SR2
A Systematic Review

EviEM Summary
Magnus Land
Wilhelm Granéli
Anders Grimvall
Carl Christian Hoffmann
William J. Mitsch
Karin S. Tonderski
Jos T.A. Verhoeven

2016

How effective are created or
restored freshwater wetlands for
nitrogen and phosphorus removal?

How effective are created or restored freshwater wetlands for nitrogen and phosphorus removal?
Summary of Systematic Review SR2
EviEM, 2016
Please cite this report as:
M. Land et al. (2016): How effective are created or restored freshwater wetlands for nitrogen and phosphorus removal?
Summary of Systematic Review SR2. EviEM, Stockholm.

Printed by Danagårds Litho
Cover photo: Johan Hammar

How effective are created or restored
freshwater wetlands for nitrogen and
phosphorus removal?
Summary of Systematic Review SR2
By Magnus Land, Wilhelm Granéli, Anders Grimvall, Carl Christian Hoffmann,
William J. Mitsch, Karin S. Tonderski and Jos T.A. Verhoeven

SR2 | How effective are created or restored freshwater wetlands for nitrogen and phosphorus removal?

Summary
Eutrophication of aquatic environments is a
major environmental problem in large parts of
the world. A widely used method for reducing
the input of nutrients into freshwater and marine
environments is to allow water to pass through a
created or restored wetland. However, the large
variation in measured nutrient removal rates in
such wetlands has made it difficult to assess the
efficiency of such interventions. The systematic
review summarized below compiles all the available evidence, synthesizes the results and assesses
the overall effect. We also examine various effect
modifiers and show that some conditions are
more favourable than others.
The literature search generated almost 6000 unique articles and reports. All these were screened
for relevance, and all the relevant studies were
critically appraised. In the end 93 articles, which
contained studies of 203 wetlands, were used for
data extraction. Most of the wetlands studied are
located in Europe and North America. Quantitative synthesis consists of meta-analyses and response surface analyses. Regressions were performed
using generalized additive models that can handle
nonlinear relationships and interaction effects.
While the removal rate of both total nitrogen
(TN) and total phosphorus (TP) is highly dependent on the loading rate, median values were
found to be 93 and 1.2 g·m–2·yr–1, respectively.
Removal efficiency, or relative load reduction,
for TN was significantly correlated to hydrologic
loading rate (HLR) and annual average temperature (T). The median value was 37%, with a
95% confidence interval of 29–44%. Removal
efficiency for TP was significantly correlated to
inlet TP concentration, HLR, T, and Wetland
area. Median TP removal efficiency was 46% with
a 95% confidence interval of 37–55%.
On average, created and restored wetlands
significantly reduce the transport of TN and TP
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and may thus be effective in efforts to counteract
eutrophication. However, restored wetlands on
former farmland were significantly less efficient
than other wetlands at TP removal. In addition,
wetlands with precipitation-driven HLRs and/
or hydrologic pulsing show significantly lower TP
removal efficiencies compared to wetlands with
controlled HLRs.

