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This shift not only addresses environmental concerns but also offers practical benefits

in terms of maintenance and logistics.

Traditionally, portable toilets have relied on water for flushing mechanisms to transport
waste away from the user and into holding tanks. However, with the advent of waterless
technologies, this dependency is being rethought. One such innovation is the use of
composting systems where organic material is broken down into compost over time

through microbial activity. Virginia rental pricing varies by region with Northern Virginia

typically commanding higher rates than rural areas porta-potty rental Pumphrey,

Maryland. These systems require little to no water, significantly cutting down usage

while simultaneously providing an eco-friendly disposal method for waste.
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Another notable technology is vacuum-assisted toilets which use air pressure instead
of water to move waste into storage areas. This method not only conserves water but
also reduces the volume of waste by compacting it, thereby extending the service

intervals between cleanings.

Additionally, urine-diverting toilets (UDTs) have gained traction. These designs separate
liquid from solid waste at the source, allowing for different treatment processes that are
more efficient without using additional water. Urine can be collected and potentially

used as fertilizer after proper treatment, promoting a circular economy approach within

sanitation.

The integration of these technologies into portable toilet design not only supports
global efforts towards sustainable development goals related to water conservation but
also enhances user experience by minimizing odors and reducing the frequency of

waste removal operations due to less bulk from water-flushed systems.

Moreover, these innovations encourage public awareness about sustainable practices in
everyday life. By choosing or designing portable toilets with waterless technologies,
event organizers, construction sites, and outdoor festivals can demonstrate

commitment to environmental stewardship while still providing necessary amenities.

In conclusion, embracing waterless technologies in portable toilet design is more than
just an innovative choice; its a strategic move towards sustainability. It reflects a
broader understanding that even small changes in how we manage basic human needs
like sanitation can contribute significantly to conserving our planets resources. As these
technologies continue to evolve and gain acceptance, they promise not only to redefine
what we expect from portable sanitation but also pave the way for broader applications

in fixed infrastructure where water conservation becomes paramount.



Optimizing flush systems for minimal water usage is a critical aspect of water
conservation strategies in portable toilet design, addressing both environmental
sustainability and practical efficiency. Portable toilets, often used in remote locations or at
large events, must balance functionality with resource conservation. The challenge lies in

designing a system that effectively removes waste while using as little water as possible.

One key approach to achieving this is through the use of vacuum-assisted flush
technology. This system works by creating a vacuum that propels waste into a holding
tank with minimal water. Traditional gravity-fed systems require a significant amount of
water to move waste due to the reliance on the force of gravity alone. In contrast, vacuum
systems can reduce water usage by up to 80%, making them highly efficient for portable

applications where conserving water is paramount.

Another strategy involves incorporating dual-flush mechanisms, which provide users with
the option of a small or large flush depending on the type of waste. This not only educates
users about water conservation but also empowers them to participate actively in
reducing water consumption. By offering choices, this system ensures that only the

necessary amount of water is used for each flush, preventing wastage.

Moreover, sensor-based flushing technology can be integrated into portable toilet
designs. These sensors detect when someone has finished using the facility and initiate a
flush automatically, ensuring efficiency by avoiding unnecessary flushes while also

preventing overuse by users who might forget or choose not to flush manually.

Design considerations also include the materials used in constructing these systems.
Non-stick surfaces within the toilet bowl reduce the need for heavy flushing to clean

residual waste, thereby saving additional water. Furthermore, choosing durable materials



extends the lifespan of these units, reducing environmental impact from frequent

replacements and maintenance.

In practice, integrating these technologies requires careful planning to ensure they
operate reliably under various conditions typical for portable toilets - from extreme
temperatures to rough handling during transport. Regular maintenance checks are crucial
to keep these systems functioning optimally without compromising on their eco-friendly

benefits.

In conclusion, optimizing flush systems for minimal water usage in portable toilets involves
innovative engineering solutions like vacuum technology and smart flushing options
alongside user engagement through dual-flush mechanisms. By focusing on such
strategies, we not only conserve vital freshwater resources but also set a standard for

sustainable practices in temporary sanitation facilities worldwide.
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Duration of the Event and

Toilet Needs

Lets talk about porta potties. Not exactly glamorous, right? But think about it: theyre a
ubiquitous part of outdoor events, construction sites, and disaster relief efforts. And every
flush, every handwash, uses precious water. Thats where greywater recycling comes in.
Imagine a porta potty that doesnt just guzzle freshwater, but actually cleans and reuses
the water already inside. Thats the promise of integrating greywater recycling into their

design.

The basic idea is simple enough. "Greywater” is the relatively clean wastewater from
handwashing. Instead of just dumping it, we could filter it, disinfect it, and then reuse it for
flushing. This cuts down dramatically on the need for potable water refills, especially in

areas where water is scarce or expensive to transport.

Of course, its not as easy as it sounds. Were talking about a self-contained system, so the
filtration and disinfection need to be efficient, reliable, and compact. Think about the
challenges: fluctuating usage, different types of soap, even the ambient temperature can
affect the systems performance. Plus, people need to trust that the recycled water is safe

and hygienic. Education and clear labeling are key.



But the potential benefits are huge. Reduced water consumption means lower operating
costs for rental companies. It means a smaller environmental footprint for large events.
And in emergency situations, it means more precious potable water available for drinking

and other essential needs.

Integrating greywater recycling into porta potty design isnt just a futuristic pipe dream. Its
a practical and increasingly necessary step towards more sustainable sanitation solutions.
Its about looking at a humble necessity, and asking: how can we make this better? How

can we make it greener? And how can we help conserve our planets most precious

resource, one flush at a time?




Special Considerations for

Different Event Types

Okay, so when were talking about making portable toilets more water-wise, a big piece of
the puzzle is choosing the right materials. Think about it: the materials we use directly
affect how much water gets absorbed and how much waste ends up sticking around,

making it harder to clean.

Ideally, we want materials that are super non-porous. Things like certain high-density
plastics or maybe even some advanced composites. The less porous a material, the less
water its going to soak up. And thats good news because less water absorption means
less need for rinsing and flushing to get rid of lingering smells or stains. We're talking about
potentially saving gallons per use, which adds up quickly at festivals, construction sites, or

anywhere these units are deployed.

Beyond just water absorption, the surface texture matters too. A smooth, non-stick
surface is a wastes worst nightmare. The easier it is to clean, the less water and cleaning
chemicals you need to use. It also reduces the risk of waste buildup, which can be a

breeding ground for bacteria and unpleasant odors.

But its not just about performance; we also need to consider the environmental impact of
the materials themselves. Are they recyclable? Are they durable enough to withstand

years of use and abuse? Choosing more sustainable materials, even if they cost a bit more



upfront, can pay off in the long run by reducing waste and pollution. Think about materials
with recycled content or those that are designed for easy disassembly and recycling at
the end of their lifespan. Its all part of creating a more circular economy and minimizing
the overall environmental footprint of portable toilet design. Basically, smart material
selection is key to making these portable solutions not just convenient, but also

responsible.

Okay, lets talk about how to get people to actually use water-saving portable toilets
effectively. | mean, you can design the most ingenious low-flush system out there, but if
users arent on board, youre just wasting your time and engineering brilliance. Thats where

user education and behavioral strategies come in.

Think about it: most people arent exactly thrilled to be using a portable toilet in the first
place. Its not a luxurious experience! So, youre already fighting an uphill battle. The key is

to make it as easy and intuitive as possible to do the right thing.

First, simple, clear signage is crucial. "Push Once to Flush" in big, bold letters, maybe with a
little picture, is way more effective than some complicated instruction manual no ones
going to read. Think about using icons that are universally understood, regardless of

language. Keep it concise and placed right where people need it.

Beyond the signage, consider the overall "feel” of the portable toilet. A cleaner, more
pleasant environment will naturally encourage more responsible behavior. Regular cleaning

and maintenance are huge. Nobody wants to conserve water in a space thats already



gross — it sends the message that nobody cares, so why should they?

Then theres the psychological aspect. Subtly nudge users towards conservation. Maybe
the flush mechanism is designed to require a conscious effort — a deliberate push rather
than a light tap. This can make people think twice about whether they really need to flush.
Even the color scheme could play a role; calming blues and greens might subconsciously

encourage mindful water usage.

Finally, think about the context. If youre at a festival, you could have volunteers briefly
demonstrating how to use the water-saving features. At a construction site, toolbox talks
could include a quick reminder about responsible portable toilet usage. The point is to
integrate the education into the existing environment, rather than relying on people to

seek it out.

Ultimately, effective water conservation in portable toilet design isnt just about the
technology; its about understanding human behavior and designing systems that make it
easy and appealing for users to do their part. Its about making conservation the default,

the obvious, and even the slightly more pleasant option.

Water conservation is a critical concern in todays world, and the design of portable toilets
plays a significant role in this effort. The term "Regulatory Standards and Incentives for
Water-Efficient Portable Toilets" encapsulates the importance of implementing guidelines

and offering rewards to promote the use of water-efficient portable toilets. These



standards and incentives are essential in driving innovation and adoption of technologies

that minimize water usage.

Regulatory standards for water-efficient portable toilets set the minimum requirements
for water usage and performance. These standards ensure that portable toilets are
designed to use water responsibly, reducing the overall demand on freshwater resources.
By establishing clear benchmarks, regulatory bodies can guide manufacturers and
designers to create products that meet these criteria, ultimately leading to a reduction in

water waste.

