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Amid an anthropogenic sixth mass extinction, amphibians are among the most threatened organism groups.
This can be explained largely by the loss and fragmentation of natural wetlands due to agricultural activities and
urbanisation. Stormwater retention ponds are designed both to provide flood control and to collect and purify
runoff from impervious surfaces but could also serve as amphibian habitats. By their very nature, retention ponds
tend to accumulate pollutants to a degree uncommon in natural wetlands and could therefore potentially act as
ecological traps or sinks. This study aimed to sample previously generated amphibian ecotoxicological data and
describe this data statistically as well as generate species sensitivity distributions (SSDs) with conservative hazard
concentrations for pollutants commonly found in retention ponds. After data filtering, SSDs for a total of 13
pollutants were generated. Concentrations for 14 additional pollutants were established as the lowest shown to
have detrimental effects or the highest producing no such effects. Several substances were predicted to cause
negative effects at concentrations lower than those either measured in retention pond recipients or set as existing
guidelines. This study points towards a clear lack of relevant data to construct comprehensive guidelines at present.

Key words:  amphibians; ecotoxicology; pollutants; retention; stormwater;

species sensitivity distribution

INTRODUCTION

The global flora and fauna are undergoing an
anthropogenic sixth mass extinction. Commonly
cited reasons are pollution, climate change,
deforestation, habitat destruction and fragmentation
(Dirzo et al., 2014; Ripple et al., 2017; Ceballos &
Ehrlich, 2018). Globally, amphibians are the most
threatened and rapidly vanishing vertebrates
(Hoffman et al., 2010), estimated to be going extinct
at a rate 200 times greater than the background
extinction rate by conservative  estimates
(McCallum, 2007; Roelants et al., 2007) and by as
much as 25,000 to 45,000 if species in imminent
danger are considered (McCallum, 2007). The
sensitivity of amphibians to pollutants and pathogens
could be related to their permeable skin (up to 300
times more permeable to certain common pollutants
compared to mammals), their aquatic—terrestrial life
cycle which exposes them to threats from both

systems, and the simplicity of their immune system
compared to many other vertebrates (Wake &
Vredenburg, 2008; Quaranta, 2009).

Disease, habitat destruction, invasive species
and pollutants in aquatic and terrestrial habitats have
been cited as major threats to amphibians (Stuart et
al., 2004; Hamer & McDonnell, 2008; Wake &
Vredenburg, 2008; Hamer & McDonnell, 2010) and
the complexity of their life cycle makes them
particularly vulnerable to the effects of habitat loss
(Becker et al., 2007). They are especially sensitive
to habitat changes and fragmentation resulting from
urban sprawl because they are dependent on
resources from both aquatic and terrestrial
environments and connections between wetlands
and terrestrial habitats (Rubbo & Kiesecker, 2005;
Price et al., 2006; Gagné & Fahrig, 2007).
Amphibians need a minimum of interconnected
suitable habitats in order to maintain and disperse
populations and avoid ecological traps, and such



habitats decrease with increasing urbanisation
(Ficetola & De Bernardi, 2004; Hermann et al.,
2005; Cushman, 2006; Becker et al., 2007; Gardner
et al., 2007; Windmiller et al., 2008). Indeed, it is
widely accepted that urbanisation is one of the
underlying reasons for the global decline of
amphibian populations (Czech et al., 2000; Foley et
al., 2005; Scheffers & Paszkowski, 2013) and a
number of studies have shown negative correlations
between urban land use and the abundance and
diversity of many vertebrates (Czech & Krausman,
1997; Yahner, 2003; Rubbo & Kiesecker, 2005).
Replacing terrestrial ecosystems with impervious
surfaces leads to direct mortality in migrating
organisms, changes in hydrological conditions,
fragmentation of populations, and the presence of
pollutants in aquatic systems (Collins et al., 2000;
Pickett et al., 2001; Houlahan & Findlay, 2003;
Radeloff et al., 2005; Rubbo & Kiesecker, 2005;
McKinney, 2008).

Because non-urbanized and protected land
constitutes a small part of major industrial countries,
it stands to reason that conservation efforts cannot
and should not be limited exclusively to exotic
species and hotbeds of biodiversity (Le Viol et al.,
2012). While traditionally focus has been firmly on
natural environments, efforts exist aiming towards
urban preservation and connecting natural and urban
areas (Rosenzweig, 2003). Urban man-made
structures may play a part as refuges in preserving
less exotic species (Le Viol et al., 2009; Brand &
Snodgrass, 2010) and act as corridors quite
separately from their primary anthropocentric
purpose (Le Viol etal., 2012). In areas where the loss
of wetland and degree of urbanisation is significant,
human-made bodies of water can act as a substitute,
and retention ponds are common features which may
supply amphibians with habitats for breeding
(Bishop et al., 2000a; Scher & Thiéry, 2005;
Ostergaard et al., 2008; Snodgrass et al., 2008;
Simon et al., 2009; Hamer et al., 2012; Le Viol et
al., 2012; Gallagher et al., 2014). Retention ponds
are constructed to receive runoff from impervious
surfaces (roads, sidewalks, parking lots, building
sites, etc.) in order to provide both flood control and
purification of water by sedimentation before it
makes its way into natural recipients (Novotny,
1995; Bishop et al.,, 2000b). In many urban
environments where the destruction of wetlands has
been extensive, retention ponds can be among the
only bodies of water able to support the complete
amphibian life cycle (Hamer & McDonnell, 2008;
Brand & Snodgrass, 2010) and in some areas,

retention ponds have more suitable hydroperiods for
amphibian breeding than surrounding natural
wetlands (Gallagher et al., 2014).

However, retention ponds are ultimately
constructed to collect pollutants, which means that
flora and fauna therein are exposed to such pollutants
and may experience toxicological effects (Campbell,
1994; Helfield & Diamond, 1997; Bishop et al.,
2000b; Casey et al., 2005; Massal et al., 2007;
Snodgrass et al., 2008). Not being constructed for
conservation purposes, screening is rarely carried
out within retention ponds. Rather, such tests are
carried out on concentrated runoff water flowing into
the ponds and the natural recipients directly in
connection with the ponds, to assess the
effectiveness of pollutant removal. Pollutants which
are commonly screened for include phosphorous (P),
nitrogen (N), lead (Pb), copper (Cu), zinc (Zn),
cadmium (Cd), chromium (Cr), nickel (Ni),
suspended solids (SS), benzo[a]pyrene (BaP) and the
16 polycyclic aromatic hydrocarbons from the U.S.
Environmental Protection Agency’s (US EPA)
priority pollutant list (PAH16). Mercury (Hg), oil
fractions, and the prioritised pollutants of the EU’s
Water Framework Directive are sometimes
analysed, but cost is often prohibitive (Larm,
personal communication, January 5, 2020).
Documented consequences of pollutant exposure on
amphibians are both lethal and non-lethal and
include but are not limited to stunted growth and
development, increased frequency of deformities,
disease, mortality and behavioural change (Bridges,
1999; Ortiz et al., 2004; Relyea, 2005; Griffis—Kyle,
2007; Karraker et al., 2008; Shinn et al., 2008;
Snodgrass et al., 2008; Relyea, 2009; Brand et al.,
2010).

It is of the utmost importance to establish
whether the habitat offered by a given retention pond
can be considered an ecological source, sink, or trap.
A source habitat possesses favourable conditions for
a taxonomical group which will lead to an increase
in the size of the population which resides there, and
this surplus of individuals will possibly migrate to
other habitats. The opposite is an ecological sink,
denoting a habitat which by its inability to support
survival and reproduction decreases the size of
populations residing there. If the negative effects on
amphibian populations are large enough to affect
their growth adversely despite being attracted to
these habitats, these ponds can act as so-called
ecological traps (Battin, 2004; Hamer & McDonnell,
2008; Snodgrass et al., 2008; McCarthy & Lathrop,
2011). Retention ponds in particular could act as



ecological traps when the sudden habitat
fragmentation and loss of natural wetlands caused by
urbanisation makes them attractive to amphibians by
virtue of being the only viable alternative, while
simultaneously being polluted to a degree which
makes them unable to sustain amphibian
populations.

