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Abstract

	 The four largest municipal wastewater treatment 
facilities (publicly owned treatment works; POTWs) 
in southern California discharge treated effluent 
that has historically been the greatest point source 
of contaminants to the Southern California Bight 
(SCB).  Each POTW conducts flow and effluent 
chemistry monitoring and testing in compliance 
with its discharge permit, but the monitoring 
requirements do not address regional pollutant 
emissions from multiple sources.  Since 1971, 
SCCWRP has been integrating POTW effluent 
monitoring data to assess the status and trends of 
contaminant discharges from multiple sources to the 
SCB. This study analyzes effluent discharges from 
the four largest POTWs from 2005 through 2009 
in terms of effluent volumes, contaminant mass 
emissions, average constituent concentrations, and 
toxicity.  These data update a continuous 39-year 
record of regional POTW effluent discharges.  Total 
effluent volume from large POTWs decreased 
from 1,497 L x 109 in 2005 to 1,184 L x 109 in 
2009, which was the lowest annual volume since 
regional assessments began in 1971.  Reductions 
in effluent volume resulted primarily from water 
conservation and increased recycling of treated 
effluent for beneficial reuse, even as population 
continued to grow.  Similar to the volume pattern, 
mass emissions of most monitored constituents 
decreased from 2005 to 2009, with many 
constituent loads including suspended solids, BOD, 
oil/grease, and several metals, dropping to historic 
lows.  Suspended solids emissions decreased 92% 

between 1971 and 2009, from 295,000 to 25,000 
metric tons (mt).  Copper emissions decreased 
97%, from 535 mt in 1971 to 17 mt in 2009. 
Although most constituent loads have decreased, 
average concentrations have been more variable, 
with several constituents including ammonia-N, 
chromium, and zinc concentrations increasing 
from 2005 to 2009.  The largest reductions in 
contaminant loads observed prior to 2005 resulted 
from improved wastewater treatment, but recent 
reductions in these loads have been influenced 
more by declining effluent volume than by effluent 
quality improvement.  Due to significant decreases 
in large POTW mass emissions since previous 
comparisons, it is possible that point source 
contaminant loads are now equaled or exceeded 
by loads from non-point source runoff; however, 
more comprehensive and updated regional estimates 
of runoff loads to the SCB are needed to address 
this hypothesis.  

