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Abstract
Algal blooms result in the formation of cyanotoxic conditions in a freshwater lake
causing severe detrimental impacts to community and public health. Nitrogen,
phosphorous, and ammonia stimulate the growth of phytoplankton biomass and algae, as
measured by chlorophyll. This retrospective quantitative research study, grounded in the
socioecological model, examined the relationship between nutrient pollutants and
chlorophyll-a (Chl-a) that forecast harmful algal blooms, a precursor to cyanotoxins. A
former impaired lake, Machado Lake in California, provided an ideal setting to assess
relationships among nutrient indicators and Chl-a post-lake rehabilitation. Correlation
and multiple regression analyses were performed to determine if a relationship existed
between total nitrogen (TN), total phosphorous (TP), ammonia (NH3), and the dependent
variable Chl-a. The observational data total count was N = 102 for each variable. The
data were transformed to approximate normality and NH3 was recoded as dichotomous.
Results revealed a positive correlation of TN and TP; however, NH3 was negatively
correlated. The regression model outcome resulted in approximately 63% of the
variability of Chl-a concentration explained by the independent variables. A predictive
model to forecast Chl-a was developed, potentially providing an early warning to harmful
algal blooms and cyanotoxins. Implications for positive social change include protecting
communities and public health by examining the precursors of harmful algal blooms and
cyanotoxins to minimize risk of exposure to toxins that could potentially result in human

illnesses and mortality.
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Chapter 1: Introduction of Study

Research of freshwater harmful algal blooms and ensuing cyanotoxic water
conditions that degrade the socio-ecological environment and impair public health
continues to accelerate in its frequency on a national and global scale. Over the past
several years, progress has been made in the development of sustainable mitigation
measures and initiatives to prevent degradation of the “lived” natural environment from
harmful algal blooms that impairs and threatens public health (Kilanowski, 2017; Steffen
et al., 2015). In light of global warming, there is concern over discrepancies in the
literature and current research in the approaches used to assess, investigate, and mitigate
the persistence of algal blooms in the nation’s lakes and streams (Manning & Nobles,
2017; Wang et al., 2016; U.S. Environmental Protection Agency [EPA], 2021b). Study of
climate change and planetary boundary thresholds, and geochemical variables known to
affect the proliferation of harmful algal blooms leading to cyanotoxic conditions, are
informative in developing appropriate platforms and analytical tools to mitigate such
circumstances in the natural environment (Southern California Coastal Water Research
Project [SCCWRP], 2021; U.S. EPA, 2022a). The challenging issues associated with the
degradation of freshwater water resources and potential loss of open “living” space cross
over several core disciplines, including socio-ecological dynamics, environmental and
engineering sciences, and public health. Water-based epidemiologic studies are critically
important in assessing the risks of exposure to harmful algal blooms and cyanotoxic
conditions in waterways for the protection of community well-being and individual

human health.



Based on a review of the literature, there is consensus within the scientific
community for examination of the association, relationship, and causes of water-quality
parameters as determinant factors leading to excessive harmful algal blooms. Apparent
from recent research articles, scientists continue to see significant challenges in
understanding how to observe, interpret, and predict conditions in which excessive
harmful algal blooms will occur (Liao et al., 2021; Zhang et al., 2022; SCCWRP, 2021).
For example, the continuous need for investigation of the presence of cyanotoxins
resulting from harmful algal blooms can be cost prohibitive (U.S. EPA, 2021d). As cited
by Howard et al. (2020) and Liao et al. (2021), each unique freshwater study may offer
additional insights into investigative methods in minimizing and controlling this degraded
condition in freshwater lakes. Machado Lake, the target of my research, is one such
freshwater body that has recently been reconstructed and provides the opportunity to
investigate and add to the current knowledge base.

A thorough review of the literature has been made and relevant articles have been
referenced and summarized in Chapter 2, providing a sound theoretical foundation and
conceptual framework for this research project. In addition, an overview of scientific
principles associated with key variables of study have been provided. My research design
rationale, data analysis plan, and methodology are summarized in Chapter 3. Finally, the
results and interpretation of my quantitative research study are provided in Chapters 4

and 5, respectively.



Background

As cited by SCCWRP (2021), local community freshwater lakes serve an
essential purpose for human health and community well-being; wherein, such lakes
provide beneficial uses for recreation, wildlife habitat, and water supply. The designated
beneficial uses for Machado Lake include the following: REC-1, Water Contact
Recreation; REC-2, Non-Contact Water Recreation; WET, Wetland Habitat; RARE,
Rare, Threatened, Endangered Species; WILD, Wildlife Habitat; WARM, and Warm
Freshwater Habitat. Machado Lake is an essential part of the 9,000-acre Dominguez
Channel Watershed Management Area drainage system in South Los Angeles County, as
shown in Figure 1.
Figure 1

Location of Study Area, Ken Malloy Regional Park and Machado Lake
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As discussed in Chapter 2, the approximately 45-acre lake is situated within the
290-acre Ken Malloy Harbor Regional Park near the major routes of Pacific Coast
Highway (Route 1), Vermont Avenue, and Freeway 110. On the north side of the lake is
the Wilmington Drain and to the south is a roughly 60-acre seasonal freshwater marsh.
An aerial view of the lake, park, and surrounding properties is provided in Figure 2, with
additional facts of Machado Lake’s recent reconstruction and rehabilitation projects
provided in Appendix A.

Figure 2

Aerial Photo of Machado Lake and Surrounding Area

Note. From City of Los Angeles, LA-DPWBOE, 2009.



The unique qualities of post-rehabilitated Machado Lake made this an ideal
setting to further conduct research associated with algal blooms and its implications to
public health. In late 2000, Machado Lake was one of several lakes in California deemed
“impaired” under the CWA, Section 303 (d). As a result of this impaired status, standards
were established that included elements of beneficial uses of the waterbody and water-
quality criteria or objectives for the purposes of protecting those uses. The standards were
developed as total maximum daily loads (TMDLs) developed in 2009. Since completion
of the reconstruction in 2017 (City of Los Angeles-Department of Public Works Bureau
of Engineering [LA-DPWBOE], 2009), the environmental setting of Machado Lake is
very much like a quasi-controlled natural environment laboratory, providing opportunity
to study conditions that promote algal blooms in its natural setting. With improvements in
the geomorphological aspects of this lake, many confounding factors that have typically
been problematic in past research studies are, relatively speaking, in a steady-state
condition today compared to pre-reconstruction times. As such, confounding variables
discussed in Chapter 2 play a less critical role in assessing the relationship of variables
that cause excessive algal blooms. Assuming that this assumption has merit and validity,
my focus then turns to the water-based nutrient parameters that are exasperated by
changing climate conditions and anthropogenic sources known to promote harmful algal
blooms and subsequent cyanotoxic conditions. Over the past 5 years, water-based
investigations and epidemiological studies in the United States have become more
common in those states that have seen “excessive” harmful algal blooms, particularly

along the east coast, southeast, southwestern states and Great Lakes region (U.S. EPA,
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2021d; Centers for Disease Control and Prevention [CDC], 2021a; Alliance for the Great

Lakes, 2022). Notwithstanding, similar “unhealthy” and critical exposures are occurring
in many other countries with little or no monitoring or mitigation activities to abate what
has become a global crisis.

There continues to be a need for researchers to further investigate the problematic
issues associated with algal blooms as a precursor to harmful algal blooms and
cyanotoxic conditions. Ideally, more intensive site-specific research will be conducted to
fill the current lack of knowledge in using actual field-derived data to evaluate the
relationship between nutrient parameters and chlorophyll measurements as an indicator of
phytoplankton biomass and algae in freshwater lakes and streams. Recent observations of
Machado Lake’s appearance of water color and clarity suggests that eutrophic conditions
are advancing ahead of the warmest summer months. Photos taken in April 2022 and July
2022 (see Figures 3-6) reveal how the water conditions have abruptly changed over a
period of about 3 months. It is apparent that the processes of eutrophication, whether in

an early or late stage, are changing the appearance and health of the lake.



Figure 3

Fishing Along Southern Lake Edge, Clear Water Appearance, April 20, 2022

Figure 4

Eastern Lake Edge, Clear Water Appearance, April 20, 2022
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Southern Lake Edge, Rich-Gre
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Figure 6

Streaks of Thick Biomass and Algae at Water Edge, July 18, 2022

Note. All photos taken by Michael Shiang.



As observed during these two distinct occasions, the lake water appearance was
relatively clear during the spring of 2022, as shown in Figures 3 and 4. As the summer
month temperatures rise and lake water temperatures buildup, the water clarity changed
from relatively clear to a light green or dark blue-green appearance indicative of
increasing phytoplankton biomass and algae, as shown in Figures 5 and 6. As evidenced
from these two time periods and while still early in the summer months, the lake water
reveals evolving conditions for algal blooms. As such, my research of the relationship of
nutrient indicators and chlorophyll furthers the understanding of these type conditions
based on real-time field data collection and observations.

Problem Statement

Harmful algal blooms resulting in cyanotoxic conditions in freshwater lakes
across the nation and throughout the world have been deemed a global public health
crisis, not only causing impairment to the social-ecological environment, but also direct
loss of animal and human life. The presence of cyanotoxins in freshwater lakes can result
in human exposure through ingestion, inhalation, and or direct skin contact (CDC, 2022).
Recreational activities in freshwater lakes, such as boating, swimming, or fishing
contribute to these routes of exposure in highly contaminated waters. While children are
more susceptible to effects of cyanotoxins than adults, the symptoms within the first 48
hours include sore throat, coughing, rash, itchy skin, blisters, headache, eye or ear
irritations, and abdominal pains (CDC, 2022). More importantly, acute and long-term
exposures have led to increased risk of severe illnesses and death (Cheung et al., 2013;

CDC, 2021a; National Institute of Health [NIH], 2021). There is consensus among
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scientists and researchers that, as the scale of algal blooms continue to increase
significantly around the globe (Wheeling, 2019), the need for freshwater water-based
epidemiological studies will be more common if practical solutions are not found.
According to the CDC (2021a), toxins resulting from extreme algal blooms pose
significant challenges in freshwater lakes and drinking water supplies, leading to human
health concerns in urban areas. Without open green space and access to clean water,
societal health would be at risk due to lack of physical activities, potential exposure to
unhealthy and toxic lake water, and an imbalance within local habitats causing illnesses
and death (Falconer & Humpage, 2005; Howard et al., 2020; SCCWRP, 2021).
Knowledge of the relationships of natural and anthropogenic factors that cause harmful
conditions in freshwater lakes that promote excessive algal blooms is in its early stages of
research (Howard et al., 2020; U.S. EPA, 2016a). According to Howard et al. (2020),
there are discrepancies in the literature related to the understanding of the issues that
control algal blooms, including nutrient pollution and measurement of chlorophyll-a in
determining the presence of cyanotoxins on a consistent basis. Machado Lake, now
reconstructed and rehabilitated, offers the opportunity to examine the relationship
between total nitrogen (TN), total phosphorous (TP), ammonia (NH3) and chlorophyll-a
(Chl-a), providing a science-based analysis to determine if one can predict the thresholds
of studied variables leading to excessive algal blooms. Societal awareness of the physical
conditions of the surrounding ecological environment, for the preservation of water
resources, can have significant public health implications if not addressed in a timely

manner.
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Purpose of the Study

The overall purpose of my research is to protect community and individual health
against the ill effects of harmful algal blooms and formation of cyanotoxins in water. The
objective of my retrospective study was to evaluate the relationship between the nutrient
indicator variables TN, TP, and NH3 and the predictor variable Chl-a (an indicator of
phytoplankton biomass and or algae) in a rehabilitated lake using correlation and multiple
linear regression, after controlling for wet and dry seasons. The term correlation is
synonymous to relationships, and prediction is synonymous to impact, influence, and or
interaction. This quantitative evaluation was not intended to determine causal
relationships. The application of each variable is further discussed in Chapters 2 and 3,
providing both the approach and assumptions in determining the relationship between
variables of my quantitative study.

In evaluating the predictive capability of the independent variable (IV) in relation
to the dependent variable (DV), perhaps an early warning “numeric scale” would enable
lake owners or stakeholders to better track increases and decreases in algal growth and
cyanotoxin patterns to minimize the risk of exposures and allow for better management
decision making and policy regarding mitigation and corrective-action measures.

Research Questions and Hypotheses

In keeping with my study objectives and in the context of my research questions,
my interest was limited to key nutrient predictor variables and the outcome variable of
chlorophyll-a. The overarching issue is whether or not, and to what extent can, the I'Vs

predict the dependent variable for Machado Lake. The following research questions form
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the basis of my study. Each research question has a null and alternative hypothesis that
will be evaluated.

Research Question 1 (RQ1): What is the relationship between total nitrogen (TN)
and chlorophyll-a in this rehabilitated lake, after controlling for seasonal change (wet and
dry season)?

Hol: There is no relationship between TN and chlorophyll-a, when controlling for

seasonal change.

Ha1: There is a relationship between TN and chlorophyll-a, when controlling for

seasonal change.

Research Question 2 (RQ2): What is the relationship between total phosphorous
(TP) and chlorophyll-a in this rehabilitated lake, after controlling for seasonal change?

Ho2: There is no relationship between TP and chlorophyll-a, when controlling for

seasonal change.

Ha2: There is a relationship between TP and chlorophyll-a, when controlling for

seasonal change.

Research Question 3 (RQ3): What is the relationship between ammonia (NH3)
and chlorophyll-a in this rehabilitated lake, after controlling for seasonal change?

Ho3: There is no relationship between NH3 and chlorophyll-a, when controlling

for seasonal change.

Ha3: There is a relationship between NH3 and chlorophyll-a, when controlling for

seasonal change.
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Research Question 4 (RQ4): To what extent do TN, TP, NH3 predict chlorophyll-

a while controlling for seasonal change?

Ho4: There is no predictive relationship between TN, TP, NH3 and chlorophyll-a,

while controlling for seasonal change.

H4: There is a predictive relationship between TN, TP, NH3 and chlorophyll-a,

while controlling for seasonal change.

Theoretical Foundation

Theories and concepts that ground my study were derived from operational levels
of the social ecological model (SEM) related to the dynamic interrelations among
personal and environmental factors (Glanz et al., 2008). Furthermore, the concepts of
planetary boundary (PB) benchmarks in understanding earth systems and their
interrelationship to human health and the environment (Steffen et al., 2015) also was a
dominant factor in the foundation of my research. Impairment of freshwater lakes and a
dramatic increase in algal blooms has become an important national and global talking
point (CDC, 2022; Lenton et al., 2008; Steffen et al., 2015). The SEM helps to identify
strategies related to interpersonal, community, and societal factors when planning and
implementing health promotion and prevention interventions (Glanz et al., 2008). With
access to healthy freshwater lakes in the community, society will benefit when there is
reduced risk of exposure to a cyanotoxic contaminated water environment. Support for
my research is also derived from the understanding of PB benchmarks, specifically bio-
geochemical flows and alterations in the environment caused by anthropogenic activities

that degrade waterways. Societal behaviors exasperate the planet’s health, where many
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global citizens’ current way of life and demands on earth’s systems have caused an
increase in acceleration of global temperatures, altering land mass use resulting in mass
migrations, heat waves and wildfires, and “novel” disease outbreaks (Barnosky et al.,
2011; Lenton et al., 2008; Steffen et al., 2015; Hayden, 2019). Using the principles of the
PB framework, my research was grounded in the principals of earth systems and the
delicate balance of nature, providing evidence that earth systems are in turmoil. If such
conditions persist, conceivably freshwater waterways will be overcome with toxic
blooms, causing mass extinction to living organisms (Barnosky et al., 2011; Bogardi et
al., 2013; U.S. EPA, 2021a).

Researchers have identified and support the need for monitoring and prevention,
as well as rehabilitation and corrective measures in providing for the protection of human
health. In addressing this gap, my goal in using science-based data to evaluate the overall
health and potential public health impacts of Machado Lake can add to an existing base
of knowledge. Of primary concern is the nutrient factors (TN, TP and NH3) causing lake
impairment. The understanding of the relationship between nutrient pollution and
chlorophyll (as an indicator of algal blooms) is fundamentally the key premise in
evaluating the health of Machado lake water in reducing the negative impacts to public
health.

Nature of the Study

The nature of my research was a retrospective quantitative study. The study

design was grounded on the theory and concepts related to the SEM and PB framework,

and related to the TN-TP-Chl-a model. Based on the elements of study as discussed in



15

Chapter 2, the principles of eutrophication and the need for collection of real-time water-
based data to determine associations and relationships of harmful algal blooms and
cyanotoxins is extremely critical moving forward. Community and individual health are
directly connected to the environment, especially as it relates to risks of exposure to
contaminated water.

A dataset from Machado Lake was used to perform my evaluation. This
secondary dataset is from the City of Los Angeles, Water Pollution Division (WPD). In
utilizing the TN-TP-Chl-a model, a correlation and linear regression analysis was
performed to assess relationships of the independent variables of TN, TP, NH3 and the
dependent variable of Chl-a to determine if these relationships of variables could be used
as a reliable predictive “early warning” tool of excessive algal blooms. Descriptive and
inferential statistics were used to evaluate the dataset and assess data variable
relationships using correlation and multivariate linear regression analyses. A more
detailed discussion of the approach and analytical methods are provided in Chapter 3.
Operational Definitions

The collection of in-situ and discrete grab water-quality data in strategic locations
of Machado Lake were key in deciding to use the City WPD dataset. Operationally, with
approximately 4 years of data, this quantitative assessment was assessed using either
daily averages or direct measurement of variable concentrations for both predictor and
outcome factors. A further discussion of the instruments and methodology used in

collection of data by the WPD is provided in Chapter 3.



Definitions
Select operational definitions of specific “key” terms are provided:
Bio-stimulation: related to nutrients such as nitrogen and phosphorous that
stimulate organic matter and or bacteria in water.

Chlorophyll-a: generally refers to the green pigment used by plants and other
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organic matter in the process of photosynthesis. Also, a measure of biomass and or algae.

Cyanotoxins: relates to the presence of bacteria in water that becomes toxic to
humans, animals, and wildlife. Three cyanotoxins common detected in freshwater are
microcystin, anatoxin-a, and cylindrospermopsin.

Eutrophication: stages of dense growth of plant or algae in a freshwater body
from urban runoff associated with nutrient loading, triggering a water body to become
toxic and or results in dead zones that can no longer support life due to lack of oxygen.

Harmful Algal Blooms: is an algal bloom that causes negative or detrimental
impacts through formation of natural toxins, typically referred to as cyanotoxins.

Nutrient: substances that promote the growth of organic matter or algae, as the
most common nutrients from anthropogenic sources are nitrogen and phosphorous.

Phytoplankton: refers to the microscopic algae that requires sunlight to live and
grow and is very common in shallow lake settings. Phytoplankton biomass is a bacteria
and is commonly referred to as cyanobacteria, diatoms, and green algae.

Risk Exposure: study variables that can be quantified and used to assess the

potential for human-health impacts.
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Total Nitrogen: as related to biological water-assessment quantitative studies,
total nitrogen is the sum of nitrate-nitrogen (NO3-N), nitrite-nitrogen (NO2-N), ammonia
nitrogen (NH3-N), and organic nitrogen.

Assumptions

The following assumptions are made in conducting my research. First, I assumed
that the observed presence of algae is relatable to the stages of eutrophication. Second, I
assumed that not all algal blooms are bad, harmful, or toxic in nature; however, with time
and the right ambient conditions, the blooms will proliferate to become a precursor to
harmful algal blooms and cyanotoxic conditions in a freshwater body. My final
assumption was that the reconstructed Machado Lake offered a laboratory-like natural
setting in which geomorphological and other confounders were less likely to affect the
outcome of my research.

Scope and Delimitations

In addressing the relationships of nutrient variables and algal blooms in this
setting, the scope of my research can further the understanding of how to control and
mitigate blooms in advance of cyanotoxic conditions that potentially overwhelm the
health and beneficial uses of a lake. Cyanotoxic conditions in a freshwater lake is a
significant risk factor for impairment of the surrounding environment and quality of life.
Use of Machado Lake data post-reconstruction allowed the development of a more
comprehensive evaluation of the predictor and outcome variables, with less emphasis
over other confounding factors. My research, however, was bounded by the methods of

collection utilized by the City WPD, as outlined in Chapter 3. Delineation of the datasets
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provided by the City WPD are tied to the nutrient values in the form of TN, TP, NH3, and

chlorophyll-a. In performing my research, no human subjects were a part of the study.
Limitations

The City WPD are the originators of the dataset and have been responsible for the
collection and storage of the dataset; therefore, my research was bound by the quality
assurance-quality control of these parameters and processes developed by them. While
the direction and strength of each relationship or association was established between the
predictor variables and outcome variable, it did not address cause and effect. Despite this
lake having been reconstructed, as time passes, the lake geomorphological setting also
changes as a function of natural and evolutionary processes. However, the study is
extremely useful and relevant as the dataset represents lake conditions immediately after
reconstruction. Additional discussion of the validity and constructs of my study is
provided in Chapter 3.

Significance of the Study

Recognizing exposures to harmful algal blooms and cyanotoxins in preventing
human and animal illnesses and mortality gives further meaning and significance of this
study. By determining the relationship between predictor and outcome variables, this
study can contribute to researchers’ ability to predict environmental risk factors
associated with algal blooms and cyanotoxic exposures. Furthermore, the significance of
determining the relationship of these study variables specific to this freshwater lake may
provide “trigger or predictor” values that could potentially be used in similar lake

settings. In conducting this analysis, corrective actions implemented in the early stages of
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eutrophication based on least costly investigative methods may be considered to prevent
impairment to waterways in protecting community and human health. There is a greater
sense of urgency by researchers on a national and global scale to prevent conditions in
which potential cyanotoxins result. Furthermore, scientists and public health officials will
be better informed in the development of applicable policy. Maintaining and protecting
freshwater waterbodies for its intended use, and giving the community access to
waterways for recreation, clean water sources, and sensitive habitats contribute to
positive social change.

Summary

As discussed in this chapter, the importance in study of site-specific water-body
conditions is of utmost importance in finding a cost-effective and simplified means to
predict the natural progression of algae blooms to cyanotoxic conditions. The aim is to
prevent the impairment of freshwater lakes from harmful algal blooms and to protect
against exposure of unhealthy acute and chronic conditions harmful to humans, animals
and critical wildlife habitat.

The logical connections between the framework and nature of my study
emphasizes the concept of the interrelationship between public health and the
environment. As noted by Steffen et al. (2015), the biochemical flows being observed
around the globe is one of several key PB concepts that is directly related to the TN-TP
and Chl-a processes causing lake impairment. Bringing engineering and epidemiology
concepts together and establishing real-time trends provide critical information for

making informed scientific and policy decisions. As this study and other similar research
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are conducted, the ability to develop a viable platform for predicting early detection and
warning of excessive algal blooms and cyanotoxic conditions is of utmost importance.
Early detection allows for stakeholders and regulators to take precautionary measures to
protect the well-being of the local community and prevent individual exposure, illnesses,
and potential mortality. As previously stated, the foundation of my research was
grounded in other past research studies that were based on the SEM and PB conceptual
framework. The scientific principles and background of my study as discussed in the
following chapter, Chapter 2, provides a solid foundation in the research of my intended

target population, Machado Lake.



21

Chapter 2: Literature Review

On-going research established the premise that harmful algal blooms have, over
the past decade, impacted public health and individual “living” space in our environment
(U.S. EPA, 2022b). Concerns have grown over the on-going risks of algal blooms and
our understanding of the association between short- and long-term exposures resulting in
adverse health effects, including death (Fristachi et al., 2007; Loftin et al., 2016; U.S.
EPA, 2021a). The need for continued research and assessment of algal blooms in fresh
water lakes has become a “major” talking point, especially for those who study socio-
ecological and planetary systems (Bogardi et al. 2013; NIH, 2021; U.S. EPA, 2013). The
purpose of my research was to determine the relationships of water-quality parameters
related to algal blooms, a precursor to harmful algal blooms and cyanotoxins, known to
impair the social-ecological environment to the detriment of the community and human
health.

