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Abstract

Background: Soil-based on-site wastewater treatment systems (OWSs) are suspected to contribute to eutrophica-
tion of surface waters, due to the discharge of phosphorus (P). However, along the flow path between the facilities
and surface waters, different processes contribute to delay the transport of phosphorus through the ground. This may
reduce the unwanted impact on receiving water bodies. However, the strength and significance of this so-called soil
retention remains unclear.

In Sweden, there are nearly one million OWSs. To protect surface waters, a high P removal rate (up to 90%) is often
required by the local municipalities. However, since these requirements may have costly consequences to property
owners, it is debated as to whether they are too strict. In this debate, it is often claimed that the retention of P occur-
ring in natural environments may be underestimated by authorities. Accordingly, there is a need for a scrutiny of the
available evidence related to soil retention of phosphorus from OWSs. This is the objective of the planned systematic
map. Focus will be on boreal and temperate climate zones.

Methods: Searches will be made for peer-reviewed articles and grey literature using bibliographic databases, search
engines, specialist websites and stakeholder contacts. The references will be screened for relevance according to a
predefined set of eligibility criteria. At stage one, after testing and clarifying the eligibility criteria, the references will be
single-screened based on title and abstract. At stage two, potentially relevant references will be screened in full-text
independently by two reviewers. We will compile a detailed database of the relevant studies. Moreover, a narrative
report will be produced, describing the research landscape in general terms. This will be carried out with a conceptual
model, describing the processes involved in P retention in natural environments, as a foundation. It will be discussed
where the respective studies/study types fit into the conceptual model, and also evaluated how each study/study
type can be related to the overarching question of eutrophication. Moreover, we will describe identified knowledge
gaps that warrant further primary research effort, as well as identified knowledge clusters that could be suitable for
systematic reviews.
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Fig. 1 Schematic illustration of the system of interest. The phosphorus discharged from a soil-based on-site wastewater treatment system will reach
surface waters in due time. However, chemical, physical and biological processes along the flow path contribute to delay the transport through the
ground. These retention mechanisms may reduce the unwanted impact on surface water
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Background
On-site wastewater treatment systems
On-site wastewater treatment systems (OWSs) are facili-
ties used for the disposal of wastewater from households
that do not have access to a public (municipal) wastewa-
ter treatment plant. OWSs are common throughout the
world, primarily in rural areas. At least 26% of the popu-
lation in most countries is served by an OWS [1].
Typically, an OWS consists of a septic tank in which
sludge and pathogens are removed, and a subsequent
soil treatment system, where the wastewater is further
purified from e.g. phosphorus, nitrogen and pathogens.'
There are two main types of soil-based OWSs: the most
common discharges to groundwater, whereas the sec-
ond one (often referred to as ‘sand filters’) discharges
directly to surface waters [2] (although, typically, there
is leakage to ground water also from this kind of facil-
ity, since the bottom is permeable). The total P concen-
tration in household wastewater (toilet wastewater and
greywater’ combined) entering a soil treatment system
is usually quite high [3, 4], in Sweden often between 5

! There are OWSs without a soil infiltration step, for example so called pack-
age treatment plants. Such systems are not of interest within this forthcoming
systematic map.

2 Wastewater generated in households, excluding wastewater from toilets.

and 15 mg P L™! [5], but this P can to varying degrees
be retained by the soil material within the system and
between the system and receiving surface water.

A possible connection between on-site wastewater
treatment systems and eutrophication.

The release of phosphorus (P) to surface waters is a global
environmental concern, due to the risk of eutrophication.
Source appointment models show that municipal waste-
water treatment plants and agricultural fields are the
most important anthropogenic sources of P to European
surface waters [6], but there are others as well. For exam-
ple, OWSs are suspected to contribute to the problem. In
the Baltic proper, it has been estimated that 15% of the
total Swedish anthropogenic P discharge may be of such
origin [7]. However, the estimates are inherently uncer-
tain, partly due to the unclear extent of the retention of
P caused by different processes occurring in the ground
along the flow path between the facilities and adjacent
surface water bodies [2] (Fig. 1).