Incentives for water-efficient portable toilets are equally important. Financial incentives,
such as tax credits or subsidies, can encourage businesses and individuals to invest in
these eco-friendly alternatives. Additionally, recognition programs and awards can
highlight the achievements of companies that excel in water conservation, motivating
others to follow suit. These incentives create a competitive environment where innovation

thrives, and the best practices in water conservation are shared and adopted widely.

The integration of regulatory standards and incentives fosters a culture of sustainability.
When regulations are in place, they provide a framework for accountability, ensuring that
all portable toilets contribute to water conservation efforts. Incentives, on the other hand,
provide the necessary push to make water-efficient options more attractive and
accessible. Together, they create a synergistic effect that accelerates the transition

towards a more sustainable future.

In conclusion, regulatory standards and incentives for water-efficient portable toilets are
pivotal in advancing water conservation strategies. By setting clear guidelines and offering
rewards, we can drive the adoption of technologies that save water and protect our

precious resources for future generations.



Water conservation is a pressing concern in todays world, and even portable toilet rental
fleets can play a significant role in this effort. Implementing water conservation features in
porta potty rental fleets is not just an environmentally responsible choice; it can also lead
to substantial cost savings over time. This essay explores the cost-benefit analysis of

integrating water-saving technologies into portable toilet designs.

Firstly, the initial investment in water-efficient fixtures and systems might seem daunting.
High-efficiency toilets, low-flow faucets, and smart water management systems require
upfront costs. However, these expenses are often offset by the long-term savings in water
usage and reduced maintenance costs. For instance, high-efficiency toilets can use up to
50% less water per flush compared to traditional models, leading to significant reductions

in water bills.

Moreover, water conservation features can enhance the reputation of rental companies. In
an era where consumers are increasingly conscious of environmental issues, businesses
that adopt sustainable practices can attract more clients. This can lead to a competitive
advantage and potentially higher revenue. Additionally, some municipalities offer
incentives or tax breaks for businesses that implement water-saving measures, further

reducing the financial burden.



On the operational side, water conservation features can lead to lower utility costs and
reduced environmental impact. Portable toilets that use less water mean fewer refills and
less frequent maintenance, which translates to lower labor costs and fewer trips to refill
the tanks. Furthermore, reducing water consumption helps conserve local water

resources, which is particularly important in areas prone to drought or water scarcity.

In conclusion, while the initial investment in water conservation features for porta potty
rental fleets may appear significant, the long-term benefits far outweigh the costs. From
reduced utility expenses and enhanced corporate image to environmental stewardship
and potential government incentives, the advantages of implementing water-saving
technologies are clear. By prioritizing water conservation, rental companies can not only
contribute to a sustainable future but also enjoy tangible financial and operational

benefits.



About Ventilation (architecture)



An Ab anbar (water reservoir) with double domes and windcatchers
(openings near the top of the towers) in the central desert city of Naeen,

Iran. Windcatchers are a form of natural ventilation.[1]
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Ventilation is the intentional introduction of outdoor air into a space. Ventilation is
mainly used to control indoor air quality by diluting and displacing indoor effluents
and pollutants. It can also be used to control indoor temperature, humidity, and air
motion to benefit thermal comfort, satisfaction with other aspects of the indoor

environment, or other objectives.

The intentional introduction of outdoor air is usually categorized as either mechanical

ventilation, natural ventilation, or mixed-mode ventilation.[z]

o Mechanical ventilation is the intentional fan-driven flow of outdoor air into and/or
out from a building. Mechanical ventilation systems may include supply fans
(which push outdoor air into a building), exhaust[3] fans (which draw air out of a
building and thereby cause equal ventilation flow into a building), or a
combination of both (called balanced ventilation if it neither pressurizes nor
depressurizes the inside air,[3] or only slightly depressurizes it). Mechanical
ventilation is often provided by equipment that is also used to heat and cool a
space.

o Natural ventilation is the intentional passive flow of outdoor air into a building
through planned openings (such as louvers, doors, and windows). Natural
ventilation does not require mechanical systems to move outdoor air. Instead, it
relies entirely on passive physical phenomena, such as wind pressure, or the
stack effect. Natural ventilation openings may be fixed, or adjustable. Adjustable
openings may be controlled automatically (automated), owned by occupants
(operable), or a combination of both. Cross ventilation is a phenomenon of

natural ventilation.



o Mixed-mode ventilation systems use both mechanical and natural processes.
The mechanical and natural components may be used at the same time, at
different times of day, or in different seasons of the year.[4] Since natural
ventilation flow depends on environmental conditions, it may not always provide
an appropriate amount of ventilation. In this case, mechanical systems may be

used to supplement or regulate the naturally driven flow.
Ventilation is typically described as separate from infiltration.

o Infiltration is the circumstantial flow of air from outdoors to indoors through leaks
(unplanned openings) in a building envelope. When a building design relies on
infiltration to maintain indoor air quality, this flow has been referred to as

adventitious ventilation.[5]

The design of buildings that promote occupant health and well-being requires a clear
understanding of the ways that ventilation airflow interacts with, dilutes, displaces, or
introduces pollutants within the occupied space. Although ventilation is an integral
component of maintaining good indoor air quality, it may not be satisfactory alone.[6]
A clear understanding of both indoor and outdoor air quality parameters is needed to
improve the performance of ventilation in terms of occupant health and energy.[7] In
scenarios where outdoor pollution would deteriorate indoor air quality, other
treatment devices such as filtration may also be necessary.[8] In kitchen ventilation
systems, or for laboratory fume hoods, the design of effective effluent capture can be
more important than the bulk amount of ventilation in a space. More generally, the way
that an air distribution system causes ventilation to flow into and out of a space
impacts the ability of a particular ventilation rate to remove internally generated
pollutants. The ability of a system to reduce pollution in space is described as its
"ventilation effectiveness’. However, the overall impacts of ventilation on indoor air
quality can depend on more complex factors such as the sources of pollution, and the

ways that activities and airflow interact to affect occupant exposure.

An array of factors related to the design and operation of ventilation systems are

regulated by various codes and standards. Standards dealing with the design and



operation of ventilation systems to achieve acceptable indoor air quality include the
American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE)
Standards 62.1 and 62.2, the International Residential Code, the International
Mechanical Code, and the United Kingdom Building Regulations Part F. Other
standards that focus on energy conservation also impact the design and operation of
ventilation systems, including ASHRAE Standard 90.1, and the International Energy

Conservation Code.

When indoor and outdoor conditions are favorable, increasing ventilation beyond the
minimum required for indoor air quality can significantly improve both indoor air
quality and thermal comfort through ventilative cooling, which also helps reduce the
energy demand of buildings.[g][]o] During these times, higher ventilation rates,
achieved through passive or mechanical means (air-side economizer, ventilative pre-
cooling), can be particularly beneficial for enhancing people's physical health.["]
Conversely, when conditions are less favorable, maintaining or improving indoor air
quality through ventilation may require increased use of mechanical heating or

cooling, leading to higher energy consumption.

Ventilation should be considered for its relationship to "venting" for appliances and
combustion equipment such as water heaters, furnaces, boilers, and wood stoves.
Most importantly, building ventilation design must be careful to avoid the backdraft of
combustion products from "naturally vented" appliances into the occupied space. This
issue is of greater importance for buildings with more air-tight envelopes. To avoid the
hazard, many modern combustion appliances utilize "direct venting” which draws

combustion air directly from outdoors, instead of from the indoor environment.

Design of air flow in rooms
[edit]

The air in a room can be supplied and removed in several ways, for example via ceiling

[

ventilation, cross ventilation, floor ventilation or displacement ventilation."citation needed]



Ceiling ventilation

Image not found or type unknown

Ceiling ventilation

Cross ventilation
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Cross ventilation

Floor ventilation
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Floor ventilation

Displacement ventilation
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Displacement

ventilation

Furthermore, the air can be circulated in the room using vortexes which can be

initiated in various ways:



Tangential flow vortices, initiated horizontally

Image not found or type unknown

Tangential flow
vortices, initiated
horizontally

Tangential flow vortices, initiated vertically
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Tangential flow
vortices, initiated
vertically

Diffused flow vortices from air nozzles
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Diffused flow
vortices from air
nozzles

Diffused flow vortices due to roof vortices

Image not found or type unknown

Diffused flow

vortices due to roof



vortices
Ventilation rates for indoor air quality

[edit]

The examples and perspective in this article deal primarily with the United
Globe i2t#tes and do not represent a worldwide view of the subject. You may
Image not ipProvesthiscarticle, discuss the issue on the talk page, or create a new article,

as appropriate. (April 2024) (Learn how and when to remove this message)

The ventilation rate, for commercial, industrial, and institutional (Cll) buildings, is
normally expressed by the volumetric flow rate of outdoor air, introduced to the
building. The typical units used are cubic feet per minute (CFM) in the imperial
system, or liters per second (L/s) in the metric system (even though cubic meter per
second is the preferred unit for volumetric flow rate in the Sl system of units). The
ventilation rate can also be expressed on a per person or per unit floor area basis,
such as CFM/p or CFM/ft?, or as air changes per hour (ACH).

