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The purpose of t h s  paper 1s t o  revlew the conventional methods 

of wastewater treatment and then t o  provide some ins ight  regarding 

more recent methods. The l a t t e r  are generally referred t o  as  con- 

temporary or  advanced wastewater treatment. 

In general, a l l  processes of wastewater treatment m a y  be grouped 

i n t o  physical, chemical o r  blologlcal types of processes and one o r  

more of these processes may be employed t o  achleve a desired effluent 

product. This c lass i f ica t ion  grouping 1s most appropriate i n  the 

study of the individual processes, however, f o r  design purposes, lt i s  

more common t o  r e fe r  to  treatment as  pmrnary o r  secondary. Beyond 

secondary, t e r t i a r y  o r  extended treatment may be pmvlded. The dis- 

cusslon given below follows t h l s  design approach. The coverage here 

i s  intended t o  provide conceptual information ra ther  than detailed 

design data.  

* 
Professor of Civi l  and Environmental Engineering, Department of 
Civ l l  and Envlmnmental Engineermng, Unive~s i ty  of Cincznnati, 
Cinciiznati . Ohio 



I1 CWVEXTIONAt WASTEWAmR TREATMENT 

Primary Treatment 

The basic objective of pmmary treatment f o r  domestic sewage i s  

t o  remove suspended so l ids  and c la r i fy  the wastewater so as t o  be 

sui table  f o r  biological treatmeni. However, pr ior  t o  sedimentation, 

it i s  normally necessary t o  provide some pre-treatment including - * 
screening, g r i t  removal and comminution. In  cer ta in  cases, pre- 

treatment may include grease and o i l  removal, pre-aeration where 

anaerobic conditions have developed, chlorznation f o r  odour control, 

pH adjustment, etc.  dependmg on the character of the wastewater. 

Primary Sedimentation 

Primary sedimentation of raw sewage i s  generally expected t o  remove 

from 50 t o  75 per cent of the t o t a l  suspended solids,  from 90 t o  99 per 

cent of the se t t leab le  sol ids  and from 30 t o  35 per cent of the t o t a l  

organic ma-cter. 

I n  cer ta in  cases, chemicals may be employed t o  improve the degree 

of primary treatment. Chemcal precipltatlon o r  flocculating a d h t i v e s ,  

such as  polyelectrolytes, generally improve the degree of suspended 

so l ids  removal. However, the increased removal must be balanced against 

the added cost and f o r  most domestic wastewaters, it i s  not economical. 

Two approaches f o r  the design of primary sehmentation are commonly 

employed. The most common is t o  s l ze  the tank on the basls of surface 

loading; f o r  example, ra tes  i n  the range of 600 t o  1 200 gpd/sq.ft. of 

horizontal area are commonly used based on the average design flow. 

A second appmachk t o  s i z e  the volume required on the  basis of 

the period of seciimentation; fo r  example the period may be i n  the range 

of 30 minutes t o  perhaps two hours. The removals of course increase 

with the length of the penod. 
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For both design approaches, data are available i n  vamous 

references f o r  estimating the removals t o  be expected using various 

loading parameters. Perhaps the best source of design data m the 

USA is the manual of practice ent i t led  "Design of Sewage Plants" 

available from the Water Pollution Control Federation or  from the 

American Society of Civi l  Engineers. It is also advisable t o  carry 

out se t t l ing  t e s t s  on a p i lo t  plant scale or  i n  bench t e s t s  i f  the 

se t t l ing  characteristics of the wastewater are  not well established. 

Elther a c i rcular  o r  rectangular tank design may be used. Both 

give satisfactory resul t s  s f  properly sized. It i s  important t h a t  

they be of standard dimensions so that the available mechanical sludge 

removal and skimming equipment can be mstal led.  Before proceeding, 

the design engineer should accumulate equipment drawings and design 

data from the companies whrch could be expected t o  provide the required 

mechanical and e lec t r i ca l  equipment. 

So as  t o  minimize the concentration of suspended sol ids  in the 

effluent overflow from the tank, it is best t o  l i m i t  the r a t e  of flow 

over the effluent weir. Generally ra tes  i n  the range of 10 000 t o  

15 000 gpd/ft. of weir are recommended. 

Secondary Treatment - Biological Systems 

The portion of the organic content of the wastewater which i s  

f inely suspended or  dissolved and not removed i n  the primary process, 

i s  t reated by secondary treatment. The generally accepted forms of 

secondary treatment now i n  use include t r ick l ing  f i l t e r s ,  activated 

sludge, waste s tabi l izat ion ponds and aerated ponds. A l l  of these 

systems w i l l  be recognized as  employxng biological processes I n  one 

form or  another, Basic design considerations f o r  t r iokl ing f i l t e r s  

and the activated sludge process are  hscussed below. Waste s tabi l iza-  

t ion  ponds and aerated ponds are discussed i n  another paper of t h i s  

Seminar. 