Introduction

	 The Southern California Bight (SCB) region is 
one of the most densely populated coastal regions 
in the United States (Crossett et al. 2004).  The five 
coastal counties bordering the SCB are home to over 
17 million people (US Census Bureau 2011).  Millions 
of gallons of domestic, commercial, and industrial 
wastewater generated by this population are treated 
and discharged daily by wastewater treatment facilities 
known as publicly owned treatment works (POTWs).  
Twenty-three POTWs discharge effluent directly 
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to the coastal ocean of the SCB.  The four largest 
facilities each discharge over 100 million gallons per 
day (mgd), and account for 86% of the total POTW 
effluent volume (Lyon and Stein 2008).  These four 
facilities, hereafter referred to as large POTWs, are 
the Hyperion Treatment Plant (HTP) operated by the 
City of Los Angeles, the Joint Water Pollution Control 
Plant (JWPCP) operated by the Los Angeles County 
Sanitation Districts, Orange County Sanitation District 
(OCSD) Reclamation and Treatment Plants, and the 
City of San Diego’s Point Loma Wastewater Treatment 
Plant (PLWTP) (Figure 1).  The combined effluent 
of the four large POTWs has historically been the 
greatest point source of contaminants to the SCB since 
regional assessments began in 1971 (SCCWRP 1973, 
Steinberger and Stein 2004, Lyon and Stein 2009).  
Discharges from the 19 smaller POTW facilities 
are assessed separately at a lesser frequency due to 
their relatively low volume contribution (Lyon and 
Stein 2008).
	 POTW effluent discharges are regulated under 
the National Pollutant Discharge Elimination 
System (NPDES) requirements of the federal Clean 
Water Act (CWA).  Each discharging facility is 
required to monitor its effluent flow and chemistry 
in compliance with its NPDES permit issued by 
the California Regional Water Quality Control 
Boards.  Although compliance monitoring by each 
facility is thorough, there is no requirement to 
integrate data from multiple dischargers to assess 
cumulative impact to a regional water body such 
as the SCB.  The lack of a regional perspective 
poses a challenge to environmental regulators and 
managers who need to evaluate pollutant loads 
and trends from multiple sources on a regional 
scale. 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, track trends, and identify sources 
of greatest significance.  The resulting long-term 
regional dataset provides a measure to assess 
the effectiveness of regulatory and management 
actions, and can aid interpretation of changes 
observed in the receiving environment.  
	 The goal of this study was to characterize effluent 
discharges from the four large POTWs between 
2005 and 2009.  To achieve this objective, flow and 
chemistry monitoring data from each of these large 
POTWs discharging to the SCB were compiled and 
standardized to allow calculation of cumulative mass 
emission estimates for the entire bight.  Differences 
in relative contributions between facilities, average 
constituent concentrations, and toxicity from each 
facility were also examined.  To assess long-term 
trends, we then compared these effluent data to 
results from previous SCCWRP assessments, which 
have compiled a continuous annual dataset of large 
POTW discharges beginning in 1971.  Specifically, 
we compared the current results to two significant 
historical periods: the first assessment of discharges 
prior to implementation of the CWA in 1971 and the 
period of peak effluent volume discharge in 1989.  
With the addition of data from the current study, 
SCCWRP has compiled a continuous 39-year record 
of large POTW effluent discharges to the SCB, 
documenting changes in regional loading from the 
most significant point source of contaminants over the 
entire time period of the CWA.

Methods
	 Annual mass emissions estimates for the 
large POTWs were compiled from effluent flow 
and chemistry data provided in each facility’s 
discharge monitoring reports.  Constituents included 
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 suspended solids, 
biochemical oxygen demand (BOD), oil and 
grease, nutrients, and cyanide.  Selected metals, 
phenols, dichlorodiphenyltrichloroethane (DDT), 
polychlorinated biphenyl (PCB), and polycyclic 
aromatic hydrocarbons (PAH) were also analyzed.  In 
addition to chemical constituents, acute and chronic 
toxicity test results were used to determine annual 

Figure 1.  Locations of the four large publicly owned 
treatment works in the SCB.
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average toxicity levels for each facility using the 
most sensitive species tested during each year.
	 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 available, 
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 concentrations below 
the method detection limit (MDL) were assigned a 
value of zero for calculating mass emission estimates.    
Constituent concentrations detected between the 
MDL and the reporting level (RL), classified as 
detected but not quantified (DNQ) results, were 
included in mass emission and average concentration 
calculations using the estimated values reported by 
each facility.  Estimated DNQ values were included 
in these calculations to generate mass emission 
estimates based on all detected results.  The inclusion 
of DNQ estimates differs from the method used by 
the facilities for permit compliance where DNQ 
values are treated as zero in calculations, as allowed 
by their NPDES permits.
	 The annual discharge volume (V) for each 
facility was calculated from the sum of the monthly 
effluent volumes: 

					         Eq. 1

where Fi was the mean daily flow for the month 
i, Di was the number of days that discharge 
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: 

					         Eq. 2

where Ci was the reported constituent 
concentration for the month i, and u was the 
appropriate unit conversion factor for calculating 
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). 

 
						          Eq. 3

where u was the unit conversion factor 
for reporting the FWC in the appropriate 
concentration units.  

	 This approach for calculating FWC occasionally 
resulted in estimates below the MDL for 
constituents that had one or more non-detected 
results.  In these cases, the FWC was reported as 
calculated.  Constituents that were consistently not 
detected resulted in FWC of zero, and were reported 
as less than the MDL.  When more than one MDL 
was used for a given constituent during the year, 
the greatest MDL was reported.  For summed 
organic constituents (e.g., Total DDT), when each 
individual constituent was consistently less than its 
respective MDL, the total was reported as less than 
the highest component MDL.  Where no MDL was 
available, the reporting level (RL) was substituted 
for the MDL.

