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Septic Systems

Summary

A septic system is a self-contained, underground
wastewater treatment system. A typical onsite (occurring at
the same vicinity where waste is produced) septic system
consists of two main parts; a septic tank that is followed by
another treatment stage that in many cases is a subsurface
soil absorption system. The treatment performance is based
on providing sufficient hydraulic residence time for the
wastewater that is long enough in the tank to allow for
separation of solids from liquids. To enhance the solids
separation process, the tank can be designed with a 2- or 3-
chamber configuration. The outlet from the final chamber is
to the subsurface drainfield or to other additional treatment
alternatives. Mechanisms for the reduction of pathogens in
a septic tank include collection and settling in the sludge, as
well as decay or digestion. Reduction of indicator bacteria
may be as high as 4 to 8 logl0 and virus reduction varied
from 0 to 2 log10 units. Other variables and enhancements
are discussed throughout the chapter.

‘_,_‘--"""J—-_-

Drinking Water

1.0 Septic Systems Overview
1.1 Brief Technology Description

A septic system is a self-contained, underground
wastewater treatment system. A typical onsite (occurring
at the same vicinity where waste is produced) septic
system consists of two main parts; a septic tank that is
followed by another treatment stage that in many cases is a
subsurface soil absorption system, Figure 1 (e.g., a
drainfield, constructed wetland, filter, duck pond, or some
type of aerobic treatment). The septic tank is a watertight
chamber used for the storage and treatment of blackwater,
greywater, and the resulting sludge. It is wusually
constructed of concrete or fiberglass, PVC, or other types
of plastics and contains both an inlet and an outlet pipe.
Wastewater flows from the user interface to the septic tank
through a piped conveyance system as shown in Figure 2.

The choice of the post-tank treatment system will depend
on the treatment of an individual system (Pundsack et al.,
2001; Papadopoulos et al., 2011; Sharma et al., 2014). One
advantage of septic systems is that they are simple in design
and conventional ones require no input of chemicals or
energy, which make them generally less expensive to install
and maintain. Figure 2 shows the location of septic tank in
the entire sanitation service chain.
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Figure 1. Septic tank and drainfield soil absorption system following the septic tank for onsite wastewater management (figure

reproduced with permission of Purdue University, Department of Crop, Soil, and Environmental Sciences, Chapter IV. Soils and

Homesites, https://www.agry.purdue.edu/soils_judging/new_manual/ch4-homesite-Onsite.html#sub1)

Septic systems, soak pits, and cesspits are primarily
used in for onsite containment, collection, and
treatment. Solids must be periodically removed
from the tanks and managed properly
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Figure 2. Schematic showing the position of septic tank in the overall sanitation service chain
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The design of the septic tank is based on factors such as the
number of users, volume of water entering the system,
temperature, desludging frequency, and the desired
purpose on the treated wastewater (e.g. reuse). Details on
design and operation of these systems have been published
earlier (e.g., Otis et al., 1980; Siegrist et al., 2000; Tilley et
al., 2014). The design and operation take into cognizance
hydraulic residence time and solid separation.

® The treatment performance is based on providing
sufficient hydraulic residence time for the
wastewater that is long enough in the tank to allow
for separation of solids from liquids.

To enhance the solids separation process, the tank can
be designed with a 2- or 3-chamber configuration. The
outlet from the final chamber is to the subsurface drainfield
or to other additional treatment alternatives.

In a conventional septic tank, the wastewater is
normally separated into three layers inside the tank (Figure
3). Materials less dense than water (such as greases, fats,
and oils) float to the top forming a layer of scum. Solids
denser than water settle to the bottom of the tank forming
a layer of sludge. This leaves a middle layer of partially

l access covers

clarified wastewater. It is within this middle layer that the
outlet is located to the preceding chamber or outlet. The
layers of sludge and scum remain in the septic tank where
autochthonous bacteria from the wastewater break down
some of the solids by anaerobic processes. The scum and
sludge that is not broken down will remain in the tank until
the contents are emptied (approximately 50% of the sludge
that accumulates is not degraded in the tank).