The Swedish context—the initial motive of the project

In Sweden, there are nearly one million OWSs [8].
The authorization and control of those are managed
through the environmental and health authorities at the
local municipalities. However, the Swedish Agency for
Marine and Water Management (SwWAM) is responsible
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Fig. 2 Flow diagram describing the processes involved in P retention

for the supervisory guidance, providing general recom-
mendations related to OWSs [5]. SWAM recommends
up to 90% P removal under certain conditions. Hence,
municipal authorities often require this high level of
P removal, which may have financially severe conse-
quences to households whose facilities do not meet the
standards and must be upgraded. Accordingly, there is
an ongoing societal debate, e.g. in op-ed articles in the
daily Swedish press, as to whether the recommenda-
tions and requirements are too strict. In this debate, it
is often claimed that the P retention occurring in the
natural soil environment may be considerable, and pos-
sibly underestimated by the authorities. For this reason,
the Swedish Agency for Marine and Water Manage-
ment has expressed a need for a scrutiny of all avail-
able evidence that is relevant to the question of soil
retention (in the natural environment) of P from on-
site wastewater treatment systems. SWAM defines an
on-site wastewater treatment system as a wastewater
facility designed to serve up to 200 person equivalents.
Hence, the evidence included within the forthcoming
systematic map should be valid for facilities of this size.

The complexity of soil retention

The mechanisms of soil retention of P in the natural
environment are complex (Fig. 2) and not fully explored.
However, adsorption reactions, which means that P
adheres to soil particles through surface complex for-
mation [9-11], are thought to be dominating. Another
mechanism is mineral precipitation, which means that
inorganic P reacts with dissolved iron, aluminium,

manganese or calcium to form phosphate minerals [12,
13]. In principle, both these P binding reactions are
reversible. That is, P that has been adsorbed to soil parti-
cles may later be desorbed, and phosphate minerals may
dissolve. In addition to these physical/chemical reactions,
P may be taken up from the wastewater by plants or by
microorganisms [14, 15]. However, any P assimilated by
plants or microorganisms as organic P will be subject to
organic matter decomposition and subsequent minerali-
zation, unless the biomass is harvested and brought away.
One process that may counteract the effects of soil reten-
tion should be mentioned in this context, namely colloid-
mediated transport of P, by which the leaching of P from
soils may be accelerated under certain conditions [16,
17].

It is often claimed that P is “removed” by the reten-
tion mechanisms described above (adsorption, precipi-
tation and biological uptake). This is, however—partly
because of the reversibility of the processes—not neces-
sarily the case. Adsorption and precipitation processes
delay, rather than inhibit, the transport of P through the
soil, although slow diffusion into or from small pores can
make the response times rather slow [18]. Nevertheless,
although most of the P will reach surface waters in due
time, the efficiency of soils to retain P is of crucial impor-
tance for the time scale of eutrophication: the more effi-
cient the soil retention is, the less P will reach the surface
water per unit of time, and the less will its possible impact
on surface water be. The time scale of the transport and
retention is hence important for the practical impact of
P released from OWSs. The systematic mapping will not
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be limited to a given time scale, but will strive to map
the current knowledge on how time affects the retention
under different conditions or circumstances.

A challenging research field

The overall P retention efficiency of soils is difficult to
estimate, for several reasons. Firstly, the possibility of
P entering into the system from other sources, as well
as the possibility of dilution of the wastewater by other
water sources, make field measurements challenging.
Secondly, each system comprising an OWS together with
the flow path between the OWS and the receiving surface
water (Fig. 1)—or actually each part of the system—is
characterised by a unique combination of factors (con-
cerning, e.g., soil type, hydraulic loading rate, duration of
load, content of oxalate-extractable Fe and Al) that may
all affect the P retention. Making things even more com-
plicated, these factors may change over time. For exam-
ple, eventually, after a prolonged, constant P load, the
soil may be “saturated” as regards P, which means that
there is no net retention of P in the soil system anymore.
Accordingly, most field studies focus on a specific part of
a specific system and are performed at a specific point in
time under specific conditions that differ from those that
prevailed previously and from those that will prevail later.
Generalisations are hence problematic.