Why create and restore wetlands?
In Europe, like in many other parts of the world,
nutrient enrichment of water bodies is a major
environmental problem. Several EU directives emphasize the need to reduce the input of
nutrients to both freshwater and marine ecosystems (e.g. the Water Framework Directive,
the Marine Strategy Framework Directive and
the Nitrate Directive). This is also an important
part of the Helsinki Commission (HELCOM)
Baltic Sea Action Plan, which contains several
suggested measures targeting nutrient losses
from agricultural land. Wetland creation is one
of these, as it is known that the biogeochemical
transformations that occur in wetlands generally
result in a reduction in the nutrient content of
the water flow.
Wetlands commonly used to cover a large
proportion of the land area, but in many parts
of the world these water bodies were drained or
filled in order to create new forest and arable
land. In Sweden, only a fraction of the mires, wet
woodlands, wet meadows and transition zones
between land and water that existed in the 19th
century remain. However, in recent decades the
eco-system services provided by wetlands have
been increasingly acknowledged. To compensate
for the massive loss of wetland areas, wetland
creation has been practiced in Sweden on a fairly
large scale since the 1990s—initially focused on
nitrogen removal and biodiversity enhancement.
Thousands of hectares of wetlands have been financed through various governmental initiatives.
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Different types of wetlands
Created wetlands are wetlands on land that has
never been wetland before. Restored wetlands
are wetlands on previously drained land or
natural wetland areas that have been altered by
other means. Created wetlands can be of different
types, and are usually classified as Free Water
Surface Constructed Wetlands (FWS), Horizontal
Subsurface Flow Constructed Wetlands (HSF)
and Vertical Flow Constructed Wetlands (VF).
Free Water Surface Constructed wetlands are
usually between 0.1 and 2 m deep, with a plant
community composed of a mix of algae and
submersed, floating or emergent wetland plants.
Horizontal Subsurface Flow Constructed wetlands are typically designed with a permeable
filter material (“soil”) planted with emergent
wetland plants. Water flows horizontally in and
beneath their rhizosphere, which creates a mix
of saturated anaerobic and unsaturated aerobic
zones. A Vertical Flow Constructed wetland is
similarly constructed, but water is applied to
the surface of the filtering material and percolates through the rhizosphere. This results in a
typically unsaturated aerated “soil”. In some VF
wetlands the water is applied at the bottom of
the filtering material, resulting in an upward flow
through the rhizosphere and saturated anaerobic
conditions in the soil.

refers to recovery of ecological and hydrological
processes as well as geomorphology.

Large variations in nutrient removal
efficiency and removal rates
There are numerous studies of the physical and biogeochemical processes involved in the removal of
both nitrogen and phosphorus. These are therefore
relatively well known. Nitrogen removal takes place
through: (1) sedimentation and sediment accretion; (2) plant uptake; and (3) denitrification and
volatilization. The processes involved in phosphorus removal are: (1) sedimentation and sediment
accretion; (2) plant uptake; (3) sorption; and (4)
precipitation/co-precipitation.
The success of each of the above-mentioned
mechanisms can depend on a large number of
factors related to loading characteristics, wetland
characteristics and climate. It is therefore not surprising that studies on nutrient removal efficiency
and removal rates in wetlands have shown widely
varying results. This makes it difficult to assess
the extent to which wetland creation is an efficient
measure to reduce eutrophication and to fulfil
the different Swedish environmental goals related to eutrophication.

What is a systematic review?
In this systematic review a small number of
wetlands were classified as Combined Horizontal wetlands. These are wetlands that have been
integrated with other units, such as a sedimentation pond or an overflow unit. Here, nutrient
removal was calculated for the whole system. In
addition, some wetlands were classified as Riparian wetlands, which is any wetland at the interface
between land and a river or stream.
When wetlands are restored, interventions are
typically made to recreate previously drained, or by
other means altered, natural wetlands. Restoration

In this review, we used a systematic approach to
synthesise available evidence on the effects of biomanipulation. Systematic reviews are entirely based
on existing studies – in this respect, they do not differ
from ordinary literature reviews of scientific questions.
The difference lies, instead, in the rigour. A systematic review is characterised by meticulous planning,
methodical procedures and a transparent, objective
and complete documentation of all assessments
carried out in the course of the work. This approach is
designed to increase reliability and repeatability, avoid
bias and facilitate meta-analysis (quantitative conclusions based on data from several different studies).
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The purpose of the systematic review summarized
below is to clarify whether created and restored
wetlands are efficient at removing nitrogen and
phosphorus from water, and to identify factors
that might explain the large observed variations in
removal efficiency and removal rates.