Analyses of water from aquatic habitats have
shown that pesticides often occur in low
concentrations but in complex mixtures (Munn et al.,
2006; Daly et al., 2007; Gilliom et al., 2007).
Pollutants which individually fall below the
concentration threshold value for toxic effects may
in a mixture together with other pollutants have a
synergistic effect, where the impact of a mixture is
greater than the sum of its individual parts
(Cedergreen, 2014). It has been shown that while
effects on some organism groups can be predicted
additively from the substances in isolation, this may
be less true for amphibians (Relyea et al., 2005; Rohr
et al., 2006). Environmental guidelines are largely
established using the standard taxonomical groups of
algae, crustaceans, and fish, while amphibian data
are more rarely utilised.

In the current landscape, there is a lack of
studies evaluating and utilising the large amounts of
recorded amphibian ecotoxicological data to
investigate the basis for pollutant guidelines as they
apply to retention ponds. The aim of this study is to
rectify this lack, and this is to be accomplished by
database sampling and subsequent descriptive
statistics and construction of species sensitivity
distributions (SSDs). While it will delve into the
representation of Swedish species in the available
data, its conclusions will not be regionally limited.

METHODS

Sampling

Sampling was carried out on the 6™ of January
2020 by building a local SQL (Structured Query
Language) version of the US EPA ECOTOX
database. This was done using the PostgreSQL
software (version 12.1; PostgreSQL Global
Development Group, 2019), and subsequently the
local database was accessed through the statistics
software R (version 3.6.2; R Core Team, 2020),
which was also used for statistical analysis.
Instructions have been supplied by Szdcs (2016).
The REACH database was considered but not
sampled due to data not being traceable to its original

source and a lack of documentation regarding taxa,
duration, and test conditions (Posthuma et al., 2019).
The local database was sampled using the query
“Amphibians” as the “Species group” qualifier.
Field descriptors used in the database are listed in
Table 1.

TABLE 1. Field descriptors included in the database
after initial sampling.

Field descriptor (unit)

CAS registry number
Chemical name
Species scientific name
Organism life stage
Organism age (days)
Exposure type

Test location
Concentration (mg/L)
Concentration unit
Concentration type
Effect measurement
Endpoint

Test duration (days)
Reference number

Publication year

Descriptive statistics

Unifying and expanding upon the chemical
classes used by Kerby et al. (2010), Le Viol et al.
(2012), Gallagher et al. (2014) and Wiklander
(2017) in studies relating to retention pond
pollutants, the classification of substances into 11
major categories as shown in Table 2 was used in the
present study. Pesticides were further divided into
subcategories depending on their primary organism
targets, and all substances not fitting into any of the
major categories used in this study were designated
“other”. While these substances are not expected to
be found in retention ponds in appreciable
concentrations, they were further classified to enable
future statistical analysis on a per-need basis. As in
the cited studies, the substance classes were defined
by functional or structural characteristics.



TaBLE 2. Chemical classifications applied after
initial sampling.

Chemical class (abbreviation)

Metal
Polycyclic aromatic hydrocarbon (PAH)
Polychlorinated biphenyl (PCB)
Pesticide
General pesticide
Acaricide
Avicide
Fungicide
Herbicide
Insecticide
Molluscicide
Nematicide
Per- or polyfluoroalkyl substance (PFAS)
Road salt
Nutrient
Petrochemical
Phenol
Phthalate

Other

A glossary of abbreviations describing varying
endpoints is shown in Table 3. Data preparation
sequentially followed the steps outlined in Table 4,
adapted from de Zwart (2002) and Saouter et al.
(2018).

Species sensitivity distributions

The purpose of a species sensitivity analysis is to
determine the concentration of a substance at which
most of the relevant species in a hypothetical habitat
will not be adversely affected. The concentration
used is normally the hazardous concentration where
five percent of species are expected to experience
negative effects (HCs). To ascertain this value, log*°-
transformed concentrations (NOEC, ECsp etc.) are
cumulatively plotted against rank assigned
percentiles for said concentrations. Depending on
the quality and quantity of the data, either parametric
distributions  or  non-parametrically  derived
bootstrap distributions are fitted, and it is along this
distribution the HCs is found (Wheeler et al., 2002).

TABLE 3. Glossary of endpoint abbreviations and
their corresponding explanations.

Abbreviation Explanation

BAF Bioaccumulation factor

BCF Bioconcentration factor

BCED BCF inotrgzrﬂ::esme;::ee" of dissolved

EC Effect concentration

ED Effective dose

ET Effect time

IC Immobilisation concentration

LC Lethal concentration

LD Lethal dose

LECT Lowest effective concentration tested

LETH No information found

LOEC Lowest observed effect concentration

LOEL Lowest observed effect level

LT Lethal time

MATC Maximum accept_able toxicant
concentration

NOEC No observed effect concentration

NOEL No observed effect level

ZERO No information found

The HCs is an analogue on a larger
organizational scale to the lethal concentration (LC)
or effect concentration (EC) commonly determined
experimentally in laboratory settings for a given
species and can be used to set an environmental
quality criterion (EQC) or incorporate into an
environmental risk assessment (ERA) in some
countries.

While establishing acute LCsy values (lethal
concentration for 50% of the tested organisms) in
laboratory conditions does not have a natural carry-
over to chronic population-level effects in the field
(Vonesh & De la Cruz, 2002; Schmidt, 2004),
pooling large amounts of laboratory data into species
sensitivity distributions has been shown to result in
threshold values which are generally protective of
natural ecosystems (van Straalen et al., 2002) and
SSDs have been associated with biodiversity impacts
in the field (Posthuma & de Zwart, 2012). The set of
species used may be those of a natural community, a
representative selection, or a taxon.



TABLE 4. Data preparation for species sensitivity
distributions (adapted and expanded from de Zwart,
2002 and Saouter et al., 2018).

Preparatory step

Unification of species name spelling

Resolving where possible entries only specified to
class, genus, or order

Removal of entries not resolved to species level

Removal of entries with concentration units other than
mg/L

Conversion of concentration to pg/L

Removal of entries lacking reported concentration
Removal of entries lacking reported endpoint
Removal of entries lacking reported duration

Removal of entries lacking reported chemical analysis
Removal of substances classified as “Other”

Designating data as acute or chronic

Acute: endpoint ECsg, LCs 0r ICs0; test duration
<96 hrs

Chronic: endpoint NOEC, LOEC, NOEL, NOAEC,
MATC, EClO—ZO, LC10_20, |C10_20; test duration >96
hrs

Removal of entries not fitting definitions for acute or
chronic data

Removal of duplicate entries by inspection of

An EQC or HCy value can be determined by
choosing the acceptable affected percentage of
species on the y-axis and finding the corresponding
pollutant concentration on the x-axis. Conversely, a
measured or expected concentration on the x-axis
can be used to determine the percentage of species
affected on the y-axis; the potentially affected
fraction (PAF) (van Straalen, 2002; Traas et al.,
2002). Fig. 1 shows a generalised SSD plot.

For the construction of SSDs the R package
ssdtools (version 0.1.1; Thorley & Schwarz, 2018)
was used. The package was used to fit distributions
to the data using maximum likelihood estimation
(MLE), with the Aikake information criterion (AIC)
recommended for distribution selection. The
Anderson-Darling goodness-of-fit test was used for
comparisons between SSDs. This test measures
vertical discrepancy in plotted cumulative density
functions (Aldenberg et al., 2002). Confidence limits
were established by parametric bootstrapping with
iterations set to 10,000.

For the sake of protectiveness, the lowest
concentration was chosen when multiple entries
existed for the same species. While it has been
suggested that 10 species are the minimum for
reliable estimates appropriate for regulatory use
(Wheeler et al., 2002), all SSDs are reported in the
interest of completeness.
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FIG. 1. Basic appearance of an SSD. Each dot represents a toxicity value for a species, the line a fitted

distribution. From Posthuma et al. (2002a).



