
ABSTRACT
Twenty-three municipal wastewater treatment

facilities (publicly owned treatment works; POTWs)
discharge treated effluent directly to the Southern
California Bight (SCB).  Nineteen of these are small
POTWs, each discharging less than 25 million gallons
per day (mgd).  Small POTW effluent characteristics
have been analyzed periodically since 1971 to estimate
total contaminant loading, to evaluate discharge trends,
and to facilitate comparisons between pollutant sources
within the SCB.  This study continues the assessment
of small POTW effluent by analyzing discharges from
2005.  Total effluent volume, contaminant mass emis-
sions, and annual average concentrations were calcu-
lated and compared to the previous assessments of dis-
charges.  Small POTW emissions were also compared
to the largest point source of contaminants to the SCB,
large POTWs.  Total effluent volume from small
POTWs was 245 L x 109 in 2005.  Discharge volume
has more than doubled since 1971, while mass emis-
sions of most constituents have decreased during the
same period.  Although the long term trend in mass
emissions has decreased, loads of many constituents
were higher in 2005 than in 2000.  The increased con-
taminant loading observed in 2005 was influenced by
three factors: flow from four additional facilities that
were not discharging into the SCB in 2000, increased
flow due to record rainfall and associated infiltration in
sewage systems in 2005, and higher constituent con-
centrations at individual facilities.  In particular, the
International WWTP (which was not included in the
2000 assessment) discharged relatively high concentra-
tions of a range of constituents including suspended
solids, BOD, oil/grease, ammonia-N, turbidity, toxicity,
and phenols.  Although mass emissions from small
POTWs increased in 2005, they remain a relatively
minor source of contaminants to the SCB relative to
large POTWs; effluent volume and contaminant mass
from all small POTWs combined is generally less than
from any individual large POTW.   

INTRODUCTION
The SCB is an important ecological, recreation-

al, and economic resource adjacent to one of the
most densely populated coastal regions in the
United States (Culliton et al. 1990).  The five
coastal counties bordering the SCB are home to
over 16 million people and 60 major point sources
of contaminant discharge to the coastal ocean (US
Census Bureau 2000, Lyon and Stein 2008).  Since
1971, the Southern California Coastal Water
Research Project (SCCWRP) has been compiling
and analyzing effluent data from all major point-
source dischargers to the coastal waters of the SCB.
These discharge data are used to calculate total mass
emission estimates for selected contaminants.  Mass
emission estimates can be used by environmental
resource managers to assess total pollutant loading
to the SCB, to compare the relative impact of a par-
ticular source, and to evaluate the long-term effects
of management actions.

The largest point source of contaminants to the
SCB is effluent discharge from POTWs (Lyon and
Stein 2008).  Twenty-three POTWs discharge treated
effluent directly to the coastal ocean of the SCB.
Four of these facilities discharge greater than 
100 mgd and are analyzed separately as large
POTWs.  The distinction between large and small
POTWs is not a regulatory classification; rather it is
a practical distinction by SCCWRP to focus more
frequent analyses on the facilities with the greatest
discharge volumes.  Effluent from the large POTWs
is analyzed separately, most recently for discharges
in 2003 and 2004 (Lyon et al. 2006).  The remaining
19 POTWs each discharge less than 25 mgd via 
15 ocean outfalls located throughout the SCB
(Figure 1; Table 1).  Since 1971, SCCWRP has peri-
odically assessed inputs from these small POTWs.
The most recent assessment of discharges from 2000
included 15 of the 19 facilities included in this study
(Steinberger and Schiff 2003).  The four additional
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facilities were not previously discharging directly to
the ocean and therefore excluded from prior assess-
ments of small POTW discharges to the SCB.  The
new ocean discharging facilities are the Fallbrook
Waste Water Treatment Plant (WWTP) and Camp

Pendleton WWTP, which both discharge through the
Oceanside Ocean Outfall; and the South Bay Water
Reclamation Plant and International WWTP, which
discharge through the South Bay Ocean Outfall.  

