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ABSTRACT: A total of 3,785 million 1 of domestic wastes is emptied into the marine waters of 
southern California each day. Over 85 % of these wastes receive primary treatment before discharge 
into offshore waters. Most of these wastes are discharged at four localities: E1 Segundo (Los Angeles 
City), White's Point (Los Angeles County), Newport Beach (Orange County), and Pt. Loma (San 
Diego City). While some studies were conducted at these localities prior to 1970, all of these 
sanitation districts have been monitoring the benthic environment since 1971-1973. Some predic- 
tions on the effect of domestic discharges on benthic life were made based on the amount of primary 
effluent discharged per day. If the amount discharged into open oceanic waters is less than 18 
million 1/day, then a biological enhancement is noted with an increase in biomass, number of 
species and specimens, and diversity. If the amount of discharge exceeds 40-180 millions 1/day, 
then the biomass, number of specimens, and area affected is increased, but the number of species, 
diversity, and richness is decreased. A faunal index was devised by the personnel at Southern 
California Coastal Water Research Project to represent these generalities graphically. 

INTRODUCTION 

Domestic wastes from southern California cities and  communi t ies  are discharged for 
the most part  into offshore mar ine  waters in  depths of 6 to 100 m. Trea tment  is largely 
pr imary with some secondary; raw sewage is discharged only at Santa Cata l ina  and  San 
Clemente  Islands. Of the 3.8 • 109 1/day of domestic wastes which are empt ied  into 
southern California mar ine  waters, over 80 ~ originates from the metropol i tan Los 
Ange le s -Orange  County  area (Schafer, 1978; Table  1). The discharge at Hyper ion  is 
u n i q u e  in  that  the s ludge is d ischarged at the head  of a submar ine  canyon  located 11.6 
km offshore in  100 m depth. 

Since the discharge at Hyper ion  Sewage Trea tment  Plant  has b e e n  moni tored for 
ben th ic  animals  for over 20 years and  the other major  discharges have b e e n  s tudied 
since tile early 1970s, an  analysis  of these data affords us the opportuni ty  to measure  what  
the long- term effects of these wastes have b e e n  on the mar ine  benthos.  With these data 
bases, it has b e e n  possible to record man-caused  and  na tura l  env i ronmen ta l  changes  in  
the vicini ty of these discharges which, in  turn, assist us in  eva lua t ing  the effect of 
domestic wastes on the mar ine  ecosystem. Such an  analysis  is especial ly  appropriate  
since Publ ic  Law 92-500 of the U. S. Congress requires a change  from pr imary  to 
secondary t rea tment  by July 1, 1983. In addit ion,  other countries are cons ider ing  the 
construction of large p ipe l ines  to divert their  wastes into open  oceanic  waters from 
estuaries.  

�9 Biologische Anstalt Helgoland 0017-9957/80/0033/0377/$ 02.00 



378 D.J .  Reish 

I t  is the-purpose  of this b r ie f  report to describe the benth ic  condit ions around the 
sewage outfalls of southern California which  may be of assistance to others who are 
contempla t ing  this method of domestic waste disposal. 

EFFECT OF DOMESTIC WASTES ON THE BENTHOS: CASE STUDIES 

S a n  El i jo  

The cities of Cardiff and Solano Beach discharge 7.5 mil l ion 1/day of pr imary 
effluent 3.7 km from shore at a depth of 15 m at San Elijo. The benth ic  fauna  was 
surveyed before and  after the construction of the p ipe l ine  and after two years of 

Table 1. Domestic wastes discharged into southern California marine waters (1977) 

Location Flow Nature of % of Area 
(million l/d) effluent total flow affected 

Oxnard 42.4 Primary 1.1 1 km 2 
Hyperion (LA) 830.0 Primary 21.8 26 

380.0 Secondary 9.9 
5.3 Sludge 0.1 

Los Angeles County 1270.0 Primary 33.3 45 
7.2 Sludge 0.2 

Orange Co. 606.0 Primary 16.0 i0 
75.7 Secondary 1.9 

San Diego 440.0 Primary 11.5 6 
Others (20) 75.7 Primary 1.9 - 

75.7 Secondary 1.9 

3808.0 

Total:Primary 3307.0 
Secondary 531.0 
Sludge 12.5 

100.0 

operat ion the only measurab le  effect noted was a slight increase in  the biomass in  the 
vicini ty of the te rminus  of the p ipe l ine  {Turner et al., 1965}. Whether  this increase was 
the result  of the increase in  organic matter  or the result  of na tura l  var iabi l i ty  is unknown.  

