research and

De\elopment Program we emphasxzed closed loop water .
systems but not for potable use, I think Mr. Gellman was

concerned with the lndustrlal recycllng of water and not

- potable reuse.

In"a growing economy, the_ attainment of rmproved
ambient environmental quality by the application of a fixed

Q.

have a particular expertise or may be located in an ideal

section of the country for making a significant contribution '

to the fundamental knowledge of a particular topic. In that:
case a six or elght year cohesive study may prove to belmore

’efﬁclent and ‘rewarding for: both the: .agency and ‘the.

resea“rchers

‘ 'Lacy ] Reply

set of emission and effluent controls is, not an ultimate *
solution. As the economy expands, the amount of pollution .

- discharged will grow due te increaséd utlllzatlon of éxisting
production capacity and the addition of new sources. lfbest‘ '

available- technology advances toward"‘zero pollutant _

a containment of all regulated pollutants could
be achre\ed Houe\er with zero pollitant discharge, most

of the pollutants are removed from the airborne or

waterborne phase as solid or liquid residuals and must be
either ‘recvcled or dealt wnth through - some form of

cause secondary air and water pollution problems.

EPA's regulatory mandate - has .resulted in_ the
promulgatrons of a number of standirds to reduce the
adverse health and environmental impacts of industrial

conductlng studies in the followrng areas:’

g
a. ldentlﬁcatlon characterlzatlons and’ measurement.

of pollutants released |nto the envrronment

. compgehensive land disposal program. If these wastes are - -
" not prudently managed hazardous and toxic pollutants will

_pollutlon In cooperatlon with other government agencres ‘
" research institutes and universities, the Agency is currently

. b. Development of control te’chnologles to ellmlnate

or reduce polf'uﬁt" releases

-

c. Study of the transport and fate of pollutants after_

release to the envrronment

]

.

d. Effect . of pollutants on human health and ‘the

> environment;
e. Socioeconomic effect - of -new environmental

regulations and pdlicies. =\

iy

i

‘EPA has a ‘new $13 plus mtlllon antrcrpatory research
program. It is proposed to: :

-a. ldentrfy and characterize emerglng envr

,'problems before serious crrsrs
-d ‘-

b, -Provrde stable support to mvestlgate long~term
problems

c. Serve as a mechanism-to as'sure_-that basic studies
. needed to applied research are conducted.
e ‘.
e

The key features wrll include:

a. “Proposal revrewed by, panels of EPA/outstde

- screntlsts

b. Areas of lnterest advertlsed each’ year'

c Panels will provrde gurdance and. recommendatlons
not flnal decrsnons

\ -

d. ' Laboratory scientists would monitor. most pl'OjeCtS
. occasronally reviews . of ° Spec1al pl'OjeCtS may
~ be conducted by panels ' A

€. \lnd1v1dual ORD Wbs) would.- be
encouraged to submit. proposals and compete for.

resources e .

. lnternal posrtlons would be provrded from a rotating
: pool or term appolntment

The center support program. would be 1ocated pnmarlly

© in_universities but national laboratories and other existing

Joseph V. Derto (Clarkson College) for Mr. Wllllam :‘

Lacy T _ ‘ !

.

It was apparent from thls mornlng s talk that.more long-

‘term farsighted research was needed.in the water and

wastewater area. The EPA, however, typically funds
research on a three-year pl'OjeCt period basis.-To me. this

time period only serves to ask more questlons than it

answers. ‘Will the anticipatory R&D program of EPA

- considerfunding truly fuindamentalresearch projects, which

have desrgnated project perlods longer'thanthree years? For
example a gWen environmental englneerlng group may

3

-

Q

-institutionse could be used. ‘The furding - provided to 'a
“research team would be from 3-5 years-or longer lfjuStlﬁed
It is hoped that cadre of expertise for special analysis would
be developed along wnth more efficient training of screntlst
and englneers in specral research areas L

"“..Denms Cllfford (Umversrty of Houston) for Mr. Roy F

Weston

Mr.
consultants ‘are forced into accepting legal solutions to -
technologlcal problems and are put upon to assess the

. commltment of the regulatory agency to the enforcement

34
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Weston made reference to the fact . that. often



E

’ Westons Reply. - .
Mr. Clifford requests speclﬁc examples of unrealistic -
standards and solutions demanded by regulatory agencres :

and Weston

: West‘ons Reply T

" FUNDAMENTAL RESEARCH NEEDS

‘A
Ny

kof unreallstlc and sometlmes |mposslble~to meet effluent .
'.'. standards. My.experience causes me to agree with these
. observatlons But because we are interested in specific

research needs would Mr. .Weston please give an important
example or two cltmg these _unrealistic standards and

solutlons

\

While there are numerous lllustratlons to refer to, specifics
‘ may «cloud the basic issue; ‘that is, the need for research to
establish- the.
'practlcally evaluate whether or not beneﬁts derived from

any specific regulatlon are commensurate with the total .
' costs lncu'rred

David G. Stephen (US EPA) for Messrs Hovrous, Gellman

r, PR
»

: EPA has reduced its support for fundamental research in .
. the waste treatment and water transport areas over the last -
6-7 years. Have other sources of sponsorship for such work’

increased thelr support to ‘ﬁll the gap and will they do so m

~ the future?

‘Hovious' and Conways R&y

. Noappararent new sources havedeveloped for support of

gaP,-

»

" Those responsrble for pollution have expended srgnlﬁcant :
A fun,ds for research to reduce pollutlon and to accomplsih

o)

- ,......:l-—'

Q . . 3

R % o

Aruitoxt provided by Eic:

,,methodology and criteria by which-we can’

fundamental research.‘ Hopefully, NSF canaidin ﬁllmg this
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'such “reductions economlcally Such organlzatlons will,
" without a doubt,
. _purposes. Unfortunately, the law and past and’ present
" _experiences with regulatory agencies do not provrde optemal -

continue to expend funds for such

motlvatlon for such research. The concepts of Best

‘Practicable and Best Available Technology and the requrred
-use of such technology whether it is needed or no

otivates
against spendmg research dollars forlmprovmgt hnology

This is so since newly developed technology may be used
against the researcher to increase his cost. I believe research

. ‘will be a sub-optimal level until the incentives for research
“are changed SR .-

Mr Roy O. Ball (Umversrty of Tennessee) for Mr. Joseph
Hovious: .
Research has: been completed and/or is ynderway on

" many of the areas you describe. Is your-major concern ()
‘ insufficient research effort?(2) more fundamental effort?(3)

coordmatlon 'and documentation of research’? (4) all or
none’of the above. As a former industrial pollution control .

- engineer, | belleve ‘that (3) may be the greatest-problem, a
.point of - view supported by Dr
' remarks

Rohllch‘s hlstorlcal

: Hovrous and Conway s Reply

Dr. .Rohlich’s- remarks are well taken that we should not

_proceed without a full knowledge of past findings. However,

we feel that much can be gained by a more fundamental
examination of the areas we suggested. A multitude of
applied studies have been addressed to problems associated.
with these phenomena, but much less work to the basrc

_phenomena themselves

‘



'CON.GR’ES,SIONALJ P|‘;:~il}'3's_I"=.EcT|'VE_-~ |

ON -

" RESEARCH NEEDS -

" Conference on Fundamental Research Needs
. Water and Wastewater Treatment Systems

O

..s



'FUNDAMENTAL RESEARCH NEEDS, -

A}

LI

~o PN ‘

A CONGRESSIONAL PERSPECTIVE ON RESEARCH NEEDS
FOR WATER AND WASTEWATER TREATMENT SYSTEMS
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4 ._“4,‘ : : : _ 'G. E _Brow "
AR Chalrman, Subcommlttee on the Environment and the Atmosphere
o o - - of thre Committee on Science and Technology c
B .",‘-\ U S Congressman (Cahl’Grnm, 36th Dlstrlct) e ;
- 0 . i - \ AY

R am pleased to be here today to.contribute my VIeWs on

“Fundamental Research Needs for Water and Wastewater
. ~Treatment Systems.”

_decreased from about $25 mllllon in 1968 and 1969 to less .

“*“than $12 million. What is the cause for this state ofaffalrs"

As your luncheon speaker I am-
- expected to distract you from your working sessions without

B dxstractmg your-digestion. I hope I can do this, while still -

contrlbutmg to our mutual consrderatlon of the issues
before us. : '

As Chalrman of the Subcommlttee on the Envrronment
and the Atmosphere of the Committee ‘6n Science and :

Technology. I have had an op portumty to review the general
issue of basrc. or fundamental, long-ran e research versus
short-term’ applled research ina generiefense. 've also had a

Why haver’t some of the billions of dollars going into the
construction grants 'program "been channeled into the -
- research progrims you are all familiar with? Why has the

Administration and the Congress allowed * this near
phaseout of fundamental research to vccur?.It is not

~reassunng to +tell 'you that I, as one of the Members most"

concerned with the EPA budget in the Congress, do not _
know the answers to these questions. I do know that many

“ research issues have been ldentlﬁed and that both the EPA

, 'chance to-examine this issue particularly. with regards to the -

EPA's Municipal Wastewater Research and Development

Program At the end of September, 1976 my subcommittee -

. held heanngs on thls subject, at’ which the general state of
 EPA's Munlclpal ‘Wastewater . Research Program was

Office of Researchand Developmentand my Subcommlttee
on” Environment and the ‘Atmosphere share the goal. of

.addressmg these issues with adequate resources.1also know
‘that somewhere between the EPA’s Office of Research and

- the. Congress, the “official” budget contains none of these

thoroughly examined. The information gathered then was -

"much~the same as today——rhe fundamemal hrgh risk
research- on new. Iechnologlcal processes was nearly non-
existent, “and the multitude of - issues identified by

research initiatives, and only the base, applied program
continues. ‘1 also 'know . that - notwrthstandmg the
recommiendations of.both the House Committee on Science

_and Technology and the House Committee: on Public

. Works, the House Approprlatlons Commlttee does not

organizations such as this group, as wellas EPA researchers *

themselves, w ent unfunded and largely unexamined. In fact,

even some of the same specific and present research needs .

and concepts were identified at the same time.
~ My own recent review was pre-dated by Presldent'
. Roosevelt who, in a March 10, 1938, speech to Congress,

‘noted the need for the conservation and development of our -

appropriate the same level of funds which we. authonze
Research funds, especially for what is seen pnmanly asan

- operational public works, jobs program’ in the minds of

most Members of Congress, are considered as either totally .

water resources. Almost forty years ago he stressed' the

.lmportance and mterrelatlonshlp of water quality, water
supply, and land management. Impllclt in his address was
* the call for innovation in this-field and the cry has yet to be
adequately answered.. - ..

A -quick -look at the R&D budget f EPA and s
predecessor shows that while there has been almost a
quantum leap in the construction grants program—up- to
over $4 billion today, from about 5200 mllllon in 1968 and
- 1569 the supportmg water R&D' program has actually.

.

unnecessry or as too low a priority to include in the final

" Presidential or Congresslonal budgets. It is' my hope that

thls past history will not contmue next year!
As- you probably -all know, the’ House and Senate

. Conferees have agreed to the Conference Report on H.R.

3199 the 1977 amendments to the Federal Water Pollution

,,Control Act. Intheseamendments there is a basic agreement
"’onrthe number of slgmﬁcant policy questions which reﬂect
" the Congresslonal judgment that adjustments to the Water -
Pollution - Control

‘are necessary. Some . of. these

amendments are iritended to make it easier. for new or

_innovative technologies to be lmplemented Many of these -

) _revrslons elther rmply, ‘or require, new research and

o
~

NN
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development programs. Alll‘of these a?'nen'dments give the

Administration the basis fo ,re-e’xamlnlng its research and

development ‘budget, and suj plementlng it where clear-cut )
gaps exist in basic knowled \

" I would recommend-to thpse attendlng here today that

you take this time of mid-term readjusiment in the Federal_ '
Water Pollution Control Program to focus on high priority
research. needs, and present| those needs to"as wide an
audience as you can. Those of us w o have attemp'ted ‘and

research The country has
shortage.” Together with the 'energy shortage, and the
general financial constraints hi ting all governments, this is

creatinga cllrnate where more enjergy efficient, cost-effective -

and water conserving means of ¢ontrolling wastes are being

sought. In.addition, the President’s Water-Resource Pollcy '

Study is now: well underway, and promlses to- ‘fake even
further changes to our.]laws which apply to water pollution.

. The debate " that thls study will generate will give
Congress another opportumty to infuse the proper amount
of funding and innovation in.our R&D efforts. The climate -

-for such a change appears right and weshould be optimistic.

Optimism. must be translated |nto ‘action, howeVer ‘and
researchers like yourSelves and g groups such as thiscan help
,Congress meet |ts responsrbllty You have been artlculatlng

"’.'. / AR
¢ IO

Aruitoxt provided by Eic:
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the probfems for some time; you are capable of providing

technological answers and you cre equally capable of =
providing sound organizational responses to our mutual - -
dilemma. You must carry these messages beyond these walls -

- -to federal,
groups; whether- friendly or adversary In short you must:

state and-local officials, to private interest

carry them to the public.
The implementation of innovative basic research faces

_ roadblogcks other than funding shortages and ignorance on

the part of officials. Research scientists, partic’:ularly.thos‘e"
" engaged .in basic research, will have_to be sensitive and.

responsive to economic and social considerations. While it is
not practical for scientists to heavily engage in training in
sociology or economics, the path from basic.research to

- wide-scale adoption of technologies—and even eoncepts—

- CONGRESSIONAL PERSPECTIVE

will be far shorter and less hazardous than it'is presently . .

proving to be when we are constantly aware that basic
research is anly one of the vital parts'to a larger effort to
solve a social, economic and technologic problem. _ =

. I believe that a.good- case can be: made.for greatly

increasing ouf funding of fundamental water research and .

“development The related issues of land use, environmental

. qualjty, human health, energy conservation, and economics.

all add support to the need for a comprehenswe and well-

planned water research problem, I certainly want to see what -

speclfic research needs this conference identifies for water
_ and wastewater tieatment systems However, this effort will.

. .only be ‘a success if we can transform our analysis into

\)‘ . ‘ . _‘. B . R .

RIC

action, and convmce,others less attached to the research

program that we would allbeneﬁt from its results. I hope we

can work together to this end
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lNTRODUCTlON

%

What are the- fundarhental research needs in water <

" treatment? Whereverwe find man, we necessarily find the
" wastes produced by man’s activities. Such wastes mevrtably
find their way into the air, the soils or the waters near fhéir
points of origin. Since’ Jmatter can’ ‘neither be created nor
destroyed 'by man, mai’s acnvrtles serve merely to change
the form of matter and the ;place and concentration in which
it is to be found i In our envlronment Every time it rams, the
.wastes produced, by ‘man are wa’shod from the air and

' dependlng on the rate of : preclpltatlon and the solubrhty of

‘the wastes, are cagried to and into the sorl and underground
water suppliés or are carried by surface’ runoff into our

- surface waters. It is, therefore safe to conclude that all*

A wateg—our ‘public water supplies.

products and wastes produced by man are present at some
time in'the water sources from whrch we derrve our dnnkmg

. ,\_

:l'h ‘otHer.words, every solid, hqulddr gas that is produced |

: 1salrk.ely to come into contact wrthngat&r which eventually

serves ds.our. source of drinking water. ‘Suchacontact will

o mean that the water will contain constrtuents whrch affect

E

‘,

" . = Undesirable or objectionaBle L 0

~

% constituents of drinking water.

ihe .quallty of water. In order'to assess. thelreffects onthe use -
) of the swater -as a ‘source of drinking waer, all’ such

constrtuents may be. classed .in. one of four general
classrﬁcatlons dependmg on whether thelr presence in water
.Would be: . BT S
'—Impermlsmble ' TR

~ — Permissible but not necessarrly desrrable
' — Desirable.
. The'placing of a partrcular constrtuent of water into one of
these classifications will depend on the cancentration of the *
constltuent and its probable effects (health, esthetic,
synergrstrc, economic, etc.) on the water’s use:
— Porsons or carclnogenlc materials at levels harm£ul
- Yo. the’ health of man are clearly rmpermlssrbfe

— High oxygen and low water pH levels.are. undesrrable

" or objcctlonable because they contribute significantly
to corrosion of water dlstnbutlon :systems.

_— Calcium and magnesxum,\v‘hich contnbute to water
- hardness, are cations- whrch are’ ‘permissible in water
“but not necessarily desrrabvle since they contribute to
increased: costs of usmg the water '

oy

\‘l .> ‘ "..' ’ : ’ El ) .>-
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NEEDS IN WATER TREATMENT - e

V— Fluoride ata .concentration !

lmpermlssfble at still dlfferent concentratlons'7 , o

e

. WATER TREATMENT

AN INTRODUCTION TO FUNDAMENTAL RESEARCH

[ + 1

: . E Robert Bnumann, '
Y Anson Marston Distinguished Professor of Engineenng and
‘ =" Professor of Civil Engineering, Sanitary Engineering Section” ‘5
Engmeenng Research Institute—~ Department of Civil Engineering
. ' lowa State Unlversny, Ames, lowa 50011 ' :

3
N

mg/l’rs deslrable in.
"-" water since it contributes to r luction in the: DMF -
gcayed, Missing and Fllled) incidence of tooth .
decay,. but at 10 mg/1 it must be reclwsSrf'eJ into
“thie ‘impermissible - c],assrf' ication smce
" contributes to mottling of teeth:

14

? \1,..
N -r"

: How many other constituents- in water may be desrrable at
. One concentration, permrssrble but not necessarily desrrable o
-at a different, concentration, . and objectloqable or even

3

r. .
- ..
o

g FACTS TO comsrmm . R

Befate we look at the fundamental res‘&arch needs in water
treatment, consider the fact that we are ofa NATION OF

CRISES. We react slowly to growing challenges, buit when
‘we become suffiently concerned, we-do react.

— We establish new goals. - - '
-— We establish new. institutions and the authonty we need
- to reach those goals. . s
— ‘We establish teams of ,peopleﬁaeco'loglst brologxsts
chemrsts attorneys, economists; englneers-—needed to
define: ‘the. problem and to effect the solution. - h
In the early 1950’s we determined that we. needed a 100

:bllhon dollar ,system- of lnterstate highways to bind our

country together. All of you have benefited by the fruits of -
that goal. In 1965, we determined-that by 1983 we would
ellmmate pollutron of our waterenvrronment We are on’ the

" way, eyen ‘though e have extended the date when'we expect

to reach the goal of “no pollation” of our water resources.
On December 16,1974 1h'e-5’afe Drinking WaterAct was
enacted giving the Adrmprstrator of the Envrronmental

. Protection Agency the power to;control the quality of -
dnnkrng water in public water systems through regulation

arf(o}her means. The Act provided for the establishment of:
Primary drinking water. standards that are 'health-
related, and

— Secondary drrnkrng water standards that are, réIated’to .-

esthetic quilities of water. .- ot

. Prrmary and secondary dnnkrng water standar;ds have.been

established. In carrying.. out. the* design, "construction,

_ operation and maintenance’ ‘of the water treatment facilities

_ required to meet these’ standards however _several facts
need‘to beevaluated I

t ' then» »

.

e

“
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— At present we: do not have'an adequate supply of nsk should “our water consumers be protected from :
S tra|ned scientists ;and’ engmeé‘rs with background in /lnvoluntary exposire to? The classrf‘catron of water. O
desrgn operatlon and malnte.nance of - the new constituents must be based on logical andjustlfablécrltena .
. treatment processes whxch w1ll be’ Tequired to meet/ and levels of risk. At the present tlme, there 18 reasonable
the netw standards The new. standards for example sclentlf'c dlsagreementasto whatmethods should be used in’.
S 3 will undoubtedly requlre that citiés such as. New York.- assessing health effects of water quality constituents and«r,n RO
' Brldgeport Connectteut Seattle Wa,shlngtonand Los ,,estabhshmg reasonable levels of risk (and/ or safety factors)
Angcles “,111 for the. ﬁm tlmc be rcqum.d 10 buljd requrred for estébhshment of. dnnklng water standards
. treatment. plants’ 1f they ,are to fully meet the new - (1,2,3,4). S - :
~ quality standards: R ,; Once the constltuents present in water are properly ¢
= Durlng the past’ several years new water cdnstnu- * classified, then steps éa'n'be taken to meet the requirements .
ents—asbesto’s fibers' and the trlhalcmethanes (5)—~ establlshed by the water quallty standards establlshed Thrs -

‘have; becn dlsco\/ere&l which resulrcd inthg, establlshmen‘ may require: ! :

of ‘new sta,ndards requiring advanc/ed treatment — location and dévelopmeht of a new somce of water s
_ technology not now standard in the water supply ~ 7 supply,or ot oy .

industry. ‘It is; not only possible but probable that  * = chmmatlon -of the Undesxrable wate, qualny

addltlonal water constituents will be d|scovered that _ constituent at its source—erther bS' prohlbltlon ‘of

~will requrre development of advanced* treatment ©° its manufacture or by treatment prror to |ts«d|scharge RS

technology o effect their * control. . Contmuous o 10 our water: sources, or - o -

research must beconducted toevaluate suchpotential. .~ —. removal of the constituent by treatment 0 hc water .

T At present “we havé ' not; developed effective,, = ina water treatment plant.

econon‘llcal' treatment. technology;e which will be -In 1965, the U S. embarf(ed ona. 100 bllllon dollar program .
"+ require J} meet our wafer quality needs based on" - directed at the ,limination ofthc discharge of g&pollutants,

today’s {5r quality standards . from the mation's watei- fesources. In support:of: hat':
— Researclﬁ\today 1S specrf'cally polnted at the solutron e program ‘a graduate training program was supported bythe. "
of todayl"p, R loblems rathersthan the development of U.S. Envrronmental Protection Agency(andlts" redecessdr
fundam?ntal knowledge m a glven area related to organizations) to increase the number. of sme tlsts and

Water tr atment needs-' T . .Q engineers tralned in principles of water pollutlon control At

'

7?‘

APPROACH T

its peak of support—xn 1972-73, over 2000 new masters-level
ONST]TUENT'CLASSIFICATION candidates entered the field each year. This year, with

'~ AND WATER QUALITY MODIFICATION Sl 'phasn;rg out of feder&l supportrf’l{ss than 400 new masters- :
To be able to cllx sify the constrttfents in watér as to their level students entered academic training in this fi eld, At the .
- probable water’ qualrty effects, lt‘rsxessrentralfrrst that we be very time that new personnel needs were incréased by

5(}

" able: . L - passage of the Safe DrlnklngWater Act ofl974(Publ|c Law-
. — 'to, develop ahalyhcal -,_-,- \necgssary for the  93- 523) federal support for trammg of professronals in- the
qualltatlve and‘ _,f" Ve M¥htification of all “* field was curtailed: and termmate_ 2

. Ppubli tersupplies, and -.° . Although many ofthe principlesinvolved in tréatment of
wri — to. evaluate .the ?‘_entlal and thé probable health ~ wastewaters are the saThe as: those used in the modification-
“and economlcef cts resulting from the presence of the * of the quality of drinking water, the- application of the
. measured constituents in the water : o - principles-differ in water andwastewatertreatment systems S
- Probably . the ~most. -important and most uncertam( The recognition that wastewater treatment systems cannot . . "
“scientific and.: polltlcal quest’lon that needs be 100 percent effective should signify the |mportance of )
atlontoday isassociated with rrsKand its relatlonsh.p * water treatment syStems in the water quahty modlflcatlon o

to ‘hazard assessment.. Since - no one’ has yet found the scheme. . i
. “Fountain pf Youth.™all of us here toddy must c:v<:ntuall)r ) In general, the majorproblems in watertreatmentlm‘/olve L
dle ‘Therefere; our risk of dyrng some dayislonl.In fact vthe followmg' S
onein four of. us will dre of cancer. If you smoke, your risk C— Evaluatlon of the _public health and/or, esthetrc and
Imcreases to I in 3. Most of us arrived here today by - economlcslgnlflcano' of water quality constituents.

: automobrle yet our risk of belng killedinanautomobilethis =~ — Evaluatlon oftechnl ues and procedures to be used for -

“ year,areel in4,000'0r1 n.50.in yourllfetlme Today weare - the quantitative mea‘.‘surement and rdentrhcatron of -

legrslatmg mandatory r bags in our cars at a cost of$300- . water guality c'o“n'sti'tuents that may be of health N
$400 each to reduce’ t/hat- isk}o | in 5,000 in 1983, yet.at thef i esthetic,~or economic- 'srgnlflcance ,
* S fowth of tobacco, the'use of Development of effective;” economic’ methods for

I g of cancer from I'indtolin, . . .., Femoving or reducing the concentration or modifying -

3 4

the form of water qua.lty constituents of slgmfcance.- '

ERIC
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-, The major wa"(‘e ualny problemsthatdeservelong ..erm
fundamental research attention incfudé; -0

. —-the identification, charactenzanon and development

“of methods for removal of all suspended partlculates
from water. : PR b

— the. identification, characterlumon and deVelopment

- of methods for the removal of aII soluble organlcs from

, 'water S -

~- the. identification and charactertzauon of factors

affecting the, deterloratlon of wat

L4

. for control of the stability of water. ~~ 7" -
— the.identification, characterization, and deVélopment,
’ . of ‘methods for control of both pathogenic and‘ rionz
.- pathogenic (but significant?) b|olog|cal growths and
. 'corrosion in watef distribution systems.. RS

g - — the identification of circumstances under which water

-softening is justified for esthetic and/or ‘economic

reasons in spite - ~of it§* potentlal negatlve publlc

e 5 health effects.
.~ the identification, characterlzatlon and development'

of methods for control of owner-induced pollutants to

water supplles a source -of pollution- specifically

exempt from control in the Safe Drlnkmg Water Act.

‘Let me comment.-»-bnefly, on several of these’ areas On
June 27, 1977, the“U S. Environmental Protectron Agency

' lssued new ,dnnkutga water standards whlch establlshed
maxmum ‘cOfitatinant levels for several’ parameters
as;ocnated with drinking water supplies.” The “faximum
contamlnant level” means the “maximum permissible level
'_'vof -a. contaminant in water which is delivered to the.free -
-‘.'flowmg outlet. of the ultimate user-of a public water supply
"7 ysystem, except in the case of turbidity, where the maxrmum
L permrssrble level is measured at the point of. emry to the -~

Y

3 dlstnbutlon system. Contaminants added to the. waterunder "

~ circumstances contrdlled by the user, 8xcept 1hose resultlng
‘from corrosion of piping and*plumblng caused by water
quality, are excluded from the- définition(5). '
During the period the final standards were developed,
consideration was given to establlshlng a maximum -
permrssrble total ‘bacterial count {500- 1000/ ml @ 20°C
growmg on plate count agar) to limit the total numbér of -
-bacteria in finished water, Although a totalcohnt limitation
‘was not establlshed interest and .coneern for hlgh total
_ plate counts has’ not gone away. High plate ‘counts can
" result from: -
e — |ntroduct|on
. . organisms in the water system(6).
- .removal’ of chlorine ‘in the dlstrlbutlon -system: wrth
o subsequent growth of ' mlcroorganlsms normally
'1' controlled by chlorine residuals. "
Accordlng to Geldreich, et al. (7): °*

"With proper¥tieatment and adequate’ chlorme resrduh
ﬁmshed “water Ieavmg a treatment plant should have a very

and growth" of chlorme-resrstant
. .

Aruitoxt provided by Eic:

uallty |n water '
_distribution systems and the devc'l’opment of systems :

i
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. > AR J “ "
low bacterlal density. However, as a result- of inadequate .,
treatment = procedures or contamination within the .
s distribution network, the bacterial flora of a finished water -

~may include, among others, Pseudomonas. Flavobacterium,
‘A" Chromobacter, Proteus, Klebsrella. Bacillus, Serratia,
Corynebactenum. Mycobacteriau, Spirillum, Clostridium,
Arthrobacter. Gallronella..and Leptolthrlx "

The |ntroduct|on of excessrve numbers of bactena in
vJater,dlstnbutlon systems’ results in several potentlal
oblems '
" —«High plate counts can contrlbute {o taste odor, and
-.food spoilage problems in products produced by food
,- beverage cosmetic, and drug mdustnes ' :
Substantral pbp Jations of bacteria may include some
genera which could constitute high health risk to
patients in hospltals, clinics, nurseries, and rest .
homes (8,9). As .a possible risk in’ a- hospital
environment, Flavobacterium was . reported as a
pr|mary pathogen for some surgical patients (10).
=~ Non-coliform populatlons in finished water have been
|mpl|cated in suppressmg coliform growth in’ test
media. The critical level for such suppression occurs
when the general bacterral population.exceeds 1000
per ml. - .-
So, how does.this concern owner-tontr"olled lntroductlon of

~ pollutants? Undoubtedly, the two most numerous pieces of -
equipment used; by home owners in both public and - .
-prlvately owned systems are water softeners and . water
- filters, many of whlch mcludc carbon for taste and odor
control. As far back as in 1522 Baker demonstrated that
zeolite water softeners filter bacterla from water and that

water with an |n|t|ally low bactéria count- ‘may mcraase in

- bacterial content upon passage thrqugh'such a softener(l I).
,'As a result,
determlne methods which could be used for disinfection’

several studies have been conducted to

’and/or sterilizatién of such water treatment media (12, 13).
An important observatlon by Klumb in 1949 was the fact

_that although eXperlmental -evidence indicates that the
" siliceous and  résinous exchangers are: incapable,
_ themselves, of sustaifiing bacterial growth, many bactena

- maygrow inthe softener material because of the presence of
f iltered orgamc mauer especrally dunng optimum
temperature condltlons\ - v
In 1969, Stamm, et. al “conducted studles of theeff[uents
backflushed from 143 _separate exhausted urban and rural’

“tank_ resins. and cleaned resxns containing ‘the sulfonated

copolymer of styrene and dlvmylbenzene (SDB) and 44
different bacterial and’ fungat ,genera were  identified, -
including a pathogenlc staphylococcal strain (14). -Since

-cdtionic exchangers of the sulfonlc?type have been shown to
“take yp all‘cations, both organlc and inarganic, growth of

bacteria on the organlc matter is to'be’ expected. Stamm
concluded that mcrea’sed bacterlal retention, survlval and
multlpllcatlon occurred concomltantly with accumiilation
of organics and inorganic materials and the Ca++ and Mgtt’

' WATER TREATMENT
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- cations from tap water . : !

Ina srmllar manner, Wallls etal ., in 1974 (15) discussed

,thehazards of incorporating charcoal filters into domestic

" 'water systems. He reported, forexample, that the number of

bactena dlscharged from a Tareyton carbon filter lnstalled

- on a cold'water tap tosimulate home use showed a growth in

bacteria discharged from about 200 per 100 miat the time

- the unit was placed in service to over 7,000,000 bacteria per .

100 ml in only 6 days. Further studies indicated that such
growth was not caused by the filter lngredlents themselves
but wére due to the removal of organic matter by the carbon

~ which served as the food source for growth. He.repeated

Geldreich’s contentlon that “Bacteria when present in water
in small numbers may be innocuous to man, but when

mgested in large numbers may be ca pableof ca’usmg disease. .

In, the event that ‘a munlm})al water system becomes
contamrnated wrth pathogenic bactena they might pass
through the household water system in numbers too small to
cause disease. However, if the bacteria were concentrated on
a charcoal filter, they could multlply “ln the water
condltloners to a high’enough dose to eause illness”(15).

