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Resilience: The capacity of individuals, communities,
institutions, businesses, and systems to survive, adapt
and thrive no matter what kinds of chronic stresses
and acute shocks they experience.

Safely managed sanitation: The term that applies
to improved sanitation facilities that are not shared
with other households and where excreta are safely
disposed of in situ or treated off site. Improved
sanitation facilities include: flush/pour flush toilets

to piped sewer systems; septic tanks or pit latrines
that are safely contained and do not leach into

the environment; pit latrines with slabs (including
ventilated pit latrines), and composting toilets (WHO,
n.d.). To be classified as safely managed sanitation,
treatment for waste coming from sewer systems must
consist of “at least secondary treatment, or primary
treatment with a long ocean outfall” (WHO, n.d.). See
Box 15 For more details

Shocks: An acute natural or human-made event or
phenomenon threatening major loss of life, damage
to assets and a community’s ability to function

and provide basic services, particularly for poor or
vulnerable populations. For the purpose of this guide,
an example of an acute sanitation shock might be a
storm induced sewage release due to combined sewer
overflow (CSO), creating a cascading effects threat to
human and natural systems and species. The chronic
infrastructure issue related to this intersects as a stress
(see definition below).

Sustainable sanitation: To qualify as sustainable
sanitation, a sanitation system has to be economically
viable, socially acceptable, technically and
institutionally appropriate, and protect human health,
the environment, and natural resources (SuSanA, n.d.).

Sanitation services chain: A term that refers to

fecal waste flow through: capture; storage; emptying;
transport; treatment; and end use or final disposal
(Fig. 1). Emptying is an additional step for on-site
sanitation systems compared to off-site

ones (SuSanA, n.d.).

Sewered sanitation systems: Systems that
transport blackwater and greywater as sewage via
piped networks to wastewater treatment plants for
treatment, resulting in discharge of effluent (liquids)
and sludge or biosolids (solids). The effluent from

sewered sanitation systems is referred to as sewage.
The term sewerage or sewage system refers to the
infrastructure used to convey sewage. For this guide,
all sanitation waste streams, including discharge, are
termed wastewater (Fig. 1).

Stresses: Chronic events, whether natural or
human-made, weaken community and ecosystem
functioning, especially for vulnerable populations.
An example is outdated infrastructure causing
untreated wastewater release, harming both humans
and nature. These chronic stresses combine with
sudden shocks like storms, floods, and sewage
releases. Wastewater harms coastal ecosystems
chronically, while cyclones, floods, and heatwaves
are acute stressors. Experiencing chronic stress
reduces resilience to acute events (Gove et al., 2023).

Wastewater: The term typically includes sewage
captured from both residential and industrial
sources. In this guide, fecal sludge is also included

as a wastestream in this definition to simplify the
wording. However, it is acknowledged that fecal
sludge and sewage are two different types of
sanitation waste streams and, where appropriate,
that distinction is made in any technical text.
Throughout the document, we differentiate between
treated and untreated wastewater where relevant.

Wastewater treatment processing stages:

o Primary wastewater treatment is the physical
removal of solids from sewage via screening and
settling.

o Secondary treatment is the partial breakdown
of the organic parts of sewage via biological
processes like activated sludge.

o Advanced wastewater treatment is any
process which reduces the level of impurities
in a wastewater below that attainable through
conventional secondary or biological treatment.
Includes the removal of nutrients such as
phosphorus and nitrogen and a high percentage
of suspended solids.

o Tertiary treatment further removes contaminants
in the wastestream via filtration and other
techniques.
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Fig.1: Sanitation services chains. Scenario A: Sewered sanitation systems with a conventional wastewater treatment plant. Occurs in
both more and less developed countries. However, in less developed countries there is a higher likelihood that the plant will have a lower
level of treatment and operational challenges. Scenario B: Non-sewered sanitation systems where there is no fecal sludge treatment
plant and only hand emptying. The most common scenario in both rural and urban areas in less developed countries. Scenario C: Non-
sewered sanitation system where there is a fecal sludge treatment plant and commercial emptying services. Generally, this occurs in rural

areas in more developed countries
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1. Overview

Over 40% of the world’s population (3.46 billion people) lack access to safely managed sanitation services (UNICEF &
WHO, 2023), and over 1,000 children die each day due to preventable water and sanitation-related diseases (UNICEF,
2023). The economic consequences of unsafely managed sanitation is significant, costing an estimated US$223 billion
each year due to health care expenses and lost productivity (Wee, 2018). By 2050, over two-thirds of the world's
population will live in urban areas, posing interconnected risks like ecosystem degradation, climate change, inequality,
and pandemics. These risks are amplified by rapid urbanization, poor infrastructure, and limited resources (RCN, 2019),
including sanitation. Climate migration will exacerbate these challenges, particularly in coastal zones.