A common approach to study soil P retention is to
perform experiments in the laboratory, by letting waste-
water infiltrate through soil columns. Such experiments
may contribute with valuable information concerning
reaction mechanisms and P dynamics. The merit of lab-
oratory studies is the possibility to control for different
confounding factors. On the other hand, generally, such
studies are not able to replicate the complexity encoun-
tered under field conditions. For this reason, transfer of
knowledge gained by laboratory studies to field condi-
tions need to be done with caution.

Examples of study types

Four main types of studies of obvious relevance to the
question may be discerned. Those are described and
exemplified below to elucidate the heterogeneity of the
research field. However, we will not confine the system-
atic map to these study types, as is declared under the
section Eligibility criteria.

One way to study the efficiency of soils to retain P is to
determine the extent of P retention in the subsurface soil
in OWSs [19-24]. Many such studies were conducted
already in the 1970s and 1980s. However, the results
were often contradictory, some showing efficient and
some rather poor P retention. Differences in, e.g., study
methods, soil types, and P loads may all be important in
explaining the divergent results. When resampling soil
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treatment systems that had been used for a long time,
Eveborn et al. [11, 25] found that in all but one less than
30% (and sometimes less than 10%) of the applied P was
retained in the top 1 m of the soil. The exception was the
system with the lowest historical P load where almost
all of the applied P was retained. This site, however, was
more representative of “typical” Swedish OWSs, as the
other sites had been subject to historically very high P
loads. There are other studies showing good long-term P
retention by OWSs [e.g., 26, 27].

In case P reaches the groundwater zone beneath the
OWS, a so-called P plume may be formed, i.e., a volume
of groundwater with elevated concentrations of P. The
P plume expands mainly in the same direction as the
groundwater flow. However, because of the mechanisms
occurring in the soil in the saturated zone, the expan-
sion velocity may be retarded as compared to the veloc-
ity of surrounding groundwater. In the 1990s and 2000s,
Robertson and colleagues studied groundwater P plumes
from OWSs, showing that although P was retained by
the soil, at many sites the P migration was still suffi-
ciently fast to cause possible contamination problems if
located close to sensitive surface water bodies [10, 28,
29]. These conclusions have also been supported by stud-
ies in which transport models were used to predict the
extent of subsurface P migration. Although the results
differed in terms of the simulated P migration velocities,
they showed that P does migrate although rather slowly
[4, 30].

Further, the retention efficiency of soils may be evalu-
ated indirectly by investigating the potential impact of
OWSs on surface waters nearby, with regard to the con-
centration of dissolved P. If there is a clear impact, the
retention efficiency of soils may be regarded as “not suffi-
cient’, at least not under the specific circumstances under
study. Recent research from the UK shows that OWSs
may contribute significantly to dissolved P in streams [31,
32]. For example, in the Belton Bridge stream and in a
stream near Loddington village, the total P approximately
doubled as a result of OWS discharge at two different
sampling occasions [32]. These effects were attributed to
the high density of OWSs in the studied areas. By con-
trast, in another British study there was no clear effect on
surface water P concentrations from OWSs, despite poor
P retention in the surface layer of the soil (0-40 cm) [33].

In addition, as mentioned above, soil retention may be
studied in the laboratory, by letting wastewater infiltrate
through soil columns. Although the transferability of the
acquired knowledge from such experiments to natural
environments is sometimes questionable, this study type
is a straightforward way to study soil retention under
controlled conditions.
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Stakeholder involvement

The systematic map is commissioned by the Swedish
Agency for Marine and Water Management, but there are
other stakeholders as well. Hence, the Swedish research
council Formas arranged a stakeholder meeting where
representatives from the Swedish Agency for Marine and
Water Management, municipalities, county administra-
tive boards, research institutes, associations represent-
ing the interests of property owners, and consultancies
within the wastewater treatment domain were invited
to discuss potential sources of evidence, study inclu-
sion criteria and potential effect modifiers. During the
subsequent development of this protocol, it has become
obvious that the complexity of the phenomenon and het-
erogeneity of the research field calls for a systematic map
rather than a systematic review, at least to begin with. At
this stage, it has been found challenging to determine an
outcome measure that is possible to synthesise and that
also is truly useful to stakeholders. This decision has been
approved by the Swedish Agency for Marine and Water
Management.