Trickling F i l t e r s  

In  tmckllng f i l t e r  treatment, the wastewater i s  applied uniformly 

t o  the surface of a f i l t e r  bed. The f l l t e r  bed may be of conventional 

media such as stone and slag or  more recently manufactured p las t ic  media 

have found accepked popularity. The advent of the use of manufactured 

p las t ic  media has been the most significant innovation i n  tmckling 

f i l t e r s  since t h e i r  introduction i n  the USA 111 about 1908. Whereas 

media depths were previously llmited t o  a maxlmun of about 10 f t .  wiah 

stone, the p las t ic  medla are being used i n  towers which may be 20 fee t  

or  more i n  depth and a t  increased loading rates.  Previously, it w a s  

considered tha t  t r ickl ing f i l t e r s  were generally limlted t o  populations 

up t o  perhaps 200 000 because of the area requirements, however, the 

tower concept now minimizes this factor.  The efficiency of t r icklrng 

f i l t e r  plants m a y  range from 60 t o  as high as 95 per cent depending on 

the deslgn parameters employed. 

Classification of Trickling F i l t e r  Systems 

The classif icat ion of t r ick l ing  f l l t e r s  1s based on both hydraulic 

and orgamc loading ra t e s  generally as i n  Table 1. Table 2 provides 

physical data on the various types of media including the more recent 

umts of p las t lc  and redwood. 



CLASSIFICA!!XON AND DESIGN P-FS FOR TRICKLING FLtTERS 

Desim Parameter Low Rate High Rate 

Hydraulic loading 
gpd/sq 6 ft - 

Organic loading 
lb/BOD/l 000 cu. f t  . 

Depth, f't. 

Recirculation 

Hydraulic application 
(dosing 

Ni t r i f ica t ion  

BOD removal through 
f i l t e r  only, i n  per cent 

6 -  10 
None 

Intermittent 

Extensive 

3 -  8 
1 -  4 

Continuous 

A t  low 
loadings 

UP t o  95 

Roughing and 
Synthetic Media 

up t o  3 000 o r  
more 

up t o  300 o r  
more 

up t o  20 o r  more 

Continuous 

low depends 
on loading 

TFUCKIJNG FILTER MEDIA PHYSICAL CHARAaFIISTICS 

Media Approx. Bulk Void Space Specific 
- U n t  Size Unit W t .  Surface Area 

inches lb/cu.ft. per cent sq.ft./cu.ft. 

Rock o r  stone 1 - 4 85 - 90 43 - 47 13 - 20 
Sl% 2 - 3  66 - 63 48 - 50 18 - 20 

Vinyl P las t ic  48 x 24 x 24 2 -  6 94 - 97 25 - F 
Redwood 48 x 4 8  x 36 10 - 14 



Flow Systems 

Vamous combinations of t r ick l ing  f r l t e r  flow systems a re  i n  use. 

The systems may be of a s ingle  stage type o r  a double stage type with 

recirculation. A number of the common flow combination are shown i n  

Figure 1. Increased removal eff lc iencics  m a y  be gained through the 

use of the two-stage system. 

Design Approach 

The efficiency of a t r ick l ing  f i l t e r  1s dependent on a number of 

variables including type and volurne of f i l t e r  meaa, f i l t e r  depth, 

hydraulic flow ra te ,  iaf luent  BOD, recxrculation ration, temperature 

of wastewater and ventilation. 

Sources of design formulations and design charts have been developed 

by t h e  National Research ~ o u n c i l ' l ) ,  ~ c k e n f e l d e r ' ~ ) ,  Galler and Gotaas (3) 
and others. 

Activated Sludge Process 

The activated sludge process i s  defined a s  a biological sewage 

treatment process i n  which a mlxture of sewage and activated sludge is  

subsequently separated from t he  t rea ted  sewage (mixed l lquor)  by 

sedimentation, and wasted o r  returned t o  t h e  process a s  needed. The 

treated-sewage overflows the welr of the s e t t l i n g  tanks i n  which separa- 

t ion  frop the sludge. 

Typical flow diagrams f o r  conventional and high r a t e  type plants 

are  shown i n  Figure 2. 

The conventional process 1s capable of producing a 90 - 95 per 

cent reduction i n  raw BOD and resu l t s  i n  c lear  sparkling effluent of 

very low suspended sol ids .  

The high-rate process employs a shortened period of aeration and 

lower sludge concentrations which requiresless a i r  and hence l e s s  power 

consumption than the conventional process, however, the degree of puri- 

f ica t ion  Is also less .  For high-rate design development, an overall  

nnn - ~ - - r - l  +he mnnap of 80 t.o 90 ner cent. mnv he ~ n n s i d ~ m d  t.n annlv-  







Until recent years, the activated sludge process was largely 

reserved f o r  larger  populations having wastes amenable t o  biological 

treatment. Higher cost and more sensi t ive operations requirements, 

as compared with t r ickl ing f i l t e r  plants, were among the main reasons 

f o r  t h ~ s  reservation. These factors are  s t i l l  generally t rue  although 

much has been done t o  apply activated sludge I n  varlous forms even f o r  

populations as small as  several hundreds. The processes as mentioned 

above, however, are usually considered applicable f o r  a population of 

about 40 OOQ on up. 111 smaller municdpaUties, the close operation 

attention and competent plant supervision i s  more d i f f i c u l t  t o  provide. 

a. Requred Faci l i t ies  

The required umts of an activated sludge plant are: 

(1) Preliminary treatment t o  remove g r i t  and coarse solids. 

