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&bstract 
The purpose of this paper  is to review some of 

the recent contributions of the detergent  indust ry  
to the national effort for  cleaner water. Probably 
the single most impor tant  achievement to date 
has been the industry 's  voluntary conversion from 
the use of alkyl benzene sulfonate (ABS) to linear 
alkylate sulfonate (LAS) and other biodegradable 
surfactants.  This changeover was completed in 
mid-1965 at a cost that  has been estimated to 
exceed $150,000,000. 

Since LAS was the surfac tant  of p r imary  in- 
terest, the bulk of the pro- and posteonversion 
research, in terms of water-pollution control, has 
been with that  material. This paper  concerns 
itself mainly with the over-all impact of the con- 
version to LAS on water quality. Data f rom pilot 
and full-scale sewage-treatment plants throughout  
the country  are included, which clearly demon- 
strate the effectiveness of the conversion in terms 
of significantly lower surfactant  residue levels. 

I N JUNE 1965 the detergent indust ry  completed its 
voluntary  conversion from the use of alkyl benzene 

sulfonate (ABS)  to linear alkylate sulfonate (LAS)  
and other more readily biodegradable surfactants.  I t  
has been estimated that  the cost of this program 
exceeded $150,000,000 (1). 

Because LAS use in detergents far  exceeded that  
of other surface-active agents, the bulk of the pre- 
and postconversion water quali ty research has been 
with that  material. The full  significance of the change- 
over as a contribution to the national effort for  cleaner 
water and the findings of this research are discussed 
in this paper. 

Pr ior  to the change-over, extensive field studies had 
been conducted by detergent manufacturers  and raw- 
material  suppliers, by The Soap and Detergent  As- 

sociation, and by government  and universi ty  research 
laboratories. These studies covered a wide range of 
waste-treatment systems, and the research was de- 
signed to give information on the performance of 
LAS as it underwent  treatment.  Since these studies 
have been widely reviewed in the l i terature,  it is 
unnecessary to describe them in detail. However 
the major  findings of these studies have been sum- 
marized in Table I. 

As can be seen, LAS performance was evaluated 
in activated sludge systems (both conventional and 
extended aerat ion),  in tr ickling filters, and in oxida- 
tion ponds or lagoons. In  all cases, LAS removal in 
these systems was most sat isfactory and demonstrated 
the fact that,  a f ter  undergoing adequate waste treat-  
ment, LAS residues would not contribute to the 
deterioration of water quality. 

Other work carried out at the same time indicated 
that, even in the primitive septic tank-soil adsorption 
systems which serve many  individual homes in the 
United States, LAS removal in the order of 97% 
could be expected if  the systems were proper ly  de- 
signed (7). 

The most recent controlled field s tudy was that  
conducted by the National Sanitat ion Foundat ion  at 
Ann Arbor,  Mich. A report  on this research was 
released in September 1966, which discussed the basic 
performance characteristics of extended aeration pack- 
age sewage-treatment plants of varying design (8). 

A port ion of the s tudy included an evaluation of 
LAS removal under  the various test conditions. The 
plants were operated under  a var ie ty  of flow and 
climatic conditions, as shown in Table II.  

The plants under  test ranged in capacity f rom 
5,000 to 16,000 gallons per day. Influent  MBAS 1 

1 Methylene  blue  ac t ive  s u b s t a n c e s - - a  commonly  used method  of 
repor t ing '  A B S / L A S  levels.  

T A B L E  I 
S u m m a r y  of P r i n c i p a l  F ie ld  Tes t  Resu l t s  

(Not  All  D a t a  f rom All S tud ie s  Are  Shown B e l o w )  

Loca t ion  P rocess  

Mixed  l i quor  
D e t e n t i o n  suspended  % Remova l  

t ime  in  h r s  solids r ag / a l t e r  
M a t e r i a l  ( w h e r e  ( w h e r e  S u s p e n d e d  

in  use  app l i cab le )  app l i cab l e )  A B S / L A S  solids B e D  

M a n a s s a s  A F S  Conven t iona l  A B S  6 - 1 6  
Va.  ( 2 ) a c t i va t ed  s ludge  

M a n a s s a s  A F S  Conven t iona l  L A S  6--16 
Va .  ac t iva t ed  s ludge  

W o o d b r i d g e  E x t e n d e d  a e r a t i o n  A B S  47 
Va.  (3}  

W o o d b r i d g e  E x t e n d e d  a e r a t i o n  L A S  47  
Vu. 