Concerns around access to sanitation services primarily focus on the human health implications of exposure to
unsafely managed human waste. However, all over the world, in developing and developed countries, oceans are
polluted from unsafely managed sanitation and are used to dispose of wastewater (both treated and
untreated) (OSA, 2021).

Wastewater pollution is generated across the sanitation services chain and enters the environment in
multiple ways (Fig. 2):

«  Open defecation or on-site systems piped directly to water «  Direct discharge of raw wastewater from

bodies where untreated excreta and wastewater enters wastewater treatment plants during bypass
the environment (e.g., defecating in oceans or rivers and events (e.g., after heavy rainfall treatment
hanging toilets). plants do not have the capacity to treat all the

incoming wastewater) (Xie et al., 2022) or fecal

o Surface run-off from open defecation zones and
sludge from emptying trucks.

overflowing pit latrines (Amin et al., 2020).

«  Discharge of treated or partially treated waste
from wastewater treatment plants (Hamdhani
et al.,, 2020).

«  Leaching from pit latrines, leach pits, and over-full septic
tanks, plus injection wells for wastewater disposal that
reaches groundwater (Graham & Polizzotto, 2013; Orner
etal, 2018).

Direct and Treated

Discharge

Groundwater

Infiltration

Fig. 2: Pathways for wastewater pollution to enter coastal marine environments
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In recent years, it has become clear that wastewater discharge into the environment is resulting in
contamination of coastal marine ecosystems and is a global threat occurring in most areas with human
populations (Tuholske et al., 2021; Wear et al., 2023; Wear & Vega Thurber 2015).

@ 80%

300-400 Million Tons

~80% of the world’s industrial and municipal
wastewater is discharged without treatment to surface
waters, equaling about 300-400 million tons* of
pollution each year (IPBES, 2019; UNESCO, 2021). This
proportion is even higher in developing countries due
to a lack of infrastructure.

7 e of nitrogen from wastewater

Nitrogen
14.007 managed sanitation (Wear et

al,, 2023).

An estimated 4.3-7.1 million tons

N enter coastal environments every
year, from both unsafely and safely

An estimated 1.5 million tons 15 3s°2p
of phosphorus from wastewater P
enter surface waters every year (Van Phosphorus
Puijenbroek et al.,, 2019). 30.974
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Wastewater pollution has been documented in
104 out of 108 coral reef regions with human
populations present (Wear & Vega Thurber, 2015).

* all references of tons is metric.
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Coral Reefs

55% of coral reefs are exposed to wastewater
pollution (Tuholske et al., 2021), and ~15% of coral
reefs are exposed to only wastewater pollution and

no agricultural or sediment pollution (Andrello et al.,

2022; Tuholske et al., 2021).

Seagrass Ecosystems

An estimated 88% of all seagrass ecosystems (both

tropical and temperate) are exposed to wastewater
pollution (Tuholske et al., 2021).

Globally, 26 classes of pharmaceutical drugs
have been recorded in the marine environment
of 34 countries, with several instances of
bioaccumulation in a wide range of species, which
is likely a vast underestimation of their prevalence
(Dehm et al., 2021; Fabbri & Franzellitti, 2015;
Greene, 2022; Madikizela et al., 2020; Madikizela

& Ncube, 2022).
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Wastewater pollution in coastal marine environments has several
documented impacts on ecosystems and species (Appendix 1).

Wastewater pollution in the ocean makes coastal marine ecosystems
and coastal human populations more vulnerable to climate change.

Pathogens present in wastewater cause coral disease
(Lamb et al. 2017).

Nutrient pollution negatively impacts coral growth,
larval and adult coral survival, coral disease
prevalence, bioerosion processes, and fertilization
(Nalley et al., 2023; Prouty et al., 2017; Yoshioka et al.,
2016; Zhao et al., 2021).

Wastewater pollution has caused large scale fish
mortality events (Wear et al., 2023).

Wastewater pollution has resulted in significant loss of
seagrass meadows (Bryars & Neverauskas, 2004).

Pharmaceuticals significantly alter fish behavior (Brodin
et al.,, 2014).

© Joleah Lamb

Wastewater pollution increase the
prevalence and severity of coral
diseases and bleaching (Claar et

al., 2020; Gove et al., 2023; Wang

et al., 2018), while warmer ocean
temperatures increase the virulence

of pathogens and susceptibility of
organisms to disease outbreaks (Bruno
et al., 2007; Groner et al., 2021).

Wastewater pollution inhibits the
recovery of coral reefs following
bleaching events (Gove et al., 2023).