Standards for residential buildings
[edit]

For residential buildings, which mostly rely on infiltration for meeting their ventilation
needs, a common ventilation rate measure is the air change rate (or air changes per
hour): the hourly ventilation rate divided by the volume of the space (I or ACH; units of
1/h). During the winter, ACH may range from 0.50 to 0.41in a tightly air-sealed house
to 111to 1.47 in a loosely air-sealed house.[]z]

ASHRAE now recommends ventilation rates dependent upon floor area, as a revision
to the 62-2001 standard, in which the minimum ACH was 0.35, but no less than 15
CFM/person (7.1L/s/person). As of 2003, the standard has been changed to 3
CFM/100 saq. ft. (15 L/s/100 sqg. m.) plus 7.5 CFM/person (3.5 L/s/person).[13]



Standards for commercial buildings
[edit]

Ventilation rate procedure

[edit]

Ventilation Rate Procedure is rate based on standard and prescribes the rate at which
ventilation air must be delivered to space and various means to the condition that air.|

14] Air quality is assessed (through CO, measurement) and ventilation rates are

mathematically derived using constant2s.lndoor Air Quality Procedure uses one or
more guidelines for the specification of acceptable concentrations of certain
contaminants in indoor air but does not prescribe ventilation rates or air treatment
methods.[m] This addresses both quantitative and subjective evaluations and is
based on the Ventilation Rate Procedure. It also accounts for potential contaminants
that may have no measured limits, or for which no limits are not set (such as

formaldehyde off-gassing from carpet and furniture).

Natural ventilation

[edit]

Main article: Natural ventilation

Natural ventilation harnesses naturally available forces to supply and remove air in an
enclosed space. Poor ventilation in rooms is identified to significantly increase the
localized moldy smell in specific places of the room including room corners.[n] There
are three types of natural ventilation occurring in buildings: wind-driven ventilation,
pressure-driven flows, and stack ventilation.[15] The pressures generated by 'the stack
effect’' rely upon the buoyancy of heated or rising air. Wind-driven ventilation relies
upon the force of the prevailing wind to pull and push air through the enclosed space

as well as through breaches in the building's envelope.



Almost all historic buildings were ventilated naturally.[16] The technique was generally
abandoned in larger US buildings during the late 20th century as the use of air
conditioning became more widespread. However, with the advent of advanced
Building Performance Simulation (BPS) software, improved Building Automation
Systems (BAS), Leadership in Energy and Environmental Design (LEED) design
requirements, and improved window manufacturing techniques; natural ventilation has

made a resurgence in commercial buildings both globally and throughout the US. [17]

The benefits of natural ventilation include:

o Improved indoor air quality (IAQ)

o Energy savings

o Reduction of greenhouse gas emissions

o Occupant control

o Reduction in occupant iliness associated with sick building syndrome

o Increased worker productivity

Techniques and architectural features used to ventilate buildings and structures

naturally include, but are not limited to:

o Operable windows

O

Clerestory windows and vented skylights

Lev/convection doors

e}

(¢]

Night purge ventilation

O

Building orientation

o Wind capture facades
Airborne diseases

[edit]

Natural ventilation is a key factor in reducing the spread of airborne illnesses such as
tuberculosis, the common cold, influenza, meningitis or COVID—19.[18] Opening doors

and windows are good ways to maximize natural ventilation, which would make the risk



of airborne contagion much lower than with costly and maintenance-requiring
mechanical systems. Old-fashioned clinical areas with high ceilings and large windows
provide the greatest protection. Natural ventilation costs little and is maintenance-
free, and is particularly suited to limited-resource settings and tropical climates,
where the burden of TB and institutional TB transmission is highest. In settings where
respiratory isolation is difficult and climate permits, windows and doors should be
opened to reduce the risk of airborne contagion. Natural ventilation requires little
maintenance and is inexpensive.[19]

Natural ventilation is not practical in much of the infrastructure because of climate.
This means that the facilities need to have effective mechanical ventilation systems

and or use Ceiling Level UV or FAR UV ventilation systems.

Ventilation is measured in terms of air changes per hour (ACH). As of 2023, the CDC
recommends that all spaces have a minimum of 5 ACH.[ZO] For hospital rooms with
airborne contagions the CDC recommends a minimum of 12 ACH.[21] Challenges in

221123} ineffective government oversight,

facility ventilation are public unawareness,|
poor building codes that are based on comfort levels, poor system operations, poor

maintenance, and lack of transparency.[24]

Pressure, both political and economic, to improve energy conservation has led to
decreased ventilation rates. Heating, ventilation, and air conditioning rates have
dropped since the energy crisis in the 1970s and the banning of cigarette smoke in the
1980s and 19903.[25][26][better source needed]

Mechanical ventilation

[edit]
Main article: HVAC



An axial belt-drive exhaust fan serving an underground car park. This
exhaust fan's operation is interlocked with the concentration of

contaminants emitted by internal combustion engines.

Mechanical ventilation of buildings and structures can be achieved by the use of the

following techniques:

o Whole-house ventilation
o Mixing ventilation
o Displacement ventilation

o Dedicated subaerial air supply
Demand-controlled ventilation (DCV)
[edit]

Demand-controlled ventilation (DCV, also known as Demand Control Ventilation)
271128] ASHRAE has

determined that "It is consistent with the ventilation rate procedure that demand

makes it possible to maintain air quality while conserving energy.|

control be permitted for use to reduce the total outdoor air supply during periods of

less occupancy."[zg] In a DCV system, CO_, sensors control the amount of ventilation.|

2
30][31

] During peak occupancy, CO_, levels rise, and the system adjusts to deliver the

2
same amount of outdoor air as would be used by the ventilation-rate procedure.[32]



However, when spaces are less occupied, CO . levels reduce, and the system reduces

2
ventilation to conserves energy. DCV is a well-established practice,[33] and is

required in high occupancy spaces by building energy standards such as ASHRAE 90.1.
34
[*7]

Personalized ventilation

[edit]

% Phisrsectionneeds to be updated. Please help update this article to reflect

recent events or newly available information. (September 2024)

Personalized ventilation is an air distribution strategy that allows individuals to control
the amount of ventilation received. The approach delivers fresh air more directly to
the breathing zone and aims to improve the air quality of inhaled air. Personalized
ventilation provides much higher ventilation effectiveness than conventional mixing
ventilation systems by displacing pollution from the breathing zone with far less air
volume. Beyond improved air quality benefits, the strategy can also improve
occupants’ thermal comfort, perceived air quality, and overall satisfaction with the
indoor environment. Individuals' preferences for temperature and air movement are
not equal, and so traditional approaches to homogeneous environmental control have
failed to achieve high occupant satisfaction. Techniques such as personalized
ventilation facilitate control of a more diverse thermal environment that can improve

thermal satisfaction for most occupants.

Local exhaust ventilation

[edit]

See also: Power tool

Local exhaust ventilation addresses the issue of avoiding the contamination of indoor
air by specific high-emission sources by capturing airborne contaminants before they

are spread into the environment. This can include water vapor control, lavatory



effluent control, solvent vapors from industrial processes, and dust from wood- and
metal-working machinery. Air can be exhausted through pressurized hoods or the use
of fans and pressurizing a specific area.[35]

A local exhaust system is composed of five basic parts:

—_

A hood that captures the contaminant at its source
Ducts for transporting the air
An air-cleaning device that removes/minimizes the contaminant

A fan that moves the air through the system

ok~ w0

An exhaust stack through which the contaminated air is discharged[35]

In the UK, the use of LEV systems has regulations set out by the Health and Safety
Executive (HSE) which are referred to as the Control of Substances Hazardous to
Health (CoSHH). Under CoSHH, legislation is set to protect users of LEV systems by
ensuring that all equipment is tested at least every fourteen months to ensure the LEV
systems are performing adequately. All parts of the system must be visually inspected
and thoroughly tested and where any parts are found to be defective, the inspector

must issue a red label to identify the defective part and the issue.

The owner of the LEV system must then have the defective parts repaired or replaced

before the system can be used.

Smart ventilation
[edit]

Smart ventilation is a process of continually adjusting the ventilation system in time,
and optionally by location, to provide the desired IAQ benefits while minimizing energy
consumption, utility bills, and other non-IAQ costs (such as thermal discomfort or
noise). A smart ventilation system adjusts ventilation rates in time or by location in a
building to be responsive to one or more of the following: occupancy, outdoor thermal
and air quality conditions, electricity grid needs, direct sensing of contaminants,

operation of other air moving and air cleaning systems. In addition, smart ventilation



systems can provide information to building owners, occupants, and managers on
operational energy consumption and indoor air quality as well as a signal when
systems need maintenance or repair. Being responsive to occupancy means that a
smart ventilation system can adjust ventilation depending on demand such as
reducing ventilation if the building is unoccupied. Smart ventilation can time-shift
ventilation to periods when a) indoor-outdoor temperature differences are smaller
(and away from peak outdoor temperatures and humidity), b) when indoor-outdoor
temperatures are appropriate for ventilative cooling, or c) when outdoor air quality is
acceptable. Being responsive to electricity grid needs means providing flexibility to
electricity demand (including direct signals from utilities) and integration with electric
grid control strategies. Smart ventilation systems can have sensors to detect airflow,
systems pressures, or fan energy use in such a way that systems failures can be
detected and repaired, as well as when system components need maintenance, such

as filter replacement.[36]

Ventilation and combustion
[edit]

Combustion (in a fireplace, gas heater, candle, oil lamp, etc.) consumes oxygen while
producing carbon dioxide and other unhealthy gases and smoke, requiring ventilation
air. An open chimney promotes infiltration (i.e. natural ventilation) because of the
negative pressure change induced by the buoyant, warmer air leaving through the

chimney. The warm air is typically replaced by heavier, cold air.

Ventilation in a structure is also needed for removing water vapor produced by

respiration, burning, and cooking, and for removing odors. If water vapor is permitted

[

When operating, an air conditioner usually removes excess moisture from the air. A

to accumulate, it may damage the structure, insulation, or finishes. "citation needed]

dehumidifier may also be appropriate for removing airborne moisture.