Each small POTW facility varies in size and
treatment.  Effluent discharges and associated com-
pliance monitoring requirements for each facility are
stipulated by their National Pollutant Discharge
Elimination System (NPDES) permit (Appendix I).
Although each facility is required to monitor its
effluent flow and chemistry, the specific constituents
and minimum analysis frequencies vary by facility
(Appendix II).  NPDES permits also do not require
integration of data from multiple dischargers or
classes of dischargers to assess the cumulative
impact to a water body.  This poses a challenge to
environmental resource managers who need to evalu-
ate pollutant loads and trends from all sources on a
regional or larger scale.   

The goal of this study was to characterize efflu-
ent from small POTWs in 2005.  To achieve this
objective, flow, and chemistry data from all small
POTWs discharging directly to the SCB were com-
piled and standardized to allow calculation of cumu-
lative mass emission estimates for the entire bight
and average constituent concentrations for each facil-
ity.  To assess historical trends, these effluent data
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Figure 1.  Locations of the small municipal wastewater facilities that discharge to the SCB.

Table 1.  Flow rates and treatment levels from small
POTW facilities in 2005.



were then compared to results from previous assess-
ments of small POTW discharges from 1971, 1989,
1995, and 2000.  Small POTW effluent characteris-
tics were also compared to large POTW discharges
to assess their relative significance.  Finally, to assess
the effects of differences in treatment level, average
constituent concentrations were compared to the level
of treatment provided by the small POTW facilities. 

METHODS

Annual mass emissions data for the small
POTWs were compiled from effluent flow and
chemistry data provided in each facility’s monthly,
quarterly, and annual discharge monitoring reports,
which were obtained from the California Regional
Water Quality Control Boards.  Constituents includ-
ed in this assessment were selected based on the
availability of data and on the known influence of
these constituents in the marine environment.
General constituents included solids, biochemical
oxygen demand (BOD), oil and grease, ammonia,
nitrate, nitrite, and cyanide.  Selected metals, phe-
nols, dichlorodiphenyltrichloroethane (DDT), poly-
chlorinated biphenyl (PCB), and polycyclic aromatic
hydrocarbons (PAH) were also analyzed.

Constituent concentration data were standardized
to monthly time steps.  For constituents analyzed
more than once per month, the arithmetic mean of all
results in a given month was calculated.  Where the
frequency of constituent analysis was less than
monthly or data for a given month were not avail-
able, the arithmetic mean of available data within the
given year was calculated and used to populate
months for which no data existed.  The monthly flow
and concentration data were then used to calculate
annual discharge volumes and constituent mass
emissions for each facility. Constituent concentra-
tions below the reporting level were assigned a value
of zero for calculating mass emission estimates.

The annual discharge volume (V) for each facility
was calculated from the sum of the monthly effluent
volumes: 

12

V =∑uFiDi

i=1

where Fi was the mean daily flow for the
month i, Di was the number of days that dis-
charge occurred during the month i, and u
was the unit conversion factor for calculating
the volume in liters (L).

Mass emission estimates (ME) were calculated
from the product of the mean daily flow, the monthly
constituent concentration, the number of days in the
given month, and a unit conversion factor.  MEs
were calculated for each constituent for each month,
and then summed over all months in the year to
obtain an annual estimate: 

12

ME =∑uFiCiDi

i=1

where Ci was the reported constituent con-
centration for the month i, and u was the
appropriate unit conversion factor for calcu-
lating the ME in metric tons (mt), kilograms
(kg), or liters (L). 

Annual average flow-weighted concentrations
(FWC) were calculated by dividing the annual ME
for a given constituent by the total annual effluent
volume (V).  

MEFWC = u ___
V

where u was the unit conversion factor for
reporting the FWC in the appropriate con-
centration units.  

This approach for calculating FWC occasionally
resulted in estimates below the reporting limit (RL)
for constituents that had one or more non-detected
results.  In these cases, the FWC was reported as cal-
culated.  Constituents that were consistently not
detected resulted in FWC of zero, and were reported
as less than the RL.  When more than one RL was
used for a given constituent during the year, the
greatest RL was reported.