Large body of evidence
The literature searches, which are described in
detail in an a priori published protocol, generated
approximately 6000 unique articles that could
potentially provide useful data. The protocol also
specified exactly which studies were eligible for
inclusion in the review by defining sets of relevance criteria and quality criteria. After screening,
93 articles, containing studies on 203 different
wetlands, were included in the review.
We only included wetlands treating secondary- or
tertiary-treated domestic wastewater, urban storm
water, lake/river water, freshwater aquaculture effluents and runoff from agricultural fields.
Untreated wastewater was not considered since
it is not permissible to discharge such water into
the environment in most European countries.
Industrial or agricultural wastewater can vary
considerably in composition, and was therefore
also excluded. Farmyard runoff was in most cases
classified as agricultural wastewater, and thus
excluded, since it is often mixed with untreated
parlour washings and silage/farmyard manure effluents, among other things. Another important inclusion criterion was that the wetlands must have
been studied for at least one complete annual cycle
in order to avoid bias due to seasonal variations.
Due to climatological constraints, most of the
studies were performed in Europe and North
America, but a small number of studies from Australia, New Zealand and East Asia were included
as well (see figure 1). Although not a prerequisite
for inclusion, all of the included wetlands were
primarily created or restored for the purpose of
6

nutrient removal. However, a few of them were
multi-purpose wetlands where additional design
constraints had been taken into account.
There was a large span in wetland size. The
included wetlands ranged between 1 and 107 m2.
For comparison, most of the created or restored
wetlands in Sweden range between 102 and 105 m2
(figure 2a). The span in HLR among the included
wetlands was also large. The HLR ranged between
0.1 and 1350 m/yr, but for most wetlands the HLR
was below 50 m/yr, and in 90% of cases the HLR
was below 150 m/yr (figure 2b).

Wetlands work, but planning and
design is important
Most studies on nutrient removal in wetlands do
not report any variance in annual removal rates or
efficiencies. In some cases this is a consequence
of the fact that only one wetland was studied and
that the study only lasted for one year. There is
thus neither any true replication nor any quasi-replication. In other cases the study of one wetland
lasted for several years but only a long-term average was reported with no information about the
inter-annual variance.
Average and median values for loading rates,
removal rates and removal efficiencies for TN and
TP are shown in table 1 and 2, respectively. The
values in these tables are based on all included
studies, i.e. those with and without replication.
The studies have been assigned to either of two
quality categories. Studies with the highest quality
were assigned to category 3. To be included in this
category the studies must fulfil certain criteria
regarding study length, sampling frequency,
hydrological control and replication. Studies in
category 2 were judged to be less reliable but still
good enough to be included in the review.
The annual loading rates of TN in the included
wetlands ranged from 2.1 to 2486 g·m–2·yr–1, and
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Figure 1. Location of included wetland studies (indicated by red solid circles).

Figure 2. Cumulative frequency diagrams for a) wetland area and b) hydraulic loading rate (HLR) of wetlands included in
the systematic review (SR). The distribution for created and restored wetlands in Sweden is also shown for comparison.

averaged 505 g·m–2·yr–1. The average removal
rate of TN was 181 g·m–2·yr–1, while the average
removal efficiency was 39%. The range in loading
and removal rates is quite wide, and the distribution is skewed to the right (median values are
much lower than average values). The distribution of removal efficiencies is more likely to be
normally distributed (Figure 3). Although there
is no significant difference in average or median
removal efficiencies between category 2 studies
and category 3 studies, the variability is smaller
among category 3 studies. It is worth noting
that none of the wetlands among the category 3

studies had negative removal rates.
As in the case of TN, the spans in the loading and
removal rates of TP are quite large (table 2). The
average loading rate and removal rate were 36
and 13 g·m–2·yr–1, respectively. The median values
are much lower, indicating a skewed distribution
(figure 4). There is no significant difference in
average TP removal efficiencies between category 2 studies and category 3 studies but, as
with TN, the variability between wetlands was
smaller among the category 3 studies compared
to the category 2 studies.
7
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Table 1. Summary statistics for total nitrogen
Quality
category

n

TN Loading rate
(g·m –2·yr –1)
Av. ± 1S.E. (range)

TN Removal rate
(g·m –2·yr –1)
Med

Av. ± 1S.E. (range)

TN removal efficiency
(%)
Med.