Supplemental data

In cases where data were insufficient for the
construction of SSDs, the choice was made to
present the lowest concentrations available for the
remaining relevant pollutants, such as NOEC, LC,
and EC values. It is important to note that in contrast
to an HCs, these values do not include any
probabilistic estimates which means that statistical
uncertainties have not been considered. As a result,
they are unsuited to be used as a basis for
environmental guidelines, although they can be used
to gain an approximate insight into amphibian
sensitivities until such a time when statistical
analysis can be carried out. For the sake of
transparency, the total number of toxicity values
available for each of these substances will also be
reported, together with the effect type relevant for
each concentration. Extracting and commenting on
the lowest available concentration for every
substance available in the data set after an initial
sampling was likely to push the study beyond its
intended scope. Instead, common sampling
protocols used by StormTac AB and in studies
carried out on behalf of the County Administrative
Board of Skane (Pirzadeh et al., 2015; Hogstrand &
Pirzadeh, 2018, StormTac AB, n.d.) were combined
and compiled into a list of 97 substances and groups
of substances. This list was still more comprehensive
than what could reasonably be expected from any
single screening protocol due to economic
considerations and was used as a filter for the
extraction of lowest concentrations. This list of
substances and substance groups is presented in full
in Appendix D (Table D1).

Guidelines and field measurements

To assess where the results of this study fall
within an existing framework they will be compared
to the guidelines for inland water put forth by the
Swedish Agency for Marine and Water Management
(SWaM) (2019) as well as measured concentrations
in Swedish recipients downstream of retention ponds
(Hogstrand & Pirzadeh, 2018; StormTac AB, n.d.).
In the case of the SWaM guidelines, comparisons
will be made with the maximum allowed
concentrations for inland surface waters or, where
lacking for a given substance, mean annual
concentration guidelines for inland surface waters. It
should be noted that these guidelines and
measurements are not directly comparable to within-
pond pollutant loads, which would tend to be
significantly higher, but they are the most reasonable

point of comparison when sampling has not been
carried out within the relevant retention ponds
(Larm, personal communication, January 5, 2020).

RESULTS

Descriptive statistics

The initial sampling resulted in 25,232 data
points from 1,165 studies spanning the years 1925—
2019 and a total of 1,055 unique substances.
In all, 59 genera and 177 species were present in the
sampled data, after further resolving those specified
only to class, order or genus, by inspection of the 53
relevant studies. The largest contributor to the data
set (8,631 data points or 34%) was the Xenopus
genus, chief among the species being the African
clawed frog, Xenopus laevis. The second most
represented genus was Lithobates (4,372 data points
or 17%) with the most common species being the
northern leopard frog, Lithobates pipiens.

Of the 13 Swedish amphibian species, 10 were
represented in the data set, contributing 2,021 of the
25,232 data points (8%) and tested for 226 of the
1,055 substances (21%). All genera and species are
listed in full in Appendix A (Table Al and A2)
together with their contribution to the data set
expressed as the number of data points.

The most common chemical classes were
found to be insecticides (156 or 15% of all
substances), herbicides (122 or 12%), fungicides (78
or 7%), metals (70 or 7%), and those classified as
“other” (464 or 44%). Dominant among substances
classified as “other” were pharmaceuticals and
personal care products (PPCP) totalling 152 (14% of
all substances or 33% of the category other). All
frequencies are shown in Fig. 3a.

Concerning the life stage of the tested
amphibians, early stages were dominant with
tadpoles (11,287 or 45% of all data points), embryos
(4,790 or 19%), and larvae (3,134 or 12%)
constituting the bulk of the data set. This is presented
in Fig. 3b.

Shown in Fig. 3c are the types of effects
measured in the sampled studies, where mortality
(8,747 or 35% of all data points), growth (3,387 or
13%), development (3,107 or 12%), genetics (2,514
or 10%), morphology (1,477 or 6%), and enzymatic
effects (1,345 or 5%) made up the bulk of the data
set.

The most common endpoints used were NOEC
(6,139 or 24% of all data points), LC (4,933 or 19%),



LOEC (4,148 or 16%), NOEL (1,810 or 7%), and
LOEL (1,290 or 5%). These frequencies are shown
in Fig. 3d.

The median test duration for all available data
was 4 days, with the entire data set representing a
range of 0 to 1,001 days. This has been visualised in
Fig. 2a.

Regarding exposure type, renewal (13,112 or
52%) and static exposure (6,344 or 25%) made up
most of the data set. All exposure types are shown in
Fig. 2b.

As expected, nearly the entire data set
consisted of laboratory tests (23,702 data points or
94%) as opposed to natural and artificial field
experiments. The test location frequencies can be
found in Fig. 2c.

Species sensitivity distributions

After filtering according to the specifications
in Table 4, a total of 10,726 data points and 463
unigue substances remained. 2,838 data points were
assigned as acute (412 substances) and 5,955 as
chronic (196 substances). A total of 18 SSDs were
generated, of which eight were based on chronic
data. The substances represented were ammonium,
atrazine, cadmium, copper, DDT, dieldrin, diuron,
endosulfan, endrin, glyphosate, mercury,
pentachlorophenol (PCP), and zinc. The SSDs are
presented in Fig. 4, 5 and 6, while larger versions
complete with the species name labels for each
included data point can be found in Appendix B.
A summary of the key statistics and chosen
distributions is presented in Table 5. Several of the
pollutants were present in various forms such as salts
and commercial formulations, and therefore multiple
CAS registry numbers were represented in many of
the final SSDs. These are shown in full in Appendix
C (Table C1). Regarding goodness-of-fit, four of the
SSDs did not fulfil the criterion of a sample size >7
required to calculate Anderson-Darling statistics
(DDT, dieldrin, diuron, and PCP) although a model
selection could still be performed using AIC.

Supplemental data

In addition to the constructed SSDs, data for an
additional 14 pollutants were retrieved after the
initial  filtering process. These were 4-tert-
Octylphenol (2.1 png/L), alachlor (0.15 pg/L),
benzene (76 pg/L), benzo[a]pyrene (33 pg/L),
bisphenol A (2.3 pg/L), chromium (30 pg/L),
fluoranthene (11 ug/L), isoproturon (1,300 pg/L), 2-
methyl-4-chlorophenoxy acetic acid (MCPA) (1,300
pg/L), n-Nonylphenol (2.2 pg/L), perfluoroocanoic
acid (PFOA) (1,000 pg/L), perfluorooctanesulfonic
acid (PFOS) (50 pg/L), simazine (1.2 pg/L), and
trifluralin (200 pg/L). A summary of these data is
shown in Table 6.

Guidelines and field measurements

Several of the potentially protective
concentrations established fell below or close to
either existing guidelines or concentrations
measured in the field. Falling below one or both of
these concentrations were atrazine, copper, diuron,
and glyphosate. The HCs for atrazine was
approximately 20 times lower than the SWaM
guidelines, at 0.094 pg/L compared to 2 ug/L, while
the measured concentration was 0.017 pg/L. Copper
had an HCs of 0.3 ug/L compared to the guideline of
0.5 pg/L, while the measured concentration fell at
0.20 pg/L. The HCs for diuron fell below the SWaM
guideline by a factor of roughly 10 with 0.17
compared to 2 pg/L, but above the measured
concentrations used in this study (0.04 pg/L).
Finally, the HCs for glyphosate fell below the SWaM
guidelines by a factor of approximately 10, at 8 pg/L
compared to 100 pg/L. The mercury HCs
approached the measured concentrations, at 0.082
compared to 0.08 pg/L. Among the supplemental
lowest concentrations derived from single data
points, two substances fell below existing
guidelines: Simazine (1.2 compared to 4 pg/L) and
alachlor (0.15 compared to 0.3 pg/L). A comparison
of HCs values to existing guidelines and measured
concentrations is outlined in Fig. 7.
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FiIG. 2. Visualisation of descriptive statistics. (a) Density plot showing the distribution of test durations in
the data set. (b) Lollipop plot showing the number of data points categorised by exposure type. (c) Lollipop
plot showing the number of data points categorised by test location.
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(a) Ammonium chronic. (b) Atrazine acute. (c) Atrazine chronic. (d) Cadmium acute. (€) Cadmium chronic.
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(a) Copper chronic. (b) DDT acute. (c) Dieldrin acute. (d) Diuron chronic. () Endosulfan chronic.