	 Historical trends in large POTW mass emissions 
were analyzed by comparing the current results to 
data from previous assessments, which combined 
have compiled a continuous annual record of large 
POTW discharges to the SCB since 1971 (SCCWRP 
1973, Steinberger and Stein 2004, Lyon et al. 
2006).  The historical analysis focused on four 
annual periods: 1971, 1989, 2005, and 2009.  1971 
was the first year regional effluent discharge data 
were compiled and represents the condition prior 
to implementation of the federal Clean Water Act 
(CWA).  1989 represents the temporal midpoint 
of the dataset and was the period of peak effluent 
discharge volume.  2005 and 2009 were selected 
to assess the beginning and end of the current 
assessment period.  
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Results

Recent Discharges 2005 to 2009
	 Combined daily effluent flow rate from the large 
POTWs was highest in 2005 at 1,083 mgd (4.1 L 
x 109 per day) and decreased in each subsequent 
year (Table 1).  By 2009, the combined effluent 
flow rate had dropped 21% to 857 mgd (3.2 L x 109 
per day).  Over the 5-year period, HTP and JWPCP 
each contributed a mean of 31% of the combined 
flow, while OCSD and PLWTP contributed means 
of 21% and 17%, respectively.  By 2009, there 
was a slight shift in the relative flow contributions 
due to increasing diversion of OCSD effluent for 
reclamation, resulting in reduced discharge by OCSD 
to a level approaching the same flow contribution 
of PLWTP.  
	 Secondary treatment capacity as a percentage 
of total effluent discharge remained relatively stable 
at around 76% from 2005 to 2009, the same overall 
level as in the previous assessment of discharges 
for 2003 to 2004 (Lyon et al. 2006).  HTP and 
JWPCP continued to provide secondary treatment to 
100% of effluent discharged throughout the current 
assessment period.  PLWTP treated all effluent with 
advanced primary treatment in compliance with a 
waiver of the CWA secondary treatment requirement.  
OCSD discharged a blend of advanced primary 
and secondary treated effluent.  Although OCSD’s 
secondary treatment capacity has been increasing in 
recent years, the percent of effluent flow receiving 

secondary treatment actually decreased during the 
current period, from a high of 71% to 65% in 2009.  
This relative reduction occurred due to diversion 
of increasing volumes of highly treated effluent 
for recycling by the Orange County Water District 
(OCWD), resulting in discharge of an increased 
proportion of advanced primary treated effluent, 
in excess of OCSD’s current secondary treatment 
capacity.  Construction of additional secondary 
treatment capacity is scheduled for completion by 
the end of 2012, and is expected to allow 100% 
secondary treatment of OCSD effluent. 
	 Decreasing average daily flow rates resulted 
in annual combined volumes peaking at 1,497 L x 
109 in 2005 and declining to 1,184 L x 109 in 2009 
(Table 2; Figure 2).  Following this recent trend in 
discharge volume, total mass emissions of many 
constituents also declined over the 5-year period.  
Suspended solids decreased from 39,000 mt in 2005 
to 25,000 mt in 2009 (Table 2).  BOD also decreased, 
from 53,000 mt in 2005 to 39,000 mt in 2009.  Oil 
and grease loads were reduced from over 6,000 mt 
in 2005 to under 4,000 mt in 2009.  Ammonia-N 
loads decreased slightly from 47,000 mt in 2005 and 
2006 to 44,000 mt in 2009.  Most metals loads also 
decreased over the 5-year period, including copper 
(25 mt to 17 mt), nickel (20 mt to 9 mt), and lead 
(537 kg to 163 kg).  The total zinc load peaked in 
2006 at 39 mt and then declined to 26 mt in 2009.  
Mercury was the only metal with a greater discharged 
load estimate in 2009 (12 kg) than in 2005 (11 kg).  