Av. ± 1S.E. (range)

Med.

2 and 3

112

505±579 (2.12–2486) 255

181±251 (–0.3–1270)

93

39±21 (–12.8–93)

38

2

88

578±608 (2.12–2486) 378

207±269 (–0.3–1270)

120

39±23 (–12.8–93)

38

3

24

237±353 (12.3–1424)

85±128 (1.7–584)

43

39±16 (14.8–87)

36

113

Notes: n=number of wetlands, Av.=arithmetic mean, S.E.= standard error, Med=median

Table 2. Summary statistics for total phosphorus
Quality
category

n

TP Loading rate
(g·m –2·yr –1)

TP Removal rate
(g·m –2·yr –1)

TP removal efficiency
(%)

Av. ± 1S.E. (range)

Median

Av. ± 1S.E. (range)

Median

Av. ± 1S.E. (range)

Median

2 and 3

146

36±73 (0.03–373)

3.2

13±38 (–16.8–240)

1.2

41±52 (–422–99)

50

2

85

54±83 (0.08–373)

14

19±46 (–16.8–240)

2.9

39±60 (–422–98)

51

3

61

10±43 (0.03–307)

1.4

4±18 (–7.3–133)

0.63

44±38 (–104–99)

49

Notes: n=number of wetlands, Av.=arithmetic mean, S.E.= standard error, Med=median

Replicated studies can be used in meta-analyses. The advantage of such analyses is that high
quality studies with large data sets can be given
more weight in the quantitative synthesis, and that
uncertainties in the overall effect can be calculated.
In this systematic review we have used standard
methods for meta-analyses where the log response
ratio is the effect size. The log response ratio (ln R)
is defined as ln R = ln (Loadout/Loadin).
The average effect size for various groups of wetlands is shown in Figure 5 for TN and in Figure 6
for TP. Numerical values are presented in Table 3.
For TN the overall summary effect (ln R±1 S.E.)
is –0.46±0.05, which represents a median TN
removal ratio (R) of 0.63. This means that the
median TN load reduction, or removal efficiency,
is 37%, with a 95% confidence interval of 29–44%.
The TN removal efficiency is significantly higher in
wetlands receiving tertiary treated wastewater than
in wetlands receiving secondary treated wastewater. No significant differences can be demonstrated
between other groups of wetlands.
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The variation in removal efficiency is generally larger for TP than for TN, resulting in wider
95% confidence intervals in the averages for the
different groups of wetlands. For TP the overall
summary effect (ln R±1 S.E.) is –0.62±0.08, which
represents a median TP removal ratio (R) of 0.54.
This means that the median TP load reduction, or
removal efficiency, is 46% with a 95% confidence
interval of 37–55%. Subgroup analysis shows that
land use history and flow regime may influence TP
removal efficiency.
TP removal efficiency is significantly lower in
restored wetlands on cropland than in other
wetlands. The main difference between restored
wetlands on cropland and created wetlands on
cropland is that to restore a wetland, it is not
really necessary to excavate the soil extensively
since the location can naturally accommodate a wetland. In principle, it is thus sufficient
to just stop draining the area. One possible
explanation for the observed difference could
be that in restored wetlands, accumulated
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Figure 3. Cumulative frequency diagrams for total nitrogen loading and removal rates (left) and for removal efficiency (right).