(f) Endrin acute.
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TABLE s. Statistical summary of species sensitivity distributions; HCs reported with the lower and
upper 95% confidence limit within parentheses.

Substance Acute/Chronic Distribution AD? Species (n) HCs (ug/L)
Ammonium Chronic Log-normal 0.285 15 560 (160-2,300)

Chronic Log-normal 0.375 29 0.094 (0.02-0.50)
Atrazine

Acute Gamma 0.490 13 570 (110-2,300)

Chronic Gompertz 0.423 8 2.5 (0.89-6.5)
Cadmium

Acute Log-normal 0.363 14 15 (3.7-110)

Chronic Log-normal 0.370 18 0.30 (0.060-2.2)
Copper

Acute Burr type lll 0.592 24 9.8 (4.1-24)
DDT Acute Gamma n/a 6 78 (0.59-4,100)
Dieldrin Acute Gamma n/a 6 6.9 (0.57-69)
Diuron Chronic Gamma n/a 6 0.17 (0.000019-400)
Endosulfan Chronic Gamma 0.667 18 0.025 (0.0027-0.21)
Endrin Acute Burr type Ill 0.231 11 0.52 (0.060-4.0)

Chronic Gamma 0.967 35 8.0 (1.1-55)
Glyphosate

Acute Burr type 11l 0.756 40 580 (360-950)

Chronic Gamma 0.523 8 0.082 (0.013-3.4)
Mercury

Acute Gamma 0.586 15 1.0 (0.099-9.5)
Pentachlorophenol Acute Gamma n/a 7 9.7 (1.1-75)
Zinc Acute Weibull 0.455 11 53 (4.4-720)

@ Anderson-Darling test value for goodness-of-fit
TABLE 6. Supplemental data based on the lowest available concentrations.

Substance Available values (n) Conc. (ug/L) Endpoint CASreg. no. EPA ref. no.
4-tert-Octylphenol 33 2.1 NOEC (weight) 140669 119281
Alachlor 28 0.15 NOEC (metamorphosis) 15972608 85815
Benzene 11 76 EC,o (mortality) 71432 15418
Benzo[a]pyrene 15 33 NOEC (length) 50328 81628
Bisphenol A 207 2.3 NOEC (sex ratio) 80057 51029
Chromium 127 30 LCs (mortality) 1333820, 7440473 4943
Fluoranthene 9 11 NOEC (movement) 206440 18947
Isoproturon 10 1,300 NOEL (ovulation rate) 34123596 117111
MCPA 14 1,300 NOEC (hormones) 94746 117111
n-Nonylphenol 69 2.2 NOEC (sex ratio) 25154523 51029
PFOA 23 1,000 NOEC (metamorphosis) 335671 176982
PFOS 35 50 NOEC (morphology) 1763231 179654
Simazine 40 1.2 NOEC (mortality) 122349 178653
Trifluralin 21 200 NOEC (morphology) 1582098 161203
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DiscussION

This study has made it clear that there is a
profound lack of ecotoxicological data for
stormwater-relevant pollutants as they pertain to
amphibians. This means that the construction of
statistically derived guidelines for most such
substances would be impossible at the time of
writing, not least if one wishes to specifically
investigate Swedish species, which make up a very
small part of the data set.

Several of the pollutants in this study appear
likely to exhibit some detrimental effects on
amphibian communities at concentrations lower than
or equal to existing guidelines or recipient
concentrations measured in connection with
Swedish retention ponds. The most support could be
said to exist for those pollutants with chronic HCs
values falling below either measured or guideline
values: Atrazine, copper, diuron, and glyphosate
(mercury fell close to the guidelines and practically
matched the measured concentrations). In the case of

zinc, data were insufficient for chronic SSD
construction, and acute data will invariably produce
(by varying orders of magnitude) higher and
therefore less protective HCy values (de Zwart,
2002). It is helpful, then, that both acute and chronic
SSDs could be constructed for the three other
transition metals included in this study: Copper,
cadmium and mercury. In all three cases, the chronic
HCs values were approximately one order of
magnitude lower than their acute counterpart. If the
fourth transition metal, zinc, were to follow the same
trend, its chronic HCs value could reasonably be
expected to fall below both measured values and
existing guidelines.

Regarding such acute values, chronic SSDs
were unable to be constructed for five of the
substances included in this study. In addition to zinc,
these were DDT, dieldrin, endrin, and PCP. It is
likely that these would have chronic HCs values
falling one or more orders of magnitude below those
supplied here, and consequently below guidelines or
measured concentrations. The most likely candidates



according to the present study even when applying a
conservative one order of magnitude decrease in HCs
are endrin and PCP. Overall, this study showed a
difference between acute and chronic values ranging
between approximately one and four orders of
magnitude, with the smallest being cadmium and the
largest being atrazine.

Due to the common practice of including a
minimum of algae, crustaceans, and fish for the
construction of overarching ecosystem wide SSDs
and subsequent guidelines, many substances remain
untested on other phylogenetic groups. If such
guidelines are conservative enough to be protective
of organism groups not included in the analysis, then
the relative lack of representation is a non-issue, but
the results of this study suggests that this cannot be
assumed as a general rule.

It is worth noting that the acute and chronic
SSDs for glyphosate, while including the largest
number of data points, also had the lowest goodness-
of-fit scores. Conversely, two of the SSDs with
insufficient data points to calculate Anderson-
Darling statistics, dieldrin and PCP, could upon a
visual inspection be seen to have a very high
goodness-of-fit. This is not surprising and highlights
an important point: Goodness-of-fit measures have a
weakness when it comes to large and small data sets.
Only highly deviating data points and trends will be
identified as an insufficient lack of fit when sample
sizes are small enough, while large sample sizes
almost without fail will produce a lack of fit which
is statistically significant. This even when the
deviation from the chosen distribution is decidedly
modest and does not meaningfully impact the
conclusions which can be drawn (Johnson &
Wichern, 2007). Therefore, while the goodness-of-
fit statistics reported in this study can be helpful as
loose guidelines, their importance should not be
overstated, neither as a strong support for
distributions based on small data sets nor as a
negation of distributions fitted using larger data sets.

Pollutants are only one of the filtering factors
determining whether amphibians make use of any
given retention pond as a habitat. Others include
proximity to riparian zones and presence of
vegetation cover, which is in turn dependent upon
pond age (Birx-Raybuck et al., 2010). Furthermore,
studies on community ecology have pointed to
pollutants chiefly having indirect rather than direct
effects on amphibians (Relyea et al., 2005; Relyea &
Diecks, 2008), and traditional toxicity studies will
invariably focus on the latter. As an example, the
work done by Gallagher and colleagues (2014)

15

suggests that chloride, found in commonly
administered road salts, could indirectly play an
important role in the toxicity of metals and by
extension the suitability of retention ponds as
breeding habitats for more sensitive species. And
while the concentration of a herbicide in a pond may
be insufficient to affect amphibian mortality directly,
it may be sufficient to reduce macrophyte coverage
and thereby increase predation pressure both below
and above water, as visibility increases. Pollutants
may act as nodes in food chains and food webs,
taking the role of predator or competitor and possibly
causing trophic cascades and other, more subtle
ecological effects. The SSD concept will never in
and of itself address ecological interactions but can
play a part in a larger framework with the goal of
assessing  ecosystem  structure and function
(Posthuma et al., 2002b). An ecotoxicological study
will necessarily constitute one part of a larger,
holistic approach to the evaluation of the suitability
of retention ponds as amphibian habitats.