Calculation for acceptable ventilation rate



[edit]

Ventilation guidelines are based on the minimum ventilation rate required to maintain
acceptable levels of effluents. Carbon dioxide is used as a reference point, as it is the
gas of highest emission at a relatively constant value of 0.005 L/s. The mass balance

equation is:
Q=G/ (Ci - Ca)

o Q = ventilation rate (L/s)
o G= CO generation rate
o C = acceptable indoor CO_, concentration

2

o Ca = ambient CO2 concentratlon[37]

Smoking and ventilation
[edit]

ASHRAE standard 62 states that air removed from an area with environmental
tobacco smoke shall not be recirculated into ETS-free air. A space with ETS requires
more ventilation to achieve similar perceived air quality to that of a non-smoking

environment.

The amount of ventilation in an ETS area is equal to the amount of an ETS-free area

plus the amount V, where:
V =DSD x VA x A/60E

o V = recommended extra flow rate in CFM (L/s)

o DSD = design smoking density (estimated number of cigarettes smoked per hour
per unit area)

o VA = volume of ventilation air per cigarette for the room being designed (fts/cig)

o E = contaminant removal effectiveness[38]

History

[edit]
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This ancient Roman house uses a variety of passive cooling and passive
ventilation techniques. Heavy masonry walls, small exterior windows, and a
narrow walled garden oriented N-S shade the house, preventing heat gain.
The house opens onto a central atrium with an impluvium (open to the sky);
the evaporative cooling of the water causes a cross-draft from atrium to

garden.

Primitive ventilation systems were found at the PloAlnik archeological site (belonging

to the VinAlla culture) in Serbia and were built into early copper smelting furnaces. The



furnace, built on the outside of the workshop, featured earthen pipe-like air vents with
hundreds of tiny holes in them and a prototype chimney to ensure air goes into the

furnace to feed the fire and smoke comes out safely.[sg]

Passive ventilation and passive cooling systems were widely written about around the
Mediterranean by Classical times. Both sources of heat and sources of cooling (such
as fountains and subterranean heat reservoirs) were used to drive air circulation, and
buildings were designed to encourage or exclude drafts, according to climate and
function. Public bathhouses were often particularly sophisticated in their heating and
cooling. Icehouses are some millennia old, and were part of a well-developed ice

industry by classical times.

The development of forced ventilation was spurred by the common belief in the late
18th and early 19th century in the miasma theory of disease, where stagnant ‘airs’ were
thought to spread iliness. An early method of ventilation was the use of a ventilating
fire near an air vent which would forcibly cause the air in the building to circulate.
English engineer John Theophilus Desaguliers provided an early example of this when
he installed ventilating fires in the air tubes on the roof of the House of Commons.
Starting with the Covent Garden Theatre, gas burning chandeliers on the ceiling were

often specially designed to perform a ventilating role.

Mechanical systems

[edit]
Further information: Heating, ventilation, and air conditioning § Mechanical or forced

ventilation



The Central Tower of the Palace of Westminster. This octagonal spire was
for ventilation purposes, in the more complex system imposed by Reid on
Barry, in which it was to draw air out of the Palace. The design was for the
aesthetic disguise of its function.[40][41]

A more sophisticated system involving the use of mechanical equipment to circulate
the air was developed in the mid-19th century. A basic system of bellows was put in
place to ventilate Newgate Prison and outlying buildings, by the engineer Stephen
Hales in the mid-1700s. The problem with these early devices was that they required
constant human labor to operate. David Boswell Reid was called to testify before a
Parliamentary committee on proposed architectural designs for the new House of
Commons, after the old one burned down in a fire in 1834.[40] In January 1840 Reid
was appointed by the committee for the House of Lords dealing with the construction
of the replacement for the Houses of Parliament. The post was in the capacity of
ventilation engineer, in effect; and with its creation there began a long series of

quarrels between Reid and Charles Barry, the architect.[42]



Reid advocated the installation of a very advanced ventilation system in the new
House. His design had air being drawn into an underground chamber, where it would
undergo either heating or cooling. It would then ascend into the chamber through
thousands of small holes drilled into the floor, and would be extracted through the

ceiling by a special ventilation fire within a great stack.[43]

Reid's reputation was made by his work in Westminster. He was commissioned for an
air quality survey in 1837 by the Leeds and Selby Railway in their tunnel.[44] The steam
vessels built for the Niger expedition of 1841 were fitted with ventilation systems
based on Reid's Westminster model.[45] Air was dried, filtered and passed over

46][47] Reid's ventilation method was also applied more fully to St. George's

charcoal. |
Hall, Liverpool, where the architect, Harvey Lonsdale Elmes, requested that Reid should
be involved in ventilation design.[48] Reid considered this the only building in which

his system was completely carried out.[49]

Fans
[edit]

With the advent of practical steam power, ceiling fans could finally be used for
ventilation. Reid installed four steam-powered fans in the ceiling of St George's
Hospital in Liverpool, so that the pressure produced by the fans would force the
incoming air upward and through vents in the ceiling. Reid's pioneering work provides
the basis for ventilation systems to this day.[43] He was remmembered as "Dr. Reid the
ventilator” in the twenty-first century in discussions of energy efficiency, by Lord
Wade of Chorlton.[50]

History and development of ventilation rate standards
[edit]

Ventilating a space with fresh air aims to avoid "bad air". The study of what constitutes

bad air dates back to the 1600s when the scientist Mayow studied asphyxia of



animals in confined bottles.[51] The poisonous component of air was later identified as
carbon dioxide (COQ), by Lavoisier in the very late 1700s, starting a debate as to the
nature of "bad air" which humans perceive to be stuffy or unpleasant. Early hypotheses
included excess concentrations of CO5 and oxygen depletion. However, by the late
1800s, scientists thought biological contamination, not oxygen or CO, was the
primary component of unacceptable indoor air. However, it was noted as early as 1872

that CO5 concentration closely correlates to perceived air quality.

The first estimate of minimum ventilation rates was developed by Tredgold in 1836.[52
| This was followed by subsequent studies on the topic by Billings [53] in 1886 and
Flugge in 1905. The recommendations of Billings and Flugge were incorporated into
numerous building codes from 1900—the 1920s and published as an industry standard
by ASHVE (the predecessor to ASHRAE) in 1914.[51]

The study continued into the varied effects of thermal comfort, oxygen, carbon
dioxide, and biological contaminants. The research was conducted with human
subjects in controlled test chambers. Two studies, published between 1909 and 1911,
showed that carbon dioxide was not the offending component. Subjects remained
satisfied in chambers with high levels of CO», so long as the chamber remained cool.|
51] (Subsequently, it has been determined that CO is, in fact, harmful at
concentrations over 5O,OOOppm[54])

ASHVE began a robust research effort in 1919. By 1935, ASHVE-funded research
conducted by Lemberg, Brandt, and Morse — again using human subjects in test
chambers — suggested the primary component of "bad air" was an odor, perceived by
the human olfactory nerves.[55] Human response to odor was found to be logarithmic
to contaminant concentrations, and related to temperature. At lower, more
comfortable temperatures, lower ventilation rates were satisfactory. A 1936 human
test chamber study by Yaglou, Riley, and Coggins culminated much of this effort,
considering odor, room volume, occupant age, cooling equipment effects, and
recirculated air implications, which guided ventilation rates.[56] The Yagle research

has been validated, and adopted into industry standards, beginning with the ASA code



in 1946. From this research base, ASHRAE (having replaced ASHVE) developed space-
by-space recommendations, and published them as ASHRAE Standard 62-1975:

Ventilation for acceptable indoor air quality.

As more architecture incorporated mechanical ventilation, the cost of outdoor air
ventilation came under some scrutiny. In 1973, in response to the 1973 oil crisis and
conservation concerns, ASHRAE Standards 62-73 and 62-81) reduced required
ventilation from 10 CFM (4.76 L/s) per person to 5 CFM (2.37 L/s) per person. In cold,
warm, humid, or dusty climates, it is preferable to minimize ventilation with outdoor air
to conserve energy, cost, or filtration. This critique (e.g. TiIIer[57]) led ASHRAE to
reduce outdoor ventilation rates in 1981, particularly in non-smoking areas. However
subsequent research by Fanger,[58] W. Cain, and Janssen validated the Yagle model.
The reduced ventilation rates were found to be a contributing factor to sick building

syndrome.[59]

The 1989 ASHRAE standard (Standard 62-89) states that appropriate ventilation
guidelines are 20 CFM (9.2 L/s) per person in an office building, and 15 CFM (7.1L/s)
per person for schools, while 2004 Standard 62.1-2004 has lower recommendations
again (see tables below). ANSI/ASHRAE (Standard 62—-89) speculated that "comfort
(odor) criteria are likely to be satisfied if the ventilation rate is set so that 1,000 ppm

CO2 is not exceeded"[60] while OSHA has set a limit of 5000 ppm over 8 hours.[G]]

Historical ventilation rates

Author or Ventilation Ventilation
Year Basis or rationale
source rate (IP) rate (SI)
4 CFM per 2 L/s per Basic metabolic needs, breathing
Tredgold 1836 .
person person rate, and candle burning
) 30 CFM per 15 L/s per Indoor air hygiene, preventing
Billings 1895 .
person person spread of disease
30 CFM per 15 L/s per Excessive temperature or
Flugge 1905

person person unpleasant odor



ASHVE

Early US
Codes

Yaglou

ASA

ASHRAE

ASHRAE

ASHRAE

30 CFM per
1914
person

30 CFM per
925
person

15 CFM per
1936
person

15 CFM per
1946
person

15 CFM per
1975
person

10 CFM per

person

1981

15 CFM per
1989
person

15 L/s per
person

15 L/s per
person
7.5 L/s per
person
7.5 L/s per
person
7.5 L/s per
person
5L/s per
person
7.5 L/s per

person

Based on Billings, Flugge and

contemporaries
Same as above

Odor control, outdoor air as a

fraction of total air

Based on Yahlou and

contemporaries

Same as above

For non-smoking areas, reduced.