R - 'WATER TREATMENT
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— develop a body of knowledge 4hat' will provrde a

fundamental basis for evaluaiing the screntlﬁc and
engineering principles that will expand our
understanding. of the “truth”.in specrflc areas .of«.

importance to mankind. ' :
— _provide opportunity for ‘student partrcrpatlon in
* research, and financial support for that participation,
so that the student can develop ability to apply the
_results of both’ fundamental angd ‘applied research to

. “the solution of future probleins

The service programvshould ‘be: deslgned to convey the
results of both fundafmental and ;applied research and

methods for their screntlﬁc and engineering appllcatlon to -
,lndustry and the people practicing therein.

In order to enhance the development of sound, effective,

* fundamental research programs of research required to -

solve the major drinking water supply problems outlined

‘earlier, it would: be desirable to create or to support already .
existing “Ce‘nters of Exceltence” in each problem area. Such -

: .Centers of Excellence should irivolve: .

The adsorptlon of_ organics on all surfaces such as sand

filtler media, resins, and activated carbon has beén
recognizéd by many. Johnson and Baumann (16), for
example, reviewed adsorption literature and proposed a

new type of wastewater treatment process based on the -

.

observed effects. oIt is clear Wt th concentration of

_organics on surfaces can be~ vera:l ders of magnltude

greater than the concent;atlons of the organics in wate.r‘._'
. Thus, any home treatrnpnt d.evrce that introduces large:

surface areas, such as: I'Hters softeners or carbon units, will
enhance the growth of’ mlcl‘oorganlsms on the media
.surfaces. The problem is merely more acute ing carbon,
for the- srmple reason that the carbon_also reduces the

chlorine residual which might serve'to keep bacterlal growth -

under control.
What treatment methods need to be developed to control

the introduction of pollutants by owner-controlled treatment .

systems? Or, do we ultimately. relegate home softeners and
" filtegs to obhvron because of our |nab|l|ty, through lack of
fundamental research to control bactena growths in such
medla" ' : ~

APPROACH TO 'DEVELOPMENT OF
FUNDAMENTAL RESEARCH PROGRAMS - 3

The functions of a university are to conduct: programs of -

teachrng, research, and service. *The teachmg program
should ‘be -efféctive “in training - students. at both the
undergraduate and ‘graduate levels in the principles and
practlces that are essential to the solutlon of problems in a

given aréa of endeavor. The research program should be
desrgned to, - rooo. ) " o
». ] . . ° M
L) : L4 "
. .
\)4 .o ’ o " 'A

— the Creatlon of -an 1nterd1sc1pl|nary research tqam
of engineers-and scientists with, expertlse of. s;gnlﬁcant
depth and variety in the- problem area.

— the development_of" laboratory space and modern °

* equipment required to isolate, identify and charact--
erize water quality constituentsand to permit develop-
ment,and evaluation of new. technology for ‘their
control. Table I, for example‘ lists the equipment now
belng used in our sanltary englneerlng ‘'studies of
particulate identification an oharacterlzatlon Note, -
for example, that some equrpment such as,our x-ray

' dlffractometer ‘are obsolete for the purpose we now
need to .use them—quantltatlve identification. of
crystalllne partlculates ’ '

e

— the development. of a “primary core” of scientific

and engineering courses required to enable the
scientist or ‘engineer”, to practice m general areas
in the waterworksmdustryanda ‘secondary core” of
courses requu‘ed to provide the additional background
required, to.: _'
the “Center of Excellence.”

— the development of a contlnulng 5- year _program of "
research with specific objectives in the problem area -
even though the. objectlves are not related to any

. current or expected problem. .
One specific and major failure of the cuerht Envrronmental
Protection Agency research support program is that it |stoo.
problem oriented without sufficient continuity to permit

' development of true Centers of Excellence in fundamental

research areas. The avallablllty of $5,000,000 or even
$100,000,000- per year in a research area this year followed i
by nothingnext year c_ontrlbutes to the.destruction of-rathét
than the creation of fundamental research programs. Little

fundamental research knowledge is- created .when an

42 ' o . 3 .. .‘.

bfain competence in the specral area of
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academlc staff mukt Jump from one research problem this

“yeartoa completely new problem inan area hew to them the .-

next. A program of; long-term’ furldmg of Centers of
Excellence is essentlal if academic institutions ‘are going to
be able: to assemble a qualified staff and the -facilities

required to contribute: fundamental knowledge and the

personnel to apply it .in water quality problem areas.

_ Applied research is. enhanced ‘when it is based on the

availability of a fundamental understandmg of basic
principles. Both types of research are needed, but EPA

supports only -applied research and the fundamental . -

research needs have not and do not now recelve adequate,

. long -term support.

- This p3nel is golng to focus on several problem areas:
- Drs. RS, Engelbrecht and V.L. Snoeyink of the
Unlversrty oflllrnors will discuss fundamental research

contaminants. A

Committee of the American. Water Works Assocla—
tion, will discuss fundarnental research needs’ with
regard to solids-fluids separation systems.

Works Association, will discuss attempts by that

organization to oreate a Research Foundation that

can provide long-term:funding of- research of both
_ -a fundamental and an applied nature that are
. lmportant to the water supply lndustry

\,‘ -
THE CRlSlS IN FUNDAMENTAL RESEARCH IN

o WATER SUPPLY AREAS. ‘ .
Many of you may already have concluded that our -

university educational and, research programs are currently
operated ona sound basrs Forthe last 15 years, we have had

.' EPA support for training of professrgnals for work in the

water supply and pollution control field.  For years,
however, that support has been restricted to the support of

' -masters-level graduates, preferably those on a terminal
'degree -program so that the entrance of new professionals

j Technology)

the field could be facilitated. Study programs were,
therefore, desrgned to cover general principles and their

‘needs with regard to mlcroblal viral, and organlc -

Dr. Charles R o) Mella a member of the Research '

3

Robert Peters, President of the American Water -

'WATER. TREATMENT
Turbrdrty. used as a measure of suspended solrds ‘has
-been included "as'a parameter that has had a maximum
permissible - coricentration *established under . .current
primary dnnkmg water standards. Prior to. 1962, the
turbidity of drinking water had to be less than 10 turb|d|ty
units. In. 1962, the standards reduced the: maximum
‘permissible turbidity level to 5. turbidity units, primarily
- because that was an achieveable goal and not because of any
fundamental research that related that-turbidity. level to -
desirable health results. The now-current turbidity level of 1
turbidity unit was established as a primary drinking water .

“ standard because a high water turbidity isan indication that

a water may produce an adverse health effect.(17). A low
turbldlty water, however, does not guarantee that a water is
potable. The American Water -Works Assocratlon for ,
example, has a’ drlnkmg water quality goal of 0.1 turbldlty
unit, an order ofmagnltude better than the currentdrinking
water standard. Turbldlty does not measure the type,
number, mass, size, or other characteristics of ‘the
particulates present: A water with a turbidity of 1 unit may
still contain thousands of particles per ml over 2.5 gm in. .
dlameter Even water whose tu\rbldlty is less than 0.1
turbldrty unit can still containhundreds and even thousands
of particles per ml, particularly if all size ranges of_ particles

- could be counted. Which of these particulates, if any, are

“harmful to health? Such partlcles need to be identified,
counted, and methods develo for their removal from.
water. Adin, Baumann, and Cleasby recently réported (18)
results that indicate a water treatment plant was unable to -
reduce water turbidity below a.level of 0 3 turbidity unit.*
‘Particle size analysis of the raw and filtered water indicated
_that, whereas partrcles large enough to be removed by
straining mechanisms were removed in greater percentages
.only 74-75 percent of the smaller particlesin the2.54.0,4-6,
6-8, and 8-10 m size ranges were removed. They concluded
“that not-all particles found i .in water will interact with the -

_ same chemical treatment under the water ionic content and

pH conditions. It is probable that some waters will contain
colloids that will need a séparate treatment from ‘that
accorded to the bulk of the particles present to effect their

~ removal(18). They also suggested that the flocculant-

application in the water supply.and pollution control field. .

Advanced study at the doctoral level—the level at which
most of our increase in fundamental knowledge is
generated—was handicapped and not facilitated by the
EPA training program. Where did this: leave us in
development of educational and research programs? Let us
look. at-only one area—our ability to train’ students and
conduct research in the isolation, identification, and

- evaluation .of the ‘significance of suspended particles in

drinking" water and the development of technology for their
separation “from water (Sollds/Flulds Separatlon

RIC -
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particle interaction must take place uniformly and will
require a careful design of the mixing scheme, but, they
concluded, not-enough inforfnation is currently available to
effectively design such systems and more research should be
undertaken in this area. Polymer-particle interactions are
the key to selectlng polymers for different water utility
interactions. However, to select the proper polymer for a *
_given application, we must know more about the
charactenstlcs of both theavailable polymers(l9) and of the
~particles and the filter media that they are supposed to
interact with (7). How can we.do this. effectlvely without
adequate facilities, wrthout scientists and engineers trained
adequately in the principles and techmqucs used " in ,
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. % , ,
solids/ ﬂu1ds separatlons and w1thout long-term support?

Do we now have adequatefacilities, personnel and support”,

A

in the No 'mber/ December, 1973 i |ssue of . Flltratlon and

Separatlon £20), a statement on “The Crisis in Solid-Fluid
SeparatlojiTechnology -was publlshed This statement was
evolved. fro;n the number of ‘meetings of members of

INCOFILT (International ' Consorfjum of Filtration

. Research _Group_s) whose members found that they could’

“in particle technology, in cake filtration, in thtckemng, in’

identify'experts in deep bed filtration, in précoat filtration,

. centrifugation; working with potable water, w1th wastewater,

and with air.
universitites with even a reasonable balance, of effort in
solid-fluid separation technology. Even in universities with
significant expertise in one area, filtration, for example, they
found that the program lacked emphasis (and course work)
in areas directly related to that process. For example, all
solid-fluid separatlon processes require the separation of
particulate matter from suspension, hence research progress
in any. process must depend on a-basic knowledge of the
partxcle technology (size, . shape, surface characterization,
structure, composntlon) involved in the partlculate matfer
the process is desngned to remove..

The “Crisis” stat%ment was s1gned by a “number of well-
known . people in the filtration world,” ~including the
‘following Americans with activities. in water supply and
pollution control: E.R. Baumann, recogmzed for work 'in
granular media and precoat filtration; Richard 1. Dick,
recognized for work in activated sludge thlckenmg, Robert
'B. Grieves, recognized for work in flotation processes;

However, there were no. people and no . -

. should provide: .-

WATER TREATMENT -

technology, and separation in critical problem areas faced
throughout the world. There is a dangerous lack of -
knowledge and kinowledgeable people. Programs to solve
existing .deficits must be put in action immediately if
foreseéable consequences are to be avoided a decade hence.
Nothing can be done quickly. It will take time to develop
research, plan ‘and enlarge curricula, introduce lraining
programs for engmeers in industry, and in general increase
acllvny in lhe ﬁeld . :

'ThlS statement emphasizes that educatlonal |nst|tutlons

7 .

1. - Basic educatlon in partlcle sc1e'hce and surface ’
-+ chemistry . \ S
2. Optional course sequences in solid- ﬂUld separatlon

.. at the undergraduate and graduate levels

3. -Increased research activitiy . .
+4. Encouragement . to faculty members to develop

expertlse in particle separation.

As a result of publlcatlon of the “Crisis” statement; Dr. ,
Joseph A. Fitzpatrick of Northwestern University

.conducted a survey of U.S. and Canadian. umversmes to .

provide <current data on education and research activities in
-areas of SOlld fluid separation. His survey led him to
'conclude ‘that “there is a serious lack of research as. well as .

~ educational opportunities at most universities. Les than. a_

‘dozen schools offer any course, graduate or undergraduate,

- with major thrust in solid-fluid separation. If there isalready,

Charles R. O’Melia, recognized for work in granular media

- filtration; Frank M. Tiller, recognlzed for work in cake

filtration; Don A Dallstrom, recognized for practical

application of solid-separation techniques in both industrial

process and pollution contiol; Lloyd A, Spielmin,

-recognized for ‘work in granular media ﬁltratlon ‘The

statement includes the following:
I .

“The authors of this paper view with concern the present ,
state-of-the. art in solid-fluid - separation technology,
particularly in those areas commonly referred to as cake -
“filtration, granular bed and cartridge filtration,
centrifugation, dust collection cycloning, scrubbing,’
electrostatic- precipitation, thickening, flocculation, and
dellquonng of cakes. Solid-fluid separation operatidons are-
basic to'treatment of waste streams, filtrationin the chemical -
-and allied industri¢s, and mineral and solid fuel processing.
.With tightening environmental restrictions,. - increased
utilization of poorer grades of raw materials, and mounting
fuel costs, the existing dearth of teachers, researchers, and
specialists in solid-fluid separation technology presents a

_real danger tofinding adequate solutions to long néglected,
but key areas mvolvmg parllculalc scparauons

It is against. this background that the authors of this
statement emphasize the importance ‘of particle science,
: . . . °

.

Q
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*“chemical,
" processing, materials and metallurgy, and petroleum

“return. The results indicated. “

a critical shortage of trained people in solid-fluid separation
technology, the situation will not tmprove in thé near
Sfuture.” v _

A questionnaire was sent to the university departments of
civil, environmental,” mining and mineral

engineerihg (182 schools)T™with a 70 percent
that no university has an °

~organized program in solid- fluid separation technology in

general or even filtration technology in particular.” In
general universities (and -individuals) are recognized for
their research. accomplishments rather than their ptograms

_Fitzpatrick suggests' that -this is due to emphasis by’the -

unwersltles on support of individuals rather than support of-
“a whole lnterdlsc1pl|nary group workmg toward a .long*

" range ObjeClIVC

47

“UniverSities train or educate three categories of technical
" people, the scientist, the engineering scientist, and the
engineei. The hisrarchy of their function is: the scientist.
discovers new knowledge, the engineering scientist appHes
this  to' provide design criteria, and the engineer uses these
design criteria toaccomplish an economical design. In solid-
fluid separation technology, our ignorance is manifest in
particularly the first two categories, basic science. and
engineering science. Thus, unlversnyeducatlon forfiltration
and separauon should provide trammg for each category.'

e

4

e .
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but a redoubling of effort in the categories of basic and
engineering.sciences, forit’is in these areas that we lookfor
‘new Separation processes and ‘major improvements of old -
4 oOnes.” o e S
This is the university situation’in areas of *solid/ flyids
. L . . N LY
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' separation technology. This is the liniversity situation in all
~ of the other areas of research needed in water supply which

are going.to be discussed today. The seriousness of these

- problems demand that we find a better way. -

-

<

" 11, Baker, Gerald C. Removal "of bacteria by _zeolitic Walcf .
softeners. Journal, AWWA, 9: 474, Mayl1922. - - . :
12, Criickshank, G.A. and D.G. Braithwaite. Sterilization of cation-

. éxchange resins. Ind” Eng. Chem., 4/: 472, 1949,
13. Klumb, GcorﬁﬁH.\ng Marks and Carl' Wilson. Control of
bacterial .reproduction in cation-exchange layers. Journal
AWWA, 41: 10, p. 933947, October 1949.. '

14 Stamm, J.M., W.E. Engelhard, -and J.E. Parsons,

Microbiological study of water-softener resin. Applied
. Microbiology, /8: 376-386, 1969. S .
15. Wallis, C., C.H. Stagg, and J.L. ‘Melnick. The hazards of .
incorporating “charcoal filters into domestic water systems.
- Water Research, 8: 111-113, August, 1974. o I
16. Johnson, R.L. and E.R. Baumann, Advanced organics removal
by  pulsed adsprption beds. Journal, WPCF,. 43:8,
1640-1657, August 1971, ) ) . o
17. Drinking Water and Health - Recommendations “ of the
" National Academy of Sciences. Federal Register, 42 132,
. 35764-35779, July 11,1977, AR -
18. Adin, Avner, E.R. Baumann, and J.L..Cleasby. Application of
- filtration theory to pilot plant design. Proceedings. 97th ~
Annual Conference, American Water Works Association, May
- 8-13.1977. -~ . ' .
19., Welday, James M. 'Polymer characterization based on zeta
.-potential "and filtration resistance. M.S. Thesis, lowa State
University, Ames, Iowa, 1977. : . ‘
. 20. Alt, Christian ¢t al. The crisis in solid-fluid separation technology, .
Filtration & Separation, November/ December, 1973. :
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MAJOR EQU]PMENT USED lN PARTICULATE IDENTIFICATION AND :
CHARACTERIZATION AT IOWA STATE UNIVERSITY -

'mm 1

.

WATER TREATMENT

T Date o ‘ _ _ . A Pr_opo'sedq.-
Equipment © Purchased -Cost,$ Description Functions = .. ~«  Uilization
Transmission 1961 . 51,700  SIEMENS ELMISKOPL. ' Investigations of micro Characterization “of -
Electron - ' ' Magnification 200X to. and submicfo particle micro and submlcro-
Mlcroscope . 200,000X with 10A point size, " distribution . and partlcles .
(TEM) - to point ‘resolution.: shapes, |dent1ﬁcatlon of‘A - .

This instrument- is crystalllne constituents .’ .
‘ equrpped with an image - and .therr ~crystal struc- '
- intensifier and an X-ray ture. e L ¢ .
. nucroanalyzer Lo ‘ ‘ Ny
Scanning 1971 67,000 JEOL "JJSM- U3 Mag- : lnvestlgatlons of - partl-' Characterization ‘pf
" . Electron E - nifigitions ZOX to- cle- size,- shape, ‘and in- particulate materials

!
MlCl‘OSCOpC

(SEM)

‘X-ra',y .

Diffrac-

to‘me‘ter‘ '

1956

" sensitivity under

16,000

: analysrs

‘ment is equipped ‘with a
" crystal

. RIGAKU.
: thermal analysis, thermo-
'Avgravnmetnc analysis and

~lOQ,000X wrth *100 AL
) resolutlon Thxs mstrument
15 équippedwithah EDAX -
*«lnternatlonal energy

dlS persrve X-ray analyzer

)

l)lfferential

derivative. thermogravi-
metric analysis: in the

- temperature range.of 80
~ to 1000° with:a<l- mlcro-

voit and I mrcrdgram
con-
trolled atmosphere jn-

cluding high vacuurh.”

GE XRD-5. X-ray diffrac--

teractJons

boundary reactions; qual-

micro - and -
n’lacr.b structures, graln'

and their

surface
interactions.

- itative 'and _‘qyffintitative

element analyses; element

dlstrlbutlons .

. .
ldentiﬁcation of con-
stituents of materlals
Investlgatlon of inter-
actions between solids and

~gases or vapors. Investi- .

tion  and fluorescent -talline constituents of

This instru-
monochromator,
a high temperature furs:
nace, a controlled pres- -
sure compressron sample
holder, a single crystal
orienter, Debye-Scherr

~and Land cameras ' for -
_forward - rand back Te- .

flections.

materials, . théir crys'-'
tal - structures, .crystal-
lite “sizes - and -elemen-

-tal’ constltuents In-_

vestlgatlon of the
effects
pressure, and gases and
vapors . on
‘raphy and structure, of
matenals

-of * temperature,

crystallog- -

Identification of
stituents
materjals. and their in-
teractions with environ-,
ment lncludlng adsorp-
“tion of organic ions.

con-

gation -of phase equlllb\\
ia. ’ _ . "\
ldentil'lcation of crys—

Identiﬁcation of cyrs-
talline
particulate materials.
-Investigation of the
effects of various en-
v1ronments on - behavior
or partlculate mate-
ials through structural
and crystallégraphic
changes including ion
exchange and- adsorp-
tlon of - orgamc specres

=~

P

ERIC
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of particulate ' -

.constituents” of
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o ... Date . . - _ DT : . Proposed
_Equipment  Purchased  Cost$ Description B .. Functions Utlllzatlon
Coulter 1972 - 16,000 . COULTER COUNTER .Investigations ~of fine Charactematlon of fine
Counter s, L MODELTA—II Countmg _particle - size distribu- partncle distribution
‘ ' - ‘capacity of- 0.5 4 ‘m tion. and the effect. of various
) to over 800 u m. This in- . environments on particle -
. : strument'is equlpped with. : growth and size dnstn-
e *  triple'volume manometer, butlon ' :
) - different aperature tubes, v . B
: ~and aperature observation . . B
- microscope. Results are *
; automatically displayed . - I .
- - e and printed out by a 16- /
) T - channel analyzer. E e
H'lA.C 1977 14200 - HIAC Counter Model 320 Par_ticleg' size. --‘distn'bix- Charactenzatlon “of
Particle i - Counting capacnty of tion of suspended solids matenals g :
Counter 10 m60 m bsing light in wgter& '
I ,b.lockage.tecl_mlques Re- = B
' sults - displayed . in- 12 .
© separate channels. - S - - .
Zeta 1975 10,000 400 Lazer Zee Meter. Investigation - of parti- . Characterization of par- -
Reader. o s ~ cle surface charges. ticle -surface charges ‘
S \ . " © . . and the effect of various
C . . - environments including.
. . ~ adsorption of organic
- v B ions on surface charge.
Colloids- 1977 1,050  SD4SN SUPER DISPAX Investigations involving Provides -fine particle
" Disperser with G454 generator - colloidal suspensions “distributions
' * , (Tek Co.). 10,000 ' of .clays’ and  other 'reproductible manner.
- ‘rpm mixer with a suction particles. a :
_ head exertmg high hydro-. - -
; dynamic shear forces.
. Applicable for different
suspensions and orgatic o
- _ solvents E
. Infrared . 1966. 15,000 Beckmah. IR4 equippclzd Identification and quan- - Determination of the
‘Spectropho- with a double beam Inter- titative analysis of ‘constitutional and struc-
tometer ’ ‘nal Reflection under con-" structural units. In- tural properties of sus-
S . trolled, temperature and . vestigation of thin pended ‘particulate ma-
atmosphere including films and adsorbed spe- terials in microgram
vacuum. Transmissionand cies. Investigation of quantities. Investiga-
- Internal Reflection" the spectra of powders tion of adsorptlon of
. Spectroscopy of bulk and in mxcrogram quantities.  organic ions by particu-
interfacial materials. " late systems and other
. " - interfacial reactions.
-

LM
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_ tvKuipment " Purchased’

Cost,$ ‘

) L
Description

awt i " . R
o } Functions |

-

Proposed
Utilization ,

. Mercury

1974
. Porosirgetf:r__

'10,300

‘: =

1965-1968

.Adsorpflon

- 25,000

.-

: .Constant Speed 1973
g ‘Constant, Torque'

_.Control

approx.
_and one
~ apparatuses.

.Institute

1',006

MICROMERITICS 915.
This lnstrument "has a pres-
sure range’ of 0 to

15,000 psi corresponding

.to pore size range of 20
to 80 000 Ar

Consists of two gravimetric
“volumetric .
The two
gravimetric apparatuses
were built at ‘the ISU
Engineering Research
Sous and-
Laboratory
using Calin Electro-"

Materials

‘balances and MKS elect-

ronic manometers.

Sensitivity: 1 microgram

and 0.00]1 millimeters of

- mercury. The volumetric
. apparatus consists of- a

MICROMERITICS
.-ORR Analyzer ‘

mv.. D.C. torque control
Electrocraft Corp.
‘Motomatic Motor
generator

fsize,~
and

Analysis
pore

of _pore
dlstnbutlon,

pore structure.

Investigation “of inter-
nal “and external ‘pore -
structure of partlculate

) matenals

I -

PR

~ -

'"DeterrmnatIon of adsorp-'

N
dlstrlbutlon of - porous
‘and fine partlculate_

prqpertrés ‘speci-
surface and: pore size

materlals

studre' : 'A

chemical

,In'vestigation. of surface

particulate systems.

ERI
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FUNDAMENTAL RESEARCH NEEDS IN WATER TREATMENT

'

MICROB]AL VIRAL AN/D ORGANIC CONTAMINANTS

. S RSS. 'anelbrecht and v L. Snoeylnk ,
/ » ' . - Universi y of Hlinois at Urbana-Champargn ,
2. Urbana, lllmors BRI B
leTRODUCTION ;'-f":‘?;-' *v .i. : 'States has been reduced over the years there were 28

' addltlonal research, One of the'} mofe important problems is
the health effect associated With the continuous intake by
‘the public of low levels of contaminants over long periods of -
time. In" many lnstances the analytical techniques to
qualrtatrvely -and quantitatively . characterize chemical -
contaminants of this nature, as well as biological agents,
‘which mrght ‘be present are either deficient Jor lacking.
Concomltant with the health éffect and charactenzatton
studies, - research . on ‘water treatment processes, both _
Mtablished and new, is needed to determlne how theycan be
"operated to g-rve maximum " removal of specrflc
~ contaminants ‘at the lowest costs. Process\ mon1tonng

_There are many ispects of water treatment which requlre

techniques which can be used to insure- that only -water of

" acceptable quality js ﬁ &stnbuted to the consumer should also
‘be developed. T
‘primarily related (o' biological - and dissofVed - organic

. chemical contaminants. . No attempt has been made to
... provide a. comprehensive, coverage of this topic. Rather,.

selected needs have been presented in an attempt to show
. that thereare several areas of additional research requrred in
. water supply

In order to consider the quality of publlc water supplres it .

s first’ necessary to identify the problem. To do thlf, it is
'lmportant to- determine’ if spec*ﬁc impurities are present
_and, in many lnstances, their concentratlons the. chemical,
physical and biological charactenstrcs of these impurities;
-and tllc effect of these impurities ori human health. With this
informatien avarlable, safe levels of i impurities in. water for

protection of publrc health can be determined. Also, this

1nformatron can be used to select or develop progcesses
requrrcd for their removal or mactrvatron .in the case of
: mlcroorganrsms

HEALTH EFFECTS RESEARCH NEEDS
. Incidence of Disease
Although the- 1nc1denc‘: of entenc drsease in the Unrted

~ v .

Cy

is paper: focuses -on’ research ' needs -

reported waterborne disease -outbreaks in 1974 with 8 413,

. cases,- In l975.,thpre_ were 24 outbreaks and 10,879 cases.

These outbr ks @hd the resulting cases were . caused
pnmanly by m’&#oorgamsms, e.g., 81 percent .of those .
.reported in.1974. Overall, the category designated “acute
gastrorntestmal iliness™ accounts for the laigest number of

-+ cases. Unfortunately, no specific etiological agents have. -yet

"been identified for-these gastrointestinal outbreaks and
“studies to .determine them should be 1ntens1ﬁed3‘s should
studres on the control of waterbome eprdermcs
’ N
Vims Problems . » ' : .
" The presence . of - viruses in _water is an aspec) of -
microbioldgical quality thaThas recerved consrderable,.but
" not ‘nearly.enough, atténtion in recent years. At the present )
time it.is difficult, if not impossible, to establish rigid

. standards regaiding the allowable level of viruses in public -

water supplies. For example, according to the World Health -

' Organrzatron(WHO), ‘If not even one plaque-formrng unit

- (PFU) of virus can be found in 1 litre of water it can
reasonably be assumed’ that the water is safe to drink. It .
would, however be necessaryq,to examine a. sample on the -
order of 10 litres to obtaina proper estimation of the PFU’s
at this level.” The European Standards for Drinking-
“Water,” publls11ed by WHO indicates that there should be
no viruses in dnnkrng Water when 10 liters. of water are

-examined. .On the- other ‘hand, it would appear that the
““Canadian D.nnklng Water Standards” does not permit: any

- viruses in dnnklng water,. regardless of the quantity of water -

analyzed Thesrgmﬁcant:e of these standards depends onthe
miethod employed in concentratlng and assaying the viruses
presen{, and as yet’no concensus has ‘been developed
regarding this measurement, of watpr quuallty o
. It has been obséryed: that there are vrruses’ivrth noknown
associated diseasg: On the other hand, such’. ‘mrus smay
possibly interfere thh‘ enetlc transfer‘and thus have, long "~

term health 1mplrcatmns That suéh qubes,—rmght be
. f',‘"»_,\'
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transmitted through the'_‘;w_ater.route is not known. It is
significant to note that many believe that anindividual need

~only ingest one detectable virus unit to developan infection.

However even this concept needs to be further investigated.
~ Although many viral diseases have been accused of being
tr;ansmrssrble by water, only infectious hepatitis is known to

be significant in this respect. However, it has beensuggested

‘that waterborne transmission of enteric viruses at low levels
could occur without the presence of a type of disease

outbreak recognizable by current eprdemlologrcal methods.
This then is an area of considerable importance and in need
of furt\er research

. ..
LI

v'Organlc Chemical Problems

The presence of certain organic chemicals in publrc water

.psU’pplres ‘has. been implicated as havrng mutagenrc or

carcrnogenrc activity. However, the full impact of specific

WATER TREATMENT

related health effects of particulate matter in water supplres

deserves further attention. Additional . studies should be - .

undertaken .regardrng the lnteractron between viruses and

suspended solids or partlculate matter in water, including -

the protection from drsrnfectants offered by the partrculate'
matter.

,App_ro'ach to Research on the-Health Effects ol_' Chemlcals v

The .two genéral ways to assess the health hazard

associated with ingesting chemical pollutants that might be .

in a public water supply are epidemiological investigations

and laboratory studjes of toxicity. Both approaches are .
aimed at providing information on the health hazard as it - .
“ relates fo man. Most of the current knowledge of toxicity’

~of éanous constituents is based on observation of their effect

- upbn man and animals using doses and/ or dose rates thatare
much larger than those that correspond to the usual -

organic compounds in this respect is unknown. Cause and - -

effect studies of this nature are required. The'healtheffectof : result, there is gredt uncertainty in est1mat|ng the magnitude

~ of therisk to health that ingestion ofspec|f|c contaminants

mrxtures of organic compounds must be similarly *

- determining the health effect ofchemrcals Forexample, the” _
applicability of the Ames test for mutagenrclty should be

-and other :

. Inorganic Chemical Problems

- deserves: further study. oL .

;srgnrﬁcance of suspended -materials

. studied more lntensrvely

™

/
P

'rnvestrgated “There also is need for improved procedures for, -

. The toxicological significance of . many morganlc
elements and compounds found in water is unknown. ‘For .

example, the precise causetand effect relatronshrp of sodium
and cadmium,. as well as water hardness,
problems still remains unapswered. The srgnrﬁcance of these
elements to cardiovascular discases and

to cardiac:

concentration of harmful materials in drinking water. Asa

in ‘watér may produce. An additional problem is présented

.by the potential combined .effect of two or more

contaminants. Obvrously, this. is an area in need of

cansiderably more research. Water quality standards and

criteria can be established. reliably only if the threshold level

of the health effects of various contaminants that may be in . -

water supplies is known. For example, considering only the
inorganic constituents,

" information is needed with respect to barium, beryllrum

- cadmrum and other elements The health effect of trace ‘

hypertensron needs to be determined. Thei rngestron of water
. as it. might relate to mineral accumulation in the body, -

leading possxbly to the formation (y"gall and krdney stones,

lSuspended 'Sohds Problems

There are also questions regarding the presence. and
in water. This
particulate matter may be elther unorganrc or organic in’

" natureand consists of particles rangrng in size from colloidal

to more than 100 mrcrometers Although there may be other

_ substances and microorganisms attached to. them, these .
- particles, such,as with asbestos fibers, may have health

implications in themselves. Ori the other hand, their
srgnrﬁcance may be indirect in that they affect the quality of

“the water by acting as a means whereby ‘other contaminants’

- are concentrated and, perhaps, transported to another site

Q

-only to be released unaffected; e.g., microorganisms.