An earlier version of this systematic map proto-
col was sent to all stakeholders who participated at the
stakeholder meeting, inviting them to comment on the
manuscript. All stakeholders who participated at the
stakeholder meeting will also be invited to comment on
the forthcoming systematic map manuscript.

Objective of the review

We will collate, code and configure the relevant evidence
related to retention of phosphorus from on-site waste-
water treatment systems in natural, not highly weath-
ered soils in boreal and temperate climate zones. The
systematic map is commissioned by the Swedish Agency
for Marine and Water Management; hence the evidence
should be valid for a Swedish context. This is why the
mapped evidence base will be confined to the defined
soils and climate zones. Accordingly, it will be valid not
only for Sweden, but for all parts of the world with boreal
and temperate climate. The primary question for the sys-
tematic map is: What evidence exists related to retention
of P from on-site wastewater treatment systems in natu-
ral, not highly weathered soils in boreal and temperate
climate zones? We define soil retention as all retention
processes occurring in the (natural) soil environment (for
example, also plant uptake is comprised).

The question has the following components:

Subject: Phosphorus in primary or secondary treated
domestic wastewater.

Intervention: Infiltration and flow of wastewater
through natural (i.e., non-amended as regards P affinity),
not highly weathered soils in boreal and temperate cli-
mate zones.
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Comparator: Depending on outcome.

Outcome: Any outcome that somehow evaluates the
efficiency of soil retention of P.

The systematic map will contain:

1. A detailed database of studies of relevance to the
question.

2. A narrative report describing (1) the research land-
scape in general terms, ie., what has been studied
and how, (2) where the respective studies/study types
fit into a conceptual model describing the processes
of P retention, and how each study/study type can be
related to the overarching question of eutrophication,
(3) implications for policy and practice.

3. A list of knowledge gaps that might warrant further
primary research effort, if any such knowledge gap is
found.

4. A declaration of identified knowledge clusters that
might be suitable for systematic reviews, if any such
knowledge cluster is found.

Methods

The systematic map will follow the Environmental Evi-
dence Guidelines and conforms to the ROSES standards
(see Additional file 1).

Searching for articles

Searches will be made for peer-reviewed articles and grey
literature using bibliographic databases, search engines,
specialist websites and stakeholder contacts. The refer-
ence management software EndNote will be used to col-
lect all search results and to remove duplicates.

Bibliographic database search

Searches will be made in the 8 bibliographic databases
and platforms listed in Table 1. The search strings used
will be adapted to the specific syntax in each database.
Since this systematic map will include field studies as well
as laboratory soil-column studies (for motivation, see
under Eligibility criteria) we have developed two different
search strings. The two search strings, adapted to the bib-
liographic database Scopus, can be found in an additional
file (see Additional file 2). We will use English search
terms in all databases and Swedish search terms in two
of the databases that contain publications from Swedish
universities and authorities. English search terms usually
identify articles in other languages than English, since
non-English articles often have a title and abstract in
English, and will therefore be retrieved by the searches.
We will limit the search to include articles in English,
Swedish, Norwegian and Danish. The searches will not be
limited by publication date or document type.
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Table 1 Bibliographic databases to be searched
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Database/platform Search field

Language of search terms Subscription information

Scopus Title, Abstract, Keywords

Web of Science Core Collection Topic (search the fields: title, abstract

and keywords)