Historical trends in mass emissions from small
POTWs were analyzed by comparing results from
2005 to results of previous assessments from 1971,
1989, 1995, and 2000 reported by Steinberger and
Schiff (2003).  Small POTW discharges were also
compared to large POTW effluent characteristics to
determine the relative contribution of small POTWs
to the cumulative impact from all POTWs.  The most
recent quality assured large POTW effluent data
from 2004 were obtained from Lyon et al. (2006) for
the comparison.  
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RESULTS
Small POTW Discharges in 2005

Combined daily effluent flow from the 19 small
POTWs in 2005 was 178 mgd (Table 1).  Flows
from individual facilities ranged from 0.02 mgd (San
Clemente Island WWTP) to over 24 mgd (Encina
and Oxnard WWTPs), with a mean daily flow per
facility of 9.4 mgd.  These daily flow rates resulted
in an annual effluent volume of 245 L x 109, which
represents a 27% increase from the total annual 
volume in 2000 (Steinberger and Schiff 2003).
Seventeen percent of the total effluent volume in
2005 (41 L x 109) was discharged by facilities that
were not included in the assessment of small POTWs
in 2000 by Steinberger and Schiff (2003).  Excluding
discharges by the four new facilities, effluent volume
still increased by 5.6% from 2000 to 2005.  

The level of treatment provided by each facility
in 2005 varied from advanced primary treatment to
full tertiary treatment.  The International WWTP
discharged 24 mgd of advanced primary treated
effluent.  Goleta WWTP discharged a blend of
advanced primary and secondary treated effluent.
Three facilities (Summerland, Terminal Island, and
Fallbrook WWTPs) discharged effluent that received
full tertiary treatment.  The remaining 14 facilities
discharged secondary treated effluent (Table 1).  

Total mass emissions from small POTWs in
2005 included 4772 mt of suspended solids, 7605 mt
of biochemical oxygen demand (BOD), and 26 L x 106

of settleable solids (Table 2).  Small POTWs dis-
charged over 5 thousand mt of ammonia-N, plus at
least 586 mt of other nitrogen compounds (nitrate-N,
nitrite-N, and organic-N), though this latter value is
likely underestimated because fewer than half the
facilities analyzed these constituents.  Combined
metals emissions from small POTWs totaled 18 mt,
with zinc, copper, and nickel providing 58, 21, and
10% of the total metals load, respectively.  Combined
emissions of phenols were 954 kg.  Only Oxnard
WWTP detected PAHs in its effluent, resulting in a
total estimated load of 0.52 kg.  DDT and PCB were
not detected in effluent from any small POTW facility
in 2005.

The International WWTP discharged the highest
average concentrations of many constituents, includ-
ing suspended solids, BOD, oil/grease, ammonia-N,
turbidity, chromium, nickel, and phenols (Table 3).
The International WWTP effluent also showed the
highest acute and chronic toxicity levels among

small POTWs.  The greatest concentrations of other
constituents were widely distributed among the facil-
ities.  The highest concentration of settleable solids
was detected in El Estero WWTP effluent.  Fallbrook
WWTP effluent contained the highest arsenic and
selenium concentrations, while the greatest copper,
lead, and zinc concentrations were found in Avalon,
Encina, and Summerland effluent, respectively.   

Trends in Small POTW Discharges
Since 1971, effluent flow from small POTWs has

increased 158% to 178 mgd (Figure 2; Table 4).
Although flow has increased, the general trend in
mass emissions of most constituents has decreased.
Mass emissions of suspended solids, BOD, oil/grease,
and cyanide all decreased from 1971 to 2005.
Ammonia-N was the only constituent analyzed in
1971 that has increased in small POTW effluent over
the study period.  Metals loads, which were not
assessed in 1971, have been declining since 1989.
Mass emissions of all metals except copper decreased
from 14% (zinc) to nearly 100% (cadmium) between
1989 and 2005.  Copper emissions increased 9%
since 1989, however this is well below the 30%
increase in flow during the same period.  Further
reductions in mass emissions of suspended solids and
several metals continued in 1995 and 2000 (Table 4).