Correlation of natural and anthropogenic factors in the environment, and research
to assess the causes that promote excessive algal blooms in freshwater lakes, are in its
early stages of development (Howard et al., 2020; MacLeod et al., 2014; U.S. EPA,
2021b). As indicated by the U.S. EPA, the underlying ecological and environmental
conditions that promote excessive harmful algal blooms (also referred to as blue-green
algae) are associated with eutrophication of the water body, producing cyanotoxins that
create a “dead” water condition due to oxygen depletion (Visser et al., 2015; U.S. EPA,
2016a). As deduced from on-going research, each freshwater body (lakes, streams, rivers,

wetlands) is unique in physical and chemical character. The current understanding of the
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site-specific prevailing conditions that promote algal blooms resulting in eutrophic or
toxic conditions are not well-understood, nor well-documented in the literature (Water
Education Foundation [WEF], 2021; U.S. EPA, 2022b). Analysis of shallow freshwater
bodies, including Machado Lake where site-specific data was evaluated, contributes to
our existing base of knowledge in protecting human health and the delicate balance of our
natural environment in which we live (Kilanowski, 2017; Steffen et al., 2015; U.S. EPA,
2022b).

As studied by Howard et al. (2020), my research informed the relationship of Chl-
a and nutrients, as a predictor of algal blooms. Chlorophyll-a has been a key construct in
similar on-going local, national, and international research studies in assessing water-
quality conditions and the presence of algal blooms (Blakey et al., 2015; California Water
Quality Monitoring Council [CWQMC], 2021a). However, the existing literature has
been inconsistent and conflicting where long-term monitoring data has been used to
assess associations of nutrients and chlorophyll (Rome et al., 2021; Howard et al., 2020;
U.S. EPA, 2021d).

According to the CDC (2021a), extreme harmful algal blooms during summer
months have caused significant challenges to our lived environment and public health.
Howard et al. (2020) suggested in their research that there are inconsistencies in the
interpretation of water-quality parameters as determinant factors in promoting algal
blooms and toxins. According to the State of California, Los Angeles Regional Water
Quality Control Board (CA-RWQCB, 2022a), the physical setting of the water body,

nutrient loads, and other toxic pollutants are “key” factors for on-going research to
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narrow down the elements controlling blooms. Researchers are in general agreement that
the association of water-quality controlling factors of an algal bloom are site specific, a
unique set of circumstances specific to each water body (Wang et al., 2016; U.S. EPA,
2021b). The confounding issues of chlorophyll-a and algal blooms in relation to nutrients
in water needs to be further examined, as a precursor to harmful algal blooms (Howard et
al., 2020, Rome et al., 2021; CA-RWQCB, 2022a). In this chapter, evaluating conditions
of chlorophyll-a in water as a measure of the presence of algae and its relationship with
key nutrient factors contributes to the body of knowledge and our understanding of causal
factors in predicting algal blooms. This chapter sets forth the premise of my research and
includes a discussion of the literature search conducted, literature review, constructs of
theoretical and conceptual models in support of my research, site background and
justification for my research targets, and the technical science-based principles in support
of my research.
Literature Search Strategy

A search strategy was developed to retrieve relevant literature and research from
numerous public, private, and academic sources, including but not limited to: Academic
Search Complete, Cochrane Database of Systematic Reviews, Health and Environmental
Research Online (HERO), National Academies Press, National Technical Information
Service (NTIS), ProQuest, SAGE Journals, ScholarWorks, Thoreau Multi-Database
Search, United Nations Public Administration Network, U.S. Department of Health and
Human Services, U.S. Environmental Protection Agency, and World Health

Organization. In addition, using the Google Scholar search engine helped narrow down
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public informational sources, specifically contemporaneous government studies and
research at the local, state, and federal levels. The breadth and depth of the existing body
of literature was highly varied, with research studies dating back to approximately 2000
to present day, both in the laboratory and in the field. The distinction between these
varied research settings (lab verses field) identified gaps and inconsistencies in the
current understanding of the controlling factors associated with excessive algal blooms.
As postulated by U.S. EPA (2021b), what can be learned in the natural field environment
was carefully considered in development of my research objectives and how the
constructs of a theoretical framework would guide my literature review.

As my primary research question query was refined, specific relevant topical
issues were targeted. Over 120 research studies, reports, and articles of interest were
critiqued to assess its applicability and quality, including elements of research design,
study characteristics, statistical methodology, and biases. In covering the major topical
issues, my literature search strategy included key words such as: algal blooms, harmful
algal blooms, cyanobacteria, cyanotoxins, blue-green algae, chlorophyll-a, freshwater
lake eutrophication, human illnesses from microcystin and cylindrospermopsin exposure,
planet boundaries, social ecological model, nitrogen and phosphorous cycles, satellite
imagery for algal blooms, recreational lakes and toxins in water, water-quality
monitoring devices used in lakes for algae evaluation, regulatory legislation of harmful

algal blooms, and cyanotoxins-related regulatory water advisories.
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Theoretical and Conceptual Model

Before discussing my research targets, the “blue-print” of my study was grounded
by the SEM model and theory. The general constructs of this theory support individual
tendencies to improve our overall health and well-being, and surrounding environment
(Berkes & Folke, 1998; Glanz et al., 2008; Hayden, 2019; Steffen et al., 2015). The
social-ecological theoretical model provides a foundation for my study from two
perspectives, social systems and natural systems. Through Glanz et al. and Berkes and
Folke’s development of the theory, researchers can advance their understanding of the
components for the integration of social and natural systems. Further affirming the
applicability of the SEM theoretical constructs in past research, my study is connected to
a science-based evaluation of our water environment and how this could potentially lead
to improved public health and relevant public health policy.

The conceptual framework of planetary boundary elements (MacLeod et al.,
2014; Steffen et al., 2015) provides additional support and guidance for scientific inquiry
of earth’s natural systems. Using the tenants of planetary boundary over the use of
scientific data in evaluating chlorophyll-a and its association of nutrients as a predictor of
algal blooms, a precursor of harmful algal blooms needs clarification in research today
(Liao et al., 2021; WEF, 2021; Zhang et al., 2022). By doing so and to add to the current
base of scientific knowledge, more efficient and cost-effective ways of predicting algal
blooms will benefit human health and our natural environment, specifically in protecting

our water resources (Visser et al., 2015; State of California — Department of Water
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Resources [CA-DWR], 2022a ). A further discussion of the application of this theory and

conceptual framework follows in the next section.
Social-Ecological Theory and Planetary Boundaries Conceptual Framework

The social-ecological theory and model conveys that society, including all living
creatures of plants and animals, must develop and thrive in a multi-layered “ecosystem”
that is supported through diversity and union (Berkes and Folke, 1998; Glanz et al., 2008;
Hayden, 2019). My research will employ the SEM framework in correlating and
interpreting relevant site-specific lake data in addressing public health concerns. SEM
grounds the discussion of societal and community needs, our need to adapt to and protect
our “ever-changing” environment and individual health. As described by Glanz et al., the
SEM concepts are intertwined across multiple levels in understanding health impacts and
behaviors related to our surroundings.

Based on CDC’s model (CDC, 2022), four levels of SEM constructs consists of
individual, relationship, community, and society that must all work in unison as a multi-
level program to provide primary prevention strategies for improvements in public health
and the environment. While SEM strategies work across a number of different levels and
seek to change personal behavior, my premise in grounding my research to this theory is
that individuals will improve not only their physical well-being, but also their mental
well-being when their surrounding environment is holistic in promoting active and
healthy living. The importance of having a freshwater body, such as Machado Lake

available for public use draws upon the main principles of this theory. Our surrounding
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environment and availability of water for multiple purposes in a variety of settings, such
as Machado Lake is essential for life and necessary for all “living” matter.

According to the U.S. EPA (2021b), excessive blue-green algal blooms that
produce cyanotoxins have been dubbed as the “silent killer”. Wheeling (2019) notes that
during the past “2000 Symposiums on Harmful Algae” the issue of marine blooms were
front and center. Now, as Wheeling observes, a shift to freshwater blooms has dominated
research. Wheeling and other researchers were concerned that climate change undercuts
efforts to find fixes to these water-quality problems. If the destructive forces of climate
change and global warming continue along its current trajectory, earth systems and the
balance of nature will be disrupted to the point where natural disorders to our fragile
ecosystem will ensue (Steffen et al., 2015). As inferred by Barnosky et al. (2011), the
eventual effects of surpassing several critical PB thresholds we are experiencing today
have more than likely occurred in the past, and that toxic conditions are suspected to have
caused near “mass extinction of life” thousands to millions of years ago. Based on
species loss and planetary boundaries being misaligned, Barnosky et al. views diversity
loss as critical to understanding the phenomena of mass extinction, albeit it is difficult to
grasp when dealing with the geologic time scale. In comparing past extinctions and
applying what is perceived to be happening today, Barnosky et.al. advocates the need for
immediate conservation measures. The associations between unusual events tied to
climate change, atmospheric conditions, and ecological stressors all negatively affect
conditions for our existence (CDC, 2021a; U.S. EPA, 2022a). For example, these

concerns are evidenced by glacial-interglacial cycles, disturbances in atmospheric
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conditions, CO2 levels rising, habitat fragmentation, pollution, and invasive species and
pathogens (U.S. EPA, 2022a).

Steffen et al. (2015) reminds us that our human “footprint” is destabilizing earth
systems. A comprehensive chart of PB cycles was developed through his research to help
gauge the levels of environmental impacts. Conceptually, the PB outlines nine science-
based areas of potential risks: (a) climate change, (b) biosphere integrity, (c) stratospheric
ozone depletion, (d) atmospheric aerosol loading, (e) ocean acidification, (f) biochemical
flows, (g) land-system change, (h) freshwater uses, and (i) novel entities (Steffen et al,
2015; Visser et al., 2015; Lenton et al., 2008). Steffen et al. expressed concern over how
society is evolving and its impact to human health. While research and data records are
available for weather and severe climatic changes throughout the world (i.e., temperature,
barometric pressure, rainfall, wind direction, etc.), data is lacking on water-quality
observations. Steffen et al. has viewed the PB framework as a means to focus and
consolidate science-based evaluations to risks associated with human health and our
surrounding environment.

Anthropogenic impact is one explanation for the destabilization of earth systems
when measured against other variables outlined in the PB framework. As inferred by
Wheeling et al. (2019), our well-being, livelihood, and natural environment are losing
ground to the negative impacts caused by disruptions in our earth systems. Researchers
that advocate PB theories assert that the nine disciplinary systems are not mutually
exclusive (Bogardi et al., 2013; Steffen et al., 2015). At least four of the nine disciplinary

systems are related to the conceptual framework in grounding my research. These four
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PB factors are: (a) biochemical flows - associated with anthropogenic compounds that
result in degradation to our fragile ecosystem and surround environment; (b) nitrogen
cycles - nutrient-rich waters from application of fertilizers, septic tank drainage, urban
runoff, and agricultural wastes that eventually leaches into the environment and degrades
our water sources; (c) c/imate change - causing an increase in earth’s ambient
temperatures to our surface waters; and (d) freshwater uses - which focuses in on our
ability to preserve and sustain clean sources of drinking water, and prevent degradation to
our freshwater lakes, streams and waterway.

Planetary boundaries associated with adverse changes in the environment have
worsened over several decades that have resulted in excessive harmful algal blooms
further intensifying the imbalances in the ecological and earth systems, specifically our
water environments (Loftin et al., 2016; Sobota et al., 2009). The gap recognized by
Wheeling (2019) and other research scientists is to fill the need for specific real-time field
studies in our natural environment that help clarify the micro-processes that effect the
intensification of algal blooms in our “lived” environment.

Significance and Social Change

Over the past decade, researchers and scientists have continued to observe an
increase in frequency, severity, and the worldwide geographic presence of harmful algal
blooms (CDC, 2021a; U.S. EPA, 2013). As cited in the literature, the enigma of
excessive algal blooms and potential for extinction of living organisms will go unabated
if our understanding of the cause and effect for such occurrences is not adequately

investigated (NIH, 2021; CA-OEHHA, 2022). Inferred from Berkes and Folke (1998)
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tenants of SEM, each research step taken provides a clue on how best to modify, control
and abate the degrading conditions of our social and natural systems. Our societal
“living” habits and daily needs require significant “change” to protect and improve our
natural habitat (CDC, 2022; Hayden, 2019). Losing our freshwater resources is not an
option; and therefore, our efforts need to be focused on algal blooms known to have
caused harm to public health and our surrounding environment.

Bogardi et al. (2013) notes that there is a societal responsibility to address and fix
our earth’s capacity for sustainability. Individuals need to recognize the limits of our
earth’s resources, specifically water. Bogardi et al. looked at appropriation of freshwater
in addition to other ecological principles in conserving water, a modified framework in
developing sustainability. In doing so, their theoretical and conceptual approaches have
helped in technical areas such as how fresh and drinking water is consumed by the
industrial and private domestic sectors. Guided by a number of regulatory laws,
degradation to our environment resulting in limited open green space and freshwater
ways needs to be re-evaluated. Without local, state and federal regulations, public health
and our ecosystem are at risk to further deteriorate and life as we know today would be
unsustainable (Barnosky et al., 2011; Lenton et al., 2008; Steffen et al., 2015; U.S. EPA,
2021b). Societal demands need to be reassessed and technological innovation advanced
in determining future appropriations in guiding policy and governance (Borgardi et al.,
2013; U.S. EPA, 2021b). As cited by Borgardi et al., social change benefits will result

assuming individuals have the ability to provide for earth’s sustainability. As suggested
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by U.S. EPA (2021a), pro-active scientific-based studies, regulations, and policy are a
significant piece of the puzzle in maintaining social and environment health.
Public Health Implications

In exploring public health implications, Steffen et al. (2015) cites that our current
societal behaviors continue to exasperate planet boundaries. The SEM and PB principles
remind us that earth systems are in turmoil. Acceleration of greenhouse gas emissions,
increasing global temperatures, altering land-mass use resulting in mass migrations, heat
waves and wildfires, and “novel” disease outbreaks have caused negative impacts to
public health throughout the world (Kilanowski, 2017; CDC, 2021b). If this condition
persists, our freshwater waterways will become ripe for toxic blooms, leading to
extinction to living organisms (Barnosky et al., 2011). Should algal blooms take over our
freshwater ways, wildlife and human health as we know it today would be in peril.

Harmful algal blooms and cyanotoxic conditions have resulted in acute and
chronic illnesses, and death in humans, animals, and wildlife (CWQMC, 2021b). As cited
by CWQMC (2021a) and the US EPA (2022a), cyanotoxic conditions resulting from
algal blooms that have appeared in our waterways continues to be a significant detriment
to societal public health and requires more diligent focused research.

Justification for Research

Researchers have been studying the use of chlorophyll-a as a gauge of severity of
harmful algal blooms and its production of cyanotoxins (U.S. EPA, 2022a) for some time
now. However, to this day researchers continue to emphasize the lack of site-specific

field-test data to improve our understanding of chlorophyll-a and algal blooms, and co-
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variate drivers such as nutrient pollution (Blakey et al., 2015; Wang et al., 2016; U.S.
EPA, 2022b). The principles of eutrophication and quantitative measurements of water
quality are well-established in the literature (U.S. Geological Survey [USGS], 2022; Yao
et al., 2021), but again researchers emphasize the need for more real-time field data in
finding trends, associations and relationships of these bloom variables. Clearly, my
research effort is to help narrow the gap in the literature of these bloom variables.
Chlorophyll-a concentrations, used as an indicator of algal blooms and its relationship to
nutrient pollution, is a part of the puzzle that remains inconsistent and uncertain as a
predictor for harmful algal blooms. By study of relationships of these key variables will
researchers and scientists be able to prevent algal blooms from overtaking our natural

ecological system to the detriment of social systems and public health.

Background Study (Target Population) of Machado Lake

Over many decades, Machado Lake’s degraded conditions had restricted use of
this lake as a recreational, wetland habitat, and potential drinking water supply resource.
This is one of many lakes in California that was cited by the U.S. EPA as being
“impaired” and was in dire need of attention to restore its health. Local and state agencies
were compelled to conduct scientific-based analyses of this and other local waterbodies
in mitigating the damage done. Restoring and promoting a healthier condition of this lake
by creating a safe habitat for wildlife and for the enjoyment of the community follows the
premise of the natural, built, and social environment as key constructs to improve

community and individual health.
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Machado Lake, along with Wilmington Drain and its associated wetlands, is
considered one of the largest coastal wetland ecosystems remaining in Southern
California (City of Los Angeles-DPWBOE, 2009). It is situated in the Ken Malloy
Harbor Regional Park (KMHRP), Harbor City community of Los Angeles, California
(see Figure 1). The KMHRP is approximately 15 miles south of downtown Los Angeles,
along Freeway 110. Machado Lake, consisting of a seasonal freshwater marsh and
riparian woodland, is approximately 45 acres in size, and is a part of the larger KMHRP
regional park footprint of approximately 290 acres (City of Los Angeles-DPWBOE,
2009). Approximately 50 acres are developed to include a sports complex and pool,
playground areas, a multi-use synthetic turf field, picnic areas, restrooms, ranger station,
maintenance yard, and a fitness zone. The remaining acreage supports a native riparian
forest, a freshwater marsh, and recreational open space. The nutrient TMDL listing and
beneficial uses of Machado Lake are provided in Table 1.

Table 1

TMDL Listing and Beneficial Uses of Machado Lake

Water Body TMDL Pollutant/Nutrient Uses Beneficial Use
Machado Lake  Nutrient Nitrogen Recreational REC-1
Indicators: Phosphorous Related REC-2
TN, TP, NH; Ammonia
Habitat Related WARM
WILD
RARE
WET

Note. Data obtained from City of LA-DPWSAN (2010). REC-1 = Water Contact

Recreation, REC-2 = Non-Contact Water Recreation, WARM = Warm Freshwater
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Habitat, WILD = Wildlife Habitat, RARE = Rare, Threatened, Endangered Species,

WET = Wetland Habitat.

The geomorphological setting of Machado Lake and its associated Wilmington
Drain is the main receptor to one of the largest drainage areas within the Los Angeles
basin, capturing storm water and urban runoff from its approximately 15,500 acre
watershed (City of Los Angeles-DPWSAN, 2010). The KMHRP recreational area is
bordered by three major thoroughfares: Pacific Coast Highway to the north, Vermont
Avenue to the west, and Anaheim Street to the south. The east side of the lake and park
borders Harbor Park Golf Course and Los Angeles Harbor College. A site map and aerial
photo of this study area are provided (Figures 1 and 2).

Under a Clean Water Bond issued by the State of California, Proposition O was
passed in 2004 (City of Los Angeles-DPWBOE, 2009). The City of Los Angeles and
numerous stakeholders worked in concert to bring “life” back to this park and lake. This
is a lake that provides a local natural resource and is a key for the wellness of the local
and surrounding community. While lake water quality was the primary driver of the
rehabilitation project, concurrent studies also addressed water conservation, flood control
measures, habitat development and protection to create meaningful open space for the
community (City of Los Angeles-DPW BOE, 2009). This approximately 500 million
dollar ballot measure (City of Los Angeles-DPWSAN, 2018) was passed to conduct
restoration and improvements of this and other freshwater lakes throughout California.

By 2017, the restoration work at KMHRP was completed. Machado Lake and its
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recreational areas were re-opened to the public at that time (City of Los Angeles-
DPWSAN, 2018).

Variables associated with the natural and built environment that can alter the
water quality in a lake are typically related to lake size and depth, receiving waters and
outfalls, natural patterns of water circulation, water aeration and ambient temperatures.
These covariate variables help understand the dynamics contributing to changes in water
quality. As cited by Zhang et al. (2022), algae growth models are limited in their use due
to the variations of the parameters noted above. Many of these models do not provide
adaptability in their representation of the water body. However, with the reconstruction
and rehabilitation of Machado Lake, many of these factors are no longer as critical in
evaluation for my research. Post-rehabilitation of Machado Lake has resulted in a
partially engineered-lined bottom, contour and reinforced walls, improved and restored
catch basins and discharge outfalls, and an aeration system to continuously oxygenate the
lake water. These engineered controls of the lake, enhancing the “living” aspects of the
ecosystem, allows for my research to focus on chlorophyll-a and nutrients as key
variables to study. These conditions will be further discussed in Chapter 3, with an
expanded discussion on the specific data variables being used in my research.
Regulatory Drivers

In 1998, under Title 303(d) and the Clean Water Act (CalEPA-RWQCB, 2022c¢),
the U.S. EPA designated this lake and other local waterbodies throughout the nation as
“impaired” water bodies. These freshwater lakes were identified as degraded that created

toxic conditions to the environment, impacts to surface and groundwater quality, and
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deterioration to the ecological setting. The consequences were direct acute and chronic
impacts to public health and native wildlife (Cheung et al., 2013; Chorus, 2001; U.S.
EPA, 2022a). Eutrophic conditions, algal blooms and nutrient overloading were reasons
for designating Machado Lake’s natural drainage as impaired. The cause of impairment,
whether due to natural or anthropogenic impacts, required the City of Los Angeles to
develop TMDLs for improving the water-quality conditions of the lake. These TMDLs
were established in cooperation with the U.S. EPA, and were incorporated into the City’s
water-quality management plan. As provided in Table 2, the established TMDLs for post-
rehabilitated Machado Lake set forth the amount of pollutants the lake can accept without

exceeding water-quality standards.

Table 2

TMDL Nutrients and Chl-a Advisory Thresholds

Water Body  Variable Parameter TMDL Limit'

Machado v Total Nitrogen 1.0 mg/L, monthly avg.

Lake (Nutrient Total Phosphorous 0.1 mg/L, monthly avg.
Factors) Ammonia 5.95 mg/L, monthly avg.
DV Chlorophyll-a .02 mg/L, monthly avg.
(Algae,
Biomass)

Note. Data obtained from City of LA-DPWSAN (2010). TMDL = Total maximum daily

load, IV = Independent variable, DV = Dependent variable, mg/L. = Milligrams per liter.
With these water-quality standards and management plans in place, continuous

monitoring of this lake will provide real-time data in support of its intended beneficial

uses. As previously mentioned, the physical setting of any water body being investigated
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needs to be documented as each site is unique. A Summary Fact Sheet for Machado Lake
was provided (see Appendix A).
Studies of Other Lakes

On-going research studies of other lakes in California and across the nation have
provided significant background, structure and insight for my research. While the subject
of algal blooms has caught the attention of the international scientific community, there
were numerous similar case studies to explore right here in our own back yard. From
Lake Okeechobee in Florida, Lake Erie in Michigan, to Lake Elsinore in California, on-
going research and field studies have help build a base of working hypotheses for others
to consider in one’s research. While these lakes continue to be monitored, the efforts
undertaken by local, state and federal agencies are intended to preserve and protect their
respective local waterbodies so that the public can enjoy these natural water features in
the community. The lakes discussed all pose risks to individual health, damage to the
environment and sensitive ecosystems that would have resulted in the decline of one’s
quality of life, both in terms of loss of open green space and the negative impacts on the
economic and sociocultural systems. These lakes and other “key” peer-reviewed research
articles provided a compelling foundation for my study.

On-going research studies are reinforced through the thesis and concepts of
climate change, planetary boundaries, and wide-ranging environmental factors, such as:
nitrogen and phosphorous cycles, sediment leaching, redefining nutrient pollutants,
influences of ambient water temperatures, areas of flooding and drought that have

triggered proliferation of algal blooms and cyanotoxins (US EPA, 2013; Howard et al.,



38

2020; Visser et al., 2015). Howard et al. and his research team conducted the first formal
study under the federal statute Title 303(d) of cyanotoxins in two impaired lakes in
California: Lake Elsinore and Canyon Lake. Howard et al. measured algal biomass using
chlorophyll-a, and tested for the presence of four cyanotoxins: microcystin,
cylindrospermopsin, anatoxin-a, and nodularin. Based on the results of their research,
Lake Elsinore exceeded California recreational health thresholds for these cyanotoxins,
whereas the adjacent Canyon Lake only occasionally. Howard et al. determined that there
was a statistically strong correlation using chlorophyll-a and microcystin concentrations
in Lake Elsinore; however, Canyon Lake did not show a similar strong correlation. While
chlorophyll-a had strong correlation for microcystin, the data did not show this to be the
case for the other three cyanotoxins. Researchers concluded that the use of chlorophyll-a
was not a good indicator for all those algal species, and therefore, not necessarily a good
indicator for harmful algal blooms and cyanotoxins. The inconsistent results in their
research gave pause using chlorophyll-a for predicting toxic blooms. Inferred through
Howard’s research, the uncertainties need to be further investigated and potential for
harmful blooms need to be better understood through continuous monitoring of the lake
water. Longer periods of data need to be considered in further establishing reliable
indicators for harmful algal blooms. Furthermore, Howard et al. noted legitimate
concerns over the complex toxin mixtures (uncertainty in the toxicology of mixtures) in
conducting studies of this nature.