Based on Fanger, W. Cain, and

Janssen

ASHRAE continues to publish space-by-space ventilation rate recommendations,

which are decided by a consensus committee of industry experts. The modern
descendants of ASHRAE standard 62-1975 are ASHRAE Standard 62.1, for non-

residential spaces, and ASHRAE 62.2 for residences.

In 2004, the calculation method was revised to include both an occupant-based

contamination component and an area—based contamination component.[62] These

two components are additive, to arrive at an overall ventilation rate. The change was

made to recognize that densely populated areas were sometimes overventilated

(leading to higher energy and cost) using a per-person methodology.

Occupant Based Ventilation Rates,[©2] ANSI/ASHRAE Standard 62.1-2004

IP Units

0

Sl Units

Category

Examples

Spaces where ventilation requirements are

0

Storage Rooms,

primarily associated with building

cfm/person L/s/person

elements, not occupants.

Warehouses



5

cfm/person
7.5

cfm/person

10

cfm/person

20

cfm/person

Area-based ventilation rates,

2.5

L/s/person
35

L/s/person

5

L/s/person

10

L/s/person

IP Units Sl Units

Spaces occupied by adults, engaged in low )
Office space
levels of activity

Spaces where occupants are engaged in .
Retail spaces,

higher levels of activity, but not strenuous, )
lobbies

or activities generating more contaminants

Spaces where occupants are engaged in
o ) Classrooms,
more strenuous activity, but not exercise, .
o ) ) school settings
or activities generating more contaminants

Spaces where occupants are engaged in
) o ) dance floors,
exercise, or activities generating many .
. exercise rooms
contaminants

[62] ANSI/ASHRAE Standard 62.1-2004

Category Examples

0.06 0.30 Spaces where space contamination is normal, Conference rooms,
c:fm/ft2 L/s/m2 or similar to an office environment lobbies
Spaces where space contamination is
0.12 0.60 o ) ) Classrooms,
2 o significantly higher than an office
cfm/ft™ L/s/m _ museums
environment
0.8 0.90 Spaces where space contamination is even  Laboratories, art
cfm/ft2 L/s,/m2 higher than the previous category classrooms
0.30 1.5 Specific spaces in sports or entertainment  Sports,
cfm/ft2 L/s,/m2 where contaminants are released entertainment
0.48 24 Reserved for indoor swimming areas, where  Indoor swimming
cfm/ft2 L/s/m2 chemical concentrations are high areas

The addition of occupant- and area-based ventilation rates found in the tables above

often results in significantly reduced rates compared to the former standard. This is

compensated in other sections of the standard which require that this minimum

amount of air is delivered to the breathing zone of the individual occupant at all times.



The total outdoor air intake of the ventilation system (in multiple-zone variable air

volume (VAV) systems) might therefore be similar to the airflow required by the 1989

standard.

From 1999 to 2010, there was considerable development of the application protocol

for ventilation rates. These advancements address occupant- and process-based

ventilation rates, room ventilation effectiveness, and system ventilation effectiveness|

63]

Problems

[edit]

(¢]

In hot, humid climates, unconditioned ventilation air can daily deliver
approximately 260 milliliters of water for each cubic meters per hour (m3/h) of
outdoor air (or one pound of water each day for each cubic feet per minute of

[

moisture and can create serious indoor moisture and mold problems. For

outdoor air per day), annual average.'citation needed] This is a great deal of
example, given a 150 m2 building with an airflow of 180 m3/h this could result in
about 47 liters of water accumulated per day.

Ventilation efficiency is determined by design and layout, and is dependent upon
the placement and proximity of diffusers and return air outlets. If they are
located closely together, supply air may mix with stale air, decreasing the
efficiency of the HVAC system, and creating air quality problems.

System imbalances occur when components of the HVAC system are improperly
adjusted or installed and can create pressure differences (too much-circulating
air creating a draft or too little circulating air creating stagnancy).
Cross-contamination occurs when pressure differences arise, forcing potentially
contaminated air from one zone to an uncontaminated zone. This often involves
undesired odors or VOCs.

Re-entry of exhaust air occurs when exhaust outlets and fresh air intakes are
either too close, prevailing winds change exhaust patterns or infiltration between

intake and exhaust air flows.



o Entrainment of contaminated outdoor air through intake flows will result in indoor
air contamination. There are a variety of contaminated air sources, ranging from
industrial effluent to VOCs put off by nearby construction work.[64] A recent
study revealed that in urban European buildings equipped with ventilation
systems lacking outdoor air filtration, the exposure to outdoor-originating
pollutants indoors resulted in more Disability-Adjusted Life Years (DALYs) than

exposure to indoor-emitted poIIutants.[65]
See also

[edit]
o Architectural engineering
o Biological safety
o Cleanroom
o Environmental tobacco smoke
o Fume hood
o Head-end power
o Heating, ventilation, and air conditioning
o Heat recovery ventilation
o Mechanical engineering
o Room air distribution
o Sick building syndrome
o Siheyuan
o Solar chimney
o Tulou

o Windcatcher
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Heating, ventilation, and air conditioning

o Air changes per hour (ACH)
o Bake-out
o Building envelope
o Convection
o Dilution
o Domestic energy consumption
o Enthalpy
o Fluid dynamics
o Gas compressor
o Heat pump and refrigeration cycle
o Heat transfer
o Humidity

Fundamental
o Infiltration

concepts

o Latent heat
o Noise control
o Qutgassing
o Particulates
o Psychrometrics
o Sensible heat
o Stack effect
o Thermal comfort
o Thermal destratification
o Thermal mass

o Thermodynamics

o Vapour pressure of water



Technology

Absorption-compression heat pump
Absorption refrigerator

Air barrier

Air conditioning

Antifreeze

Automobile air conditioning
Autonomous building

Building insulation materials
Central heating

Central solar heating

Chilled beam

Chilled water

Constant air volume (CAV)
Coolant

Cross ventilation

Dedicated outdoor air system (DOAS)
Deep water source cooling
Demand controlled ventilation (DCV)
Displacement ventilation

District cooling

District heating

Electric heating

Energy recovery ventilation (ERV)
Firestop

Forced-air

Forced-air gas

Free cooling

Heat recovery ventilation (HRV)
Hybrid heat

Hydronics

Ice storage air conditioning
Kitchen ventilation

Mixed-mode ventilation
Microgeneration

Passive cooling



Air conditioner inverter
Air door

Air filter

Air handler

Air ionizer

Air-mixing plenum
Air purifier

Air source heat pump
Attic fan

Automatic balancing valve
Back boiler

Barrier pipe

Blast damper

Boiler

Centrifugal fan
Ceramic heater
Chiller

Condensate pump
Condenser
Condensing boiler
Convection heater
Compressor

Cooling tower
Damper

Dehumidifier

Duct

Economizer
Electrostatic precipitator
Evaporative cooler
Evaporator

Exhaust hood
Expansion tank

Fan

Fan coil unit

Fan filter unit
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Air flow meter

Aquastat
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Blower door

Building automation

Carbon dioxide sensor

Clean air delivery rate (CADR)

Control valve

Gas detector
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HVAC control system
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Intelligent buildings

LonWorks

Minimum efficiency reporting value (MERV)
Normal temperature and pressure (NTP)
OpenTherm

Programmable communicating thermostat
Programmable thermostat
Psychrometrics

Room temperature

Smart thermostat

Standard temperature and pressure (STP)
Thermographic camera

Thermostat

Thermostatic radiator valve
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Industry
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Health and safety
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Architectural acoustics
Architectural engineering
Architectural technologist
Building services engineering
Building information modeling (BIM)
Deep energy retrofit
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Duct leakage testing
Environmental engineering
Hydronic balancing
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Mechanical engineering
Mechanical, electrical, and plumbing
Mold growth, assessment, and remediation
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Testing, adjusting, balancing
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ASHRAE

ASTM International
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CIBSE

Institute of Refrigeration

IR

LEED

SMACNA

UMC

Indoor air quality (IAQ)

Passive smoking

Sick building syndrome (SBS)
Volatile organic compound (VOC)
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o Template:Fire protection
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About Sanitation

Not to be confused with Sanitization.

The sanitation system: collection, transport, treatment, disposal or reuse.
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Health promotion
Health policy
Health politics
Mental health
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Prevention
o Disease surveillance
o Harm reduction
o Health promotion (Behavior change)
o Health indicators
o Human right to water and sanitation
o Right to health
o Supervised injection site

o Universal health care

Lists and categories
o Terminology
o Journals

o National public health agencies
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Sanitation refers to public health conditions related to clean drinking water and
treatment and disposal of human excreta and sewage.[1] Preventing human contact
with feces is part of sanitation, as is hand washing with soap. Sanitation systems aim
to protect human health by providing a clean environment that will stop the
transmission of disease, especially through the fecal—-oral route.[2] For example,
diarrhea, a main cause of malnutrition and stunted growth in children, can be reduced
through adequate sanitation.[S] There are many other diseases which are easily
transmitted in communities that have low levels of sanitation, such as ascariasis (a
type of intestinal worm infection or helminthiasis), cholera, hepatitis, polio,

schistosomiasis, and trachoma, to name just a few.