A hrgh concentration of particulate matter, giving a
measurable high turbidity. is an indjcation that a water may.
produce an adverse health effect. However. there’is little

' reason to- believe. that a.low. turbidity meaSurement

Aruitoxt provided by Eic:

guarantees a“sétisfactory quality water. Measurement and

. ascertain the reasons for successes and failures at various

amounts of various organic compounds must also receive
further attention. Thus, the health effects of various
morgamc constitutents as well as organic compounds ffeed
to ‘be identified as they affect the: ‘establishment of water

'qualrty standards and'the desrgn of treatment facilities. In-
' considering health effects, ‘it is important to note that. there

are beneficial effects of many inorganic constituents that
might be found in water, such as fluorine, iodinecabalt,
chromium arsenic ' manganese, vanadium and zinc.

'SOURCE QUALlTY .
_ There are many* areas associated wrth the’ quallty of raw
water sources Which require study but only a few are selected

for discussion here. Other areas such as'surface and

groundwater basin management to control qualrty are als0':

rmportant

Plankton Bloom Control :

Plankton blooms in reservorrs can lead to’ troublesome
taste and odor problems which require ex pensive treatment
methods for control. In recent years, aeration for reservoir

‘blooms. ‘Although this procedure ‘has been successfu
certain rnstances. additional information is needed so a

destratification and mixing has be?n used to control thf .
e

additional toxicological' :

L&
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geographrcal locatlons throughout the, country The reasons

“for, reductlon ‘in the plankton population during reservoir -

- mixing and a shift in organism predominance toward thel
", less troublesome green algae needs’to be explained: The

‘older and perhaps the most common method of controlling
plankton blooms in reservoirs is through the application of
copper sulfate. There is need for more infor
regarding the effective copper concentration required for

“algacidal action against specific microorganisms withou

~ débtryctive impact on the. surroundmg biota. Additional

metabolic studies of the copper reactions with algaearealso

indicated. This and related information would assist in -

determining the proper timing and placement of copper

ﬂsulfate in reserv oirs.

Groundwater Quahty
The potential for pollution of groundwater because of

- increased- rechargmg operattons irrigation with reclaimed

water and the increased use of agricultural chemicals,”

should be evaluated further. Specifically, the effectivenéss of

. soil percolation as it affects the removal of viruses, metals

and orgamc compounds in water should be studies. These

lnvestlgatlons should give consrderatlon to various soil
types and their comblnattovt as well as to-climatological
. conditions. rate- of appllcatlon etc. Long-term studies tp
determine the possible buildup of pollutants insoilsarealso
“indicated. An -inconsistent relationship between total
coliforms, fecal coliforms,and standard-plate count bacteria
has frequently been reported in groundwaters. This would

I— . °

prlmarlly becaﬁse there is no srmple, routlne procedure for
* the recovery, detection, and enumeration of viruses in‘water. .
- Clearly, there isa need for developmg a simplified procedure
for determining the presence and density of vrruSes -in
drinking water. Such.a procedure is needed for selected
monltormg of water supplies. -

The . curfent microbiological tests to -determine the
.~ presence of fecal contamination of a drinking water require

-a minimim of 18 hours. Thys, a posmve test indicates that

water which was treated {8 or more hours prev10usly
contained bacterial contaminatior; with-this time lag, the

. water probably would have‘already entered the distribution

s'yste' Thus, there remains a need to develop a rapid,
sensitive ‘indicator test to determine t‘he presence of
pathogenic or infective agents in drinking water. Sucha test
may be mlcroblologlcal in nature or it may turn outtobea
chemical, such as coprostanol which .is a chemical

- warm-blooded animals. With respect to the present coliform

: P
test, there is need for additional studies gn the mﬂuence of

turbidity as an interference in their meration.
Based upon available epidemiological data, it would

_ appear that the present coliform standard is adequate to

protect public health when' water is ‘obtained from a ..

protected source: and is approprlately ‘treated and
[distributed in a contamination-free system. However, this

{WATER TREATMENT

te

. contaminant which is produced only in the intestinal tract of -

-

- may not be the case for water reclaimed directly from -

indicate that perhaps a different or, at least, a more .

significant means of determining the bacterlal quallty of » Use of*the standard plate count for ' determining the

groundwater 18 requrred

'Water Reuse - S ' ' .
Indiréct reuse is belng practlced in all 50 states and in
~other countries. Further, "direct water reuse- may be

. Decessary in the near future, e. -8 the year . 2000. Broadly.

’

speaking, there is-need to determine the ‘health effects of and
the quality criteria .for reclaimed’ water. To obtain the
information necessary, it will be necessary to perform more
~ detailed and, ‘perhaps, more sophisticated toxlcologlcal

* studies than have been reported in the past. If a reclaimed

- water has been found to be toxlcologlcally safe for public
consumption, the level of the physical,
.bacteriological constituents of the acceptable: water should
be determmed 5o as to establish the required quality criteria
~ for the direct reuse of water. In this respect, there is need to
1denttfy a reliable protocol for evaluating’ the acceptabtllty
ofa reclalmed water for direct reuse. s

chemical and’

Y

wastewater. Additional mlcroblologlcal standards are
needed in this situation. This ma){ involve the determmatlon
of viruses or some other more s¢nsitive indieator bacteria.

acceptablllty ofa reclalmed water should alsobe considered.
This .will requlre that there be a correlauon between the -

‘standard plate count and the health hazard associated w1th —

dnnklng water. © . -

Vlrus ldentif cation Needs
There . is epzdemlologlcal evidence. to’ mdlcate ‘that

mfectmtls hepatitis is transmissible through drlnkmg water.

A ANALYSIS OF BACTERIAL AND VfRALA

‘\‘l “ I.'- L '_

RIC "

CONTAMINANTS s .
. Deficiencies. of Existing Tests R .
The precise |mportance of Vtruses in water is now known

-

Unfortunately the etiological agent, presumablya virus, for
. .infectious hepatitis (hepatitis A) has not been cultured in the
laboratory Therefore, the current’ “viral detectlon methods-
. do not determme the viru$ of infectious hepatltls ‘There is -
need to develop a system for detectxng, -recovering and
isolating this partlcular virus in .arder to evaluate its
persistence, partlcularly in the case- of epidemiological
-studies, and its removal byswater treatmént processes. The
~same typé*of information is neéded for the ill-defined

gastromtestlnal disturbances Wthh are believed caused by a: . .

vrral agent(s).” o — .

* There is need for standardlzatlon of virus detectlon
methods with special attention being glven to the critical -
need to quantltate the recovery of small numbers of vrruses
from large volumes of water and the detection of viruses

under adverse environmental condltlons..~Further

5“’ « - f o . e '._J‘,,._ '
s ’ _ T
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lnformatlon 1s requlred on the vrrus removal capabllxty of

various unit operatlons and processes employed in the '

treatment of public wwater supplies. Emphasrs should be

‘place on naturally occurring viruses; -and; suCh studies

should ext’end to both pilot plant and field lnves!lgatlons

Considerable progress has béer made in recent years in "’

the detectlon and enumeration of enteric viruses in water.
" Most acceptable methods ‘today involve clarification to
remove interfering substa ces (e.g., particulate matter);,
adsorption, elution, andﬁnally reconcentratign. Each water
system can present dlfferent problems in the monitoring for
, viruses; it would appear that no single method has yet been
found that is.applicable in all cases. Procedures utllrzrng the

a(bove mdlcated ‘steps ‘have been found:'to- be generally

acnggtable in determining the presence of the more usual

entertc[Vlruses such as polio, echo and~coxsack|e Factors
that co“mpllcate virus concentratron, and espetially

reconcentratlon can be- ldentlﬁed as breakthrough, fgc

farmation, or co-concentra n of cytotoxrc agents. ,iiach

virus recgvery method should be assessed in light of each of -

these factors, as. well as the spectrum of viruses recovered.
Research and. developmental studies should be continued

. with the object of developinga method with universal or, at’

least, broad utility for detection of enteric viruses in water
supplies. Detection of viruses is complicated beyond that
associated wrth the .concentration, " adsorption and
reconcentratlonusteps in.that no smgle cell system has been
found su|table for the detection of all of the known enteric
viruses. RO
Virus enumeration has progressed to the pornt that an
extremely small number of viruses in large volumes of water
-~ can be determined under ldeal condltlons ie., | virus or

* infective partical per 100 gallons. Through more extensive '
monitoring and concurrent

studies, using virus
epidemiological data, it should be-possible to determine the
practical significance of this level of detection and its
adequacy for the protection of publlc health. It may be that
such studies will show’that more sensitive ‘methods of
detecting viruses are required if »\_vaterborne outbreaks of
‘vira} diseases are t'o' be eliminated completely.

Relatro‘n to Partrculates : .

Studies are needed to. support current evrdence that'r'f‘ N8
particulates may be s1gn|ﬁcaht «in "the -concentration and’
, - transport-of pollutants, 1ncluﬁmg microorganisms. Further .

studies are needed to correlate raw andastreated water
- supplies with respect to turbldlty and mlcroblal association.
Interference of partlculates with the lnactlvatlon of viruses,
pathogenic bacteria and indicator bacteria’ with respect to
d|s1nfectants such as chlorlne chlorlne dlox1de and ozone,
*'is not fully Known.

" . PR

CHARACTERIZA‘NON ANl? lDENTlFl@ATlON OF’;

ORGANlC COMPOUNDS .
There is a deﬁnrte need to lmprove the d_

Aruitoxt provided by Eic:

, reactlons wrth ‘'water treatment chermca‘
. ozone and chlonne dioxide: Also-thé

e
RIS
)

. kinds (:l'\,orga_nic compounds which exist in water supplies. v

This information is needed as a basis for research on the

removal of potentlally harmful compounds. Addltlonal' "
lnformatlpn is:neeled. to both identify and quantlfy the: -7
! organlc compounds ‘which are present. Current analytrcal‘

e 'WATER TREATMENT

procedures are much better for the. low molecular weight

~ volatile compourids than for the non-volatile, geﬁeral'lyhlgh'

molecular weight compounds Specral attention should be
‘given to the latter and to compounds which produce a
specific effect such as odor. The development of simple,
reliable tésts for® gross contamination, or ‘groups of

. contaniinanis such as organic - chlorine, is . eSpeCIally
mportant,igartrcularly if these parameters can be correlatedf
to health effects. The’ test for " total _organic chlonne 1s;; .
_potentially veryuseful in thls regard. There is still need;

-to develop rmp'rd‘ved but . simple analytrcal'_ :

however,

procedures for. specific types. of organrc compounds €.gl,-

nrtrosoamme ‘nitriles, organophosphates etc.

- ‘There is a great need to establish parameters which can be

used by operating person.nel to efficiently’ operate their -

plants’ for removal of organic compounds. The group

parameters such-as total organic chlorine, total organic
~ sulphur, etc.,
Detailed measurements, of many lndlvrdual compounds

‘which mlght be present ‘do not appear possible for the .

purpose of plant control.*A recent -survey has shown almost

a complete absence of monitd

compounds in use by the water treatment profession. -
Taste and- odor problems occur predictably *and

unpredictably, seasonally and sporadlc:%lly, ina wide variety "

* of forms that constantly challenge the. ingenuity of the water
treatment plant operator. Nearly every water supply system.

_is plagued with such problems. ﬁThe present method for -
determining taste and odor i in water is subJectlve in nature:
Additional

and, ~therefors, variable in its reliability. -
information is needed on the causes and treatment ‘of taste
and odor substances. Specifically, there is need for the
identification and quantification, and‘ the: -treatment of
mdrvrdual taste and odor causing bodi ,vallablllty of

ﬁg procedures for organic .

appear potentially useful in this respect.

such information_ will permit operating personnel of water -

treatmerit plants to ‘attack the problemina loglcal scientific
manner rather than by trial and error.
There is much that must be learned concernlng the effects

.'\Df the organic compounds which may be present in water:

Also, little is known about the ability of organic compounds

~ found.in water to chelate heavy metals, and the ability of the '

.'natural -organic compounds such as humic substances to

associate with pestlcldes and other potentlally harmful -
compounds There is also much that must be learned relative’ -

to the chemistry of such’ comp
op as’ chlorme :

reactroh and other reactions between 'né'and aq

cspeclally -therr ’

alc orm I.ormatlon .

flegus ** *
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CONTROL OF CQNTAMINANTS'

‘Removal nnd/or lnactlva.tion of Vlrus and Bactena 3 "\_ o
“The -success in reducmg thé mcrdence “of . waterborne

epldemlCS of a bacterial nattiré' can be attrlbuted dlrectly to’.
.the treatment of water, partlcularly the usé of.chlorine as’ a

dlsmfectlng agent. On the otherhand exlstmg data lndlcate
" ‘that there are: entenc viruses. which are more resistant, to s
chlorine than elt er bacterial pathogens or the commonly L
used bactenal lndlcators Further different enteric viruses -
~ vary in their- response to chlorme These. observations

should be lnvestlgated Moreover it is not. known wheJher
viruses can, through one meais of another, be altered with_

. _respect to their resistence’ t,p chlomne or other disinfectants.

There is’also the question whether a. laboratory cultured

Lvitus respond., in the same way asa fresh vrral rSolate “With
" t:es;)ect to-the: disinfection questlon possrb_Le subStltutes for
i chlorme should be eonsidered, e:g., ozone, ultravrolet.‘llght

“chlorfme: dloxlde bromme and iodine. Furthér, ‘the precrse‘
effect of turbidity ‘on the inactivation of" vn'uses by all
possible dlsmfectants is not known. , e ,-i' -
The most important waterborne parasrtlc dlseases in the
U.S. are caused by amoeba and giardia. Both of these -
parasntes appegar to be more -resistant to chlonne than
bacteha Fortunately the cysts of both:can be removed by
- proper coagulatlon-ﬂocculatlon and filtration. With respect
to these two- parasites, a method Lor determmlng the -
viability of cysts of giardia i is, needed "Fhe dose-response
relationship for both amoeba’ pnd ggardla 1s needed with
. respect, not only to chlorlne ‘but to -other potential
' disinfectants such as lndacated above. However, in the case .

. of rgiardia, a more rellable method of cultivation. and
enumeratlon is required ft fst

Removal of Orgamc Compounds

There is much to be learned concerning process control -
for the removal of different kinds of organic contaminants.
* Except for processes to remove organ|c compounds which
cause color and odor, water treatment: plancts in the U.S.

have not. been designed or operated to remove organic -

contaminants. In this regard ozonation, adsorption on
carbon and synthetic resins, and “other . procedures

specifically designed for the removai of organ|c compounds .

should bg examined in detail with respect to many variables.
~ Each-process needs to be characterized as to what it can do.
so as to know what klnds of compounds must be ellmmated

" from the raw water supply. Fail:safe monitoring systems"«
- need to be developed which will enable operating personnel
to divert water containing organic compounds which are. .
. extremely harmful; ‘and wh1chtcannot be removed by the

‘available treatment processes.

The lnterrelatlonshlps of treatment processes need to, be ;

closely examined; . for example, predlsmfectlon w1th

chlorine and  other fﬂsmfectmg agents is commq'nly ¥

practloed to prevent biological growths Wwithjn the treatment
- plant and to lrhprove termlnal d|s1nfectlon However, the

\ - . o . o et

: removal proceSses can be reliably obtained.

drslnfectmg agents can also react; wrth actlvated carbon or
compounds adsorbed on actxvatet! cabonrwhen carbon is"

- employed for removtng organic ‘matter, - Are harmful

.- compounds”’ ‘produiced .and’ is- there a way to: prevent

. undeSIrable effects if harmful. effects are noted? This is:a

subject area which requires detalled investigation. Much
more attention must also-be given to mlnlmlzmg the cost of
treatmept For example,. the organlc compounds which
“cause Haloform formation in sGmie cases can be remqved by
a properly operated coagulatlon-'flocculatlon process, and it
_may ot be necessary to install new adsorption or other
prqcessés to “femove such compounds. Operatlng the
. coagulation _process in;a way such that the, rem oval, of
organic compounds 18 optlmlzed may well result ima lower
overall cost ‘'of treatment, consrdenng reduced freq’uency of

applled after clanﬁcatlon Anothen example is the use: of

carb!m followmg ozonatjon." Thls ralsés ‘a- number of
quéstlons concermpg the mlcroblologléal development on eIV

. the: actlvated <carbon as well asithe optlmum deslgn of each
process Ozonation - increasés’ the.’ blodegradablllty of
-organic compounds and, thus, extt:nsrve blologlcal growths
may result in the carbon bed: Thls growth ‘reduces;

regeneratron frequency required for the carbon but may

.resultin.a high bacterial population in the efflilent A well-

.. designed process possibly should " encourigg blologlcal_‘_

- ‘growth but be controlled saasto preventany adverse'effects
.of the growth. Small scale test procedures also need to .be
developedﬁsuch that. design-data for organic compound

"The yse of chlorlne'to disinfect watersupplres causes taste -
and odbr at, times. It has also been reported that chlorine .

" reacts- wrth certain . ‘organic compounds to produce

carcrnogens Thus, there is a.need to identify and determine

WATER TREATMENT

carbdn Tegeneration or- replacement if activated: carbon Is .

the~ effectiveness of poss1ble alternative methods to -

chlorlnatlon for dlsmfec,tlng drinking * water. The
replacement of chlorine by'some.other effectrve drsmfectant
“should be considered. Further, it may’ be posslble to usg:
.spme other chemical, such AS ozone,. chlorme lede

hydrogen peroxide,
conjunction with chlorine so'as to réduce- the amount of -
‘chlorine necessary and. thus ellmlnate any taste and odor
problem or the formation of any carcmogens -

DlS‘I‘RlBUTlON OF TREJ/\T ED WATER
- There is gqod evrdence that waterqualrty, can detenorate

to a s;gmﬁcant degree in water dlstrlbutlon systems

Corroslon ‘piobleths generally ‘create nuisance condltlons
and srequire more frequent. replacement of the distribution
mams wlhch:ls cpstly. Metal ions of various types may be
leached from.’ the piping. . Blologrcal rowths may. also

or potasslum permanganate, in .

¢

develop -in- drstnbutlon Systems thus «qreatmg odorous.

compounds and mcreastpg the rate of .corrosion in sorne
lnstances

The corrosrdn problem,_ accumulatlon of”

partlculate matter and blploglcal growth ‘devqlopment In

-~




b 'fyt'lomsuul. nss&ncn NEEDS & . * . L, et T o WATER TREATMENT .
o pamcular need to be better understood S0 that lmproved SRR used for. monltormg" R ' ' s
control measures can be |dent|ﬁed and used. - ', - 'S.. What treatmeit technology is requlred to reduce the i
, e L concentratlon of these undesirable substances toan - -

' S s 'acceptahle level? .- . - 7 7 : e

" With respect fo the questions assocrated with undesuable L6 '_E:n;:’;;mdg tg::;omir::’;::fblzSut’:,tance:may _
constltutents in public "water supplics, "the: followmg ¢ g r, even - during.

summanze thc need for addltronal research. T el ._drstnbutlon of ap ublic water supp ly, w'hat steps o
o e w1 should: .be taken to ellmmate 6r minimize thls i
-'l"“'What substances may ‘be found in publlc water "~ - potential problem?, o < o

R ,supplles which potentlally could adversely affect Although it would see&rthatthe mostorderlyapproachto R
"~ human health"° s v the -above dlst:ussed g\esearch .would be to determine the-

2. Based upon the effect of these substances what  health effects of contammants and then to investigate the
T.Y are the maxrmum threshold levels necessary to procedures by wh;ch the contamlnagts canbe ‘eliminated or - -

.. protect human health? R : reduced in: concentratlon “health %ffects data are dlfficult '
» 3. Are present analytlcalprocedures sufﬁcrentlyrelrable \ .and time ccnsummg “tov obtam Jn vre\g of this, a more
. “and sensitive. to . provide - the . requrred level of ; ;,ratlonal approach would seent tobeoném which studieson - .
measlrrement of these substances" - ;Ways' to “remove. .suspected contan‘unants are performed

:s1multaneously w1th studies to determme thelr actual health RS
ef fects :

Aruitoxt provided by Eic:
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There 1s today a critical néed for long-term, fundamental
rescarch "and coordinated ‘planning for the management. of

. 0

‘Robert R. Peters, P E ]
Presrdent, Amencan Water- Works Assoclatron

“e

. adequate attention and fundmg

riot only our nation’s but the-entire world’s water resources. -
Our nation, partlcularly, faces 1nterrelated problems. of . -

““water quality, envrronmeqtal (consrderatrons, water supply, .

land use, and energy consefvation witich require mteg’rated

' plantmg and .management. There is a need for 1ncreased.

governmiental and non-govemmental cooperation m the.,

planning " and 1mplement1ng of . water managerment
programs. In many, communities, water. conservation:xa
sound way to’avert criticdl water shortages—is now being
, made mandatory due to, this year's. severe drought -
condltlons, Conservation 8f our water resources must.
; necessarrl‘yl become a Jomt venture of all governments—
local state, aﬂd t;ederal——that plan and regulate water use.
" The, public, too must be educated on the long-term social,
econorruc, and envrronmental ratmficatlons of contlnued
water abuse. : : L
.Some' of the quéstions asked are: What are our natlon 5,
an‘tl the world’s, most critical water problems" Do we
,presently have_the tools ant tech logy to properly assess
._our water problems" Seven departments, with eighteen .
qgencles .and sevan lndependent aagencres of the United
~ States Governmernt ha,ve water programs, funded through
se»enty appropriation accounts. In 1972, federal
_investments for water programs (not research) totalled §2
blllron dollars, and in 1976, 10.2' brlll,on dollars.were spent
for- water quality improvements' alone., Was this. money
-Spent’ wisely? Dollars not’ properly drrected are not the:

" - WATER 'rnEATMEN;r_";

B Y

.

-

Water resource management is a common denommator
_in which all nations are involved. Nothrng, rncludmg_
mankind, can survive, or be produced, without water. Water
knows -no boundanes When ‘it reaches a state line, or

- international boundary line; it contmues to flow therefore s

water prob]ems are international in scope. .
The world’s people -migrated. to and esfablished great

 cities. largely because of the riearby availability of a water

"supply Many nations today have tremendous monetary: -

“resources but_are lacking in water resources. Water is -a
product second only toair when man’s fundamental needs
for survival are considered. These requirements for survival

'are air, water and food, in that order. I believe that wateris

 acommon problem affectmg man’s survival throughout the
- world anditds therefore imperative that 4 safe and adequate

water.supply beé provided to all people. No one people, or
nation,. can exist and thrive without a safe and adequate

" water supply. Today,. approxrmately 75 .percent of the -

world’s population does’ not have safe drinking water, and:

.25 000 people per day are dying from diseases related to

“*their wateg supply, or lack of same: Our world has exrsted -
for millions of years but-throughout its hrstory great wars

" have been fought for the/cause of religion or water.

5

answer.. We need.to tap the abilities of our intellectuals to - *
provide our water resource managers the sound data upon [

which to base wise, farsrghted decisions. , '

The world is not running ‘out of water; ;Kather, the problem
is the wise management .of same. Water managers- cannot
make really wise decisions without ass1stance from'scientists -
involved in ‘fundamental research on'water problems Water
is a renewable resource; thus the solutions to many of our

, problems should be relatrvely srmple to f nd—when grven - world leaders Monres that the fpundatron recerved Wo d i

Q-

Aruitoxt provided by Eic:

Because water resource managers must have scientific
lnput to help:resolve their diverse. problems, I. believe the
world’s water problems must receive careful evaluation. by .
-.the “think tank” of the natrons——-the intellectuals—and
. ;therefore have. proposed the establishment of a World
Water Foundation, similar in concept to the Rockefellér or ~
Ford Foundatrons whose endeavors in research. would
encompass“the: complete hydrologrc cycle: My idea is to.

5 establish the foundation similarly in structure to that of the
. ‘Natronal'Geographrc Society, utilizing the gurdance of some -

58

fifteen to twenty of the most renowned experts in the world-
who have established themselves in the field of water and
have the qualifications that entitle them to recognrtron
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Q,.vanous governments. of .the world, phllanthr0p1sts and °

i',,

" contribute to world peace..

* survival, of spaceshlp Earth’s inhabitants’ mlght very well
depend upon their faclng the reallty of theirneed to conserve. .

.

¢

4 N S

.

be placed i a, trust, and the monies generated therefrom f

would beused to fund water researchjaroyects throughout
the world, on a partial, complete, o?‘matchlng fund basis,
and encompass the complete hydrologlcal cycle from
- source, to consumer to waste, and back to source. To my
knowledge no foundatlon exists which speclallzes ln the
field of water. &

The foundation’s source of funds would be from lndustry,

fivate individuals. The research projects funded by the
foundatlon would, in addltlon to basic andapplled research
include research into new product lines that would asgist in

."
B

n

the board of_"-dlrectors of “the, Water and ‘Wastewatex’
Equlpment l\;‘lanufacuters Assoclatlon who told. me they
were ‘interested and would assist when provrded further .
" data. The president, gresrdent-elect and @member of tife

. 'WATER :REATMENT N

@

,exécu‘glve corgmittee of the Water Pollutjon Control .

[ ]

of Ministers at’ their meeting in’

the lmprovement .of water’ supply, such as new ‘pumping. -

methods, or treatment processes, “rmeans of locating water
" leaks. The foundation would be international- in scope,

allowing all nations of the world to partlclpate in seeking %

solutlons to the vanous problems inlierent in prov1d|ng
better ‘water for .all people. In that water is “@f vital
_-importance to all nations, it is possible that a foundation
dedicated to unified action to. solve water prdblems can

“Our world might be compared 'to a spaceshlp, a home
equrpped with essentials for suryival for a given perlod of
time. "Replemshment of essentials would be of prime
- consieration in flights of long duration: The comfort, even

. and manage their _precious resource, water. - 5
Aga goal for the inital funding of the foundation;1 would

“envision $1.00 per person from sources in the United States

. (about 250 mlllloq dollars) and three to five bllllon dpllars

- frgm sources throughout the world. Itis obv10us thatd trust
“fund . of this size would generate tremendous funds that

' could be used for vital water résearch throughout the, world.

wwould not require fundlng ona yearly basrs but would be
self-perpetuating. : oF

The idea was presented by meto the Board ofDlrectors of -

_the American Water Works Association in January,'1977,

~.and it was greeted with enthusrasm The senior scietice

edltor for ABC News thought' that. the project had
tremendous potentlal and said that he would be honored to

. ,.:"-

sas. ofﬁcers

, Federation aye- interested and: have allowed. me time %o
present. the idea to thepr executive board 1amgwaiting their
decision. After presenting this proposal in Cfada recentdy,
1 have been. requested to present the concept to the Councll
4 ttowa next January.’
" Renowned leaders in the field of witer, such.as Dr. Abel |
Wolrhan Dr. Mark Hollis, and Mr. Frank Butrico, 4s well
of The. World Bank, have. given me’
encouragement and: support. I -have ‘talked with several
‘congressmen and senators,. who recognlzed that the

foundation has tremendous potential and indicated their

w111|ngness to assist wherever possible.. Just prior to, my

E

3

l:endmg the AWWA Conference in Anaheirh, I recéiveda ..
e

ter from Congressman G. William Whitehurst reiterating.
his support and willingness to assist in meeting with people

..or establrshlng meetings for furthering the project.

< Fvy, .

be a-membeT of the foundation’ § board ofdlrectors Atthe
State Department, 1 talked with Mrs. Patsy Mink, Assistant

Secretary of State, and also'Mr. Roy Morey, who also felt:
that the project had great potential, They suggeste¢several
ways of furthering the project and. offered-to assist ih
" whatever way’ they «could., They. agreed to collect data ‘on

; 'world  water pleects and.also to provide g list of those'

iu

E

Aruitoxt provided by Eic:
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natlons of the ‘world’ that mrght contribute.

l presented the idea to Dr. Andy Breldenbacht formerly of
EPA "who indicated that the foundation, would be a great
way to fesolve “worfd water problems. and promlsed to
1nvest|gate the pOSSlblllty of gettlng EPA to provide monies

. The American Water W orks Association, National Water -
. Well “Association, Water and Wastewater - Equipment

Manufagturers Assoclatlon “and Water Pollution Control
Federatlon are some of the major associations ifivolvéd in

“the field. of water, and therefore they are being asked to

prov1de the seed monies for establishing the foundatlon
which is certain to have a great.impact on the water industry

. and also a great reward for the associations. | requested

$50 000 from the Board of Directors of AWWA toward the
foundatlons establishment and am happy to report that the
Board provided thls‘rnoney, contingent upon the provision

~of matching funds in the amount of $100,000 from other

sources. 1 will approach ‘the Water and Wastewatgr
Equipment Manufacturers Assoclatlons Board and the

Water Pollution Control Federation's Board. for their_
“assistance. The legal work in establishing the foundation
.will not only require considerable time but also the
£ contacting of many people. An Advisory Council will be

chosen to select potentia) candidates for the foundation’s
boatd of directors-and recommend gu1del|nes forthe actual
establishment of the foundation. Upon incorporation, the.

foundation will proceed to solrclt large donations. - .
© In my travels | have .had, the opportunlty to d'scuss the

foundation with: the heads - of umve.rsrty englneerlng
departments throughout our country ‘They have been most
receptive and feél that the establishment of such a.
foundation would allow the watenindustry to ¥os somqthlng

for itself rather than its being dependent on our governiment

~ for almost all research funding. As we see more and more

. becomes more and more ‘important.

government involvement,. such an lndependent foundation
In_ addition. . the,

- importance of water and the. pfoblems that we know exist

for lts establlshment 1 also d|scussed the plan briefly with

& PR 2% : \]
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requlre .that water research be expedlted We don't have to
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~look into the future .to find ‘major problems. We know:
" population centers will grow, that agricuiture and industry
will demand more water, and we, as the experts in the field,
must, find the answers. S
In'reading a recent article by one’oﬁ'tstanding member of

the research field‘ Whose subject was food, I was'amazed to* "

find that in his listing of the things necessary to provide food
. for the world, water was not even mentioned! Wateris taken

WATER TREATMENT .

»

that it is being headlined more and more often as problems

arise. If the United._States can embark ona project to place 4
man on the moon and.retiirn him safely toearth,and placea

vehicle on Mars for taking soil samples, ahalyzing them,and

.transmitting the data to earth, we certainly can solve the

~problems of water for our people and survival. We presently )
have- the technology and the expertise to accomplish this
goal. But I believe we must also have an independent . -

«for* granted and is little understood; et it is our most

_ - foundation established to fully utilize the vast talent and .
- common and necessary resource. However, we are finding ' :

technology that presently exist.
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. FUNDAMENTAL RESEARCH NEEDS IN WATER TREATMENT
.. o PARTICLES AND POLLUTION

: * Charles R, O’Melia’ .' ’, i ., R
. T T University of North Carolina '

.