During hot summer months, Lake Okeechobee in Florida appeared to constantly

be under a health alert for the presence of blue-green blooms and algal toxins (Florida
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Department of Health [FL-DOH], 2022). Advisories are sent out and posted to the

community to take every precaution not to contact the water where visible blooms have
been observed. The postings warn local residents to keep pets away from the lake
shoreline, do not drink, swim, fish, or boat. The Florida Department of Environmental
Protection and Department of Health monitors the water quality to keep track of any
health-related illnesses. As determined by these agencies, the blue-green algae blooms
will continue to flourish so long as there are hot sunny days, increased water
temperatures, still lake conditions, and excessive nutrients in the water (FL-DOH, 2022).
While algal blooms have been recorded throughout the year, the peak season of blue-
green algal blooms continue to occur during the long hot summer months (FL-DOH,
2022). Like many similar lakes across the nation, the abundance of blue-green algae and
its related harmful toxins detected in this lake has limited its use to the public each year.
Dating back to 2011, Lake Erie, Michigan experienced the largest harmful algal
blooms it had in its recorded history (Alliance for the Great Lakes, 2022). Abnormal
meteorological conditions and runoff of excessive nutrients from local agricultural fields
created perfect conditions for the onset of algal blooms. The factors that lead to this 2011
event are no different than what has been observed today in other similar lakes, with the
exception that Lake Erie (approximately 210 miles long and 55 miles wide) is considered
one of the largest lakes in the continental U.S. As one of five lakes of the Great Lakes,
the algal blooms in Lake Erie impact more than 11.5 million people (Alliance for the
Great Lakes, 2022). The Great Lakes Now had forecasted a moderate bloom season for

2020, an improvement from previous years (Proffitt, 2020). The effects from these
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blooms have not only impact human health, drinking water supply, and loss of
recreational space, but also the local economy. Through the collective efforts of
researchers and scientists, aspects of climate change and eutrophic conditions, waste load
point and non-point sources, development of predictive models, satellite imagery, and
innovation in field monitoring and data collection are an acknowledgement that new
strategies are needed to address on-going algal blooms (Liu et al., 2020; Manning &
Nobles, 2017; National Science Foundation, 2021; O’Neil et al., 2012).
Ecological and Socioeconomics

It is important to re-emphasize the ecological and wetland systems and the role
they play to societal and individual health, as these features are an integral part of the
natural and built environment. Impairment of water and degradation to the environment
results in negative impacts on our way of life, and the socio-economy of the community.
As cited by the U.S. EPA (2022a), state and federal agencies play a dominant role in
keeping our water safe for its intended purposes, whether it is for recreation or for
drinking. Our local, state and federal agencies are active participants in getting the
funding and resources needed to tackle this issue. Restoring and protecting our lakes and
surrounding natural resources to a healthy condition will improve societal health, lifting
the socio-economic status of the local community (Glanz, 2008; Kilanowski, 2017). The
bottom line is that the healthier the environment and associated water resources, the
healthier the individual and the higher the socio-economic status of the community

(Glanz, 2008; Hayden, 2019).
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Principles and Concepts
The principles and concepts discussed in the following sections provide
background on “key” technical aspects of my proposed study. Understanding these
technical processes were important in establishing design and methodology to guide my

research, as the overall purposes of my study are exploratory and descriptive.

Eutrophication

Eutrophication is the process by which a body of water becomes so enriched and
overly nourished that the dissolved nutrients in water stimulate growth of aquatic plant
life, including algae. The gradual increase in nutrient concentrations will promote the
aging aquatic ecosystem processes of the lake (Conley et al., 2009; O’Neil et al., 2012).
During warmer weather, algae will bloom from increase urban runoff of anthropogenic
chemicals from the surrounding environment. As noted by Sobota et al. (2009), the study
of the temporal and spatial influx of nitrogen by anthropogenic activity during specific
times of the year can potentially help reduce the magnitude of this compound in the
watershed. Conversely, an increase load of nutrients into our freshwater lakes will
enhance the production of algal blooms. Furthermore, dissolved oxygen (O2) will become
depleted, and the result is suffocation of life (plant and animal) in the water body (O’Neil
et al., 2012). Plants and algae are all producers that carry out photosynthesis, a process by
which the plant will use carbon dioxide (COz), sunlight, water, and minerals (i.e.,
nutrients such as nitrogen, phosphorous, potassium, ammonia) to produce Oz and energy
(Davis et al., 2010; Yao et al., 2021). When minerals are abundant, algal growth will be

excessive, forming a translucent to opaque green matted cover over the surface of the



42

water where very little light can penetrate down to the middle and lower sections of the
water body (Yao et al., 2021). Due to a lack of sunlight, the native plant species will die
off (U.S. EPA, 2021b). Furthermore, as algae die, the algal decayed mats provide an
abundant source of cyanobacteria. The decomposition of microorganisms depletes the O2
in the water further adding fuel to cyanotoxic conditions. For survival, microorganisms
rely on Oz for aerobic respiration; however, over time the microorganisms will die and
decompose. This toxic condition and lack of Oz results in the imbalance of the natural
system as discussed by CA-RWQCB (2022a), where death to wildlife, fish, and possibly
humans have resulted due to exposure.

Plants and algae need several prevailing conditions to grow, such as: water,
sunlight and COz. They also need a variety of nutrients, primarily nitrogen and
phosphorus. While there are natural nutrients in the soil, unfortunately there is an over-
application of fertilizer, mostly of fixed nitrogen and phosphorus, used to enrich the soil
in the ground. Excess treatment applications to agricultural fields and individual lawns
result in nutrient overloading downstream to freshwater ponds, lakes, reservoirs and
eventually to the ocean. With the increased concentration of nutrients, algae,
phytoplankton, and hydrophilic plants will grow in abundance. If the conditions are right,
algae and phytoplankton will explode in growth in a lake. A layer of floating algae will
form a cap over the water surface, not allowing sunlight through to the middle and
bottom of the lake. Without sunlight, plants below the surface cannot contribute to
photosynthesis and the water conditions will no longer support life (Dodds, 2007).

Typically on the bottom, bacteria and other decomposers will consume the residual
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organic matter, and depletion of Oz will result in fish kills and other related toxic illnesses
to living matter. The worst-case scenario is that the water body is rendered unfit to touch,
unfit to drink. At that point, the ecosystem is damaged that leads to a severe loss in
biodiversity and detrimental impacts to public health.

Epidemiology and Public Health Hazard

Unlike traditional public health issues, national and global research of algal
blooms and cyanotoxins are in an early stage of development (Neilan et al., 2013;
Carmichael & Boyer, 2016). As cited by Wheeling (2019), Lake Erie had vast blooms of
algae that resulted in shut down of recreational activities after four dogs were found dead
after exposed to toxic water conditions. Direct human exposures were not specifically
noted, but other researchers have documented similar situations that have resulted in
illnesses and death to humans. As case studies are documented, and illnesses and possible
death reported, epidemiological evaluation will be warranted for chronic illnesses should
a larger population set be exposed.

Our understanding of the hazards are coming into focus through contemporaneous
studies being performed in many freshwater lakes and coastal waters. Fortunately,
harmful algal blooms are visible to the naked eye; and therefore, precautionary or
mitigation measures can be taken immediately to prevent acute exposures to humans.
However, once the water becomes toxic, the potential for deadly exposures for wildlife,
fish, waterfowl, and other endangered species remain a concern. The “dead” zones in the
water body could result in massive fish kills or illnesses to domestic animals that are

exposed when playing along the water’s edge. Epidemiological studies would be
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warranted if algal blooms are persistent over long periods of time and chronic illnesses
are observed.

As determined by U.S. EPA (2022a), conducting an epidemiological study will
require researchers to distinguish between surface water sources of chemicals verses
groundwater associated with nutrients and algal blooms. Surface water and groundwater
are an integral part of the hydrologic water cycle, and when groundwater is used to
replenish lake water there will be significant mixing of water that needs to be taken into
account in evaluating water quality and chemical sources to lakes. The direct association
of algal blooms and groundwater is even more difficult to determine since there are many
more sources of contaminants that impact our groundwater system. While U.S. EPA
continues to research algal blooms and cyanotoxins, full-scale epidemiological studies
are rare (Wang et al., 2016). However, if algal blooms go unchecked, epidemiological
studies would be absolutely needed in assessing the potential for “cluster” toxic-related
health conditions.

Algae and Chlorophyll

Fundamentally, algae is a plant (U.S. EPA, 2022b), typically floating on the
surface of the water. Algae has a relatively simple structure, ranging from macro-algae
typical of large seaweed to single-celled aquatic phytoplankton (U.S. EPA, 2022b). It is
the later that is of concern in shallow freshwater lakes and other waterbodies leading to
algal blooms. This single-celled algae requires three basic elements to survive: sunlight,
warm temperatures, and nutrients. It is understood that algae in nature is a natural

phenomenon, and that not all algae in nature is considered bad. As cited by CDC (2021a),
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only a relatively small percentage of algal species are considered harmful. From
numerous studies being conducted around the world, the presence and distribution of
harmful algal blooms is broad and the impacts are pervasive (U.S. EPA, 2021b; WHO,
2021a). From the research conducted by Howard et al., (2020), the predominant
cyanotoxin species being investigated in the freshwater lakes were: microcystin,
cylindrospermopsin, anatoxin-a, and nodularin. Approximately 23 classes of cyanotoxins
posing serious threat to our water systems impacting wildlife and drinking water have
been identified (Manning & Nobles, 2017). Manning and Nobles stated that with an
increase in the number of algal bloom occurrences over the last decade, especially in the
U.S., and new threats with evolving species being found in both freshwater and marine
environments, there is a greater sense of urgency to find solutions and refine field
techniques. Yet, Sobota et al. (2009) makes note in the lack of studies that have examined
how societal actions have influenced nutrients in areas that exhibit major seasonality in
water. Laboratory and field research has increased significantly to explore new and
innovative ways in addressing this issue.

Algal blooms occur due to natural and anthropogenic factors that create a
condition allowing algae to grow unchecked by exploiting the conditions found in the
environment. The conditions that promote growth are predominantly from nutrients,
basically fertilizers that end up in our waterways, rivers, lakes, and ocean. With
increasing nutrient loads into our waters during summer months, proliferation of algal
blooms will occur. With runoff in urban areas, whether natural or induced by

anthropogenic activities, harmful algal blooms will take over our natural waterways,
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specifically lakes thus causing extreme damage to the environment and human and
animal life.

Algal blooms are typically noted when the lake surface turns discolored, generally
a greenish-blue color. This is a signal that the pigmentation concentration of chlorophyll-
a has begun to grow at exceeding rapid rates. Chlorophyll-a is the most common of the
greenish color pigment that absorbs energy from sunlight for photosynthesis
(Blankenship, 2010). As provided in Table 3, use of Chl-a concentration for lake
classification helps in assessing the health and potential amount of algae in the water.
Table 3

Observation Class and Concentrations of Chl-a

Conc. Range Typical Chl-a
Class for Chl-a Observation of Lake Waterbody Conc. Range
Oligotrophic <2 ug/L No discoloration 0—10ug/L
Mesotrophic 2 to 6 ug/L Algal Scum evident, some 11 -20ug/L
discoloration
Eutrophic 6 to 40 ug/L Nuisance condition, considerable 21 -30ug/L
discoloration
Hypereutrophic ~ >40 ug/L Severe, very deep discoloration >30 ug/L

Note. From “Nutrients and Eutrophication” by USGS (2022), Water Resources. Ug/L =

micrograms per liter.

As referenced in the literature (U.S. EPA, 2022b; Ortiz, 2019), chlorophyll-a is
quantitatively representative of the full-spectrum of the phytoplankton organisms in the
water. There is a consensus that there are three stages of a bloom that can be observed
and recorded. Researchers have intuitively believed that the peak algal biomass and

bloom would coincide with the peak concentration of chlorophyll-a (Blakey et al., 2015).
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This may typically be the case under fixed laboratory controlled conditions, but in the
field this many not hold true where there are numerous other confounding variables to
take into consideration. As noted by Blakey et al. (2015) and Rome et al., (2021), while
inputs of nitrogen and phosphorous are a predominant factor for initiating higher
concentrations of chlorophyll-a, seasonality is also a factor not to be overlooked.
Furthermore, Yao et al. (2021) assessed nitrogen cycles through decomposition of algal
biomass and sedimentary samples in determining significant differences in the
nitrification/denitrification processes at the interface of soil and water.

In relation to my research objectives, Ortiz (2019) quantified algae blooms based
on the dynamics of algal biomass into three stages of development: 1) the pre-bloom
stage biomass being very low with little change occurring on a daily basis; 2) blooming
stage where a rapid increase in color was observed due to the rapid production of
chlorophyll-a pigmentation; and 3) full-bloom or peak stage when the bloom observed
was determined to be at its apex. Whether it was weeks or months, Ortiz et al.’s
observations were that after the apex, the bloom would eventually lose its color and
would begin to diminish.

Increasingly today, algal blooms are being examined from a public health
perspective, as during this blooming stage that harmful algal blooms, cyanobacteria and
cyanotoxins are produced. Various mitigation measures, checks and balances, must be
put in place to prevent the loss of our water sources in which individuals recreate, and
even more importantly use for drinking purposes. This necessitates the need to

investigate and understand how and what are the determinants of harmful algal bloom:s,
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especially considering the changing climatic conditions across the U.S. and around the
world. Use of improved technology as discussed by Blankenship (2010), such as satellite
imagery to collect real-time field data as an early warning of pending algal blooms would
be a significant game changer in protecting sensitive areas of our ecosystem and societal
health. While this technology is cost-prohibitive for most research studies, finding less
costly means through research and use of existing data is imperative.

Nutrients

There are numerous variables that dictate the presence and severity of an algal
bloom. While nutrient pollution is generally based on a number of different compounds,
our specific interest was on nitrogen, phosphorous, and ammonia as compounds
identified in the literature. While there are a number of chemicals that contribute to
promoting algal blooms, research continues to focus on the two most commonly found in
our environment, nitrogen and phosphorous. As studied by Wang et al. (2016), the
evaluation of nitrogen and phosphorous ratios of between 7.9 and 10.1 were determined
to be significant in promoting algal blooms.

Typical of lakes across the country, Machado Lake being no exception,
agriculture, septic systems, individuals fertilizing their yard, or public and private groups
fertilizing the local park or golf course have been the main sources of nutrient pollution
(City of Los Angeles-DPWSAN, 2010; U.S. EPA, 2022b; Wang et al., 2016).
Fortunately, these anthropogenic sources of nutrients can be controlled with effective
mitigation measures. Liao et al. (2021) considered total nitrogen as one of the primary

water-quality parameters used in the Random Forest model in predicting the occurrence
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of algal blooms. Liao et al. focused on nutrient water quality and was able to identify
thresholds for algal bloom during stages of storm events.
Cyanotoxins

As algal blooms peak, especially during the warm summer months, much of the
decaying plants and algae are generating bacteria, specifically cyanobacteria (U.S. EPA,
2022b). Large quantities of cyanotoxins can be released into water bodies during or
immediately following cyanobacteria blooms. While not all cyanobacteria is deemed
unhealthy, some of these bacteria are known to be toxic. The cyanotoxic bacteria most
commonly found in recreational freshwater lakes are microcystin and cylindrospermopsin
(Howard et al., 2020; Cheung et al., 2013; Loftin et al., 2016). These cyanotoxic species
can be determined through laboratory testing; however, analyses for these constituents
are very costly. Unless the objective of one’s research or study required these analyses, it
generally would not be performed due to the excessive cost of testing. Hence, all the
more reason for researchers to find reliable scientific-based and cost-effective means of
alternative field methods in predicting algal blooms.

Harmful algal blooms exhibit complex temporal and spatial patterns of formation
(Blakey et al., 2015; Howard et al., 2020), based on the physical attributes of the water
body. Understanding those factors that affect the severity of algal blooms and their
relationships with nutrients is fundamental to evaluating the presence of cyanotoxins in
water (Falconer & Humpage, 2005; Howard et al., 2020).

Preliminary exposure assessment research has helped to evaluate the specific

cyanotoxins produced during harmful algal blooms, specifically microcystin and
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cylindrospermopsin (Howard et al., 2020; NIH, 2021). As cited by Falconer and

Humpage (2005), microcystin is one of the more commonly produced cyanotoxin found
in freshwater. In coastal studies, Tatters et al. (2017) sampled up and down the California
coast to identify cyanotoxins along the land-sea interface. In addition to microcystin and
cylindrospermopsin, the marine environments of brackish waters appear to exhibit and
produce other different toxins than that found in freshwater environments. Their research
addresses the complications of cyanotoxin identification. Tatters et al. used over 53
sampling stations to determine the cyanobacteria genera. Tatters and his team of
researchers identified a number of health concerns related to exposures from recreational
swimming, shellfish consumption, and industrial discharge operations from power and
desalination plants that highlights the number of sources that contribute to algal blooms
along the coast. Monitoring and comprehensive assessment programs are the “key” to
developing the appropriate strategies in preventing algal toxic blooms.
Routes and Risk of Exposure

The health impacts of these toxins to humans and wildlife can be significant,
posing challenges to drinking and recreational waters as primary routes of exposure
(Falconer & Humpage, 2005). The majority of exposures to cyanotoxins or neurotoxins
result in acute illnesses. Exposure to these toxins in water have resulted in stomach
illnesses, respiratory illnesses, vomiting and diarrhea and severe cases of kidney and liver
damage (NIH, 2021; CDC, 2021b). The routes of exposure are generally from
recreational use of waterways, aerosol spray from lake aerators or ocean waves, and more

importantly potential for death for individuals with compromised immune systems. The
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long-term consequences of reoccurring or continuous exposures to toxins are not known
(CDC, 2022).

Most state water management plans call for frequent monitoring and water testing
as an essential tool in developing public health advisory notifications to ensure public
safety. The U.S. EPA (2016b) has established guidance levels for toxics that may affect
vulnerable populations, specifically infants and children under the age of six, and the
elderly. These guidance or advisory level concentrations are not federally enforceable
limits (U.S. EPA, 2016b). Falconer and Humpage (2005), examined cyanobacteria in
drinking water and in case studies referenced that monitoring data for toxins in water and
epidemiological studies on adverse health effects are lacking. They strongly advocated
that these issues be further investigated, especially for individuals with pre-existing
kidney and liver aliments, to clarify risks of exposure and the extent of health risks.

Other risk of exposure comes from the seafood we consume, such as: shellfish,
clams, oysters, mussels. These bottom-dwelling crustaceans pose a real threat, as these
creatures filter large volumes of water that results in an accumulation of toxic
concentrations in their tissue (Guo et al., 2020; WHO, 2021b). Shellfish and fish
poisoning have been well-documented in the literature, especially in subtropical and
tropical regions of the world. The World Health Organization (WHO) frequently warns
the public against shellfish consumption due to toxins exceeding WHOQO’s advisory levels
(WHO, 2021a).

Falconer and Humpage (2005) conducted research of cyanotoxins that have

caused human poisoning in the Americas, Europe, and Australia in drinking water as a
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primary route of exposure. As cited by Falconer and Humpage, the risks of exposure to
cyanotoxins are the neurotoxic alkaloids (anatoxins and paralytic shellfish poisons);
microcystin (cyclic peptide hepatotoxins); and cylindrospermopsins (cytotoxic alkaloids).
Microcystin has been the only toxin evaluated by WHO on an international basis (WHO,
2021b). Microcystin is known to cause liver damage and are an active tumor promoter
(Cheung et al., 2013; Davis et al., 2010). As reported by Howard et al. (2020), guideline
levels for this toxin is 1 ug/L for drinking water. Cylindrospermopsin has damaging
characteristics in genotoxicity and mutagenicity, and is a potential carcinogen that causes
human poisoning from drinking water (U.S. EPA, 2022a). This toxin exposure limit is
also 1 ug/L (Howard et al., 2020).
Predictor of Algal Blooms

Researchers have derived formulas and models to address “tipping” points,
specifically related to water and chemical cycles in the environment (Lenton et al., 2008).
Lenton et al.’s research of developing prospects for early warning systems for pending
destructive planetary conditions continue to be an on-going subject of concern. By using
the constructs of planetary boundaries, it is hopeful that corrective measures can be
implemented to slow the negative processes affecting the proliferation of harmful algal
blooms and cyanotoxins. As derived from on-going research, the eutrophic stages of algal
blooms are fairly well understood (Ortiz, 2019; USGS, 2022). The science and natural
processes of eutrophication are also well documented in the literature. By the study of
indicators and establishing predictors of algal blooms can we establish an important link

in preventing eutrophication (Yao et al., 2021; Zhang et al., 2022). Algal bloom
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thresholds based on nutrient loading as identified by Liao et al. (2021), ties together
several of the natural mechanisms in furthering our understanding of algal blooms. The
bottom line is that each lake has its own signature that needs to be studied and
understood. Collectively, trends and patterns may reveal alternative methods to control
and or mitigate blooms in the pre-development stage.

Select lakes in California are being routinely monitored by local agencies, and
their condition reported as provided in Appendix B. On the micro-scale, data collection
of select variables will possibly lead to finding ways to establish a trigger point as a
means of predicting algal blooms in Machado Lake. Whether this lake or other similar
lakes across the nation, there may not be one single condition that could be applied
universally to predict the pre-development of harmful algal blooms.

In evaluating key parameters of Machado Lake, the relationship between
variables will offer insight in determining if there is a “trigger” point for occurrences of
algal blooms in the lake. As cited by Lenton et al. (2008), exceeding thresholds for
nutrients requires a holistic view of one’s environment to prevent the initial stage of pre-
bloom or pre-development of harmful algal blooms. Hence, by filling this void noted in
the literature through repeated real-time lake data evaluations will researchers and
scientists be able to find solutions to the benefit of the community and public health.

Summary

The designation of Machado Lake as being “impaired” lead to its restoration and

rehabilitation (City of Los Angeles-DPWBOE, 2009). In doing so, the surrounding

environment, local community, and public health have all benefitted. While only a



54

relatively small percentage of algal species are considered harmful, the presence and
distribution of harmful algal blooms is broad and the impacts are pervasive (U.S. EPA,
2021b). Chlorophyll-a concentrations, used as an indicator of algal blooms, and the
relationship of nutrient pollution is just one part of the puzzle. As the occurrence of algal
blooms continue and new threats with evolving species in freshwater environments (U.S.
EPA, 2022a), the urgency to fill the void in finding more reliable field solutions are
critically important (Manning and Nobles, 2017; Liao et al., 2021; Zhang et al., 2022;
U.S. EPA, 2022a). Laboratory, field research and adaptive dynamic models are needed in
discovering new and innovative evaluation methods to address this issue (Zhang et al.,
2022).

Researchers have studied the use of chlorophyll-a as an indicator of the severity
of harmful algal blooms and cyanotoxins (U.S. EPA, 2013; U.S. EPA, 2021b).
Furthermore, researchers have postulated that there is a lack of site-specific field-test data
provided in the literature to advance our understanding of chlorophyll-a and algal
blooms, and its drivers such as nutrient pollution (Manning and Nobles, 2017; U.S. EPA,
2022a). Just as there have been different points-of-view taken on algal blooms and
chlorophyll-a from lab and field research, establishing the relationship of algal blooms
and nutrients with real-time field data is equally important, if not more important. The
independent and dependent variables of these blooms are site-specific and do vary from
one location to another. Therefore, as mentioned by Bogardi et al. (2013) and Manning
and Nobles (2017), detailed and focused research is needed in the field to better

understand the relationship of these variables that drive blooms to become excessive and
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toxic to human health in the natural environment. Researchers express the need for more
field case-studies in assessing trends, associations and relationships of real-time algal
bloom data (Liao et al., 2021; Manning & Nobles, 2017; Tatters et al., 2017).