It should be noted that retention ponds which
are expected to receive the greatest pollutant load
due to their proximity to heavily urbanised areas,
surrounded by large impervious surfaces, major
traffic and construction work, could for these same
reasons reasonably be expected to be the least likely
to be used as amphibian habitats. There is good
reason to assume that such ponds may simply be
surrounded by too many other physical filters
keeping amphibians at a distance, preventing them
from acting as ecological traps due to their pollutant
loads.

Normally, samples are taken from the
undiluted runoff before it enters a pond as well as
from the natural recipients downstream, to calculate
the effectiveness of pollutant reduction. Samples are
rarely if even taken in the ponds themselves, simply
because their role as habitats is not a focal point.
Nevertheless, if there is sufficient interest in this
role, samples could be taken within-pond and
compared to the results of this study. It must be kept
in mind that pollutant load varies greatly during the
year and between locations. In Sweden, most
amphibians spawn between May and June, and as
such the pollutant load during these months would
be the most relevant to assess. It may be a necessary
sacrifice to accept higher concentrations of
pollutants in retention ponds to reduce
concentrations in natural waters further downstream.
This is, after all, the primary purpose of these
structures, and while this study works under the
assumption that retention ponds can function as



amphibian habitats, it is imperative to protect
surrounding natural waters and ecosystems as well.

While the dominance of the model species X.
laevis in the data set limits the number of substances
for which SSDs can be constructed (many
substances having been tested extensively on X.
laevis but only additionally on a handful of other
species), this dominance should not affect the quality
of the SSDs. Only one data point representing this
species can be present in any SSD, and therefore its
prominence in the data set is not mirrored in the
individual results. While some studies have shown
phylogenetic differences between responses in
amphibians exposed to chloride (Karraker et al.,
2008; Collins & Russell, 2009; Gallagher et al.,
2014), a meta-analytic review by Egea-Serrano and
colleagues (2012) showed only weak differences in
effect size between amphibian families, suggesting a
general lack of correlation between  pollutant
sensitivity and phylogeny. There could nevertheless
be value in—as suggested by Kerby and colleagues
(2010)—implementing a more regional approach to
regulatory testing. However, this is unusual due to
budgetary considerations.

An addition to future studies could be the
inclusion  of alternate  measures  beyond
concentrations in the water column. An important
factor in relation to tadpoles is the pollutant
concentration in sediment and food, both major
exposure routes to young amphibians. Substances
which tend to partition to sediment and fat tissue
would end up in these compartments of the
environment and thus be absent from a study like the
present. Furthermore, the possible influence of biotic
factors such as body size and amphibian genera on
toxicity as well as abiotic factors including
temperature, pH, and water hardness on the
bioavailability of pollutants could be included within
the scope of a larger study. Within the increased
scope of such a study, possible ecological
interactions, function and structure in retention
ponds could be investigated by a more traditional
pooling of several larger taxonomical groups and
trophic levels into SSDs, as well as a subdividing
into  more granular functional and taxonomical
groups. One obvious lack in the current amphibian
ecotoxicological data is observed with phenols.
When comparing large taxonomical units, Kerby and
colleagues (2010) could show that if amphibians
were particularly sensitive to any substance class
compared to other groups, it was to phenols. Further
insights gleaned from well-designed studies into the
effects of phenols on different life stages could prove
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invaluable, because these compounds are still
underrepresented in amphibian toxicity data.

CONCLUSIONS

This study has highlighted the clear lack of
ecotoxicological data for the construction of robust
SSDs which could be used for guideline purposes
regarding retention ponds’ suitability as amphibian
habitats. In fact, if a minimum of ten chronic toxicity
values is set as the lower threshold for policy and
guideline applicability, only five SSDs in the present
study meet these requirements.

While it is obvious that more ecotoxicological
data needs to be generated if amphibians’ sensitivity
to many common stormwater pollutants is to be
evaluated, single-substance threshold values only
give part of the picture. Further additions could be
within-pond pollutant screening, analysis of
synergistic pollutant effects, and considering effects
on several trophic levels and the possible resulting
interactions.

Some of the constructed SSDs could be used
practically in policy creation and the development of
guidelines geared towards amphibians. In the wider
areas of conservation and urban ecology, these
results also contribute with theoretical knowledge
regarding the possibility of evaluating retention
ponds as adequate habitats from a chemical
standpoint. This could serve as a stark message to
decision makers that a comprehensive set of
guidelines cannot be created at present, but also as
guidance towards future investigations building
towards this goal.

ACKNOWLEDGEMENTS

I would like to thank my supervisors for their
input, guidance, and feedback during this project:
Olof Berglund at Lund University and Per Nystrom
and Marika Stenberg at the environmental
consultancy firm Ekoll AB. They presented me with
the idea for this project and helped me define its
boundaries. Without them this thesis would not exist.
Furthermore, | want to acknowledge the help of
Thomas Larm at StormTac AB for supplying me
with more answers about stormwater monitoring
than | had any reason to expect. Last but certainly
not least, | want to express my gratitude towards my
partner, who provided constant feedback and
encouraging words during these months.



REFERENCES

Aldenberg, T., Jaworska, J.S., Traas, T.P., &
Posthuma, L. (2002). Normal species
sensitivity distributions and probabilistic risk
assessment. In: L., Posthuma, G.W., Suter II,
& T.P., Traas (Eds.), Species sensitivity
distributions in ecotoxicology (1% ed., pp. 50—
102). CRC Press.
https://doi.org/10.1201/9781420032314

Battin, J. (2004). When good animals love bad
habitats: Ecological traps and the conservation
of animal populations. Conserv. Biol., 18(6),
1482-1491. https://doi.org/10.1111/j.1523-
1739.2004.00417.x

Becker, C.G., Fonseca, C.R., Haddad, C.F.B.,
Batista, R.F., & Prado, P.1. (2007). Habitat
split and the global declines of amphibians.
Science, 318(5857), 1775-1777.
https://doi.org/10.1126/science.1149374

Birx-Raybuck, D.A., Price, S.J., & Dorcas, M.E.
(2010). Pond age and riparian zone proximity
influence anuran occupancy of urban retention
ponds. Urban Ecosyst., 13(2), 181-190.
https://doi.org/10.1007/s11252-009-0116-9

Bishop, C. A., Struger, J., Barton, D. R., Shirose, L.
J., Dunn, L., Lang, A. L., & Shepherd, D.
(2000a). Contamination and wildlife
communities in stormwater detention ponds in
Guelph and the greater Toronto area, Ontario,
1997 and 1998. Part I-Wildlife Communities.
Water Qual. Res. J. Can., 35(3), 399-435.
https://doi.org/10.2166/wqrj.2000.026

Bishop, C.A., Struger, J., Shirose, L.J., Dunn, L., &
Campbell, G.D. (2000b). Contamination and
wildlife communities in stormwater detention
ponds in Guelph and the Greater Toronto
Avrea, Ontario, 1997 and 1998. Part 11—
Contamination and biological effects of
contamination. Water. Qual. Res. J. Can.,
35(3), 437-474.
https://doi.org/10.2166/wqrj.2000.027

Brand, A.B., & Snodgrass, J.W. (2010). The value
of artificial habitats for amphibian
reproduction in altered landscapes. Conserv.
Biol., 24(1), 295-301.
https://doi.org/10.1111/j.1523-
1739.2009.01301.x

Brand, A.B., Snodgrass, J.W., Gallagher, M.T.,
Casey, R.E., & Van Meter, R. (2010). Lethal
and sublethal effects of embryonic and larval
exposure of Hyla versicolor to stormwater
pond sediments. Arch. Environ. Contam.
Toxicol., 58(2), 325-331.
https://doi.org/10.1007/s00244-009-9373-0

Bridges, C. M. (1999). Effects of a pesticide on
tadpole activity and predator avoidance
behavior. J. Herpetol., 33(2), 303-306.
https://doi.org/10.2307/1565728