7 Chapel Hill North Carolina

lNTRODlJCTlON
"Research in environmental engineenng l!as been beset

- - and perhaps seriously impaired by the opinion shared for at

- least a decade by many scientists and engineers that we have
sufficient knowledge and technqlogy available to solve our .
~enivironmental problems In my judgment, (1) we do not
' even recognize many present and future problems, (2) we --
" would not know how to solve many of these problems if we - -

were able to recognize them and (3) we have hardly begun to
try. '

Solutions require research both ”fundamental and-

applied This essafis directed towards one aspect of this -
‘broad and general‘ neéd for research in environmental

engineering, i.e., particles in water $upplies. This selectionis

made to be illustrative and indicative; 'is not

it’
comprehenswe '

hazardous to human health are either solid. particles (e.g "
asbestos fibers, Viruses) or are assooiated with such particles
(e.g., pestiCides and toxic metals adsorbed on clays). These -
solid particles vary in size from about 0.005 to 100 um, a
range of over four orders of magnitud@' Their chemical and
biological properties also vary extensively They. may be
organic or inorganic they can occur naturally or be
produced by man; they can be- present inaraw water supply .
or added during treatment; they canbe living or detrital.
Particles in water are measured at present by the mass of-
the larger sizes (suspended solids) or by their optical
properties ‘(furbidity). Unfortunately, their removalin water

. treatment plants and-their possible effects on human:health

Conventional .water treatment plants use coagulation, .

settling, and filtration’ processes they are designed to
remove particles from water Since these have been in use for
water treatment for up to a few thousand years, it is
tempting to assume that we use them' efficiently and
"effectively nowq Such is not the case. We do not measure-

' important physical, chemical, and biological properties of

. The ma_](’mty of the substances in water that may be‘

partieles in water. We do not know the identity’ of the

are only marginally related to these. properties Probably the
" most impor'tant characteristic of solid particles that affects r
théir removal is size distribution. Particle size determines
‘the transport of particles ‘in solid-liquid separation
" processes such as flotation, gravitational sedimentation,
packed bed and cake filtration, and centrifugation. Surface
area (and hence particle Size) influences chemical reactions
of particles including interactions with coagulants and

] adsorption of contaminants. For particles larger than 1 or2

*'um, there has been veryrecent work deterrmning their size ll’l

. 'water using Coulter, HIAC, and Zeiss' Videomat counters.

chemical speciés most commonly added to water to remoye

particles. We do nogknow well the reactions these chemicals

undergo, and we certainly do not know. the kinetics of the
reactions of coagulants with substances in water. Our -
theories of flocculation and settling are_inadequate.l.

Filtration theories focus on clean filters and are invalid-as

soon as.a run begins. We cannot, measure important’ -
characteriltics of the product water. In fact, we may. not

even know what all of these important parameters may be.
. Hence, we have problems in even descnbing the
effectiveness of a treatment plant.

Y » . 2 : k)
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Smaller - particles still escape measurement. The chemical
composition of solids and the distribution of chemical
composition with particle size are® not known. Similar
inadequacies exist when the biological composmon of solids
is considered. : - » .
Ultimately, these problems in measurement must be :
solved. It is difficult to develop useful theories for solid-
liquid separation processes in- water: treatment without .
knowing the size and compos1tion of the solids to be
removed. Similar problems also affect the design of water
treatment plants in practice S .

PARTIC LES IN FLOCCULATION

- Particle size distribution has pronounced effects on the-
L . .

:



kg= [2a]

T Jpdy dy
L Lo dedy
Laminar Shear kgy = - — o G [2b]
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ktnettcs of flocculation. Collrstons between suspended
particles are esserlttal for coagulation. They occur in water

" by‘three distinct" processes, viz., Browntan dlffusmn fluid
- . shear,
flocculation ‘for hetérogeneous particles are cumbersome:

and differential settling. The equatlons of -

for didactic purposes the collisions between particles of two -
different sizes are-considered here. The analysrs is. patterned

after Friedlander(!).

The rate at which part|cles of sizes d| and d; come into
contact by the *jth transport mechanism is given by

(1)

s

,(dl.d’)— i(di. d“) n(d;) - (dz)
Here N,(dl. d)) is the colllston rate in colltsxons per untt
‘volume per unit time, ki(di, d3) is the “bimolecular” rate
constant for the j* mechanism with dimensions of- volume
per time, and n('dl)and n(dy)are the numberconcentratlons
of particles of sizes d; and d, respectively. with dimensions

“of volume -!. The rate constants are glven as follows:

v

- 2kT(dr +da)”

,

‘ Here k is Boltzmanns constant T is the temperature

(°K), v is the kinematic vxscosrty u is the absolute viscosity, -
G is the velocity gradient (time-!). Sis the specific gravity of
the solids, assumed to be the same for all partlcles and gis+-

the gravrty acceleration.

These rate constants are compared for two cases of
interest in. water treatment in Figures !'and 2. Condttlons

_ representative of a settling tank in wtntemnd‘also foralake
‘hypolimnion in summer are presented in thure 1.
“Calculations have been made for the collisjpns of particles

having size: d2 ranging from 0.01 to’ 100pm™with particles
having size d) equal to 7um. Values of T = 3$C. S= 1,02, ands
G=01s I have been assumed. A minimum. colltsnon rate

-occurs between particles. having identical wes “in this case

for d; = dy =1 pm. Stated anothcr way rheterogeneousv

suspensions can flocculate faster than hon’itﬁeneous ones.
stribution of
“the parttcles which is notknown. Brownian dtffuslon is the

The extent of this effect depends on the size

WATER TREATMENT

. . -

Collisions by fluid shear do: not become predominant for

any size in this case. -Differential settling . .becomes.
predominant for large particles. For example, particles of *
size equal to 1pm will collide with 10 u m .particles .

" predominantly by this mechamsm Itis plausiblé, then, that

significaryt coagulation can occur in-unstirred systems such”™
as settling tanks if the suspension is heterogeneous in size
“and. if*thg particles are destabilized suff"ctently to permit

aggregatlon when contacts occur.
Collision rate coefﬁctents for flocculatlon tanks in

summer are presented in Figure 2. Calculations are made for

the collisions of particles of size d ; from 0.01 to 100 | M m
with particles having a size d equal to. lOum Valuesof T= -
20°C, S = 1.02, and G = 10 s -I havg been assumed. A
minimum in contact efficiency agaln exists. In-this case it is

~quite’ broad. Brownian diffusion is significant only - for

particles smaller than 0.01 pm. Colltsrons by fluid shear '

predominate over a wide range of particle sizes, ie.,
001 pm<d <100 pm. This indicates that flocculation
tanks can be effective in aggregatlng very small particles by.
fluid shear if the suspension is heterogeneous and contains .
larger particles. This enhancement of flocqulatjon rates by
heterogenelty has not been recognized sufficiently. Previous

‘work- has emphasized that homogeneous suspensions. of

¥
£
i
, l§ A
ﬂ

.

submicron particles cannot be flocculated by fluid shear. In
water treatment, suspension of small particles can be made
more heterogeneous by adding clays or alum flocs.

This-simplified analysis of- a two particle system should be

expanded.to con51der gomplete particle size distribution as
found in water  supplies. The changes in particle
size accompllshed by flocculation and the. removal .
of pollutants associated with these particles can then be
consrdered both conceptually and experimentally. -

COAGULANTS AND COAGULATION ,
Alumtnum and iron(IIl) salts are chemicals commonly

added to water supplles in order'todestabilize solid particles

.and - thus promote coagulatlon and filtration. - These

%

Chemicals can- destabilize suspended particles by formlng‘
n

polymerlc hydroxometal gomplexes that are adsorbed o
solid surfaces, and also by forming metal hydroxrde

precipitates. that can act as targets for: collisions in the~ -
flocculation ofdilute suspension. These chemicals have been. -

used for many years and in many places. However, we really
know very little about what is actually- added to a water, .
what' Teactions occur, and what the results are.

Consider stock solutions’of alum, prepared: prior to its *

~introduction into a water supply Alum can bé purchased in

fastest transport mechanism here for® particles smaller than

* Ium. It can be shown that the rate at which small partlcles a

can collide with each other (e. g.. colkisions between viruses |

of size about 0.02 u m) is significantly lower than the rate at

'whtch they can colltde with larger parttclcs by dllfuslon

; B : . ' N ",,
\) - . . . i
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dry or llqutd form, and may be prepared in a variety of -

strengths for-use in'treatment plants. It has been observed by
some that the strength of a'stock alum solution can affect the
results obtainied when the chemical is mixed with the water

-~ to be coagulated. This is because thé actual chemical species’
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o, the addmon of pure alum to pure water ‘Species -

cOmposrtion hnd solution pH are plotted as functions of
pAlT (- l()g:Al +1), where [Al 1] is the total aluminum -
concentratron m}noles/ liter. When [A]l 1] is ] mole/'lrter
Al‘r is: O‘and the corresponding alum concentration would
be 333 g}l as Al 2 (SO4)3 18H 20
F_or Very dllute alum solutions (e.g., pAl 1 of 4 orlarger)
‘the. prmcrpal soluble species are hydroxo coniplexes-such as
'ATLOH 2 2, These solutions, corresponding to33 mg/ 1 orless-
of alum, are too ‘dilute for use as stock solutions. In,
concentrated systems (e.g:, pAlT of 0.5 or smaller], the

.Stich™ag. AlSO4 - In the intermediate range (0. 5<pAlT
Lokdy! vthe sifiple aquo complex "Al3* or Al(H,0)¢3
s _'pre\dommates At pAl¥2 5, the fraction’ of the alumlnum
n fsptcres -that ex:sts as, A13+ is 'a maximum. This also
‘ 'prresponds to a stock olutron ofll mg glum/ch a
golutrons injartests.

ifain excess sulf u ric -

v,

llgand than sulfate: lt is not yet Pe
effects of such’ speciation oncc!g‘ulatro
to say that the reactlons ‘of alum Wlth

addltlonal conceptual and qxperlmental" ,
Alummum and |ron(lll) salts can react ,

' surfaces humlc substances, other soluble orgamcs ahd
phosphate Possible products would mclude soluble
hydroxo metal -species, metal hydroxrde prempltates
destabilized’ collonds metal-humic prcclprtates ''''
metal orgamc complexes and metal phosphate preclprtates

" The actual products formed wrll depend on the klnetlcs .of«. :

‘remove humrcs with alum may be dlffcrcn rom; *F, reactor
type that promotes destablllzatron by #im in colgu .“t ¢
The kinetics of ‘the rcactions of metal coagul; )
substances in water, and the effects of reactor typc on the
performancc rcsulung from these competitive rcactrons in.
.real contmuous flow systems are significant areas ‘for

sclentlﬁc inquiries that are: conceptually demandmg and

" have practrcal utility. . - o e

i
X RRu . . R - H
-—.’ .. : ! R

,prmctpal soluble aluminum species are sulfato complexes

loss varies in. amnvche manner with suspended pa rttcle sizé.
Submlcron partrcles can’produce enormous- head “Tosses .
o An .

v

PARTICLES AND FlLTRATlON

Existing theory and. ‘experiment indicate that suspended
‘particle size has profound effects on the performance of

) clean packed bed water filters. Three observations are noted -
here. First, the removal efficiency of a clean filter depends
on the size of the particles heing ﬁltered A critical partlcle :
- size-cxists in the region of one-or a Tew microns; pamcles of
-this size have the lowest. opportunity for contact: ‘with the
filter media and subsequent .removal -from suspensron :

Smaller particles are effectlvely transported by Brownlan
diffusion -and larger ones ‘by mterceptron and settlmg
Second, small particles have latge surface areas-per unit

WATER TREATMENT

mass and require large dosages of destabrllzmg chemicalsto. . -

provrde attachment within the filter bed, Third, the removal,

efficiency .of a. clean. ﬁlter 18 rndependent of pamcle

- concentration.

.3Clean filter theories become inadequate as soon as a filter
'run begins. Theories for rrpenmg filters are-being developed
2,3) "*l“laeory and experiment indicate that suspended

effects. Flrst for-a g,Wen mass of particles removed, head

ated-, by . conventronal packed bed filters.!
example ofthrsteffect is given by the data presented inFigure’
4. Note that mmrmum removal efficiency occurs for
particles of 1 fm srze Whlle head’loss developmerit is rapid-

-'.;for 0.]'ym partlcles Second, removal efficiency i improves
after the start of a run. Dirty filters can be more efﬁcrent

than clean ones. This is because partlcles retained within a

s packed bed filter during the lmtral stages of a runserveasthe
‘-'_ﬁlter medla dunng the later stages of ﬁltratron In other’
-words ;the particles applied to'a- filter act'as the filter media
in'a- npened filter. The size and chemical properties of these .

‘hence the actual ﬁlter medra are determlned

. éamcle

hew- me'dla ar

* particle’ size . .and ‘concentration have additional 1mportant - &
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turbldlty measurements do not give sufﬁcrent lnformatron '
about.the s12e number, mass, type, orchemlcgl cpmposmon ‘

of the particles in a water.

"The turbidity test is in rieed of standardlzatlon of greater.,.

srgnlﬁcance. specific. tests for the physical, chemlcal and -
‘biological properties of partlculates in raw and ﬁnlshed
- water are needed if plant performance 1stobe. evaluated ina
' meanmgful way. Such data wil! be.valuable. for eValuatmg
" "the public Jealth srgmﬁcance of substances m a water

SUPply ¥

CON.CLLDING REMARKS

ns- from human enterlc yrrusefs n Waters that meet
current bacterlal standards "are fundamental dlfﬁcult
expernsive. and necessary. Studies of. the optlmal design of

- new facilities and the optimal management - of existing
. facllmes are needed. Important and challenglng areas for
research ‘abound._ This essay has ctoncentrated  on -one
” rmportant research area, particlesin water, as anillustration .
. of ‘these many necds for fundamental research in water

treatment

\

e-

Size Distribution o{ the Almospheric Aerosol,” Proceedings I5t-
International Conference on Aerosols, Cazechosle\ak Atademy of
" Sciences; pp. 115-130.

v
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d hder S K 1964, The Slmllanty Thcory of the Pamcle

. The’ pamcle problem may be summatized-as- follows
Most pollutants are solid particles or associated with solid.

partlcles For examples, the emerging problem of asbestos

fibers in water involves solid-liquid separation. Even the
~schloroform question can. be considered. as involving the

v’v'i'rsn TREATMENT -

" rémoval of humic sub‘stances which are precursers for = -

chloroform productlon These humic sulystances are—
colloidal parucles or may be adsorbed on partlcles
Desplte the s 'ope and srgnlﬁcance of the problem, we do*
_not know the ‘portant physical, chemical, and- blologlcal
; rti - particles in raw and” treated’ water. We do-

“commori. coagulants, or the species formed when they are’.

-added to water Desxgn mv‘ Ives-control of reactlon rates,
yet we do not know: the chemical kinetics lnvolved in the
' competitiye reactlons tHat occur when coagulents are used.
systems -arg “and -unknowi.
separation
these are not considered: in design. This serious-deficiency;
‘arises from madequate data and madequate theory., Stateéd*

|mportant

another way, | fundamental research on _particles in water -

»

treatmeht is: needed R

Nt .-

L
L
..r

2 Tien, -C..' Wang, C.S: and Barot D.T.. 1977,
_ Science,"Vol, 196, 983985
3. O'Melia, CR., and Ali, W, 1977 “The’ Rolc ofRetamed Particles
Deep Bed 1Itratlon.
Ninth " International Symposium, ‘International Association of
Water Pollutlon Research Stockholm, June 12-16, l978

)

paper accepted for presentation at the

TURUN

" ot knowrthe chemICal specles presgnt in-sto¢ k solutlons of~—’3

~The physical klnetlcs in' the flocculation’ of polydlsperse.‘_, .
Solid-liquid -
ust depend on'phys1cal partlcle properties, but ¢

“Chainlike -
Formatlon of Particle’ Deposrts in Fluid- Pamcle Separation,
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D.onald B Aulenbach (Rensselaer Polytechmc lnsﬁtute)
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.. lt was stated th%ome matenals in'water may be desrrable,
~yet ‘it s prop0sed to develop technlques to remove °

~ feel that spendlng research money on methods for removal

g .' of desirable constituents.is a waste ofmoney In addltlon it -

’ .'-_ entry
atmosphereF It is very difficult to- separate water from_

. nust, be stated that there are many" sources for. pollutant
"into™ water .One .of the: major sources - is «the

contact - ‘with the atmosphere.. Therefore, one of the ‘best

ways to prevent pollution of water from the atmosphere isto

prevent the entry of these pollutants into the atmosphere It.

" must be recalled however, that many of the materials in the
tmosphere exist naturally ant, therefore, naturally gain'.

"access into the water. Since we plan to have methods for
removal of everything from water we must be prepared to
remove such natural constltuents from the water We must
remember ‘too,
constltuents from water we still have to breathe the air with
L,allits constltutents mcludmg the natural ones. Furthermore,
today there are. many er gnwronmental antagonisms
which are a_greater hazard to .the health and, safety of
mankind and:for which we see fittodo nothnng to control.

For example, we knowthat smokmg ofc1garettes is harmful

.and causes cancer, yet people will continue to smoke. We

know that the automobile kills'40 000 personsper-year yet .- ﬁnancmg and guiding water related research with- the

_National Water Policy Study, specifically in relation to the = =

we are.not wnllmg to give up our automobile in terms of
savihg lrves There are many more deaths thanare caused by

. R . - : o -
;. ; A e

WATER TREATMENT

envnronmental epgmeers cannot ﬁe expert .,at the
fundamental level -of "all: the relevant sciences sich as
P‘hysrcs Chemlstry, Vlrology, Bnochemlstry, Economlcs

C

r

etc.<This’ nitist- lead. us- to the conclusion that a team
everythmg from, water. It seems to me that 'we are.going .b\%pproach will be essential and that environmeéntal engineers, |

‘;'overboard m."water research if -we propose to removew . if they are prepared to, can servethe very. important role of
B everythlng fr fn water - even thé désirable constltuents E

: rchestrators of basic research.. If we conclude that basic -
research really lies in the sciences and some of the applied -

sciences, there obviously has to be a-need for a manager to

ensure that the basic research is geared to produclng aclear

" and intelligible mosalc whlch can be recognlzed as the

envnronment

The institutional problems not’ to mentlon the’

. intellectual problems of transdlscnpllnary research are
- gpdeed formidable. We collectively. have the opportunity of

bridging the drscnplnnes and |dent|f1y1ng and coordlnatmg
the research effort serving as orchestrators. For this to be

- effective, we must reduce our efforts to copy pure sclentnsts
. at work and rather profit from their pure scientific dlscovery
_by adding relevance to their reséafch. It will take great self-

that even after we remove all the

constituents in our drinking water: If man puts pnormes on.

his needs, when he feels. that water is the most important

. need 'he will put more effort into doing research in water

Q
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pollutron and in providing sufficient water treatment that

‘there may be no questionor doubt ofthe safety and purity o,f

these waters for all consumers

Philip H. Jones (Unlversityof To'ronto):- )

;x i

“In looklng over the papers and heanng the presentatlons -

of thepast day, | have beey particularly impressed with the
diversity of the group interéstand, at the same- time, with the
specificity ‘of * the individual interests. This leads ‘me to

believe. that as mdnvnduals we are peering through long '

. 4
narrow. tubes at our basnc research needsand that, if the sum
“total of the perspectives whichi, we mdlvndually have makes -

upa composrte picture ¢
y luck than by judgment.

eenvnronment lt is much more

1 came to .the conclusron a long time ago that

L'.-_ 4\

' 69

confidence to back away from the prlstme pure approach .
ourselves; relmqunsh it to others, and . rather to try ‘to
mfluence those others to’ provrde the answers we need

E.H. Ted Curtls (US De'partment of the lntenor) for Mr
Robert R. Peters C

What lnteractlons have you made with your proposal on’

"Task 'Force report on Water Rescuirces Research? This.
report has recently been prepared and it is now appropriate
to direct comments toward Mr. Guy Martin, Assistant :

" Secretary for Land and Water Resources Department of

the Interior. - - .. S @

\
~—

Baumann

.

' .v I certalnly believe that expertlse should be developed by
_one person ora small,group, apd that many problems may

requlre an interdisciplinary approach to ‘solution:slf .a
unnversnty develops a “center -of excéllence”
expertnse in an -area, this should be a vehicie for seekmg
fundlng ‘However, my commeént to-Mr. Lacy of the EPA"
was whether funding would automatlcally goto “centers of
excellence and thus not be subject to the~competmve peer

review process. Peer review is a necessary check and balance .' .

on quality research and should not be clrcumvented in tm’“?‘
fundlng of research '

basdd’ on’ i

v

‘ Peter 0. Nelson(Oregon State’ Umversrty)for Dr.E. Robert .
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A. ‘A:mirthaiajaﬁ (Mdhtaﬁa S'.ta',te 'Univérsity)' fbr Dr.
Charles O'Melia: o

" 1 'wish to reinforce some of. the remarks made by Dr.

O'Melia. There is a general impression in the environmental
“engineering field® that ‘we have a reasonably com lete

tinderstanding of most water treatment processes as well as

". adequate  ‘parameters - for " design. I believe that our
- ‘knowledge is glaringly incompiefe in almost allareas and we
- -have very little fundamental understanding of the various

processes. Most studies have been macroscopic ‘and

" ‘empirical in nature with very few that dea} with the processes
from a microscopic: theoretical framework. = -* - ,

. Let me illustrate with specific examples ineach process
-area. In .the rapid mix of a water treatment plant, an

interaction takes place ‘with. chemical reactions and . a

turbulént fluid field which varies spatially, We havea partial’

" understanding of the chemical kinetics, but almost no
understanding of the interaction of the two systems. Fora .

» fundamental ' viewpoint,” we need to marry ' the
' hydrodynamics of the ﬂuid;ﬁeld_ with the chemical kinetics.
s ».W‘atc"r"“treatment plants commonly use sludge’ blanket

‘tvpe cldrifiers for coagulation-flocculation. The désign of .

the' ‘flocculation zone .is, painfully simplistic based on
~ . detention time and the palr,ar_neter,Gt,partiallyderikd from
- - von' Smoluchowski's theory of orthokinetic flocculation

‘microscopic ‘viewpoint, with' a ‘turbulént fluid field and. "

‘indicate that the filter design rjja‘y i‘r__l.-féct' bé controlled’by its-

leading'to coarse single iﬂédia-(zz'm"’_rﬁ).déep beds( = 8 ft.).:

. studies from a microscopic viewpoint

LU waTeR TREATMENT

clarifier is a- fluidized bed; I?nd is very, very diffe‘reint.jfrbm-_ _
von Smoluchowski'’s theoretical system. Even in horizontal

' bascd ona l';u;iiné‘r';‘ﬁuild fiefd: Theigludgq.5§)lér{ké('jzone ina. .

*flow-through ﬂo'c:cu,latio'n systems, it:is only in recent tipﬁes :

that attemipts. have ‘béen ‘madé to model reality from-a -
simultaneous ﬂbp'formétidn"and.’e.ro,si'pn. oo
~ Filtration i$ “oné aréa-which. has been, probed from a* .
fundamental ‘as. well ‘as empirical ‘a pprbac:h"for;'-.'sév‘e,ra_l'-_ ,
hundred yea’rs,.Ev.en'he_ré,_we'-are.'-ur_iz‘iblejto Qyii:')gitqtivgly.'.'._. .
imelyto- -

and realistically model the pérforriange ofafilter

~predict its efﬂu‘el_"nt.qualit'y'and héakf"lp’srsv'chz‘frétclerisstiqs. In .
"addition, we commonly design 'd'gfé!jrii'pg,r'atq"fﬁ]_’_igrs on.the .

basis of uniform loading and.head 'los:§'éha_raféte5is;§g$4li'ké;:a -
constant rate filter, In’ backwashing,- we: khow very little
about air scour except that it is"¢fféctiyc.,‘]'Régent, _designs

backwashing characteristics ratherthan itsfiltration effects,

In-tonclusion, I believe that "we: have .only, a"lim;jté,d_";"'-'.,<
knowledge: of - water treatment  processes | from’ a ,: ..
fundamental viewpoint. What we need are studiessimilar to = o
Camp’s lifetime work in ih’i’s‘arqg:?,quai)'ti;atﬁi\ig'.Ath;éO'ié'tical_
t i t which would lead to
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Perry ‘L. Mc'Cart_y
Stanford University

. INTRODUCTION

le

Wastewater - treatment processes are normally divided
_ between - biological, physrcal and chemical processes.
Several procgsses -may be used together to form a
wastewater treatment system that is  capable of removing
undesirable contaminants in the wastewater and to process

for blologlcal processes, since it is expected that needs for

chemical and physical processes, for sludge disposal, and for .

. integration of the overall system will be covered in papers b
other participants at this conference. Several other recent

-reports which address research needs in these and- related

areas should also be noted 12,3 4)

Wastewater treatment system include not only the :

traditional wastewater treatment’ plants, but also soil

-systems employing overland flow, . percolation,  -or

subsurl:ace injection of wastewaters. The latter systems offer
potential beyond that available in the traditional treatment

plant, and present some of the most challeng1ng Pproblems’

for fundamental research. : :
‘NEEI_).FOR FUNDAMENTAL RESEARCH

. The estimated budget authority for pollution control and
abatement for the federal government in FY 1978, exclusive

of construction grants, is $2.4 bllllon(S) Additional billions'

of-dollars have been and will contine to be spent yearly for
pollution control équipment by private’and governmental
organizations. Yet, the understanding of environmental

‘problems is so limited that the appropriateness of much of .

these expenditures frequently has been challenged. There is

l|ttle question that long-term fundamental research applied -

to' the: solution of practical env1ronmental problems would
be of major benefit to society by helping to reduce the cost

for pollution. abatement and to direct available funds for "

correction or preventlon of the most serious envnronmental
problems.

The.U.S. Envrronmental Protectlon Agency’s requested -
operating budget of $802- million is. part of the above

MC};.' el T
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“the resulting sludge - for final ‘disposal. This ‘paper .
concentrates pnmanly on the fundamental research needs

FOR BIOLOGICAL PROCESSES

oo

“estimated federal budget and lncludes $266 m|ll|on for
_research_and development (5). Because of this slgnlﬂcant ,

budget it has been common to assume that EPA isa major .
supporter of fundamental environmental research.
However, as pointed out Wy a recent National Academy of -

Sciences report (5), the EPA research budget must and for _‘

the most: part is used to support the agency’s primary
mission which is regulatlon The NAS report indicated that "
EPA’ should not be COl’lSldCl’Cd as' a lead agency in

cfundamental research for environmental science. and

technology. Thus, even with the considerable federal

_expenditures in the envrronmental area, there is no federal -
“agency offering significant support for fundamental and |
. long-term .research. -on environmental problems The

National Science Foundation would seem to be the logical. -
federal agency to supply this' need to the’ country. -

A question whlch "might be asked is: £an fundamental -
research solve practical problems? It certainly can when it is
“well COncelved and properly focused. Two examples will be

" used for. lllustratlon An important success of fundamental

research was the elimination in the early.1960’s of excessive
foaming at wastewater treatment plants and in rivers and
groundwaters where sanitary wastes were dlscharged This
4 problem resulted after World War Il when synthetic
detergents were 1ntroduced to the household market. While
much empirical trial and error research was conducted on

‘this problem it wag the fundamental research carried on

within envifonmental eng1neenng programs at M.LT.,, the

- University-of Wisconsin, the Universj ty of Callfornla and

elsewhere that provided the solution. Lhis research was the

- first to wveal that lndustnally synthesized organic

compourids may fiot yield to normal blodegradatlve forces,
‘and'thus was the first to challenge the long-held concept of .
microbial mfalllblhty The fundamental research showed

- that the presence of a quarternary carbon atom, an:
_ .uncommon but ‘ot absent feature .of natural .organic.

molecules -together yith frequent molecular branchlng
made' the ABS detergent molecule extremely reslstant to

- WASTEWATER TREATMENT
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mrcrobral attack.” This indicated that if the quaternary treatment plants each year. ThlS capltal m.vestment c0mes Q

carbon was eliminated and the molecule was straightened,
than an effective, but blodegradable detergent termed LAS

should result. Thls clear clucidation of the. fundamental' ’
molecular structure ‘causing resistance, led to a r‘aprd
&F this significant.
problem by the eatly 1960’s, ab9ut ﬁfteen years afterlt had .

changeover to BAS and elimination

first appeared. .

<The other example is of a major.research effort whlch :

used an indirect and empirical approach, and largely for this

- ‘reason, the problem is still uggesolved after fifteen years. In .

the ear]y 1960's it ‘was noted at the San Antonio, Texas,

" treatment plant that' phosphbrus was. almost completely.'

]arng through federal support, but the operairng costs,
which will be & equal magnitude; will be borne by loca
‘municipalities or by industry. Experience has indicated that
*we should anticipate reliable dperation’ of thede plants will
be sporadlc and that failures to meet effluent requirements
will be frequent; Ani important fundamental researgh need is .
to deve]op a better understanding of causes for treatment
- plant failures, and to develop methods for their systematic

. eva]uatlon and control. Failures may resuft’ frominadequate
_design,

“inappropriate operation, or from abiotic
“characteristics. of the wastewater being treatetd. It can be

exceedingly difficult to_judge the cause of an improperly

operating system, mainly because of alack ofa fundamental
understanding of the way in which mixed ‘microbial
communities respond to different environments. The need
- then is for a betier fundamental understanding of the » .
microbial ecology -of wastewater treatment systergs.
particularly as this affects operatlonnnd reliability. .
Biological treatment systems represent mixed cultures o .
high comp]exrty Migrobial -ecology -is concemed with
|nterre]at|onshrps between microofganisms and thelr -
environment. Under:a givep set. of conditions, shlfts in {
microbial population. can ha’ significant effects upon * .

_removed. through - activated- s]udge tyeatment, a .

* phenomenon which offered potential for elimination of this
po]]utant wrt}ro t expensrve chemical addition. Emplrlca] .
* observation mdlcated that an unusually high aeration rate -
was correlated with the phosphate removal and a national _
research effort was instigated to demonstrate at several
treatment p_lants that this,was a cure for the phosphorus )
prob]em This attempt met with on]y partla] suctessat some
‘plants and none at others. A controversy began over
whether the. phenomenon was  luxury uptake. by .
microorganisms or chemical precipitation due to the high

1

resulting pH, but insufficient funds have been provided to
pursue‘the mechanism in the fundamerital way it deserves

*'Some headway has been made, but the problem has not yét -

been resolved. As a result, few tregtment plantsare desrgnedn

totake advantage of this potential cost-saving phenomenon.

Engineers responsible for the design of treatment p]ants '

costing millions of dollars cannot afford to gamble on
designs whieh are based upon other than established
scientific principle as there istoohigha probablhty that they
will fail.