S a n  D i e g o  

The City of San Diego discharges 300 mil l ion 1/day of pr imary effluent 3.2 km from 
shore at a depth of 64 m at Point Loma. The benth ic  fauna  was s tudied for a year prior to 
commencemen t  of operations in  1963. The domestic pol lut ion indicator  polychaete 
Capitella capitata first appeared  at the terminus  in  1965 (Turner et al., 1968). The 
biomass had increased signif icant ly in  the area sur rounding  the outfall by 1968. The 
stressed community,  which inc luded  C. capitata, occupied 6 km 2 by 1977 (Bascom et aL, 
1978). 
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Los  A n g e l e s  C o u n t y - W h i t e ' s  P o i n t  

The  County  of Los A n g e l e s  d i scha rges  1270 mi l l ion  1/day of p r imary  eff luent  and  
s ludge  th rough  th ree  diffusor p i p e s  2 to 3.6 k m  from shore at  dep ths  of 50-65 m at 
Whi te ' s  Point  loca ted  on the  Palos Verdes  Peninsula .  Moni to r ing  of the  benthos  b e g a n  in  
1971 some th ree  decades  after  the  opera t ions  began .  It was  poss ib le  wi th  the  1971 da ta  to 
d iv ide  the  ben thos  into th ree  communi t ies :  (1) A s t ressed  communi ty  d o m i n a t e d  by  
Capltella capitata which  was  p resen t  in  the  v ic in i ty  of the  d ischarge ,  (2) a communi ty  
which  e x t e n d e d  b e y o n d  the  s t ressed  one which  showed  s igns  of b e i n g  s t ressed  by  its 
r e d u c e d  fauna,  and  (3) a na tu ra l  d iverse  communi ty  loca ted  some d is tance  from the 
d ischarges .  In 1973-1975 the s t ressed communi ty  was  r e d u c e d  in a rea  and  by  1975-1977 
the s t ressed  communi ty  h a d  essen t ia l ly  d i s a p p e a r e d  and  the s ed imen t s  no longer  
possessed  a sulf ide  odor. However ,  in  1978-1979 the s t ressed  communi ty ,  d o m i n a t e d  by  
C. capitata, r e a p p e a r e d  and  the  s ed imen t s  once a g a i n  possessed  a sulf ide  odor. Since 
there  h a d  not b e e n  any s igni f icant  a l te ra t ion  in  the  na ture  and  quan t i ty  of the  d ischarge ,  
o ther  exp lana t ions  were  sought  to exp l a in  this a p p a r e n t  t empora ry  i m p r o v e m e n t  of 
condi t ions  fo l lowed by  a degrada t ion .  The  ech iu ro id  worm Listriolobus pelodes, which  
measu re s  severa l  cm in length ,  first a p p e a r e d  off the  Palos Verdes  Pen insu la  coast  in 
mid-1973 and  by  1975 h a d  se t t l ed  in the  v ic in i ty  of the  terminus.  These  o rgan isms  l ive in 
the  s e d i m e n t  and  ma in t a in  p e r m a n e n t  bur rows  wh ich  ex tend  d o w n w a r d  30-50 cm. 
Apparen t ly ,  the  movemen t  of these  an ima l s  wi th in  the i r  bur rows  a l l owed  the p e n e t r a -  
t ion of d i s so lved  oxygen  wh ich  ox id ized  the a c c u m u l a t e d  organic  mater ia l .  Reduct ion  of 
the  organic  ma te r i a l  l ed  to an  improvemen t  in  the ben th ic  condit ions.  With  the  d i sap-  
p e a r a n c e  of L. pelodes, which  was  p r o b a b l y  the  resul t  of na tu ra l  causes,  the  organic  
ma te r i a l  a c c u m u l a t e d  a g a i n  l e a d i n g  to the  r e - e s t ab l i shmen t  of s t ressed condit ions.  The  
a rea  wh ich  is e i ther  s t ressed or d e g r a d e d  now totals  45 k m  2 (Bascom et al., 1978). 