Figure 4. Cumulative frequency diagrams for total phosphorus loading and removal rates (left) and for removal efficiency (right).

phosphorus in the agricultural soil is released
when the conditions are changed. In addition,
the grouping by water regime suggests that
wetlands with precipitation-driven HLR are
significantly less effective than wetlands with
other water regimes. This is also true when the
restored wetlands on formerly drained cropland
are excluded (Figure 6d). If such wetlands were
included, the difference between precipitation-driven and other wetlands would appear
to be even more significant (data not shown).
Inclusion or exclusion of restored wetlands on
formerly drained cropland does not alter the
general patterns shown in the other subgroup

analyses. TP removal efficiency also tends to be
higher in climates with hot summers, but the 95
% confidence intervals overlap.
To further examine the importance of various effect
modifiers we performed response surface analyses
using general additive models (GAM) and taking the
potential pairwise interaction effects of the predictors
into account by allowing thin plate splines (TPS) in
the GAM models. This type of regression analysis
is based on mean values per wetland study, and the
response surfaces derived illustrate how estimates of
median removal efficiency and median removal rate
are influenced by various effect modifiers.
9
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Figure 5. Summary effects for TN in wetland subgroups based on: a) climate zone, b) wetland type and c) water type.
Error bars show the 95% confidence interval (where number of wetlands (n) is 1 it is based on the within study variance only).

TN removal efficiency (% load reduction) was
significantly negatively related to HLR. TN
removal efficiency was also found to be positively
correlated to annual average air temperature.
Other investigated predictors showed non-significant (p>0.05) relationships to TN removal
efficiency. Using both HLR and air temperature
as predictors in a GAM improved the model
fit (reduced the deviance) and demonstrated
that the linear response to air temperature was
also significant in the presence of a function of
hydraulic loading. The model fit was further improved when the one-dimensional splines in log
hydraulic loading and air temperature, respectively, were substituted for a thin plate spline that
10

allowed interaction effects between hydraulic
loading and air temperature (Figure 7a).
The TN removal rate expressed as g m–2 d–1 was
found to be positively correlated with the inflow
concentration, with a steeper increase in removal
rate at concentrations higher than about 18 mg/l.
The TN removal rate was also positively correlated
with hydraulic loading. Furthermore, the TN removal rate was negatively correlated with wetland
area, but the decline in removal rate with wetland
size appeared to be somewhat lower at areas above
approximately 1 ha. When both hydraulic loading
and TN concentration at inlet were used as predictors in a GAM the deviance was substantially re-
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Figure 6. Summary effects for TP in wetland subgroups based on: a) climate zone, b) water type, c) wetland history and
d) hydrologic regime.
Error bars show the 95% confidence interval (where number of wetlands (n) is 1 it is based on the within study variance only).
*Restored wetlands on formerly drained cropland are not included (5 precipitation-driven and 1 wetland with continuous flow and variable HLR).

duced, and a further reduction was achieved when
the two one-dimensional splines were substituted
for a thin plate spline allowing interaction effects.
A plot of predicted removal rates according to this
model is shown in Figure 7b, where the overall

positive response to hydraulic loading and inflow
concentration is clearly visible.
According to combined linear/spline regression
models, the removal efficiency of TP was influenced
11
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Table 3. Median values and their 95% confidence intervals of removal efficiency
for subgroups of wetlands
Total nitrogen (TN)
n

Median removal 95 % confidence
efficiency (%)
interval

Total phosphorus (TP)
n

Median removal 95 % confidence
efficiency (%)
interval

All wetlands

38

37

29–43

51

46

37–55

Climate zone
Aw (Equatorial savannah, dry winter)
Cfa (Warm, fully humid, hot summer)
Cfb (Warm, fully humid, warm summer)
Csa (Warm, dry and hot summer)
Dfa (Snow, fully humid, hot summer)
Dfb (Snow, fully humid, warm summer)

1
6
19
3
5
4

39
37
36
47
46
27

7–60
15–54
23–46
44–50
30–58
9–42

18
7
16
1
3
6

59
41
32
57
13
43

46–69
19–58
9–50
–22–86
–38–46
17–62

Wetland type
Combined Horizontal
Free Water Surface
Horizontal Subsurface Flow
Riparian

2
30
3
3

28
37
43
37

19–36
27–46
31–54
22–50

2
47

70
47

47–84
37–56

2

–36

–122–17

Water type
Agricultural runoff
River/Lake water
Sec. Domestic Wastewater
Tert. Domestic Wastewater