(2) Preliminary f lo ta t ion  and skimming i f  excessive arnounts 

of 011 and grease exist ,  as these materials retard 

sludge activation. 

( 3 )  Aeration tanks with t h e i r  aerating and agitating 

f a c i l i t i e s .  

(4) Final se t t l ing  tanks with t h e i r  sludge mthdrawal 

f a c i l i t i e s .  

(5) Pumps and other devices f o r  r e t u m n g  activated sludge 

from the se t t l ing  tanks t o  the aeration tanks. 

( 6 )  Some provision f o r  disposal of excess sludge. 

b. Recent Advances i n  the Activated Sludge Process 

The primary purpose of the activated sludge spstem is the 

reduction of the oxygen demand of the waste and i n  the process, crxvgen 

i s  required t o  sustain the aerobic biological ac t iv l ty  I n  the mixed- 

llquor suspension. Normally, a i r  has been used t o  supply this source 

of oxygen by various methods of diffusion. Both f ine  and coarse bubble 

d i f f i se r s  have been employed extensively as  a standard practice, however, 

more recently various types of mechanical surface aerators have gained 

i n  popularity and apparently can show increased ra tes  of oxygen transfer  

per unit of eneqgy input. 



Emphasis has been given t o  the  reduction i n  the horse-power re- 

quirements per pound of omgen actually transferred t o  the l l q u d  

phase. A i r  aeration requires a re la t ive ly  high amount of energy f o r  

oxygen dissolution from the atmosphere in to  the  aqueous mixed-liquor 

suspension. Substantial  amounts of energy are  expended in creating a 

large gas-liquid surface area and a high degree of i n t e r f ac i a l  turbulence 

t o  promote the mass t ransfer .  Slnce a i r  only contains approximately 

19 per cent oxygen and is  largely nitrogen (approximately 80 per cent),  

the available amount of oxygen i n  m r  i s  not large. Even though a i r  

is  essent ia l ly  f ree ,  it st111 has t o  be pumped o r  compressed f o r  diffusion 

An the process, therefore research has been directed a t  the use of pure 

oxygen and t h s  1s perhaps the most s ignif icant  recent development 

applicable t o  the activated sludge process. 

Extensive investigations on the  use of high purlty oxygen In  the 

conventional activated sludge process have been carrled out by the 

Union Carbide Company (I2),  Albertsson, e t  . a1  . , (13), and others. The 

Union Carbide UNOX System has been successfully demonstrated In  a 

number of p i l o t  plant studies as  well as I n  a ful l -scale  wastewater 

treatment plant. Ia general, t he  apparent advantages i n  the use of 

pure oxy&en o r  oxygen ennched a i r  have been concluded by McKinney and 

Pfeffer  (14) LO be as  follows. 

1. Reduction In  the  power requlred per un i t  of oxygen transferred. 

2 .  Increased r a t e  of s tab l l lza t ion  of organlc matter. 

3. Increases In  organlc loading where oqgen  IS not l ~ m l t i n g .  

4. Reduction In  plant s i ze  and capl ta l  investment. 

5. Increased capaclty of organlcalljr overloaded plants. 

6. Reduction in ,  o r  elimination of periods of zero dissolved 

oyygen concentration. 

The Unlon Carblde UNOX System employs sealed tanks and t ransfers  

the oxygen feed gas e l the r  by means of rotat ing spargers o r  with 

surface aerators. 
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Information provlded by the  Umon Carbide Company Indicates tha t  

totaLtreatment costs can be substantially reduced as  compared w i t h  a 

standard aeratlon system, however, the avai labi l i ty  and cost of the 

oxygen supply are large economic factors which must no-c be overlooked. 

The current methods used fo r  oxygen supply include l iquid oqgen storage 

with supply provided by a specially designed truck from a central oxygen 

generating plant or  an on-slte oxygen generating plant may be constructed. 

From t h e  aspect of safety, it must be remembered tha t  although 

oxygen does not burn, it does support combustion and many substances 

only s l ight ly  combustible i n  a i r  w i l l  burn vigorously i n  the presence 

of high purity oxygen i f  xgnited. Therefore, cer tain safety precautions 

are  required i n  the design and operation of the plant which ordinamly 

are not considered fo r  a i r .  

I11 COKCEMP0RAFi.Y WASTEWATER 'I'FlEAlWENT 

Because of increasing in teres t  i n  preservine; the quality of natural 

waters i n  the more developed countries of the world, effluent standards 

fo r  wastewaters have become increasingly stringent. !Chis has lead t o  

an advanced wastewater treatment technology largely fostered by the 

Federal Water Pollution Control Agency a t  the Robert A. Taft Sanltary 

Engineering Centre i n  Cincinnati, Ohio (USA) during the early 1960's. 

