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Abstract: Historically, Southern California’s four largest publicly owned treatment works (POTWs)
were major sources of contaminants in the Southern California Bight (SCB), home to over 22 million
residents and diverse marine life. This study conducted a fifty-year review (1971–2020) to assess
these facilities’ performance in protecting human and aquatic life. We analyzed effluent discharge
flow, total annual mass emissions into SCB, and the rate of change of mass emissions in five ten-year
timeframes. Results show a significant decrease in contaminant concentrations (43% to 99%) from
1971 to 2020, with most reaching historically low levels. Despite a growing population, effluent
volume decreased by 23%, reflecting successful local water conservation and recycling efforts. Some
constituents experienced temporary increases that later decreased. Overall, the decline in mass
emissions for all constituents over fifty years highlights the POTWs’ efforts to treat effluent and
reduce their impact on the SCB’s ecosystem.

Keywords: water quality; mass emissions; Southern California Bight; publicly owned treatment
works; effluent discharge

1. Introduction

The Southern California Bight (SCB) is a crucial and indispensable area of study, as
it not only serves as a significant recreational and economic resource for over 22 million
coastal residents but also plays a vital role in the health and well-being of its diverse
marine wildlife, housing over 481 marine fish species, 195 bird species, 7 pinniped species,
and a rich variety of marine mammals [1]. With its vast expanse covering approximately
94,000 km2 of open ocean and spanning approximately 685 km of coastline from the Point of
Conception in Santa Barbara, CA to Punta Colonet in Baja California, Mexico, the SCB offers
an extraordinary opportunity to understand and protect the intricate interplay between
human society and the marine ecosystem, making it an imperative and invaluable location
for conservation and environmental research.

Twenty-three publicly owned treatment works (POTWs) receive and treat the domestic,
commercial, and industrial wastewater generated by 5600 square miles of watersheds across
coastal Southern California to remove high concentrations of constituents before releasing
the effluent discharge into SCB [2]. The four largest POTWs that discharge over 100 million
gallons per day (MGD) each and account for 86% of the total POTW effluent volume
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 Plant,
and the City of San Diego’s Point Loma Wastewater Treatment Plant (PLWTP) [3]. The
combined effluent of the four largest POTWs has historically been the most significant
point source of contaminants to the SCB since regional assessments began in 1971 [4–6].
In 1972, the Clean Water Act established the National Pollutant Discharge Elimination
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(NPDES) program, which requires dischargers (such as POTWs) to obtain an NPDES
permit that sets limits on the pollutant concentrations of the effluent before it can be
discharged through a point source into a water of the United States [7,8]. NPDES permits
require dischargers to submit annual monitoring discharge reports to the state regulatory
agency responsible for overseeing the implementation of the NPDES program [9]. These
annual monitoring discharge reports can estimate the mass emissions from a source if
concentration and effluent flow data are available. Environmental resource managers can
use mass emission estimates for various analyses, such as assessing the pollutant loading
to the SCB, comparing the relative impacts from a particular source to other sources,
evaluating the effects of management actions, and identifying trends in pollutant loading
over time [6].

Since 1971, the Southern California Coastal Water Research Project (SCCWRP), a
public agency researching aquatic systems and water quality in Southern California, has
been documenting POTW effluent monitoring data to assess the trends of contaminant
discharges from multiple sources in the SCB. In 2011, SCCWRP summarized a short-
term and long-term analysis of changes in the effluent discharge from the four largest
POTWs of the SCB from 2005 to 2009 and from 1971 and 2009, respectively [10]. The
short-term analysis of this report concluded that the POTW effluent discharge exhibited
decreased mass emissions and effluent volume from 2005 to 2009, with several constituents
experiencing historical lows, such as suspended solids, biological organic demand (BOD),
oil/grease, and several metals. While the short-term analysis displayed an overall decrease
in constituent loads, the average concentrations of constituents were variable, with several,
such as ammonia-N, chromium, and zinc concentrations increasing from 2005 to 2009. The
long-term analysis of this report concluded that the POTW effluent discharge recorded
in 2009 exhibited the lowest annual effluent volume since regional assessments began in
1971. The recorded mass emissions of several constituents significantly decreased from
1971 to 2009, with suspended solids and copper emissions experiencing a 92% and 97%
decrease, respectively. Overall, the report displayed a decrease in the constituent loading
and effluent volume from the four POTWs on both a short- and long-term basis.