Nutrient enrichment makes mangroves
more vulnerable to erosion (Naidoo,
2009), while sea level rise and

storm surges increase erosion rates
(Oppenheimer et al., 2019).

© Stacy Jupiter

Nutrient enrichment makes mangroves
more likely to die from climate-related
drought (Lovelock et al., 2009).

Marine heat waves amplify
eutrophication and deoxygenation
caused by wastewater pollution (Brauko
et al., 2020), which can increase the
severity of fish kills (Wear et al., 2023).

Nutrients from wastewater reduce the
ability of mangroves to store carbon,
leading to increased emissions and
undermining blue carbon initiatives
(Santos-Andrade et al., 2021).
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BOX 1

Coastal and marine ecosystems provide significant economic benefits to countries

Mangrove forests, seagrass meadows, and coral reefs

are remarkable coastal ecosystems that offer an array of
indispensable ecosystem services crucial to the wellbeing
of both marine life and coastal communities. Mangroves
and seagrass meadows play a pivotal role in carbon
sequestration and oxygen production, with mangroves
storing up to five times as much organic carbon as tropical
upland forests (Donato et al., 2011). Both filter water and
help to maintain water clarity, making them an important
component of nature-based solutions to wastewater
management (Lamb et al., 2017). Recently, the filtration
service of seagrass was conservatively estimated to prevent
8 million cases of gastroenteritis globally each year (Ascioti
et al., 2022). The loss of mangroves and seagrass meadows
can lead to more saltwater intrusion into groundwater,
which can undermine water security initiatives (Barbier,
2016; Hilmi et al., 2017). Mangroves and seagrass meadows
act as natural nurseries, providing essential habitat for
numerous marine species, while also serving as a buffer
against coastal erosion and storm surges (Ayyam et al.,
2019; Barbier et al., 2011; Mehvar et al., 2018). Coral reefs
offer unparalleled biodiversity and account for at least
35% of all marine species globally (Fisher et al., 2015). They
deliver critical services like shoreline protection, providing
homes for marine life, supporting hundreds of millions

of people around the world, and attracting tourists, thus

bolstering economies and coastal livelihoods (Kawarazuka
& Béné, 2010; Spalding et al., 2017; Teh et al., 2013).
Structurally complex coral reefs not only support more fish
species, they are critical for coastal protection, especially

in the face of sea-level rise (Darling et al., 2017; Harris et al.,
2018) (Fig. 3). Importantly, coral reefs less exposed to
wastewater pollution were able to recover following a
coral bleaching event (Gove et al., 2023).

Based on provisioning, regulating, habitat, and cultural
services provided by ecosystems, the total estimated
economic values (US$/ha/yr, converted to 2023 values)
for coral reefs is 516,945, followed by wetlands (i.e., tidal
marshes, mangroves and salt water wetlands) at $284,478,
and coastal systems (i.e,, estuaries, continental shelf area,
and seagrass) at 542,437 (de Groot et al.,, 2012), with the
global estimated total value being US$41 trillion/year
(Costanza et al., 2014). The economic value of coastal
marine ecosystem services dwarfs the value of terrestrial
ecosystem services, which have been valued at 57,725
for tropical forests, $4,421 for temperate forests, 52,330
for woodlands, and 54,213 for grasslands (de Groot et al.,
2012). The economic benefits these ecosystems provide
to countries, along with the political influence that

ocean industries have, makes their protection a powerful
argument for action on wastewater pollution.
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Fig. 3: Ecosystem services provided by coastal and marine ecosystems

Wastewater pollution
in the ocean also has
significant public

health consequences:

An estimated 180 million cases of upper
respiratory disease and gastroenteritis
occur each year as a result of bathing

in polluted ocean waters or ingesting
contaminated seafood (Shuval, 2003).

~4 million cases (and 40 thousand
deaths) of infectious hepatitis A and
E (HAV/HEV) occur annually from
contaminated seafood from polluted
coastal waters (Shuval, 2003).

Dozens of outbreaks of norovirus, which
causes an estimated 685 million cases
of acute gastroenteritis and an economic
burden of US$60 Billion annually,

have been linked to consumption of
contaminated bi-valve mollusks, which
accumulate norovirus from exposure

to wastewater pollution (Campos et

al,, 2017; CDC, 2023; Laio et al., 2021;
Razafimahefa et al., 2019).