This work i n  the USA i s  continuing under the Federal Environmental Pro- 

tection Agency (USA) and much of the o r i g ~ n a l  theoret ical  work has 

evolved t o  the p i l o t  plant stage and i n  a number of cases, full-scale 

plants are employing these more extensive methods of treatment. Other 

countries including West Germany, the Netherlands, Great Britain, Japan, 

South Africa, Switzerland, Sweden and others are dlso developxng new 

methods fo r  wastewater treatment. 

In general, attention has been focused on processes f o r  the removal 

of solids, organics and inorganics. Some of the constituents of con- 

cern and t h e i r  effects  include those l i s t e d  i n  Table 3. 



The objective concentrations shown w i l l  be noted t o  generally 

follow those prescribed f o r  dmnking water standards. Where eutro- 

phication is  a threat,  such as with the discharge of nutrients,  the 

objective concentrations are  even more stringent than fo r  drinking 

waters. It then becomes apparent that wastewater treatment technology 

is geanng to  develop plants t o  provide effluents of basic water supply 

quality and which m a y  be even direct ly recycled for  human consumption. 

A llst of the varxous contemporarg treatment methods being explored 

and expected removal efflciencics 1s given m Table 4. In  most cases, 

it is assumed tha t  the influent t o  the process is the effluent from a 

standard biological (secondary) treatment plant; however i n  several 

cases, it m l l  be noted tha t  the influent m a y  be a prlmary treatment 

plant effluent.  



OaTECTlVE CON-RATIONS FOR VARIOUS CONSTITUF,NTS 

I N  WASTEWATER EFl?LUENTS FROM CoFiTENPORARY (ADVANCED) 

WASWATER !FREAnVIENT PLANTS 

Constituent Ob J ectlve Effects  
Concentration 

Suspended and Dissolved Solids 

Suspended Solids 5 - 15 S e t t l e  i n  receiving waters 

Total Dissolved 500 - 1 000 Degrades usabi l i ty  of water f o r  
Solids domestic, indus t r ia l  and i r r iga t ion  

uses. 

Nitrate 

Ammonia 

Inorganic Constituents 

0.3 Acts a s  nutr ient  i n  eutrophication; 
may stimulate growth of aquatic 
plants and biota  

10 Methemoglobinemia i n  infants ,  
n i  1 Ni tmf ie s  t o  n i t r i t e s  and n i t r a t e s  

2.5 Toxic t o  f i s h  
n l l  Increases chlorine demand i n  treatment 

Phosphate 0.015 Acts as nutr lent  i n  eutrophzcation 
0.2 - 0.4 Causes problems in coagulation and 

softening 

Chloride 250 Undesirable f o r  drinking, indus t r ia l  
and irrigation 

Hardness (Ca,Mg,~e) 100 Degrades usabi l i ty  of water f o r  washing 

Sulfate  250 Undesirable t a s t e  and c a t h a r t ~ c  action 

Sulf ide n i  1 Undesirable t a s t e  and odours 

Mercury 0.005 Toxic t o  humans and aquatic l i f e  

Various other heavy Toxic t o  humans and aquatic l i f e  
metals 

Organic Constituents 

Surface Active Agents 1 - 3 Causes foaming and treatment interferehce 
(detergents) 
Phenols 0.0005 Cause t a s t e  and odours 

Petrols  0.005 Cause t a s t e  and odours 

Hexachlorj.de 0.02 Cause t a s t e  and odours 

DM' 0.001 Toxic t o  aquatic l i f e  

Other pesticides 
and herbicides 

May be toxlc t o  humans, aquatic Ufe ;  
nay cause t a s t e s  and odours 



VARIOUS ColJTEMPORARY WASWATER TREATMENT PROCESSES AND APPROXIMATE REMOVAL EFFICLENClES 

P r o c e s s  Inf luent  
Wastewater 

F i l t ra t ion .  

Sand 

Microstraining 

Multi -Media 

Chemical Precip. 

Ammonia Stripping 

Carbon Absorption 

Reverse Osmosis 

Ion Exchange 

Land Application 

Nitr i f icat ion-  
Dentrif ication 

Harvesting of Algae 

Secon Biol 

Secon Biol 

Secon Biol 

Secon Biol 

Secon Biol 

Secon Biol 

Secoil Biol 
+ f i l t e r  

Secon Biol 
+ F i l t e r  + 
carbon Ads. 

Sccon Biol 
+ Fi l t e r .  

Secon Biol 
+ Fi l t e r .  

Secon Blol 
o r  Prelim. 

Secon Biol 

Secon Blol 

Approximate Removal Efficiencies i n  Per Cent 

SS BOD COD Or@? NO3 PO4 TaS m3 

- 40-60 30-50 85-98 80-95 8 0 - 9  85-98 var ies  
w/resln 

99 98-99 95-98 - 9-98 99 99 95:-99 

Note: Data given above were extracted from reference (11). 