Providing a long-term historical evaluation of the contamination records for the
four largest POTWs is important for several compelling reasons. Firstly, the County Sanita-
tion District of Los Angeles, Joint Water Pollution Control Plant in Carson, California stands
as a unique wastewater treatment facility in the nation, receiving refinery wastewater dis-
charge [11]. In addition, Los Angeles County’s marine discharge of municipal wastewater
from the Joint Water Pollution Control Plant (JWPCP) significantly contributes to introduc-
ing trace metals into the marine ecosystem off Southern California, as demonstrated by
Young in 1979 [12]. Recent studies, such as the work by Vidal-Dorsch et al. in 2012 [13],
have also uncovered the presence of twenty of the fifty-six emerging contaminants from
their study in the effluent of these POTWs, highlighting the dynamic nature of the pollution
landscape. A former study by Bandy et al. in 1965 [14] on foraminiferal trends at the Hyper-
ion Treatment Plant outfall provides valuable historical insights into the changes in aquatic
life over time in response to contamination. Similarly, research such as that conducted by
Zeng et al. in 1997 [15] on the Point Loma Wastewater Treatment Plant’s impact on organic
pollutants underscores the enduring relevance of evaluating long-term historical records
to track environmental changes. There have been significant strides to improve both the
odor and contamination concentrations at Hyperion [16–18], Joint Water Pollution Control
Plant [19], and Orange County Sanitation [20,21]. Given the persistent environmental
impact, conducting a thorough and extended historical assessment is imperative to gauge
the evolving trends and impacts of such contamination over time.

The objectives of this work are to (1) study and analyze how long-term mass emissions
of twenty-six constituents of the combined four largest POTWs into the SCB changed
from 1971 to 2020 and (2) to gain insights into the future direction needed for regulating
contamination to protect human and aquatic life. The constituent mass emissions were
calculated using the flow and chemistry data from the effluent discharge of the four large
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POTWs and summed together to create a dataset representing the combined mass emissions
from the four large POTWs. The trends of the estimated mass emissions were analyzed
using two methods: the percentage change in mass emissions between specific years
and graphs of the measured rates of change for constituent mass emissions between set
timeframes. This long-term analysis will demonstrate how the mass emissions of each
constituent have changed during the fifty-year time period and the rate at which the change
has occurred. Overall, this study aims to continue the SCCWRP’s efforts to characterize
the effluent discharge of the four largest POTWs to the SCB by assessing how the mass
emissions of the constituents change over time.

2. Materials and Methods

The four largest POTWs in the Southern California Bight are the Hyperion Water
Reclamation Plant (Playa Del Rey, CA, USA), Joint Water Pollution Plant (Carson, CA,
USA), Orange County Sanitation District Plant 2 (Huntington Beach, CA, USA), and Point
Loma Water Treatment Plant (San Diego, CA, USA) in Figure 1. We estimated the mass
emissions using the effluent flow and chemistry data obtained from each facility’s monitor-
ing discharge reports. These reports were compiled from the SCCWRP’s data portal [22]
and the California Integrated Water Quality System Project (CIWQS [23]). These datasets
provided effluent flow and chemistry concentrations from the final effluent discharge from
each POTW. The mass emissions data from OCSD comprised of concentration and flow
data from Plant No. 2; we omitted Plant No. 1 because monthly flow data were unavailable.
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Figure 1. The study area spans the Southern California Bight (Santa Barbara, CA, USA to Baja, CA,
USA) and consists of the four largest publicly owned treatment works facilities.