Despite the general trend of decreasing mass
emissions since 1971, mass emissions of most con-
stituents were greater in 2005 than in 2000 (Table 4).
The greatest increases in contaminant loads were
observed in suspended solids, BOD, nitrate-N,
cyanide, and metals except cadmium and silver.
Cadmium and silver were among the few constituent
mass emissions that decreased from 2000 to 2005.
Discharges from the new facilities included for the
first time in this assessment contributed to the over-
all increase in mass emissions, but were not fully
responsible for the observed increases.  If the dis-
charges from the facilities not included in previous
assessments were excluded, constituent loads would
have still increased from 2000 to 2005 (although by
less), with the exception of oil/grease and zinc,
which would have decreased without the new facility
discharges.  Average concentrations of many con-
stituents also increased from 2000 levels.  Flow-
weighted concentrations that increased in 2005
included CBOD, nitrate-N, nitrite-N, cyanide, and 8
of the 10 metals included in this assessment.  As
with mass emissions, the metals that decreased in
concentration were cadmium and silver.  
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The most significant changes in mass emissions
from individual facilities were observed at El Estero
WWTP, Summerland WWTP, Terminal Island
WWTP, and Hale Ave. RRF.  Both El Estero and
Summerland flows increased by approximately 40%,
but mass emissions of several general constituents
increased by 89% or greater.  Terminal Island efflu-
ent volume remained the same as in 2000, but with
an upgrade to tertiary treatment mass emissions of
solids, BOD, and oil/grease all decreased to non-
detectable levels, while ammonia-N decreased 79%

and several metals decreased between 21 and 83%.
Flow from Hale Ave decreased 3%, while mass
emissions of suspended solids, BOD, oil/grease, and
ammonia-N all decreased between 30 and 60%.

Small POTW vs. Large POTW Discharges
Combined effluent volume from the small

POTWs was similar to the effluent volume of the
smallest large POTW facility, Point Loma
Wastewater Treatment Plant (PLWTP).  Although the
volume was nearly equal, cumulative mass emissions
of many constituents were significantly lower from
small POTWs than from PLWTP (Table 5).  These
included loads of solids, BOD, oil/grease, cadmium,
copper, phenols, and PAH.  The relative contribution
of small POTW loads to total Bight-wide mass emis-
sions from all POTWs has increased as large POTW
effluent quality has improved (Lyon and Stein 2008).
However, small POTW loads of most constituents
remain relatively minor compared to large POTW
discharges.  Small POTW effluent volume con-
tributed approximately 14% of the total discharge
from small and large POTWs combined.  Small
POTWs produced disproportionately large loads of
nitrate-N, nitrite-N, cyanide, lead, mercury, and zinc,
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Figure 2.  Combined effluent flow from small POTWs
between 1971 and 2005.

Table 4.  Historical mass emissions of selected constituents from small POTWs combined, and the percent
changes for selected years.



ranging from 25% (zinc) to 93% (nitrate-N) of the
total POTW load.  All other contaminant loads were
discharged by small POTWs at levels less than or
equal to 14% of the total load, proportional to the
effluent volume contribution.  

DISCUSSION

Small POTWs continue to be a relatively minor
source of contaminants to the SCB compared to
large POTW discharges and non-point source runoff
(Lyon and Stein 2008).  Although mass emissions of
many constituents increased in 2005, the combined
contaminant loads were generally less than those
from a large POTW discharging the same effluent
volume.  The relatively minor impact of small
POTW discharges can be evaluated not only directly
by assessment of effluent quality, but also by exami-
nation of sediment chemistry surrounding the out-
falls.  A bight-wide assessment of receiving water
quality and sediment chemistry 2003 found that sedi-
ments in proximity to small POTW outfalls were
among the least contaminated sediments sampled
(Schiff et al. 2006).  

Since 1971 and the implementation of the Clean
Water Act, contaminant emissions from point source
dischargers have decreased dramatically as a result
of source control measures and improved treatment
practices.  The pattern of continually improving
effluent quality even as effluent volume has
increased is well documented in large POTWs
(Steinberger and Stein 2004, Lyon et al. 2006, Lyon
and Stein 2008).  A similar pattern existed with small
POTWs from 1971 to 2000 (Steinberger and Schiff
2003).  In 2005 however, the trend reversed and
mass emissions of many contaminants were dis-
charged in amounts not observed since 1995 (metals)
and 1971 (general constituents).

The increases in small POTW mass emissions
observed in 2005 were likely caused by a combina-
tion of three factors: discharges from additional
facilities not included in previous assessments,
increased flow due to record rainfall, and increased
contaminant concentrations.  Four additional facili-
ties discharged effluent directly to the SCB in 2005
that were not included in the previous assessment.
These facilities discharged 41 L x 109 or 17% of the
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Table 5.  Estimated constituent mass emissions from small POTWs in 2005 and large POTWs in 2004.



total effluent volume in 2005.  Prior to this assess-
ment, effluent from these facilities was entering the
coastal ocean indirectly via river discharge and was
unaccounted for in analyses of small POTW dis-
charges to the SCB.  If the additional facilities were
excluded from this assessment, mass emissions of
constituents such as suspended solids, BOD, oil/grease,
and ammonia-N would have remained similar to
their 1995 and 2000 levels (Figure 3).  The addition-
al effluent from these facilities was a significant con-
tributor to the overall increases in small POTW mass
emissions in 2005. 