18
10
6
4

36
32
49
25

25–46
20–43
38–59
17–34

35
6
4
5

44
39
68
48

31–54
1–63
43–82
26–64

Wetland history
Created, formerly cropland
Created, formerly other land use
Restored, formerly drained cropland
Restored, formerly other land use

3
25
6
3

36
39
28
39

29–43
30–46
9–44
–23–70

13
29
6
3

55
50
–16
36

46–62
38–60
–77–24
14–53

Water regime
Constant HLR
Continuous, variable HLR
Intermittent, variable HLR
Intermittent, constant HLR
Precipitation-driven HLR

21
1
1
15

42
49
34
35

33–49
12–70
19–47
22–46

8
17

60
55

34–76
43–64

6
14

56
21

45–64
8–31

n=number of wetlands in each group. Where n=1 the confidence interval is calculated from the within study variance only. Only replicated
studies with reported or calculated variance are included in the table.

by all four of the investigated predictors, that is, TP
inlet concentration, hydraulic loading, wetland area
and air temperature. When GAM models with two
predictors were examined the best fit (lowest deviance) was obtained for a thin plate spline model with
log inlet concentration and log HLR (Figure 7c).
The TP removal rate (in g m–2 d–1) was positively correlated with concentration at inlet, with a
steeper increase in removal rate at concentrations
above approximately 0.55 mg/l. In contrast, the TP
removal rate was negatively correlated with wetland
area at areas below 2·ha (above 2·ha the removal rate
was fairly constant). When both inlet concentration
and HLR were used as predictors of removal rate,
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and the interaction effects between these predictors
were taken into account using a thin plate spline
function the deviance was significantly lower than
in the best one-dimensional spline model. Fitted
TP removal rates are shown in Figure 7d.
Figures 7b and 7d suggest that the removal rates
are very low at low nutrient concentrations at the
wetland inlet and low HLRs. To obtain an appreciable removal rate either the inlet concentration
or the HLR (or both) need to be increased. On the
other hand, the HLR should be increased with some
caution since the removal efficiency decreases with
increasing HLR (figure 7a and 7c). When a wetland
is being designed, a balance should thus be found
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between an HLR that is high enough to allow for
a meaningful removal rate at a given inlet concentration, and an HLR that is low enough to keep the
removal efficiency sufficiently high to make a significant difference to the total transport of nutrients.

Implications for policy and
management
Median values for removal efficiency of total
nitrogen and total phosphorus were 39% and 46%,
respectively.
Nutrient loading rates (inlet concentrations x
HLR) need to be carefully estimated as part of
the design of created and restored wetlands. In
general, high nutrient loading rates result in high
removal rates (expressed in g·m–2·yr–1). However,

high hydraulic loading rates may result in reduced
removal efficiency (expressed in %).
The removal efficiency for total phosphorus is
significantly lower in restored wetlands on cropland compared to other wetlands. Such wetlands
have in many cases been shown to release more
phosphorus than they receive. Water regime
seems to be another factor that can influence
phosphorus removal efficiency. Wetlands where
the HLR is driven by precipitation show a significantly lower phosphorus removal efficiency than
wetlands with a controlled HLR.

Implications for further research
Hydrological processes and especially hydraulic loading are inadequately measured in many

Figure 7. Response surface analyses based on general additive models (GAM) taking interaction effects into account by
allowing thin plate splines (TPS): a) TN removal efficiency predicted by log HLR and air temperature, b) TN removal rate
predicted by log TN concentration at wetland inlet and log HLR, c) TP removal efficiency predicted by log HLR and log TP
concentration at wetland inlet, d) TP removal rate predicted by log TP concentration at wetland inlet and log HLR.
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papers: 45 of the 143 papers with relevant
outcome data excluded from this study only
included inlet measurements, had incomplete
water balances or lacked hydrological data,
making it impossible or too uncertain to calculate mass balances. Only total nitrogen or total
phosphorus was measured in many studies. This
prevented us from evaluating the importance of
speciation of these elements to the removal of
nitrogen and phosphorus.
Long-term performance of wetlands as nutrient sinks, extending over more than 20 years, is
poorly investigated. More research is also needed
on the effects of hydrologic pulsing and different
management methods.