O r a n g e  C o u n t y  

Domest ic  was tes  from Orange  County  are d i s cha rged  into oceanic  waters  just  north 
of Newpor t  Bay. Up to 1971 p r imary  eff luent  was  d i s cha rged  2 k m  from shore in  20 m 
depth .  This p ipe l i ne  was  a b a n d o n e d  and  r e p l a c e d  wi th  one e x t e n d i n g  8 k m  from shore 
and  e m p t y i n g  in 60 m depth .  The  d i scha rge  from this outfal l  to ta led  681.7 mi l l ion  1/day 
in 1977 of which  about  12 % was  secondary  effluent. The changeove r  e n a b l e d  one to 
measu re  the  recovery  ra te  of the  p rev ious ly  affected a rea  and to de t e rmine  the rate  of 
d e g r a d a t i o n  a round  the n e w  d ischarge .  

Recovery at the old  site was  r a p i d  wi th  the  organic  carbon  content  of the  s ed imen t s  
r each ing  b a c k g r o u n d  leve l  at  th ree  months  and  the ben th i c  communi ty  and  heavy  meta l  
content  of the  s ed imen t s  r each ing  b a c k g r o u n d  levels  wi th in  one year.  

Deg rada t i on  at  the  si te of the  n e w  d i scharge  took severa l  years  wi th  the  in i t ia l  
inc rease  in fish and  ben th ic  popu la t ions  th rough  1976 fo l lowed by  a dec rease  to pre-  
d i scharge  levels .  However ,  spec ies  composi t ion  of the  benthos  in the  v ic in i ty  of the  
d i scharge  changed .  Capitella capitata a p p e a r e d  in s igni f icant  number s  2-4  yea r s  after 
construct ion of the  n e w  p ipe l ine .  The  p e l e c y p o d  Parvilucina tenuisculpta, which  is 
commonly  found a round  offshore domes t ic  sewers  in  sou thern  Cal i fornia ,  also a p p e a r e d  
in s igni f icant  number s  at  4 -5  years .  The  copper  concent ra t ion  of the  s ed imen t  d o u b l e d  
wi th in  the  in i t ia l  5 years  and  has  l e v e l e d  off s ince then.  The a rea  affected by  this 
d i scharge  now totals  10 k m  2 (Bascom et al., 1978). 
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H y p e r i o n  (Ci ty  of Los A n g e l e s )  

The Hyper ion  sewage t rea tment  p lan  discharges 830 mil l ion I /day pr imary effluent 
and  380 mi l l ion  I/day secondary effluent through a diffusor pipe empty ing  8 km from 
shore in  60 m depth. Solid wastes total ing 5.3 mi l l ion  I /day are empt ied  into the head  of 
the Santa Monica  Canyon  which is located i i  km offshore in  100 m depth. Some ben th ic  
samples were t aken  prior to construction of the ne w  sewer lines. It took 5-7  years for the  
popula t ion  of Capitella capitata to bu i ld  up  and  the area has b e e n  more or less constant  
in size since that time; 26 km 2 of the benthos  has either b e e n  degraded  or stressed in  the 
vicini ty of these two discharge points  (Bascom et al., 1978). 