Academic Search Premier Title, Abstract, Subject Terms, Author-

Supplied Keywords

CAB Abstracts Title, Abstract, Heading Words
Directory of Open Access Journals® Al fields
DiVA® All fields

ProQuest Natural Science Collection  Title, Abstract, All subjects & indexing

SwePub?® All fields

Swedish Research Council Formas
subscription

English

Swedish Research Council Formas
subscription includes: Science Cita-
tion Index Expanded; Social Sciences
Citation Index; Arts & Humanities Cita-
tion Index; Conference Proceedings
Citation Index- Science; Conference
Proceedings Citation Index- Social Sci-
ence & Humanities; Emerging Sources
Citation Index

English

Swedish Research Council Formas
subscription on Ebsco platform

English

Swedish Research Council Formas
subscription on Ovid platform

English

English
English and Swedish
English

Free. Do not require a subscription
Free. Do not require a subscription

Swedish Research Council Formas sub-
scription includes: AGRICOLA; Agri-
cultural Science database; Aquatic
Sciences and Fisheries Abstracts;
Biological Science database; Biologi-
cal Science index; Earth, atmosphere
& Aquatic Science database; Environ-
mental Science database; Environ-
mental Science index; Meteorological
& Geoastrophysical Abstracts

English and Swedish Free. Do not require a subscription

@ Asimplified search string will be used and published in the final report

Estimating the comprehensiveness of the search

A list of benchmark studies (see Additional file 3) was
used during the development of the search strings and
to test the comprehensiveness of the search. The biblio-
graphic database Scopus was used when developing the
search strings and testing whether the benchmark stud-
ies were found. If any of the benchmark studies had been
missed, the search strings were adapted to include the
missed studies. The list of search terms identified were
evaluated by experts and new search terms were added
after consulting with experts and stakeholders.

Search engines

Literature will also be searched for using the search
engine Google Scholar, using simplified search strings in
English and Swedish. Those search strings are presented
in Additional file 2. The first 200 results for every search
will be exported from Google Scholar using Publish or
Perish software [34].

Websites of relevant organisations
Websites of the organisations in Table 2 will also be
searched, using the same search strings as for Google

Scholar when applicable, in Swedish or English, depend-
ing on the appropriate language for the website. All
search strings and matching results will be published in
the final report.

Supplementary searches

We will contact stakeholders and experts in the field to
request studies and reports. We will screen the bibliog-
raphies of other reviews, identified during the article
screening process, in order to identify additional applica-
ble studies.

Article screening and study eligibility criteria

Screening process

After removal of duplicates, the references will be
screened for relevance based on title and abstract. To
ensure the consistency of decisions regarding inclu-
sion and exclusion between reviewers, articles will be
screened by multiple authors of this protocol indepen-
dently. Disagreements will be analysed and the inclusion/
exclusion criteria will be revisited and evaluated, and—
when found necessary—clearer defined. This process
will be repeated until we will be able to ascertain that the
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Organisation

URL

Organisations in Europe
EEA (European Environment Agency)
DCE (Danish Centre for Environment and Energy)
Miljgstyrelsen (Danish Environmental Protection Agency)
Luke (Natural Resources Institute Finland)
SYKE (Finnish Environment Institute)
Umweltbundesamt (German Environment Agency)

PIA (Development and assessment institute in waste water technology at RWTH Aachen University,

Germany)
EPA Ireland (Environmental Protection Agency, Ireland)
STOWA (Foundation for Applied Water Research, in the Netherlands)

Wageningen Environmental Research (Research Institute in the Netherlands)

Miljedirektoratet (Norwegian Environment Agency)
NIBIO (Norwegian Institute of Bioeconomy Research)
NIVA (Norwegian Institute for Water Research)

NTNU (Norwegian University of Science and Technology)
Tidsskriftet VANN (Water, a Norwegian journal)

Havs-och vattenmyndigheten (Swedish Agency for Marine and Water Management)

IVL (Swedish Environmental Research Institute)

Lansstyrelser i Sverige (County Administrative Boards in Sweden)
Naturvardsverket (Swedish Environmental Protection Agency)
SGU (Geological Survey of Sweden)