There is need for maintenance of septic systems, as failure
to do this would make them hotspots for the discharge of
pollutants (Richards et al., 2016). The maintenance required
for a septic system depends on the configuration. Some
septic systems contain parts that require replacement with
time e.g. effluent filters, to guarantee effective removal of
pathogens and other pollutants (Heistad et al., 2009). For
example, in a study to assess removal of phosphorus,
bacteria, and viruses by an onsite system containing a septic
tank, a pressure-dosed vertical flow biofilter, and an upflow
filter unit with lightweight clay aggregates a progressively
decreased phosphorus removal by the filters in the end of
and after a 5-year design capacity was exceeded (Heistad et
al.,, 2009). In addition, there was a substantial decrease in
the removal efficiency of E. coli during three years of
operation, from 5.6 logio to 2.6 logy reduction.
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Figure 3. Septic tank showing three distinct layers (scum (oil, fats, and grease), clarified water, and sludge (diagram

reprinted from Tilley et al. 2014 with permission)

The layer of clarified liquid flows from the septic tank
through an outlet pipe to a soil absorption system or some
other type of distribution device. A standard soil absorption
system is referred to as a drainfield (also known as a leach-
field, disposal field) and is typically a series of trenches or a
subsurface bed (lined with gravel or course sand) 0.5 to 1
m below the ground surface (Figure 1). Perforated pipes or
drain tiles run through the trenches to distribute the
wastewater. In the drainfield the wastewater slowly trickles
from the pipes into the gravel/soil and percolate further

down through the subsurface soil. The gravel and soil act as
a filter, employing a combination of filtration, adsorptive,
and biological processes to further remove chemical and
microbial constituents.

Groundwater may be impacted by septic systems
depending on quality of system design and maintenance,
the density of tanks per unit area, geology, and the
functionality of soil absorption system if present (Pang et
al., 2003; Vijay et al 2011; Banda et al., 2014; Sowabh,
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2017). The potential for enhanced pathogen reduction in
the unsaturated zone before septic tank effluent reaches
the groundwater depends on factors such as the vertical
distance to the groundwater surface, type and texture of
the soil, temperature, and pH.

1.2 Types of Septic Systems

One variant of the conventional septic tank that
provides increased settling and sludge contact is an
Anaerobic Baffled Reactor (ABR) (Figure 4, for more
information see Tilley et al., 2014). This system uses
processes of settling and anaerobic digestion that are

sedimentation

settler

access covers

[

similar to those described in the chapter on Anaerobic
Upflow Sludge Blanket Reactors. In this system, an
increased number of chambers and a forced liquid flow
through the accumulated sludge results in enhanced
reduction of organics and solids compared to a
conventional septic tank. An anaerobic filter is a further
adaptation that incorporates a filter media (e.g. crushed
rock or manufactured plastic) into a final chamber. After
the first chamber, the wastewater is forced to flow up
through the filter as a final polishing step (see chapter on
Media Filters).

[T

anaerobic baffled reactor (ABR)

Figure 4. Anaerobic Baffled Reactor septic tank showing location of baffles and three distinct layers (scum (oil, fats, and
grease), clarified water, and sludge (diagram reprinted from Tilley et al. 2014 with permission)

The modified septic tank-anaerobic filter unit depicted
in Figure 5 is an example of another design to enhance
effluent quality. Modified septic systems can contain other
coupled mechanisms like anaerobic digestion and
disinfecting chambers. Some have modifications such as
vertical baffled septic tank containing filter and a chamber
for disinfection (Anil and Neera, 2016).

Variants of the drainfield may include applications such

as low-pressure drainfields and the intermittent aeration
systems. The low pressure drainfields have two categories,
which are recognized based on the strength of the
wastewater dosed and are low-pressure pipe and shallow
narrow drainfields. The low-pressured pipe can be installed
in a trench whereby stones or gravels support the pipes.
This is unlike a shallow narrow drainfield, which are usually
set in place beneath a shallow trench (USEPA, 1992;
Uebler, 1982).