.-\< -

The above and: srmrlar examples rllustrate that a good
fundamental understanding of a process is necessary before

confidence i its use can be gained by the. industrial and

engineering community. In the following, various areas for
. fundamental research which should contribute to our

understaldxng of biological processes and lead to broader .

apphcatror&to meet future: negds is presented. -
RESEARCH AREAS IN BIOLOGICAL WASTE-

' WATB@ TREATMENT

Because of their continuing or growrng lmportance the

following four aspects of biological wastewater treatment.

should be subject to long-term fundamental research: (1)

microbial ecology of treatment systems, (2) kinetics of
bio]ogica] processes, (3) persistent organics, and (4)
-innovative processes. There is overlap between these areas
as indicated ip the following. :

Microbial Ecology of Treatment Svstems .
Billions of dollarsare being spent for municipal biological

73,.;,

G

© concentration of a required n
- “inhibitory.material, or-they may result from‘ﬁe particular

. systems.

effluent quality. Such changeovers may:be caused bypurely *
random forces, or they may result-from changes in influent
- wastewater charactenstlcs such as temperature, the..
erit, or the presence of an

treatment plant desrgn or operatlon While many factofs can

. result in an undesrrable shift in microbial population, the

- introduction of inhibitory materials iscommonly blagned. A

~ better understanding of the microbial ecology of treatment

systems would help differentiate hetween p’o'tential_causes of .
blo]oglca] treatment plant fallures < ~
One example of need in this area is the effect of oxygen™

tension on the chartacteristics of the microbial community in
actrvated-sludge systems. Claims-for pure oxygen systems
which result.in higher dissolved oxygen concentratlons are
that the brologlcal flocs are more compact, settle better, and
result in_ 1€ss.excess biological sludge production than air’
systems Experlence with. the reliability of such systems has
been -variable. Lack of adequate fundamental research in
‘this area has left many of the jmportant questions '
"unanswered, and has left englneers ina quandary over the
real merits of air versus pure oxygen systems.
The above is perhapsa subset of a broaderand continuing
problem which requires more funadmental understanding
of microbial ecology. This is “bulking” in actlvated-s]udge
Bu]klng results from' a change in bacterial
‘predominance leading to a light and poorly setthng sludge.
an inability to retain the microorganisms in the treatment
system, and their subsequent discharge to the effluent,

" producing high'efﬂuent suspended solidsand BOD. Bulking
- has no doubt been the major operational problem with

s .



' actlvated -sludge systems since thé process was developed :

e
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over ﬁfty years ago, and it appears it will contifue to be one

of the major problems in the future. ‘Good fundamental

®esearch has been conducted in this area and the causative
" organisms .are known. However, there is insufficient
understanding of the relatron%hlp between these-organisms
"and others’ in_.the: ‘treatment_ system as ‘affected by
envrronmental factors.

Factors which lead to a change i in predommance from a .

desirable microflora to a bulking oge are poorly understbod
and based largely upon empirical evrdence Control’ rs

largely through trial and error using such procedures as the |

addition of toxic substances,like chlorine or hydrogen
peroxide to reduce.the population of bulking organisms‘in
4he hope that they will not return to dominance, the'addition
* of more oxygfin or sometlmes less, with the observatronthht
* at times thes e*measures lead to desirable population shifts.
~Evidenc

suhstances f undefined charactet, the introduction of

unusual organics, lack of inorganic nutrients, such asirorror R

nitrogen, or .an excessive carbohydraté fraction in the
organic¥ makeup of the waste.
modification of the activated- sludge‘process to another, or

ecation at d|fferent solids retention times have also been
judged At times to relieve a bulking problem. Observations

. of bulking in some laboratory systems but not others whn

oo
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«@arameter v‘)lch the operato used to

operatton is identical suggests that rahdomd;opulatlon
shrfts are also likely to be a cause. Continued, but more

. intense fundamental study-on the ecology of mixed cultures -

dlrected towards an understandmg of factors.which cause
shrfts toward predominance by bulkmg orﬁamsms and -

methods for their control should lead to a rediiction in this =
 significgnt problem. This has been and wrll continue to be a

ong-term research problem.

Angther lmﬁortant problem - in blologlcal treatment
systems which’ can” be addressed . through .a “better:
understandmg of microbial ecology is the relatlonshlp
between growth rate ‘an effluent quality. THe major

iontrol organlsm

T) or sludge gite.

rowth rate is the solids retengon time (S

By “tuning the SRT, he can avdid the dispersed growth

occurring at low SRT or the “biological residue”, which
results at long SRT, both of which lead t& high ¢ifluent
spspended solids and* BOD. Because of the importance of
this control parameter, and the variability of results which:}}

"provides. a rhore f@hdamental und&tandlfg of e
- relationships between microbiological populations and

growth rate is desirable. How does growth rate dnder
steady-state-operation affect orgamsm predominargce, the
ability of “organisms to agglomerate and settle, an,d the,
biological end products from me.xabollsm or decay? How

‘does variability. of flow rate and waste loadmg.ffect.these

Q
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properttes"’ These are all questions which can be-addressed
through investigations of microbial ecology. . ’
The National Science Foundagon is now supporting

- -
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fuudamental stud|es on the mlcroblal ecology of methane )

fermentation. This is already leading to conclusions, which
are ofimportance not only to wastewater treatment, but also
to the productron of energy in the form of methane gasfrom
" a variety of organic residues from industry, municipalities,
‘and agrtculture and from energy farms.and coal. These

studies are helping to undérstand natural decomposition of -

-orgamcs in the environment and are even providing new

clues to the originof life. Methane fermentation offers. one

of the best procedures for recovery of a valuable by-product

-from waste. decomposition; "and rather than requiring

‘energy, it produces energy in ‘the process.

v In"the wastewater treatment field, methane fermentatrOn
" has frequently been criticized because of lack of rellabrhty

“-However; it is evident from experience in England, that a
national effort to gainan understanding to this process and

1o establish a protocol for evaluating the causes of failure of
times indicates bulking is caysed by. toxic .\

.anaerobic treatment systems can meet with enormous

-success. Continuing emphasis. toward undet‘standmg -the -

‘microbial ecology-of methane fermentation, with emphasis
on the nature and effect of inhibitory materlals and
.methods for monrtormg their presence and control is hlghly
: deslrable .
A more fundamental understandmg of the effect of
inhibitory materials on- microorganisms. in wastewater
treatment systems in general is of lmportance Gross
: mhlbltlon can usually be recognized and eliminated. Of
more importance for long-term fundamental research is'the
“more subtle effects, from5 sublethal ‘¢toncentrations of
toxicants, : which* may cause chahges in organism
p‘r’edommance and resulting décreases in effluent quallty
They may, cause changes_in the ablllty to remove certain

.

trace organics. of toxicological sigtificanté, even whtle -

effecting adequate BOD removal. A more fundamental

understandfng of the effects of mhlbltory materials canthus

lead, to better evaluatlon and. control of! blologlcal
wastewater treatrént. plants. ¢

In summary; the sustenance’ofa well-operating blologlcal

Wastewater treatment plant is dependent upon the ability to*’

- maintain'the proper mlcroB|ologlcal community. A more

fundamental understanding of microbial ecology f
waste»,vater treatment systemsds eéssential for understanding
the needs (édeslrable populations and how undesirable
communitieS*develop, and to devglop adequate momtormg
and control procedures so that the microgrganisms degired -
$an.be malntalned It is essential, however, that research in
microbial ecology be clearly focused toward solution of.
these srgmflcant problems .

ngl\lcs of Blologlcal Processes

+ A better fundamental understandmg of blologlcal v

* wastewater treatment: systems is slowly evolvmg Our

preserft nderstanding has been quite adequate in genéralto -

+4 evaluate the majqr treatment t parameters for the design and -

+ coptrol of blologlcal treatmen' systerns. This is especlally
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true of suspended growth systems The klnetncs ofm1crob1al
fixed-film systems is more. comp]ex to describe, and is
becomrng better understood: Nevertheless, it is essent1a] to
continue fundamental research here because of the

introdiiction of new and promising ﬁxed film processes 5

inicluding rotating biological med1a submerged reactors,’

. and fluidized biological beds. in addition, it.has become
' apparent that the fixed-film biological processes are of great

1mportance in. the removal of contamlnants by act1vated-
carbon adsorption.

Also of growing importance are soil sys,tems 1nvolvmg
Astewaters onto.or.injection.into the

‘ground. Observatlons of such systems to date are largely

. empirical and indicate that soil systems can be quite effective

in removal of materials as measured by tradltlona]

parameters such as BOD. Empirical observatlons also

- indicate that aerobic conditions, as enhanced by ‘resting”
the systems between periods of spreading is beneﬁclal at
least in. preventlng uridue clogging. Whether or’ not this

" otherwise increases the ability to biologically remove-

organics is unknown. The kinetics of stuch processes, ,froma
* fundamental standpoint, .rentains largely an un'known Can
the emerging understanding of fixed-film processes be used ’

" fo describe biological decompos1tlon of contaminants hy

soil systems, or must otherfactors be considered? How is the
ecology of such systems related to‘t of other biological

- processes? Do fungi provide a significant’ role in: these

. processes, and if so, what additional capabllltles or
dlfﬁC‘U]thS do they present? An 1mportant but related topic
concérned with decomposmon of persistant chemicals at
‘low concentration is discussed in the next section. The  EVer
1ncreasmg emphas1s on use of soil systems their potentral
“economic and technical advantages, and potential . for
adverse impacts from groundwater contamination, suggest
the - need .for much more concentrated and fundamental

- research ‘program both on the klnetlcs and the microbial

eco]ogy S oo

TOXIC pnd Perslstent brgamcs ,

Persistent ¢ organics refer to materials whlch are difficult to
degrade blologlcally Physlcal and chemical processes are
generally proposed as an alternate means-of removing such

:materlals and _so the need for' fundamental studies of
“biological processes in this area might be questioned.
-However, there are aspects of. certain persistent organics
which are important for 1nvest|gat|on from a biological -
point of view. For one, it is now generally acknowledged

that most persrstent ‘organics - which are present in-
. wastewaters and in most natural aquatic syster#§ are

produced naturally through blologlca] processes and are not
anthropogemc While there is generally little fear that these
materials are of toxicological significance, they do present
problems. It has long been recognized that they 1mpart

© tastes and’ odors to waters. In addmon some react. with

Q
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/chlorine to produce halogenated organlcs which are of
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concern.because of presence in drinking waters, Inaddition, @

their relative abundance in natural watets and ‘wastewaters .
tends to mask the presence of industrial organics for Whl(;h
there is a major health concern. For these reasons, a better
unt\srstandlng of the nature of- biologically produced.
persistent organics is des1rable Although' controversial,
there are. indications that as much as 40 percent’ of the
dissolved' organics present in the effluent from biological
treatment of municipal wastes is produced biologically
durlng treatment The characteristic§ making this naturally
produced material so refractory is largely unknown, as is its
general composition and molegular structure; This material

is generally thought not to. be of toxicological s1gn|ﬁcance, o

ut s1nce this has not been Studied, this also is not known

' wrth, certarnty Thus fundamerntal studies to evaluate the

[y

source, - composrtlon ‘molecular structure, and "
toxicological properties are most desirable. Knowledge of
the, re]atlon§h|p ‘between molecular . structure and
* -persistencE would also be most beneﬁclal

.Reasons for persrstence ofanthropogenlc organics should
also ‘be studied“in a fundamental way. This would permit
evaluating whether proposed chemicals could be treated by
normal biological 'processes and by soil. systems, or
decomposed when added to the environment. Organics
which cannot be decomposed biologically and whichdonot
adsorb well in soil systems can result in contamination of
groundwater supplies for generatlons if present
wastewaters applied to theland. This may evern be a problem -
with chemicals which are normally biddegradable but

- because of their low, concentrationin wastewaters they may

not support blologlca] activitiy. -

Thus, anotherarea of fundamental research need ison the
‘kinetics of degradatlon of organlcs at low concentrations.
"Current theory of bacterial klnetlcs suggests that when an
organic exists in concentrations below the fractional .mg/]
level, the concentration is not sufficient to permit growth of
microorganisms, i.e., organisms’ decay rate exceeds the rate
.of growth. This suggests that some group “of “persistent”
organics found in natural environments-and treatment plant
discharges simply may be a. collection of normal]y
blodegradable organics. each” of which is’ too low in.
concentration_to support- bacterial growth. In support of

. this, low concentrations of blodegradable subsgances are’

in

°

indeed found in natural systems and' trealment plant '

effluents. ,
However other observations 1nd|cate that decomposrtlon

. of organics can 6ccur down to levels aslowas the /.tg/ 1 level.

Y £

.

‘This may be explalned as one form of co- -metabolism in
which an organism is supported by one organic that is °
" present in relatively high concentratlon maklng it possible
to ‘degrade another organic which is present in low
concentration. A better fundamental understanding of the
kinetics of. microbial decomposition of organics when

present in low concentrations is most important. This has

application to normal treatment plant operation, to natural

a
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waters, and especially to treatment of wastewaters in soil .
systems. Research. in this area seems especially important
‘now with the greatly increased need for control.of specific -
organics, instead of just gross organics as measured by
BOD, COD, or TOC. The increased emphasis on
. Wastewater reuse - especially by’ land-spréading and
- groundwater injection calls for an immcdiat_c start on long-.
term fundamental reseach progigm in this area.. =
Innovative Processes - | . i
Support for. fundamental studies of innovative tredtment
~ processes should always be available. The need is notfor the
immediate support of a special group of proposed concepts,
but to have funds available for well-c nceived ideas which
evolve and offer potential breakthroughs_‘i'n treatment’
technology. Often sufficient support is required to fest a
concept which has some demonstrated promise, but which
" needs additional evaluation for technical and economic
feasibility. Frequently, orie new concept cxplorcd in some
depth, may not provclgo be feasible, but will lead to other -
. concepts which do. Most biological systems presently used ~
evolved in this way, and there is a real need for.some level of
- support to generate newer concepts for the future. Each
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“experimenter no doubt has his own ideasasto whichlines of =

-investigation offer the most promise..A modest level of

“support in this area will stimulate the generation of proposal$
for study of new c'(.)nccpts, and the most pr(;nmising ones can
be selected by peer review. Financial assistance to study a
broad range of innovative concepts is desirable in order to

" sort ot the one or two concépt's:Whi_f':h will revolutionize the
wastewater treatment field from the many ideas which have
the potential. ' ' C
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'SUMMARY : \
Four areas of fundgmental research nchs.-for biological

- processes,of wastewater treament have been presented. In_

each of these areas the need is for long-term, methodical
research aimed at providing funddmental information with -
wide application to a variety of problems. Such research is
needed to generate new ideas and concepts. It is also needed
to give an understanding of processes so that they can be
designed  with more confidence and operated with more -
potential for success. This is a maj'or‘advantagc of the
fundamental research approach to the solution of applied.
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INTRODUCTION >

‘The title for this panel sessroh—mdeed that’ for the
Conference—might leave queéstion as to whether we address
fundamental research, or fundamental needs. Any notionof -

" inherent amblgulty in the title(s) should be put aside. For
- wastewater treatment, as indeed forallapphed technologies, -

" what is fundamental by way of need defines what must be

: 'fundamental by way-of research.

. WD

location of communltles and industries a10ng water courses, -

E\.
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-conventional energy, must be-efficiently cascaded and
- sconsexved. in“the course “of use. Several aspects’ of these

. o¥ygen
: envrronmental sensitivity and conern have elevated (1,2);s0 .

‘an
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Two fundamental needs of man are safe water to-: support
life: and conservation of thoseoresources which maintain the
infrastructure of his activities; thiese needs intrinsically

define the dlrectlon and scope of our research:

The realities and consequences of dmumshmg resources
in the face of expandlng demand have made it increasingly .
necessary for man'to recyclea variety of resources, including
Other non- recycleable oresources such as

consrderatlons ‘take on colinear perspective in wastewater
treatment, whlte others are diametric. Our research vista
must focus on’ development . antﬁnement of. treatment

systems whicholinearize as many\facets as possnble of our

needs and éur practlces

Environmental issies of the past two decades Mive
markedly changed@he emphasis of wastewater treatment.
No longer is it sufﬁclent to remove BOD to protect the
résource - of a recemng watér. Levels of

too has'the complexity of residue emanating as waste from
_increasingly = sophisticated industrial technology
respondlng to broadenedsconsumer demand.

Moreover the primary function of mény- so-called
receiving watérs has evolved in concept and reality from
waste transport, o recreational resource, to water supply.

The eventual link between water and wastewater has been - .

abndged—spatlally and temporally—by a combination of .
circumstances. These include the increasingly contlguous

-

S o
e . i .

‘have_ been ask _
" would reflect upon a position I took-a number of years ago

-

\

A 1

-

the escalation of social - water requirements, and ‘the

persistence  and ubiquity of an mcreasmg number of

‘contaminants of relatively 'recent origin and/or

detectablhty

It may be considered gauche to q_uote oneself, but, since I

to give my opinions on research needs, 1

and staunchly mamtam(3)

“_ the mcreasmg frequency with which the- normal
hydrologic cycle of water is short-circuited makes superficial .

- boundaries between natural waters, water supplies, and
_wastewaters more artificial than they have been”. . .
“Engineers and scientists must address themse]ves to the =

- reality of a ctontinuum.'of water quality and to ‘the

" ‘development ‘and implementation . of teasures for
transforming water of any quality along the contmuum to .

" any other quality required for a partlcular use.”

Water -recycle_ and. reuse, defacto and dejure, isa realit_y.
In developing wastewater treatment technologies—and in
the research related thereto—we must, be aware that we are

_the ultlmate consumers of our product We must be aware:

.too that, in the final analysis, even those of usin wastewater

treatment are eventually and ultimately concerned cum r

aquatio.” Our fundamental research must’ therefolw; )
e

designed to provide answers for how best to-secu

areas of particular s1gmﬁcance, allrelatetoa central concept
of reclamation systems to perrsit and faclhtate expzfnd

reuse of water. The order of presentation does not #n y
order of s1gn1ﬁcance,*each must, | feel, be addressed. with

e s

water. | | o A o
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" RESEARCH NEEDS R gﬁ, 5 ,);
In the context of the foregoing, I advance several re rch

maximum vigor -and- aculty In s1mple statement, j&hese ,;

research areas are: - 8,

-1, treatment systems for specrﬁc control o,f pollutlon by
toxrc carcmogemc teratogemc and mutagemc su\bstancest
2. disinfection and chemical oxidation treatments 4ylnth,
pamcular reference to potentlally advérse lmpllcatlpns. .'_‘

¥ 'x

. '
- . e
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L 3. -integrated. bro-physrcochemrcal processes to . processes are sufﬁclently dlfferent—m both objéctives and
accom"bhsh higher levels of treatment than conventional - dynamics—to dictaté.against rote adoption of research data -
blologrcal sys‘tems at levels of. energy and:cost utrhzauon-','l .and .information de’)veloped from other apphcatlons on -
below those assocnated with conVentlonal physrcochemrcal - “.similar processes. Case ‘in point; adsorptlon by .actxvated
systems;, - g ey o w 0 carbon when addressed to isolation ‘of a specific orgamc

4, mulupletpurpose mtegrated system whlch ombme’ cogrpound present in" hlgh concentratlon in-a chemical

_-several objectncs of water, air; and sohd-waQte pdlluu@n % brocess stream can, and likely'will, mvolveentrrely drfferent K
(

" control; -and. SR [‘ .. '." ‘mechanisms ‘and dynamrcs ,than when' addressed to the, -’
¢ _5. treatment S)stems whrch Pan ‘in addition to ibeir .. removal - of extremely small concentratlons of - that -
- primary- function. of _water punfrcahon and récovery : compound from: . an aqueous solution: contammg a~.
. provide for seconddry resource reco‘.ery .. background of - other Orgamc substances ofrsimilar: and_ -

L Lwill not attempt here to elaboraté each of t’hese research - dissimHar cha‘racter Adsorptlve Selectrwty,’competltlve
needstothe degree and depththevwarrant nerthernmenor ' .mteracuons and poténtlal chr‘omatographlc “elution . or.
spdce ' permit, ner. mdeed does the awareness' of the, - °d|splacem&t become matters’ of. substantral l’mport with' -

. imaginative researcher require -it.” Nonetheless, . it “is _respect 1o process’ feasrbrhty in’ the latter case. ‘In like ;- “v
. appropriate that some conspectus and exemphf}cauop be - manner, processes ‘such-as oxrdatrve converslon frequently"*
given. ' ¢ L o defyconventronalthermodynamtcsand kmetlcsmthedllute 5
T, '11 ;‘\‘,:_, L _Q .. . and comple)_c mix represented by most wastewaters. Such
Specrf'c Pollutant Controk o * P factors' as | mterferenceS‘ and formatlon of kmetlc

‘
In ¢onsideration of: the, reality ¢ of water reuse, 1t rseSSentlal intermediates frequently control. process - feaslblhty, and

;hat our .research” evolve technologles that will Frsureo dlctatespecrﬁcpretreatmentsand/ r process modrﬁcatron‘s

specnflc removal of b\otermally Dok carcmogemc the natura of whrch‘can bg elucl tledf'only byfu.ndame}ﬂ,al .7_
. {eratogenic. and, mutagemc Subst; : Loy ) o

“andior discharge systems. National
- control of such substances in the envig}
- the To\sc ~Substances Control /
. The development -of. elabo
partrcular{y in the U.S. and in :
prohferatton of & vast numbcr "t
chemrcals rmdustrxal agncult' '

atio PRI o 3

Xt

-4-469)(4) Dlsmfectlon and Oxrdatl" realments e, H
- Although -some “argysients to- the.- dontrary cart be .
socletnes advanced. it is hkely t@lthq beneﬁts assocxa.ted W‘lth'*thew v
» hasled to - disinfection of wastews rs o_rdestruct‘ionbfpathogensand
)f, complex . inactivation of entgl 'v1rusesf »w:ll insure- contmuatlon df"

~'this practrce Thex; R 10 questlquf thisi m reclamatlon and

T

water_is a. poss}
" that 'd'Lsinf
practlced—- ,

¢, S) nerglcY kither shorrt term or lon
i environment m “uncontrolled ex8 e srtuatrons (5:9). .
‘Such. compounds eventually fmdtthel:;\%y mto'mumclpal' :
and mdustrral wastewyjters, and, unless‘ggecmcally removed
. bv _waste treatment ocesses » ulg ately appear in
3 receavmg waters and water mppllés ( l4)

’ast water—at least as comm nly e

il'.. ntially ad\erse srde effects If:

4 2 ;14) of ‘the’s
...\’the. effect K

s

1
f We know genbrally. the - qualitative  character ' of .
treatments that will wdress tHis issue. For the most part, 3 me potentral w:th reSpect to ,toxnclfy TR
' they are physrcochemrcal separation and/ ortransformatloq carcmoge fl teratogenesxs ‘and mutagenesrs as’ those-“.‘
proccslSC.Al such as' adsorption fon activated carbon, - materialss rcd to in'the precedmg category of research o
mb;ane'sepﬁratron or oxidative transformations. Our '_need If tth ls indeed the case-for raw water: supplres there A
,‘ résearg(must focus on Characterization and quantlflcatron can be'itfle'doubt of "the: formation. such compounds {n
F' of . Qhe specrﬁc reacuon mechanisms and micro- transport ~ fastewaters, which—at least in early’stages of treatment—\
.+ dypgignics - assocrated with such -progesses  in these . ‘ Vdntam hrgherconcentratlons ofagreatervarletyoforgamc.: :
' ations, and on derivative evblution of rational deslgn ' pounds which can funct1on as' halo—orgamc precursors S ',."E"-'
’ &30 'e might suggest khat our research must seck: out somex sy
i fectant other thah chlorine , which ‘will hot yreld
nece.ssary to’ elucndate fundamental reacuon mechamsms '? & nnally harmful end products Yet we. kpow that .many{.
and mrcrotranspOrt processes.. This is/an issue | will - %ofﬁ‘er matenals whrch mlght loglcally serveas dlsmfectz_mt

o l'

subsequently address i m»more detail and in broader context, h as ozone, ‘a K bact wrth orgamc substances t :fornq

" For mhe present, sulffﬁce 1t to say that wastewater treatment " ttal Lghlahon ‘
g apphcatlons of most separatron and transformatlon reasona le loﬁgﬁ\"

V.'. ! . .
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respectto such reactxons 1sscantfqr‘_ 3 beheve, constitute one of the. most challenging and .

.chlorine; this alone suggests defin
‘research “on the potentlal -ad
alternatlves to chlorine.

potentlally rewarding areas of re earch endeavor in the

.' wastewater treatment/ water reclamation field. r

‘Biologica] treatment processes a one cannot meegt-water

‘disinfection which can function.wit

(N

- It is conceivable that there are c%cals or. methods for quahty requirements for most reuse. applications; mdeed :

tadverse side effects : they are frequently mcapable of. meeting higher levels of

and which, .at" the same: tlme‘
economically  feasible; concer(f
becomes evrdent when .we rea

. but unlrkely Thrs ! processes, even when designed and operated under optrmum

be techmcally and; treatment required. for drscharge Quite simply, blologtca] '

the very propertles : " conditions, can remove only biologically degradable and: -

whlch render - a chemrcal an&br*«chemu.a]-gend;:%, otherwlse/bacterla]ly -incorporable pollutants... Such .

‘method . (as  are most irradfatiog
techmches) effectlve for dlsm J
for partlal or substrtutrve o%ifa,

3Andy electro-cHEi materials are certainly important, but just as certainly do
alsofrender 5effect|ve ' ‘not constitute the only, of necessarily major, concern for

dBkcessary * *such as adsorption ‘and membrane. separation, can be
f 'ch needf,:_ desr-gned to meet ' reuse . and/or stringent - discharge

Wy ,atrons of ; ‘; requirements, but are energy and .operating cost intensive.

,chemlcartwydahon treatmcg«ls,. v a
"It lsfar more llkelym’ﬂherear Yoet]
%t xidants ta wastewater reclamation and reuse.
-zﬂ;;te sarie trme -
> This should be ;

ellmmate or mmlmrze adverse érd
. the prl,mary thtust: of our- reé
Such methodologles. an’ ﬁ'

Jo waste load, both in mtensrve or concentration.aspect§ and

dictates the useiof biological and physrcochemrca]_pro_cesses
. in series.: Biological treatment, with lowér energy

< %
example, it may be t‘;g » : chlorlnate a wastewaterf— requrrements and operating costs, can minimize t,he waste

as is frequent. practi ather to disinfect only aftér
other treat ments have " MG ntra]]y ellmlnated or: redt]ced'
"the most likely precur‘ of halo-organic side products In
this régard, fundamenta'&"’resefrch must focus on deﬁmng
gvhlch of the commdn cOnstltuents of wastewatérs are most .
usc blex to substrtuttve or partial . oxrdatlons by

co'n\é”ﬂlonal dlgéﬁ ants, and what the end products are.
Information’ of &k ; Ri&thpe can form the baSIS for choice’of .
disinfectants and% neing of disinfection operatrons for
specrﬂp types of Waste treatment apphcarons »

Convet&ely, it may; %y the -logical . conclusron of such
reseafch that~at leasidgi§ertain appllcatlons—addmonal
.or modlﬁed atments Frequired prior to drsrbfectlon for :
- precursor re@ﬁval or following disinféction for- removal or
destruction of otentlally harmful ‘end- products

Again, whagag-“%ard with' respect to disinfection must be
extended, - also to cherfical and lrradratwe ‘oxidation -
- proCesses.- ‘The latter. treatments can bé attracuve for many
industrial *and municipal sithations | for which - other
“treatments are ineffective or more costly. However only :
"detailed know]edge of the reaction dynamlcs assocrated with
such progesses can identify potential ; adverse 1mp]1cat|ons
and form the basis for implementatior{ of - measures to avoid
adverse effects. Such detailed knowlcdge can evolve only
“from fundamcntal research

Lo ) A e

area nearly double those 'of conventiona
treatment systems.

* applications. Carbon is particularly effective for Femoving

materials .that have been previously - indicated as of
" costs and energy utilization associated with this process
" the adsorptive loading of the carbon the less frequent isthe
need for regeneration, and the lower are the costs and energy

requirements for a’ partlcular apphcatron

optimization of an integrated biological-adsorption process
which utilizes an expanded, or partially fluidized, bed" of

contaminants and adsorptlon of non-biodegradable
v contammants in a single reactor, obvratmg the need for dual
Integrated Bto—Physwcochemlcnl Systems . . treatment systems Expected results are lower capital cost

Truly vlntegrat_edf_—, not ‘. 'simply  additi e——blo- forasmglc reactor system, less frequent regeneration of the -
physicochemical “treatment 'syste,m_s mﬂgﬁe, and 1. carbon, and re_duced energy requirements and operating .

CoE

L .. "These consrderatlons, while important , for municipal .
sbywhich . applications, are .of ‘partlcular srgnlﬁcance for industrial

Energy use and operating costs are generally proportlonal’ '

" in -extensive or mass- -lpading "aspects. Current wisdom -

Adsorption on activated carbon—to select one w:dely-.
.applicable example of physrcochemlcal treatment—can by
itself be a cost effective’ process for many reclagation

~ substantial environmental- concern.. The major operating

Recent groundwork' has been laid for development and'

.- -granular activated cabon with a fixed-film biological'growth
-on the surface of the carbon (19). The process is capable of
providing. ' simultaneous - oxidation of: biodegradable

tion of ;‘ ‘wastewatér trestment today.. Physicochemical processes; : |

‘load applied to subsequent physrcochemlcal treatn'ient(s) by -
removmg that fraction of the load which is susceptlble to}‘
bio-oxidation. However, the use of such treatment systems a
in series entails capital cost, matenalrequlreme%nq lg,“_l_d 3
] olqgtcé.l ,

trace amounts of halogenated organiccompoundsand other '

relate to regeneration of the carbon. Essentially, the lighter ..
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The bvologlcall\-extended adsorpt|on

basnns of.otherwise conventional activated sludge systems to
Lrpgrade thl} performance of such systems is another simple’
“concept of an mtegrated treatment. Despite the relative
srmpl‘cnt\ af these concepts. substantlal research effort must
ﬁgpd \t)o\waxd elucldatlon of process mechanlsms

, : _,v'anables. process optimization and
&lent of rational design and applications

18 ent research pubhcatlon descnbes the
potentlal of combined clarification of raw wastewater’ "and
"incinerator stack-gas wet scrubber effluent,.and the use of
the clanfled efﬂuent for the scrubblng of stack emission
(20). . R

c0ncept s .
k\p/gsented here’ as but -one’ example of an: lntegrated
tream_(nt scheme. The use of powdered carbon in' aeration

on control field. Again only by way of -

ce e P WASTEWATER-TREATMENT— -

; -
exists as to whether envnrbnmentally hazardous matenals~
such as heavy metals .in the stack _emissians may be

solubilized - in the wastewater . efﬂuent by organic oro

-inorganic chelation. If so, resea rchis required to define what

_process modifications may be: effected to eliminate or.

mininize « this posslblllty Surely the potential
environmental rewards of developing and reﬁnlng such'a -

~ system warrant the fundamental research required to deflne

optimum conditions for design and appllcatlon

This' is but- one example ‘of the type of multl-purpose -
integrated environmental control system I address in this,
research catégory. I am confident- that many advanced .
technologles of th|s type can be evolved by our irhaginative -
thinkers, but. only if our fundamental research properly

~ addresses the development oflnslght to process mechanlsm

anddynamlcs S : oL

. '\44.- T

s »

' Secondary Resource Recovery

Wet scrubbers. require huge amounts of water, and their - -

effluents are acidic and turbid, requmng—at a minimim— -

aneutrallmtlon and. clarification prior to recirculation
““and’or blowdown ‘or disposal. Raw wastewaters,- on the:

. removed effectlvely in’

,other hand, contain large amounts; of colloidal organic

solids ‘which car be removed effectivély by chemical
-coagulatron ‘These wastes are also usuilly well-buffered.