Local ordinances, rules and regulations and effective public policy and education
have helped to reduce the impacts to lakes and our natural environment. However, each
lake or waterway where data can be collected adds to the existing body of knowledge in
understanding what make algal blooms occur. As cited by Wang et al (2016), every
situation is different and the site-specific conditions must be investigated.

In my stated research questions set forth in Chapter 1, clearly my effort is to help
narrow the gap in the literature as my retrospective study is only a small part of the
bigger picture. The intended outcome of my research is to add to the existing body of
knowledge in making progress in preventing algal blooms from overtaking our natural
ecological system and social systems related to public health in our “lived” environment.
Our knowledge gained of critical thresholds of the research variables will be informative
for future research of freshwater lakes of similar and like conditions. In the next section,
Chapter 3, the relevancy of the data variables in my study have been provided through a
discussion of my research design, methodology, research questions, and data analysis

plan.
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Chapter 3: Research Methodology

Public health concerns continue to grow over the risks of algal blooms that have
detrimental impacts to human health and the socio-ecological environment (CDC, 2021a;
Hayden, 2019; NIH, 2021). Research at the local, state, and federal levels have provided
scientific-based evidence and documentation for nutrient pollution cycles and its
association with algae (Blakey et al., 2015; U.S. EPA, 2021a; Wang et al., 2016; James et
al., 2009). Over the past 10 years, research has focused specifically on eutrophic
environments and chlorophyll-a, and their impacts on lake and stream water-quality
conditions that promote cyanotoxic harmful algal blooms (U.S. EPA, 2021a; SCCWRP,
2021). Research of blooms in freshwater bodies across the nation, such as those studies
conducted under the National Lake Assessments (Loftin et al., 2016; NIH, 2021; Xu et
al., 2021), have established links between eutrophication, harmful algal blooms, and
cyanotoxins that have caused severe damage to the environment. Furthermore, the
negative impacts to human health leading to illnesses and death, and the killing of aquatic
wildlife and domestic animals, are well-documented in the literature (SCCWRP, 2021;
CA-DWR, 2022b; U.S. EPA, 2022c¢). Specific to my research statement of Machado
Lake, this chapter provides further discussion of my research rationale and study
questions, a data analysis plan, data validity, threats, limitations, and ethical concerns.

Purpose and Population

Inferred from national and local-based models, there continues to be epistemic

uncertainty in evaluating the health of water bodies due to variations in data collection

and scoping when comparing research of similar sites across the nation (USGS, 2022;
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Loftin et al., 2016). As previously discussed in Chapter 2, the use of chlorophyll-a

concentrations is critical in evaluating growth patterns of phytoplankton biomass and
algae (Dodds, 2007; Conley et al., 2009; Xu et al., 2021). In understanding the
problematic issues associated with algal blooms, the relationship between TN-TP-Chl-a
covariates in promoting harmful algal blooms needs further study and modelling to
fundamentally establish meaningful thresholds for ambient water-quality goals tied to a
waterbody’s intended beneficial use, whether recreation, aquatic wildlife, and/or for
drinking-water purposes (CDC, 2022; SCCWRP, 2021; U.S. EPA, 2021a).

The subject target population of my retrospective quantitative research assessment
of Machado Lake was based on use of water-quality measures: data concentration
measurements of independent and dependent variables that are numeric and continuous.
In principle, the assessment of the data is tied to the scientific-based criteria of
eutrophication in relation, correlation, and interpretation of the relationship between the
independent or predictor nutrient variables and chlorophyll-a, the outcome variable as a
precursor to harmful algal blooms. As furthered discussed in sections of this chapter and
as approved (IRB Approval Number 10-21-22-0366318), the study population of case
variable measurements was used for descriptive, correlation, and multiple linear
regression analyses.

Research Design and Rationale

Understanding processes of eutrophication in shallow lakes have been the subject

of study over many years (Loftin et al., 2016; WEF, 2021); however, there remains

inconsistencies and deficiencies in research in understanding the relationships of natural
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and anthropogenic factors that result in unsafe conditions in freshwater lakes that
promote excessive harmful algal blooms (Howard et al., 2020; Xu et al., 2021; U.S. EPA,
2021a). Similar to human health research studies, environmental conditions that promote
algal blooms that produce cyanobacteria and associated cyanotoxins are not-well
understood, nor well-documented in the literature (Xu et al., 2021). According to the
CDC (2021a), toxins resulting from extreme algal blooms pose significant challenges to
drinking water supplies and health concerns in urban areas. In evaluating the
relationships of TN, TP, NH3 and chlorophyll-a, while controlling for seasonal changes
(wet and or dry seasons), I sought to better understand the elements for forecasting of
algal blooms. The importance of seasonal changes was evident in past studies conducted
by Cheung et al. (2013) and Wang et al. (2016). For purposes of identifying season
influences in the region related to bio-stimulation, the wet season is 6 months from
October 1 to March 31, and the dry season is from April 1 to Sep 30 (State of CA-DPH,
2022). In conducting my research and in following with Howard et al. (2020), Xu et al.
(2021), U.S. EPA (2021c), and others, the inconsistencies and discrepancies in field
research needed to be further understood to close the gap of knowledge in the ability to
control the propagation of harmful algal blooms and cyanotoxins.

The use of Machado Lake data for purposes of my research is to determine if a
relationship exists between nutrient parameters of TN, TP and NH3 (independent
variables) and chlorophyll-a (dependent variable, a measure of phytoplankton biomass
and correlation to algae). Depending on the strength of the relationship, measures of the

independent variables may be used as a predictor of chlorophyll-a (dependent variable)
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for estimating stages of eutrophication and algal blooms (Dodds & Smith, 2017). The

latter stages of eutrophication that leads to harmful algal blooms and cyanotoxic
conditions, resulting in water-body dead zones, animal and human illnesses and death
(CDC, 2021a), needs to be controlled.

My research design is based on the TN-TP-Chl-a model in conducting an
empirical statistical quantitative analyses (Wang et al., 2016; SCCWRP, 2021). Again,
the relationship between the following variables are being studied: independent variables
(or predictor variables — TN, TP, NH3); and the dependent variable (or outcome variable -
chlorophyll-a). In achieving my research goals, my study method will utilize a robust
secondary dataset associated with the chemical concentration measurements of TN-TP-
NH3-Chl-a parameters to statistically evaluate the relationship between the nutrient and
chlorophyll-a variables.

The concepts and models cited by Howard et al. (2020), Wang et al. (2016) and
Yao et al. (2021) provide a firm foundation for the basis of my research and possible
future research of similar settings where monitoring data is collected. As other
contemporaneous researchers have concluded and in aligning with the SEM theoretical
constructs (Conley et al., 2009; Kilanowski, 2017), there needs to be more research to
further our understanding of the multi-layered ecosystem and ever-changing complex
environmental conditions. In doing so, appropriate corrective measures can be taken at
the individual and community levels to improve and protect our water environment and

individual health.
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Methodology

Assessing associations and relationships has been evaluated using both
descriptive and inferential statistics. Based on my research objectives, type, distribution,
and nature of observations and collection methods used by the City WPD, this secondary
dataset met the assumptions for use in descriptive, correlation and linear regression
analyses. The dataset consisted of the key independent and dependent water-quality
parameters, with all variables being numerical and continuous. The statistical analysis

was performed using the SPSS software.

Descriptive Analysis

Data associations were assessed using numeric Descriptive Statistics to evaluate
the scales (i.e., frequencies, central tendency, range and variability — mean, mode,
variance, standard deviation, percentile ranks, outliers, etc.) in describing basic features
of the data. Within SPSS, the generation of plots, tables and graphs were produced in

describing and or establishing patterns of the dataset.

Correlation and Multiple Linear Regression

Inferential Statistics based on hypothesis tests, correlation and multiple linear
regression analyses were performed in drawing conclusions about the relationships of the
variables. In using SPSS, the correlation evaluation provides the strength and direction of
the relationship, as either positive or negative. While the direction and strength of each
relationship has been established between the predictor variables and outcome variable, it
does not address cause and effect or why variables may have greater influence over the

other. In using the linear regression, this analysis allowed for specific quantitative
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predictions that more accurately explains the relationship between the independent and
dependent variables. A further discussion of the evaluation process is provided in the
Data Analysis Plan section.
Secondary Data

Secondary water-quality datasets of Machado Lake were acquired from the City
of Los Angeles, WPD. The benefit of use of this dataset is that the City has granted
permission to access their water-quality dataset that one could not otherwise easily collect
on their own. With the spatial distribution of four in-situ buoy’s or monitoring points in
Machado Lake that continuously collects data on a set frequency (hourly, daily, weekly,
etc.), and individual records of up to four key variables results in over one million
discrete data case records. The secondary datasets covered the time period of about 4
years, from approximately November 2017 through present day (year-end 2021). The
datasets covering the 4 year period include: 1) Machado Lake Field Probe Monitoring
data; and 2) observational and discrete water-quality data related to algal blooms.
Although the frequency of measurement vary between the two datasets, the datasets do
complement each other. Depending on the final evaluation for dataset use, whether a
single dataset or in combination, each variable from the field in-situ probes had a
minimum of 250,000 case measurements; thus, the potential total population size based
on four key parameters being used could be about 1,000,000 case observations.

Once a complete dataset was obtained, a final review on its intended use and
verification of specific variables was made. Assuming that the secondary dataset used

had integrity and validity, there were no other anticipated field data collection needed
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prior to initiating my research. Notwithstanding, this dataset was refined for purposes of
focusing in on my research constructs, as further discussed in Chapter 4.
Confounding Variables

Researchers have had to take into consideration a number of confounding
variables that are known to impact the presence and growth of algal blooms. While
confounders have been duly noted, since completion of the reconstruction and
rehabilitation of Machado Lake, the physical setting improvements made have reduced
and mitigated many of the previously identified geomorphological issues known to have
contributed to its impairment in the past (City of LA-DPWSAN, 2018). Post
reconstruction, certain physical elements such as depth, input and output controls of
water flow, in-lake water circulation, and contaminated soil are not currently considered a
“significant” factor, but rather these confounders are essentially static in terms of my
research goals.
Instrumentation

The field in-situ instrumentation used by the City WPD for data collection has
been the YDI EXO-2 Sondes dataloggers manufactured by Campbell Scientific. A
compatible software program — LoggerNet has been used by the City WPD to configure
the dataloggers hardware and manage data compilation (personal communication, City
WPD - February 14, 2022). The YSI EXO-2 instruments are capable of long-term
deployments. City staff are instructed and trained to follow the Operation and
Maintenance (O&M) manuals provided with this instrumentation from the manufacturer,

an important point in assessing the integrity and validity of the data.
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Data Analysis Plan

In addition to a descriptive evaluation of my dataset, my quantitative study used
correlation statistical analysis to assess the strength and direction of the relationship
between each independent variable and the dependent variable, and through multiple
linear regression the ability to use independent variables to predict the dependent
variable. In using the SPSS program, the scales of measurement were interval and
continuous for the following variables: independent variables (IV) of TN, TP, NH3 and
dependent variable (DV) of Chl-a, as a measure of phytoplankton biomass and algae. The
correlation test was used to estimate the coefficient R? in determining the strength of
correlation as either negative, positive or no relationship (absolute values of between, -1,
0, +1).

In multiple linear regression, b1 is the estimated regression coefficient quantifying
the association between the predictor X1 and the outcome, adjusted for Xz (b2 is the
estimated regression coefficient quantifying the association between the potential
confounder and the outcome), so forth and so on. For multiple linear regression (Field,

2013; Laerd Statistics, 2022), the following equation has been used:

Y =b1Xi + b2X2+ b3X3 +bo
where:

Y = Outcome or dependent variable;
X1 = Predictor or independent variable, X2 etc.;
b1 = Slope of the line or estimated regression coefficient (quantifying the

association between predictor and outcome variables); and
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bo = intercept value (value of y, when X = 0).

My research data analysis plan aligns with concepts associated with the TN-TP-

Chl-a model (Wang et al., 2016; Sutula et al., 2022) in assessing the relationship between

variables associated with algal blooms. A number of steps for the conduct of my research

were taken as follows:

1.

5.

Examination of the dataset and further review of the variables for reliability and
validity.
Verification that datasets have the complete set of variables in determining TN,
TP, NH3, and chlorophyll a. TN is the sum of all nitrogen forms (U.S. EPA,
2021c), and can be determined as follows: TN = TKN + NO2 + NOs,
Re-coded the datasets to control for seasonal changes, if appropriate.

e Wet Season = Group 1 (Oct 1 —Mar 31)

e Dry Season = Group 2 (Apr 1 — Sep 30)

Conducted statistical evaluation of dataset: descriptive, correlation, multiple
linear regression. Generated output of supporting tables, plots and graphs.

Interpretation of data output.

Once the datasets were thoroughly vetted in Steps 1 and 2, the SPSS program was

used to perform the SPSS quantitative analyses of my subject variables. In addressing my

research questions presented in the following section, the statistical tests to be performed

were run concurrently, but handled separately for correlation and regression analysis. The

multiple regression analysis followed the correlation analysis to determine if one can

predict the other.
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Research Questions

The use of correlation and regression is tied to the relational or predictive sphere.
Hence, in keeping with my study objectives and in the context of my research questions,
my interest was limited to key nutrient predictor variables and the outcome variable of
chlorophyll-a. The term correlation is synonymous to relationships, and prediction is
synonymous to impact, influence, and or interaction. While it is not intended to determine
causal relationships, the overarching issue was whether or not and to what extent can the
independent variable(s) predict the dependent variable for Machado Lake.

The following research questions form the basis of my assessment. Each research
question has a null and alternative hypothesis that was examined.

Research Question 1 (RQ1): What is the relationship between total nitrogen (TN)
and chlorophyll-a in this rehabilitated lake, after controlling for seasonal change (wet and
dry season)?

Hol: There is no relationship between TN and chlorophyll-a, when controlling for

seasonal change.

Hal: There is a relationship between TN and chlorophyll-a, when controlling for

seasonal change.

Research Question 2 (RQ2): What is the relationship between total phosphorous
(TP) and chlorophyll-a in this rehabilitated lake, after controlling for seasonal change?

Ho2: There is no relationship between TP and chlorophyll-a, when controlling for

seasonal change.
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Ha2: There is a relationship between TP and chlorophyll-a, when controlling for

seasonal change.

Research Question 3 (RQ3): What is the relationship between ammonia (NH3)
and chlorophyll-a in this rehabilitated lake, after controlling for seasonal change?

Ho3: There is no relationship between NH3 and chlorophyll-a, when controlling

for seasonal change.

Ha3: There is a relationship between NH3 and chlorophyll-a, when controlling for

seasonal change.

Research Question 4 (RQ4): To what extent do TN, TP, NH3 predict chlorophyll-
a while controlling for seasonal change?

Ho4: There is no predictive relationship between TN, TP, NH3 and chlorophyll-a,

while controlling for seasonal change.

H4: There is a predictive relationship between TN, TP, NH3 and chlorophyll-a,

while controlling for seasonal change.
Validity of Data

As with all field studies, researchers must trust the data assuming the data
collected can be verified that it has been obtained in a technically-sound manner, not
faulty through use of poorly maintained equipment or biased by field research teams.
Fortunately, technology has advanced to where in-situ measurements can be collected
with improved reliability and validity. Inspection and training is essential to maintain this

high level of confidence in the data collected in the field.
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The City WPD’s data collection program was vetted to evaluate whether or not
the processes used in acquiring their information meets and or exceeds state and federal
guidelines and industry quality assurance, quality control measures and standards. While
quality assurance for the most part relates to the planning of activities associated with
data collection, quality control is considered more reactive in addressing problems that
may arise during the conduct of obtaining data (U.S. EPA, 2021a). In the case of field
instrumentation, the end user needs to be properly trained in its use and application.
Following instrumentation manuals is essential in obtaining reliable and accurate data,
especially in addressing the long-term instrumentation data collection processes of
operation and calibration of equipment (U.S. EPA, 2022a). A quality assurance and
quality control plan is essential for purposes of verification and validation of the data

collection and instrumentation processes used.

As reported by City staff (personal communication, City WPD, February 14,
2022), guidance and protocols as established in the Dominguez Channel Coordinated
Integrated Monitoring Program (CIMP) are used to bring continuity to the data collection
and monitoring process for Machado Lake. My research was bound to the variables and
processes developed by them, and instrumentation employed. In preliminary
conversations with the City WPD, it was understood that their data set is robust and the
subject variables for my research are contained in the dataset. With the large case
numbers available, initial steps were taken to prepare and clean, if necessary, the “raw”

data prior to any statistical analyses and recode as appropriate. Cleaning or adjusting
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units of concentration may be necessary, especially when using in-situ instrumentation
and fixed-based laboratory derived data.
Ethical Considerations

There were no readily identifiable threats or ethical concerns in the
implementation of my research, as the data does not refer to human subjects. The City
WPD are the originators of the dataset and have been responsible for the collection and
storage of the dataset. The City WPD granted permission in a letter for the use of the
data. In addition, there are no known or anticipated conflicts of interest.

Summary

The methodology and design plan lay the groundwork for answering one’s
research questions. My summary of the methodology presented in this chapter delineates
a systematic approach for assessment of the case count dataset being provided by the City
WPD. The benefit of use of this dataset was that the City has granted permission to
access their water-quality dataset that one could not otherwise easily collect on their own.
A correlation and multiple linear regression of the independent variables TN, TP, NH3
and dependent variable Chl-a were used to examine their relationship for prediction of
algal blooms as a proxy for harmful algal blooms and cyanotoxic water conditions in the
lake water body.

The significance of my research has been to understand the associations and
relationships of nutrients and chlorophyll-a to predict the potential for algal blooms
leading to harmful algal blooms and cyanotoxic conditions using constructs of the TN-

TP-Chl-a conceptual model. As such, an early warning precursor to harmful algal blooms
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may be achieved to protect human health against detrimental impacts from late stages of
eutrophication impairing lake water-quality conditions (Bogardi et al., 2013; Steffen et
al., 2015). Furthermore, gaining this pertinent knowledge leads to improvement in real-
time proactive monitoring, data collection, and mitigation programs. While my research
objectives are problematically only a small part of the larger scientific framework being
undertaken today, my research will add valuable scientific-based knowledge for further
development of technically-sound field methods, designing effective management
strategies, and ultimately more meaningful policy.

This chapter has provided for my study design, secondary-data collection
methods, and statistical procedures, evaluation of validity and integrity of data, and
ethical concerns. Looking to the next section, Chapter 4 summarizes the measurement
results used in the statistical, mathematical and numerical analyses performed to address
my research objectives. A discussion on the associations and relationships of my
quantitative study are highlighted. Rehabilitating, maintaining and protecting freshwater
waterbodies for its intended use, minimizing potential exposure and human health risk,
and giving the community access to such waterways for recreation, clean water sources,

sensitive habitats all contributes to positive social change
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Chapter 4: Results

Public concerns continue to grow over the health risks of exposure to harmful
algal blooms that impact the socio-ecological environment, community, and human
health (CDC, 2021a, NIH, 2021). On-going research of algal blooms and the role that
nutrient pollution cycles play in promoting the growth patterns of biomass and algae need
to be further studied in real-time in the open natural environment (Conley et al., 2009; Xu
et al., 2021). There is sufficient evidence that freshwater lakes and open waterways have
been severely damaged as a result of harmful algal blooms linked to late stages of
eutrophication, with the eventual formation of cyanotoxins (State of CA-RWQCB,
2022a). According to the CDC (2021a), cyanotoxins resulting from the degradation of
lake water quality, due to extreme algal blooms, pose a significant challenge in protecting
freshwater habitats, recreational open space, and the drinking water supply. Researchers
are in agreement that there is an urgent need to fill gaps in the literature related to the
association of nutrient pollution and Chlorophyll-a in the natural environment. By
investigating these nutrients in the natural environment (TN, TP, and NH3 as key factors
related to formation of algal blooms), I sought to establish meaningful thresholds in
protecting the intended beneficial uses of local fresh-water lakes and water ways (Wang
et al., 2016; SCCWRP, 2021). In this chapter, an analysis of these nutrient pollutant
predictor variables and Chlorophyll-outcome variable interconnected to algal blooms as a
precursor to harmful algal blooms has been performed and the results of this research are

presented.
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Overview of Research Dataset

The secondary water-quality dataset of Machado Lake was acquired from the City
of Los Angeles, WPD. Several dataset files for my target population lake were reviewed
and vetted for their applicability in addressing my research objectives. The datasets
consisted of both in-situ probe and “grab” water-quality data, the bulk of which was
coded specific to the instrumentation output (concentration values were reported in
milligrams per liter, mg/L). Consolidation of the variables was considered; however,
upon further examination of the in-situ datasets, I noted that many of the independent
variables needed for my research were either missing or not collected. Of the datasets
received from the City of Los Angeles, the most complete and reliable dataset meeting
industry standards of “quality assurance and quality control” were the water “grab”
samples taken at two locations from the target population (Machado Lake) post
rehabilitation. From these “grab” sample datasets, four key variables needed for my
research were available and these variables were analyzed by the City in the laboratory at
a frequency of twice per month from late 2017 to my analysis in 2022. For my research,
the dataset was trimmed to a 4-year period, from approximately November 2017 to
December 2021.

The research approach and rationale for the statistical test methods used are
discussed in various sections of this chapter. There was concern over the assumption of
normality for my referenced dataset. While it is not uncommon that a dataset is non-
parametric, appropriate options in handling the dataset needed to be considered. As

discussed in this chapter, modifications to the dataset were taken to approximate normal
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distribution. Briefly, steps were taken to filter outliers and transform my dataset to an
approximately normally distributed dataset for use in performing correlation (Pearson’s
Correlation) and multiple regression (Multiple Linear Regression - MLR) statistical tests.
In summary, Table 4 highlights the key statistical tests used.

Table 4

Overview of Statistical Tests

Statistic Test Rationale
Independent t-Test Control for Seasons — Equality of Means between Seasons
Shapiro-Wilk Testing for Normality
Pearson’s Correlation Relationship — Strength and Direction

Multiple Linear Regression  Prediction and Regression Equation

A time-series plot of the raw data is presented in Figure 7. The time-series plot of
the data shows how each variable changes in case value (concentration, mg/L) over time.
The dataset represents approximately 4 years of data collected over the period of
November 2017 to December 2021. The total observations of each variable is 102 cases,
with no missing values. While highs and lows along the trend line are observed, these
fluctuations occur somewhat randomly throughout the calendar year. A further analysis
of these changes will be discussed in assessing the equality of the means between
seasons. Furthermore, additional supporting data output, such as frequency tables,
histograms, boxplots, and scatterplots are provided this chapter and Appendix C. A table

of acronyms used are provided in Appendix D.
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Figure 7

Time-Series Graph of Variables vs Time (Raw Data)

Chlorophyll-a and Nutrients vs Time
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Modifications to Research Dataset
A number of steps were taken in preparing my dataset to approximate normality.
These steps are described here, and further discussion is provided in other appropriate
sections of this chapter. The steps include:
e Filtering outliers from my dataset, leaving 100+ observations for each
independent variable and dependent variable.
e Transformation of data to SQRT and LOGI10 to assess which of these transformed

variable datasets better approximate normality.
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e The frequency statistics of NH3 indicates that a significant number of case values
are very low and near zero (~ 0.025). With these low values, the variable was not
continuous and transformation of NH3 did not improve its approximation toward
normality; therefore, this variable was recoded as dichotomous, as discussed
below.

Transformation of the data required testing two methods and comparing the
results in approximating normal distribution. Several outliers were filtered from the
original raw dataset. Subsequently, the data was transformed using the square root
(SQRT) and logarithmic (LOG10) functions to compare which transformation best
exhibited near approximate normal distribution. Based on these conversions, the
transformed SQRT results provided the best improvement to approximate normality,
making the data more amenable to analysis. Notwithstanding, Pearson’s Correlation and
Multiple Linear Regression (MLR) are robust to deviations from normality (Field, 2013).