SLU (Swedish University of Agricultural Sciences)

SMED (Swedish Environmental Emissions Data)

Svenskt Vatten (Swedish Water & Wastewater Association)
Tidskriften Vatten (Water, a Swedish journal)

DEFRA (Department for Environment, Food & Rural Affairs)

SEPA (Scottish Environmental Protection Agency)
Organisations in North America
INRS (The Institut national de la recherche scientifique, in Canada)
EPA U.S. (Environmental Protection Agency, United States)
NOWRA (National Onsite Wastewater Recycling Association)
Organisations in other parts of the world

CSIRO (Commonwealth Scientific and Industrial Research Organisation, in Australia)

https://www.eea.europa.eu
https://dce.au.dk

https://mst.dk

https://www.luke fi
https.//www.syke fi
https://www.umweltbundesamt.de

https.//www.pia-gmbh.com
https://www.pia.rwth-aachen.de

https://epa.ie
https://www.stowa.nl

https://www.wur.nl/en/Research-Results/
Research-Institutes/Environmental-Resea
rch.htm

https.//www.miljodirektoratet.no
https://www.nibio.no
https://www.niva.no
https://www.ntnu.no
https://vannforeningen.no/tidsskriftet-vann
https.//www.havochvatten.se
https://www.ivl.se
https://www.lansstyrelsen.se
https://www.naturvardsverket.se
https://www.sgu.se
https://www.slu.se
https://www.smed.se
https://www.svensktvatten.se
https.//www.tidskriftenvatten.se

https://www.gov.uk/government/organ
isations/department-for-environmen
t-food-rural-affairs

https.//www.sepa.org.uk
https://www.inrs.ca
https://www.epa.gov

https://www.nowra.org/

https://www.csiro.au

reviewers interpret the agreed inclusion and exclusion
criteria equally and apply them in a consistent way. In
total, 700 articles will be used for consistency checking.
Thereafter, titles and abstracts will be single screened,
although in an utterly inclusive manner. Reviewers will
have three options during screening at this stage: (1)
include, (2) exclude, or (3) maybe. All articles coded with
option 3 will then be separately screened by another
author, after which a consensus decision will be made.
All articles included after this process will be screened
for relevance in full-text. The screening process at this

level will be performed in couples, independently of each
other within each couple. Any disagreement will be dis-
cussed by all reviewers.

Reviewers will not be allowed to assess the relevance of
articles that they have authored themselves.

Eligibility criteria

Eligible types of study design Any study design will be
accepted; however, there must be a control. Modelling
studies will not be included unless there are relevant
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empirical data used to validate models. (For eligible study
types, see below.)

Eligible subject The subject is phosphorus within pri-
mary or secondary treated domestic wastewater. The
evidence of the forthcoming systematic map should be
valid for soil-based on-site wastewater treatment systems
designed to serve up to 200 person equivalents (in accord-
ance with the definition made by the Swedish Agency for
Marine and Water Management). As regards field stud-
ies, the wastewater must hence originate from single or
groups of households and be released to a soil-based
wastewater treatment system. Field studies on wastewater
from municipal wastewater treatment plants will not be
included. However, as regards laboratory studies, using
wastewater from municipal wastewater treatment plants
will also be accepted. Studies focusing on, e.g., stormwa-
ter, industrial wastewater, wastewater from animal farms,
or agricultural wastewater will be excluded, as will studies
using synthetic wastewater. Further, studies focusing on P
leaching from sewage sludge will be excluded.

Eligible intervention Infiltration and flow of wastewater
through natural (i.e., non-amended as regards P affinity)
soil. The soil must not be highly weathered (e.g., studies
on Oxisols, Ultisols and other strongly weathered soils
and aquifer materials will not be eligible). Field studies
must be performed within climate zones C or D according
to Koppen-Geiger climate classification system [35]. Field
studies of P retention in wetlands will not be included,
since focus of the forthcoming systematic map is on the
soil environment. However, laboratory column studies,
evaluating natural soil materials from wetlands, may be
included. The effect of phosphorus uptake by plants on
soil P retention is included in an indirect fashion in e.g.
studies on OWS influence on surface water bodies. How-
ever, studies focusing solely on plant uptake of phospho-
rus will not be included, since such studies do not have
the potential to contribute to answer the question of soil
retention.