17

Campbell, K.R. (1994). Concentrations of heavy
metals associated with urban runoff in fish
living in stormwater treatment ponds. Arch.
Environ. Contam. Toxicol., 27(3), 352-356.
https://doi.org/10.1007/BF00213171

Casey, E., Shaw, A.N., Massal, L.R., & Snodgrass,
J.W. (2005). Multimedia evaluation of trace
metal distribution within stormwater retention
ponds in suburban Maryland, USA. Bull.
Environ. Contam. Toxicol., 74(2), 273-280.
https://doi.org/10.1007/s00128-004-0580-0

Ceballos, G., & Ehrlich, P.R. (2018). The
misunderstood sixth mass extinction. Science,
360(6393), 1080—1081.
https://doi.org/10.1126/science.aau0191

Cedergreen, N. (2014). Quantifying Synergy: A
Systematic Review of Mixture Toxicity
Studies within Environmental Toxicology.
PLoS ONE, 9(5), €96580.
https://doi.org/10.1371/journal.pone.0096580

Collins, J.P., Kinzig, A., Grimm, N.B., Fagan,
W.F., Hope, D., Wu, J., & Borer, W.T.
(2000). A new urban ecology. Am. Sci., 88(5),
416-425. https://doi.org/10.1511/2000.5.416

Collins, S.J., & Russell, R.W. (2009). Toxicity of
road salt to Nova Scotia amphibians. Environ.
Pollut., 157(1), 320-324.
https://doi.org/10.1016/j.envpol.2008.06.032

Cushman, S.A. (2006). Effects of habitat loss and
fragmentation on amphibians: a review and
prospectus. Biol. Conserv., 128(2), 231-240.
https://doi.org/10.1016/j.biocon.2005.09.031

Czech, B., & Krausman, P.R. (1997). Distribution
and causation of species endangerment in the
United States. Science, 277(5329), 1116—
1117.
https://doi.org/10.1126/science.277.5329.1116

Czech, B., Krausman, P.R., & Devers, P.K. (2000).
Economic associations among causes of
species endangerment in the United States.
Bioscience, 50(7), 593-601.
https://doi.org/10.1641/0006-
3568(2000)050[0593:EAACOS]2.0.CO;2

Daly, G.L., Lei, Y.D., Teixeira, A., Muir, D.C.G.,
Castillo, L.E., & Wania, F. (2007).
Accumulation of current use pesticides in
neotropical montane forests. Environ. Sci.
Technol., 41(4), 1118-1123.
https://doi.org/10.1021/es0622709

Dirzo, R., Young, H.S., Galetti, M., Ceballos, G.,
Isaac, N.J.B., & Collen, B. (2014).
Defaunation in the Anthropocene. Science,
345(6195), 401-406.
https://doi.org/10.1126/science.1251817

Egea-Serrano, A., Relyea, R.A., Tejedo, M., &
Torralva, M. (2012). Understanding of the
impact of chemicals on amphibians: a meta-
analytic review. Ecol. Evol., 2(7), 1382—
1397. https://doi.org/doi: 10.1002/ece3.249



Ficetola, G.F., & De Bernardi, F. (2004).
Amphibians in a human-dominated landscape:
the community structure is related to habitat
features and isolation. Biol. Cons., 119(2),
219-230.
https://doi.org/10.1016/j.biocon.2003.11.004

Foley, J.A., DeFries, R., Asner, G.P., Barford, C.,
Bonan, G., Carpenter, S.R., Chapin, F.S., Coe,
M.T., Daily, G.C., Gibbs, H.K, Helkowski,
J.H., Holloway, T., Howard, E.A., Kucharik,
C.J., Monfreda, C., Patz, J.A. Prentice, I.C.,
Ramankutty, N., & Snyder, P.K. (2005).
Global consequences of land use. Science,
309(5734), 570-574.
https./doi.org/10.1126/science.1111772

Gagné, S.A., & Fahrig, L. (2007). Effect of
landscape context on anuran communities in
breeding ponds in the National Capital
Region, Canada. Landsc. Ecol., 22(2), 205-
215. https://doi.org/10.1007/s10980-006-
9012-3

Gallagher, M.T., Snodgrass, J.W., Brand, A.B.,
Casey, R.E., Lev, S.M., & Van Meter, R.J.
(2014). The role of pollutant accumulation in
determining the use of stormwater ponds by
amphibians. Wetl. Ecol. Manage., 22(5), 551—
564. https://doi.org/10.1007/s11273-014-
9351-9

Gardner, T.A., Barlow, J., & Peres, C.A. (2007).
Paradox, presumption and pitfalls in
conservation biology: the importance of
habitat change for amphibians and reptiles.
Biol. Conserv., 138(1-2), 166-179.
https://doi.org/10.1016/j.biocon.2007.04.017

Gilliom, R.J., Barbash, J.E., Crawford, C.G.,
Hamilton, P.A., Martin, J.D., Nakagaki, N.,
Nowell, L.H., Scott, J.C., Stackelberg, P.E.,
Thelin, G.P., & Wolock, D.M. (2007). The
quality of our nation’s waters—pesticides in
the nation’s streams and ground water, 1992—
2001 (USGS circular No. 1291). U.S.
Geological Survey.
https://doi.org/10.3133/cir1291

Griffis—Kyle, K. L. (2007). Sublethal effects of
nitrite on eastern tiger salamander
(Ambystoma tigrinum tigrinum) and wood
frog (Rana sylvatica) embryos and larvae:
implications for field populations. Aquat.
Toxicol., 41(1), 119-127.
https://doi.org/10.1007/s10452-006-9047-1

Hamer, AJ., & McDonnell, M.J. (2008).
Ampbhibian ecology and conservation in the
urbanizing world: a review. Biol. Conserv.,
141(1), 2432-2449.
https://doi.org/10.1016/j.biocon.2008.07.020

Hamer, A.J., & McDonnell, M.J. (2010). The
response of herpetofauna to urbanization:
inferring patterns of persistence from wildlife
databases. Austral. Ecol., 35(5), 568-580.

18

https://doi.org/10.1111/j.1442-
9993.2009.02068.x

Hamer, A.J., Smith, P.J., & McDonnell, M.J.
(2012). The importance of habitat design and
aquatic connectivity in amphibian use of
urban stormwater retention ponds. Urban
Ecosyst., 15(2), 451-471.
https://doi.org/10.1007/s11252-011-0212-5

Helfield, J.M., & Diamond, M.L. (1997). Use of
constructed wetlands for urban stream
restoration: a critical analysis. Environ.
Manage., 21(2), 329-341.
https://doi.org/10.1007/s002679900033

Hermann, H.L., Babbitt, K.J., Baber, M.J., &
Congalton, R.G. (2005). Effects of landscape
characteristics on amphibian distribution in a
forest—-dominated landscape. Biol. Conserv.,
123(2), 139-1409.
https://doi.org/10.1016/j.biocon.2004.05.025

Hoffmann, M., Hilton—Taylor, C., Angulo, A,
Bohm, M. Brooks, T. M., Butchart, S. H. M.,
Carpenter, K. E., Chanson, J., Collen, B.,
Cox, N. A, Darwall, W.R.T., Dulvy, N.K.,
Harrison, L.R., Katariya, V., Pollock, C.M.,
Quader, S., Richman, N.I., Rodrigues, A.S.L.,
Tognelli, M.F....Capper, D.R. (2010). The
impact of conservation on the status of the
world’s vertebrates. Science, 330(6010),
1503-1509.
https://doi.org/10.1126/science.1194442

Houlahan, J.E., & Findlay, C.S. (2003). The effects
of adjacent land use on wetland amphibian
species richness and community composition.
Can. J. Fish. Aquat. Sci., 60(9), 1078-1094.
https://doi.org/10.1139/f03-095

Hdgstrand, S., & Pirzadeh, P. (2018). Understkning
av dagvattenpaverkan nedstréms tio tatorter i
Skane—Fokus pa vattendirektivets
prioriterade &mnen och sarskilda fororenande
amnen [An investigation of stormwater effects
downstream of ten urban centres in Skéane—
Focusing on the prioritised pollutants of the
Water Framework Directive and selected
pollutants] (Report No. 2018:21). County
Administrative Board of Skane.
https://www.lansstyrelsen.se/download/18.28
87¢5dd16488fe880d48daa/1536743399726/U
ndersokning%20dagvattenpaverkan_2018.
pdf.