Ke t t l e  M o r a i n e  E x t e n d e d  a e r a t i o n  A B S  34 .5  
Wis .  (4)  

Ket t l e  M o r a i n e  E x t e n d e d  a e r a t i o n  L A S  28 .6  
Wis .  

Ket t le  l~o ra ine  Ex t ended  a e r a t i o n  L A S  34 .0  
Wis .  

Ke t t l e  M o r a i n e  Ex t ended  a e r a t i o n  A B S  39 .0  
Wis .  

Co:umbus  Ex t ended  a e r a t i o n  A B S  12 .8  
Ohio ( 5 )  

Columbus  E x t e n d e d  a e r a t i o n  L A S  13 .4  
Ohio 

Columbus  E x t e n d e d  a e r a t i o n  L A S  24 .3  
Ohio 

Columbus  Ex tended  a e r a t i o n  A B S  18 .5  
Ohio 

New Lisbon Trickling" f i l ter  L A S  ...... 
New Je r s ey  ( 6 )  

New Lisbon  T r i c k l i n g  f i l ter  L A S  ...... 
New J e r s e y  

R i c h m o n d  Ox ida t i on  p o n d  A B S  30 D a y s  
Ca-if.  ( 7 ) ( s t a n d a r d  r a t e )  

R i c h m o n d  Oxida t ion  pond  L A S  30 D a y s  
Calif .  ( s t a n d a r d  r a t e )  

3 0 9 0  54 67 89 

3 5 1 0  85 75 91 

........ 5 8 - 6 1  ...... 85--91 

........ 9 7 . 7  ...... 9 4 . 6  

8 4 3 0  9 0 . 7  91 .1  96 .0  

3 9 3 7  9 6 . 5  93 .6  96 .0  

3 4 1 3  51 .3  ...... 46 .0  a 

2 5 7 8  68 .3  38 .3  84 .0  

1 8 2 0  32 .8  ...... 75 .1  

1 5 6 0  70 .2  ..... 71 .6  

2 1 8 0  93 .5  ...... 73 .6  

1 5 6 0  4 2 . 0  ...... 69 .8  

........ 75 .5  ...... 79 .5  

....... 80 .0  ...... 8 3 . 0  

........ ~ 4 0 . 0  . . . . . . . . . . . .  

........ 93 .1  . . . . . . . . . . . .  

a P l a n t  opera ted  to s imula te  poor remova l  condit ions.  

4 3 3  
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T A B L E  I I  
S u m m a r y  of Resul ts ,  Na t iona l  S a n i t a t i o n  F o u n d a t i o n  

P a c k a g e  P l a n t  S t u d y  (8)  

~964 I ~9~s I ~9~ 

F r o .  1. I n f l u e n t  a n d  e f f l u e n t  M B A S  l e v e l s  a t  C o l u m b u s ,  
O. ,  O c t o b e r  1 9 6 4  t o  J u n e  1 9 6 6  ( 9 ) .  

values varied between 5.0 and 6.8 mg/ l i ter ,  and 
effluent levels for  the different test conditions fell 
between 0.8 and 1.2 rag/l i ter .  In  all cases, average 
effluent values were close to, or below, the incipient 
foaming level of 1.0 rag/l i ter .  

O f more immediate  and pract ical  importance how- 
ever llavc bcen the findings on LAS per formance  

under  actual conditions of use at full-scale sewage- 
t rea tment  plants  throughout  the country. 