Based on process research and cost studies carr ied out by the 

Advanced Waste Treatment Research I a b o r a t o ~ y ' ~ )  a t  the Robert A. Taft  

Water Research Centre, a nurcber of the processes l l s t e d  i n  Table 4 are  

indicated t o  of fe r  b e t t e r  possibilities f o r  pract lcal  use than others. 

A l ist  of these is glven. They a re  not ordered according t o  any ex- 

pected potent ia l  f o r  prac t lca l  use because of the va r i ab i l i t y  of waste- 

waters f o r  treatment and f i n a l  product water requirements. 

Land Application 

Stabi l izat ion Ponds and Harvesting of Algae 

F i l t r a t ion  - Sand and Wti-Media 

Mic rescreening 

Reverse Osmosis 

Chemical Precipitation 

Ni t r i f ica t ion  - Denitr i f icat ion and Nitrogen Removal 

Ammoraa Stripping 

Activated Carbon Absorption 

The most appropriate process f o r  any s i tua t ion  must be determined 

on the  bas i s  of the quali ty of the inf luent  t o  the process, the receiv- 

ing water requirements, and the costs  f o r  construction as  well a s  f o r  

operation. The various methods l i s t e d  above w i l l  be discussed b r i e f ly  

below and are  shown schematically m Figure 3. 

Land Application 

This process involves the dis t r ibut ion of t he  secondary effluent 

over a permeable land surface by sprinkling o r  other smtab le  methods 

of application. The s o i l  serves as  a slow sand f i l t e r  and the nutr ients  

i n  the  wastewater may be used by appropriate vegetation such a s  t r e e s  

and grasses. The City of Khartoum i n  the Sudan has established a green- 

b e l t  which successfully employs t h i s  method f o r  the disposal of a t r i ck l ing  

f i l t e r  eff luent ,  ~ e s b i t t ' ~ )  has reported on the use of this method f o r  

the removal of phosphorous from municipal sewage eff luents  i n  the USA. 

This method is especially adaptable t o  a r id  regions where ample area Is 

available and the  eff luent  dis t r ibut ion can be car r ied  out without serious 

interruptions f r o m  seasonal weather conditions. An additional benefit  

of this method is the replenishment of groundwater, 





However, the aspect of groundwater contamination from nitrates 

must be monitored. Experience i n  a forested area near Lake Sunapee i n  

New Hampshire by the New Hampshire Department of ~ e a l t h ' ~ )  has indicated 

tha t  n i t r a t e  and phosphate contamination of underground waters may be 

avoided i f  the ra te  of nut r ien t  application i s  not i n  excess of tha t  which 

may be u t i l ized  by the vegetation. 

F i l t rz t ion  - Sand and Multi-Media 

Fi l t ra t ion  may be used as a roughing f i l t e r  or as a polishing f i l t e r  

following the lime c lar i f ica t ion  process dependxng on the resul t s  desiwd. 

A s  a roughing f i l t e r ,  the principal effect  i s  the removal of sus- 

pended solids. A t  the Metropolitan Sanitary Dis t r ic t  of Greater Chicago, 

-am, E t t e l t ,  and ~ c ~ l o o n ' ~ )  i n  work with a mughing sand f i l t e r  found 

an average of 75 per cent removal from a secondary eff luent  containing 

11 m g / l  suspended solids. This compares with 70 per cent f o r  the same 

effluent uslng microscreening. 

'I'h,e use of mixed medias such as  anthracite and sand; activated carbon 

and sand; resin and sand; anthracite, sand, and garnet; and others have 

been employed as polishing f i l t e r s  where the  removal of turbidi ty is of 

concern fo r  high quality waters. With the use of multirnedla f ik ters ,  

essenhal ly  a l l  of the suspended sol ids  are removed. 

Table 5 shows costs as  determined by the Advanced Waste Watment 

~ a b o r a t o r y ' ~ )  fo r  filtration through sand o r  graded media at a r a t e  of 

4 erpn/sq.i3. 

This process and roughing sand f i l t e r s  are both intended fo r  the 

purpose of removing suspended sol ids  and they produce approximately the 

same results.  I n  general, removals i n  the range of 60 t o  89 per cent of 

10 t o  30 m g / l  suspended sollds can be removed using microscreening. The 

mesh of the screen may be selected dependmng on the degree of removal desired. 

Table 5 shows costs f o r  microscreening of a secondary effluent. 



COST ESTIMATES FOR VARIOUS C m  TREA'IMENT 
f)Ro(ZESFS OF SECONDAFE EFFL- FOR ?lERTIAFX 'ZFEATMENT 

Design C o s t s  
capacity ,L 

of Plant Tot. Cap. Cost Oper. & Maint. Debt Service Total Treatment 
million dol la rs  cents/l 000 gal. cents/l 000 gal. cents/l 000 gal.  