For the independent variable NH3, the case values were observed not to be
continuous and did not approximate normality after transformation; therefore, steps were
taken to recode these case values into a dichotomous set of two groups, NH3zRecode 0 and
1. By recoding and changing to dichotomous, distribution and normality are no longer an
issue of concern. This variable did not undergo Pearson's test as Pearson is for a
continuous variable, not a dichotomous one. While NH3 was not used in correlation, it

was assessed as a dichotomous variable in the multiple regression test.
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Controlling for Seasonal Changes
As originally posed in my research questions, consideration of seasonal changes
as a possible controlling factor needed to be considered. An overview of the group

statistics for the dependent variable Chl-a is provided in Table 5.

Table 5
Group Statistics
Std. Std.
Season N Mean Deviation Error
Mean
Chlorophylla’b “Wet” 52 .079 .062 .009
“Dry” 50 .091 .048 .007
SQRTChl-a “Wet” 52 258 11 .015
“Dry” 50 291 .082 .012

Note. ® Dependent variable, both raw (Chlorophyll) and transformed (SQRTChl-a). ®
Chlorophyll — raw data.

As cited in the literature (Fleming et al., 2002; Dodds et al., 1998), algal blooms
in freshwater lakes and small water bodies are susceptible to seasonal changes. During
dry hot summer months the water body can be observed to turn a slight green, indicative
of algal blooms and an early warning of eutrophication (Falconer & Humpage, 2005;
Dodds, 2007). As the cold winter months occur, the freshwater bodies are less prone to
changes in color. In Southern California, freshwater lake conditions are subjected to very
different conditions than other lakes across the nation when addressing seasonal changes.
For my target water body (rehabilitated Machado Lake), seasonal changes refers to wet
and dry as opposed to changes in seasonal temperatures as typically referenced in other

lakes across the nation (US EPA, 2021a).
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Season (wet and dry) has been examined using the Independent t-Test to address
the following: Is Season an important factor to control for in my data analysis? Using the
t-Test, the estimated mean values of Wet and Dry season of my dependent variable were
compared (equal or not equal). To determine whether or not to control for seasonal
changes has been based on whether there is a distinct difference among the mean values
for my dependent variable (Chl-a and SQRTChl-a), wet and dry season. Depending on
the outcome of the t-Test, seasonal control to my research would be applied as
appropriate.

As grounded in the literature, the working hypothesis is that there would be a
distinction in case values between seasons, thus controlling for season. The working
hypothesis is as follows:

Hol: the statistical significance of the means of the two groups are equal
[i.e., wet season mean (groupl) = dry season mean (group 2)]. There is no
difference in the two groups.

Hal: the means of the two groups are not equal [i.e., wet season mean
(groupl) # dry season mean (group 2)]. There is a difference in the two
groups.

The t-Test of Chl-a was performed after grouping for Season Group 1 = Wet
Season (Oct 1 to Mar 31); Group 2 = Dry Season (Apr 1 to Sep 30). A comparison is
provided for both the raw data (Chlorophyll) and transformed data (SQRTChl-a). While
the case count was slightly different for the groups (Wet, n = 52; Dry, n = 50), this slight

variation in count would not critically affect the results of the mean comparison. Based
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on the descriptive statistics, the wet season generally had a lower mean value, and also
had a wider spread than the dry season (based on the larger standard deviation). Both the
raw and transformed data between mean estimation of the groups (wet and dry) were
nearly similar or otherwise deemed “equal”. A more thorough analyses output of the
equality of means is noted in Table 6.

Table 6

Independent t-Test (Chl-a)

t-Test for Equality of Means

Sig. Two-  Mean Std. Error
t df sided p Difference  Difference
Chlorophyll ~ Equal
variance -1.117 100 267 -.012 011
assumed
Equal
variance -1.122 95.752 265 -.012 011
not
assumed
SQRTChl-a Equal
variance -1.680 100 .096 -.032 .019
assumed
Equal
variance -1.690 93.757 .094 -.032 019
not
assumed

The Independent #-Test supports what is observed from the group statistics. The t-
test for equality of means for either raw or transformed Chl-a suggests that there is no
difference between the two groups representing Season (Wet and Dry). Evaluating the t-
statistic of each variable (equal variances not assumed), the sig. value (two-sided)
resulted in Chlorophyll (p =.265) and SQRTChl-a (p = .094), both greater than the

statistic threshold of p = .05. The test statistic results are not statistically significant, and



78

fail to reject the null hypothesis (Ho). Therefore, there is no difference between the two
groups. Using both descriptive and the t-Test statistic, there is no reason to control for
Season in evaluating my research variables.
Statistic Evaluation Results

Since there was no compelling reason to control for season, each variable’s entire
case count was used in addressing my research questions. My research questions are the
same as provided in Chapter 3, noting that controlling for seasonal change was no longer
a necessary step.
Applied Dataset

As provided in Table 7, the dataset has a total valid cases count of n = 102 for
each variable. There are no missing cases. The nature of the dataset can best be described
using Descriptive Statistics to approximate the character of the sample sets. A central
tendency table for both the raw data and the transformed data are provided.
Table 7

Descriptive Statistics - Raw and Transformed [SOQRT] Dataset

N Mean  Median SD Variance  Skewness  Kurtosis
Chl-a 102 .085 .069 .056 .003 .674 -.567
SQRT-Chl-a 102 274 263 .098 .010 .084 =747
TN 102 2.056 1.700 1.051 1.104 .833 -.109
SQRT-TN 102 1.388 1.304 .3600 .129 .307 -.300
TP 102 319 315 .109 .012 .363 -.046
SQRT-TP 102 557 561 .098 .010 -.100 -.189
NH; 102 .068 .025 .078 .006 2.467 6.069
NH;sRecode 102 461 .000 .501 251 .160 -2.014

Note. Descriptive Statistics comparison: Raw Data vs. Transformed [SQRT] data.
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The variables in the dataset include: Chl-a, TN, TP, NH3, and each of the four

transformed (SQRT) variables. The level of measurement of each variable represents a
discrete measurement (units in milligrams per liter, [mg/L]) and was continuous and
interval, with the exception of NH3Recode that was recoded as dichotomous.

The central tendency data for both the raw and transformed data include: mean,
median, standard deviation, variance, skewness, and kurtosis. The continuous variables
are best described in the following manner. The mean (average) for Chl-a, TN, TP and
NH3 were .085, 2.056, .319, and .068, respectively. The median for Chl-a, TN, TP and
NH3 were .069, 1.700, .315, and .025, respectively. The measure of spread or variability
described by the variance (dispersion or spread of values around the mean) and standard
deviation (square root of the variance) are: Chl-a (.003, .056); TN (1.104, 1.051); TP
(.012, .109); and NH3 (.006, .078). For comparison, the respective SQRT outcome of
each variable has also been provided (see Table 8).

Research Questions and Hypotheses

The two primary statistical tests used are to: 1) establish the relationship (strength
and direction) of the predictor variable to the outcome variable (Pearson’s Correlation);
and 2) whether one variable can predict the other (MLR). Use of Pearson’s Correlation
applies directly to RQ 1, 2, and 3, and use of multiple regression applies to RQ 4. In
summary, taking the first three RQs in combination, the follow-on research question is:

Research Questions (RQ1 through RQ3: What is the relationship between each of the
independent variables (IVi- TN, IV2 — TP, IV3 - NH3) and the dependent variable (DV —

Chl-a) in rehabilitated Machado Lake?
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Where:
Hol - Ho3: There is no relationship between variables.
Hal - Ha3: There is a relationship between variables.
Research Question (RQ4): To what extent do the independent variables TN, TP and
NH3 predict the dependent variable Chl-a?

Where:

Ho4: There is no predictive relationship between variables.

Ha4: There is a predictive relationship between variables.
Test Assumptions

A key assumption to the tests performed is that the values of the dataset are
normally distributed, or approximately normally distributed. As mentioned earlier, the
original raw dataset was not normally distributed and thus transformed. Comparing the
outcome of using techniques of SQRT, and LOG10, it was concluded that use of SQRT
transformation was closer to approximating normal distribution. In support of this
analysis, histograms of the transformed data for SQRTChl-a, SQRT-TN and SQRT-TP

are provided in Figures 8 through 10.
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Figure 8

Histogram of SORTChl-a
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Figure 10
Histogram of SORT-TP
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In addition to transformation, other assumption tests taken into consideration in
evaluating variables include, but not limited to: continuous scale variables;
homoscedasticity; multicollinearity; and no outliers or unusual data points. The exception
on the use of these assumption tests was the independent variable NH3, which was
recoded as NH3Recode.

Test for Normality

The normality test is an essential step prior to use in Pearson’s Correlation and
Multiple Linear Regression. The normality test was applied using the transformed

variables as noted in Table 8.
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Table 8
Tests of Normality
Kolmogorov-Smimov* Shapiro-Wilk
Statistic  df Sig. Statistic df Sig.
SQRTChl-a  .075 102 175 976 102 .056
SQRT-TN .105 102 .008 964 102 .007
SQRT-TP .040 102 200 .996 102 987

Note. ? Lilliefors Significance Correction. * This is the lower bound of the true
significance.

Shapiro-Wilk’s sig-value for each variable is determined to test its statistical
significance for normality. The significance threshold for assumption of normality is not
met if the sig. value is < .05 (test of significance at the p = .05 level). If not met, the result
is statistically significant (null rejected) and the data is not normally distributed. If sig. >
.05, then the assumption of normality is NOT violated and it suggests that the variable is
normally distributed.

Based on the test statistic results, SQRTChl-a (p = .056) and SQRT-TP (p = .987)
were normally distributed; whereas, SQRT-TN (p = .007) was not normally distributed.
For comparison purposes and while the test statistic for SQRT-TN was not met, the
descriptive statistic (scatterplot and skewness) output suggests that this variable
approximates normal distribution. A scatterplot of SQRTChl-a by SQRT-TN as provided

in Figure 11, supports this position.
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Scatterplot of SORTChl-a by SORT-TN
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The scatterplot suggests a linear relationship between SQRTChl-a and SQRT-TN

variables. Based on visual inspection, the linear relationship of the variables are positive,

as SQRT-TN increases, so does SQRTChl-a. Additionally, the SQRT-TN skewness

(.307) falls within the suggested tolerance limits of -1 to +1, providing support for

approximating normality. Contrary to the Shapiro-Wilk test output, the descriptive

statistics for SQRT-TN reinforces the position that there is a positive approximately

normal relationship between variables.

Pearson’s Correlation

The purpose of running Pearson’s Correlation is to measure the strength and

direction of the association between two variables. Since Pearson’s Correlation
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coefficient is fundamentally tied to conducting the Multiple Linear Regression, the
correlation statistic has been discussed in greater detail in the next section.

As with all statistical tests, a number of assumptions need to be examined. The
basic premise for this test is that the variables are continuous (interval or ratio), and are
normally distributed. The normality test related to Shapiro-Wilk test output resulted in
SQRTChl-a and SQRT-TP approximating normal distribution; whereas, SQRT-TN was
not. However, as discussed above, the SQRT-TN descriptive statistics of skewness and
kurtosis supports the premise that there is an association between variables.
Correlation and Multiple Linear Regression

In conducting both correlation and regression tests, the statistic method tests if the
coefficients from the regression function have a significant impact on my dependent
variable (SQRTChl-a). A review of the descriptive statistics for the variables are
provided in Table 9. Each mean and standard deviation are provided for the transformed
variables of SQRTChl-a, SQRT-TN, SQRT-TP and NH3Recode.

Table 9

Descriptive Statistics [SORT and ReCode] for Correlation and Regression

Mean Std. N
Deviation
SQRTChl-a 274 .098 102
SQRT-TN 1.39 .360 102
SQRT-TP .557 .098 102
NHsRecode 461 501 102

Note. Dependent Variable: SQRTChl-a.
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The descriptive statistics output references that the dependent variable SQRTChl-
a has an average value is .28, with a standard deviation of .10. The three independent
variable average mean values of SQRT-TN, SQRT-TP and NH3Recode were 1.39, .56
and .46, with a corresponding standard deviation of .36, .10 and .50, respectively.

As noted in Table 10, the correlation between the dependent variable SQRTChl-a
and the independent variables was statistical significant for SQRT-TN (<.001) and

SQRT-TP (.001), but not statistically significant for NH3Recode (.093).

Table 10
Correlations [SOQRT]
SQRT-Chl-a SQRT-TN SQRT-TP NH;Recode
Pearson Correlation SQRT-Chl-a 1.00 783 312 -.132
SQRT-TN 783 1.00 293 -.011
SQRT-TP 312 293 1.00 .000
NHj3Recode -.132 -.011 .000 1.00
Sig.(1-tailed) SQRT-Chl-a <.001 .001 .093
SQRT-TN <.001 .001 456
SQRT-TP .001 .001 .499
NH;3Recode .093 456 499
N SQRT-Chl-a 102 102 102 102
SQRT-TN 102 102 102 102
SQRT-TP 102 102 102 102
NH;Recode 102 102 102 102

The Pearson’s coefficient of independent variable SQRT-TN and dependent
variable SQRTChl-a was .783, slightly above .7. This was a positive finding as an
indication that these two key variables, one independent and one dependent, are nicely
correlated. As for NHsRecode, the statistical significance outcome was not unexpected.

In assessing the output of the MLR model, an examination of the ANOVA and

Model Summary tables provides an evaluation of the regression statistical significance
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and effect size. The ANOVA output, provided in Table 11, has an F statistic (/"= 57.03)

and sig. value of p = <.001, suggesting that it is statistically significant; and therefore, the
model’s three independent variables (SQRT-TN, SQRT-TP, NHsRecode) predict the
dependent variable (SQRTChl-a). The regression model indicates that with the sig. =
<.001, there is statistical significance and the null hypothesis is rejected. In accepting of
the alternative hypothesis, the combination of the three independent variables does have a
relationship with the dependent variable. At the model level, no distinction is given for
which of the independent variables may be more influential in affecting the outcome
variable.

Table 11

ANOVA — Regression Model

Model * Sum of df Mean Square F Sig.
Squares
lof1  Regression .621 3 207 57.027  <.001°
Residual .356 98 .004
Total 977 101

Note. * Dependent Variable: SQRTChl-a. ® Predictors: (Constant), SQRT-TN, SQRT-TP,
NHsRecode.

Furthermore, the Model Summary provided in Table 12 indicates R*> and Adj. R?

are > .3, suggesting that there is a good fit to the regression model line (Field, 2013).

Table 12
MLR Model Summary
Adj. R Std. Error of
Model ° R R Square Square the Estimates  Durbin-Watson
1 of1 797° .636 .625 .060 1.965

Note. * Predictors: (Constant), SQRT-TN, SQRT-TP, NH3sRecode. ® DV: SQRTChl-a.
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Evaluating the effect size (see Table 12), the Adj. R? value (Adj. R? = .63) implies
that 63% of the variability of the dependent variable Chl-a concentration is explained by
the combination of the independent variable’s concentrations (SQRT-TN, SQRT-TP),
with a statistical significance p = <.001. On the other hand, 37% of the variability of the
dependent variable is contributed by other outside factors. With a sig. = <.001, there is
statistical significance and at the model level the independent variables do have a
relationship with the dependent variable. In summary, the model’s independent variables
statistically significantly predict the dependent variable, as follows: Chl-a, F(3, 98) =
57.03, p <.001.

Examining the output at the variable level in Table 13, the coefficients of the
variables are provided. The output of statistical significance (sig. — value) were SQRT-
TN =<.001, SQRT-TP = .16, and NH3Recode = .05. Using the p <.05, both SQRT-TN
and NHsRecode were statistically significant, and SQRT-TP was not statistically
significant. What this suggests is that this variable (SQRT-TP) by itself does not have a
relationship with SQRTChl-a, but when SQRT-TP is combined with SQRT-TN, together
these variables have a statistically significant relationship with SQRTChl-a. While these
two independent variables (SQRT-TN and SQRT-TP) have a positive influence on the
dependent variable, the NH3Recode variable has a negative influence. For every unit

increase of NH3Recode, there is a decrease of SQRTChl-a by -.02.
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Table 13

Coefficients [SORT] - Regression Model

Unstandardized Standardized
Coefficients Coefficients
Model B Std. Error Beta t Sig.
1ofl (Constant) -.052 .038 -1.387 .169
SQRT-TN .206 017 755 11.838 <.001
SQRT-TP .092 .064 .091 1.428 .156
NH;3;Recode -.024 .012 -.124 -2.030 .045

An analysis of the Unstandardized Coefficient B reveals that if SQRT-TN goes up
by one unit (1 mg/L), then the dependent variable SQRTChl-a will increase by .21 units
(while holding all other independent variables constant). The Unstandardized Coefficient
B of SQRT-TP indicates that if SQRT-TP goes up by one unit, then SQRTChl-a will
increase by .09, a relatively small amount compared to TN. Since the concentration units
of all my variables are the same, the output values of the Unstandardized Coefficients B
hold true (all unit values on the same scale), and thus there is no need to interpret the
Standardized Coefficients Beta (Field, 2013).

In summarizing the output at the variable level, the coefficient of SQRT-TP (sig.,
p = .156) was not significant; however, collectively and in combination with the other
independent variables of SQRT-TN (p = <.001) and NH3Recode (p = .045), they are
contributing to the observed changes in unit concentration of SQRTChl-a. The complete

summation of the results of the regression model is provided in Table 14.
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Table 14

Multiple Linear Regression Results for Chl-a

95% CI for B
Chl-a B LL UL Std. Error  Std. Coef. B8 R?  Adj.R’
Model 1 of 1 636 .625
(Constant) -.052 -.127 .023 .038
SQRT-TN 206 172 241 017 755
SQRT-TP 092 -.036 219 064 091
NH;Recode -.024 -.048 -001 012 -.124

Note. Dependent Variable: SQRTChl-a. Predictors: (Constant), SQRT-TN, SQRT-TP,
NH3sRecode. B = unstandardized regression coefficient. CI = confidence interval. LL =
lower limit. UL = upper limit. B = standardized regression coefficient. R* = coefficient of
determination. Adj. R? = adjusted coefficient of determination.

An analysis of the dichotomous independent variable, NH3Recode, is interpreted
differently than that of the continuous independent variables. The Unstandardized
Coefficient B for NH3Recode is -.024, a negative slope coefficient in group comparison.
This result indicates that the predicted NH3 for the high-valued group (Group 1) is -.024
units less than the low-valued group (Group 0), when all other independent variable
values are held constant. This value was applied in the estimation of a prediction equation
model.

Regression Model for Prediction
Taking into account the theoretical importance in using all three independent

variables in the developing a predictive equation, the predictive equation is as follows:

Equation 1: Predicted Chl-a =bo + (b1 x IV1) + (b2 x IV2) + (b3 x IV3)

bo = intercept

b1, bz, bs...slope of the IV
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IV1 = Total Nitrogen
IV2 = Total Phosphorous

IV3 = NH3 or Ammonia

Using B from our regression output, the following predictive equation is derived:

Equation 2: DV =-.052 + .206*(SQRT-TN) + .092*(SQRT-TP) - .024*(NH3Recode)

As future data is collected, this preliminary predictive model regression equation
can be refined. In interpreting the relationships between these independent variables and
the dependent variable, it can be inferred that SQRT-TN is the most influential
independent variable among the nutrients used in my research in predicting SQRTChl-a
concentrations. While other external factors do exist that will influence Chl-a (by about
37%), the model Adj. R? (.63 or 63%) was exceptionally high and that this equation is a
reasonable tool for forecasting of Chl-a under similar conditions.

Summary

An understanding of the relationships between nutrient pollutant variables and
Chl-a as the indicator of algal blooms, have been examined. The unique history and
setting of Machado Lake offers this rare opportunity to assess what associations between
predictor variables and outcome variable are at work for managing risk of exposure to
harmful algal blooms. My research is based on numeric continuous data obtained from
the City of Los Angeles from Machado Lake, post rehabilitation. The relationship
between my independent and dependent variables are well grounded in theory and
existing literature of SEM Theory and constructs of PB (Hayden, 2019; Steffen et al.,

2015). In review, the following interpretation from my research are:



92

e The equality of means for the dependent variable SQRTChl-a, wet and dry
seasons were equal. The analysis of the Independent t-Test output supports
not having to control for Seasonal changes.

e The results of the normality test determined that SQRTChl-a and SQRT-TP
were approximately normally distributed; however SQRT-TN (p =.007) was
not. Upon further examination of this variable’s descriptive statistics of
scatterplot and skewness, the descriptive output supports the dataset
approximating normality.

e Pearson’s Correlation coefficient demonstrates that both SQRT-TN and
SQRT-TP have a positive correlation with the dependent variable SQRTChl-
a. The coefficient for SQRT-TN was r = .783, indicating a very good degree
of correlation between the independent and dependent variable.

e At the model level, the MLR output was statistical significant such that
SQRT-TP combined with SQRT-TN have a significant relationship with the
dependent variable, SQRTChl-a (p = <.001). Two of the three independent
variables had a significant relationship with the dependent variable.

e The regression analysis indicated that the independent variables (specifically,
TN) accounted for approximately 63% of the variation in SQRTChl-a.

The positive relationship of the independent variable SQRT-TN is the one
nutrient pollutant that is the most influential over the dependent variable, SQRTChl-a.
While the relationship of SQRT-TP is also positive, it is relatively minor compared to the

strength of the relationship of SQRT-TN. On the other hand, NH3Recode negatively
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impacted the case value concentrations of SQRTChl-a. In addition to our understanding
of the relationships established between the predictor variables and the outcome variable,
a preliminary predictive regression equation has been developed for forecasting purposes.
As discussed in Chapter 5, researchers seek scientific-based options to forecast
early stages of algal blooms, thus offering sufficient time to prepare corrective actions
and prevent blooms from causing detrimental impairment to the environment and human
health. Our ability to control and prevent nutrient pollutants, specifically TN from
entering into a water body would reduce the presence of algal blooms. Further research
studies in the field will continue to add to our existing knowledge base and fill the gap
that exists in the literature for the need of real-time data evaluations derived from our

natural environment.
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Chapter 5: Discussion, Conclusions, and Recommendations

Through this statistical evaluation of my research variables associated with
nutrient pollutants and Chl-a, the outcomes have contributed to a broader understanding
of what associations between variables are occurring in the natural environment. The
results of my research helps fill this void in evaluating “predictor” values to forecast
potential impairment to our fresh water resources. My research statistics align with what
has been determined from other recent research in the literature, specifically supporting
the interactions between nutrient pollution and algal blooms as determined from the
measurement of Chlorophyll-a.

As evident in the literature (Blakey et al., 2015; Wang et al., 2016; SCCWRP,
2021), there is a greater sense of urgency in preventing occurrences in which harmful
algal blooms and cyanotoxins flourish. It is recognized that more scientific-based
evidence is needed from contemporaneous field research studies to fill the current gap in
the literature, specifically the understanding of the nature of my study variables in a
natural setting in preventing human illnesses and mortality. Securing community access
to waterways for recreation, maintaining clean water sources, and protecting sensitive
habitats all contribute to improved human health and positive social change.

Summary and Interpretation of Findings

The primary purpose of my research was to further understand in this unique
setting of Machado Lake the relationships between the TN, TP and NH3 as predictor
variables to the outcome variable Chl-a, an indicator of algal blooms. While laboratory

analyses require a high level of test frequency and have become increasing more costly,
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research studies from different locations in the field are needed. In the natural
environment, research of the interrelationships between nutrient variables (independent
variables of TN, TP and NH3 to predict the dependent variable, Chl-a) fill this gap
between field and lab research. The results of my study align with the theory (TN, TP and
Chl-a cycles) cited in literature that helps explain the role that nutrient pollutants have
over algal blooms. Adding to our current base of knowledge from past studies, the

following findings from my research of data representing Machado Lake are:

1. Research Questions - RQ1 through RQ3: What is the relationship between
each of the independent variables (TN, TP, NH3) and the dependent variable
(Chl-a) in rehabilitated Machado Lake?

The Pearson’s Correlation coefficient statistic () provided an analysis of the
relationship (strength and direction) between my independent variables and dependent
variable. Both SQRT-TN and SQRT-TP were positively correlated, with SQRT-TN (r =
.783) more highly correlated than TP (» =.312). The variable NH3 was recoded, and
therefore was not tested using Pearson’s statistic test.