SYNTHESIS OF BIOLOGICAL DATA 

With the accumula t ion  of a considerable  amount  of ben th ic  biological  data  from the 
env i ronment  sur rounding  many  of the domestic outfall sewers in  southern California, it 
is possible to make  more or less accurate predict ions of what  will  occur w h e n  pr imary 
treated domestic wastes are discharged into open  oceanic waters, It may be necessary to 
modify these predict ions for areas possessing un ique  oceanographic  condit ions or 
discharges which receive industr ia l  wastes and/or  storm water  run-off, It would  be 
necessary to take a much  more conservative v iewpoint  if the wastes are empt ied  into an  
estuary. Nevertheless,  the mar ine  env i ronment  can assimilate a certain quant i ty  of 
domestic wastes without  unde rgo ing  adverse changes  in  the envi ronment ;  in  fact, some 
b i o e n h a n c e m e n t  may occur w h e n  the discharge is small  (7-10 mil l ion 1/day). Degrada-  
t ion was noted  to a l imi ted  extent  at the Oxnard sewer which discharges over 40 mi l l ion  
I/day. The benth ic  env i ronment  can no longer  assimilate the waste mater ia l  w h e n  it 
exceeds 300 mi l l ion  I/day. The benth ic  area affected by  pr imary effluent is apparent ly  

L 

�9 , ~ : ~ ; . ;  . . . .  -.-....O='.ra~ge .Co.. 

. - . - ' - :  :~.:,:- ,~ , -  -.  . . . ~':~;.. :. 

P t .  C o n c e p t i o n  ' ' 

8O 

- -60  
o 

~2o 

Lo 

1 0 0  

Fig. 1. Infaunal trophic index values for southern California for 1977 (figure modified from Word, J. 
Q., 1979. Southern California Coastal Water Research Project, Annual Report for 1978, p. 29) 
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directly related to the volume of the discharge (Table 1). Any proposal to locate a 
domestic outfalt sewer  into "open oceanic  waters  mus t  consider  the vo lume of the 
discharge and  its possible effects on the benth ic  mar ine  biota. 

In a more precise synthesis of data the personnel  of the Southern California Coastal  
Water Research Project (Word, 1978) devised an  in fauna l  index  which is based  on 
feeding  strategies of the dominan t  benth ic  species. The select ion of the 47 species to be 
used was made  from a list of 770 k n o w n  to occur in  southern California offshore waters. 
These species were  grouped into four categories according to feeding  type (Table 2). An 
index  n u m b e r  was calculated for a part icular  area according to the formula: 

100 - [33 I /3 (0nl + In2 +'2~3 + 3n4)] 
Infauna  index . . . . . .  

n l  + n2 + 113 + n4 

where n 1 is the n u m b e r  of specimens  in  group 1, etc. and  33 1/3 is a scal ing factor so that 
the numbers  wil l  r ange  from 1 to 100. The h igher  the n u m b e r  the more na tura l  the 
env i ronment  and, conversely, the lower the n u m b e r  the greater  the degradat ion  of the 
area. The graphic representa t ion  in  Figure 1 clearly indicates  the inf luence  of the four 
largest  discharges - Hyperion,  Los Angeles  County,  Orange  County, and  San Diego. The 
slight decreases at Santa Barbara and  Oxnard  may or may not be  re la ted to waste 

discharges. 

CONCLUSIONS 

The periodic moni tor ing  of domestic outfall sewers in  southern California, in  some 
ins tances  for near ly  25 years, has demonst ra ted  the importance of s tudying the benthos  
in  assessing the effects of' these wastes. If the amount  of discharge is large, t hen  the 
amount  of affected area is directly related to the quant i ty  of the discharge. Studies 
u n d e r t a k e n  prior to ins ta l la t ion of new  sewers d ischarging large amounts  of domestic 
wastes indicate  that the benth ic  area wil l  become stressed or degraded  wi th in  2 to 4 
years; however,  only about  one year  is required  for the popula t ion  to become charac- 
teristic of a na tura l  area fol lowing the e l imina t ion  of the source of waste. An infauna l  
index  was p resen ted  as a means  of compar ing  the popula t ion  of one affected area with 

another. 
With the cont inual  migra t ion of people to metropol i tan centers, many  of which are 

located adjacent  to oceanic waters, the e l imina t ion  of their wastes becomes an  even  
more complex problem. Discharge of large quant i t ies  of wastes wil l  affect the area. Do 
we ignore this degradat ion? Do we discharge secondary effluent into the ocean and  
dispose of the solid wastes elsewhere? This was the decis ion of the U. S. Congress;  
however,  provisions were made  in  the law to permit  the sani ta t ion district to pet i t ion for 
an  exception. Action on these peti t ions will  b e g i n  in  1980. 
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