Filtration Thmugh Sand o r  Graded Me&a, 4 gpm/sq.ft. : 

1.0 rngd 0.1 
10 mgd 0.44 
100 mgd 2.1 

Mlcmscreening 

1.0 mgd 0.033 
10 mgd 0.25 
100 mgd 1.9 

Lime Clar i f icat ion Process, 2 Clarifiers, Without Chemical Costs 

1.0 mgd 0.14 7.6 2.57 11.0 
10 mgd 0.72 2.7 1-33 4.1 
100 mgd 4.92 1.75 0.91 2.6 

Lime Recalclnation Plus Make-Up hme f o r  Use With Lime Clar i f icat ion 

1.0 mgd 0.20 
10 mgd 0.63 
100 mgd 2.00 

Ammonia Stripping Process ( ~ a y  Follow Lime ~ l a n f l c a t i o n )  

1.0 rngd 0.10 
10 rngd 0.74 
100 mgd 6.00 

Granular Carbon Absorption 

1.0 mgd 0 . 3  
10 mgd 1.60 
100 mgd 11.60 

Y 
Debt Service based on amortizatxon a t  4 1/2 per cent over 25 years. 

Note: Cost data given i n  t h i s  tab le  were extracted from reference (4). 



Reverse Osmosis 

Osmosis i s  a natural phenomenon which occurs when a d i lu te  l iquid 

such as fresh water and a concentrated liquid such as s a l t  water are  

separated by a suitable semi-permeable membrane. Selective membranes 

may be used which allow only certain types of molecules t o  pass. I n  

the  osmosis process, the pure water molecules wi l l  diffuse through the 

membrane into the adjacent more concentrated sal ine solution thereby de- 

creasing the salt concentration. However, i f  pressure i s  applied t o  the 

concentrate side of the system, reverse osmosis takes place and tbe movement 

of water molecules i s  i n  the opposite duect ion  from osmosis. Water 

molecules pass through the semi-permeable membrane from the concentrated 

solution in to  the fresh water leaving the s a l t s  behind. Pressures i n  the 

range of 600 t o  1 500 psi  are normally required t o  overcome the osmotic pres- 

sure of the solution and force the f lu id  through the membrane. The process 

i s  i l lu s t r a t ed  schematically i n  Mgure 4. 

Practical uni t s  for  wastewater effluent applications are currently 

available from commercial companies i n  the USA, however, they are most 

applicable where the influent waters are  essent ial ly  f r ee  of a l l  suspended 

and orgamc matemals, otherwise the membranes become fouled and hi@ head 

losses resul t  i n  the membrane passage. 

Chemical Precipitation 

Phosphorous and suspended organic matter m a y  be removed by chemical 

precipitation using lime, alum, i ron s a l t s  or  polyelectrolytes. An addi- 

t ional  benefit  with the use of lime i s  the increased pH which makes 

ammonia nitrogen available f o r  removal by a i r  stripping. Experimental 

lime c l a n  f icat ion plants operated by the Environmental Protection Agency (4) 

have employed upflow c l a r i f i e r s  i n  ser ies  with an m o n i a  stripping tower 

and recarbonation. A t  the Lebanon, Ohlo p i lo t  plant(4),  influent phosphate 

concentration averaging 3 mg/l were reduced t o  an average of 2.2 4 1 .  

The BOD removal averaged 86 per cent and the removals of MC and COD 

averaged 58 per cent. Costs fo r  a two c l a r i f i e r  lime c lar i f ica t ion  pro- 

cess without chemical,costs are  shown i n  Table 5. 
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Nitrogen Removal: Nitrification - Denltrif ication and Ammorua Stripping 

Nitrogen is  considered undesirable In  wastewater eff luents  where it 

may cause excessive a lga l  blooms m d  other aquatic plant growths i n  the 

receiving water. 

Ell raw domestic sewage, the mtrogen is usually largely i n  the  form 

of ammonia o r  organic rutrogen. Dependmg on the method used, the secondary 

treatment process usually provides some degree of n i t r i f i ca t ion .  For 

example, t he  eff luent  from a low-rate t r ick l ing  f i l t e r  can be expected t o  

be fu l ly  n i t r i f i e d ,  t ha t  i s  fu l ly  converted t o  n i t r a t e s ,  whereas i n  high 

r a t e  f i l t e r s ,  nitrification occurs a t  low loadings. I n  the activated 

sludge process, a po&ion of t he  influent nltrogen is oxldized t o  r n t r a t e  

and the remzunder i s  converted in to  ce l lu l a r  material. For essent ia l ly  

a completely n i t m f i e d  effluent,  a mean c e l l  residence time of a t  l e a s t  

ten days has been found(8) t o  be required. This is much longer than the 

normal residence time i n  an activated sludge system. Considerable at-cention 

has been given t o  a nitrification-denitrification process and a flow diagram 

f o r  such a plant has been developed f r o m  bench t e s t  stu&es by Barth, et .al .  (9 )  

For the  removal of nitrogen i n  the form of ammonia, axamonla s t r ipping 

towers m a y  be employed. I n  wastewaters, ammonia 1s found t o  ex is t  m t h  

mmoniations according t o  the  follomng equilibrium: 

The percentage of amnonxa i n  the wastewater Increases as the  pH is 

increased above 7 and the concentration of ammoniumions decreases. There- 

fore, by controll ing the $$I, t he  nitrogen can be stripped by passing it 

through an aerating tower. Because of t he  lowering of the pH an lime 

c lamfica t ion  precipitation, ammonia s t r ipping fits well following this 

process and this appears t o  be the most promising pmcess f o r  removal of 

ammonia nitrogen from a wastewater. I n  a p i l o t  plant ammonia s t r ipping 

tower a t  Lake Tahoe i n  California, Culp (lo) found tha t  more than 90 per  

cent of t he  ammonia rutrogen could be removed during summer conditions. 