This study focuses on twenty-six constituents that are known to influence human
health and aquatic life: general constituents (volume, settleable solids, suspended solids,
oil/grease, nutrients, biochemical oxygen demand (BOD), and cyanide), selected metals,
total dichloro-diphenyl-trichloroethane (DDT), total polycyclic aromatic hydrocarbons
(PAH), and total polychlorinated biphenyls (PCB). Constituent concentrations measured
below the minimum detection limit (MDL) are zero when calculating mass emissions.
Mass emissions calculations included concentration results that fell under the reporting
level—these were labeled detected, not quantified (DNQ), and assigned a concentration
value of zero.

Equation (1) presents the equation used to determine the annual discharge volume
from all POTWs:

V = ∑12
i=1 uQiDi (1)
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where u is the appropriate unit conversion to calculate the volume in liters (L), Qi is the
average daily flow for month i, and Di is the number of days during month i. We averaged
the daily flows of the previous and subsequent days to estimate the flow value when
recordings of daily flow were unavailable.

This study assumed that the average daily flow recorded on the first day of each
month was the representative average daily flow of each day within the given month for
years when the average daily flow was sampled on the first day of each month. When
the POTW did not report the flow for any given month, we estimated the missing month
using the average of the flows from the previous and subsequent months. Any averaging
of flows was rare and consisted of less than 1% of the entire dataset.

Equation (2) estimates the annual mass emissions (MEs) of a constituent from all POTWs:

MEs = ∑12
i=1 uCi Qi Di (2)

where u is the appropriate unit conversion to calculate the MEs in kilograms (kg), liters (L),
or metric tons (mt), Ci is the reported constituent concentration for day i, Qi is the average
effluent discharge for day i, and Di is the number of days in month i. The concentration
data for each constituent were standardized to monthly time steps to estimate an expected
average concentration value for each month. The monthly concentration was calculated for
months with no recorded concentration data by taking the arithmetic mean of the average
concentrations from months with recorded values in the same year. For constituents with
more than one recorded concentration value within the same month, the arithmetic mean
of all results was used to estimate the average concentration value of the given month. The
annual mass emissions of all POTWs for all constituents were summed together and are
reported in the Results section.

The slope of the regression line (Equation (3)) quantifies the rate of change between
the calculated annual combined mass emissions and the years within each timeframe (see
Table 1 below):

Slope =
n (∑n

i = 1 xiyi ) − (∑n
i = 1 xi)(∑n

i = 1 yi )

n
(
∑n

i = 1 x 2
i
)
− (∑n

i = 1 xi ) 2
(3)

where n is the number of years within the timeframe, xi is the recorded mass emissions
value for the ith year in the timeframe, and yi is the year value for the ith year in the
timeframe. This slope value represents the rate of change of mass emissions (MEs) per
timeframe. We chose the timeframes provided in Table 1 to evaluate the rate of change of
mass emissions over the fifty years (1971–2020).

Table 1. Established durations of timeframes for long-term analysis of mass emissions for constituents.

Timeframe Duration

1 1971–1980
2 1981–1990
3 1991–2000
4 2001–2010
5 2011–2020

Each timeframe spans ten years to capture how a constituent changed during each
decade considered in this study. Years with no data were omitted in the slope calculation,
as the amount of recorded mass emissions and the number of years must be equal. Overall,
the slope analysis provides a decadal approach to characterize how mass emissions change
within the entire period of study.
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3. Results
3.1. Comparison and Percent Change of Annual Mass Emissions between Significant Years

The analysis included mass emissions data for 1971 and 1989 to maintain consistency
with the SCCWRP’s previously published reports that discuss the changes in effluent
discharge from the four largest POTWs [6,10]. The first year treatment facilities compiled
regional effluent discharge data and represented water quality conditions was 1971, before
implementation of the 1972 Clean Water Act [3]. The peak volume occurred in 1989,
representing a close midpoint from the beginning of the assessment to the end of the
century. The years 2000, 2010, and 2020 represent the study’s thirtieth, fortieth, and fiftieth
years, respectively. Table 2 compares the combined annual mass emissions and percentage
change between the selected years from the four largest POTWs.