Many data  of tllis type llave been compiled by The 
Soap and Detergent  Association al though the largest  
share of collected data  was contributed by sewage- 
t rea tment  p lant  operators,  univers i ty  researchers, and 
pollution-control agencies. The plants  for  which the 
most extensive data  are available are those at Colum- 
bus, Ohio; the City of Los Angeles, California (Hy-  
perion) ; Milwaukee, Wisconsin;  Los Angeles County,  
Cal ifornia  (Whi t t ie r  Narrows)  ; and Livermore,  
California. The results obtained at these locations are 
best summarized by reference to Fig. 1 through 5. 
With  the exception of the Livermore plant,  all plants  
enlph>yed the act ivated sludge process or var ia t ion 
thereof. 

Sample collection and analyses began at one Colum- 
bus p lant  in October 1964, well before the conversion 
to LAS was completed. This p lant  handles a flow 
of approx imate ly  45 million gallons per day  and has 
an aerat ion detention t ime of approximate ly  6 hours. 
Effluent MBAS values at the beginning of the mon- 
i tor ing p rogram were about  3 mg/ l i t e r  and fell 
steadily until  they reached a level well below 1 
mg / l i t e r  in Augus t  of 1965. They remained at ap- 

~ EFFLUENT 

N u m b e r  
of 

p l an t s  
u n d e r  F low Cl imat ic  

tes t  condi t ion  condi t ion  

% Remova l  

1965 { 1966 
Fro. 2. Influent and effluent M B A S  ]ev~ls at the ttyperion 

(Los Angeles, Calif.) sewage-treatment plant, January 1965 
to July 1966 (13). 

M B A S  B O D  

10 S teady  s t a t e  a 
full  load Fa l l -win te r  76 90 

4 S t eady  s ta te  a 
full  load S p r i n g - s u m m e r  84 92 

4 S t eady  s ta te  ~ 
half- load S p r i n g - s u m m e r  82 92 

4 Subd iv i s ion  c 
ful l  load S p r i n g - s u m m e r  87 90 

4 Subd iv i s ion  d 
half- load S p r i n g - s u m m e r  85 95 

4 School e 
full load S p r i n g - s u m m e r  82 82 

4 School f 
half- load S p r i n g - s u m m e r  85 90 

" U n i f o r m  flow over  24-hr  per iod  at  full  des ign  capaci ty .  
b U n i f o r m  f low over  24-hr  per iod  a t  one-ha l f  des ign  capaci ty .  
~' V a r i e d  flow over  24-hr  pe r iod  to s imula te  typica l  subd iv i s ion  flow 

p a t t e r n  at  full  des ign  capaci ty .  
d V a r i e d  flow over  24-hr  per iod  to s imula te  typ ica l  subd iv i s ion  flow 

pa t t e r n  at  one-half  de s ign  capaci ty .  
" Tota l  dai ly  flow appl ied at  u n i f o r m  ra t e  over  8-hr  per iod  at  full  

des ign  capaci ty .  
Tota l  da i ly  flow appl ied  at u n i f o r m  r a t e  over  8-hr  per iod  at  one-half  

des ign  capaci ty .  

proximate ly  0.5 mg/ l i t e r  unti l  the conclusion of the 
s tudy in early 1966 (Fig. 1). 

Ill terms of percentage removal,  MBAS removal 
increased f rom between 60% and 70% at the beginning 
of the s tudy to about 90% at  the end. BOD removals 
were in the 90%-95% range throughout  (9). 

The behavior of influent MBAS levels throughout  
the course of the s tudy deserves mention. F rom an 
initial, high concentration of over 9 rag/ l i ter  in Oct()- 
ber 1964, influent values fell steadily until  early 1965 
when they stabilized at between 3 and 4 mg/l i ter .  They 
remained at  this level for the rest  of the study. 

A t  first this was a t t r ibuted to dilution. However, 
when B()D-MBAS ratios were examined, a steady 
incxease was noted, indicating that  the effect was not 
a t t r ibutable  to dilution alone. As fa r  as could be 
aseertained, no other external  factors were involved. 
Thus it appeared,  at least circumstantial ly,  that  some 
removal or degradat ion of the LAS was occurring in 
the sewers pr ior  to reaching the t rea tment  plant  (10). 
This same effect was also seen, to a lesser extent, at  
Milwaukee. 