Eligible comparators The studies must include a con-
trol. However, the comparator depends on outcome. For
example, when it comes to column studies, the P concen-
tration of the wastewater after infiltration must be com-
pared with the P concentration of the wastewater before
infiltration. When it comes to P plume studies, the retar-
dation of the expansion of the P plume must be compared
with the velocity of the surrounding groundwater.

Eligible outcomes Any outcome that somehow evaluates
(the efficiency of) the retention of P in the soil, includ-
ing—but not restricted to—retardation of the expansion
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of the P plume compared to the velocity of the groundwa-
ter, reduced P concentration in the water after infiltration,
or increased concentration of P in surface water. Regard-
ing the last example, increased concentration of P in sur-
face water, the contribution of P from OWSs, specifically,
must be evaluated and analysed in the study. If not, the
study will be excluded, since no causality may be deter-
mined in those cases.

Eligible study types 'We will include field studies (includ-
ing surface water monitoring studies) and laboratory
studies based on soil column experiments. Although
column studies are not able to replicate the complexity
encountered under field conditions, we consider them as
a valuable part of the evidence base related to soil reten-
tion of P. The merit of laboratory studies is the possibil-
ity to study how various parameter combinations affect
the P retention capacity in soil, and to have control over
the actual in- and outflow of wastewater. Hence, they
give important complementary information, useful not
the least while interpreting the results from field studies.
Batch studies, in which soil samples are shaken with solu-
tions for a certain amount of time, and then centrifuged/
filtered to separate the solution from the solid phase, will
not be included. The rationale for including column stud-
ies but not batch studies is that column studies attempt
to mimic natural flow though soil. In batch studies, how-
ever, there is no removal of reaction products and of des-
orbed P, which complicates the interpretation regarding
their relevance for field conditions even more. Hence, the
transferability of results is considered to be significantly
higher for soil column studies.

Eligible languages
Danish.

A flow diagram, clarifying the criteria guiding the
screening process, is presented in Fig. 3.

Given the presumed high number of articles to screen,
only articles excluded at full-text level will be coded with
a reason for exclusion. A list of excluded articles, with
reasons for exclusion, will be provided.

English, Swedish, Norwegian and

Study validity assessment

We will not perform a critical validity assessment of each
included study, since we do not intend to make syntheses
of results. Moreover, our open-framed question makes
it impossible to foresee exactly what study types will be
found, and hence it is not possible to firmly determine
study validity criteria a priori. Nevertheless, as part of
our data coding strategy, we will collect information that
may help describing the characteristic qualities of the evi-
dence base, which may give a preliminary idea of its rigor.
Examples include: correction for dilution by other water
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Type of study )
Surface water Field study Column study Batch study
monitoring study
I 1
.
Climate zone ) ) - )
Climate zone C or D according to Képpen- Not climate zone
Geiger climate classification system C or D (if field/
surface water
monitoring study)
.. v v A
Origin of ) .
phosphorus Primary or secondary treated wastewater Tertiary treated
wastewater
. o 1 1 v
Origin/type of
t t Domestic Domestic Domestic E.g., synthetic
wastewater wastewater from wastewater from wastewater, wastewater,
single or groups single or groups municipal stormwater,
of households, of households, wastewater industrial
released to released to a wastewater,
soil-based soil-based wastewater from
wastewater wastewater animal farm or
treatment treatment aquaculture,
facilities in facility agricultural
the catchment wastewater,
area of leaching from
the surface water sewage sludge
. y v v
Soil type
Natural soil, not highly weathered Engineered soil
Highly weathered
soil
Outcome ) )
Any outcome that evaluates soil retention of P

Fig. 3 Flow diagram clarifying the criteria guiding the screening process. The exclusion criteria are given as examples, for the sake of clarity; they
are actually logical consequences of the inclusion criteria

sources, correction for background P, number of repli- .
cates, and sampling density within each replicate.