Table 2. Estimated annual mass emissions from the four largest POTWs to the SCB from 1971 to 2020.
“--” = data were not available. “†” = value was calculated where one or more POTWs’ datasets were
missing from the cumulative value for the specified year.

Constituent Annual Mass Emissions Percent Change

1971 1989 2000 2010 2020 1971–1989 1989–2000 2000–2010 2010–2020 1971–2020

Ammonia-N (mt) 53,527 † 45,268 35,872 † 41,814 15,063 † −15% −21% 17% −64% −72%
Arsenic (kg) 7327 † 7397 3382 2660 108 † 1% −54% −21% −95.9% −98.6%

BOD (mt) 255,855 † 161,585 97,755 39,250 40,740 −37% −40% −60% 4% −84%
Cadmium (kg) 51,566 1720 27 39 † 70 † −97% −98% 42% 80% −99.9%
Chromium (kg) 653,119 22,139 4117 1169 † 1293 −97% −81% −72% 11% −99.8%

Copper (kg) 455,037 67,226 49,053 15,726 9918 −85% −27% −68% −37% −97.8%
Cyanide (kg) 191,837 11,536 7189 3639 † 1530 † −94% −38% −49% −58% −99.2%

Lead (kg) 236,600 26,986 637 271 309 −89% −98% −57% 14% −99.9%
Mercury (kg) 2211 391 21 12 4 † −82% −95% −43% −70% −99.8%
Nickel (kg) 310,024 53,516 30,776 10,008 8715 −83% −42% −67% −13% −97.2%

Nitrate-N (mt) 309 † 338 † 245 † 14 † 126 † 9.5% −27% −94% 798% −59%
Nitrite-N (mt) 159 † 78 † 435 † 52 † -- −51% 457% −88% -- --

Oil/grease (mt) 56,837 22,323 12,458 † 4150 4338 † −61% −44% −67% 5% −92.4%
Organic N (mt) 17,236 † 7179 † 4525 † -- 9808 † −58% −37% -- -- −43%

ortho-
Phosphate (mt) -- -- -- 900 † 1415 † -- -- -- 58% --

Phosphate-P (mt) -- -- 1363 † -- -- -- -- -- -- --
Phosphorus (mt) 8803 † 6988 † 1362 † 1433 † 295 † −21% −81% 5% −79% −96.6%

Selenium (kg) 8492 † 7423 7839 5143 3260 −13% 6% −34% −37% −62%
Settleable Solids

(L × 103) -- -- 267,247
† 169,107 74,465 † -- -- −37% −56% --

Silver (kg) 14,209 † 10,265 4092 227 136 † −28% −60% −94% −40% −99.0%
Suspended
Solids (mt) 217,121 † 66,757 † 38,583 † 20,148 † 20,476 −69% −42% −48% 2% −90.6%

Total DDT (kg) 65 † -- -- -- 0 † -- -- -- -- −100%
Total PAH (kg) -- -- 92 † -- 656 † -- -- -- -- --
Total PCB (kg) 8735 † 0 0 -- 222 † -- -- -- -- −97.5%

Volume (L × 109) 1282 1658 1490 1178 983 29% −10% −21% −17% −23%

Zinc (kg) 1,416,479
† 84,155 † 31,865 † 9819 † -- −94% −62% −69% -- --

Upon data retrieval, we found complete datasets were unavailable from each POTW.
Table 2 denotes the annual mass emission estimates not calculated with data from all
four POTWs (†). Some POTWs had no data for certain constituents from the fifty years
considered in this study. For instance, HTP was missing fifty years of data for ortho-
phosphate and zinc. JWPCP was missing fifty years of data for ortho-phosphate. OCSD
was missing fifty years of data for nitrate, nitrite, organic N, ortho-phosphate, phosphate-P,
and zinc. PLWTP had some data for all constituents.