The public health consequences of
wastewater pollution in coastal marine
environments results in an estimated
$19.8 billion a year in economic losses
(Shuval, 2003, converted to 2023 values).
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BOX 2

Public health effects and costs associated to contaminated coastal waters in California

According to epidemiological research, exposure to coastal waters can result in different types of iliness such as
gastroenteritis and acute respiratory disease, as well as eye, skin, and ear infections. These illnesses are caused by
pathogenic microorganisms derived from fecal contamination, particularly from wastewater discharge. It is estimated
that California beaches attract between 150-400 million visitors every year (Given et al., 2006). However, California
beaches are impacted by a large amount of treated wastewater runoff that is released to coastal marine waters through
outfalls adjacent to many beaches, negatively impacting coastal water quality (Dwight et al., 2002; Li & Zhang, 2019;

Noble et al., 2000).

The human health consequences of exposure to
wastewater pollution at California beaches have
been documented in several studies:

Dwight et al. (2005) estimated the economic burden
from ilinesses associated with exposure to polluted
marine waters in two popular beaches (Newport &
Huntington) in Orange County, California:

- Gastrointestinal illnesses per year amounted to
$1.3 million in health costs, acute respiratory
disease cost $951,378, ear ailments cost
$767,221,and eye ailment cost $304,335,
resulting in a cumulative annual health burden
of $3.3 million.

Given et al. (2006) estimated the number of
gastrointestinal illnesses by swimming in

contaminated coastal waters at 28 beaches comprising160
lkkm of coastline in Los Angeles and Orange Counties:

«  The annual visitation estimate was close to 80 million
during the year 2000.

Between 627,800 and 1,479,200 gastrointestinal
illnesses are estimated to occur as a result of recreation at
these beaches.

Such estimates correspond to an economic loss per year
of more than $20 million (in year 2000 dollars).

Li & Zhang (2019) studied the loss in productivity, measured in
sick leave, caused by contact with fecal-contaminated water
along the coast of California: When the geometric mean of

35 cfu/100 mL of enterococci bacteria is surpassed, there is a
0.6% increase in sick leave, which represents an additional
3.56 million sick leave days annually in California alone.

© Sam Antonio Photography
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2. The challenge

Marine conservation practitioners are confronted with several challenges in
protecting coastal marine ecosystems from wastewater pollution:

Ineffectiveness of traditional conservation strategies

4,

Marine protected areas (MPAs) and traditional conservation approaches are
proving inadequate to address pollution in coastal areas, posing a threat to
marine ecosystems and biodiversity (Bégin et al., 2016; Lamb et al., 2016;

Suchley & Alvarez-Filip, 2018; Wenger et al., 2016). Furthermore, MPA design and
implementation seldom considers pollution impacts or activities on land (Loiseau
et al,, 2021; Williams et al., 2023).

Funding gaps and expectations

Management of wastewater pollution has traditionally received much less
investment compared to other marine conservation interventions, despite its
recognized impact (Wear, 2016). Furthermore, the time frames and funding
required to achieve success may not match the expectations of programs and
policy targets that seek short-term results (Wakwella et al., 2023).

Lack of jurisdiction and appropriate policies

6.

Many countries lack wastewater discharge standards or marine water quality
guidelines and marine environmental managers do not have the authority

or mandate to manage wastewater pollution. In addition, there are different
sectoral mandates and priorities, which makes coordination of activities difficult.
There are also often challenges in engaging upstream stakeholders, who may or
may not experience the impacts of wastewater pollution in coastal marine
environments (Alvarez-Romero et al., 2015; Kerr et al., 2014; Lymer et al., 2017;
Wakwella et al., 2023).

Data gaps and uncertainty

There are gaps in our understanding about how wastewater pollution affects
coastal marine ecosystems, including what level of exposure is detrimental, how
the different pollutants within wastewater interact, how wastewater pollution
interacts with other stressors that coastal marine ecosystems are facing, and how
changes in ecosystem condition will influence ecosystem service provision. This
makes it very difficult to predict the exact changes that will occur as a result of
exposure to wastewater pollution and to communicate the need for action.

Persistent pollutants in treated wastewater

Even after treatment, wastewater can contain harmful concentrations of
pollutants, including nutrients, pharmaceutical and personal care products,
and microplastics. Conventional wastewater treatment methods often fail to
adequately remove these substances (Hidayaturrahman & Lee, 2019; Kayode-
Afolayan et al., 2022; Tahir et al., 2023; Watkinson et al., 2007), leaving coastal
marine ecosystems exposed to a chronic source of pollution.

Urgency to build climate change resilience

There is a synergistic relationship between wastewater pollution and climate
change: climate change exacerbates wastewater pollution impacts on coastal
marine ecosystems, which in turn makes them more vulnerable to climate change
impacts (see Section 1). The loss of coastal marine ecosystems also makes coastal
populations more vulnerable to climate change impacts. These same coastal
populations are on the frontline for broader and intersecting shocks and

stresses, as well as the aforementioned pressures of massive urbanization

and climate migration.