Drainfields, as systems for waste treatment, have
essentially 3 modifications: dry well systems, mound-type
drain fields and chamber-type systems. Dry well systems
utilize large pits filled with stones, rocks or gravel for
filtration instead of perforated pipes. It is a long lasting
traditional horizontal drain fields. Mound drain systems
are more expensive to run as additional system
components may be needed to pump wastewater to the
filtration part, which is usually positioned above the
ground surface. The soil factor and design of construction
used determines the durability in the mound drain system.
The last, but one of the newer methods, is the chamber
systems, which hold fluids in a mini-reservoir, allowing it to
percolate into the ground without an expected filtering bed
containing gravels. It is easy to install, but it does not last
long and requires regular monitoring.
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Chamber 1:
Upflow septic tank

Chamber 2:
Upflow anaerobic filter

Figure 5. Modified septic tank-anaerobic filter unit as a two-stage onsite domestic wastewater treatment system

2.0 Inputs and Outputs from Septic Systems

The input to the septic tank includes urine, faeces, flush
water, dry-anal cleansing materials, anal cleansing water
and/or greywater. Optimally a conventional septic tank is
capable of removing close to 50% of the input organic
materials and suspended solids that then undergoes further
degradation in the sludge layer by anaerobic digestion, and
further remove about 30% of the nitrogenous waste from
domestic wastewater (USEPA, 2000). The rate of digestion
increases with temperature, with a maximum temperature
reported to be around 35°C (Franceys et al. 1992), though
anaerobic mesophilic treatment is possible (Marafion et al.,
2006). Removal of pathogens varies and largely depends on
die-off in the retained sludge and the removal of suspended
solids (emptying). The fraction of pathogens that remain in
the liquid phase will enter the drainfield or additional add-
on treatment steps. Further reduction of pathogens will
depend on the design and location of the system.

From flush toilet or

washrooms

l Emptying

Liquid

urine, flush water, anal

cleansing water and/or greywater

Solid

Faeces,

Solid food waste (sometimes) Slu(lvc

dry-anal cleansing materials

Septic tank

Figure 6 shows the illustrative inputs and outputs from
septic systems. Pathogen concentrations in the effluent are
expected to be less than those in the influent. No increase
of virus or parasite concentration will occur. However, in
some situations, an increase in some of the bacterial
pathogen concentrations between the influent and effluent
may occur due to regrowth. This mainly refers to
Salmonella and entero-pathogenic E. coli based on factors
such as temperature and fraction of easily degradable
organic material. For example, Appling et al. (2013)
reported that E. coli concentration was 100-fold higher in
the septic tank effluent than influent wastewater, due to
regrowth under summer temperature conditions.

The number of users, user infectivity, and different type
of activities affects the diversity of pathogens, volume of
treated wastewater, and chemical composition of the
wastewater entering a septic tank (Butler and Davies,
2004). Pathogenic inputs to a septic tank may further vary
over the day and may peak in the morning, when household
members are just beginning their daily activities. Other
variations are due to season and household events.

Liquid effluent Liquid effluent

To add-on

Drainfield
technology

Or environmental

water

‘ ‘

Figure 6. Illustrative inputs and outputs from a septic system
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3.0 Factors Affecting Pathogens in Septic
Systems

3.1 Summary of Pathogen Removal Mechanisms

Mechanisms for the reduction of pathogens in a septic
tank include collection and settling in the sludge, as well as
decay or digestion. Other add-on treatment steps that are
located after the septic tank include filtration (soil
absorption systems and anaerobic/sand/peat-
filter/microfiltration/ ultrafiltration), aerobic treatment,
anoxic/anaerobic treatment and in a few cases chlorination.
These add-ons will enhance the overall pathogen reduction
in septic systems (Papadopoulos et al., 2011; Sharma et al.,
2014; Purnell et al., 2016). After emptying the sludge is
usually conveyed off-site for further treatment, disposal,
and/or reuse as a soil amendment (see Chapters on
Conveyance and Sludge Management). The efficacy of
pathogen reduction in septic systems and a soil absorption
system is affected by the type and concentration of
pathogens in the influent, physical/chemical factors as well
as design factors of the septic tank. In addition, site-specific
properties such as soil type and distance to the
groundwater table, properties of the biomat (a permeable
layer of partially decomposed organic waste with
microorganisms and their by-products for biodigestion),
predation, dissolved oxygen, temperature, moisture/rainfall,
and pH will also affect.