The concept of the system cited as an example here is that '
the combined treatment of raw waste and scrubber: efﬂuent !

will pr0vrde effective coagulation of the former by the fly ash

the - coagulatlon sedimentation’
process. Further, the ﬂy ash can provide some phosphate
removal by prec1p|tat|on and/ or adsorptlon At the same

In this last research needs area . l refer to resource

“recoveries which are . secondary only in the sense that'
* recovery of the water resource ltself must ‘be our" prlmary

concern in wastewater ‘treatment. Of the five areas .of

:research-need I haveidentified, this last one will be discussed
in least expanse. If [ had to assign priorities amongst the five

areas, secondary resource recovery would rank last, but only
because of its-more limited scope of application, gnd its site- .
specific character. This lack of umversalny should not,
however, detract from its value in those appllcatlons for :

. which it'is appropriate. |
conta1ned in the latter which, concomltantly, will be also, .~

' purposes of this discu

time, the acidic scrubber effluent will be.at.least partlally '

. neutralized by the buffer capac1ty of the wastewater. Lastly,

the clahfled combined effluent can-serve as a recyclable
»supply of water for the wet scrubber system. The organics in-
‘this stream will provide en;lanced wetting of the flyashinthe

. ‘stack emission, thereby ithproving the performance of the

Q
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latter. = . ¢ L

‘ Initial xndlcatlons of this.. work are that the lntegrated' :
"schcme will substantxally beneﬁt the performance of both

‘the: water and air pollution control systems lnvolved
vielding: higher rates of clarification; higher gas phase and

L include energy in the class of secondary resourc“és for
snon although for some .industrial -
waste treatments it may. constltute a primary resource.
In fact, the greatest potential for all secondary resource

‘recovery probably relates primarily fo industrial waste

" treatment. In such appllcatlons stream lsolatlon and point
. source treatment. by spec1ﬁc processes whlch yleld recovery
- of secondary resources are more feasible than in municipal

‘

water phase removal efficiencies; savings in chemicals. for -

wastewater treatment applications. Further, industrial wastes
are much moré¢ likely to contain secondary resourcc:s’whlch

- have direct recovery value and are present ln sufficient
' quantlty to warrant recovery

ll
. LG5
There are numerous exampl§s\ of such recoverable
resources heavy and precious metals, catalysts, oils,” protem
sources, enzymes, and dyes, tocitea few. Even energy, in the.

form of heat content of water, can often be recovered. By -

" coagulation, neutr;ﬂlzatlon and fly-ash wetting, and the

associated cosp¥and energy requirements; savings in on-site

sludge treatment and disposa} fac1ht1es and perhaps most ‘
_ importantly, water conservatlon

Even with~ respect to this cne example of a multiple-
purpose integrated system theie remain many ‘questions that
.can be answered only by fundamental research on process

, mechamsms and variables. -For example some question

80

way of 1llustrat|on, treatment of dye batkhs by selected
phy51cochem1cal processes at the elevated temperature of

' the dying-process can.often recover not only the water for

reuse, but also ‘the latent energy contained therein. Our
research must be so structured as to identify such potential
applications, and then develop fundamental means for
exploitation of such opportunities to the benefit ofman and -
his envxPonment : : :

Koy
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. SUMMARY é_, ' L e
- I have deﬁned largely by way of depurture for furfher

" consideration, several broad zreas - which I believe our *
*fundamental‘research must address They are not all>
- inclusive, nor intended to be, but rather areas which my own
- activities indicate have merit for.further and continuing

fundamental Tesearch. Others of equal or perhaps greater
"ment will be advanced by my ‘colleagues in this seminar.
"1 have underscored the reality of water reuse anctresou:ce
_ oQnservation, ‘and’ the consequent need for emphasis on
/ reqlamation’ processes -and advanced technologles in-

wastewater treatment. This |s not a ‘debatable issue, but
ther a matter of fact In view of ',the'costs and energy

requrrements commonly assoc|ated with. advanced
‘ technologles in'_their present state, I have pomted to the
l. needs for, and value of fundamental research designed to
-enhiance and refine our level of sophlstlcatbm;gfrdmg the -

mechanisms and dynamics of these processes. Such research
. shiould be designed also to gain fundamental |ns|ghts which
3 'w1ll foster ‘imaginative thinking in- the development of .
" innovated treatment processes and systems.

-1 noted earlier in this discussion that many may questlon\,

N from anv’ appllcatlons standpoint, -the necessity of

’ fundamental research on the character of complex reaction
»mechanlsms and mlcro-transport processes.. Indeed, the

~need to evén consider such factors is a question sometimes '
put t6. me—in one fornt or ‘another—bystudents endurmg

the ngors “of process thermodynanucs kinetics, transport..

) processes, and reactor dynamics;” this is-excusable of

. novitiate students. More dlsturblng is -the fact that ‘the -

' question is sometimes. addressed to me -by practicing
‘engineers - and others responsrble for  the design "and
operation of water and wastewater treatment systems. .

- The answer to .the question. lies in ‘the fact-that the )

*. complexity of problems - we now face in. wa?ewate_r

: , 4 '.'_ ....A .
N . oy
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'treatment and the lncreased demands for hlgher levels of .
treatment and reclamatlon, demands a sophlstlcated _
'englneenng approach to' design of wastewater treatment -
. processes. There is a time-honored “joke” in the ﬁeld that
sewage treatment plant§ have most commonly . been -

designed by “dusting off thé plans from. the last plant
Unfortunately, this has‘too often been the case. However,
forward-looking engineers recognlze ‘that more specific and

" quantitative design approaches are requrred The concepts

of process dynamics are finally emerglng as the basis for

 rational design of treatment systems. This ‘approach’ is
evidenced most markedly in lndustrlal ‘waste treatment and'
reclamation,. but -is being decanted gradually to the.
‘municipal waste treatment area. .

Only fundamental research can establlsh a ﬁrm basis for. -

evolution of methods and procedures—and indeed thought
processes-——through which we can. improve Jevels of

:'wastewater treatment and reclamation. One mlght argue
that we now have advanced technologies that can provide '
- high levels of treatment. The question I then pose is-whether
‘we can afford brute force application of such technologles
Consumable -
resources such as chemicals and energy are lncreaslngly .
~ scarce and costly. Our approaches to the optimum use and .
_conservation. of such resources in accomplishing  the
.be

The- obvious answer ‘is that we cannot

. objectives of wastewater treatment. must . thus
‘increasingly . innovative and- sophisticated. Once again,
provrde _solutlons to
-fundamental needs.” - .

The” cost—more appropr%tely lnvestment—to support '
the fundamental research required to pursue such i issuesas ] -
" have outlined is larg. The upside reward of such investment

‘is as.enormous as the environment itself. The downslde nsk
assoclated wrth neglect- of that.investment is obvrous

i

. ) Lo ,
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" DYNAMICS AND CONTROL OF WASTEWATER TREATMENT PLANTS -
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Y

John F. Andrews )

KN

A o Department of Civil Engrneenng .
o R University- of Houston o
" e S .
lNTRODUCTlON e A brief paper such as thls must pass over. much of. the .

The need for consrderatlon of dynamlc behavior in both »
“the design and operatlon ‘of processes used for Wastewate[

treatment /is frequently greater than that for ‘industrial

processes because of the large temporal vanatlons which.
" occur in‘wastgwater compositiofi, concentratlon "and flow

" rate. However, our.understanding, of thls dynamlc behavior .

-and how it:may be modified through ‘the. appllcatlon of

modern control systems is in its infancy. ‘Gross process

ilures are all too frequent; and even when these are
_ queng,

detail of curreiitand proposed dynamic models and c‘ontrol- SR

strategles, and’ yet it is this detall in’ which ‘the senous A
" "researcher. is interested. For more’ comprehensive: survey . o

_ papers; the reader is referred to the papers of Andrews (1),
, Olsson (2) and Beck (3)“A ‘more detailed descrlptlon of -

research needs may be found in the Proceedlngs ‘4)ofa

o worlgshop, sponsored by the Environmental ‘Protection
) Agency in 1974, which had the objectlve of defining and

orded ‘it is-not unusual to find srgmﬁcant variations in - -

| _ process efﬁcrency. not only from one ‘plant to another but
also from day-to-day and hour-to—hour in the same plant

Dynamlc mathematical models are necessary for the -
dcscnptlon of tlme-vanant phenomena as- commonly .

encountered in wastewater treatment ‘processes, ".and

“increasing efforts are belng devoted to their development..
* The models u‘sually consist of sets’ ofnon-llnear dlfferentlal o

equatlons for whlch apalytlcal solutlons are not available,

and- this is one of the 'major reasons why the dynanuc '
k behavror of »yastewater treatment processes has not’ ‘been- .
dequately cons1dered in past yedrs. However, computer
.{\. rmulatton has: largely eliminated_this bottleneck, and the .
_rrent problem is ipt 6 much one of being able to, obtainag-.-

UL

ution as. itisto msure that the model adequately descnbes
;Qlynamlc behavror of the: process being simulated.
“When the, dynamlc behavior of a- plant has been deﬁned

.rn m

the past,”the major research ef] have been devoted to

- lmprovements in process design.w

: ‘.'process found in a tyj p

ﬁ'.

the A&lronmental engineer should then become lnterested" _
difying this behavior so that it will conform to some: .

.des1red behavror This can be accompllshed through either.

~ process design or the. mcorporatlon of control systems. In -

" processes for treatment of the wastewater (fluid processing -
_train) are. pnmary sedim .
chlorination. It will be natedthat the activated sludge L
with little attention being

)
_paid yo process: operation. Cbnsequently, most control .
systems reported on in the literatyre have been, of necessity,
“selected on an empirical. ‘basis because of a lack of

fundamental knowledge regardmg dynamlc behavror or

Aruitoxt provided by Eic:

: examine “the mteractrb

bllshlng priorities f’Or research néeded in the automation

g wastewater treatment systems ‘For a mixture of theory-
@nd. practice on the dynamics and control of - wastewater;
atreatment plants the rlader is referred to the Proceedlngsi

(5.6) of two. workshops. sponsored by the Intematlonal ‘

'Assoclatlon on. Water Pollutlon Research
" “The ObjeCtIVC of thl

rqumcrpal wastewater treatment
‘plant, point out thes
'teglesforeach process, and -
.the different processes
and the mteractrmgs.

of résearch and research needson .

REWE .
.pfémt with other systems. Fhe -

author ‘wishes to apolog;ze in advanpce. for refomng*-i AN
: pnmanly to hls own work and; that ‘of his associates.. THe

-britfness of thls paper does not pegmit.otherwise agd «the
research of others'i is cited. m the references gr.ver§

',... L.
. .

j MUNICIPAL WASTEWATER TREATMENT PLANT .
A srmpllﬁed flow dlagram for a typical’ mumcrpal L

wastewater treatment plant is shown in Fig. 1. The major
tation, .activated sludge, and.

" process is physrcally composed of two un|ts these being the

biological reactor and 'the- solrds-quurd separator. The ’

paper is to briefly describe ‘each

-organlc solids" elther removed, or generated in,the fluld .'..-'::.'

processmg train'serve as inputs to the solids processmg train

which consists ‘of thlckenmg and anaerobic dlgestlon wnh,.-"'.
the thlckener belng ‘most approprlately thought of as -

o E
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representrng the lnterface between the l|qurd and solrds

.2

- processing trains. Whrle many other processes are avarlable o

. for "both - flurd and solids’. processnng, they will riot ' be -
_discussed herein. This’ should not be taken to rmply that

a research on the’ dynamrts and cdntrol of these alternate -
_ processes is not needed.. The system’ to be drscussed Jn this’
paper has been restrrcted to.permlt some increase in’ detarl_,'-

. and also to remam within the area ofexpertrseofthe author.

- The processes rllustrated in Fig-1 havea long hrstory n

. wastewater treatment, and a sizeable body of literature is .

B available on each However, the majority of ‘the ‘research

literature on these | processes’ is onented toward. desrgn and."

‘moreover is usually based onthe assumption of- steady state '
: The lise of the: rnformatro contalned therein for gurdrng

-phase shifts for concentrations- 30 that the inputs 10 the _

e C . e

' WASTEWATER.TREATMENT |

- X . .')‘ . .
efﬂuent suspended solrds concentratronand 15 alsolnot able
to ‘predict ‘the. concentratron -of . sohds ‘in. the underflow

However, it does prov1de appropnate attenuatrons and

Tollowing process activated ludge are more realistic, . .
I'he procéssis usually 50 deslgned that very lrttle control is:*

possrble with the only mampulatable variable usually belng

the (1nderﬂowarate The normal reason for manrpulatrng th;s

“variable-is to control the denslty of the sludge underflow
- thus’ avordlngqthe pumprng of too dilute .a sludge to the -'-

_anaerobrc digestey. It should be noted that thé need f6r th1s

research on dynamic mod . 'ng and control strategies - rs

consequently limited. Arf alternate source of rnformatron rs
. the work of - oper‘atrons englneers who are darly faced wrth
’ the dynamrc phenomena exhrbrted by these. processes and
-“.the need to develop practrcal control strategles The author
has found the advjce of these operatrons engineers to. beof
great valué. hoth - in estabhshrng .hypotheses and: in’
qualltatrve anlXQatron of dynamlc models and control
' strategles . : o S

‘ ~,

o

‘anary Sedrmentatlon A S

me i-.’plant whrch has a srgmﬁcant rnfluence on- the
ﬂasli:iimm charactenstrcs As.lits name lmplres €

ts l’galt"functmn of "this unit _is- to- remove, by gravrty

et méntatron the larger organlc solids-. from _the
" “wastewater.. _ LA

Developmgnt of a mechanrstw model for this process is.

" beset with problems The solnds, in wastewater are not -

. discrete partlcles of unifarm size, denslty. specrfrc grav1ty or o

" $hape. They also vary in surfaCe characteristics and tend to
flocculate as they settle As drscussed by Cam 7). ‘the
 process operates close to hydraulrc instab ity. The
.-_-hydraulrc regime of the settler-is xthel:efore difficult to
‘ -describe, since it is influenced by lnlet and ‘outlet feed and
wrthdrawal patt‘erns and -currénts due’ to changes
.temperature wind, SOlldS concentration, . salinity; etc
-~ -Because of thése characterrstlcs l.tappears tothe authorthat
- ‘stochastic modelmg techmques have much to offer i in the
-~ development " of  a -dynamic’ model for prlmary
sedimentation. An entry to the- l1terat~ure on thls type: of.
-rnodelmg for. the process ‘is provrded by’ the work of -
: Sllveston and co—workers (8.9):
, Bryant(lO) from a réview of the hterature developed an-
- efmpirical model for the pnmary settler. The objt;ctlve of this
model was to modify ‘the “plant . influent wastewater -

he'! %nmary settler is the first process ina wastewater :

“coritrol loop. has- been reduced an many plants by p1acrng a’ f"-_‘
“sludge . thickener. between '“'he pnm_

;settrer and the

anaerobrc drgester i
The exploratron of. control strategres for thls process by-
computer srmulatron 18" strongly dependent upon the '

‘_ development ‘of a,more‘reallstrc model to’ consrder,both the -

determrnrstrc and stochastic. componenta\ of the process. .

. Also even if sucha. mdde}becomesava:lable thenumber of

vanables wh;ch can. be manlpulated is.very limited. One of

* the first steps in the development of a é’ontrol strategy, as st

‘true for’ many other wastewater treatment processes, must,

therefore ‘bea Search for process- modlf'catlons which will
: permlt more control to bé. exerted. Two modrﬁcat‘lons whrch

3.'

have been suggeﬁed by ‘Andrews; et al’ (ll) are the -

rnstallatron of a: moveable baffle at the inlet. to the settler -
which'could be automat1cally posdtloned*to offset the effects

'_.of densrty ‘clrrents,” -and-- Incorporation_of a mOveable

'Actlvated SLudge Process

' proce§smg train .and consists-of two units, a brologrcal'u

'-;the vertlcal drmensron so as to permlt wrthdraw l---'

submerge.d weir which could be automatically: posltmned m

The actrvated sludge process is: the heart of the ﬂurd.,

.- reactor and a solrds lquld separator as rllustrated inFig. I

- The, glree ‘major - rnputs to ‘the blo'loglcal reactor are the

E ‘ wastewater l'rom the primary settler, concentrated actlvated

-sludge from™the . solrds -liquid- separator. and air or lllgh

purlty oxygen The microprganisms ih the actnated sludge :

' :react with the: organrc pollutants in the wastewatgr and, 3\

. oXygen to produce more actlvated sludge carbon dlox1de

. removing n1trogen and, phosphorus if thlS is desired. The{ 3
. effluent from the brologlcalreactor flows to.tHe: solids-liquid /7"

. characterlstrcs so that they could serve as appropriate inputs

" to the actrvated sludgr process. This 1s admittedly a crude
modél in that, it"does not consider the effect’ of ‘several

'rmporfant Vanables suéh as influen{ suspended solids -

o concentratlon and short‘ tq,rm hydraulrc’transrents on the

Ce

Aruitoxt provided by Eic:

_{luid phase

and water. Ntwer versrons ,of the process are also capable of -

separator where the activated- sludge is- separated from the -~
The solrds -liquid- separator: : serves - three _
funétrons these beu]g the Qroductron ofa clarified overflow; .- '
nd. concéntrauon of the sludge h

for recycle to the blologlcal reactor.” - " B
- The recycle of concentrated sludge i is an essentral fe ure
of the process slnce it serves to’ 'both 1ncrease the -
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concentratibn’ of microorganisms in the reactor, thus
increasing reaction rates, and maintain these organismsina .
physiological condition such that they will readily flocculate’

and settle. However, recycle has also resulted in difficulties *

in understandlng and modeling the process since it createsa

feedback loop, thereby causing a strong interaction between

~ the biological reactor and the separator. The two units must,

therefore, be modeled as a. system, a fact whichhas not been

‘widely appreciated in past years. - .

Busby and Andrews (12) have developed a model for the

- process which couples-a dynamic' model of the biological
‘reactor with the dynamic. mddel of the separator, thus

accounting for«the strong interactions between the two
units. Other. key features of their model are th}:\add tion of
structure to the activated sludge with this belng difided i into .
storage. active, afd inert mass, and consl‘deratron “of the
removal of pollutants as a sequential processas indicated in
Eq. 1. These addrtronal features provrde a ratrc),na‘fbasrs for

lnert“"

' Slored )
) Mass

ve
Pollutants - . « Acti
Mass o

Mass (1)

_changes iractivity of the sludge perm1t a variable time  lag

which-is rmportant in pred|ct1ng dyriamic' behavior, and .
allow the model to exhibit a “rapid uptake phenomena’

_wluch rs essential for expla1n1ng the behavior of the contact

7 stabguza

-aeration, high rate, contact stabllnatron and step feed

.

n.version of the process. The biological reactor1s

also suftivided into several stages in series with provision

for the separate addition of wastewater to each stage. This

feature, with those prevrously mentioned, provides a wide
spectrum model which can be usetl to simulate several
versronl; of the process. rncludrng conventronal ‘extended

act1vated sludge. - .
"Although the above descrlbed model does |ncorporate

substantially:more features than previous models, it is by no

means complete and. consrderable additional research,
especlally pilot and field studles for'validation. is needed

" before application to full scale plants MaJor modifications

'fpollutants into soluble and suspended fractions;

which should be explored are structurlng of the lnﬂuent
an
improved expression for- predlctlng the concentratlon of.;
solids in the overflow from the separator, a q‘uant1tat1ve

"relationship between the settllng c\haractertstlcs of the -

sludge and the biological process parameters, consideration
of the effect of spatlal differences other than depth'in the

o separator andi rncorporatron of the interac¢tions between the
_’brologrcal -iquid and gas phases for <losed reactors. If

hltrogen and phosphorus are to be removed, thesg. reactrons

‘will also have to be incorporated into the model. Stenstrom
(13). using the dynamic model for nitrification develpped by
o Poduska and Andrews(14), hasincorporatedthe. conversrpn

Q

ERIC
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of ammonia to nitrate into the model.
The activated sludge process has a s1gn1fcant number of
mampulatablervarrables and a large number_of control’

R
N .,

-

ad

I8

.

_ an additional ¢
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-

common use 1nclude control of the recycle slﬁdge flow rate _
: to%arntaln a constant ratio between thigTiow rate and that

of the 1nﬂuent wastewater, control of the waste act1vated
sludge.flow rate so as fo maintain a constant ratio (sludge
age) between the mass of sludge in the reactor and the mass
of sludge wasted per day, and control of the air flow rate fo

maintain a constant conhcentration of dissolved oxygen in '
%cxIS) have: suggested 5

i dfewsA,?jghL

the brologrcal rea

n reg}trlatron of the-
h . the r’eactor and
Ung "the” porﬁ"(s) at ‘which the
ong the length of the reactor. The

distribution ‘0
separator by-
wastewater is adde

* basic idea for thlsstrategy came from a pursual of the plant

scale ‘research of Torpey (16) in New "York City,.
rndrcatrng the value of searching the literature for reports by
operatlpns engineers. By use of this strategy, Torpey was

. able to "'prevent .gross’ ‘process' failure (discharge of

substantial quanyjties of sludge in the ovkrflow from the
separator) as well as to exert long term control over the
settling characteristics of the sludge. - ‘

More recently(l976) Andrews,Buhr and Stenstrom(l7) ‘

have proposed that the spec1ﬁc oxygen utilization rate’
" (SCOUR), which should be an excellent 1ndlcator of sludge
activitiy, be used in set pornt control of the process. SCOUR
isa variable which 1lluStrates the value of hav1ng complting

‘ -power available for plant control, in that for the oxygen

' actlvated sludge process it can-be computed from on-ling_
matcrlal balances-on oxygen and sludge using only four -,

readrly available measurements. Another possrble control
strategy, which has béen reported on by -Olsson and-

. Andrews (18,19); is the use of the dissolved oxygen profile:

.along the- length of an a1r act1vated sludge reactor for

".process control.

1Y

Although the: above’ mentroned strateges

. -considerable promise for improving control of the act1vated

. variables

3 sludge process, there is much still to be learned. T eprocess _

is .a complex brologlcal system with several chorces7 of
‘which can be measured computed/ and
manipulated. Still another factor which comphcates the

/
/

picture is the large difference in time scales(minutes fo.days) -

over which'the strategies must be effectie. /

The author would like to again apologize f(:j referrrng _

prlmarly to his own 'work and that. of his assoc1 tes. Space
srmply doés not permit-a detailed review of theé lrterature on
the dvnamics and control of the actlvated ‘sludge process.

 Suffice it to say that even though only a sma 1 number of
- researchers have been lnvolved the"y have"’mdde slgnlﬁcant

lcontqbutrons S / %

~

-

’ Chlonnation o ,

.86

The chlorrne contact reactoris the last prjoces.s in'the fluid

. freatment _frain’ for a converitional . ‘treatment: plant. .
the primary obJectnve oflchlorlnatron is
.. disinfection, chlorine also reacts with the’ organlc pollutants

strategres are, therefore' possrble Control strategres nl f and nitrogen compounds in the wasteWater and’ these .
. Vo

Although

. . :
2 i
{

i

e
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reactions must be consldered in the development of a model
for-the process. For example, oxndatnon of the orgamcs in¥

the wastewater results in A reduction in the free chlégrine

residual, whereas reactions withammonia yleld chloramines

which are disinfectants but,are considerably less effective
than free chlorine: Successful disinfection is dependent on

maintaining some minimum resldual ¢chlorine conceniratiogy

for sufficient time to achieve the required bactenal kill.

A’ preliminary dynamic model of the chloriné contact -
reaction has been developed by Bryan (10). However, this
model did not consider the complex chemical reactions of
chlérine with ammonia in the wastewatet, -nor was it
designed to predict coliform. concentrations upon which
many plant effluent standards have been based Stenstrom
(13) has developed a  model which - -Overcomes these
deficiencies 83 ‘well as providing a better répresentation of
the hydsaullc regime of the reactor. His'model is based upon
the reactions of chlorine with ammonia which have been
reported by Morris -and co-workers (20,21) and kinetic
coefficients. for disinfection estimated from the data of
Butterfield, ¢t al (22). The mode! is composed of several
second-order partial differential equations, and since these
were stff: equatuilns, several numerical analysis techniques
were evalfiated for simulation of the process.

Automatic control of the chlorination process is w1dely
* practiced in wastewater treatment with the primary reasens
for th1s belng (a) 'the high'cost of chlotination, and (b) the’
avallabnllty of technology from the potable water treatment

field. Three commonly used control strategies are contrbl of

the chlonne feed rate to maintain a constant ratio between

. this rate and that of the .influent wastewater, feedback

control based on the signal from a residual chlorinieanalyzer
at the process effluent, and compound loop control

" consisting. of a. comibination of the. two control strateg1es'-

.

s

" beéen

mentioned above.

Both Bryant (10) and Stenstrom and Andrews (23) have
reported upon advinced control strateg1es for the process
" based upon the availability of computipg power for process’
control. In both of these strategles it was necessary to base
control upon measurement of residual chlonne since long
Yime" delays .are involved
concentratnons It ‘should 'be noted that-the models and
contr trategles of both Bryant and Stepstrom have not
alldated other than by lnterature searches, - and
should, at. l;est be considered -only semiquantitative

. (.responses in the nght direction and order of magnitude).

’z“i:

Q
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Thlckengr -

As |llustrated in Fig. l the sludge thnckener serves as an .°

1nterface process between the fluid and solids processing
- trains. As usually stated the purpose of the thickener is to-
reduce the volume of sludge to be handled by the anaerobic
-~ digester and to smooth out fluctuations in flgw rate and’
.concentration of sludge. However, it also serve$ to improve
__the.performance of the primary sedimentation process and

in measuring. coliform

‘ stablllty,

4 ) . - ) ! . oo . .
. L.‘,. . . . e
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the. solids-liquid"'separator‘: in the-activated sludge process,
since a portion of the thickening furniction of these units can”
be transferred fo the thickener, thus permitting’ them to
concentrate more on the clarification function. i
Two types ‘of thrckenerSa(gravrty‘.and flotation) are in
common use, and the operatlon of eitherisstill very mtichan
" art, with neitheg dynamic models or control strateg1es based’
on fundamenta*pnncxples béthg available, although work is
.in progress. However, rhuch of the basic theory, for the.
_solidssliquid separator in the activated sludge process
should be applicable to gravity thickening.~Complicating
factors will be the need to f¥dify the basic model toaccount
foRthe meyement.of ‘displaced water upward through the
concentrated sludge and the&reater significance of
-interparticle forces in the compressio
Despite the lack of fundamental

one.
namic models or.

'control strategles,vconslderable qualitative knowledge

concerning what variables should, be measured and

-~ manipulated can be gained, from the literature. Included

among these variables are the feed sludge c0ncéntratnon and .
sludge blanket depth for grdvity thickening’ and depth of
Wat air pressure, air/ solids ratio, and rccyclc of subnatant :
for flotation thickening. - _

Anaerobic. Digester - ' S

The anaerobic- dlgestlon process is w1dely uscd for the
treatment of organic sludges either -removed in' primary
sedimentation or generated in the activated sludge process. .
It has several significant advantages over other methods of
organic solids processnng, and among these arg- the
formation of useful by- products sucHas methane gasand .
humus-like slurry” well suited for land,reclamatnon The .~
energy contained in, the gas is not only sufﬁcnent to operate
the reactor atan elevated temperature itisalso produced in
‘snfficient quantities to serve as the- major source of power
for the remainder of the treatment plant. Unfortunately,
even with these advantages the process has not, in general,
enJoyed a good reputation because of its poor; record with
respect to process stability.

The present dynamic model of the process has évolved
over the past .twelve years; and this evolution can- be
followed through the publications of - Andrews (24 25)
Andrews and Graef (26), Graefand: Andrews(27) and Buhr
and Andrews (28): The model, which is sumrganzed in Flg
2, was, developed from material balances ongomponents in". .
the biological, liquid and gas phases ofaCFSTR Although
not.shown in Fig.2, the latest modification of the model(28)
incorporates the effects of temperature to permit s1mulatnon
‘of the thermophlhc version of the -process. :
h§s1nd1cated in Fig. 2, there are strongmteractlonsbetween .

phases, as well as 1nternally within each phase. These:
1nteractions must be considered if the model is to predict the
dynamlc response of the five vanables most commonly used
~ for monitoring the condition of the process with respect to

These variables are (a) volatile acnds-_.
‘ concentratlon (b) alkahmty, (c) pH (d) gas’ composmon
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and (e) gas flow rate.. Re]ationsh'ips such as stoichiometric
coefficients, kinetic expressions, equilibrium relationships,
tharge balances. and mass transfer equatlons are used to
reﬂect these interactions.

Two key features of the model are the use ofanlnhlbltlon
. function (24) in 'lieu of the Monod function to pelate volatile

,, o > acids concentrationand speCIﬁc growth rate for the methane

. bacteria, and consideration of the unionized fraction of the

’ ) volatlle acids as both the growth limiting substrate and:

* - inhibition agent. These are important modifications since

they permit the model to predict process failure by organic

"+ overloading and reflect the relative importance of both pH

-and volatile acids conceptration as, indicators of process
condition. The model can also predict fallure brought about
by the ‘introduction of toxic matertals, and the latest
modification (28) permits the evaluation of process stablllty
with respect to changes in operating temperature.

Hybrid computer simulations have been used (27) to .
analyze process stability by slmu]atlng digester over]oadlng
and observing what chang,es in design and operational .
characteristics provided the best buffer against process
failure. The anaTysns procedure lnvo]ved makinga changein
a digestec parameter, such a. residence time, followed by
sm\\));mng lar@er af®l larger step”increases in digester.
]oadlng lintil- failure orcurred By plotting the focus -of
nO1nts <X critizal prganic. load_mg rate vs. reactor residence
time - r other parame ter,"it was possible to.obtain a
_semiquagtitailve ineaswy of. digéster stabt}nty

Siulation ctud?ef have provided qualitative evidence for .

“the validity of the mod&‘F"p'r!dlctl)g results -similar to
. those common]y observed in the field. Hiswever. in using

4 \.thls model it must be remembered that it was developed with

" the. objective of predicting (and: indicating tecgnlques for
preventlng) gross process failure. It is not adequate for the
prediction of process performance as measured by the
destruction of: organic solids . or the. dewaterlng
- characteristics of the residual sludge, both of w (3
_important in digester operation. Prediction of\‘the
~ destruction of organic solids will require expansion of ghe
model to consider the conversion of organic solids to.

methane and carbon dioxide-as a series reaction with

‘intermediates. Anespécially interesting intermediate maybe
hydrogen since the recent mloroblo]oglca] literature (29,30), .
implicates- hydrogen as a major intermediate in. the

- .production of methane. Prediction of the sludge dewatenng
characteristics will ‘most likely have to be accompllshed
through empirical relatnonsl;nps o .

Inselecting a control strategy for the anaerobic dlgester a.

v wide variety of output vanab]es and combinations thereof,
_are available for initiation 'of the control action. Similarily, .

a wide variety of controi actions are aval]ab]e Graef and
Andrews (27) have shown that the type of control strategy to
- be utilized is dependent upon the type of overloading to .
* which the dlgester ‘has been subjected. Obvioysly, the’
- avallablllty of suitable sensors must also be con’fndered in

WASTEWATER TREATMENT

.
\

selectlng a suntable strategy. ' e '

" A neygontrol strategy proposed by Graefand Andrews is
the scrubbing of carbon dioxide from the dlgester gas with
subsequent recycle. This is especially attractive since: the
most common tec‘:élﬂnlque for. -digester mixing is gas
recirculation. This Would provide-process control through

the removal of a weak acid, carbonic, instead of by the '_

addition of a bdse as is the usual practice, and should be
effective in preveang' failure. by organic overloading.,
Another proposed ‘control strategy was the recycle of
concentrated sludge from a second stage digester using the

-rate -of methane production, a calculated variable, as the
control signal.’