Another contributor to increased mass emissions
was greater effluent flow due to record rainfall that
southern California experienced in 2005 (National
Weather Service 2005).  Several POTWs reported
above normal flows in January and February 2005
due to increased infiltration of surface runoff into
their sewage collection systems.  Heavy rainfall like-

ly also reduced demand for reclaimed water, result-
ing in discharge of additional volume that would
have been diverted for further treatment and reuse
under normal circumstances.  The influence of rain-
fall on mass emissions was examined by normalizing
constituent loads based on calendar year rain totals
for downtown Los Angeles (National Weather
Service 2007).  Although most mass emissions
increased in 2005, the rainfall normalized values for
metals actually decreased, continuing the trend of
decreasing emissions since 1989 (Figure 4).  

The final factor contributing to increased con-
taminant loads from small POTWs was the higher
level of constituent concentrations.  The International
WWTP, which was not included in previous assess-
ments, discharges advanced primary treated effluent
with concentrations of several general constituents
and phenols well above levels found in effluent from
other facilities (Figure 5).  To evaluate the effect of
treatment level on constituent concentrations, facili-
ties were grouped by level of treatment and mean
flow-weighted concentrations were determined for
each level: advanced primary, blended primary and
secondary, secondary, and tertiary. General con-
stituents and several metals demonstrated a consis-
tent pattern of decreasing concentration with each
level of increased treatment (Table 6; Figure 6).  A
similar pattern was observed temporally in large
POTWs as the relative volume of secondary treated
effluent increased incrementally over the past two
decades (Lyon et al. 2006). 

Discharge from the additional facilities included
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Figure 3.  Trends in cumulative mass emissions of
selected general constituents from small POTWs
between 1971 and 2005.  The solid lines indicate emis-
sions from all facilities; the dashed lines indicate emis-
sions from only facilities included in the 2000 assess-
ment.
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als from small POTWs between 1989 and 2005. Metals
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in this assessment, particularly the advanced primary
effluent from the International WWTP, appears to be
the most significant factor in the observed increases
of general contaminant emissions, such as suspended
solids and BOD, from small POTWs in 2005.
However, the International WWTP effluent had little
effect on metals emissions, with most concentrations
increasing significantly even when effluent from the
International WWTP was excluded from the analysis.
Metals emissions seem to have been influenced more

by increased flow than by high concentrations from

any particular facility.  The heavy rainfall in 2005

could have contributed to both increased influent

metals concentrations and increased mass emissions

due to higher flow.   
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Figure 5.  Percent change in mean flow weighted con-
centrations from small POTWs with and without Inter-
national WWTP between 2000 and 2005.
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Figure 6.  Mean concentrations of selected constituents
by level of treatment.
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It is important to note that many POTW facilities
continue to discharge effluent to inland water bodies
such as rivers that ultimately flow to the coastal
ocean.  These inputs are not included in our assess-
ments of direct ocean discharges.  Stein and
Ackerman (2007) found that POTW discharge could
contribute a significant proportion of the total dry-
weather flow from rivers that receive POTW effluent
(34 and 98% in the Los Angeles and San Gabriel
River watersheds, respectively).  Effluent from the
inland POTWs is not addressed in this assessment
because the discharges are mixed with other water-
shed-based flows prior to reaching the ocean, con-
founding the ultimate impact of the discharges on the
coastal ocean.  Further, assessing the effluent from
inland POTWs along with the ocean discharging
POTWs would introduce the potential for double
counting of the contaminants discharged from the
inland POTWs as their contributions are already
included in analyses of runoff from the rivers they
discharge into.  Future efforts to assess the combined
contributions of inland POTW discharges could be
included in a broader program to compile and ana-
lyze regional stormwater mass emissions data, which
is being initiated by SCCWRP.
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Appendix I.  Small POTW facility information.
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