Table 1.  Annual average daily effluent flow rates from the four largest POTWs to the SCB in million gallons per day 
(mgd), with the percent of effluent receiving secondary treatment shown in italics.
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The other constituents with increased loads in 2009 
were nutrients (nitrate-N, nitrite-N, ortho-phosphate, 
and phosphorus).  Nitrate-N and nitrite-N loads 
fluctuated, with 2009 estimates of 62 mt and 69 mt, 
respectively.  Phosphorus and ortho-phosphate loads 
were 1,432 mt and 824 mt, respectively, in 2009. 
	 Individual facility contributions to combined 
mass emissions varied over time and by constituent.  
Discharged effluent volume decreased each year from 
all facilities with one exception (PLWTP from 2007 
to 2008).  The greatest change in effluent volume 
occurred at OCSD where volume decreased by 37% 
over 5 years, from 339 L x 109 in 2005 to 213 L x 

109 in 2009 (Appendix I; Figure 2).  Reductions 
in effluent volumes by the other facilities ranged 
from 13% (JWPCP) to 19% (HTP).  HTP and 
JWPCP, each contributing on average 31% of the 
total effluent volume, discharged proportionately 
low contributions of conventional contaminants, 
such as solids, BOD, and oil/grease (Figure 3).  
OCSD and PLWTP accounted for the majority of 
the solids, BOD, and oil/grease loads.  OCSD also 
contributed disproportionately (i.e., greater than its 
21% mean volume contribution) to loads of most 
metal constituents throughout the assessment period.  
JWPCP discharged the greatest proportion of cyanide 

Table 2.  Estimated annual mass emissions from the four largest POTWs to the SCB from 2005 to 2009.  nd = not 
detected.  “--” = data were not available.
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loads in all years. HTP accounted for the majority 
of detected PAH constituent loads in most years.  
Ammonia-N loads from all facilities were generally 
proportional to the facility volume contributions.  
	 Although total mass emissions of most 
constituents were lower in 2009 than 2005, 
changes in combined flow-weighted concentrations 
were mixed.  Of the constituents analyzed and 
consistently detected by all facilities, combined 
flow-weighted concentrations of suspended solids, 
BOD, copper, and nickel decreased from 2005 
to 2009 (Table 3).  However, settleable solids, 
ammonia-N, arsenic, chromium, selenium, and 
zinc concentrations increased.  Mass emissions 

of each of these constituents decreased during the 
assessment period, indicating that the observed load 
reductions were influenced more by reduced effluent 
flow than by effluent quality.  Both turbidity and 
suspended solids concentrations decreased in all 
facilities’ effluent from 2005 to 2009 (Appendix II).  
Ammonia-N was the only constituent that increased 
in flow-weighted concentration from each facility 
during the 5-year period.  Changes in all other 
constituent concentrations were inconsistent among 
the facilities.  Average flow-weighted concentrations 
of conventional contaminants, including turbidity, 
suspended solids, BOD, and oil/grease generally 
varied along the treatment level gradient, with 

Figure 3.  Relative contribution of large POTW mass 
emissions for selected constituents in 2009.

Table 3.  Annual flow-weighted concentrations from the combined discharge of the four largest POTWs to the SCB 
from 2005 to 2009.

Figure 2.  Effluent volumes from large POTWs to the 
SCB between 1971 and 2009.
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the lowest values measured in HTP and JWPCP 
secondary treated effluent, and higher concentrations 
detected in OCSD blended and PLWTP advanced 
primary treated effluent.  However, ammonia-N 
concentrations were consistently higher in HTP 
and JWPCP effluent and have been increasing at 
all facilities.  
	 Average acute toxicity results for a marine 
vertebrate test species, the topsmelt Atherinops 
affinis, ranged from 1.68 TUa (JWPCP in 2009) 
to 2.85 TUa (OCSD in 2005), while results for a 
marine invertebrate, the mysid Mysidopsis bahia, 
ranged from 1.31 TUa (PLWTP in 2007) to 3.15 TUa 
(PLWTP in 2005 and 2006; Appendix II).  Chronic 