‘This strategy -should: be effective in
preventing failure due-to an over]oad of toxic materials.

.Although the control action p_ro_posed is not new, having '
'ﬁ_rst been suggested by Buswell (31) in 1939, the proposed

control signal, rate of methane production, is new. Tlie rate
of methane production has the advantage of being easily .
calculated from common gas phase measurements(flow rate

“and composition) and should serveasan excellent indicator.

of the activity of the rpethane bacteria which are the most’
sensitive organisms in the dlgester An analogue can be

-drawn here between the use.of methane production rate-as
.an activity indicator in‘the anaerobic digestion process and -

oxygen. utilization rate as a measure of mlcrobla] actlvny in

'»,-the actlvated sludge process. .

PROCESS lNTERACTIONS

-The author ‘and co-workers (10,12,32) have been
attempting for the past nine years to put the individual
process models together" into an ovegall plant model for the

" exploration of process interactions. However, this task has

not been-fully completed since each study of the plant as a
system hasindicated a lack of fundamental knowledge of the
dynamic behavior of one or more -critical processes. In
Bryant’s study (10), ‘it rapidly becarne obvious that an

' understanding of the dynamic behavior of the solids-liquid:

separator was crucial to an understanding of the dynamic -

~ behavior of the actlvated sludge .process, and most of

Bryant’s attention was, therefore, focused on the -
development of a dynamic model for the separator.
However, Bryant did .link together models for. three -
processes in the fliid processing train. He also developed a

-dynamic modé for the hydraulics of this train to permit the
‘prediction of flow rate response to hydraulic forcings. '

Busby (32) was the next to attempt the development of an
overall plant model but stopped far short of this. However,
he .did develop a- substantlai]y improved model for the
blo]oglca] reactor in the activated sludge process and used :
this, in conjunction with Bryanat’s model of the solids-liquid
separator, to éxplore the dynam"c interactions between
these two units and to simulate control strategies for the
process as a whole. As previously mentioned, these are vpsy
strong interactions which necessitate the consnderatlon of

the two units as a system. -

. . s N
Aruitoxt provided by Eic: ) ) -
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Stenstrom (l3) has perfon‘hed the Kest study on the

integration of the individual process m els: toan overall
Qlant rhodel and has succeeded in inco iting all of the
processes shown i in Fig. |. Howe\fer it was necéssary for him

s

* .’ WASTEWATER TREATMENT

the recgivipg system for ultimate disposal of the res1dual
solids aré outside the boundaries of the system under

.co'hsrderatlon herein, they must obviously be taken into

to“spend a subs!antlal' amount of time iw developmg a

_ aetlvated sludgs procgss and the anaeroblg%l

~dynamic model tbr‘t,he chlorine contact: reactor as well as

process model and explhhng the use ofiSCOUR for the

- control of this process. Consequently, hi$ models for the

sludge thickener and, anaerobic drgester are simplified
models based _ pri rrly on empmcal eady State
relatronshlps How. ver, since  ;these processes have
" substantially slower t1me responses thanthe fluid processing
units, the use of thesé" steady state relationships should not
‘be a serious handicap in the use ofthe model forexploration
~of interactions between,the twg treagfnent trains.
The key inferaction stud1ed by Stenstrom (13) is-

forward mte\ractron (sludgp feed %o the dlgester) between t,he
1gester. This
interaction - has” a substantial influence o¥*the external -

energy requ1re ts for the entrre}';lantand is, therefore, of -

- sgbstantral importanc® in these days of epergy shortages. It

15 possiblg to operate many plants so that a large portion of

" the organic solids generated in the activated sludge process

_are__eithet aefbically# oxidized in this process or
ana‘erobrcally oxidized i in the anaerobic digestion process.
Aerobic oxidation requires energy (air supply), whereas
anﬁerobrc)oxrdatlon produces energy (methane. gas).
Consequently. too much oxidation in the activated sludge

Oprocess rgpresents a double loss of energy since more energy
is required for the activated sludge process and less is
produced by the anaerobic digester. -

Another interaction of 1mportance is the feedback of
digester supernatant to the activated sludge process. Since
d|gestcr supernatant contains. h1gh concentratrons of -
organics and ammonia, it can create problems- when it is
transferréd from the solids to the fluid processing tra1n
'However this interaction can sometimes be used to

. advantages as has been demonstrated by Kraus (33), an

operating engineer who was-faced with the problem of :
operating a plant which was subjected to seasonal loads of
wastes containing high contentrations of carbohydrates
'Kraus medified his plant so that he could.add d1gester

. Supgrnatant to a reactor in Wthh recycled sludge was

’ reaerated prlor to being returned to the biological réaétor.
The ammonia was'converted to. nitrate in this additional
reactor. The nitraté then served bothasan ddditional source

--making substantials .improvements in the actlﬁated.sludge ’

/j :

account since they represent, the inputs and outputs for the:
plant, are essential for the establishment of a plant objectlve

function, and modify both the dynamic behavior of the

plant and type of control strategy to be employed.

*-In thg long term, dynamrc models of treatment plents
should be coupled with dyramic models of the wastewater,
collection system, receiving bodies of” water, ‘and the-
receiving system for “the- .residual solids. A substantial
amount of research has’ been conducted ondynamic models - .
of the receiving Waters and an excellent introductioh to this
subjed is provrded by the book of Thomas (34). Research
on the dynamics of wastewater collection: systems.is moge
recent, with an examplé being the report by Beck (39). .
Dynamic models .are not available for the ultimate.
d1sposal of residual SOlldS perhaps because these have much
longer time constants than the other systems discussed and

their dynamic nature has-not been as well recogmzed

* Modification of the inputs to the plant from the

" wastewater collection system may be obtained by control of

the collection systems, as exemplified by the work of
Anderson (36) on the ancapolrs-St Paul system, or the ,
use of equilization tanks on plant inputs as given in the

. papers of Andrews, Buhr, ‘and Stenstrom (I 7) and Di Toro’
- (37). Studies on the m’odrfcatron of plant 1nputs have been
- primarily concerned with maintaining input’ wastewater

flow rates and cofnpositions as constant as possible. This -
may be the correct approach; however, it is based on the
unproven assumption that steady inputs would be best for
maximizing plant performance. On the other hand, thereare
chemical processes, as illustrated in the review by Barley

-(38), for which periodic inputs are best for maxrmlzmg’

of nitrogen ‘for the - high carbohydrate waste and as a -

supplement to the ¢ oxygen supply (by serving as an alternate

hydrogen acceptor in front portion of the blologxcal
reactor).

. .

T .

PLANT lNTERACTlONS WITH OTHER SYSTEMS

E

Aruitoxt provided by Eic:

Although the wastewater collection system, the recexvmg
body of water for d1scharge of the treated wastewater and

o3

performance For -, wastewater ‘treament plants the
possibility, therefore, exists that there may be some.
optimum waveform and frequency for_ the plant 1nputs
which is not necessarrly asteady input.

‘The possrburty also exists for control ofthe plant S0 that it
operates at a varnable efficiency in order to. match the
assimilative capacrty of the receiving body of water which
usually varies with time. An example of this type of-
1nteract|on would be that given by Shieh (39) who'
simulatetl the effects. on th&‘upper Delaware Estaury of
discharging wastewater on the seaward- movement of the
tide and stormgthe wastewater dur1ng .andward movement.
SUMMARY ki

There is a need for more cons1deratlon of dynamlc
behavror in both the design and operation of wastewater
treatinenit plants. . A better understanding of dynamrc

. behavror and the a.ppllcatlon of modern centrol systems -

offers ‘'many potential benefits. Included among these are

_ improved ‘performance, reduction in sizé“ and therefore

90

construction costs of nl:w _plants, 1mproved rellablllty, more
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) mentatlon will all. be needed for the development.
4and conunued lmpro\*ment of mdrvrdual process
_models. ' - : .
entative control strategres should be explored usmg .
xnamic modefs aYid computer s;mulanon The more - ‘
ing of. theae control stra}eg'les['should then

" efficient Use of oper;tmg persormel and lower operatin
costs.: However, these benefits ‘are still clearly potentral.:
since the application of dynan:nc modelrng and control to"'
wastewater treatment plants i§-in.its infancy. ' . :
S‘pecrﬁc research needs for the individual prot:esses ira
typlcal wastewater treatment plant have been presented in © -
this- paper. Many other. processes are uséd’in wastewater ed at. pi oi'_and/orfull scale Maxrmum use .
treatment, and theré are obviously si _'lar vesearchneedsfor -~ . nade 'of: the: newer taols of jthe control - -
these processes. A’ lpgical progres ; :',esearch on‘the. . - - exl 's nslrne state/ garameterestrmatron o
dynamrcs and control of wastew ' ' nt pla sisas . A ' -

+ follows: Q“ R SO\ & T ‘ _ ‘ modelsand control strategres R
a. Dynamlc mathematreal models sﬁ L P i gl o an overall pli’nt model and S
" for the individual processes. Both iWBechanistic. . -, - 4% Wrar¥py st therntenacuons ‘betwéen the .

and stoéhastrc approaches should be et Ritiee oth = i e EX] rf;and taken nto account

e ‘needed to adequately describe. procé_ Mrhaiice. - ould? ' i l'am models of the *
g Literature searches, discussjons- AP i | T e fewat €1V f'water and
. engrneers and bench, pllot and fu ' vy
! . b <-~. .
Y 3 i ." . ‘l
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C P. I Grady (Purdue Umvemty) for Dr Perry McCarty
‘Please comment on where bas1c mlcroblologlcal research

4
leaves off and where-our more applied microbiology begins.

' _ Where dd we have to plck .up the gauntlet"

Stanley Klemetson (Colorado State Unlver5|ty) for Dr

W.J Weber,Jr - : o M

Durmg our visit to the Stander Wastewater Reclamatlon Q

Plant in South- Africa, we saw appllcatlons of water reuse.
What research do you see necessary o transfer some of this’
. knowledge in'South Africa and other parts of the world to

country”
Weber’s Repl}' Co :

'The Stander Wastewater Reclamatron Plantisexemplary -
_of recent progress in the appllcatlon of advanced: technology
to wastewater. reclamatlon and reuse. The success of- this’
* project is’ ‘due in one measure to the.urgency of water supply
problems in South Africa, and in another to the acumen of .
those - lnvolved in developing - 'and demonstratlng
reclamation and reuse as a viable water resource altematlve
" You ask what research is necessary to-encourage large

scale: application- of : reuse. ‘The research-needs I have

discussed relative to continued refinement of those factors,
‘which “ultimately ensure “and advance the technical
* feasibility, rational design, and cost effectiveness, - of
reclamation technology. In so far as research: accompllshes
" these objectives, it- will ultimately encourage publlc
acgeptance of water reuse. -

To turn a common. phrase, necess1ty is the mother not
.only of invention But of application as well. For large scale
appllcatlon of any techndlogy there must be a recognlzed
neet whlch itaddresses, and a public conﬁdence in its ability

. to resolve . that need. Necessrty in the present context.

‘inyolves identification .of manifest or potential problems
" associated with water supply,.i Jincreasing pollusen; and/or -

unplanned reuse in a partlcular area and recognition of’

, reclamatxon and purposeful' reuse as a,potentlally at{ractlveo

. water rrtanagement strategy. TR
Appl}catlon of water. reclamatlon and reuse demands as

much way of pubhc educatlon and soclal acceptance asit
“dogs ’Way of basic research and technology South Afnca
has rently been successful in both regards

DISCUSSION . 1.

- all levels. Nonetheless we do have deﬁgi
. this regard

 WASTEWATER TREATMENT

‘ E H:Ted Curtls (U S. Department -of the lnterlor) for Dr
W .J. Weber, Jr.

Walt Weber indicated we' were responsible I for
Technology Transfer—if 1/3 of the W.W.T. plants aren’t
working properly, -perhaps we have dropped the ball on
Technology Transfer, and we ought to be spendlng ourtime -
there

.

Weber $ Reply ' |
I have no basis to confirm or repudiate the fractlon you
. indicate for plants that are not functioning properly, Ted.

-~ -encourage “large scale appllcatlon of water reuse m th|s . 40n the basis of personal observatlons-, I concur that there '

are many which do not meet performance speclﬁcatlons
" And/or treatment criteria. - _
This relates. .in some: instances to madequate desrgn

and/or constructlon, in ,others to. _improper operation .-

and/ or maintenance, and in yet others ta changmg-awaste
sJoad chamctenstlcs. and/or-treatment requirements. There
are thus several levels of both technology and personnel at
" which more effectlve transfer - of lnformatlon must take
place L ;"--. ' ot '
%lf by suggestmg that—"“we ought to be spendlng our time )
- there”—you mear in technology transfer rather thari basic"
" research, I say no; major efforts in both areas are requ1red
for successful development and lmplementatlon of measures -
'for env1rdnmental protection. Researchers and educators
“have neither the philosophical aharter nor physlcal capacity
‘to assume resporisibility for effective technglggy-transfer at ;
bllgatlons in '

* It is incumbent upon the researcher % make available h|s
essential findings, gnd to address, as far as Jpossible, their
appllcatlons context‘ I underscore the- word essential, forwe

' are all aware that the literature can become. cﬁxttered and
" the reader discouraged or misled - by fragmented and/ or
trivial publlcatlons researchers have respons1bll|t|es as both .
authors.and peer reviewers in this regard '

The educator, be he. active researcher or not, is
res;%psrble for mtegratlng research developments into his
teaching. A'larger responsrblllty 8f the, educator is to imbue
his students with an opeHfss to innovation, a sense of -and
ability for - cntlcal evah t|on and a sound scientific basis

upon which.to evaluate and incorporate 1 new developmcn!s —

in desngn and operatlon appllcatl.ons

o ,:...':_. L . 90

. .. .. . . . . -
o . . . . - . . '
Full Tt Provided by ERIC.
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David H. Howells(North Carolma State Umveﬁy) for Dr '

w J Weber. Jr

* We “might all agree with your remark that “Only-

fundamental research can establish a firm basis for. the

evolution of methods and procedures through which we can-
improve levels of wastewater treatment and rcclamatton "

There are many research needs associated with 1mprov1ng
unit procésses. This work can be costly with long delays in,

. . or marginal payoff. From the Standpomt of the funding
" agencies and their need tosupportap.proprlatlon requests, it

" priorities which will have the hlghest payoff. Can we develop _

seems to me that we-must sort out these needs inthe sénse of

. adequate cnterta to set such priorities?

Weber’s Reply o ‘ : ' :
You pose a difficult question, David. I am tempted. to

* answer, in the infinite’ wisdom of Caterpillar Tractor

ERIC
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Company’s popular advertisement, that“there are no sxmple
solutions, only mtelhgent choices.”
~ Each funding agency. has a chartered set of mlsStons

o~

9

[ 2SN

- priorities in the  broadest sense.

- . WASTEWATER TREATMENT

2y

~.presumably rank- ordered accordtng to the functions and

responsibilities of the .agency; "these, necessarily define
‘Beyond. this, refined
prioritization of - resoarch needs might best. begin thh
critical examtnaft !

Quahtatlvely payoff m the 'present: context meaps

. solution of a techmnical problem. Quantification of payoff is

quite another matter; this indeed is the crux ‘of the q_uemdn

- you ask. To develop appropriate criteria an’ agency must: )]

“'weight the problems associated with its- mrssxon(s) 2) define

~

- tndetermlnate .

alternative solytions and the respectlve degrees to whigh
they address the problems; 3) evaluate the: potential or

likelihood of each alternative for success; and 4) evaluate

the sensrtlvttybfeach problem soluticn to the research effort
required 'to effect it. This creates a complex evaluation .
matrix, for which ‘some ;:haractertstlc values may be
Clearly theré are no snmple answers to your questign; Just
as clear, however, is the fact that those making decisionson " .

‘ research priorities should be as techntcally competent and

aware as those doing the research. -
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THE RELATION BETWEEN TREATMENT PLANT EFFLUENTS

AND THE QUALlTY OF NATURAL WATERS

» é
. “ . ‘ . i u .
o s . _ DonaldJ O’Connor ,
A S S Manhattan College
Camt S S 7 New York__Clty -

lNTRODUCTlON e o

‘- The relation between, treatment plant effluents and the -

E quality of natural wateg’ systems by definition, covers a.

) large number of factofsin both the engineering-and ‘natural K
_ sc;enees——Thrs evaluation of research ne¢ds concernrng this
'relatlonshrp 1s based prlmarlly on four consrderatlons '

e blogeochemlcal cycles by contrast.to those synthetic - _
which are incorporated m butnare not

The nature and character1st|cs of the generlc types of
_~natural water systems.
Heterogeneous kmetlc systems and alr-bed boundary
- " conditions within natural water bodies.
3. Those constitutents which. are paturally part_of the

substang:
natural ¢ ponents ‘of, these cycles
4.. The inputs, onglnatlng from'man sactrvrty aswell as
" natural processes ' .

Each of these factors are' considered «in the following,
» sedtions, which mclude a.br’ref observation' concerning the -
present state of the art, an analysrs of the adequacles andan’

: ,‘approprlate recommendatlon

"

F)

TYPES OF NACI‘URAL WATER SYSTEMS
it has beenconvenient to categorize natural water systems-

.-

ona geophysrcal hydrodynamlc basis: fresh water streams -

. and lakes and saline estauriesand near shore oceans. Wlthrn

each of these systems, ~specific water“/uallty constltuents‘ -

have . been spudied and analyzed Notable ‘progress.

- pamcularly in the:field of engrneerlng, has-been made over
"~ the.past few decades in quantlfyrng the spatial distribution,

" these water bodies—a quaritification which i in many cases -
led to rational water quality management. This type of

Q

usually under steady-state conditions, of plant effluents-in

categoruatlon is typical of the science and technology of our

western‘culture, and it served us well in the formatlve stages -
of understandmg the phenomena of the earthi sciences and
its englneenng appllcatron in plannlng and management .

[ . . /

. .o 3 N D ,l.'
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That ,model although stlll useful in many ways, is -
becommg progresslvely more anthuated——we should not

.look to the interrelationship and. mteractxons between these

systems—l e, the transition- between the non-saline river
- and the saline estaury on thelr respective interactions witha-
.lake and the near shore vcean. In each of these transitional |
geophysrcal zones, srgnrf cant reactions dccur which affect -
- -physical,. chemical and biological -forms, which are
transported through thém. In many instances, these

.. reactions are unique'to ‘that zone and are-evident netther ln\ -
. the upstream and downstream bodles'of water. )

HETEROGENEOUS KlNETlC SYSTEMS AND
- BOUNDARY CONDITIONS

~* Asthe water bodies were viewed ina discrete mdependent
fashion, $o, too, the constituents. Again, in many cases; this
_viewpoint was quite justified. Within the framework -
described above, notable advances were made from both the
scientific and engineering viewpoints. Both. fundamental'
understandmg was. developed and ratlonal plannlng was

effected—notably -with respect to. such water. quality
parameters as bactéria, dissolved and suspended solids,
dissolved oxygenand eutrophlcatron However, present and
futurevter quality problems ire indicating the necessrty of

- analyses, which interrelate the dissolved, colloidal and

suspended companents affectlng a particular constituent—

e.g., the advances made in sediment transport in both rivers \
and estuaries nray have‘significant bearing on other water

quality ‘items such as bacteria, dissolved oxygen and

- nutrients. Whrle certain substances are partrcula.rly affected - °

by bad conditions, others are more influenced by conditions

existing at the arr-water interface—e. g., accumulation at.
‘such interfaces and ’the transfer through the gas and llqurd '

phases "of - these mterfaces
-g. -’ _" l/ .
NATURAL VERSUS SYNTHETlC CONSTlTUENTS
Advances made in the areas described above, related’

primarily to those constituents,  which are : normal

* INTERACTIONS WITH ENVIRONMENTAL SYSTEMS

Ml - |
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components of the bnogeochemlcal cycles Relatlvely httle

“of comparable value has been accomiplished with respect to

-those constntuents

whlch are charsteristic of man’s
technological society. These substances, which are generally

"‘end products of industrial synthesis or breakdown—e.g.,
' heavy metals, and synthetic orgamcs are not part of natural -

cycles. ‘A fundamental understandnng of the modes of.

transport, accumuldtion afd transfer of these matenals
.through food cha1ns and blogeochemlcal cycles in natural

_,water systems is of prtme |mportance

l‘VPLTS—POlNT DlSTRlBUTED AND STEADY

STATE-TIME VARIABLE
‘THe analysis and quzntification of time- varmble inputs'

such as urban runoff, agr1cultural d}scharges and natural
- drainage from area} essenttally unaffected by man, have
: generally been classi 1edas non- polntordlstrlbuted sources,

.tre,ated effluents. Therefore, before proceedlng to a further -

Y

and their impact in mahy areas is greater than that of the

k¢
de\/elopment of the. analys1s of treatment effluents, much
more attention, should be given to‘the non-point, effects.

Ostensibly, th1s issue was to be addressed i ifi the 208 planning v

under EPA ausptces butitisnot premature to report thatin
the majority of cdses it has been lnadequately analyzed..
Neither the proper data base nor an adequate theoretlcal
structure exists to properly account for the i 1mpact of these

*inputs, Ancillary to this point is the effect whlch treatment

E

Aruitoxt provided by Eic:

has on the rates of ddgradabrllty of the constltuents in the -
effluents. : o SR

: vlncreasmg°leyels of treatment frequently yteld matenals
which are more stable and less reactive. In.a comparable
manner, changes in land use, may bring out changes in the
nature of inputs from these ‘areas. Undérstanding of the -

, changes and the impact on the quality of natural systems are.

ofgreat lmportance both theoretlcally and practically. The-

fields of science and engineering which deal with the effect of °

man’s and nature’s inputs on .water quality are hlghly'
segmented——both academically and’ professronally~

llmnology, oceanography. meteorology and soil sc1ences -

¥ i e - . . .

37
'lacklng n the varlous proyects) o6

‘GENERAL CONCLUSION AND S
.'_RECOMMENDATION e T .

In' addition to 'the sc1ent1f“c technologlcal factors o
describfjd above «these reCommeddatlons are'also based ona i

INTERAGTIONS WITH ENVIRONMENTAL SYSTEMS

and envnronmental chem1cal and hydraulrc eng1neer1ng
The former are further diyided into the blologlcal chemical

potomology—the stu
What is needed is a coordlnated study.and research plan of
the interrelationships between and among these d.lsc1pl1nes

Certain ‘schools of environmental engiheeting- and earth,

dlrectlon More significant is the lack of applled science or
engineering analys1s in th;s, regard, comp;trable thh the

- and physical compronents(most slgmflcant 1s the’ absence of
of fresh water streams and rlvers) :

_sc1ences are presently maklng some progress ir this

previous work envrronmental(sanltary) engineers dld inthe
past 20-39- years, The mosf%gl]armg gap is the.application of

fundame‘nta\l and earth sciences to practical water quality

management problems {thé. NSF RANN$rogram was one -

Serve asa gurdellne for the type of‘research whigch the NSF -

: stepln the direction of correctlngthls condition):'In- spiteof *:
the perhaps vague generality of ‘this, observation, it may .

should support. One of the prime prereqursrtes for’ such a

¥ P
ptdgram 1S the partlclpatlon of highly’ competent SclentlStS @
and englneers who have 4 recognlzed ‘specialized area of

v compegence and in addmdn are w1lhng and able to: relate_

that competence withinf a::broa c:'r framework (a goal which -
was sought i in the NSE RANN program, but was frequently
e Y& ’

‘a

, i . ”\v

na

comsideration’ ofthose research;reas which have"not formed
a_ significant part of programs of such agencres as EPA

«r

USGS arnd NOAA, and- which properly are. part of a 'NSFAV.‘
program The. pr,lmarv c ra)ﬁerlstlc of such-a program to
réiterate and conclude,’ is' that it ‘not, only be fundamental

betWeen theory ‘and practice. The appllcatton of -such
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.and sclent%Ic, but equally 1mportant‘ that it brldges the gap _ )

-research programs plays an. gxtremely pracncal and"_,,'
significant role in the assessm@’t and protection of our:
aquatlc envrronment e ‘
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"Roy 0 Ball (Umversny of Tennessee) Donald B. Aulenbach (I}ennselaer Polytechmc lnstltut e)
L 5 - for Dl? Donald J: OConnor
' As a revrevger f0r the Journal of the Water Pollutron )
- ‘Control Federation, 1epdorse and’applaud Dr. o Connor’s. - Havc you also consxdered the needs for research in bed -
. suggestxon io publish less and review- the- work of others = load? Some. reseqchers(not I) feel thatevaluat:on .of the bed
'more carefully Dr. Rohlxch and other sgeakers presented load can be used to descnbe the quallty of the stream. L
similar thoubhts ‘which represent in my opmum a major ' . : B
s theme of thxs conference ‘ 0 Connorﬁ Reply L ) i
‘ 'lO’Connors Reply EERE _' : - In. response to. Dr.: Aulenbach’s reference to research
. o ' . needs in the bed load, 1 believe the evaluation of bed load
1 strongl'y endorse Dr. Balls suggestxon about may be important in descnbmg the water qua!xty, ofstreams
pubhcatlons 1 spoke about this topxc extemporaneously at “and estuaries, particularly with respect to-hesvy metals and
the meeting, but 1 did not include any formal’ writeup in my . strong chemxcals which may be absorbed through them. 1,
"manuscript.- My present comment,is s1mplé a strong alluded ‘to,this point if item 2 of my talk.and recommend
e end0rsement of thxs point xf the commxttee agrees ‘e further research in thxs area. . - se g .
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FUNDAMENTAL RESEARCH NEEDS ~ -

* FOR WASTEWATER SLUDGE MANAGEMENT

“INTRODUCTION L
Current annual expenditures in the United States for
management of residues produced by municipal wastewater,

Richard 1. Dick (
~ Joseph P. Ripley Professor of Engmeermg -
Department of Environmental Engineering, Cornell University
Ithaca, New York 14853

treatment alone are approxrrﬁately $500 million and mayQ

soon be expected to incregse to nearly $1. billion*(1).
Numerous factors contribute to the intensification of sludge
management problems: requlrements for hlgher degrees of
wastewater treatment resul{ increased residue
ftion; advanced wastewater treatment practices tend
duck sludges with properties which make sludge
treatment and convenient reclamation or disposal difficult;

" - industrial wastewater pretreatment requrrements will result

in production of massive quantitites of sludges laden with

: ,potentlally toxic materials; changes in energy costs have

invalidated many concepts of sludge management which-

were developed from experience over the years; and
adoptlon of more rigorous standards of environmental
quality require changes in some former. sludge disposal

o practices.

Q

4 fundamental

These factors require rcexamlnatron of past practices for
management of residues from wastewater treatment. Yet,
'trmely Tesponse to the challenges in managing sludges ina
manner which is efficient in terms of cost, energy, and
resources, and consistent. with  environmental quality
requirements is precluded by the lack of understanding of
factors influencing sludge quality,
performance of sludge treatment processes, and the
behavior and srgnlﬁcance of sludge constituents in the
envrronment In addition to the inefficient allocation of
resources,
degradation which may result from response “to current
sludge management challenges in'an era of uncertainty, an

1ncalculable waste of limited professional resources hasalso -

’Based on an estimate by_Bastian (1976) of 5 million tons per year of
waste sludge on a dry solids basis in 1976 and 9 million tons pet year when
secondary treatment is practiced byall mumcrpal facilities. An average cost
of $99 per ton of dry solids were used as given by the averageesumated cost

of 46 sludge management options consrdered in recent engineering repons-

’

RIC
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the

) occurred in recent years as leaders in water pollution control

have attetnpted to grapple with definitions of acceptable
sludge management practices. [The four year debate
preceding publication of 24-page draft of a “Technical

‘ Bulletin” on sludge management by the U.S Environmental
“Protection Agenty(2) provides a timely-illustration.]

in many areas of water pollution control, present
prigyices in sludge management primarily were developed
empinically by practitionefs. Subsequent elaboration of

, -, fundamental factors involved in sludge management has not

energy, and funds and the env1ronmental-‘

" .Surburban, Corpus Christi,

101

" generally proceeded to the extent that basic research has
been” carried out concerning’ “the wastewater treatment
processes which generate the sludge. The reasons for thisare
unclear but likely include the facts that sludge management
caused fewer problems in the past era of minimal public
scrutiny and thatithe subject of sludge has not titilated the
imagination of researchers. Because of this-historic neglect
~of the need for basic research concerning the properties,
treatabl'hty, and. environmental effects of sludges, the
fundamental “foundation required to effectively solve
contemporary problems in sludgé management does not
exist. Certainly, legislative mandates will require progress
toward effective wastewater management in the absence of -
desired basic lnformatron on sludges. However, -sludge
management problems wrll not disappear = with the'
achievement of national goals for water pollution control.
+ Long-term advances in basic understandlng of sludges and .
their management will reap appreciable future rewards.
The discussion of basic research needs in_ support of
improved capabilities for_managing.sludges is oriented
toward = sludges produced ' in municipal wastewater
treatment. Mahy of the results of ghe-- proposed research
would also be applrcable to rndustrla wastewater treatment :

for 11 major cities (New York City. Washlngtoﬁ ‘D.C., Washmgton
Boston, Knoxville,
-Regional, East Bay MUD, Denver, Sacramento, and Tampa), with prices
adjusted to November 1977 using the -Engineering News Record‘
Constructlon Cost Index. o .

B

9

Southern California = * |
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sludges. sludges from industrial and mumc1pal water

treatment, and sludges produced in the course of air
" pollution control. However, basic research needs which are
. unique to these other sludges have not, in general, been

considered. -Additionally, basic research needs related

specifically to other residues such as dredging mattnals

Solid wastes, and brines are not’ included. —

. . . i+

BASIC PROPERTIES OF SLUDGES

The basic physical, chemical, and biological properties of
sludges are complex and poorly understood. The fact that so
little is known about the fundamental properties of sludgcs
the better part of a centUry after sludges began to be
commonplace materials testifies to the complexity of the
material. Knowledge of basic properties of sludges could

lead to improved capabilities for control of those properties, .

nore effectlve and econemical treatment of sludges, greater
reall_zatlbn of reclamation possibilities, and reduction of the
environmental impact associated with sludge disposal. ~

3 ' - o
Physical Properties .-

Th some blologléal sludges, the,solld phase is capable of
defying the downward force of gravity when it exists at a
welght concentration of less than one percent. This is an
extreme illustration .of, tigh problems encountered in
attemptmg to remove wat
techriiques such as thickenin agd dewatering. Ghances for
significant advance in capabilities for thickening and

. dewa’tenng sludges would be appreciably enhanced by an
understanding of the' basic physical characteristics of

.sludges and of the physical, chemical, and blologICal
conditions Wthh establish those characteristics. °

lnvestlgatlon of the basic forces (eg., chemical bonds, -

“capillary attraction, etc.) which hold water in sludges and
identification of #he factors which determine the relative
significance of such éetces are illustrations of basic research
needs concerning physical properties of
research would be closely related t other ir

of ‘the surface properties of sol"&&"

“sludges and the
variables ‘in wastewater and sludge treatment processes
which i )ﬂuence those surface characteristics.