2. Research Question - RQ4: To what extent do the independent variables TN,

TP and NH3 predict the dependent variable Chl-a?

Using multiple linear regression, an evaluation of the regression statistical
significance and effect size was determined. Based on the ANOVA output (F =57.03, p
= <.001), the three independent variables at the model level do predict the dependent
variable. It is the combination of these variables that the model level addresses without

distinction as to which independent variable may be more influential in affecting the
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outcome variable. At the variable level, it was not expected that all the independent
variables would show a relationship. The p value for SQRT-TP (.156) was not
statistically significant, and therefore this variable statistic suggests no relationship with
the dependent variable. Despite this result for SQRT-TP, it did have a positive Pearson’s
correlation statistic (.312).

The effect size (Adj. R* = .63) suggests that approximately 63% of the variability
of the dependent variable is explained by the independent variables; wherein 37% of the
variability of the dependent variable is caused by other factors. Given that Machado Lake
was rehabilitated, the relatively low effect size of the other factors (37%) is not a
surprise. While nutrient pollutant interactions and levels of association may differ under
varying conditions in the environment, the relationships established in my research
between variables do support the theoretical premises in the literature. With a large effect
size reported (Adj. R* = .63) such that 63% of the variability of the dependent variable is
explained by the combined independent nutrient variables, provides justification that
these nutrients need to be managed, controlled, and if possible eliminated to keep harmful
algal blooms in check.

Limitation of Findings

A number of assumptions were made regarding the dataset acquired from the City
of Los Angeles, WPD to insure integrity and validity. An inquiry was made over the
protocols established in the collection and test methods used in compiling the dataset
provided for my research analysis. As reported and discussed with the City of Los

Angeles, the use of well-established industry standards for sampling and reporting, as
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well as testing protocols by a certified laboratory assured that the dataset is verifiable at a
number of different audit levels, and it met state and federal guidance standards for
quality assurance and quality control. Assuming these standards and protocols were
rigorously followed throughout the collection period, the dataset would have integrity and
validity for its use in research.

The use of transformed data does have limitations (Field, 2013). The SQRT
transformation could result in missing values or biases (Field, 2013). Fortunately, there
were no negative numbers in my raw dataset that resulted in missing values. The primary
reason to have transformed the dataset was to improve the variable’s normality
distribution. Depending on one’s research objectives, back transformation of findings
could potentially be a limitation that should be taken into account. Use of the predictive
model to forecast algal and harmful algal blooms in the natural environment assumes that
the geomorphological setting is nearly similar to my research setting, thus reducing the
effects of cofounders in one’s research study.

Social-Ecological Theory and Risk Assessment

The presence of harmful algal blooms and evolving cyanotoxins resulting in
imbalances in the environment and water impairment impacting public health has really
taken hold in our daily conversations (US EPA, 2021b; Alliance for the Greater Lakes,
2022). The acceleration of greenhouse gases, increases in global temperatures, heat
waves and extreme cold causing altering land mass use, and novel diseases are negatively
impacting our public health (CDC, 2021a; Steffen et al., 2015). An important theoretical

pillar to my research, Steffen (2015) reiterates that the biochemical flows associated with
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climate change and PB principals are directly related to the TN-TP-Chl-a cycle processes
as a primary reason for lake impairment.

Through the constructs of the Social-Ecological Theory model, the understanding
is to improve the dynamic interactions in our personal daily lives and the environmental
factors that degrade our freshwater lakes. Intertwined in this theory associated with
individual’s relationship with our surrounding community is how collectively each
person must protect against exposure (acute and chronic illnesses) to unhealthy
cyanotoxic conditions that cause harm in recreational waters, wildlife habitat, and
drinking water. The outcome of my research provides a field method to forecast algal
blooms in addressing issues of risk assessment, and ultimately finding cost-effective
solutions to prevent the propagation of algae blooms, harmful algal blooms and
cyanotoxic conditions. Owners, operators, and stakeholders ultimately need to find
sustainable solutions in preventing the propagation of harmful algal blooms and resulting
cyanotoxic conditions in their localized water bodies. As my research is just one aspect of
the larger picture in our understanding of the relationships associated with nutrient
pollutants and algal blooms in the natural environment, it also provides reason for new
“engineering-based” theories tied to epidemiologic concepts in establishing applicable
and relevant policy. From a public health perspective, being pro-active and taking the
necessary measures will help to minimize risk to exposure, illnesses and potential

mortality.
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Application of Study to Global Health Risk Practices

The SEM and PB principles remind us that earth systems are in turmoil. If this
condition persists unchecked, our freshwater waterways will be ripe for toxic blooms,
poisoning our source of fresh water (Barnosky et al., 2011). Whether the concern is
domestic or global, our societal “living” habits and daily needs require significant
“change” to improve our natural habitat and protect our natural resource (CWQMC,
2021b; US EPA, 2022a; Hayden, 2019). On a broader scale, further research is needed to
develop a viable platform for predicting early detection and warning of excessive harmful
algal blooms and cyanotoxic conditions. Global efforts are needed in the development of
new technology that could potentially be a launching point for additional collaboration in
addressing harmful algal blooms. Our collective efforts for early detection allows for
stakeholders and regulators to take precautionary measures in protecting the well-being
of the local community and individual exposure to illnesses. Through continued research
(local stakeholders, state and federal agencies), pro-active scientific-based studies will
continue to build upon the foundation for establishing new innovative data-intensive field
programs in maintaining social, environment and public health.

Implications for Positive Social Change

It is apparent that in order to prevent occurrences of harmful algal blooms,
changes in our daily habits are necessary (Hayden, 2019). It begins with changes to
human-induced impacts in our communities and individual behaviors that have created
these observed imbalances in nature (US EPA, 2022a). The anthropogenic sources of

nutrient pollution, especially in an urban setting need to be better controlled in mitigating
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conditions that result in toxic environmental conditions to humans and wildlife. Changes
in societal behaviors in protecting the environment and local water bodies for its intended
use will promote positive social change. The sources of nutrient pollution need to be
reduced, if not eliminated, and more controls on runoff that enters our shallow lakes and
waterways from major agricultural activities and industries to the individual that applies
fertilizers to their lawn need to be curbed. Having clean water, whether for recreation,
habitat or for drinking water purposes, should not be taken for granted.

Education and localized community efforts are needed to effect change at the
societal level. Through education, we will be able to further our understanding of the
impacts on our daily livelihood and activities to maintain the well-being of the
community and individual public health. Achieving a balance requires that we all do our
part in keeping our water safe for not only our generation, but for generations to come. It
is not a right, but rather a privilege to have this available resource that undoubtedly
promotes positive social change.

Recommendations for Future Research

Our deficiencies in research requires a concerted effort to collect
contemporaneous field data in understanding the relationships of these nutrient pollutants
and other co-variates in the natural environment. Existing models can be updated and
refined, and new models developed as more freshwater bodies and lakes are studied.
While each water body is unique, there will be opportunity to consolidate the results of
researcher’s data and study findings in support of a national platform to predict and

forecast the stages of impending harmful algal blooms. As additional field data is
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compiled, it may be possible to develop a series of nomograms based on unique water
body physical and geomorphological setting and nutrient pollutant contributions in
improving predictive models for future use.

While researchers strive to prevent such occurrences from ever taking place;
unfortunately, blooms and toxins will more than likely continue to persist. The challenge
is to develop and implement sustainable solutions tied to research in the field, and
assuring that there is uniformity and consistency on how information is communicated.
Scientifically-based water-quality standards and establishing sustainable water-
management programs to protect our water resource needs to be a priority, starting with
policy that affects farmlands on use of fertilizers, industry of chemical usages, local
municipalities that maintain storm water and sewer systems, and an individual’s footprint
that degrades the environment.

Conclusion

The outcome of my research reveal that there exists a statistically significant
linear relationship between the concentrations of Chl-a - TN, and to a lesser degree Chl-a
— TP. Since rehabilitation of Machado Lake, its reconstruction provided a laboratory-like
natural environment in which data collected pertaining to nutrient pollutants and
Chlorophyll-a allowed for field-data relationships to be established. My research aligns
with the theoretical framework of the TN, TP and Chl-a cycles (and other nutrients) as
supported in the literature.

Research of harmful algal bloom is in its infant stages in terms of our

understanding of what is happening in the natural environment. Through comprehensive
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field studies, we can provide for a better understanding of the natural environment
associations of our predictive variables to guide us in our decisions. Through continued
study of these relationships will researchers and scientists be able to prevent algal blooms
from overtaking our natural systems, a detriment to our social systems and community
public health. We all need to do our part, embrace cultural and anthropogenic changes in
finding the balance needed to protect our precious water resources and our individual

well being.



103

References
Alliance for the Great Lakes. (2022). Lake Erie algal blooms: Polluting our drinking

water. https://greatlakes.org/campaigns/lake-erie-algae-blooms/

American Psychological Association. (2020). Publication manual of the American

Psychological Association (7™ ed.). https:/doi.org/10.1037/0000165-000

Anderson, D. M., Cembella, A. D., & Hallegraeff, G. M. (2012). Progress in
understanding harmful algal blooms: Paradigm shifts and new technologies for
research, monitoring, and management. Annual Review of Marine Science, 4, 143-

176. https://doi.org/10.1146/annurev-marine-120308-081121

Backer, L. C. (2012). Freshwater algal blooms and public health. Lake Line, 32(3), 7-9.

https://www.nalms.org/lakeline-magazine/

Backer, L. C., Carmichael, W., Kirkpatrick, B., Williams, C., Irvin, M., Zhou, Y., Cheng,
Y. (2008). Recreational exposure to low concentrations of microcystins during an
algal bloom in a small lake. Marine Drugs, 6(2), 389-406.

https://doi.org/10.3390/md20080018

Backer, L. C., McNeel, S. V., Barber, T., Kirkpatrick, B., Williams, C., Irvin, M., Cheng,
Y. (2010). Recreational exposure to microcystins during algal blooms in two
California lakes. Toxicon, 55(5), 909-921.

https://doi.org/10.1016/j.toxicon.2009.07.006

Barnosky, A. D., Matzke N., Tomiya, S., Wogan, G. O., Swartz, B., Quental, T. B.,
Marshall, C., McGuire, J. L., Lindsey, E. L., Maguire K. C., Mersey B., & Ferrer

E. A. (2011). Has the earth’s sixth mass extinction already arrived? Nature, 471,


https://doi.org/10.1037/0000165-000
https://doi.org/10.1146/annurev-marine-120308-081121
http://www.nalms.org/lakeline-magazine/
https://doi.org/10.3390/md20080018
https://doi.org/10.1016/j.toxicon.2009.07.006

104
51-57. https://doi.org/10.1038/naturc09678

Beasley, V. R., Cook, W. O., Dahlem, A. M., Hooser, S. B., Lovell, R. A., & Valentine,
W. M. (1989). Algae intoxication in livestock and fowl. Veterinary Clinics of
North America: Food Animal Practice, 5(2), 345-361.

https://doi.org/10.1016/S0749-720(15)30980-4

Berkes, F., and Folke, C. (1998). Linking social and ecological systems: Management
practices and social mechanisms for building resilience. ES Home, 4(2), Art. 5.

Blaha, L., Babica, P., & Marsalek, B. (2009). Toxins produced in cyanobacterial bloom
waters — toxicity and risks. Interdisciplinary Toxicology, 2(2), 36-41.

https://doi.org/10.2478/v10102-009-0006-2

Blakey, T., Melesse, A. M., & Rousseaux, C. S. (2015). Toward connecting subtropical
algal blooms to freshwater nutrient sources using a long-term, spatially distributed,
in situ chlorophyll-a record. Catena: 133, 2015, 119-127.

https://www.sciencedirect.com/science/article/abs/pii/S0341816215300096

Blankenship, R. E. (2010). Early evolution of photosynthesis. Future Perspectives in
Plant Biology, 154, 434-438. doi:10.1104/pp.110.161687

Bogardi, J. J., Fekete, B., M., & Vorosmarty, C. J. (2013). Planetary boundaries revisited:
a view through the “water lens”. Science Direct —Environmental Sustainability, 5,

581-589. https://dx.doi.org/10.1016/j.cosust.2013.10.006

California Water Quality Monitoring Council [CWQMC]. (2021a). HAB-related
programs and organizations.

https://mywaterquality.ca.gov/habs/resources/index.html



https://doi.org/10.1038/nature09678
https://doi.org/10.1016/S0749-720(15)30980-4
https://doi.org/10.2478/v10102-009-0006-2
https://www.sciencedirect.com/science/article/abs/pii/S0341816215300096
https://dx.doi.org/10.1016/j.cosust.2013.10.006
https://mywaterquality.ca.gov/habs/resources/index.html

105
California Water Quality Monitoring Council - CWQMC. (2021b). California harmful

algal blooms (HABs) portal: Are harmful algal blooms affecting our waters?

https://mywaterquality.ca.gov/habs/resources/index.html

Carmichael, W. W. (1997). The cyanotoxins: An emerging environmental concern. In R.
Bajpai, N. K. Sharma, & A. K. Rai (Eds.), Advances in life sciences (pp. 187-
211). Academic Press.

Carmichael, M. M., & Boyer, G. L. (2016). Health impacts from cyanobacterial harmful
algae blooms: Implications for the North American Great Lakes. Harmful Algae,

54, 194-212. https://doi.org/10.1016/1.hal.2016.02.002

Castillo, A. F., Yebra-Montes, C., Garibay, M. V., Anda, J., Garcia-Gonzalez, A., &
Gradilla-Hernandez, M. S. (2022). Simple prediction of an ecosystem-specific
water quality index and the water quality classification of a highly polluted river

through supervised machine learning. Water, 14, 1235.

https://doi.org/10.3390/w14081235

Catalano, K. (2022, September). Climate change affects us all, but it doesn’t impact us
equally [Editorial]. The Nation’s Health, a publication of the American Public
Health Association. APHA, 52, (7) 7.

https://www.thenationshealth.org/content/52/7/7.1

Centers for Disease Control and Prevention - CDC. (2021a). Harmful algal bloom (HAB)

— Associated illness. https://www.cdc.gov/habs/index.html

Centers for Disease Control and Prevention - CDC. (2021b). CDC at work: Harmful

algal bloom (HABs) - Assessing health effects from Airborne Cyanobacterial


https://mywaterquality.ca.gov/habs/resources/index.html
https://doi.org/10.1016/j.hal.2016.02.002
https://doi.org/10.3390/w14081235
https://www.thenationshealth.org/content/52/7/7.1
https://www.cdc.gov/habs/index.html

106

toxin exposure. https://www.cdc.gov/habs/cdc-at-work.html

Centers for Disease Control and Prevention - CDC. (2022). One health harmful algal

bloom system (OHHABS). https://www.cdc.gov/habs/ohhabs.html

Cheung, M. Y., Liang, S., & Lee, J. (2013). Toxin-producing cyanobacteria in
freshwater: A review of the problems, impact on drinking water safety, and efforts
for protecting public health. Journal of Microbiology, 51(1), 1-10.

https://doi.org/10.1007/s12275-013-2549-3

Chorus, 1. (2001). Cyanotoxins: Occurrence, causes, consequences (1% ed.). New York
City, NY: Springer Publishing.

Chorus, 1., & Bartram, J. (1999). Toxic cyanobacteria in water: A guide to their public
health consequences, monitoring and management. London, UK: Taylor &
Francis.

City of Los Angeles, Department of Public Works - Bureau of Engineering [LA-
DPWBOET]. (2009). Machado lake ecosystem rehabilitation project. Consultants
report, CDM in association with Parsons.

City of Los Angeles, Department of Public Works — Sanitation Department [LA-
DPWSANT]. (2010). Machado lake nutrients TMDL lake water quality management
plan. Consultants report, CDM in association with Parsons.

City of Los Angeles, Department of Public Works — Sanitation Department [LA-
DPWSAN]. (2018). Machado lake re-opening. Information circular for the public.

https://dpw.lacity.org/welcome-back-machado-lake

Conklin, J. D. (2002). Applied logistic regression. Technometrics, 44:1, 81-82.


https://www.cdc.gov/habs/cdc-at-work.html
https://www.cdc.gov/habs/ohhabs.html
https://doi.org/10.1007/s12275-013-2549-3
https://dpw.lacity.org/welcome-back-machado-lake

107
https://doi.org/10.1198/tech.2002.s650

Conley, D. J., Paerl, H. W., Howarth, R. W_, Boesch, D. F., & Seitzinger, S. P. (2009).
Controlling eutrophication: nitrogen and phosphorus. Science and Ecology, 323,

1014-1015. https://doi.org/10.1126/science. 1167755

Davis, T.W., Harke, M. J., Marcoval, M. A., Goleski, J., Orano-Dawson, C., Berry, F. L.,
& Gobler, C.J. (2010). Effects of nitrogenous compounds and phosphorus on the
growth of toxic and non-toxic strains of Microcystins during cyanobacterial
blooms. Aquatic Microbial Ecology, 61, 149-162.

https://doi.org/10.3354/ame01445

de Vries W., Kros J., Kroeze C., & Seitzinger S. P. (2013). Assessing planetary and
regional nitrogen boundaries related to food security and adverse environmental
impacts. ScienceDirect, Current Opinion in Environ. Sustainability, 5(392—402).

https://dx.doi.org/10.1016/j.cosust.2013.07.004

Dodds, W. K. (2007). Trophic state, eutrophication, and nutrient criteria in streams.
Trends in Ecology & Environment, 22, 669-676.

https//doi.org/10.1016/j.tree.2007.07.010

Dodds, W. K., Bouska, W. W., Eitzmann, J. L., Pilger, T., J., Pitts, K. L., Riley, A. J., &
Thornbrugh, D. J. (2009). Eutrophication of U.S. freshwaters: analysis of
potential economic damages. Environmental Science & Technology, 43(1), 12-19.

https://doi.org/10.1021/es801217¢q

Dodds, W. K., Jones, J. R., & Welch, E. B. (1998). Suggested classification of stream

trophic state distributions of temperature stream types by chlorophyll, total


https://doi.org/10.1198/tech.2002.s650
https://doi.org/10.1126/science.1167755
https://doi.org/10.3354/ame01445
https://dx.doi.org/10.1016/j.cosust.2013.07.004
https://doi.org/10.1021/es801217q

108
nitrogen, and phosphorus. Water Research: 32, 1455-1462.

https://di.org/10.1016/S0043-1354(97)00370-9

Dodds, W. K., & Smith, V. H. (2017). Nitrogen, phosphorous, and eutrophication in
streams. Inland Waters, 6:2, 155-164. Doi. 10.5268/IW-6.2.909.

https://doi.org/10.5268/IW-6.2.909

Drobac, D., Tokodi, N., Simeunovi¢, J., Balti¢, V., Stani¢, D., & Svircev, Z. (2013).
Human exposure to cyanotoxins and their effects on health. Effects of Cyanotoxins

in Humans, 64, 305-316. https://doi.org/10.2478/10004-1254-64-2013-2320

Erdner, D. L., Dyble, J., Parsons, M. L., Stevens, R. C., Hubbard, K. A., Wrabel, M. L.,
Moore, S. K., Lefebvre, K. A., Anderson, D. M., Bienfang, P., Bidigare, R. R.,
Parker, M. S., Moeller, P., Brand, L. E., & Trainer, V. L. (2008). Centers for
Oceans and Human Health: a unified approach to the challenges of harmful algal
blooms. Environmental Health, 7(Suppl. 2):52. (Centers for Oceans and Human
Health Investigators Meetings, Woods Hole, MA, April 2007).

Falconer, I. R., & Humpage, A. R. (2005). Health risk assessment of cyanobacterial
(blue-green algal) toxins in drinking water. International Journal of
Environmental Research and Public Health, 2(1), 43-50.

Falconer, 1. R. (2005). Cyanobacterial toxins of drinking water supplies (1% ed.). London,
UK: Taylor & Francis.

Field, A. (2013). Discovering statistics using IBM SPSS statistics. Sage Publications, 40
Ed.

Figgatt, M., Hyde, J., Dziewulski, d., Wiegert, E., Kishbaugh, S., Zelin G., & Wilson, L.


https://di.org/10.1016/S0043-1354(97)00370-9
https://doi.org/10.5268/IW-6.2.909
https://doi.org/10.2478/10004-1254-64-2013-2320

109

(2017). Harmful algal bloom — Associated illnesses in humans and dogs identified
through a pilot surveillance system — New York, 2015. MMWR, 66(43).

Fleming, L. E., Rivero, C., Burns, J., Williams, C., Bean, J. A., Shea, A., & Stinn, J.
(2002). Blue green algal (cyanobacterial) toxins, surface drinking water, and liver
cancer in Florida. Harmful Algae, 1(2), 157-168.

https://doi.org/10.1016/S1568-9883(02)00026-4

Florida Department of Health [FL-DOH]. (2022). Health officials issue blue-green algae
bloom alert for Lake Okeechobee & C51 canal locations. Communications Office.

https://palmbeach.floridahealth.gov/newsroom/2022/06/Algae-Bloom-Alert].html

Fristachi, A., Grice, G. E., Steevens, J., Sattaerstrom, F., & Linkov, 1. (2007). A
preliminary exposure assessment of microcystins from consumption of drinking
water in the United States. Lake and Reservoir Management. North American
Lake Management Society, Madison, WI, 23(2):203-210.

Glanz, K., Rimer, B., & Viswanath, K. (Eds.). (2008). Health behavior and health
education: Theory, research, and practice (4" ed.). San Francisco, CA: John
Wiley & Sons. ISBN: 978-0-7879-9614-7

Great Lakes Restoration Initiative — Fiscal Years 2010 — 2014 (2015) — Great Lakes
Restoration Initiative, Report to Congress and the President. (2015). Great Lakes
Restoration Committee. A multi-agency report.

Guo, J., Dong, Y., Lee, J. (2020). A real time data driven algal bloom risk forecast
system for mariculture management. ScienceDirect: Marine Pollution Bulletin:

161, Part B. https://doi.org/10.1016/j/marpolbul.2020.111731



https://doi.org/10.1016/S1568-9883(02)00026-4
https://palmbeach.floridahealth.gov/newsroom/2022/06/Algae-Bloom-Alert1.html
https://doi.org/10.1016/j/marpolbul.2020.111731

110
Hamill, K. D. (2001). Toxicity in benthic freshwater cyanobacteria (blue-green algae):

First observations in New Zealand. New Zealand Journal of Marine and
Freshwater Research, 35(5), 1057-1059.

https://doi.org/10.1080/00288330.2001.9517062

Hayden, J. (2019). Introduction to health behavior theory (3" ed.). Burlington, MA:
Jones & Bartlett Learning.

Hilborn, E. D., & Beasley, V. R. (2015). One health and cyanobacteria in freshwater
systems: Animals illnesses and deaths are sentinel events for human health risks.

Toxins, 7. 1374-1395. https://doi.org/10.3390/toxins7041374

Hitzfield, B. C., Hoger, S. J., & Dietrich, D. R. (2000). Cyanobacterial toxins: Removal

during drinking water treatment, and human risk assessment. Environmental

Health Perspectives, 108(1), 113-122. https://doi.org/10.1289/ehp.0018s113
Howard, M. D., Kudela, R. M., Hayashi, K., Tatters, A. O., Caron D. A., Therous, S.,

Oehrle, S., Roethler, M., Donovan, A., Loftin, K., & Laughrey, Z. (2020).