toxicity was tested using four marine species, 
including one vertebrate (topsmelt A. affinis), two 
invertebrates (red abalone Haliotis rufescens and 
purple sea urchin Strongylocentrotus purpuratus), 
and one alga (giant kelp Macrocystis pyrifera).  
Direct comparison of toxicity results is difficult due 
to differences in test species between facilities and 
years, and differences in dilutions between facilities, 
however average toxicity results were generally low 
and all were well within permit limits. 

Long-Term Trends 1971 to 2009
	 Large POTWs discharged a combined volume of 
1,288 L x 109 in 1971 (Table 4).  Volume increased 

Table 4.  Comparison of mass emissions from the four largest POTWs to the SCB in 2005 and 2009 to two historical 
time periods: 1971 (pre-CWA) and 1989 (peak volume).  nd = not detected.  “+” = increased from previously not 
detected.  “--” = data were not available.
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to a peak of 1,658 L x 109 in 1989 (Figure 2).  Since 
1989, volume fluctuated with smaller peaks occurring 
during the El Niño years of 1998 and 2005, followed 
by a steady decline through 2009.  The 1,184 L x 
109 effluent volume in 2009 was the lowest total 
volume discharged since regional assessments began 
in 1971.  HTP and JWPCP effluent volumes have 
also decreased to historic lows (Figure 2).  Although 
volumes from OCSD and PLWTP have decreased in 
recent years, they still remain above 1971 levels, due 
largely to rapid population growth in the counties 
served by those facilities since the 1970s (US Census 
Bureau 1995, 2009, 2011).  
	 Mass emissions of all constituents for which data 
were available in both 1971 and 2009 have decreased 
over the period, several to historically low levels.  
The 2009 effluent loads of suspended solids, BOD, 
oil/grease, organic-N, cadmium, copper, lead, nickel, 
silver, and zinc were the lowest recorded values for 
those constituents over the 39-year period.  While 
volume has decreased by 8% since 1971, mass 
emissions of most constituents have been reduced 
by 80-100% (Table 4).  The minimum percent load 
reduction was 18% for ammonia-N, from 54,000 
mt in 1971 to 44,000 mt in 2009.  Between 1989 
and 2009, large POTW effluent volume decreased 
29% from the historic peak.  Mass emissions of all 
constituents continued to decrease during this period, 
with the exception of nonchlorinated phenols, which 
increased from an estimated load of 8 mt in 1989 to 
15 mt in 2009.  Again the minimum load reduction 
occurred with ammonia-N, which decreased only 3% 
from the level discharged in 1989.  
	 Overall reductions in contaminant loads since the 
first regional assessment in 1971 have been dramatic.  
In 1971, large POTWs discharged a total of 295 
mt x 103 of suspended solids to the SCB (Table 4, 
Figure 4).  Even as volume increased through 1989, 
the discharged mass of suspended solids decreased 
72% to 83,000 mt.  By 2005, the suspended solids 
load was again reduced by more than half to 39,000 
mt.  The discharged load was further reduced by 35% 
over the most recent period to 25,000 mt in 2009.  
BOD, oil/grease, and several metals exhibited similar 
patterns of decreasing mass emissions in each period 
since 1971.  The total load of copper, for example, 
decreased 87% from 1971 to 1989, then 62% from 
1989 to 2005, and finally 33% from 2005 to 2009.  
Ultimately copper mass emissions were reduced from 
535 mt to 17 mt between 1971 and 2009 (Figure 4).    