Other esséiitial fundamental studies concern the physical
propegues of \sl_udges ma'h'lfestedas a result of the basic
forces between particles and between particles and fluids
considered in the previous, paragraph. Rheological
properties (like pldstic viscosity) of the combined liquid and
solid phases; properties (like permeability) related to flow of
the liquid phase through the solid phase; and propemes(llke

- compressibiljty) related to the structural characteristics of
the solid phase are samesof the principal physical properties
of sludges whjch control their performance in piping-
pumping systems and in many processes - for sludge
treatment. Factors' which operate in control of these
important _physical properties require -elaboration.

hie : "

A4 .
‘\-

-

rom all types of sludges by -

N

o~

- INTERACTIONS WITH ENVIRONMENTAL SYSTEMS
knowledge of the influence of wastewater treatment
processes, shear history, conditioning, stabilization, and
other variables influencing the properties could lead to
significant improvement in capability for controlling sludge
~quality and for tailoring the design of sludge treatment
facilities to the characterlstlcs of partlcular sludges.

Chemlcal Properties

Some of the fundamenta] research needs concemmg the
chemical properties of sludges relate to the physical studles
described previously in that they involve development of an
understanding of the forces between solids in sludges and of
forces between the liquid and solid-phases. Elaboration of
surface properties of sludges and of the resulting nature of
the ﬂocculanmrgamzauon of sludge solids could ultimately -
‘lead to an, ability to control the physical properties of
sludgcs through control of wastewater and sludge treatment
" processes.

Chemical charactenzation of sludges is also needed to
develop an understandmg of the forms in which chemical
constituents of concern in environmental quality control -
exist. Knowledge of the pamtlomng of various heavy metals
. between insoluble organic complexes, chemical precnpltates
exchanged ions, aqueous solution, and other forms is, for
example, necessary. Recalcitrant organic compournds are
examples of other chemicals for which' better
chardctenzatlon is needed. Many additional research needs
concerning chemical propertles aresuggested by discussions
in later sectlons

Biological Properties

Research needs concerning biological characteristics of
sludges relate to biodegradability; the influence of biological
transformatlons on the physical and chemical properties of
sludges and the presence of agents of infectious diseases.
More complete evaluation of the prevalence of viruses,

. bacteria, protozoans, and helminths in waste sludges and

exploration of factors inﬂuenc‘ing their survival is necessary.
Additional research needs concerning biological propertles
are consndered in sections whlch follow.

CONTROL OF SLUDGE QUANTlTY AND QU'ALITY
Current problems in sludge managemeént can be related to

specific physical, chemical, and biological propertfes of

sludges. ‘Appreciable reduction in environmental impact,

_improvemerit of process performance and/ or reduction in -

the cost of sludge management would be rendered possnble
by control of sludge quality. Opportunities for such control
include life style alteration, industrial source control and
pretreatment, and the selection, design and operation of
wastewater and sludge treatment facilities.

Basic research needs in the: area of sludge quality and
quantity control range from studies of the effect of various
types of consumer products on sludge ’quallty and

. . ’
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att-i'tud.inal studies related to public a'cceptabilit.y “of
_ alternative products to detailed studies of the influence of

specific sludge treatment. processes on sludge quality.

" Studies on wastewater source control and pretreatment for '

purposes of-control of sludge quality and quantity would be
similar to studies oriented toward alleviation of problems
attributable to industrial wastes in wastewater treatment
processes, but would emphasize basic changesin producuon

" practices, raw material selection, and industrial wastewater

pretreatment procedures which. could reduce. sludge
quantity, and/ or improve sludge quality. In addition to

" “control of sludge quality, such research should address

energy and other resources conservation.
For given source control and industrial pretreatment

practrces the quantity and quality of sludges produced in

wastewater treatment-depend upon the treatment processes
L . ‘.

selected and the manner in which those processes are

designed and operated. While research on wastewater

- treatment processes has, in the past; tended to emphasize

pollutant removal without substantial concern for the
nature of the residues produced, a focus on residue-related
‘probléms is appropriate for the future. Is it possible to
develop wastewater treatment processes which will
segregate in a small volume those -constituents of

wastewaters: (such as heavy metals) which interfere with_

effective management of sludges? What factors in design

‘and operation of biological wastewater treatment processes

* These are but illustrations of questions related to control of

influence the physical characteristics of the excess sludge
produced? What organic loading intensity in biological
wastewater treatment processes results in least overall cost
for wastewater treatment including residuals management?
Can phosphorus removal be accomplished by means which
do not result in massive accumulation of chemical sludges?

sludge quantity and quality through manipulation of
wastewater treatment processes for which a foundation of
hasic research resuits is needed.

The final opportunity for altering the quality of sludge )
occurs after the sludge is formed. Present practices in this

regard involve primarily the alteration of physical

- properties through conditioning processes, and alteration of

chemical properties through ‘stabilization and incineration.

The availability of practical approaches to segregating

selected constituents of sludges could simplify current

‘ sludge managment problems. For example, basic. research

which would lead to an ability to selectively remove heavy
metals or regalcitrant organic compounds from sludges
would be extremely valuable. :

-SLUDGE TREATMENT PROCESSES

" The purpose of sludge treatment processes is to prepare

sludge for ultimate disposal or reclamation. Processes

- commonly used are for the purpose of removing waterfrom
' 'slu@es or for alteratlon or conversion of sludge properties

Q

-
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(for ‘example, by stabilization or combustion bf organic

materials).

" Processes for Removrng Water

- Remgval “of water from sludges serves to reduce the
requlred size of treatment, storage.ﬁ:d transportauon
facilities. ickening and. de ring processes
conventionally have been used for the removal of moisture
, from sludges, 2pd conditioning processes have been used to
properties of sludge so as to facilitate
removal of m re. Novel processes such as ultrafiltration
and electroosmosis have been tried, but do notaccount fora
srgmﬁcant portion of the' moisture removal facllmes '

presemly in operation. :
Research on fundamental sludge propemes(see prevrous
sectlons) should be conducted. and interpreted with
ap reciation for the need for improved methods forremoval
ater from sludges. Innovative approaches which could
Jm from investigations of the basic physical, chemlcal and

biological properties of sludges are needed. _
/ Current research needs related to gravity thrckenmg
include improved understanding of basic mechanlsms )
involved in gravity and flotation thickening of compresslble
slurries, elaboration and improvement techniques for
charqcterizing thickening properties of suspensionsina way
which links fundamental thickening behavror ta: process

design and operation. h ~

Sludge conditioning is perhaps the process for which the
leas eQamount of fundamental information is available. ‘As
prestntly practiced, sludge conditioning by chemical, -
‘physical, or biological means isanart. From basic research
results on fundamental propertres of sludges should come an
understanding "of the mechamsms involved in sludge
conditioning. ‘

Fundamental research is needed whlch would lead to
~ description of conditioning requirements for a partrcular
‘sludge ‘and allow intelligent selection of specific
conditioning techniques or conditioning =chemicals.
Capability for selectivély controlling particular sludge
_properties- (like floc density, compressibility, or
permeability) "to improve performance . of partlcular :

. thickening or dewatering facilities is needed.

Dewatering as = conventionally practiced involves -
imposing a pressure gradient on sludge. by one means or
another to cause flow of water through' the porous media
contributed by the solid phase of the sludge. Fundamental
understanding of such /processes currently breaks down
when. the porous med)a is compressible (as sludge solids
are). lmproved understanding of flow through compresslble '
pordus media is required to permit improved design of
dewatering facllmes to allow sensitive interpretatiorpof the
significance of basic physrcal properties of sludge, and to
enable ‘effective 'selection” of dewatering techniques.
Currently, sludge dewatering facilities are designed.on the:
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basis of prior experience;, crude laboratory testing, or pilot  Changes in gnergy availability and ‘cost require vast
scale operation. A means for characterizing the basic - improvements in performance of sludge treatment processes
praperties of sludges’ which determine performance of  which 1n\zolvedestructlonoforgamcco by thermal
“dewatering facilities could lead to development of design means. Many such improvements lemented
techriiques which produce far more _economical and ,-withdbut need for basic research, but onsludgé
‘effective dewatering lnstallat1ons than at present. Other  properties and ‘'on fundamentalj
baslc research needs in the area of dewatéring relate to the performance of sludge treatment
characteristics of . particular classes of dewatering enhanced capability, forrnweasmg
equipment. For example, design of a vacuum filtration introduced to incinerators. More needs
installation based on: understanding of fundamental factors _the fate of constitutents in sludges (such as h
lnfluenclng performance would require rigorous analysis of toxic organic substances) under various
the “drop off” phenomenon, and a fundamental evaluation combustion and pyrolysis in'order that designa |
of the scrolling process is .needed to facilitate design of of such facilities can be carried .out to minimize -

centrifuges.’ . . e : : environmental risks. - y .
: o - § o ©» Just as wastewater ¢reatrient processes havet'nded to be
Conversion Processes ‘ ' developed withqut adequaté concern for mana/iinent of the
Conversion- processes are used to change sludge  residues produced, sludge treatnient practrcc e tended
properties to a more desirable form prior to ultimate to be developed without adequate concern’ otential

disposal or reclamation. Basic research should relate bothto _ effects of recycle streams on wastewater processes. Basic
establishment of the need for the conversion processes and research on factors influencing the quality of recycle streams
to improvement fundamental understanding of the from various sludge treatment processes, is needed to allow
processes themselve§. Examples of research needs relatedto  evaluation of the § teractions between sludge treatment and
establishment of the yeed for conversion processes include wastewater trtatment procgsses. Design and operation of:
rigorous epidemiologigal studies to evaluate the hazard of combined - wast¢water sludge treatment systems can be
disease transmission Associated with land disposal of opumlzed only if the interactions between the various

sludges. Inaddition, the Axtent to which organ;ccompounds processes are fully descnbeq. o s
in sludges need to be stabilized prior to application on. - '
agricultural' land requires examination. Traditional = RECLAMAT[ON ' .

~ practices call for stabilization of sludges to be applied to Aside from application of sludges fo agricultural land,
land, but it might be arguedthat such stabilization could be - beneficial use of sludge has not been .common. The
accomplished in situ’'in properly managed soil systems: »_des1rab1hty of reclaiming sludge constituents is clear, and

Similarly, there is current interest and- research on improved source control and pretreatment of industrial
+ inactivation of viruses and’ organisms prior to land  wastewaters, increased awareness of the need forenergy and

application. The perceived need for such treatment is, .resource conservation, ‘and’ improved -understanding of -
however, intuitive, and epidemiologicalstudies would aid in basic chemical properties of sludges ¢ould lead to more
clarifying when inactivation is, indeed, required. These are frequent reclamation in the future. | -

but an illustration of needs for research to rationally assess the Waste biological sludges. contain about forty percent

circumstances under which specific conversion processes are - protein, and clean sludges have been used as animal food
required prior to speclflc ultimate disposal or reclamatlon supplements. Basic research to 1dentlfy the opportunities -
schemes. - - and limitations associated with this practice and research on
In spite of the common usage of anaerobic digesters for means to cleanse sludges before they are introduced-to the

sludge stabilization, thére is need for basic researchtoallow  food chain or means to extract protein is warranted,
.improved operational control of the process. Similarly, - The large variety’ of chemicals contained in sludges
research on themophillic anaerobic digestion is needed to justifies exploration of possibilities for. economical

. assess its performance characteristics, its role in efforts to  extraction of a variety of constituents. Some possibilities
minimize net energy consumption’' in wastewater which would seem to warrant priority include recycle of

- management, and its possible advantages from the chemicals used in wastewater treatment, ,separation of-
-standpoint of inactivation of organisms and improvement in phosphdrus from sludges produced in nutrient removal,
physical probertles of sludges. Through understanding of reclamation ofconstltuents which are in high concentration
~ factors controlling the performance of  other sludge in industrial sludges, and eXtraction of sludge constituents
stabilization processes such™ as aerobic digestion, with extremely %Eh value. Vigilance is needed in developing -
composting, and chemical stabilization would lead to reclamation sch®mes to ascertain that waste products
improved capabilities for more effectlve and effrclent produced in the process of reclamatiorr do not seriously

process design and operation. , . influence wast.ewater or sludge treatment processes.
' ’ R Co
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ULTIMATE DlsrésAL :
Sludge constituents wifich cannot be used must ultimately
be returned to the environment.
problems and controversies of recent years involve ultimate

dispbsal, and could have been avoided or minimized by the

availability of basic information on sludge constituentsand -

their behavior in air, land, and water.

A major basic research need.concerns the food chain

implications of sludge utilization on agricultural land.

Knowledge of short term and long term interactions of

heavy metals contdined in sludges with soil constituents,
organics in the sludge, and plants would permit more
intelligent design of land-application systems. Similar
understanding is necessary -for recalcitrant organic
-compounds. Related uncértainties associated with land
application such as fate of viruses and pathogenic organisms
also could be reduced by fundamental studies.

‘While much sludge is disposed of in landfills, llttle is

known of the fate of sludge constituents in landfills. Basic
research on'this question should be coupled with wor'k on
lmproved landfill design and operatlon practices. -}

" The desirability of conducting’ basic research on the fate
“of pollutants containgd in sludges'when they are dlscharged

.. atseais clouded by what is effectively aTederal ban of future

ocean disposal. Nevertheless, basic studies on fate of
pollutants food chain implication, etc. would permit
‘rational evaluation of the advisability of the policy. Also,

. the attractiveness of sludge management schemes which

would make use of sludge constituents .in- mariculture’
. projects warrants basic research.

PLANNING, DESIGN, AND OPERATION OF.
lNTEGRATED SLUDGE {VIANAGEMENT
FACILITIES . -

“The treatment and dlsposal of sludge. .. ar¢ most
difficult and expensive problems and, as mugh as any have
been the, child of fashion and have suffered from a lack of -
plannmg” (3) *Improved planmng for management of
residuals from wastewater treatment is essential on
international, natlonal reglonal and local levels. These
planning activities would benefit from basic research ofthe

type described in previous sections, but, in addition, basic

research on aspects of plannmg unique to sludge
management is warranted.

In recent decades, more sludge management schemes
probably have falled for social reasons rather-than for
technical ones. Ba SlC behavioral studies might be useful on
ldentlfymg 'fact rs’ which shape reaction to sludge

Q ' ‘

Many of the sludge
- ‘techniques is

- reclamation” or disposal - techmques
_ factors influencing performance of processes used in sludge

INTERACTIONS WITH ENVIRONMENTAL SYSTEMS

.

management schemes and, thus, enable techmcally feasnble

solutions to be implemented. Basic work on analysls of risks .

associated with management. of -sludges- by 'various
warranted to enable regulations ‘and
judgments to be founded on a more rigorous analysis than
has typified past decision making processes. ’

" 'Analysis of-basic interactions between sludge production
facilities and sludge -treatment, utilization, and disposal
facilities is warranted to improve the effectiveness of overall

systems for wastewater management Such analyses should-

include evaluation of interactions between individual sludge
managment processes so as to identify efficient means for

integrating individual processes into efficient overall~

schemes of sludge management.
Operational control ' of existing and future “sludge

managemekt facilities could benefit in many ways from '
basic research. results. Such benefits would stem, for -

example, from.increased understanding of the effect of
individual control variables on performance, from-sludge

testing procedures which.are sensitive to factors influencing

process performance,and, in thelong term, to computerized
process control procedures ‘based on fundamental
understanding of the performance of wastewater treatment
and sludge management processes under ~dynamic
conditions. ‘ o

SUMMARY . :
Sludge management has suffeted from a lack of basic

‘research more than most areas of water pollution control.
Thi

historic lack of basic research on sludge is particularly
unfortunate at the present tjme because of challenges to
effective sludge management kreated by.the generation of

-greater quantities of sludge, increased production of sludges

from treatment of toxic. substances, changes in energy
availability and ‘prices, and the adoption of more rigorous
standards for control of environmental quality.

No attempt has been made in this brief paper to develop a.

comprehensiye list of basic research needs céncerning the

) res1dues created in wastewater managment. Instead, hroad
- areas of desirable research have been suggested and

illustrative basic research topics have been mentioned.

Research on fundamental chemical, physncal "and

biological propemes of sludges would be useful in-dev-

oping - means for control of sludge properties, for

achieving improved understanding of factors influencing .

performance of sludge ‘treatment processes, and for
evaluating possible envnronmental impacts from sludge

Basic research ‘on

tgeament would. enable evaluation -of the ‘interactions

ERIC
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- between processes, -and allow more effective and cost
effective designs. Similar’ rigorous research is needed to
explore opportunities for reclamation of sludge constltuen

- and to gvaiuate factors mfluencmg the fate of slud

(!
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R Alme Veslllnd (Duke Umversrty) for Dr. Richard 1.
: Dick T . o

3

. Richard Dick has adequately and accurately descr(bed
the dismal state-of-the-art in sludge managment,- and has .
demonstrated that the problems - assaciated  with the
~ treatment and dlsposal of this somewhat embarrassing by-
product of our society has too long been 1gnored by

- researchers.. :

I would like to suggest that thereare two baslc reasons for
the lack of rescarch effortin sludge managmeént: a) ltisnota
very esoteric or ‘rgmattic field. of endeavar. b) The

variability and complexity of sludges greatly complicate

the undertaking of fundamental research.,

The first reason is not too difficult to understand
graduate student needs only experience mild ribbing'about
His chosen area of profe‘Ssronal competence to make him
wish he had chosena more.,sophlstlcated area llke actlvated

e DlSCUSSlON*‘ R

v
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i}

ca'ﬁ;gll or rapid sand ‘filtration.
The second reason why fundamental reseqrch in sludge
‘management is scarce is that many potenual researchersare
scared. off. Probably the most ' frustrating aspett “‘of

‘conducting sludge research is the variability of sludges., Not

only is there a tremendous difference in physical, chemical
and biojogical properties of sludges from different treatment
plants but the same sludge, glven alittle time, will change in

. chamcter Running controlled repetitive experrments thus :

becomes a true test of character. .
Again, | want to reinforce the main point in. Dr Dick’s
paper: We simply.know far too little about sludge properties

and. characteristics, and . thus cannot apply fundamental -
- ‘knowledge to the very real problem of sludge reatment and_

disposal. In my opinion, the two main reasons is gap in
our knowledge is the seemlngly unsavory nature of the
needed research ~and the difficulty of the problem :
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’ Sumro‘ni CT 06820 . : . Toronto, Ontario M5S 1A4 McLean, VA 22101
FRlEDMAN, AA. *  HILL, Gerald : KAWATA, Kaz ', >
Civil Engr. N , ' Univ. lowa, : Hygiene & Public Health
150 Hinds Hall ’ . lIowa City, Iowa 52241 5 : Johns Hopkins University®
Syracuse Univ ‘ ' : . 615 N. Wolfe Street
Syracuse, NY 13210 ' i "~ _HOVEY, Wendell H. ' ' AR , .. Baltimore, MD 21205
' ’ ’ ’ : Civil Engr. . to S :
GANCZARCZYK, J. o Univ. Connecticut, U-37 5 . KEINATH, Thomas M. -
Civil Engr. : Starrs, CT 06268 . L : Environmental Systems Engr.
-Univ. Toronto ! i o BN . Clemson University
Toromto, Ontario M5S 1A4 1 HOVlOUS Joseph €. *  Clemson, SC 29631
¥ ) Union Carbide Corp J :
" GELLMAN; lsalah - . PO Box 836} S *" KING, Joe
. NCAS! ws - ‘ S. Charlestori; WV 25303 < Envir. Engr.
260 Madison Avenue - o . ’ . Rice University
> New York, NY 10016 . ! HOWELLS David H. o : Houston, TX.77001 !
N : S e NCSU Water. Rcsourccs R'lnsr. . o :
GOODGAME, TA. - B 124 Riddick Bldg. - ’ N KLEMETSON, Stanlcy
Div: Env. Control L NC State University Engr. Research Center
* Whirlpool Corp.” . " Raleigh, NC 27607 . .- Colorado State University
Benton Harbor, MI 49022 . . * T ' S . +'  Fu. Collins, CO 80523
. .HUNG, John ‘' .o . : 3 o
GRADY, C.P.L., Jr. - ' " International Paper Co. ) . KONASEWICH, Dennis
" Civil Engr. : L PO Box 797 i ) ‘ Internafional Joint Commission
Purdue University - : . Tuxedo Park, NY 10987 - - . 100 Ouellette Avenue g
_-Lafayette, IN 47907 oot Windsor;' Ont. N9A 613
. . ' - JENKINS, Charles R. ’ BN .
GRANSTROM, M.L. ’ . .Civil Engr. . _ LACY William J,
Civil & Envir. Engr.. West Virginia University Office of Research & Devcl
" PO Box 909 . . : Morgantown, WV 26505 . USEPA
., . Rutgers University . T : ! ' Washmgton, DC 20460- ‘.
* Piscataway, NJ 08854 , JERIS, John S. - _ 2
‘ AN o Envir. Engr. & Science LAGREGA, Michacl D.
GRAVES, Elaine - v " Manhattan College’ ;' +++  Civil Engr. ' e
Vanderbilt Jniversity o -Bronx, NY 10471 ) ' ‘ Bucknell Uniy. .
‘. - Nashville, TN 37235~ . - ' : . - ™ Lewisburg, PA 17837 °
: : . ST : JEWELL, William o e .
» GRIFFIN,DM. |, . : Ag. Engr. - LAMBERT, Walter P.
- Civil Engr. - » - ~_ Cornell University . HQDA, SGRD-OPA
. VPI&SU | - ) Ithaca, NY 14850 S . Washmgton. DC. 203]4
Blacksburg, VA 24061 - . . ' : . o
L R JOHNSON, Robert L. S : LAMPARTE.R, Richard
. GURNHAM, C. Fred . Fritz Eng. Lab #13 L K Chem/Chem E ;
7 Gurnham & Assoc., Inc. = Lehigh University : v . ~'Michigan Tech. Univ. '
223 W. Jackson Bivd. - . Bethlehem, PA ‘18015 : 'Houghton. M1 44931
Ghicago, 1L 60606 ‘ R T
JONES, P.H. : LAMOTTA, Enrique J.* -
HANES N. Bruce - i Inst. for Envjr. Studies & . Civil Engr. oo N
Civil Engr.. . . Depp Civil Engr. . oo Univ. Massachusetts :
Thfts University : S Univi rsnty of Toronto * . - Ambherst, MA 01003
Mcdford MA 02155 ) ‘ . Toromo. Ontario MSS lA4 ’ :
7 - 3 ~ LAURIA, Donald T.
HANNA George P., j,— . ’ JUDKlNS, Joscph F.,Jr . " _Envir. Science & Engr. ,
College Engr. & Tech ‘ v Civil Engr. ] . -Univ. North Carolina
W-I181 Nebraska Hall B > Auburn University . ; ‘ Chapel Hill; NC 27514
Uhiv. Nebraska - ) . ) Auburn, AL 36830 ) S . . : o~
Lincoln, NB 68588 R . ' . . LEE, George C. . '
' KAPLOVSKY, A. Joel ' ’  Eng. Mech. Section" -
H ARTENSTE]N Roy i Envir. Science -+ . v : B . National Science Foundation,
SU College of Envir. Sci. & Forcstry i Rutgers University S : ‘Washington, DC 20550
.Syracise, NY 13210 * . Netv Brunswick, NJ 08903 e
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- LETTERMAN, Raymond D.

Civil Engr,
150 Hinds Hall
Syracuse University

. Syracuse, NY 13210 °

LINSTEDT, Daniel
Civil Engr. : ~ .
University of Colorado  *

. Boulder, Go 80309

LOMAX, Ken M.

Horn Point Envir. Lab ' ¢
CEES

University of Maryland

"Cambridge, MD 21613 °

LONG, David A.. £ - - T
Civil Engr.

212 Sackett )

Penn State University N -~

Univ. Park, PA 16802

~ MAHON, John H.

Calgon Corp.
PO Box 1346 .
Pittsburgh, PA 15230 .

_ MAIER, Walter J,

Civil & Min'Engr
Univ. Minnesota

“ Minneapolis, MN 55455

MALINA, Joseph F., Jr. -~ -~
Civil Engr.

Univ. Texas at Austin

Austin, TX 78712

MATSON, Jack 7.

Civil ‘Engr.- :
University of Houston -
Houston, TX. 77004 ’

MAYO, Francis'T. .
Municipal Envir. Res‘tab..
USEPA R
Cmcmnau OH 45268

gy .
MCCALLUM Gordon E. ’
303533 Twin Brances Drive
Silver Spring, MD 20906

MCCARTY, Perry L. .
Civil Engr.

Starlford, CA 94305

MCCUTCHEON, Steve €.
Vanderbilt University :

; Nashvrlle, N335

L]
MCDONNELL ArchieJ. | .
Civil Engr. . ~
Pennsylvania Sme Umv
Umverslty Park PA 16802

MCGHEE, Mary F. S
Civil Engr.

Lawrence, KS 66045

" NELSON, Petfr 0.

MlDDLETON Andrew C
Civil Engr.

SUNY/Buffalo

Buffalo, NY 14214

MILLER, Roy D. .
USAMBRDL
Ft. Detrick - {

Frederick, MD 21701

MINEAR, Roger A.
Civil Engr.
University of Tennessee -
Knoxville, TN 37916

MQRGAN, Joe M. .
Civll Engr.

- Auburn University

Auburn, AL 36830

MORGAN, Villlliam E
Civil Engr. *

Lamar Udfiversity
Beaumont, TX 77710
MUELLER, James A.
Civil Engr#

Manhattan College . *
Bronx, NY 10471

n

Civil Engr.
Oregon State Upiversity
(Corvallis, OR 9N31

- NESBITT, John B!

Civil Engr.

- Penn State Umversrty _
University Park, PA'16802

. NEUFELD Ronald D

Civil Engr. ~

University of Pittsburgh
Pittsburgh, PA 15261 -
r

O’CONNOR, Donaid J.
Ciwvil Engr. . !
Manhattan College )
Bronx, NY l047l

OLIVIERI, VmcentP -

School of Hygiene & Publlc Health
" "Johns Hopkins University
Baltimore, MD 21205

.

OLOFSSON, John A., Jr.

. Civil Engr”

. Univ. New Hampshire
Durham; NH 03824

O'MELIA, Charles R.
Envir. Science & Engr
Univ.- North Carolina

‘ChapelHill, NC 27?14

-PATTERSON, James’
.Pritzker Dept. Envir. Engr,

Illinois Inst. of Tech..
1T Center’

) Chicago, IL 60616

!

i

.PETERS, Robert R.

~ Washington, BC 20460

‘PEARSON, Erman A. - . (’

635 Davis *
Univ. California .
Berkeley, CA 94721 v

President,
American Water Works Assodiation

- PIPES, Wesley

Bilogical Science
Drexel University
Philadelphia, PA 19104 *
POHLAND, Fred ‘
Civil Engr. .. » "

. Georgia Inst. of Tech.

Atlanta, GA 30332

POITER, Lehn J.
Municipal Operations Branch =~ -
Office of Water Progmms Operauom
EPA

401 M St., SW
Washington, DC 20460

RAGAN, Robert M.
Civil Engr. A

Univ. Maryland

College Park MD 20740-

" REED, Gregory

CivilEngr.
Univ. Missoun
1122 East 48th. St.

-Kansas City, Mo 64110

RICH, LG, ~
Environmental Systems Engr.
Clemson University

: Clemson.,SC 2963l

RIMER, Alan E.
Civil Engr.

Duke University
Durham, NC 27706

ROHLICH, Gerald A
Civil Engr.

", Univ. Texas

Austin, TX 787l2

ROMAN-SEDA, Rogue

" Vanderbilt Univ. AR
~ Nashville, TN 37212
. : 4

ROSENKRANZ, William A.
Waste Management )i

EPA -

401 M St. SW

RUBIN, MarvinB. .~
Office of Envir. Affairs
Dept. of Commerce

14th & Constitution Ave.
Washington, DC 20230 ¢

.-
.
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. RUHL, Robert F. - . SNOEYINK, Verndn L. ~ ~ _ - WEBER, Walter J. .
4817 Mori Drive ' . Civil Engr. ~ _ Civil Engr.
Rocliville MD NSSZ , . Univ. lllinois - ot T “Univ. Michi

‘ . Urbana, IL 61801 Ann Arbor, Ml 48107‘
SAUNDERS, F. Mnchacl . o C a
Civil Engr : STENSTROM, Michael : (\ - WESTON,"Roy F.
Georgia Inst. of 'Iech . v Engr. Sys. Dept. co Roy F. Weston, Inc. -
Atianta, GA 30332 - T 7619 Boelter Hat  *. - * Weston Way

i ) UCLA . . ° T Wcst Che,stcr, PA I9380
SCHNELLE prl B., Jr. S N .Los Angeles, CA 90024 v
Envir. & Air Resources Engr. . . A “ 7 - WINKLEHAUS, Charles .
Vanderbilt University’ v .+ . STEPHAN, David G. .4 Water Poll, Cont. Fed.

/ Nashville, TN 37235 ., 4 i Industrial Envir. Research Lab 2626 Pennsylvania Ave NW
‘ i ' USEPA . ) : Washington, DC 20037

SCHNOOR,-J.L. o . 5555 Ridge Ave. :

*  Envir. Engr. Prog. - . - Cincinnati, OH 45268 ' ) WONG-CHONG, George M.
Univ. lowa : o , Carnegie-Mellon Inst. of Research
Iowa City, lowa 52242 N SYKES, Robert M. ) ) 4400 Fifth Ave.

' . - L - Civil‘Engr. . .. Pittsburg, PA 15231 ~
SEMMENS, Michael J. e ' Ohio State Universtiy . L. ) :
Civil & Mineral Engr . . Columbus, QH 43210 WU, Yeun C.
-Univ. Minnesota o7 o : « 117 Leslie Drive
Minneapolis, MN 55455 . " "THEIS, Thomas L.. - ~ Monroeville, PA 15146
L Civil Engr. . . -
SHELTON, Stephen P o ’ . Univ. Notre Dame . YOUSEF, Yousef A
Civil Engr. . Notre Dame; IN'46556 . *  Florida Tech Univ.,/
Univ. South Carolina - . . - . PO Box 25000 .
Columbia, SC 29208 T TOMSON, Mason ) ‘Orlando, FL 32816
n - Envir. Science & Engr. . : ' :
SHERRARD, J.H. . PO Box 1892 ' : ZANONI, ALE. .
Civil Engr. » =" - Rice University ) ‘1515 W. Wisc ‘nsin Ave.
‘VPI&SU : } - Houston, TX 77001 . -, Marquette U .
' Blacks_burg, VA 24061 | O ' L Milwaukee, Wl 53233

N , VESILIND, P.A. R /- o

- SIERKA, Raymond A " Civil Engr. : ZOGORSK], John S. -

< Civil Engr. - T Duke University - Poplars, Rgom 430 °
Univ. Arizona Durham, NC 27706 ¢ Indiana University

- Tucson, AZ 85721 ’ " oot . . Bloomington, IN 37401
' . . WANIELISTA, Marty . ' :
SMITH, Ed Dean : . ! - Florida Tech Umvcrsny . &~ ZOLTEK, Jéhn, Jr.
USA CERL ) . : - PO Box 25000 .o Envir. Engr. Sciences N
RO Box 4005 \ ' Orlandos FL 32816 ’ University of Florida ' M
‘Champaign; IL 61820 w . ‘ Gainesville, FL 32611
. . WARD, Herbert . N —
: ‘ Envir. Engr. ’ o . !
W ) v Rice University :
. Houston, TX 77001 : o . o
- ~
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