3.2 Physicochemical/biological factors

Post septic tank treatment will be affected by physical,
chemical and biological processes that impact on pathogen
removal. Temperature, light intensity or UV, pH, soil types,
infiltration surfaces, and salinity may affect pathogen
concentrations depending on the post-treatment methods
applied (Stevik et al., 2004; Chabaud et al. 2006; Cooper et
al., 2016). The persistence of different microbial species
and strains varies in relation to these factors. Pathogens
that are larger (e.g., helminths) or adsorbed to particles
will primarily settle to the bottom of the tank. Chemical
disinfectants, including bleach used to wash the toilets at
the user interface, may affect the pathogen survival in the
septic tank, drainfield, and the surrounding environment
that receives treated effluent (Chabaud et al., 2006). The
impact of household disinfectants will of course depend on
the flush/flow quantities (dilution) level of water entering
the system.

As the septic system design affects the effectiveness of
the treatment process, other factors such as system age,
type of tank, tank management, number of users, health of
the users also determines the input and output of the
pathogens. A study by Richard et al. (2016) measured

effluent from 32 residential septic tanks in Northeast
Scotland and an adjacent river. That study reported the
following concentrations in the tank effluent for total
coliforms (103-10® MPN/100 mL) and E. coli (10*-10’
MPN/100 mL). The authors specifically identified tank
condition, and number of users as the factors that affected
the effluent concentration of the tanks with further impact
on the adjacent river. The retention time of the wastewater
from the source to its release to the environment is one
factor that determines the reduction of pathogens and the
effectiveness of post-tank treatment in the soil absorption
system (Cave and Kolsky, 1999).

3.3 Specific site properties of the septic systems

Filtration efficiency in soil absorption systems
essentially depends on the size and shapes of the
microorganisms in addition to the size distribution of soil
particles. Small size viruses will be removed to a less extent
by filtration than bacteria and parasitic protozoa with their
larger sizes. Wastewater retention capacity in soil
absorption systems may also be associated with the vertical
velocity of the tank effluent, depending on the site gradient,
hydraulic conductivity, and porosity of the subsurface
media. Factors such as the distance with unsaturated flow
from the septic system to the groundwater table, the type
of soil (which in turn determines the rate of percolation),
and site topography all influence pathogen transport (Wolf
et al., 2006; de Oliveira et al., 2016) (see also chapter on
Waterless Onsite Systems: Pit Toilets (Latrines)).

The bacterial adsorption may be sustained by released
metabolites with adhesive properties (capsular material,
flocculants), permanently attaching the microorganisms to
the particles (Stevik et al. 2004). Bacterial attachment rate
at the soil-water interface can be predicted analytically
using a combined rate equation, which is associated with
changes in solution chemistry (Zhang et al., 2013). The
resulting larger particle-microorganism flocs will further
reduce soil penetration and microbial transport. These
filtration processes are influenced by a range of physical
and chemical properties of the filter media, the presence of
organic matter, temperature, hydraulic loading, ionic
strength, pH, surface charge of particles, and microbial
concentrations.

The local hydrogeological conditions of the drainfield
are further determinants of the subsequent horizontal flow
of pathogens in the saturated zone. This is closely
connected to the fracture conditions of the underlying
rocks as it determines filtration efficiency (Borchardt et al.
2011). Of the total reduction in an onsite soil absorption
system, soil filtration was reported to account for
approximately 0.92 log;, of E. coli reduction, which implies
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die-off of only 0.06 log;, of this indicator. In contrast, for F-
RNA bacteriophages used as a viral indicator,
adsorption/filtration accounted for only 0.35 log;, of the
overall reduction while 0.26 log,, reductions were due to
inactivation (Pang et al., 2003).