Johnson, R.A., & Wichern, D.W. (2007). Applied
Multivariate Statistical Analysis. (6™ ed).
Prentice Hall.

Karraker, N. E., Gibbs, J. P., & Vonesh, J.R.
(2008). Impacts of road deicing salt on the
demography of vernal pool-breeding
amphibians. Ecol. Appl., 18(3), 724-734.
https://doi.org/10.1890/07-1644.1

Kerby, J.L., Richards-Hrdlicka, K.L., Storfer, A., &
Skelly, D.K. (2010). An examination of
amphibian sensitivity to environmental



contaminants: are amphibians poor canaries?
Ecol. Lett., 13(1), 60-67.
https://doi.org/10.1111/j.1461-
0248.2009.01399.x

Le Viol, 1., Chiron, F., Julliard, R., & Kerbiriou, C.
(2012). More amphibians than expected in
stormwater ponds. Ecol. Eng., 47, 146-154.
https://doi.org/10.1016/j.ecoleng.2012.06.031

Le Viol, 1., Mocq, J., Julliard, R., & Kerbiriou, C.
(2009). The contribution of motorway
stormwater retention ponds to the biodiversity
of aquatic macroinvertebrates. Biol. Conserv.,
142(12), 3163-3171.
https://doi.org/10.1016/j.biocon.2009.08.018

Massal, L.R., Snodgrass, J.W., & Casey, R.E.
(2007). Nitrogen pollution of stormwater
ponds: Potential for toxic effects on
amphibian embryos and larvae. Appl.
Herpetol., 4(1), 19-29.
https://doi.org/10.1163/157075407779766714

McCallum, M.L. (2007). Amphibian decline or
extinction? Current declines dwarf
background extinction rate. J. Herpetol.,
41(3), 483-491. https://doi.org/10.1670/0022-
1511(2007)41[483:ADOECD]2.0.CO;2

McCarthy, K., & Lathrop, G.R. (2011). Stormwater
basins of the New Jersey coastal plain:
subsidies or sinks for frogs and toads? Urban
Ecosyst., 14(3), 395-413.
https://doi.org/10.1007/s11252-011-0161-z

McKinney, M.L. (2008). Effects of urbanization on
species richness: a review of plants and
animals. Urban Ecosyst., 11(2), 161-176.
https://doi.org/10.1007/s11252-007-0045-4

Munn, M.D., Gilliom, R.J., Moran, PW., &
Nowell, L.H. (2006). Pesticide toxicity index
for freshwater aquatic organisms (2" ed.)
(USGS scientific investigations report No.
2006-5148). U.S. Geological Survey.

Novotny, V. (ed.) (1995). Nonpoint Pollution and
Urban Stormwater Management (Vol. 9, pp.
434). Technomic Publishing Co., Inc.

Ortiz, M. E., Marco, A., Saiz, M., & Lizana, M.
(2004). Impact of ammonium nitrate on
growth and survival of six European
amphibians. Arch. Environ. Contam. Toxicol.,
47(2), 234-239.
https://doi.org/10.1007/s00244-004-2296-x

Ostergaard, E.C., Richter, K.O., & West, S.D.
(2008). Amphibian use of stormwater ponds
in the Puget lowlands of Washington, USA.
In: J.C., Mitchell, R.E.J., Brown, & B,
Bartholomew (Eds.), Urban herpetology (pp.
259-270). Society for the Study of
Ampbhibians and Reptiles.

Pickett, S.T.A., Cadenasso, M.L., Grove, J.M,,
Nilon, C.H., Pouyat, R.V., Zipperer, W.C., &
Costanza, R. (2001). Urban ecological
systems: linking terrestrial, ecological,
physical, and socioeconomic components of

19

metropolitan areas. Annu. Rev. Ecol. Syst.,
32(1), 127-157.
https://doi.org/10.1146/annurev.ecolsys.32.08
1501.114012

Pirzadeh, P., Nihlen, C., & Kylm4, M. (2015).
Dagvatten i Helsingborgs stad—En
undersdkning av miljéfarliga amnen
[Stormwater in Helsingborg city—An
investigation of environmentally hazardous
substances] (Report No. 2015:10). County
Administrative Board of Skane.
http://www.diva-
portal.se/smash/get/diva2:895438/FULLTEX
TO1.pdf

PostgreSQL Global Development Group. (2019).
PostgreSQL (version 12.1) [Computer
software]. PostgreSQL Global Development
Group, Regents of the University of
California. http://www.postgresql.org

Posthuma, L., van Gils, J., Zijp, M.C., van de
Meent, D., & de Zwart, D. (2019). Species
Sensitivity Distributions for Use in
Environmental Protection, Assessment, and
Management of Aquatic Ecosystems for 12
386 Chemicals. Environ. Toxicol. Chem.,
38(4), 905-917.
https://doi.org/10.1002/etc.4373

Posthuma, L., Traas, T.P., & Suter Il, G.W.
(2002a). General Introduction to Species
Sensitivity Distributions. In: L., Posthuma,
G.W., Suter Il, & T.P., Traas (Eds.), Species
sensitivity distributions in ecotoxicology (1%
ed., pp. 3-10). CRC Press.
https://doi.org/10.1201/9781420032314

Posthuma, L., Traas, T.P., de Zwart, D., & Suter II,
G.W. (2002b). Conceptual and Technical
Outlook on Species Sensitivity Distributions.
In: L., Posthuma, G.W., Suter Il, & T.P.,
Traas (Eds.), Species sensitivity distributions
in ecotoxicology (1% ed., pp. 475-508). CRC
Press. https://doi.org/10.1201/9781420032314

Posthuma, L., & de Zwart, D. (2012). Predicted
mixture toxic pressure relates to observed
fraction of benthic macrofauna species
impacted by contaminant mixtures. Environ.
Toxicol. Chem., 31(9), 2175-2188.
https://doi.org/10.1002/etc.1923

Price, S.J., Dorcas, M.E., Gallant, A.L., Klaver,
R.W., & Willson, J.D. (2006). Three decades
of urbanization: estimating the impact of
land—cover change on stream salamander
populations. Biol. Conserv., 133(4), 436-441.
https://doi.org/10.1016/j.biocon.2006.07.005

Quaranta, A., Bellantuono, V., Cassano, G., &
Lippe, C. (2009). Why Amphibians Are More
Sensitive than Mammals to Xenobiotics. PloS
ONE, 4(11), 7699. https://doi.org/
10.1371/journal.pone.0007699

R Core Team. (2020). R: A language and
environment for statistical computing (version



3.6.2) [Computer software]. R Foundation for
Statistical Computing. http://www.r-
project.org

Radeloff, VV.C., Hammer, R.B., & Stewart, S.I.
(2005). Rural and suburban sprawl in the US
Midwest from 1940 to 2000 and its relation to
forest fragmentation. Conserv. Biol., 19(3),
793-805. https://doi.org/10.1111/j.1523-
1739.2005.00387.x

Relyea, R. A. (2005). The lethal impacts of
Roundup and predatory stress on six species
of North American tadpoles. Arch. Environ.
Contamin. Toxicol., 48(3), 351-357.
https://doi.org/10.1007/s00244-004-0086-0

Relyea, R. A. (2009). A cocktail of contaminants:
how mixtures of pesticides at low
concentrations affect aquatic communities.
Oecologia, 159(2), 363-376.
https://doi.org/10.1007/s00442-008-1213-9

Relyea, R.A., & Diecks, N. (2008). An unforeseen
chain of events: lethal effects of pesticides on
frogs at sublethal concentrations. Ecol. Appl.,
18(7), 1728-1742. https://doi.org/10.1890/08-
0454.1