This bad also been observed in both Germany and 
Great  Bri tain.  Husmann  (11) had repor ted that  LAS 
removal in sewers leading to t rea tment  plants in 
Germany  was as high as 24%. A similar  reduction 
bad also been noted at the Luton t rea tment  p lant  in 
Great  Br i ta in  (12). F u r t h e r  studies are reportedly 
under  way in Europe  to obtain addit ional  information 
on this subject. 

The Hyper ion  sewage t rea tment  plant ,  which serves 
a port ion of the City of Los Angeles, handles a waste 
flow of approximate ly  100 million gallons per  day in 
its act ivated sludge plant.  The plant  general ly achieves 
a B 0 D  removal  in the order of 95%. As can be seen 
in Fig. 2, effluent MBAS values have dropped f rom 
about  4 rag/ l i ter  in J a n u a r y  1965 to below 1 mg/ l i t e r  
by October of tha t  year. Percentage removal  of MBAS 
increased f rom about 70% to sl ightly more than 
90% (13). 

Da ta  are available for  two t rea tment  plants  serving 
the City of Milwaukee. The two plants  handle a com- 
bined flow of f rom 150 to 200 million gallons per day. 
These plants  are unique in tha t  the incoming waste- 
water  does not undergo p r i m a r y  sedimentation but  is 
passed through fine screens instead. Both plants  (East  
and West)  demonstrated highly effective LAS re- 
moval (Fig. 3). Effluents f rom the Eas t  and West 
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FIG. 3. Influent and effluent MBAS levels at East and 
West sewage4reatment plants, Milwaukee, Wis., October 
1964 to July 1966 (14). 

plants dropped from about 2.5 and 1.5 rag/ l i ter  MBAS 
respectively to under  0.5 mg/ l i ter  dur ing the period 
of the s tudy (October 1965 to Ju ly  1966). Over-all 
removal of MBAS was 90% or better dur ing the last 
six months of the study. BOD removal dur ing  this 
period was consistently in the 95% range. There was, 
as was previously noted, a drop in the influent MBAS 
values observed at this site also (14). 

R sults f rom the ~u Narrows Wate r  Reclama- 
tion plant,  operated by the county sanitation 

districts of Los Angeles County, are summarized in 
Fig. 4. This plant  employs the step-aeration modifica- 
tion of the conventional activated sludge process and 
handled a flow of 15 million gallons per day dur ing 
the monitoring period. 

At  this site there was a steady reduction in effluent 
MBAS levels from about 4 rag/ l i ter  in J a n u a r y  1965 
to approximately 0.5 rag/ l i ter  in J a n u a r y  1966. 
Effluent MBAS values remained essentially constant 
thereafter.  Dur ing  the s tudy period MBAS removal 
increased from 50% to 60% to better  than 90%. BOD 
removal approximated 95% throughout  the s tudy 
period (15). 

The Livermore sewage t rea tment  p lant  was mon- 
itored by staff members of the Universi ty of Califor- 
nia's Sani tary  Engineer ing Research Laboratory.  This 
s tudy was of par t icular  interest since foaming prob- 
lems had occurred in the past at the t rea tment  plant 's  
receiving stream (Alameda Creek). 

The plant  handled a hydraul ic  loading of some 
2.5 million gallons per day throughout  the monitoring 
period. The t reatment  system itself consists of soIids 
grinding, pre-aeration, and p r imary  sedimentation 
(1.5 hours).  This is followed by t rea tment  in a l l 0 -  
foot diameter, 4.25-foot deep, tr ickling filter loaded 
at a rate of 2.84 pounds of BOD per cubic ya rd  per 
day. This, in turn,  is followed by a secondary sedi- 
mentation uni t  with a nominal two-hour detention 
time. Af te r  chlorination, the effluent is discharged 
to a 18.5-acre oxidation lagoon with a theoretical 
detention time of 15 days. 

When sampling began in March 1965, pond effluent 
MBAS values approximated 8 rag/liter.  By  October 
of 1965, MBAS levels (Fig. 5) dropped to 2 rag/ l i ter  
and have remained at that  value or lower ever since 
(16). 