The water holding capacity of soil is also of major
importance because it affects the contact time of the
pathogen in the soil. In addition, with increasing subsurface
particle size, pathogen penetration will also increase and
affect the effectiveness in septic system for pathogen
removal (Harrison et al. 2000; Gill et al., 2001).

Closely compacted soils like clays normally hinder the
septic tank effluent from infiltrating vertically in the
subsurface, with sufficient time for adsorption leading to
ample removal of pathogens before the effluent passes. The
adsorption of microorganisms to clay, which is aided by the
opposite charges between the clay (+) (fixed positive
charges can be exposed in the crystal gitter even if clay
minerals may have a net negative charge) and the
pathogens (-) as ionic attractions (Stevik et al. 2004).
However, the fine particle size of clays may lead to clogging
which is why clayey soils may not be appropriate for
location of a soil absorption system.

3.4 Presence of Biomat

A biomat is functionally the layer directly underneath
the point of subsurface discharge from the septic tank
effluent to the soil absorption system that can reduce the
permeability. A biomat may vary in size and may be 2 cm
thick on top of the soil under where the wastewater begins
to infiltrate (Kristiansen, 1981; Beal et al., 2006).
Pathogens trapped in the soil layers because of the biomat
would essentially be retained or killed in the upper soil
layer of the soil absorption system (Beal et al., 2006; Unc
and Goss, 2003).

3. 5 Predation

As it in municipal wastewater treatment plants,
predation within the septic tank will also reduce the total
heterotrophic community in the wastewater, beside
interspecific competition (Kadam et al. 2008). Autolysis as
well as predation affect the concentration of remaining
pathogens in septic system (Thingstad, 2000; Bell et al.,
2009) and those released into the environment but the
actual impact of these factors are unclear.

3.6 Dissolved Oxygen

Septic tanks are primarily anaerobic environments
because of the high amount of organic matter present in
the tank. Oxygen levels can increase though in the soil
absorption system due to, for example infiltrating
rainwater. In the unsaturated zone the presence of
dissolved oxygen (DO) typically prevails, which may affect
the die-off of some pathogens (Stevik et al., 2004).

3.7 Temperature

Inactivation of bacteria and viruses in wastewater may

depend on temperature and dilution (Vinneras et al., 2008).
Temperature in a septic tank is impacted by the
composition of the influent (inputs of blackwater versus
heated or cooled greywater). Elevated temperature is
expected to increase the death of some pathogens (NOAA,
2011; Cooper et al., 2016; Heger, 2017). Activities of other
organisms are reduced in low temperatures leading to
reduced predation (Bell et al., 2009). At ambient
environmental temperatures below 0°C, the treatment
process of bacteria can be negatively affected but modern
septic system located in temperate regions are normally
adequately insulated from extreme cold weather to prevent
such failures (Wallace, 2000).

3.8 pH

pH is not normally considered as an essential factor in
determining the fate and reduction of pathogens in a septic
tank. However, in a soil absorption system, pH does
influence the retention of viruses and bacteria through
adsorption to soil. Optimum viral retention is reported to
take place between pH 3 to pH 7 (Jimenez et al., 2010).

3.9 Moisture and rainfall

With regards to adsorption of pathogens in subsurface
soil absorption system, an important factor is rainfall
intensity and duration (Pundsack et al. 2001, Stevik et al.
2004). For example, detachment (by rainfall) of viruses has
been observed from 60 cm of fine sand dosed with septic
tank effluent (Nicosia et al., 2001). The intensity of a
precipitation event thus affects the holding capacity in the
soil depending on its texture. In this case, clay soil may
retain viruses better than other soil types (Lusk et al.,
2014). Viruses may still retain their infectivity in an
adsorbed state, if there is enough moisture to preserve the
protein coat (Bosch et al., 2006). Furthermore, with higher
inputs of rainfall, the ionic strength of the septic tank
effluent being released into a soil absorption system will
decrease and may detach and remobilise pathogens (Okoh
et al. 2010).