Twenty out of twenty-six constituents had enough data for a five-decadal comparison
(Table 2). From 1971 to 2020, only six constituents did not achieve a 90–100% reduction by
2020. The six constituents with less than 90% reduction were ammonia (72%), BOD (84%),
nitrate-N (59%), organic N (43%), selenium (62%), and effluent water volume (23%).

Constituents that experienced the highest decrease (80–100%) in mass emissions from
1971 to 1989 include the metals chromium, zinc, cyanide, copper, and nickel. Mercury, lead,
phosphorus, and cadmium experienced the highest decrease (80–100%) from 1989–2000.
Silver, nitrate, and nitrite experienced the highest decline (80–100%) from 2000–2010. Ar-
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senic and total PAH and PCB experienced the most significant decrease (80–90%) from 2012
to 2020.

Within specific decadal periods, some constituents experienced drastic increases. For
instance, nitrite increased by 457% between 1989 and 2000, while nitrate increased by
798% between 2010 and 2020. Cadmium (80%) and organic N (57%) moderately increased
between 2000 and 2010. Constituents that slightly increased included ammonia (17%) and
phosphorus (5%) from 2000 to 2010, selenium (6%) between 1989 and 2000, and nitrate (9%)
and arsenic (1%) between 1971 and 1989.

Large POTWs discharged a combined effluent discharge volume of 1282 × 109 L in
1971 and peaked in 1989 at 1658 × 109 L, increasing by 29%. From 1989 to 2020, the volume
steadily decreased to 983 × 109 L, decreasing by 41%. Therefore, the combined POTW
effluent volume reached a historic low in 2020.

3.2. Slope Analysis of Annual Mass Emissions by Timeframe

In this second analysis, we plotted the slope of the linear regression line (rate of change)
of the combined annual mass emissions by the timeframes specified in Table 1. Figures 2–4
are individual bar graphs for each of the twenty-six constituents in subcategories to sum-
marize the rate of change of each constituent between 1971 and 2020. The slope values
represent the rate of change of mass emission values within a decade, which can be positive
or negative. A negative rate of change indicates that the annual mass emissions are decreas-
ing over time. Any positive rates of change indicate increasing annual mass emissions over
time, which can be concerning, particularly if found in recent timeframes.
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Figure 2. Slope values of organic constituents and suspended solids for the five decadal time frames:
(1) 1971–1980, (2) 1981–1990, (3) 1991–2000, (4) 2001–2010, and (5) 2011–2020.

Most constituents displayed a negative rate of change over the study’s duration
(Figures 2–4). Constituents with a negative rate of change for the duration of the study
period included cyanide, cadmium, chromium, lead, mercury, nickel, and zinc. These
overall negative rates of change indicate that the constituents’ annual mass emissions have
decreased for the entire fifty-year timeframe. The following constituents experienced a
significantly large negative rate of change in the first timeframe and consecutive negative
rates of change for the other timeframes: zinc, chromium, and cyanide. These significant
negative rates of change indicate that the constituents’ annual mass emissions have de-
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creased for the entire fifty-year timeframe, with the most significant decrease occurring
between 1971 and 1980.
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Ammonia-N showed a considerably large negative rate of change in the fifth timeframe
(Figure 2), which indicates that from 2011 to 2020, there was a significant decrease in annual
mass emissions.

In general, metals were the only group to follow a similar negative rate of change
in mass emissions per each timeframe. Most metals generally decreased over the study
duration, with the largest decrease for cadmium, chromium, copper, lead, mercury, nickel,
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and zinc occurring from 1971 to 1990; arsenic experienced the most drastic reduction from
2011 to 2020, as displayed in Figure 3. Some metals showed an insignificant increase
in timeframe 5, which included copper and nickel. Selenium was the only metal that
experienced a small but significant increase in timeframe 5. While most metals decreased
over the study duration, the non-metal constituents did not follow the same trends in
reduced mass emissions per timeframe.