A range of sanitation technologies and approaches exists. Some examples are
community-led total sanitation, container-based sanitation, ecological sanitation,

emergency sanitation, environmental sanitation, onsite sanitation and sustainable



sanitation. A sanitation system includes the capture, storage, transport, treatment and
disposal or reuse of human excreta and Wastewater.[4] Reuse activities within the
sanitation system may focus on the nutrients, water, energy or organic matter
contained in excreta and wastewater. This is referred to as the "sanitation value chain”
or "sanitation economy".[5][6] The people responsible for cleaning, maintaining,
operating, or emptying a sanitation technology at any step of the sanitation chain are

called "sanitation workers".[7]:é€l]2é€ﬂ

Several sanitation "levels” are being used to compare sanitation service levels within
countries or across countries.[8] The sanitation ladder defined by the Joint Monitoring
Programme in 2016 starts at open defecation and moves upwards using the terms

non non

‘unimproved’, “limited”, "basic’, with the highest level being "safely managed".[8] This is

particularly applicable to developing countries.

The Human right to water and sanitation was recognized by the United Nations
General Assembly in 2010. Sanitation is a global development priority and the subject
of Sustainable Development Goal 6.[9] The estimate in 2017 by JMP states that 4.5
billion people currently do not have safely managed sanitation.[g] Lack of access to
sanitation has an impact not only on public health but also on human dignity and

personal safety.

Definitions
[edit]

Animated video to underline the importance of sanitation (here with a focus

on toilets) on public health in developing countries



Urban improved sanitation facilities versus rural improved sanitation
facilities, 2015.['°]

There are some variations on the use of the term "sanitation" between countries and

organizations. The World Health Organization defines the term "sanitation” as follows:

"Sanitation generally refers to the provision of facilities and services for the
safe disposal of human urine and faeces. The word 'sanitation’ also refers to
the maintenance of hygienic conditions, through services such as garbage
collection and wastewater disposal."["]

Sanitation includes all four of these technical and non-technical systems: Excreta
management systems, wastewater management systems (included here are
wastewater treatment plants), solid waste management systems as well as drainage

[

many in the WASH sector only include excreta management in their definition of

systems for rainwater, also called stormwater drainage.‘citation needed] However,

sanitation.

Another example of what is included in sanitation is found in the handbook by Sphere
on "Humanitarian Charter and Minimum Standards in Humanitarian Response” which
describes minimum standards in four "key response sectors” in humanitarian response
situations. One of them is "Water Supply, Sanitation and Hygiene Promotion” (WASH)

and it includes the following areas: Hygiene promotion, water supply, excreta



management, vector control, solid waste management and WASH in disease outbreaks

and healthcare settings.[12]:é€lil91é€lil

Hygiene promotion is seen by many as an integral part of sanitation. The Water Supply
and Sanitation Collaborative Council defines sanitation as "The collection, transport,
treatment and disposal or reuse of human excreta, domestic wastewater and solid
waste, and associated hygiene promotion."[ls]

Despite the fact that sanitation includes wastewater treatment, the two terms are

often used side by side as "sanitation and wastewater management”.

Another definition is in the DFID guidance manual on water supply and sanitation

programmes from 1998:[14]

"For the purposes of this manual, the word 'sanitation’ alone is taken to
mean the safe management of human excreta. It therefore includes both
the 'hardware’ (e.g. latrines and sewers) and the 'software’ (regulation,
hygiene promotion) needed to reduce faecal-oral disease transmission. It
encompasses too the re-use and ultimate disposal of human excreta. The
term environmental sanitation is used to cover the wider concept of
controlling all the factors in the physical environment which may have
deleterious impacts on human health and well-being. In developing
countries, it normally includes drainage, solid waste management, and
vector control, in addition to the activities covered by the definition of

sanitation.”

Sanitation can include personal sanitation and public hygiene. Personal sanitation work
can include handling menstrual waste, cleaning household toilets, and managing
household garbage. Public sanitation work can involve garbage collection, transfer and
treatment (municipal solid waste management), cleaning drains, streets, schools,
trains, public spaces, community toilets and public toilets, sewers, operating sewage
treatment plants, etc.[15]:é€[l4é€m/orkers who provide these services for other people

are called sanitation workers.



Purposes

[edit]

Access to safe drinking water and sanitation (2016)

The overall purposes of sanitation are to provide a healthy living environment for
everyone, to protect the natural resources (such as surface water, groundwater, soil),

and to provide safety, security and dignity for people when they defecate or urinate.[citation N

The Human Right to Water and Sanitation was recognized by the United Nations (UN)
General Assembly in 2010.[16][]7][

through human rights treaties, declarations and other standards. It is derived from the

18] It has been recognized in international law

human right to an adequate standard of Iiving.[19]

Effective sanitation systems provide barriers between excreta and humans in such a
way as to break the disease transmission cycle (for example in the case of fecal-
borne diseases).[zo] This aspect is visualised with the F-diagram where all major
routes of fecal-oral disease transmission begin with the letter F: feces, fingers, flies,
fields, fluids, food.[*]



Sanitation infrastructure has to be adapted to several specific contexts including

[

consumers’ expectations and local resources available."citation needed]

Sanitation technologies may involve centralized civil engineering structures like sewer
systems, sewage treatment, surface runoff treatment and solid waste landfills. These
structures are designed to treat wastewater and municipal solid waste. Sanitation
technologies may also take the form of relatively simple onsite sanitation systems.
This can in some cases consist of a simple pit latrine or other type of non-flush toilet

for the excreta management part.

Providing sanitation to people requires attention to the entire system, not just
focusing on technical aspects such as the toilet, fecal sludge management or the
wastewater treatment plant.[22] The "sanitation chain” involves the experience of the
user, excreta and wastewater collection methods, transporting and treatment of

waste, and reuse or disposal. All need to be thoroughly considered.[22]

Economic impacts
[edit]

The benefits to society of managing human excreta are considerable, for public health
as well as for the environment. As a rough estimate: For every US$1 spent on sanitation,
the return to society is US$5.5O.[23]:é€D2é€IZI

For developing countries, the economic costs of inadequate sanitation is a huge
concern. For example, according to a World Bank study, economic losses due to
inadequate sanitation to The Indian economy are equivalent to 6.4% of its GDP.[24]
Most of these are due to premature mortality, time lost in accessing, loss of
productivity, additional costs for healthcare among others.[24] Inadequate sanitation
also leads to loss from potential tourism revenue.[24] This study also found that
impacts are disproportionately higher for the poor, women and children. Availability of
toilet at home on the other hand, positively contributes to economic well-being of

women as it leads to an increase in literacy and participation in labor force.[25]



Types and concepts (for excreta management)

[edit]

Percentage of population served by different types of sanitation systems|
26
]

Example of sanitation infrastructure: Shower, double-vault urine-diverting

dry toilet (UDDT) and waterless urinal in Lima, Peru

The term sanitation is connected with various descriptors or adjectives to signify
certain types of sanitation systems (which may deal only with human excreta
management or with the entire sanitation system, i.e. also greywater, stormwater and

solid waste management) — in alphabetical order:



Basic sanitation
[edit]

In 2017, JMP defined a new term: "basic sanitation service". This is defined as the use of
improved sanitation facilities that are not shared with other households. A lower level
of service is now called "limited sanitation service" which refers to use of improved

sanitation facilities that are shared between two or more households.[g]

Container-based sanitation

[edit]

This section is an excerpt from Container-based sanitation.[edit]

Container-based sanitation (abbreviated as CBS) refers to a sanitation system where
toilets collect human excreta in sealable, removable containers (also called cartridges)
that are transported to treatment facilities.[27] This type of sanitation involves a
commercial service which provides certain types of portable toilets, and delivers
empty containers when picking up full ones. The service transports and safely
disposes of or reuses collected excreta. The cost of collection of excreta is usually
borne by the users. With suitable development, support and functioning partnerships,
CBS can be used to provide low-income urban populations with safe collection,
transport and treatment of excrement at a lower cost than installing and maintaining

sewers.[28] In most cases, CBS is based on the use of urine-diverting dry toilets.
Community-based sanitation

[edit]

Community-based sanitation is related to decentralized wastewater treatment
(DEWATS).[citation needed]

Community-led total sanitation

[edit]



This section is an excerpt from Community-led total sanitation.[edit]

Dry sanitation
[edit]

The term "dry sanitation” is not in widespread use and is not very well defined. It
usually refers to a system that uses a type of dry toilet and no sewers to transport
excreta. Often when people speak of "dry sanitation” they mean a sanitation system

that uses urine-diverting dry toilet (UDDTS).[29][3O]

Ecological sanitation

[edit]

This section is an excerpt from Ecological sanitation.[edit]

Ecological sanitation, commonly abbreviated as ecosan (also spelled eco-san or
EcoSan), is an approach to sanitation provision which aims to safely reuse excreta in
agriculture.[31] It is an approach, rather than a technology or a device which is
characterized by a desire to “close the loop’, mainly for the nutrients and organic
matter between sanitation and agriculture in a safe manner. One of the aims is to
minimise the use of non-renewable resources. When properly designed and operated,
ecosan systems provide a hygienically safe system to convert human excreta into
nutrients to be returned to the solil, and water to be returned to the land. Ecosan is

also called resource-oriented sanitation.