4.0 Chlorination and Ultraviolet radiation
(UV)

Use of chlorination or ultraviolet radiation (UV) to treat
septic tank discharge is not typically employed by
homeowners, as chlorination is usually not encouraged and
UV systems felt expensive. It does however occur in the
U.S. for some community septic systems that are required
to obtain discharge permits. The selection of appropriate
disinfection methods for the post-treatment of wastewater
pathogens in a septic system depends on the size of the
septic system and the types of household wastes being
generated (USEPA, 2003). For UV, pathogen die-off
depends on the duration of exposure and the measure of
light intensity that reaches the pathogens within the septic
system. (see section on disinfection) Because a septic
system is closed, only artificially installed UV units can
provide guaranteed effects on the pathogens.
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5.0 Summary of Data on Pathogens,
Epidemiology and Health Risk Evidence
Associated with Septic Tank and Soil
Absorption Systems

The health risks are far greater when the system are
malfunctioning (Levett et al., 2010). In general, treatment

only by a septic tank is not considered as a significant
barrier against pathogen transmission. The estimated
reduction value for pathogens in a septic tank alone is less
than 0.5 log,, (WHO, 2006). However, pathogen reduction
can be greatly enhanced when a septic tank is properly
maintained and incorporated with a properly designed and
sited soil absorption system. Negative impact of septic tank
with soakaway are exemplified by Keegan et al. (2014).

The logo redction for septic tanks and septic systems on
some bacterial indicators and different assessed pathogens
is depicted in Figure 7. Reduction of indicator bacteria may
be as high as 4 to 8 logjo in a properly maintained septic
tank integrated with a soil absorption system but may also
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be highly variable. Nnaji (2011) reported a log;o reduction in
E. coli concentrations that ranged from 0 to 4.35 in a system
consisting of a septic tank. variation was depending on the
design approach. Sometimes the effluent values of E. coli in
septic tank effluent have been reported to exceed the
influent concentrations (e.g., Nnaji, 2011; Appling et al.
2013). This can depend on several factors like concentration
variations, non-matching of samples and/or regrowth in
septic tank scum and sludge. measured virus reduction, as
exemplified in Figure 7, varied from 0 to 2 logio units.
Helminth egg concentrations will be greatly reduced in the
liquid phase due to gravity settling and concentrate in the
septic tank sludge phase in properly maintained units. If
they would enter a preceding soil absorption system, they
would during most circumstances be filtered out and not
impact the groundwater. Protozoan cysts and oocysts are
also larger in size than viruses and bacteria and are
expected to be totally removed in a properly designed and
sited soil absorption system. This includes systems with only
a septic tank (Appling et al., 2013; Nnaji, 2011; Heinonen-
Tanski and Savolainen, 2003), septic tank integrated with a
soil absorption system (Katz et al.,, 2010) and modified
septic systems (Purnell et al.,, 2016; Sharma and Kazmi,
2015; Sharma et al.,, 2014; Papadopoulos et al., 2011;
Mbuligwe, 2005).

—

F RNA phages Norovrius Gl
MNorovirus Gl GB 124 phages

Pathogens

Figure 7. Selected reported 1og10 reduction of different pathogens observed in a range of septic systems

In a cross-sectional study conducted based on the
effects of siting a septic system at distances of < 30 m and
= 30m close to source of groundwater supply, Banda et al.
(2014) found that about 33% of groundwater samples were
contaminated. Bishop and Inabo (2015) also reported the
effect of distance of wells to a septic system based on the
microbial contamination of well water. Various etiological
agents and health outcomes have been closely associated
with exposure to discharge from septic tanks, which
includes hepatitis A, typhoid, and acute gastroenteritis from
various pathogens (Borchardt et al., 2003; Borchardt et al.,
2011; CDC, 2015).