However, dumng cooler temperature conditions i n  the mnter ,  this degree 

of removal w a s  reduced. 
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Costs developed by t h e  Advanced Waste Treatment Lab are  shown In 

Table 5. 

Activated Carbon Absorption 

Absorption using activated carbon has been found t o  be an effective 

method f o r  polishing secondary effluents.  Using downflow pressure contacters 

containing granular carbon and a high quallty secondary effluent,  t he  

Federal Water Quality ~ d m i n i s t r a t ~ o n ' ~ )  i n  p ~ l o t  plant s t u b e s  a t  Pomona, 

Califorma, found tha t  approximately 80 per cent of the organic species 

(COD, MC) could be removed and the product stream was normally l e s s  

than 1 mg/l i n  suspended solids.  However, i n  t b s  process, mtrogen 

and phosphorous a re  largely not removed. 

Cost information on t h i s  process is  given i n  Table 5. 

rv sllmfaY AND CONCLUSIONS 

I n  this paper, a general review of conventional wastewater treatment 

methods has been given and t h i s  has been followed by a discussion of con- 

temporary wastewater treatment methods. 

I n  general, the  basic methods of secondary treatment employing t r i ck l ing  

f i l t r a t i o n  and activated sludge s t i l l  are  prac t ica l .  Some recent innova- 

t ions i n  these methods may be employed t o  increase removal eff ic iencies  sad 

reduce overall  costs. For emqple, the nost s ignlf lca?t  recent innovatlor, 

i n  t r i ck l ing  f i l t e r  design 1s the advent of p l a s t i c  mesa which allows 

deeper f i l t e r s  and reduces area requirements. 

Activated sludge systems continue t o  be used extensively and may be 

of a standard r a t e  o r  high r a t e  type depending on eff luent  requirements. 

Recent research and innovations i n  t h i s  process have centered around 

improvements i n  owgen t ransfer .  The most notable advancement has been 

the application of pure oqgen  as an oxidizing medium rather  than ordinary 

aeration. However, t h e  overall  beneflts  and associated costs connected 

with pure oxygenation have yet  t o  be clear ly  established. Indications 

a re  t h a t  the pure oxygenation process can only be ju s t i f i ed  I n  cer ta in  

s i tuat ions.  



Much emphasis has been given t o  advanced waste treatment i n  the USA 

and a number of cmtemporary wastewater treatment methods have been dis- 

cussed i n  t h i s  paper. I11 general, these methods may be divided in to  

physical-chemical and biological. It i s  intended tha t  these processes 

wi l l  provide a further treatment f o r  secondary effluents where high 

quality effluents are required. The technology f o r  accomplishing t h i s  

fur ther  treatment has been largely established, however, the additional 

expense i s  considerable and must be considered i n  just i f icat ion of the 

benefits. A substantial  portion of the advanced treatment research has 

dealt  with the physical-chemical methods i n  the hope that such processes 

may completely replace conventional plan-cs employing biological secondary 

methods. A drawback of biological plants i s  the del icate  balance of 

biological l i f e  which must be maintained i n  the plant operation. 

However, a number of the biological methods f o r  fur ther  treatment 

of fer  d is t inc t  cost advantages over some of the physical-chemical treatment 

methods and must not be overlooked, particularly where economics are of 

primary concern. Waste s tab i l iza t ion  ponds and land surface spreading 

of effluents are  examples of low cost methods fo r  extended treatment of 

secondary effluents . 
V IVTURE CONSIDERATIONS FOR WASTE T R E A m  

In  the foregoing, conventional and contemporary wastewater treatment 

processes have been discussed. Now l e t  us take an overall view of the 

s ta tus  of our technology and future directions. 

F i r s t ,  l e t  us question: "How pract ical  a re  the conventional and con- 

temporary methods of wastewater treatment?" 

The conventional methods of course have been In  practice f o r  many 

years and the more recent contemporary methods discussed i n  thls paper 

have a l l  been at l e a s t  proven t o  operate i n  p i lo t  plant systems. But 

the operational and economic aspects seem d i f f i c u l t  t o  accept. 
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A s  it stands, the operation of a conventional treatment plant 

( t r ick l ing  M l t e r s  and activated sludge) i s  extremely difficult and complicated. 