Emergency pit lining kits by Evenproducts

Emergency sanitation

[edit]

This section is an excerpt from Emergency sanitation.[edit]

Emergency sanitation is the management and technical processes required to provide
sanitation in emergency situations. Emergency sanitation is required during
humanitarian relief operations for refugees, people affected by natural disasters and
internally displaced persons.[32] There are three phases of emergency response:
Immediate, short term and long term.[32] In the immediate phase, the focus is on
managing open defecation, and toilet technologies might include very basic latrines,
pit latrines, bucket toilets, container-based toilets, chemical toilets. The short term
phase might also involve technologies such as urine-diverting dry toilets, septic tanks,
decentralized wastewater systems. Providing handwashing facilities and management

of fecal sludge are also part of emergency sanitation.
Environmental sanitation
[edit]

Environmental sanitation encompasses the control of environmental factors that are
connected to disease transmission. Subsets of this category are solid waste
management, water and wastewater treatment, industrial waste treatment and noise

pollution control. According to World health organization (WHO) Environmental



sanitation was defined as the control of all those factors in the physical environment
which exercise a harmful effect on human being physical development, health and
survival. One of the primary function of environmental sanitation is to protect public

health.[citation needed]

Environmental sanitation by an NGO member

A clean exercise organized by an NGO



Fecal sludge management

[edit]

This section is an excerpt from Fecal sludge management.[edit]

Fecal sludge management (FSM) (or faecal sludge management in British English) is
the storage, collection, transport, treatment and safe end use or disposal of fecal
sludge.[33] Together, the collection, transport, treatment and end use of fecal sludge
constitute the "value chain” or "service chain” of fecal sludge management. Fecal
sludge is defined very broadly as what accumulates in onsite sanitation systems (e.g.
pit latrines, septic tanks and container-based solutions) and specifically is not
transported through a sewer. It is composed of human excreta, but also anything else
that may go into an onsite containment technology, such as flushwater, cleansing
materials (e.g. toilet paper and anal cleansing materials), menstrual hygiene products,
grey water (i.e. bathing or kitchen water, including fats, oils and grease), and solid

waste. Fecal sludge that is removed from septic tanks is called septage.
Improved and unimproved sanitation

[edit]

This section is an excerpt from Improved sanitation.[edit]

Improved sanitation (related to but distinct from a "safely managed sanitation
service") is a term used to categorize types of sanitation for monitoring purposes. It
refers to the management of human feces at the household level. The term was
coined by the Joint Monitoring Program (JMP) for Water Supply and Sanitation of
UNICEF and WHO in 2002 to help monitor the progress towards Goal Number 7 of the
Millennium Development Goals (MDGs). The opposite of "improved sanitation” has
been termed "unimproved sanitation” in the JMP definitions. The same terms are used
to monitor progress towards Sustainable Development Goal 6 (Target 6.2, Indicator
6.2.1) from 2015 onwards.[34] Here, they are a component of the definition for "safely

managed sanitation service".



Lack of sanitation
[edit]

Lack of sanitation refers to the absence of sanitation. In practical terms it usually
means lack of toilets or lack of hygienic toilets that anybody would want to use
voluntarily. The result of lack of sanitation is usually open defecation (and open
urination but this is of less concern) with associated serious public health issues.[35] It
is estimated that 2.4 billion people still lacked improved sanitation facilities including

660 million people who lack access to safe drinking water as of 2015.[36][37]

Onsite sanitation or non-sewered sanitation system
[edit]

Onsite sanitation (or on-site sanitation) is defined as "a sanitation system in which
excreta and wastewater are collected and stored or treated on the plot where they
are generated".[22]:é€lil173é€)1§|nother term that is used for the same system is non-
sewered sanitation systems (NSSS), which are prevalent in many countries.[38] NSSS
play a vital role in the safe management of fecal sludge, accounting for approximately
half of all existing sanitation provisions.[38] The degree of treatment may be variable,
from none to advanced. Examples are pit latrines (no treatment) and septic tanks
(primary treatment of wastewater). On-site sanitation systems are often connected
to fecal sludge management (FSM) systems where the fecal sludge that is generated
onsite is treated at an offsite location. Wastewater (sewage) is only generated when

[

piped water supply is available within the buildings or close to them. citation needed]

A related term is a decentralized wastewater system which refers in particular to the
wastewater part of on-site sanitation. Similarly, an onsite sewage facility can treat the

[

wastewater generated locally."citation needed]

The global methane emissions from NSSS in 2020 was estimated to as 377 Mt CO2e

per year or 4.7% of global anthropogenic methane emissions, which are comparable to



the greenhouse gas emissions from wastewater treatment plants.[38] This means that

the GHG emissions from the NSSS as a non-negligible source.[38]

Safely managed sanitation

[edit]

Share of population using safely managed sanitation facilities in 2022[39]

Number of handwashing facilities in the world, 2022

Safely managed sanitation is the highest level of household sanitation envisioned by
the Sustainable Development Goal Number 6.[40] It is measured under the
Sustainable Development Goal 6.2, Indicator 6.2.1, as the "Proportion of population
using (a) safely managed sanitation services and (b) a hand-washing facility with soap
and Water".[41][9] The current value in the 2017 baseline estimate by JMP is that 4.5

billion people currently do not have safely managed sanitation.[g]

Safely managed sanitation is defined as an improved sanitation facility which is not
shared with other households, and where the excreta produced is either treated and

disposed in situ, stored temporarily and then emptied and transported to treatment



off-site, or transported through a sewer with wastewater and then treated off—site.[m]

In other words, safely managed sanitation is a basic sanitation service where in

addition excreta are safely disposed of in situ or transported and treated offsite.[g]

Sustainable sanitation

[edit]

This section is an excerpt from Sustainable sanitation.[edit]

Sustainable sanitation is a sanitation system designed to meet certain criteria and to
work well over the long-term. Sustainable sanitation systems consider the entire
"sanitation value chain’, from the experience of the user, excreta and wastewater
collection methods, transportation or conveyance of waste, treatment, and reuse or
disposal.[42] The Sustainable Sanitation Alliance (SuSanA) includes five features (or
criteria) in its definition of "sustainable sanitation™ Systems need to be economically
and socially acceptable, technically and institutionally appropriate and protect the

environment and natural resources.[43]
Other types, concepts and systems
[edit]

Wastewater management

[edit]

Main articles: Wastewater and Wastewater treatment

Sewage treatment plant, Australia.



Wastewater management consists of collection, wastewater treatment (be it
municipal or industrial wastewater), disposal or reuse of treated wastewater. The latter

[

is also referred to as water reclamation.'citation needed]

Sanitation systems in urban areas of developed countries usually consist of the
collection of wastewater in gravity driven sewers, its treatment in wastewater

[

treatment plants for reuse or disposal in rivers, lakes or the sea. citation needed]

In developing countries most wastewater is still discharged untreated into the
environment. Alternatives to centralized sewer systems include onsite sanitation,
decentralized wastewater systems, dry toilets connected to fecal sludge

management.

Stormwater drainage

[edit]

Main article: Storm drain

Sewers are either combined with storm drains or separated from them as sanitary
sewers. Combined sewers are usually found in the central, older parts or urban areas.
Heavy rainfall and inadequate maintenance can lead to combined sewer overflows or
sanitary sewer overflows, i.e, more or less diluted raw sewage being discharged into
the environment. Industries often discharge wastewater into municipal sewers, which

can complicate wastewater treatment unless industries pre-treat their discharges.[44]

Solid waste disposal

[edit]

Main article: Waste management



Hiriya Landfill, Israel.

Disposal of solid waste is most commonly conducted in landfills, but incineration,
recycling, composting and conversion to biofuels are also avenues. In the case of
landfills, advanced countries typically have rigid protocols for daily cover with topsoil,
where underdeveloped countries customarily rely upon less stringent protocols.[45]
The importance of daily cover lies in the reduction of vector contact and spreading of
pathogens. Daily cover also minimizes odor emissions and reduces windblown litter.
Likewise, developed countries typically have requirements for perimeter sealing of the
landfill with clay-type soils to minimize migration of leachate that could contaminate

groundwater (and hence jeopardize some drinking water supplies).

For incineration options, the release of air pollutants, including certain toxic
components is an attendant adverse outcome. Recycling and biofuel conversion are
the sustainable options that generally have superior lifecycle costs, particularly when
total ecological consequences are Considered.[46] Composting value will ultimately be

[

limited by the market demand for compost product.‘citation needed]

Food safety

[edit]



Modern restaurant food preparation area.
Main article: Food safety

Sanitation within the food industry means the adequate treatment of food-contact
surfaces by a process that is effective in destroying vegetative cells of
microorganisms of public health significance, and in substantially reducing numbers of
other undesirable microorganisms, but without adversely affecting the food or its
safety for the consumer (U.S. Food and Drug Administration, Code of Federal
Regulations, 21CFR110, USA). Sanitation Standard Operating Procedures are mandatory
for food industries in United States. Similarly, in Japan, food hygiene has to be

achieved through compliance with food sanitation Iaw.[47]

In the food and biopharmaceutical industries, the term "sanitary equipment” means
equipment that is fully cleanable using clean-in-place (CIP) and sterilization-in-place
(SIP) procedures: that is fully drainable from cleaning solutions and other liquids. The
design should have a minimum amount of deadleg, or areas where the turbulence
during cleaning is insufficient to remove product deposits.[48] In general, to improve
cleanability, this equipment is made from Stainless Steel 316L, (an alloy containing
small amounts of molybdenum). The surface is usually electropolished to an effective
surface roughness of less than 0.5 micrometre to reduce the possibility of bacterial

adhesion.