When the septic tank is not integrated with a soil
absorption system or when the system is located too close

to groundwater wells or in areas with vulnerable
hydrogeological settings the likelihood of contamination
and negative human impact will enhance. Table 1 provides
some examples of when an improperly designed, sited, or
maintained septic tank system negatively impacted human
health. One example as summarised in Table 1, is the
report by Borchardt et al. (2011) of an outbreak of acute
gastroenteritis due to norovirus affecting 229 patrons and
employees of a restaurant in Wisconsin (U.S.). The system
followed approved guidelines for distances between septic
systems and groundwater wells, which in this case provided
water for the restaurant. Approved distances in general,
often fail to account for local hydrogeological conditions.
Epidemiological case-control analysis linked the
consumption of the restaurant’s well water with the illness,

9
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(odds ratio = 3.2 (95% confidence level, confidence interval
=0.9to 11.4, p=0.06) (Borchardt et al., 2011).

Septic systems may however perform better in
preventing groundwater contamination than a poorly

1.20) associated with Helicobacter pylori infection when
comparing effluent from municipal wastewater
treatment plants to a septic tank or cesspool. Another
study found no significant association between
giardiasis and exposure to discharge from septic
systems (adjusted incidence rate ratio, alRR 3.3; 95%

maintained aerobic centralized wastewater treatment if

they are well maintained and operated in line with the
regulatory guidelines (Levett et al., 2010; DEA, 2010).
Travis et al. (2010) reported an unadjusted hazard ratio of
0.85 (95% Confidence Interval: Confidence Interval of 0.6 -

Table 1. Health outbreak studies identified for this study that were

Confidence Interval 2.9 - 3.9) (Schnell et al., 2016).

associated with poor septic tank

performance
Health Ca'ses'
Country Scenario Outcome/ (Hospitalized References
Symptoms If Reported)?
Secondary
water supply Acute a Li et al
Chinab contamination gastroenteritis 100’s 2013
by septic tank (Norovirus)
effluent
Shigellosis
(Shigella
flexneri)
Poor septic (P <0.0001; .
Oman® tank odds ratio [OR] UD? Agla 1(12%11115et
sanitation = 4.86, 95% "
confidence

interval [CI] =
2.22 t0 10.63)
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Health Cases
Country Scenario Outcome/ (Hospitalized References
Symptoms If Reported)?
Septic tank
45 m from Gastroenteritis 12002
city well ,
Septic tank
15 m above Gastroenteritis 4002
spring
Septic tank
near water
supply for s Yates and
Us de commercial Hepatitis A 982 Yates, 1988
e ice pellet
operation
Septic tank 2
m from 30-m Hepatitis A 178
deep well
Septic tank
65 m from Typhoid 54
well
Septic field
188 m from a (N?rcc}ifti?"al) 229 Borchardt
U.S.d' £ 85-m deep Gastroenteritis (6) etal, 2011
well
System
overflowed
and Acute |
contaminated gastrointestina 19
U.sd the well in illness 0) CDC, 2015
August, 2012 (Norovirus
at Wisconsin Genogroup I & II)
Diarrhoea
Fever 80/148 (54%)
System Vomiting Borchardt
Usd Overloaded 77/152 (51%) 1532 et al., 2003
-9 Abdominal pain
84/126 (67%)
Bloody stool
19/148 (13%)
Diarrhoea
[group A
Unhygienic rotavirus (46.7 %),
) d septic Bacteroides 587a,h Vu Nguyen et
Vietnam tank fragilis (7.3 %), al., 2006

E. coli (22.5 %) and Shigella

(4.7 %)]

NA: information not available; UD: Undisclosed; @No deaths reported; "Retrospective cohort study; ‘Outbreak study (Case-
control study); d0utbreak study; ¢Adapted from Stenstrom et al., 2011; f Septic system location complied with regulations;
9http://www.cdc.gov/mmwr/preview/mmwrhtml/mm6431a2.htm#Tab1; *Children
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