Discussion

	 The 39-year continuous record of regional 
large POTW effluent discharge data documents 
a remarkable improvement in effluent quality in 
response to regulatory and management actions and 
investment.  Overall large POTWs have done an 
impressive job of reducing contaminant loads from 
a growing population during the CWA era.  Despite 
62% population growth in the three counties served 
by the large POTWs over the past four decades (The 
combined population of Los Angeles, Orange, and 
San Diego counties was 9.8 million in 1970 and 
15.9 million in 2010), large POTW effluent volume 
decreased by 2009 to the lowest level recorded since 
assessments began in 1971.  More significant than 
the reduction in volume, mass emissions of many 
contaminants have also decreased to historically low 
levels, including suspended solids, BOD, oil/grease, 
organic-N, cadmium, copper, lead, nickel, silver, and 
zinc.  Additionally, the organic contaminants total 
DDT, total PCB, and total PAH, were not detected in 
large POTW effluent in 2009.

Figure 4.  Mass emissions from combined large POTW 
effluent to the SCB between 1971 and 2009.
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	 The factors responsible for the reductions in 
mass emissions observed since 1971 have changed 
over time.  These factors include reductions in 
effluent flow, improvements in wastewater treatment 
technologies and processes, source control programs, 
including pre-treatment of industrial wastewater and 
pollution prevention.  The greatest mass reductions 
of conventional pollutants (e.g. solids, BOD, oil/
grease) and metals loads occurred in the period from 
1971 to 1989 (Steinberger and Schiff 2003).  This 
was a period of generally increasing effluent flow; 
therefore decreases in contaminant loading were 
primarily influenced by treatment and source control.  
Improved treatment processes, including advanced 
primary treatment, cessation of sludge discharge, and 
the beginning of secondary treatment by JWPCP, 
resulted in dramatic reductions in combined large 
POTW mass emissions of conventional pollutants 
and metals (Steinberger and Schiff 2003).  Loads 
of the organic pollutants, total DDT and total PCB, 
were virtually eliminated during the 1971 to 1989 
period, due primarily to source control rather than 
improvements in wastewater treatment.  
	 The period from 1989 to 2005 was primarily 
influenced by improvements in treatment processes 
and continuing source control at the same time that 
water conservation and recycling began to slow 
and reverse the general trend of increasing effluent 
volume.  This period included significant increases in 
secondary treatment capacity to the current level of 
76% of total effluent volume.  Both HTP and JWPCP 
implemented 100% secondary treatment, while 
OCSD also began providing secondary treatment 
to a portion of its effluent.  Increases in secondary 
treatment capacity over this period resulted in 
rapid reductions of conventional and metals loads 
(Steinberger and Schiff 2003, Steinberger and Stein 
2004, Lyon and Stein 2006).  
	 The most recent period from 2005 to 2009 
included more modest reductions in most 
contaminant loads, including conventional pollutants 
and most metals.  This period was characterized 
by a stable level of secondary treatment (at 76% of 
total volume) and a steady reduction in flow volume.  
There were no major improvements to treatment 
level during this period, therefore decreased mass 
emissions resulted primarily from reduced effluent 
flow and continued refinement of existing treatment 
processes.  As constituent concentration trends were 
variable, the observed decreases in most constituent 