The search strings used in the searches generated
almost 6000 unique articles and reports (figure 8).
Based on title and abstract, most of them could be
excluded for lacking relevant results. However, 962
articles and reports were read in full, and during
that process 252 articles and reports were found
to provide information relevant to our question.
These 252 articles were then critically appraised.
This means that they were evaluated against a set of
a priori defined quality criteria regarding length of
study, sampling frequency and hydrological measurements, among other things. In the end 93 articles,
which contained studies of 203 wetlands, were
found to be of sufficiently high quality to provide
reliable data on nutrient removal, 91 of which were
published in peer-reviewed scientific journals and
two of which were grey literature reports.

The variation between studies is considerably
smaller among high quality studies compared to
studies that were judged less reliable. This suggests
that part of the large variation between studies may
be explained by measurement errors due to less
rigorous study designs.

Quantitative synthesis of the extracted data was
conducted using standard methods for meta-analysis and log response ratios as effect size. Subgroup
analyses were performed to investigate whether
heterogeneity in the results could be explained by
single variables. To further investigate the importance of various effect modifiers, response surface
analyses were performed using general additive
How this review was conducted
models. Potential pairwise interaction effects of the
During the planning phase of the systematic review, predictors were taken into account by allowing thin
Swedish stakeholders with an interest in mitigation plate splines (TPS) in the GAMs.
of eutrophication were invited to comment on the
This systematic review was initiated and finanscope and focus of the review. The final design of
ced by the Mistra Council for Evidence-Based
the review was described in a protocol that was
published in the peer-reviewed journal Environmental Evidence in August 2013.
EviEM
Searches for scientific literature were made in ten
different literature databases. Grey literature was
searched for using the search engine Google. In
addition to searches where English search terms
were used, searches were also performed using
Swedish, Danish and Dutch search terms. Furthermore, the websites of relevant specialist organizations were also searched. Generally, the first 100
hits were examined in the searches using Google
and on specialist websites.
14

The Mistra Council for Evidence-Based Environmental Management (EviEM) strives to ensure that
environmental management in Sweden is informed
by the best possible scientific evidence. Through
systematic reviews of relevant research, we aim to
improve the basis for decisions in environmental
policy. Funded by the Swedish Foundation for Strategic Environmental Research (Mistra) and hosted by
the Royal Swedish Academy of Sciences, EviEM is
financially and politically independent.

How effective are created or restored freshwater wetlands for nitrogen and phosphorus removal? | SR2

Figure 8. The searches in literature databases identiﬁed almost 6000 potentially useful articles and reports, but most of
them were excluded during subsequent relevance screening and critical appraisal. The ﬁnal analysis was based on data
from 93 articles that included studies of 203 wetlands (112 for nitrogen and 146 for phosphorus).

Environmental Management (EviEM). The
review was conducted by a specially appointed team of researchers (Figure 9) chaired by
Wilhelm Granéli, Professor Emeritus of Aquatic
Ecology at Lund University, Sweden. The project
was managed by Magnus Land, EviEM.

Free access to full report
The full report on this systematic review is
published in the journal Environmental Evidence
(http://environmentalevidencejournal.biomedcentral.com/). The report is also available on EviEM's
website (www.eviem.se).

Figure 9. The review team assembled at their first meeting. From left: Anders Grimvall, Jos Verhoeven, Bill Mitsch, Carl Christian
Hoffmann, Karin Tonderski, Magnus Land, Wilhelm Granéli.
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EviEM Summary
A widely used method for reducing the input of
nutrients into freshwater and marine environments is
to allow water to pass through a created or restored
wetland. But how much is the nutrient input reduced?
In the systematic review that is summarised here,
Mistra EviEM has assessed the evidence.
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