Constituents that experienced a significant increase or spike in the rate of change in
timeframes 1 to 4 but then displayed a negative rate of change in timeframe 5 include nitrate
(significant increase in timeframe 2) and silver (considerable increase in timeframe 1), as
shown in Figures 2 and 3, respectively. This trend indicates that the constituents’ annual
mass emissions returned to a decreasing rate of change, though there was an increasing
rate of change in previous years.

Constituents that showed a positive rate of change in timeframe 5 (increase in annual
mass emissions from 2010 to 2020) included BOD, nitrite-N, oil/grease, organic N, ortho-
phosphate, suspended solids, copper, nickel, selenium, settleable solids, total PAH and
total PCB. This trend indicates that the constituents’ annual mass emissions spiked to
a positive rate of change, though there was a negative rate of change in previous years.
After reviewing the dataset explicitly, we found a gap in observations for oil/grease, BOD,
and suspended solids, which experienced a significant decrease from 2013 to 2015 and
then began to increase steadily until 2021. They fell again in 2022; this prompts future
trend analysis.

The effluent discharge volume from the four large POTWs had a positive rate of
change from 1971 to 2000, but subsequently experienced a negative rate of change from
2001 to 2020, indicating a decrease in the effluent volume in the most recent timeframes 4
and 5, as displayed in Figure 4.

4. Discussion

Based on our analysis, the POTWs significantly improved the quality of their effluent
discharge since 1971. While the combined population of Los Angeles, Orange, and San
Diego Counties increased by 65% from an estimated 9.8 million residents in 1970 [10] to
an estimated 16.2 million residents in 2020 [24], the four largest POTWs contributed a
historically low effluent flow volume of 983 × 109 L to the SCB in 2020, decreasing by
23% over the fifty years. Additionally, the mass emissions of most constituents drastically
decreased by 80–100%. Constituents that experienced a moderate decrease (50–80%) and
exhibited historically low values within the timeframe include ammonia, nitrate, and
selenium. Nitrate slightly decreased by 59% from 1971 to 2020. Constituents that reached
historical lows for their mass emissions in 2020 include ammonia, arsenic, copper, cyanide,
mercury, nickel, phosphorous, selenium, settleable solids, silver, and volume. Constituents
that reached historical lows for their mass emissions in 2010 include BOD, chromium, lead,
nitrate, nitrite, oil/grease, suspended solids, and zinc.

Our results partially align with the long-term (1971–2009) trends identified in previous
SCCWRP reports: all constituents decreased throughout the study duration, with most
experiencing historically low values [6,10]. However, our short-term trends for other
nutrients (nitrite, organic N, ortho-phosphate) slightly differ from previous SCCWRP
reports, which found that these nutrients increased over specific decades considered within
the study [6,10]. Our results show that nitrite temporarily increased from 1989 to 2000,
then later decreased from 2000 to 2010. While nitrate and ortho-phosphate exhibited a
decreasing trend between 1971–2020, both exhibited an increasing trend of mass emissions
from 2010 to 2020. Organic N also shows a rising trend from 2000 to 2020 (2010 data was
unavailable for analysis). Limitations in the available data for individual POTWs could
account for these nutrient decreases.