Multiple co-occurring and persistently detected cyanotoxins and associated

cyanobacteria in adjacent California lakes. Toxicon 192(1-14).

https://doi.org/10.1016/j.toxicon.2020.12.019

James, R. T., Havens, K., Zhu, G., & Qin, B. (2009). Comparative analysis of nutrients,
chlorophyll and transparency in two large shallow lakes (Lake Taihu, P.R. China
and Lake Okeechobee, USA). Hydrobiologia. Vol. 627(1), 211-231.

https://doi.org/10.1007/s10750-009-9729-5

Kilanowski, J. F. (2017). Breadth of the socio-ecological model. Journal of


https://doi.org/10.1080/00288330.2001.9517062
https://doi.org/10.3390/toxins7041374
https://doi.org/10.1289/ehp.0018s113
https://doi.org/10.1016/j.toxicon.2020.12.019
https://doi.org/10.1007/s10750-009-9729-5

111
Agromedicine, 22(4), 295-297. doi:10.1080/1059924X.2017.1358971

Laerd Statistics. (2022). The ultimate IBM SPSS statistics guides.

https://statistics.laerd.com/

Lamon, E. C., & Clyde, M. A. (2000). Accounting for model uncertainty in prediction of
chlorophyll a in Lake Okeechobee. Journal of Agricultural Biological and

Environmental Statistics. Vol. 5(3), 297. https://doi.org/10.2307/1400456

Lenton, T. M., Held, H., Kriegler, E., Hall, J. W., Lucht, W., Rahmstorf, S., &
Schellnhuber, J. J. (2008). Tipping elements in the earth’s climate system.
PNAS:105(6), 1786-1793.

https://www.pnas.org/cgi/doi/10.1073/pnas.0705414105

Liao, A., Han, D., Song, X., & Yang, S. (2021). Impacts of storm events on chlorophyll-
a variations and controlling factors for algal bloom in a river receiving reclaimed
water. Elsevier: Journal of Environmental Management.

https://doi.org/10.1016/j.jenvman.2021.113376

Liu, Q., Zhang, Y., Wu, H,, Liu, F., & Peng, W. (2020). A review and perspective of
eDNA application to eutrophication and HAB control in freshwater and marine

ecosystems. Microorganisms, 8, 3.

https://doi.org/10.3390/microorganisms8030417

Loftin, K. A., Graham, J. L., Hilborn, E. D., Lehmann, S. C., Meyer, M. T., Dietze, J. E.,
Griffith, C. B. (2016). Cyanotoxins in inland lakes of the United States:
Occurrence and potential recreational health risks in the EPA National Lakes

Assessment 2007. Harmful Algae, 56, 77-90.


https://statistics.laerd.com/
https://doi.org/10.2307/1400456
https://www.pnas.org/cgi/doi/10.1073/pnas.0705414105
https://doi.org/10.1016/j.jenvman.2021.113376
https://doi.org/10.3390/microorganisms8030417

112
https://doi.org/10.1016/j.hal.2016.04.001

Lopez, C. B., Jewett, E. B., Dortch, Q., Walton, B. T., & Hudnell, H. K. (2008). Scientific
assessment of freshwater harmful algal blooms. Retrieved from

https://www.whoi.edu/fileserver.do?1d=41023&pt=10&p=19132

MacLeod M., Breitholtz M., Cousins I. T., de Wit C. A., Persson L. M., Rudén C.,
McLachlan M. S. (2014). Identifying chemicals that are planetary boundary
threats. Environ. Science, American Chemical Society, ACS Publications.

Manning, S. R., & Nobles, D. R. (2017). Impact of global warming on water toxicity:
Cyanotoxins. Current Opinion in Food Science, 18, pg. 14-20.

https://www.sciencedirect.com/science/article/abs/pii/S2214799317301182

Manzor, R. D., Rehn, A. C., Ode, P. R., Engeln, M., Schiff, K. C., Stein, E. D., Gillett, D.
J., Herbst, D. B., & Hawkins, C. P. (2016). Bioassessment in complex
environments: designing an index for consistent meaning in different settings.

Freshwater Science 35, 1), 249-271. https://doi.org/10.1086/684130

Melaram, R. T. (2020). Microcystins and liver disease mortality, Insights from an
ecological study. College of Health Sciences, Walden University dissertation
submitted in partial fulfillment for the degree of PhD, Public Health.

National Institute of Health [NIH]. (2021). Algal blooms. Health & Education.

https://www.niehs.nih.gov/health/topics/agents/algal-blooms/index.cfm

National Science Foundation. (2021). Lake Erie’s toxic algae blooms: Why is the water
turning green? Research News: NSF-NIEHS Great Lakes Center for Fresh Water

and Human Health. https://beta.nst.gov/news/lake-eries-toxic-algae-blooms-why-



https://doi.org/10.1016/j.hal.2016.04.001
http://www.whoi.edu/fileserver.do?id=41023&pt=10&p=19132
https://www.sciencedirect.com/science/article/abs/pii/S2214799317301182
https://doi.org/10.1086/684130
https://www.niehs.nih.gov/health/topics/agents/algal-blooms/index.cfm
https://beta.nsf.gov/news/lake-eries-toxic-algae-blooms-why-water-turning-green

113

water-turning-green

Natural Resources Defense Council. (2019). Freshwater harmful algal blooms 101.

https://www.nrdc.org/stories/freshwater-harmful-algal-blooms-101

Neilan, B. A., Pearson, L. A., Muenchhoff, J., Moffitt, M. C., & Dittmann, E. (2013).

Environmental conditions that influence toxin biosynthesis in cyanobacteria.

Environmental Microbiology, 15(5), 1239-1253. https://doi.org/10.1111/1.1462-

2920.2012.02729.x

O’Neil, J. M., Davis, T. W., Burford, M. A., & Gobler, C. J. (2012). The rise of harmful

cyanobacteria blooms: The potential roles of eutrophication and climate change.

Harmful Algae, 14,313-334. https://doi.org/10.1016/.hal.2011.10.027

Oren, A., Komarek, J., & Hoffmann, L. (2009). Nomenclature of the

cyanophyta/cyanobacteria/cyanoprokaryotes — what has happened since IAC

Luxembourg? Algological Studies, 130, 17-26. https://doi.org/10.1127/1864-

1318/2009/0130-0017

Ortiz, D. (2019). Evaluation of temporal and spatial indicators of regime shifis in shallow

lakes. Master of Science Thesis, lowa State University. Google Scholar.

www.googlescholar.com

Paerl, H. W., Havens, K. E., Hall, N. S., Otten, T. G., Zhu, M., Xu. H., Zhu, G., Qin, B.
(2019). Mitigating a global expansion of toxic cyanobacterial blooms:

Confounding effects and challenges posed by climate change. Mar. Freshw. Res.

71 (5), 579-592.
Peng, C.Y.J,, Lee, K. L., & Ingersoll, G. M. (2010). An introduction to logistic


https://beta.nsf.gov/news/lake-eries-toxic-algae-blooms-why-water-turning-green
http://www.nrdc.org/stories/freshwater-harmful-algal-blooms-
https://doi.org/10.1111/j.1462-%202920.2012.02729.x
https://doi.org/10.1111/j.1462-%202920.2012.02729.x
https://doi.org/10.1016/j.hal.2011.10.027
https://doi.org/10.1127/1864-%201318/2009/0130-0017
https://doi.org/10.1127/1864-%201318/2009/0130-0017
http://www.googlescholar.com/

114

regression analysis and reporting. Taylor & Francis: Journal of Educational

Research. Pg. 3-14. https://doi.org/10.1080/00220670209598786

Pilotto, L. S., Douglas, R. M., Burch, M. D., Cameron, S., Beers, M., Rouch, G. J., &
Attewell, R. G. (1997). Health effects of exposure to cyanobacteria (blue-green
algae) during recreational water-related activities. Australian and New Zealand

Journal of Public Health, 21(6), 562-566. https://doi.org/10.1111/].1467-

842X.1997.tb01755.x

Proffitt, J. (2020). Toxic algae 2020: Moderate forecasted for Lake Erie. Great Lakes Now:

https://www.greatlakesnow.org/2020/07/toxic-algae-2020-harmful-algal-bloom-

forecast-lake-erie/

Ranganathan, P1, Pramesh, C. S., & Aggarwal, R. (2017). Common pitfalls in statistical
analysis: logistic regression. Perspectives in Clinical Research, Published by

Wolters Kluwer-Medknow. https://doi.org/10.4103/picr.PICR 87 17

Rastogi, R. R., Madamwar, D., & Incharoensakdi, A. (2015). Bloom dynamics of
cyanobacteria and their toxins: Environmental health impacts and mitigation
strategies. Frontiers in Microbiology, 6(1254).

https://doi.org/10.3389/fmicb.2015.0125

Rizeei, H. M., Azeez, O. S., Pradhan, B., & Khamees, H. H. (2018). Assessment of
groundwater migrate contamination hazard in a semi-arid region by using
integrated parametric IPNOA and data-driven logistic regression models.

Environmental Monitoring and Assessment, 190, 633.

https://doi.org/10.1007/s10661-018-7013-8



https://doi.org/10.1080/00220670209598786
https://doi.org/10.1111/j.1467-%20842X.1997.tb01755.x
https://doi.org/10.1111/j.1467-%20842X.1997.tb01755.x
https://www.greatlakesnow.org/2020/07/toxic-algae-2020-harmful-algal-bloom-forecast-lake-erie/
https://www.greatlakesnow.org/2020/07/toxic-algae-2020-harmful-algal-bloom-forecast-lake-erie/
https://doi.org/10.4103/picr.PICR_87_17
https://doi.org/10.3389/fmicb.2015.0125
https://doi.org/10.1007/s10661-018-7013-8

115
Roberts, V. A., Vigar, M., Backer, L., Beytsel, G. E., Hilborn, E. D., Hamelin, E. L.,

Vanden-Esschert, K. L., Lively, J. Y., Cope, J. R., Hlavsa, M. C., & Yoder, J. S.
(2020). Surveillance for Harmful Algal Bloom Events and Associated Human and
Animal Illnesses — One Health Harmful Algal Bloom System, United States,
2016-2018. MMWR 69(50).

Rome, M., Beighley, R. E., & Faber, T. (2021). Sensor-based detection of algal blooms
for public health advisories and long-term monitoring. Science of the Total
Environment (28).

Sagrane, S., & Oudra, B. (2009). CyanoHAB occurrence and water irrigation cyanotoxin
contamination: Ecological impacts and potential health risks. Toxins, 1(2), 113-

122. https://doi.org/10.3390/toxins 1020113

Sivonen, K., & Jones, G. (1999). Cyanobacterial toxins. In I. Chorus & J. Bartram (Eds.),
Toxic cyanobacteria in water: A guide to their public health consequences,
monitoring, and management (pp. 41-111). London, UK: Taylor & Francis.

Smith, V. H., & Schindler, D. W. (2009). Eutrophication science: Where do we go from
here? Trends in Ecology & Evolution, 24(4), 201-207.

https://doi.org/10.1016/j.tree.2008.11.009

Sobota, D. J., Harrison, J. A., & Dahlgren, R. A. (2009). Influences of climate, hydrology,
and land use on input and export of nitrogen in California watersheds.
Biogeochemistry: School of Earth and Environmental Sciences.

https://doi.org/10.1007/s10533-009-9307-y

Southern California Coastal Water Research Project [SCCWRP]. (2021). Harmful algal


https://doi.org/10.3390/toxins1020113
https://doi.org/10.1016/j.tree.2008.11.009
https://doi.org/10.1007/s10533-009-9307-y

116

blooms. https://www.sccwrp.org/about/research-areas/eutrophication/harmful-

algal-blooms/

State of California, Department of Public Health [CA-DPH]. (2022). Harmful algal
blooms (HABs).

https://www.cdph.ca.gov/Programs/CCDPHP/DEODC/EHIB/EAS/Pages/HABs.a

SpX
State of California, Department of Water Resources [CA-DWR]. (2022a). California

harmful algal blooms (HABs) portal. https://mywaterquality.ca.gov/habs/

State of California, Department of Water Resources [CA-DWR]. (2022b). California
cyanobacteria and harmful algal bloom (CCHAB) network.

https://mywaterquality.ca.gov/monitoring_council/cyanohab_network/index.html

State of California, Office of Environmental Health Hazard Assessment [CA—-OEHHA].
(2022). Cyanobacteria harmful algal blooms (HABs) and cyanotoxins in

recreational waters. https://ochha.ca.cov/risk-assessment/general-

info/cyanobacteria-harmful-algal-blooms-habs-and-cyanotoxins-recreational

State of California, Regional Water Quality Control Board [CA-RWQCB]. (2022a).
California harmful algal blooms (HABs) portal.

https://mywaterquality.ca.gov/habs/

State of California, Regional Water Quality Control Board [CA-RWQCB]. (2022b). My
water quality: Are harmful algal blooms affecting our waters?

https://mywaterquality.ca.gov/habs/resources/human_health.html

State of California, Regional Water Quality Control Board [CA-RWQCB]. (2022c).


https://www.sccwrp.org/about/research-areas/eutrophication/harmful-algal-blooms/
https://www.sccwrp.org/about/research-areas/eutrophication/harmful-algal-blooms/
https://www.cdph.ca.gov/Programs/CCDPHP/DEODC/EHIB/EAS/Pages/HABs.aspx
https://www.cdph.ca.gov/Programs/CCDPHP/DEODC/EHIB/EAS/Pages/HABs.aspx
https://mywaterquality.ca.gov/habs/
https://mywaterquality.ca.gov/monitoring_council/cyanohab_network/index.html
https://oehha.ca.gov/risk-assessment/general-info/cyanobacteria-harmful-algal-blooms-habs-and-cyanotoxins-recreational
https://oehha.ca.gov/risk-assessment/general-info/cyanobacteria-harmful-algal-blooms-habs-and-cyanotoxins-recreational
https://mywaterquality.ca.gov/habs/
https://mywaterquality.ca.gov/habs/resources/human_health.html

117
TMDL — The integrated report, 303(d) list of water quality limited segments and

302(b) surface water quality assessment.

https://www.waterboards.ca.gov/rwqcb5/water_issues/tmdl/impaired waters_list/

Stewart, 1., Webb, P. M., Schluter, P. J., & Shaw, G. R. (2006). Recreational and
occupational field exposure to freshwater cyanobacteria — a review of anecdotal
and case reports, epidemiological studies and the challenges for epidemiological

assessment. Environmental Health, 5(6). https://doi.org/10.1186/1476-069X-5-6

Steffen, W., Richardson, K., Rockstrom, J., Corness, S. E., Fetzer, L., Bennett, E. M.,
Biggs, R., Carpenter, S. R., Varies, W., Wit, C. A., Golke, C., Gertten, D.,
Heinke, J., Mace, G. M., Persson, L. M., Ramanathan, V., Reyers, B., & Sorlin, S.
(2015). Planetary boundaries: Guiding human development on a changing planet.

Research, 347(6223). https://www.science.org/doi/epdf/10.1126/science.1259855

Sutula, M., Butcher, J., Schmidt, M., Boschen, C., Mazor, R., Gillett, D., Tanaguchi-
Chan, K., Irving, K., & Shultz, D. (2022). Science supporting decisions on
biostimulatory targets and management of eutrophication in the Santa Margarita
River main stem, California. Southern California Coastal Water Research Project
Technical Report #1185. Costa Mesa, CA. Agreement No. 18-026-150)

https://www.sccwrp.org

Tatters, A. O., Howard, M. D., Nagoda, C., Busse, L., Gellene, A. G., & Caron, D. A.
(2017). Multiple stressors at the land-sea interface: Cyanotoxins at the Land-sea
interface in the Southern California bight. Toxins 9(95);

https://doi.org/10.3390/toxins9030095



https://www.waterboards.ca.gov/rwqcb5/water_issues/tmdl/impaired_waters_list/
https://doi.org/10.1186/1476-069X-5-6
https://www.science.org/doi/epdf/10.1126/science.1259855
http://www.sccwrp.org/
https://doi.org/10.3390/toxins9030095

118
Theroux, S., Mazor, R. D., Beck, M. W., Ode, P. R., Stein, E. D., & Sutula, M. (2020).

Predictive biological indices for algae populations in diverse stream
environments. Ecological Indicators, 119, 106421.

https://doi.org/10/1016/j.ecolind.2020.106.421

Uddameri, V., Silva, A.L. B., Singaraju, S., Mohammadi, G., & Hernandez, E. A. (2020).
Tree-based modeling methods to predict nitrate exceedances in the Ogallala

aquifer in Texas. Water: 12, 0123. https://doi.org/10.3390/w12041023

U.S. EPA. (2013). Impacts of climate change on the occurrence of harmful algal blooms.
EPA: Office of Water. EPA 820-S-13-001.

http://water.epa.gov/scitech/climatechange

U.S. EPA. (2015a). 2015 Drinking water health advisories for two cyanobacterial toxins.
Office of Science and Technology, Office of Water. EPA-820F15003.

U.S. EPA. (2015b). Health effects support document for the cyanobacterial toxin
microcystins. Office of Science and Technology, Office of Water. EPA-
820R15102.

U.S. EPA. (2016a). Harmful algal blooms and drinking water. EPA: Office of Water.

https://www.cdc.gov/habs

U.S. EPA. (2016b). Health advisories: Cyanotoxins. EPA: Office of Health Services.

https://www.epa.gov/nutrient-policy-data/drinking-water-health-advisory-

douments\
U.S. EPA. (2021a). Ambient water-quality criteria to address nutrient pollution in lakes

and reservoirs. Office of Science and Technology, Office of Water. EPA-822-R-


https://doi.org/10/1016/j.ecolind.2020.106.421
http://water.epa.gov/scitech/climatechange
http://www.cdc.gov/habs
http://www.epa.gov/nutrient-policy-data/drinking-water-health-advisory-douments/
http://www.epa.gov/nutrient-policy-data/drinking-water-health-advisory-douments/

U.S.

U.S.

U.S.

U.S.

U.S.

U.S.

U.S.

119
21-005.

EPA. (2021b). Cyanobacterial harmful algal blooms (CyanoHABs) in water bodies.

https://www.epa.gov/cyanohabs

EPA. (2021c). Response to public comments on US EPA’s draft ambient water
quality criteria recommendations for lakes and reservoirs of the conterminous
United States: Information supporting the development of numeric nutrient
criteria. Office of Science and Technology, Office of Water. EPA-822-R-21-004.

EPA. (2021d). State HABs monitoring programs and resources: State monitoring

programs. https://www.epa.gov/cyanohabs/state-habs-monitoring-programs-and-

resources
EPA. (2022a). Epidemiology & health effects of cyanobacteria.

https://www.epa.gov/water- research/epidemiology-health-effects-cyanobacteria

EPA. (2022b). Harmful algal blooms. http://go.usa.gov/gYTH

EPA. (2022c). 2019 Recreational Water Quality Criteria or Swimming Advisories

for Cyanotoxins. https://www.epa.gov/wqc/recreational-water-quality-criteria-

and-methods#rec3

Geological Survey [USGS]. (2022). Nutrients and eutrophication. Water Resources.

https://www.usgs.gov/mission-areas/water-resources/science/nutrients-and-

eutrophication

Vigiak, O., Udias, A., Pistocchi, A., Zanni, M., Aloe, A., & Grizzetti, B. (2021).

Probability maps of anthropogenic impacts affecting ecological status in

European rivers. Ecol. Indic. 2021, July, 126, 107684.


http://www.epa.gov/cyanohabs
https://www.epa.gov/cyanohabs/state-habs-monitoring-programs-and-resources
https://www.epa.gov/cyanohabs/state-habs-monitoring-programs-and-resources
http://www.epa.gov/water-
http://go.usa.gov/gYTH
https://www.epa.gov/wqc/recreational-water-quality-criteria-and-methods#rec3
https://www.epa.gov/wqc/recreational-water-quality-criteria-and-methods#rec3
https://www.usgs.gov/mission-areas/water-resources/science/nutrients-and-eutrophication
https://www.usgs.gov/mission-areas/water-resources/science/nutrients-and-eutrophication

120
doi.10.1016/j.ecolind.2021.107684.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8098054/

Visser, P. M., Verspagen, J. M., Sandrini, G., Stal, L. J., Matthijs, H. C., Davis, T. W.,
Paerl, H. W., & Huisman, J. (2015). How rising CO2 and global warming may
stimulate harmful cyanobacterial blooms. Harmful Algae, 54(4): 145-159.

https://doi.org/10.1016/j.hal.2015.12.006

Walker Jr., W. W., & Havens, K. E. (1995). Relating algal bloom frequencies to

phosphorous concentrations in Lake Okeechobee. Lake and Reservoir

Management. 11.1, 77-83. https://doi.org/10.1080/07438149509354200
Wang, R., Dearing, J. A., Langdon, P. G., Zhang, E., Yang, X., Dakos, V., & Scheffer,
M. (2012). Flickering gives early warning signals of a critical transition to a

eutrophic lake state. Nature 000(00). https://doi.org/10:1038/naturel 1655

Wang, C., Wang, Z., Wang, P., & Zhang, S. (2016). Multiple effects of environmental
factors on algal growth and nutrient thresholds for harmful algal blooms:
Application of response surface methodology. Environmental Modeling &

Assessment. V-21, 1-2, 247-259. https://doi.org/1007/s10666-015-9481-3

Water Education Foundation [WEF]. (2021). Algal blooms.

https://www.watereducation.org/aquapedia-background/algal-blooms

Weller, M. G. (2013). Immunoassays and biosensors for the detection of cyanobacterial
toxins in water. Sensors, 13(11), 15085-15112.

https://doi.org/10.3390/s131115085

Wheeling, K. (2019). Toxic algal blooms are worsening with climate change. EOS:


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8098054/
https://doi.org/10.1016/j.hal.2015.12.006
https://doi.org/10.1080/07438149509354200
https://doi.org/10:1038/nature11655
https://doi.org/1007/s10666-015-9481-3
https://www.watereducation.org/aquapedia-background/algal-blooms
https://doi.org/10.3390/s131115085

121

Science News by AGU. https://eos.org/articles/toxic-algal-blooms-are-worsening-

with-climate-change

Whitehead, P. G., Wilby, R. L., Battarbee, R. W., Kernan, M., & Wade, A. J. (2009). A
review of the potential impacts of climate change on surface water quality.
Hydrological Sciences Journal, 54(1), 101-123.

https://doi.org/10.1623/hys].54.1.101

World Health Organization [WHO]. (2021a). Cyanobacterial toxins: Microcystin-LR in

drinking water.

http://www.who.int/water_sanitation_health/dwg/chemicals/cyanobactoxins.pdf
World Health Organization [WHO]. (2021b). WHO launches guidelines for recreational

water quality as summer heats up. https://www.who.int/news/item/13-07-2021-

who-launches-guidelines-for-recreational-water-quality-as-summer-heats-up

Xu, T., Yang, T., Zheng, X., Li, Z., & Qin, Y. (2021). Growth limitations status and its
role in interpreting chlorophyll a response in large and shallow lakes: A case
study in Lake Okeechobee. Journal of Environmental Management, 302:114071.

https://doi.org/10.1016/j.envman.2021.114071

Yao, Y., Liu, H., Han, R, Li, D., & Zhang, L. (2021). Identifying the mechanisms behind
the positive feedback loop between nitrogen cycling and algal blooms in a

shallow eutrophic lake. Water 2021, 13, 524. https://doi.org/10.3390/w13040524

Zhang, H., Hu, B., Wang, X., Wang, L., Xu, J., Sun, Q., & Zhao, Z. (2022). An echo state
network based adaptive dynamic programming approach for time-varying

parameters optimization with application in algal bloom prediction. Elsevier:


https://eos.org/articles/toxic-algal-blooms-are-worsening-with-climate-change
https://eos.org/articles/toxic-algal-blooms-are-worsening-with-climate-change
http://www.who.int/water_sanitation_health/dwq/chemicals/cyanobactoxins.pdf
https://www.who.int/news/item/13-07-2021-who-launches-guidelines-for-recreational-water-quality-as-summer-heats-up
https://www.who.int/news/item/13-07-2021-who-launches-guidelines-for-recreational-water-quality-as-summer-heats-up
https://doi.org/10.1016/j.envman.2021.114071
https://doi.org/10.3390/w13040524

122
Applied Soft Computing. http://doi.org/10.1016/j.as0c.2022.108796

Zheng, L., & Paul, M. J. (n.d.). Effects of eutrophication on stream ecosystems.

https://www.lexissecuritiesmosaic.com/gateway/FedReg/literature_review_Eutrop

hication_20effects_20on_20streams.pdf



http://doi.org/10.1016/j.asoc.2022.108796
https://www.lexissecuritiesmosaic.com/gateway/FedReg/literature_review_Eutrophication_20effects_20on_20streams.pdf
https://www.lexissecuritiesmosaic.com/gateway/FedReg/literature_review_Eutrophication_20effects_20on_20streams.pdf

123
Appendix A: Ken Malloy Harbor Park and Machado Lake

Machado Lake is located within the Ken Malloy Harbor Regional Park (KMHRP)
in the Harbor City and Wilmington communities of Los Angeles County, California, as
shown in Exhibit A-1. The KMHRP is approximately 290 acres in which the 45-acre
Machado Lake is situated (LA-DPWBOE, 2009). While Machado Lake is the target
subject of my research, the importance of understanding the socio-ecological interactions
that occur in the surrounding park and urban area setting are vital factors that impact our

individual and community health.