Data coding strategy
The following data will be coded for each study:

Bibliographic information (author, year, title, publica-
tion type, place published, language)

Study setting (field study or laboratory study)

Brief study description

Study location (country and, if available, coordinates)
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Whenever possible/relevant, the following study-
design related data will be coded:

« Strategy to correct for dilution

+ Strategy to correct for background P/leakage from
other sources

+ Number of replicates and sampling density

+ Length of study

+ Time of year when the study was performed

+ Size of columns

Whenever possible/relevant, the following data related
to possible effect modifiers will be coded:

« Soil type

+ pH of soil or of soil water

+ Mineralogy

» Grain size distribution

+ Bulk density

» Porosity

+ Hydraulic conductivity

+ Soil water saturation (as regards field studies: satu-
rated or unsaturated zone)

+ Hydraulic loading rate

« Duration of wastewater effluent load/age of facility

« Dissolved P concentration in the wastewater

+ Type of wastewater (on-site or municipal)

« Composition of wastewater

» Concentration of oxalate-extractable iron

« Concentration of oxalate-extractable aluminum

» Concentration of total and/or sorbed P in the soil

+ Type of OWS

« Distance to surface water

+ Climate zone

However, given the open-framed question, a certain
degree of iterativity is supposed to be necessary. That is,
we do not rule out that also other types of data will be
coded.

To ensure a repeatable and consistent data coding pro-
cedure, two reviewers will code data from a subset of
articles (at least 15). In case of inconsistencies, the cod-
ing methodology will be discussed, evaluated and refined.
Thereafter, the data from each article will be coded by
one reviewer. However, any uncertainty will be discussed
with the other reviewers. The data will be entered into a
pre-designed Excel data sheet.

Given the expected large amount of studies to be
included in the systematic map, and given the large
amount of different kinds of data suggested to be coded
for each study, we will not be able to contact authors if
any of these suggested data types is missing or unclear.

Page 10 of 11

Study mapping and presentation

We will present the results in a systematic map report in
the journal Environmental Evidence. Within the report,
the systematic mapping process will be represented
through a flow diagram, describing the number of studies
found through searches, the number of studies included
and excluded during respective screening stage, and the
number of studies included in the final systematic map.

The evidence base will be described narratively, and
summarized with tables and figures, in accordance with
CEE guidelines. The final data coding form will be pro-
vided, including the study characteristics recorded dur-
ing data coding.

A conceptual model describing the processes involved
in soil retention of P in natural environments will be
used as a foundation for a discussion on what utilitarian
knowledge that can be inferred from existing research,
about soil retention of P from on-site wastewater treat-
ment systems. The aim is to guide stakeholders who
intend to take research into consideration while devel-
oping or evaluating policy and practice related to on-site
wastewater treatment facilities.

Knowledge gaps and clusters, respectively, will be
identified by visual inspection of heat maps created by
cross-tabulating different key descriptors (e.g. study type
and outcome). The assessment will be performed by two
methodology experts of the review team.

In case we identify any knowledge gaps that warrant
further primary research effort, we will present those. In
case we identify any knowledge clusters, we will present
those as well, and consider and briefly discuss whether
they appear to be suitable for systematic reviews. How-
ever, final prioritization of primary research questions
as well as of systematic review questions needs thorough
engagement with stakeholders and is beyond the scope of
this systematic map.

Supplementary information

Supplementary information accompanies this paper at https://doi.
0rg/10.1186/513750-020-00205-9.

Additional file 1. ROSES form. Our adherence to the ROSES standards for
systematic map protocols.

Additional file 2. Search strings. Search strings adapted to Scopus and
Google Scholar.

Additional file 3. Benchmark studies. List of benchmark studies used to
test the comprehensiveness of the search.
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