Few additional definitive data are available on LAS 
performance in tr ickling or biofiltratiou plants. This 
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Fro.  4. I n f l u e n t  and  e f f luent  M B A S  leve ls  a t  t he  W h i t t i e r  
Narrows water reclamation plant (Los Angeles County. Cal- 
ifornia), January 1965 to July 1966 (15). 

probably results from the fact that  these plants 
generally serve smaller communities, which often do 
not have the manpower or facilities needed to con- 
duct  a meaningful  monitoring program. This, coupled 
with the fact  that  great  variations exist in filter de- 
sign and operation (e.g., bed depth, recirculation rate, 
etc.), makes effective performance comparisons par- 
t icular ly difficult even when data are available. Klein 
and McGauhey concluded however that,  based on their  
observations, MBAS-removal  efficiency in high-rate 
tr ickling filters has doubled since the conversion to 
LAS but  tha t  it has not reached the over-all efficiency 
anticipated in laboratory studies. This, they felt, could 
have resulted f rom the peculiar design of the filters 
investigated or f rom the slower acclimatization of the 
filters to LAS. This lat ter  fact  had been noted by 
them in earlier plant  studies (16). 

I nformation on changes in MBAS levels in rivers and 
streams is also somewhat limited. This probably 

results from two factors;  first, even when ABS was 
in use, MBAS levels in streams were extremely low, 
often less than 0.1 rag/ l i ter  and second, it is par- 
t icularly difficult to measure significant changes at 
these low concentrations because of the inherent  
limitations of the methylene blue test method. How- 
ever there is solid evidence that  changes are occurring 
and that  MBAS levels have dropped significantly. 

Klein and McGauhey have reported on their  studies 
on Alameda Creek in California. This work began 
in December 1965 af ter  the conversion to LAS was 
complete and sufficient time had elapsed to minimize 
the effect of residual amounts of ABS still present  
in the stream. Samples were collected dur ing  periods 
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Fro. 5. Influent and effluent MBAS levels at the Livermore, 
Calif., sewage treatment plant, March 1965 to March 1966 (16). 
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of d ry  and ra iny  weather. Combining all data, MBAS 
concentrations var ied between 0.1 and 0.26 rag/l i ter ,  
well below the incipient  foaming level. They also 
repor ted  tha t  there was v i r tua l ly  no foaming tendency 
in the waters  of the creek, which was not the case 
pr ior  to the conversion to LAS (16). 

Another  recently published repor t  described studies 
conducted on the Illinois River  a t  Peoria by the 
Illinois State Wate r  Survey  (17). This research is 
of par t i cu la r  interest  since at one time the Illinois 
River  was described as "the largest  r iver  in the country  
tha t  cur ren t ly  contains more than  0.5 p p m  ABS"  (18). 

The r iver  is formed by the juncture  of the Kankakee  
and Des Plaines r ivers at  a point  some 54 miles down- 
s t ream f rom Lake Michigan and receives the flow of 
the Chicago San i t a ry  and Ship Canal. Tbis flow 
consists largely of t reated sewage-plant  effluent, in- 
dustr ia l  effluent, and s torm run-off f rom the greater  
Chicago area. The average time of r iver flow from 
Chicago to Peoria is 12.5 days, and the total distance 
travelled is approx imate ly  154 miles. MBAS mon- 
i toring began at Peoria in September  1959. Dur ing  
the period f rom 1!t5.(t through 1965 the average MBAS 
i,onecntration in tile r iver was 0.56 hiS/liter,  with a 
range in monthly  averages of from 0.42 to 0.87 m s /  
liter, t Iowever  in the 12-moult) sanipling a f te r  con- 
version to LAS was complete ( Ju ly  1965 to June  
1966), these values dropped  to an average of 0.22 m g /  
liter with a range of f rom 0.13 ill 0.30 ms/ l i t e r .  

In  order to minimize the effect of variat ions in flow, 
till' actual  weight of MBAS transported by the r iver  
was also calculated. Dur ing  the period 1959-1965 
the ave, rage year ly  load in tons /day  varied 1)etween 
13 and 20.6 whereas the eomparabh~ value for the 
1965-1966 "post-conversion" period was 9.0 tons /day .  
Thus, both in concentrat ion and in total pounds of 
MBAS, a niarked redueti(m has been noted in the 
Illinois Wa te rway  at  Pel)ria. 