Adding t e r t i a r y  treatment t o  t h s  (such as physical-chemical o r  another 

biological process) w i l l  add t o  this complication and cost. The decision 

must be made a s  t o  how much we are  wlll lng t o  pay f o r  treatment of these 

waters o r  more r ea l i s t i ca l ly ,  an analysis must be made of costs  versus 

benefits. 

Such an analysis should be cal led an "environmental analysis" because 

i n  addition t o  the  d i rec t ly  assessable benefits ,  cer ta in  intangibles must 

be considered which i n  general a f fec t  the environment. Examples of such 

benefits  are:  health, prevention of disease, stimulation of the economy, 

employment, cornfort, be t t e r  living conditions f o r  more people, esthetics,  

fishing, boating, water sporting, recreation, e tc  . Once the " environ- 

mental analysis" report has been developed, it then should be f i t t e d  i n t o  

the  pmor i t i e s  of the economy, naturally,  these p r i o r i t i e s  w i l l  vary with 

the country and ~ t s  government. In  the USA, legis la t ion requires t e r t i a r y  

treatment f o r  a l l  plants oil a l l  streams f low~ng i n t o  Lake Michigan, but 

this may not bc appropriate a t  t h i s  tlme f o r  a lakc or  stream In different  

circumstances such a s  l n  an African country. 

Seemngly, the plant technology is becoming overly complicated and 

costly.  The processes developed w l l l  do what we want them t o  do, but how 

can these extenuatmg factors  of rnechamcal complication and cost  be 

reduced" 

A suggestion may be t o  look a t  a completely new approach t o  wastewater 

treatment. En immediate thought might be t o  completely re-develop the 

system concept. Currently, we co l lec t  the wastewater i n  a t o r u ~ u s  under- 

ground piplng system and hscharge  ~t a t  a central  plant f o r  treatment and 

ultimate disposal of the effluent An a water course. The cost  of t he  

piping and transportation of the wastewater consti tute6 perhaps 3/4 of 

t h i s  cost. A new concept might be t o  eliminate t h i s  vast  collection 

system and t r e a t  a l l  wastes (water and so l id s )  a t  the eource such as  i n  



the hone o r  industry. Such an innovation would require reducing these 

wastes t o  an inoffensive residue which could be collected a t  intervals  

and returned t o  the earth, o r  a home owner might even use it as  a s o i l  

builder i n  h i s  own garden. Nice" Yes, but how can it be done? To 

do t h s  w i l l  require energy and individual uni ts  which w i l l  be more economical 

than the community collection system. 'I'his seems t o  point t o  a unit which 

car? evaporate and incinerate and properly dispose of the undesirable 

products including residues, combustion gases, and heat. Since we also 

want to  avoid polluting the atmosphere, we must e i ther  bscharge these 

products in to  the ground or  in to  outer space. Research i s  needed t o  

develop such an idea, but perhaps this w i l l  be the way of the future!! 

What i s  the way of the more immediate future i n  wastewater treatment 

f o r  developing countries" 

Because of competitlon with other economic priorities, the methods 

must be low cost. Fortunately, the climate i n  most of these countries 

is adaptable t o  low cost methods of treatment. Methods such as waste 

s tabi l izat ion ponds, i r r iga t ion ,  ground spreading, oxidation ponds, aerated 

ponds, algae harvesting, and other low-cost biological methods are indicated 

t o  of fer  the best  possibi l i t ies .  Since freezing is not a problem, some 

pipe collection systems might even be l a i d  on the surface of the ground t o  

reduce costs. Pipe s izes  could be reduced i n  some cases by using pressure 

systems rather than gravlty systems. Where new areas are developed, con- 

sideration should be given t o  combining u t l l l t i e s  i n  a single shallow 

u t i l i t y  conduit or tunnel adjacent to  s t ree ts .  These u t i l i t y  conduits 

might include pressurized sewers, water l ines,  gas l ines,  e lec t r ica l  l ines,  

and communication l ines.  Combining these u t i l i t i e s  in to  a single conduit 

certainly would offer  many advantages over the present individually con- 

structed systems. Although, the combination of sewer and water l lnes  i n  

the same conduit may a t  first appear t o  be undesirable, certainly pres- 

surized piping systems can be designed t o  avoid any possible contamination. 
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I n  conclusion, It i s  recommended t h a t  a developing country not t r y  

t o  follow waste treatment practices being employed i n  more advanced 

countries, but t ha t  ~t use this experience and adapt it t o  loca l  needs. 

I n  most cases, t h i s  pollits i n  the directLon of simplified processes which 

can be constructed and operated n t h  a minimum of foreign relianoe. 

By a l l  means, the en;lneers i n  developing countmes must look t o  

Imaginative schemes based on innovative thinking. This process s t a r t s  

i n  the planning and preliminary design, therefore, it I s  most Important 

t h a t  considerable emphasis be placed on these phases a s  well a s  on the 

f i n d  design. It i s  a l so  wise t o  engage the consultation of "outside" 
engineers t o  avoid the p i t f a l l  of "ingrown" ideas. 
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