Our slope analysis, which displays the rate of change in annual mass emissions
per timeframe, showed overall negative slope values (negative rates of change) for most
constituents, indicating an overall decrease in annual mass emissions over the study’s
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duration. Most constituents displayed a reduction in annual mass emissions over time
for all timeframes or spiked in earlier timeframes and subsequently decreased in the fifth
timeframe (2011 to 2020). Some constituents also showed a significant increasing trend
in the fifth timeframe, which included ortho-phosphate, nitrite, total PAH, and settleable
solids, indicating a rising trend of the annual mass emissions from 2011 to 2020. Runoff
from fertilizers, which contribute to the influent received by POTWs via the sewer system,
potentially increases ortho-phosphate and nitrite concentrations. Additionally, coal tar-
based parking and coal tar-based sealants containing 20 to 35 percent PAHs potentially
contribute to the increase in total PAH [25]. The increase in settleable solids, however, is not
a cause for alarm. Settleable solids (primary sludge) in wastewater are typically removed
from the bottom of tanks by sludge rakes, which scrape the sludge to a central well and then
pump it to sludge processing units [26]. Although the recent increases in ortho-phosphate,
nitrite, and total PAH during the fifth timeframe in annual mass emissions may be of minor
concern, monitoring them continuously to detect potential future increases is essential.

Several factors that may have caused drastic decreases in the mass emission estimates
for all parameters include reductions in the effluent flow, improvements in the wastewa-
ter treatment processes (e.g., the addition of secondary and tertiary treatment processes),
and source control programs [10]. Some constituents exhibited drastic decreases in mass
emissions due to regulations. For example, total PCBs drastically decreased due to adopt-
ing the Toxic Substances Control Act (1976), which controls PCBs’ production, use, and
disposal [27]. Total DDT decreased from 65 kg in 1971 to 0 kg in subsequent years due
to the USEPA 1972 ban that prohibited the use of DDT [28]. The Los Angeles, Santa Ana,
and San Diego Regional Water Quality Control Boards (regional boards) adopted and
periodically updated their Water Quality Control Plans to set forth water quality objectives
for their regions to protect the water quality of water bodies [29]. These regional boards
have also adopted total maximum daily loads to establish water quality objectives for
various constituents for impaired water bodies, which are identified by the USEPA’s Clean
Water Act Section 303(d) (Impaired Waters) list [30].

Despite overall decreases in the mass emissions of constituents over the fifty years,
some constituents spiked during specific years. The spikes in the data could be caused
by POTWs only measuring constituents in specific years or the unavailability of data. For
example, the mass emissions estimates for nitrite in 1971 and 2000 included data from HTP
and JWPCP, while the measurements in 1989 and 2010 were only estimated from JWPCP’s
monitoring data, as nitrite was not available for those years from HTP. As a result, we can
attribute these temporary spikes in mass emissions to POTWs not reporting the constituent
in their monitoring discharge reports or the data being missing. While these spikes in the
data display temporary increases in mass emissions, Table 2 demonstrates that constituents
still experienced a drastic decrease after the spike (e.g., total PAH, nitrite) and exhibited a
historical low in mass emissions in either 2010 or 2020.

Over the years, the four largest POTWs in Southern California have implemented
significant measures to enhance their facilities and mitigate contamination and odor issues.
The Hyperion Water Treatment Plant, faced with urbanization and population growth
challenges, responded by upgrading its infrastructure. In the 1990s, they introduced a com-
plete secondary system for discharging digested sludge into the Santa Monica Bay at the
7-mile ocean outfall, thus reducing the impact of their discharges on the environment [31].
Similarly, the Joint Water Pollution Control Plant (JWPCP) is a vital component of a more
extensive network known as the Joint Outfall System (JOS). This comprehensive system has
been instrumental in managing and reducing contamination in the region [32]. The Orange
County Sanitation District has achieved significant advancements, including introducing a
new diversion structure at Plant No. 1 in the 1970s, adding the oxygen-activated sludge
plant and solids handling facility at Plant No. 2 in the early 1980s, discontinuing ocean
discharge disinfection in 2015 to enhance coastal water quality, monitoring local beaches
and ocean to uphold environmental standards, and reaching a commendable milestone in
2022 with 100 percent reclaimable flows in December, demonstrating their commitment to
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sustainability and reduced contamination [33]. Through comprehensive efforts, including
industrial source control, advanced primary wastewater treatment, and thorough envi-
ronmental monitoring, the US Environmental Protection Agency and the Regional Water
Quality Control Board have acknowledged the Point Loma Treatment Plant’s role in fully
protecting the ocean [34]. These collective efforts reflect the dedication of these facilities to
improve their operations and reduce contamination and odor problems in the Southern
California region.