mass emissions were dominated by the overall 
reduction in effluent flow.  
	 Three factors influenced the recent effluent flow 
reductions: infiltration from heavy rainfall at the 
beginning of the period, ongoing water conservation 
efforts, and increased diversion of effluent for 
recycling.  Volume peaked in 2005 due to record 
rainfall in the early part of the year (National Weather 
Service 2005).  Infiltration of surface runoff into the 
sanitary sewer system caused by the heavy rainfall 
resulted in increased volume through the POTWs.  
The record rainfall in 2005 was then followed in 
subsequent years by lower rainfall totals and a return 
to normal influent flows to the POTWs.  Additionally, 
efforts to reduce water consumption such as low-flow 
plumbing fixtures and landscape watering restrictions 
have continued to reduce influent flows.  Finally, 
recycling of treated effluent for beneficial reuse has 
reduced effluent volume from the large POTWs.  The 
most significant recent increase in recycling occurred 
from 2007 to 2009 when OCSD began diverting up 
to 79 mgd (0.3 L x 109 per day) of treated wastewater 
to OCWD for a major groundwater replenishment 
project (OCSD 2011).  The effluent flow reduction 
contributed to a 37% decrease in OCSD effluent 
volume from 2005 to 2009, while decreases from 
the other facilities ranged from 13 to 19% over the 
same period.  
	 Continued contaminant load reductions due 
to improved treatment are likely to continue in 
the near future.  Secondary treatment capacity is 
still increasing as OCSD completes construction 
projects designed to treat 100% of effluent at the 
secondary level by the end of 2012 (OCSD 2011).  
The additional secondary treatment capacity expected 
at OCSD provides the potential for continued 
improvements in total mass emissions as secondary 
capacity reaches a peak volume in the coming 
years.  Although PLWTP does not employ secondary 
treatment, it has achieved significant constituent 
concentration and load reductions with its advanced 
primary treatment processes.  For example, both 
concentrations and loads of suspended solids, BOD, 
oil/grease, arsenic, copper, nickel, and zinc decreased 
in PLWTP effluent in each of the time periods 
examined (1971-2009, 1989-2009, and 2005-2009).  
From 1971 to 2009, PLWTP mass emissions of 
suspended solids and oil/grease decreased by 54 and 
61%, respectively.  Metals loads were reduced even 
further, with copper, nickel, and zinc mass emissions 
each decreasing between 77 and 80% since 1971.
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	 Nutrients generally showed greater variability in 
load reductions over time than the other classes of 
constituents.  All monitored nutrient load estimates 
decreased since 1971, however mass emissions of 
several nutrient constituents increased during the 
current 5-year period, including nitrate-N, nitrite-N, 
ortho-phosphate, and phosphorus.  Ammonia-N 
loads have decreased overall but to a lesser degree 
than most other constituents.  The recent increase in 
ammonia-N concentrations in large POTW effluent 
have been offset by the reduction in effluent volume, 
resulting in a relatively minor change in ammonia-N 
emissions.  Increased ammonia-N concentrations 
were also found in effluent from small POTWs, 
resulting in a net increase in ammonia-N mass 
emissions from those facilities between 1971 and 
2005 (Lyon and Stein 2008).  
	 Toxicity levels have generally been low from 
all facilities during the assessment period.  Test 
organisms varied by facility and from year-to-year, 
making direct comparisons difficult, but all annual 
flow-weighted average measurements of acute and 
chronic toxicity were below permit limits (CLA 2010, 
CSD 2010, LACSD 2010, OCSD 2011).  Further, 
most of the individual toxicity tests resulted in the 
minimum possible values based on the necessary 
test dilutions, indicating a very low level of potential 
toxicity in the receiving environment.  Additionally, 
ecosystem response to reduced contaminant inputs 
using several different measures, including sediment 
chemistry, benthic community indices, and organism 
tissue contamination, have been documented and 
indicate that the effluent load reductions observed in 
recent decades have had a measureable effect on the 
receiving environment (Stein and Cadien 2009).  
	 Following the significant reductions in effluent 
volume and contaminant mass emissions from large 
POTWs, it is likely that large POTW discharges 
of some pollutants are now equaled or exceeded 
by non-point source runoff loads.  Previously 
modeled estimates generated by Ackerman and 
Schiff (2003) based on 30-year average rainfall 
indicate that regional stormwater runoff loads of 
suspended solids, nitrate-N, cadmium, chromium, 
copper, lead, mercury, zinc, and total DDT exceed 
the levels discharged by large POTWs in 2009.  
Updated and more comprehensive regional runoff 
loading estimates are needed to assess the relative 
contributions of point source and non-point source 
pollutant loading.  SCCWRP and the southern 
California Stormwater Monitoring Coalition (SMC) 

have initiated an effort to calculate regional runoff 
mass emissions from stormwater and dry-weather 
terrestrial runoff based on SMC agencies’ routine 
monitoring data collected in major watersheds 
throughout the SCB region.  The first regional 
assessment of stormwater loading based on this effort 
is expected to be completed in 2012.      
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