Although no eonlprehensive analysis has been made 
of the, extensive data colh~eted by the Federa l  Wate r  
l)o]lution Control Adminis t ra t ion  on MBAS levels 
in r ivers  and s t reams throughout  the country,  a gen- 
eral review of this informat ion indicates that  levels 
have dropped.  This, coupled with the fact  tha t  re- 
ported foam incidents in na tura l  waters  have de- 
creased, would indicate tba t  MBAS levels have reached 
a point  where they are no longer of pract ical  concern 
to pol lut ion-abatement  authorities. The exception, of 
course, would be those areas where raw or par t ia l ly  
t reated sewage is introduced to a water  course. 

A similar  conclusion could be drawn regarding  the 
current  si tuation in ground waters. Relat ively few 
reports  of foaming well waters  find their  way into 
the technical l i terature  or the public press at this 
time. This is, of course, in marked  contrast  to the 
si tuation that  existed as recently as two years ago. 

By every visual, scientific, and socio-economic yard-  
stick the conversion to LAS has resulted in a marked  
reduction in the presence of MBAS in sewage- 
t rea tment -p lan t  effluents and in na tura l  ground and 
surface waters. 

C ertain parallels  can also be drawn f rom develop- 
ments in Europe,  pr inc ipa l ly  Great  Br i ta in  and 

West  Germany.  
In  West  Germany  conversion to biodegradable 

detergents  (containing sur fac tants  meeting an 80% 
degradabi l i ty  s tandard  by  the approved  test  method) 
was made manda to ry  by a federal  regulation, effective 
in October 1964. In  Great  Bri ta in,  as in the Uni t ed  
States, the conversion to more biodegradable sur- 

fac tants  was vo lun ta ry  and took effect dur ing the 
Fal l  of 1965. 

Results so fa r  repor ted f rom both countries have 
been most encouraging. H u s m a n n  (11) has reported 
that,  in 1955, the MBAS level in effluents of sewage- 
t rea tment  plants  of the Emschergenossenschaft  and 
of the Lippengenossensehaft  averaged 1.1 mg/l i ter .  
In  the period 1962-1964, when "hard"  surfaetants  
were in common use, this level had risen to 5.4 rag/  
liter. However  by 1966 the level had dropped back 
to 1.2 mg/l i ter .  He  reported that  the efficiency of 
MBAS removal in sewage-treatment  plants  dur ing the 
comparable periods had also risen f rom 25% to 75%, 
not including degradat ion in sewers. 

As fa r  as levels in s t reams are concerned, the total  
weight of detergents in the Ruhr  River  has reportedly 
been reduced f rom 3,060 to .()55 pounds per day af ter  
the conversion to LAS. Husmaml  noted however that  
only by the construction of addit ional biological treat-  
ment  plants  would the full benefit of the conversion 
be realized in Germany.  

In  Great  Br i ta in  a similar pa t te rn  developed. Levels 
of MBAS in natura l  waters have diminished, in some 
eases dramatical ly .  As an example, in the River 
q'hanies at Imlehanl, where MBAS h,w,ls had ranged 
froni 0.22 to 0.42 nlg/ l i ter  dur ing the period 1954 
1965, they drol)t)ed tll /I.06 h is / l i te r  in tim first six 
months of 1966. A similar picture was observed im 
tile River  l Joe at New Gauge, where levels had varied 
between 0.21 and 0.53 m s / l i t e r  dur ing tile 1954-1965 
period and diminished to 0.07 m s / l i t e r  in 1:)66 (19). 

At Luton, England,  where an extensive pro- 
conversion fieht s tudy had been carried out, recent 
sampling indicated a nmrked reducti(/n in MBAS 
levels in the effluent of the sewage-treatment plant  
(12). 

As in the Ihii ted States, one could smnniarize the 
Eurol)ean experience by s tat ing that,  where adequate 
sewage-treatment  facilities exist, LAS will nleet the 
aesthetic objectives of water  quality without recourse 
t<> special t reatment .  
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