Ken Malloy Harbor, g‘_i
! Da ¥
Reguonal Park L

a

Note: Google Maps, August 2022.

Figure A-1. General Location Map of Ken Malloy Harbor and
Machado Lake.
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Note: Google Maps, August 2022.

Figure A-2. Aerial Photo of Machado Lake and Surrounding
Area

Note: Photos by Michael Shiang - April 2022.

Figure A-3. View across Figure A-4. At Dam along the
Machado Lake to the southwest. south end of Lake, view to the
northwest.
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The KMHRP is owned and operated by the City of Los Angeles, Department of

Recreation and Parks (RAP). As reported by LA-DPWBOE, 2009), in-coming

stormwater that is conveyed through the Wilmington Drainage area is owned by the Los

Angeles County Flood Control District (LACFCD), and maintained by the Los Angeles

County Department of Public Works (LACDPW). This Wilmington watershed basin that

drains into Machado Lake covers an approximate area of 112 acres.

As early as 1998, Machado Lake was cited by the U.S. EPA as being impaired

under the Clean Water Act, Title 303(d). In 2008, the State Regional Water Quality

Control Board adopted Resolution 2008-006, a basin plan amendment to address

eutrophic, algae and nutrient conditions. Under Proposition O in 2010, the owners and

stakeholders undertook an 80 to 100 million dollar restoration project to rehabilitate the

park and lake, and established Total Mass Discharge Limits (TMDLs) standards to

protect the quality of the lake water. A brief summary of the geomorphological features

of the reconstructed park and lake, as provided in Exhibit A-5, includes:

Table A-1. Fact Sheet

Machado Lake

Ken Malloy Harbor Park

Lake size = 45 acres.

Depth = Reconstructed 6 feet.
Wetland and Wildlife Habitat.

Inlet Drainage = Wilmington Channel.
Outlet Drainage = Wetland.

Bottom = Sealed with Bio-layer Cap.

Shoreline Edge = Block wall, Cobble Stone.

Park Size = 245 acres.

Fishing Pier and Dam Constructed.
Vegetation and Habitat Improvements.
Restoration of walkways, playground,
picnic areas, and open space.

Adjacent to Park: Regional Hospital,
Residential, Golf Course, Chemical and Oil
Storage Facility.
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In order to comply with the new orders for rehabilitation of the lake, the planning
and reconstruction of the lake took place over an approximately seven year period, from
March 2010 to April 2017 (LA-DPWBOE, 2009). The main purpose of the project was to
improve water-quality conditions of the lake, maintain TMDL compliance, and provide
for the enhancement of the natural environment and park recreational facilities for the
community (CA-DPWSAN, 2018). In achieving these goals, the reconstruction and
rehabilitation activities included, but was not limited to:

e Dredging over 239,000 cubic yards of lake sediment;

e Sealing the base of the lake with AquaBlok bio-layer cap;

¢ Installing an oxygenation system, and dam structure;

e Constructing storm drainage improvement systems at inlets for storm

water treatment.
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Appendix B: Freshwater Harmful Algal Blooms - California

The following report was obtained from the Office of Information Management and
Analysis, State Water Resources Control Board. This report related to Freshwater Harmful
Algal Blooms includes both monitoring and event responses, and are available on the
agencies website at: mywaterquality.ca.gov/habs. Attached is the September 2022 FHAB

Report.

Note: Public report, retrieved from https://mywaterquality.ca.gov/habs.


https://mywaterquality.ca.gov/habs

Table B-1. Freshwater Harmful Algal Bloom Report — September 2022
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Freshwater Harmful Alaal Bloom (FHAB)
reports updated in last 7 days

List crested on: DB/23/2022

Wiew FHABS web map for report details

Ciffice of Information Management and Analysis
State Water Resources Control Board

mywaterquality.ca gowhabs

Eac more infarmation, contact

cyanoHAB repors@waterboards ca gov

The st below incledes both routine monitoring and event response bloom reports updated by Water Boards staff in the last 7
days. Other water bodies may have previously reported FHABE or currently posted FHAE advisory signs. Check the FHABs report

web map for information about 3l reports
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Park Walley
: . R Fepion &
Dongzoez | LhreeMie F2iF D e e Caution Sacramentn | - Central 31
Slough [TSL) Valley
—— . . Fepion ¥
: San Disguiin San [Heguiin River in z i Sl 7
0822{3022 River Arrcye Presens Caution San Diego D_E:;L 3485
Hepgion &
082042022 Cedar Cresk Cedar Creek at the falls Caution San Diego - Ban 3327
Diego
Hegion &
Eate Laks Cpen water near buoy f !
09/18/2022 TR finie st il Caution San Diego -D_Sar: 3285
iego
Cais i Region &
09/18:2022 R end of fishing dock Caution San Diego - Bain 374
Henshaw Dizgo
i San Region &
09192022 Victoria Canal near Union Point (CLD Caution Sogis - Caniral 3zn2
Walley
i Region &
Dorgzgzz | Crantline near O River (GLC) Caution il -Central 2200
Ganal Joaquin Valley
Repion &
= ; Dawnstream of the ORT £ San
oaMe2ia2 Oid River BRI Caution L - Central 3202
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TS Od Rwer betmeen Franks Tract Cauﬁnn =an Fegion 3 i il
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Fegion &
09Mga22 Holland Cut rear Franks Tract (HOL} Caution i:aquuin - Cntral 3183
alley
- B Fepion &
0919/2022 | Middie River ear Mkl bnd Caution A - Central 3128
[HLT} Josquin
‘alley
near San Josgquin River 5 San e
09/19/2022 Tumer Cut 5 Caution - - Central 3185
[TRM) Joaquin Vallay
5 r . v Fegion &
0001042033 EIE-!IEITI‘EH ) near San Josguin River Caution San . - Central %1837
Cut [FCT) Joaquin Valley
Fegion &
sy e near Buckley Cove Boat 3 San
09Ma/a022 Buckley Cove Launch (EC) Caution Jozquin Lﬂgﬁ:;ml 3381
: Fegion &
AL San Joaquin Stockton Rod and Gun ; San o
08/18/2022 Rivar Clut (SJ) Caution Joaquin ;Eﬁ:;ml 3254
: % Fegion &
0ara/2022 gﬁg:"aq""" Windmill Cove (AC) Caution ki - Cntral s
=oaq Valley
near American Legion 5 San Stegon )
0%9/18/2022 Smith Canal Park (SC) Caution Joaquin ﬁ:.;ml 3263
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09/18/2022 Mcleod Laks Marelli Park (M7 Caution jnaaquuin - Cenfral 3264
alley
Santa ; ' Fepion 3
: i Santa Margarita Lake at E San Luis t
08/22/7022 ﬂagama e Caution Ohisge - C-E..:ral 3430
Lm'l_ ‘E;m Repion 1
garatanz2 Wildlia West Sheepy Lake Caution Siskiyou - Marth 31rd
Refuge Cioast
HEgion £
0023/2022 | CQuarmylskes | East Bay Regional Park :‘Ilf?lrils"i:}ﬂ: Alamada ;:iaﬂzi_m 3287
Say
Silver Fork ; : Repion &
s : Silver Fark American Algal mat - : -
09/18/2022 .I!R‘L;':!EE:EEFI River at Silver Fork Rd. alert sign El Dorado Uﬂ;ﬁen;ml 337
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09230022 Merced River Wiawona campground alert sign Mariposa ;.-Eﬁen;ml 375
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00232022 | Russian River | SA00UORAYStation Al Mendacing -North 38T
Rozd alert zign Coast
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Py South Fork Standish-Hickey State Algal mat ; g s
09r23ranz2 Eel River A alert sign Mendocing -MNorth 3523
[N Couth Fork Cooks valley Algal mat WIENJOCInG Hegion 1 i
E=l River - Morth

alert sign
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’ T ’ Fegion &
; San Luis Rey San Luis Rey River Algal mat g .
Uar22izndz River estuany esiuary at the mouth alert sign San Diego :Ii;; 5680
: Fepgion 1
- Indian Scotty Algal mat —
M - . = 72
092112022 Scoft River Campground alert sign Siskiyou Marth 3T
Algal mat Fegion 1
0212022 Scodt Fiver Jones Besch ga . Siskiyou - Marth 3T
alert zign -
Algal mat Fegion 1
092313022 Russian River Svar E Sonoma - Morth 3347
alert sign .
Fegion 1
09/23/2022 | Fussian River | AlexsndsrValley Road Atggal rat TR -Marth 3344
alert sign Coast
Lake Merritt shareline NA - refer et
0aMa/2022 Lake Marmit betwesn 1200 snd 1400 to Report Alameda = n._ 3609
Lakeshore Avenus Details Er:;chm
Fegion &
08/18/2022 Eﬁfer . Outlet Mone Alamada - Cnral 3272
BERMATIF
Walley
Hegion £
1 o Contra - San an
08232022 Lake Anza lake-wide None Costa Frariasin 3283
Bay
; Fegion &
Clifton Cioaurt Contra
09/M1a/z022 Inlet None - Caniral 3275
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[SBMMELDT) Walley
Rodrman Skough Rexion 2
09/22/2022 Clear Lake T Mone Lake - Cantral 3322
[RODS)
Walley
Fegion &
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Walley
Region &
0952212022 Clear Lake Horseshoe Band (HE} Mone Lake - Central I8
Walley
Region &
0ar22/2022 Clear Lake Glenhawen (GH) Mone Lake - Ceniral 3T
Walley
Loweer Arm, Center of Region &
09/22/2022 Clear Lake the Lake (DWR sit= CL- Mone Lake - Ceniral 3250
] Walley
Upper Arm, Center of Region &
0ar22/2022 Clear Lake the Lake (DWR site CL- Mone Lake - Central 3243
1 Walley
- Region &
09222022 | Clear Lake Elem ickan Ealony None Lake - Central 3238
[ELEMDO1)
: 3 Walley
TR0 Clear Lake Tu= Hoat Launch [i'he Mone Lake Heqgion 2 e F
Point) {BWCLA) - Central
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Fegion &
09/222022 | Clear Lake :‘ELTET{"] oA Mone Lake - Cantral 2233
pEriEs. o Walley
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Appendix C: SPSS Output - Supporting Documentation

The following appendix of IBM SPSS statistical output is provided to those
readers who may find it useful in their own research. The information presented herein
are snip-its from the software program. Therefore, this presentation of information is not
intended to be compliant with the latest APA 7 format. Tables and figures provided are
grouped by the major statistical analysis performed.

The sections in this appendix are as follows:

o Exhibit C-1. Descriptive Statistics for Core Values
o Exhibit C-2. Independent t-Test
o Exhibit C-3. Pearson’s Correlation

o Exhibit C-4. Multiple Linear Regression



Exhibit C-1. Descriptive Statistics for Core Values

Descriptive Statistics

Mean Std. Deviation I
SQRTCHI_a 2735 09834 102
SORT_TH 1.3884 35885 102
SQRT_TP B665 058768 102
MH3Recode 4608 A00s2 102

Variables EﬂtEI’EdJ'REH'IO‘.'Eda

Wariables “Wariables
Maodel Enterad Femoved Method
1 MH3Recode, . Enter
SQRT_TP,
SQRT_THE

a. Dependent Variable: SQRTChI_a
k. All requested variables entered.

Case Processing Summary

Cases
Walid Missing Total
I Fercent I FPercent Fercent
Chlorophyll 102 100.0% ] 0.0% 102 100.0%
TH 102 100.0% 1] 0.0% 102 100.0%
TP 102 100.0% 1] 0.0% 102 100.0%
MH3 102 100.0% 1] 0.0% 102 100.0%
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Descriptives

Statistic Stal. Error
Chlorophyll  Mean 084608 .0055148
95% Confidence Interval for  Lower Bound 073668
Mean UpperBound 085548
5% Trimmed Mean 082049
Median 068250
Yariance 003
Std. Deviation 0556971
Minimum .0040
Maximum 2150
Range 2110
Interquartile Range 0904
Skewness B74 .239
Kurtosis -.567 AT74
T Mean 2055784 104031
95% Confidence Interval for  Lower Bound 1.649413
Mean UpperBound 2262156
5% Trimmed Mean 1.998638
Median 1.700000
Yariance 1.104
Std. Deviation 1.0506725
Minimum 1600
Maximum 4.8000
Range 4 6500
Interquartile Range 1.5625
Skewness 833 .239
Kurtosis -108 AT74
TP Mean 318118 0107432
95% Confidence Interval for  Lower Bound 297806
Mean UpperBound 340429
5% Trimmed Mean 315987
Median 315000
Yariance 012
Std. Deviation 1085011
Minimum .0900
Maximum 6350
Range 5450
Interguartile Range 1463
Skewness 363 .239
Kurtosis -.046 AT74
MH3 Mean 067500 .0OVET46
95% Confidence Interval for  Lower Bound 052276
Mean UpperBound 082724
5% Trimmed Mean 054962
Median 025000
Yariance 0086
Std. Deviation 0775100
Minimum 0250
Maximum 3800
Range 3550
Interguartile Range 0556
Skewness 2487 .239
Kurtosis 6.069 AT74
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Descriptives
Statistic St Error
SQRTChI_a Mean 2739 00974
95% Confidence Interval for  Lower Bound 2546
Mean Upper Bound .2832
5% Trimmed Mean L2744
Median 2632
“ariance 010
Std. Deviation .09834
Minimum .06
Maximum A6
Range 40
Interquarile Range A6
Skewness 084 .238
Kurtosis -.747 474
SQRT_TH Mean 1.3884 .03563
95% Confidence Interval for  Lower Bound 13177
Mean Upper Bound 1.45a0
5% Trimmed Mean 1.3824
Median 1.3038
wariance 129
Std. Deviation 35985
Minimurm .38
Maximum 2.19
Range 1.80
Interquarile Range 86
Skewness .307 .238
Kurtosis -.300 AT4
SQRT_TP Mean 5565 00967
95% Confidence Interval for  Lower Bound 5373
Mean Upper Bound 5757
5% Trimmed Mean SE56T
Median 5612
Variance 010
Std. Deviation 09TES
Minimurm 30
Maximum .80
Range .50
Interquartile Range 13
Skewness -100 238
Kurtosis - 189 474
SQRT_MH3 Mean .2333 01138
95% Confidence Interval for  Lower Bound 2107
Mean Upper Bound 2559
5% Trimmed Mean 2183
Median 581
Variance 013
Std. Deviation 11492
Minimurm 16
Maximum 62
Range AE
Intergquartile Range 13
Skewness 1.732 .239
Kurtosis 2.383 474
MH3Recode Mean 4608 .04860
95% Confidence Interval for  Lower Bound L3624
Mean Upper Bound 5592
5% Trimmed Mean 4564
Median 0000
“ariance 251
Std. Deviation 50092
Minimurm .00
Maximum 1.00
Range 1.00
Interquarile Range 1.00
Skewness 160 .238
Kurtosis -2.014 AT4




Exhibit C-2. Independent t-Test

Group Statistics

138

Season I Mean Std. Deviation  Std. Error Mean
Chlorophyll  "Wet' 52 078577 0620177 0086003
"Dy 50 080880 0480868 0068005
SQRTChl_a "Wet' 52 2580 11063 01534
"Dy 50 28905 08154 01153
Independant Samples Test
Levene's Test for Equality of
Variances Hestfor Equally of Means
95% Confidence Infenval ofthe
Signiicance ean St Enor Diference
F Sig ! if  OneSidedp Two-Sidedp  Difersnece  Diference Lowar Upper
Chiorophyll - Equal variances assumed 3454 ogs A7 100 k| 7 012303 0110183 - 0341631 0095470
Equal variances not 4122 85782 13 28 012303 0109641 - 0340674 0084613
assumed
SORTChI_a  Equal variances assumed 5569 00 1680 100 48 196 -(3244 01931 - (7074 Q0586
Equal variances not 1690 83757 47 084 -03244 1919 - (7084 Q0567
assumed
Scatter Plot of SQRTChI_a by SQRT_TN
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Scatter Plot of SQRTChI_a by SQRT_TP

R Linear = 0.098
50
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o (5]
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e @
00
230 40 &0 B0 i) 80
SQRT_TP
SPSS Output
Case Processing Summary
Cases
Walid Missing Total
I Percent [+l Percent I Percent
SQRTChI_a 102 100.0% 0 0.0% 102 100.0%
SQRT_TM 102 100.0% 0 0.0% 102 100.0%
SQRT_TP 102 100.0% i 0.0% 102 100.0%
Tests of Normality
Kaolmogarav-Smirnoy® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
SQRTChI_a 074 102 76 876 102 056
SORT_TM 105 102 .0os 864 102 .0o7
SQRT_TP 040 102 200" B96 102 487

* This is a lower bound of the frue significance.
a. Lilliefors Significance Correction



Expected Normal

Expected Normal
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Normal Q-Q Plot of SQRTChI_a
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Expected Normal

141

Normal Q-Q Plot of SQRT_TP
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Exhibit C-3. Pearson’s Correlation
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SPSS Output
Case Processing Summary
Cases
Valid Missing Total
I Percent I Percent M Percent
SQRTChI_a 102 100.0% a 0.0% 102 100.0%
SQRT_TH 102 100.0% i 0.0% 102 100.0%
SQRT_TP 102 100.0% i 0.0% 102 100.0%
Tests of Normality
Kolmogorov-Smirnov® Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
SQRTChI_a 075 102 178 A76 102 056
SORT_TH 108 102 .0os 964 102 .0o7
SQRT_TP .040 102 200 996 102 487

* This is a lower hound of the true significance.
a. Lilliefors Significance Correction

Normal Q-Q Plot of SQRTChI_a
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Expected Normal

Expected Normal
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Normal Q-Q Plot of SQRT_TN
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Correlations
SQRTChi_a SQRT_TM  SQRT_TP

SQRTChI_a Pearson Correlation 1 783" 312"
Sig. (2-tailed) =001 001
N 102 102 102

SQRT_TN  Pearson Correlation 783" 1 293"
Sig. (2-tailed) =001 003
N 102 102 102

SQRT_TP  Pearson Correlation 312 293 1
Sig. (2-tailed) .001 .003
N 102 102 102

** Correlation is significant at the 0.01 level (2-tailed).
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SQRTChl_a

SQRTChl_a
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Scatter Plot of SQRTChl_a by SQRT_TP

R Linear = 0.098
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Exhibit C-4. Multiple Linear Regression

Regression Standardized Residual

Normal P-P Plot of Regression Standardized Residual
Dependent Variable: SQRTChl_a
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Descriptive Statistics

Mean Stil. Deviation M
SARTChHI_a 2739 09834 102
SQRT_TM 1.3884 35085 102
SQART_TF 5565 09768 102
MH3Recode 4608 50092 102

Correlations
SARTChI_a SQRT_TW SQRT_TP MNH3Recode

Pearson Correlation  SQRTChI_a 1.000 783 312 =132
SQRT_TH 783 1.000 283 -0
SQRT_TP M2 283 1.000 .0oa
NH3Recode -132 -011 .0on 1.000
Sig. (1-tailed) SQRTChI_a . =.001 <.001 083
SQRT_TH 000 . 001 456
SQRT_TP 001 001 . 489
MNH3Recode 093 456 459 .
I SQRTChHI_a 102 102 102 102
SQRT_THM 102 102 102 102
SQRT_TP 102 102 102 102
NH3Recode 102 102 102 102

Variables Entered/Removed®

Variables Wariables
Model Entered Removed Method
1 MH3Recode, . Enter
SQRT_TP,
SORT_TN®

a. DependentVariahle; SQARTChI_a
b. All requested variables entered.

Model SummarqfJ

Adjusted R Std. Error of the
Model R R Square Square Estimate Durbin-Watson

1 Ta7d 636 625 06025 1.965

a. Predictors: (Constant), NH3Recode, SQRT_TP, SQRT_TH
b. Dependent Variahle: SARTChI_a
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ANOVA®
Sum of
Maodel Squares df Mean Square F Sig.
1 Regression 621 3 207 87.027 =001°
Residual 356 98 004
Total Aa77 101

a. DependentWariable: SQRTChHI_a
b. Predictors: (Constant), MH3Recode, SQRT_TP, SQRT_THN
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a. DependentVariahle: SQRTChHI_a

Coefficients’
Standardized
Unstandardized Coefiicients  Coefiicients §5.0% Confidence Interval for B Correlations Collingarity Statistics
Madel B Std. Error Beta t Sig. LowerBound ~ UpperBound  Zero-order — Partial Pat  Tolerance  VIF
1 {Constant) -052 038 -1.387 169 127 023
SORT_TN 206 07 758 11838 =00 an L} 783 J67 122 M 1.084
SORT_TP 082 064 09 1428 156 -036 24 A 14 087 M 1.084
MNH3Recode -024 012 12402030 044 -048 =001 -132 =201 124 1.000 1.000
3. Dependent Variahle: SORTChI_a
Collinearity Diagnostics”
Condition “ariance Proportions
Model Dimension Eigenvalue Index (Constanty SQRT_TN SQRT_TP NH3Recode
1 1 3.485 1.000 0o 00 00 03
2 462 2746 0o 01 o] 96
3 038 9.542 .09 .98 14 .01
4 s 16.365 80 01 85 01
a. DependentVariable: SQRTChI_a
Residuals Statistics”
Minimum  Maximum Mean Std. Deviation I
Predicted Value 0774 4560 2739 07842 102
Std. Predicted Value -2.506 2.334 000 1.000 102
Standard Error of Predicted ] 020 012 003 102
Value
Adjusted Predicted Value 0678 4573 2738 07870 102
Residual -17890 13531 .00000 05835 102
Std. Residual -2.969 2.246 000 T3 102
Stud. Residual -3.016 2.282 001 1.004 102
Deleted Residual -.18457 14082 00011 06171 102
Stud. Deleted Residual -3.150 2.344 -.001 1.019 102
Mahal. Distance 883 9864 287 1.834 102
Cook's Distance .000 072 010 016 102
Centered Leverage Value 009 098 029 018 102
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Histogram
Dependent Variable: SQRTChI_a

Mean = -9.35E-16
Std. Dev. = 0.985
MN=102

-2 -1 0 1 2 3

Regression Standardized Residual

Normal P-P Plot of Regression Standardized Residual
Dependent Variable: SQRTChI_a
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Partial Regression Plot
Dependent Variable: SQRTChI_a
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AGL
BMP
CA-OEHHA
CARE

CCR
CWQMC
CWA

IBM SPSS
LADPW
LADPWBOE
LADPWSAN
LARWQCB
LASAN
MFAC

MS4

NOAA

NIH

NSF

NRDC

RAP

RCRA

Appendix D: List of Acronyms
Alliance for the Great Lakes
Best Management Practice
State of CA — Office of Environmental Health Hazard Assessment
Comprehensive Cleaning and Rapid Engagement Program
California Code of Regulations
California Water Quality Monitoring Council
Clean Water Act
IBM Statistical Package for Social Sciences
Los Angeles Department of Public Works
City of LA Dept. of Public Works Bureau of Engineering
City of LA Dept. of Public Works Sanitation Department
Los Angeles Regional Water Quality Control Board
City of Los Angeles Bureau of Sanitation
Minimum Frequency of Assessment and Collection Program
Municipal Separate Storm Sewer System
National Oceanic and Atmospheric Administration
National Institute of Health
National Science Foundation
National Resources Defense Council
Department of Recreation and Parks

Resource Conservation and Recovery Act
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SCCWRP Southern CA Coastal Water Research Project
SWAMP Surface Water Ambient Monitoring Program
SWPPP Storm Water Pollution Prevention Plan
SWRCB State Water Resources Control Board

TMDL Total Maximum Daily Load

TMRP Trash Monitoring and Reporting Plan
USEPA United States Environmental Protection Agency
USGS United States Geological Society

WDR Waste Discharge Report

WHO World Health Organization

WLA Waste Load Allocation

WPD Watershed Protection Division
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