Though the POTWs have effectively reduced concentrations of all twenty-six contami-
nants over the past fifty years, it is essential to consider new contaminant developments.
Emerging contaminants (ECs) can negatively influence ecological or public health. Several
ECs have been identified as bioaccumulative and act as endocrine disruptors that interrupt
the normal functions of hormones, which can result in various health effects [35]. ECs are
typically unmonitored synthetic or naturally occurring compounds or microbes. Highly
reported ECs include pharmaceuticals and personal care products (PCPs), surfactants,
plasticizers, pesticides, fire retardants, and nanomaterials. Out of the four POTWs reported
here, only the Orange County Sanitation District has begun a project (in early 2023) that
aims to break down bioaccumulative and toxic compounds like per- and polyfluoroalkyl
substances (PFASs) and microplastics found in many household items [33,36]. However,
researchers have detected many ECs in the effluent from POTWs that discharge to the
SCB via ocean outfalls, with the highest concentrations of pharmaceuticals, PCPs, and
industrial compounds found [37]. While seawater samples have shown some ECs at lower
concentrations than in the effluent, researchers found several ECs in sediment samples
and hornyhead turbot (Pleuronichthys verticalis) livers, indicating their bioaccumulative
properties. With ECs becoming more of a concern to regulators and the public due to
their potential impacts on aquatic life and human health, there is an increasing concern
that the continued discharge into the ocean may introduce hazardous ECs into the marine
environment. Since the long-term impacts of ECs are unknown, regulators have been
working towards establishing water quality criteria for ECs to protect aquatic life and
human health. However, regulators have encountered several challenges to establishing
water quality criteria for ECs, such as a lack of standardized analytical procedures, toxicol-
ogy information required to determine safe concentration levels that will protect human
health and aquatic life, and effective monitoring strategies to detect how ECs affect marine
environments on a temporal scale [38].

In California, the State and Regional Water Resources Control Board (water boards)
have been working to provide a framework for the statewide prioritization and manage-
ment of ECs. On behalf of the water boards, the Aquatic Science Center published a report
establishing a risk screening approach. Their report grouped ECs based on their chemical
structures and function or use in society to systematically evaluate potential environmental
impacts and identify ECs that all agencies should prioritize for monitoring and manage-
ment based on their risk level [39]. Despite the considerable data gaps required to establish
protective water quality criteria for ECs, the water boards will continue to regulate ECs
present in effluent discharged to the ocean and water bodies to address public health and
water quality concerns.

5. Conclusions

The purpose of this study was to characterize the effluent discharge from the four largest
POTWs that discharge to the SCB by providing a long-term analysis of constituents and
identifying trends in constituents’ mass emissions from 1971 to 2020. We aimed to provide
insights into potential human and aquatic life harm. Our study of the flow and chemistry
data of the four largest POTWs between 1971 and 2020 finds that the mass emissions
of all constituents drastically decreased, with most constituents experiencing an overall
80–100% reduction, and their measurements were at historically low values in either 2010
or 2020. While metals followed similar trends (a drastic decrease from 1971 to 1989 and a
smaller-scale decrease from 1989 to 2020), other constituents did not have similar trends to
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one another. The combined effort from regulations, wastewater treatment technologies and
processes, and source control programs have influenced the reduction in mass emissions
over the past fifty years. While this study highlights general trends in the constituent
loading from all four POTWs, additional studies focusing on the relative mass emissions
contributions from each POTW could pinpoint the dominant source of mass emissions for
constituents considered in this study. Overall, the estimated reduction in mass emissions
demonstrates that the four largest POTWs have made tremendous strides at protecting the
water quality of the SCB; however, the authors suggest future analysis on the emerging con-
taminants of concern to continue making beaches and lagoons safer for local communities
and wildlife to enjoy.
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