Hygiene promotion

[edit]

Further information: Hygiene



Hygiene education (on proper handwashing) in Afghanistan

In many settings, provision of sanitation facilities alone does not guarantee good
health of the population. Studies have suggested that the impact of hygiene practices
have as great an impact on sanitation related diseases as the actual provision of
sanitation facilities. Hygiene promotion is therefore an important part of sanitation and
is usually key in maintaining good health.[49]

Hygiene promotion is a planned approach of enabling people to act and change their
behavior in an order to reduce and/or prevent incidences of water, sanitation and
hygiene (WASH)[5O] related diseases. It usually involves a participatory approach of
engaging people to take responsibility of WASH services and infrastructure including
its operation and maintenance. The three key elements of promoting hygiene are;
mutual sharing of information and knowledge, the mobilization of affected

communities and the provision of essential material and facilities.[12]

Health aspects

[edit]



The "F-diagram” (feces, fingers, flies, fields, fluids, food), showing pathways
of fecal-oral disease transmission. The vertical blue lines show barriers:

toilets, safe water, hygiene and handwashing.

A video shedding light on the unsafe and undignified working conditions of

many sanitation workers in India

Main article: WASH § Health aspects

This section is an excerpt from WASH § WASH-attributable burden of diseases and

injuries.[edit]

The WHO has investigated which proportion of death and disease worldwide can be
attributed to insufficient WASH services. In their analysis they focus on the following
four health outcomes: diarrhea, acute respiratory infections, malnutrition, and soil-
transmitted Helminthiasis (STHS).[51]2é€IZIvié€I]wese health outcomes are also included
as an indicator for achieving Sustainable Development Goal 3 ("Good Health and Well-
being"): Indicator 3.9.2 reports on the "mortality rate attributed to unsafe water,

sanitation, and lack of hygiene".

In 2023, WHO summarized the available data with the following key findings: "In 2019,
use of safe WASH services could have prevented the loss of at least 1.4 million lives
and 74 million disability-adjusted life years (DALYs) from four health outcomes. This
represents 2.5% of all deaths and 2.9% of all DALYs globally."[51]2é€ﬂvié€]]f the four
health outcomes studied, it was diarrheal disease that had the most striking
correlation, namely the highest number of "attributable burden of disease": over 1
million deaths and 55 million DALYs from diarrheal diseases were linked with lack of

WASH. Of these deaths, 564,000 deaths were linked to unsafe sanitation in particular.



Environmental aspects
[edit]

Indicator organisms
[edit]

When analyzing environmental samples, various types of indicator organisms are used
to check for fecal pollution of the sample. Commonly used indicators for
bacteriological water analysis include the bacterium Escherichia coli (abbreviated as
E. coli) and non-specific fecal coliforms. With regards to samples of soil, sewage
sludge, biosolids or fecal matter from dry toilets, helminth eggs are a commonly used
indicator. With helminth egg analysis, eggs are extracted from the sample after which
a viability test is done to distinguish between viable and non viable eggs. The viable

fraction of the helminth eggs in the sample is then counted.

Climate change

[edit]
Main article: WASH § Climate change aspects

Global mechanisms
[edit]
Sustainable Development Goal Number 6

[edit]

Further information: Sustainable Development Goal 6



United Nations SDG 6 Logo

In the year 2016, the Sustainable Development Goals replaced the Millennium
Development Goals. Sanitation is a global development priority and included
Sustainable Development Goal 6 (SDG 6).[9] The target is about "clean water and
sanitation for all" by 2030.[52] It is estimated that 660 million people still lacked
access to safe drinking water as of 2015.[36][37]

Since the COVID-19 pandemic in 2020, the fight for clean water and sanitation is more
important than ever. Handwashing is one of the most common prevention methods
for Coronavirus, yet two out of five people do not have access to a hand-washing

station.[53]

Millennium Development Goal Number 7 until 2015

[edit]



Example for lack of sanitation: Unhygienic pit latrine with ring slab in Kalibari

community in Mymensingh, Bangladesh

The United Nations, during the Millennium Summit in New York in 2000 and the 2002
World Summit on Sustainable Development in Johannesburg, developed the
Millennium Development Goals (MDGs) aimed at poverty eradication and sustainable
development. The specific sanitation goal for the year 2015 was to reduce by half the
number of people who had no access to potable water and sanitation in the baseline
year of 1990. As the JMP and the United Nations Development Programme (UNDP)
Human Development Report in 2006 has shown, progress meeting the MDG sanitation
target is slow, with a large gap between the target coverage and the current reality.

Modified logo of International Year of Sanitation, used in the UN Drive to

2015 campaign logo



In December 2006, the United Nations General Assembly declared 2008 "The
International Year of Sanitation’, in recognition of the slow progress being made
towards the MDGs sanitation target.[54] The year aimed to develop awareness and

more actions to meet the target.

There are numerous reasons for this gap. A major one is that sanitation is rarely given
political attention received by other topics despite its key importance. Sanitation is
not high on the international development agenda, and projects such as those relating

to water supply projects are emphasised.[55]

The Joint Monitoring Programme for Water Supply and Sanitation of WHO and UNICEF
(JMP) has been publishing reports of updated estimates every two years on the use of
various types of drinking-water sources and sanitation facilities at the national,

regional and global levels. The JMP report for 2015 stated that:[36]

o Between 1990 and 2015, open defecation rates have decreased from 38% to 25%
globally. Just under one billion people (946 million) still practise open defecation
worldwide in 2015.

o 82% of the global urban population, and 51% of the rural population is using
improved sanitation facilities in 2015, as per the JMP definition of “improved

sanitation".[56]
Initiatives to promote sanitation
[edit]

In 2011 the Bill & Melinda Gates Foundation launched the "Reinvent the Toilet
Challenge” to promote safer, more effective ways to treat human waste.[57] The
program is aimed at developing technologies that might help bridge the global
sanitation gap (for example the Omni Processor, or technology for fecal sludge
management). In 2015, the Bill & Melinda Gates Foundation published their "Water,
sanitation, and hygiene strategy portfolio update and overview" called "Building

demand for sanitation".[58]



The latest innovations in the field of public health sanitation, currently in the testing
phase, comprise - use of locally produced alcohol-based hand rub’; 'novel latrine
improvement’; and ‘container-based sanitation’. Centers for Disease Control and
Prevention (CDC), the national public health agency of the United States has

recognized the stated three initiatives.

Capacity development
[edit]

Capacity development is regarded as an important mechanism to achieve progress in
the sanitation sector.[59] For example, in India the Sanitation Capacity Building
platform (SCBP) was designed to "support and build the capacity of town/cities to
plan and implement decentralized sanitation solutions” with funding by the Bill &
Melinda Gates Foundation from 2015 to 2022.[60][61

showed that capacity development best happens on the job and in a learning

] Results from this project

organization culture.[62] In a government capacity development initiative, it is critical
to have an enabling policy and program funding to translate capacity development
input into program and infrastructure outputs. Capacity development aims to
empower staff and institutions, develop a learning strategy, learning content and
training modules, as well as strengthened partnerships and institutions of Iearning.[62]
The Capacity Development Effectiveness Ladder Framework (CDEL) identifies five
critical steps for capacity development interventions: Developing original learning
content, partnerships for learning and outreach, learning strategy, visioning change

and designing solutions, contribution to capacity development discourse.[62][63]

Costs
[edit]

A study was carried out in 2018 to compare the lifecycle costs of full sanitation chain
systems in developing cities of Africa and Asia. It found that conventional sewer

systems are in most cases the most expensive sanitation options, followed, in order of



cost, by sanitation systems comprising septic tanks, ventilated improved pit latrines
(VIP), urine diversion dry toilets and pour-flush pit Iatrines.[64] The main determinants
of urban sanitation financial costs include: Type of technology, labour, material and
utility cost, density, topography, level of service provided by the sanitation system,
soil condition, energy cost and others (distance to wastewater treatment facility,

climate, end-use of treatment products, business models, water table height).[64]

Some grassroots organizations have trialled community-managed toilet blocks whose
construction and maintenance costs can be covered by households. One study of
Mumbai informal settlements found that US$1.58 per adult would be sufficient for
construction, and less than US$1/household/month would be sufficient for

maintenance.[65]

History

[edit]
Further information: History of water supply and sanitation, Toilet § History, and

History of waste management

Major human settlements could initially develop only where fresh surface water was
plentiful, such as near rivers or natural springs. Throughout history people have
devised systems to get water into their communities and households, and to dispose
(and later also treat) Wastewater.[66] The focus of sewage treatment at that time was
on conveying raw sewage to a natural body of water, e.g. a river or ocean, where it

would be diluted and dissipated.

The Sanitation in the Indus Valley Civilization in Asia is an example of public water
supply and sanitation during the Bronze Age (3300-1300 BCE). Sanitation in ancient
Rome was quite extensive. These systems consisted of stone and wooden drains to
collect and remove wastewater from populated areas—see for instance the Cloaca
Maxima into the River Tiber in Rome. The first sewers of ancient Rome were built
between 800 and 735 BCE.[®”]



By country

[edit]
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Water supply and sanitation by country
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Society and culture
[edit]

There is a vast number of professions that are involved in the field of sanitation, for
example on the technical and operations side: sanitation workers, waste collectors,

sanitary engineers.

See also

[edit]
o List of abbreviations used in sanitation
o List of countries by proportion of the population using improved sanitation
facilities
o List of water supply and sanitation by country
o Environmental health
o Water pollution
o Water security
o Self-supply of water and sanitation
o Sustainable Sanitation Alliance
o World Toilet Day
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