Relyea, R.A, Schoeppner, N., & Hoverman, J.
(2005). Pesticides and amphibians: the
importance of community context. Ecol.
Appl., 15(4), 1125-1134.
https://doi.org/10.1890/04-0559

Ripple, W.J., Wolf, C., Newsome, T.M., Galetti,
M., Alamgir, M., Crist, E., Mahmoud, M.I., &
Laurance, W.F. (2017). World Scientists’
Warning to Humanity: A Second Notice.
BioScience, 67(12), 1026-1028.
https://doi.org/10.1093/biosci/bix125

Roelants, K., Gower, D., Wilkinson, M., Loader, S.,
Biju, S., Guillaume, K., Moriau, L., &
Bossuyt, F. (2007). Global patterns of
diversification in the history of modern
amphibians. Proc. Natl. Acad. Sci. U.S.A,
104(3), 887-892.
https://doi.org/10.1073/pnas.0608378104

Rohr, J., Kerby, J., & Sih, A. (2006). Community
ecology as a framework for predicting
contaminant effects. Trends Ecol. Evol.,
21(11), 606-613.
https://doi.org/10.1016/j.tree.2006.07.002

Rosenzweig, M. (2003). Win—Win Ecology: How
the Earth’s Species Can Survive in the Midst
of the Human Enterprise. Oxford University
Press.

Rubbo, M.J., & Kiesecker, J.M. (2005). Amphibian
breeding distribution in an urbanized
landscape. Conserv. Biol., 19(2), 504-511.
https://doi.org/10.1111/j.1523-
1739.2005.00101.x

Saouter, E., Biganzoli, F., Ceriani, L., Versteeg, D.,
Crenna, E., Zampori, L., Sala, S & Pant, R.
(2018). Environmental Footprint: Update of
Life Cycle Impact Assessment Methods —

20

Ecotoxicity freshwater, human toxicity
cancer, and non-cancer (Report No.
JRC114227). Publications Office of the
European Union. https://doi.org/
10.2760/300987

Scheffers, B.R., & Paszkowski, C.A. (2013).
Ampbhibian use of urban stormwater wetlands:
the role of natural habitat features. Landscape
Urban Plan., 113, 139-149.
https://doi.org/10.1016/j.landurbplan.2013.01.
001

Scher, O., & Thiéry, A. (2005). Odonata, Amphibia
and environmental characteristics in
motorway stormwater retention ponds
(Southern France). Hydrobiologia, 551(1),
237-251. https://doi.org/10.1007/s10750-005-
4464-z

Schmidt, B. R. (2004). Pesticides, mortality and
population growth rate. Trends Ecol. Evol.,
19(9), 459-460.
https://doi.org/10.1016/j.tree.2004.06.006

Shinn, C., Marco, A., & Serrano, L. (2008). Inter—
and intra—specific variation on sensitivity of
larval amphibians to nitrite. Chemosphere,
71(3), 507-514.
https://doi.org/10.1016/j.chemosphere.2007.0
9.054

Simon, J.A., Snodgrass, J.W., Casey, R.E., &
Sparling, D.W. (2009). Spatial correlates of
amphibian use of constructed wetlands in an
urban landscape. Landscape Ecol., 24(3),
361-373. https://doi.org/10.1007/s10980-008-
9311-y

Snodgrass, J. W., Casey, R. E., Joseph, D., &
Simon, J. A. (2008). Microcosm
investigations of stormwater pond sediment
toxicity to embryonic and larval amphibians:
variation in sensitivity among species.
Environ. Pollut., 154(2), 291-297.
https://doi.org/10.1016/j.envpol.2007.10.003

StormTac AB. (n.d.). StormTac Data. StormTac—
Stormwater Solutions.
http://www.stormtac.com/?page_id=143.

van Straalen, N.M. (2002). Theory of Ecological
Risk Assessment Based on Species Sensitivity
Distributions. In: L., Posthuma, G.W., Suter
I, & T.P., Traas (Eds.), Species sensitivity
distributions in ecotoxicology (1% ed., pp. 37—
48). CRC Press.
https://doi.org/10.1201/9781420032314

van Straalen, N.M., & van Leeuwen, C.J. (2002).
European History of Species Sensitivity
Distributions. In: L., Posthuma, G.W., Suter
I, & T.P., Traas (Eds.), Species sensitivity
distributions in ecotoxicology (1% ed., pp. 19—
34). CRC Press.

Stuart, S.N., Chanson, J.S., Cox, N.A,, Young,
B.E., Rodriguez, A.S.L., Fischman, D. L., &
Waller R. M. (2004). Status and trends of
amphibians declines and extinctions



worldwide. Science, 306(5702), 1783-1786.
https://doi.org/10.1126/science.1103538

Swedish Agency for Marine and Water
Management. (2019). Havs-och
vattenmyndighetens foreskrifter om
klassificering och miljokvalitetsnormer
avseende ytvatten [Regulations for
classification and environmental quality
criteria regarding surface water established by
the Swedish Agency for Marine and Water
Management] (Report No. 2019:25). Swedish
Agency for Marine and Water Management.
https://www.havochvatten.se/download/18.47
05beb516f0bcf57celc145/1576576601249/H
VMFS%202019-25-ev.pdf.

Szdcs, E. (2016, August 14). Build a local version
of the EPA ECOTOX database. Data in
Environmental Science and Eco(toxico-)logy.
https://edild.github.io/localecotox

Thorley, J., & Schwarz, C. (2018). Ssdtools An R
package to fit Species Sensitivity
Distributions (version 0.1.1) [Computer
software]. J. Stat. Softw. 3(31): 1082.
https://doi.org/10.21105/j0ss.01082

Traas, T.P., van de Meent, D., Posthuma, L.,
Hamers, T., Kater, B.J., de Zwart, D., &
Aldenberg, T. (2002). The Potentially
Affected Fraction as a Measure of Ecological
Risk. In: L., Posthuma, G.W., Suter I, & T.P.,
Traas (Eds.), Species sensitivity distributions
in ecotoxicology (1% ed., pp. 315-344). CRC
Press. https://doi.org/10.1201/9781420032314

Wake, D.B & Vredenburg, V.T. (2008). Are we in
the midst of the sixth mass extinction? A view
from the world of amphibians. Proc. Natl.
Acad. Sci. U.S.A., 105 (suppl. 1), 11466—
11473.
https://doi.org/10.1073/pnas.0801921105

Wheeler, J.R., Grist, E.P.M., Leung, K.M.Y .,
Morritt, D., & Crane, M. (2002). Species
sensitivity distributions: Data and model
choice. Mar. Pollut. Bull., 45(1-12), 192-202.
https://doi.org/10.1016/S0025-
326X(01)00327-7

Wiklander, M. (2017). Fororeningar i dagvatten
[Pollutants in stormwater]. Swedish

21

Environmental Protection Agency.
https://www.naturvardsverket.se/upload/miljo
arbete-i-samhallet/miljoarbete-i-
sverige/regeringsuppdrag/2017/dagvattenprob
lematiken.pdf

Windmiller, B., Homan, R.N., Regosin, J.V.,
Willitts, L.A., Wells, D.L., & Reed, J.M.
(2008). Breeding amphibian population
declines following loss of upland forest
habitat around vernal pools in Massachusetts,
USA. In: J.C., Mitchell, R.E.J., Brown, & B.,
Bartholomew (Eds.), Urban herpetology (pp.
41-51). Society for the Study of Amphibians
and Reptiles.

Vonesh, J., & De la Cruz, O. (2002). Complex life
cycles and density dependence: assessing the
contribution of egg mortality to amphibian
declines. Oecologia, 133(3), 325-333.
https://doi.org/10.1007/s00442-002-1039-9

Yahner, R.H. (2003). Terrestrial vertebrates in
Pennsylvania: status and conservation in a
changing landscape. Northeast Nat., 10(3),
343-360. https://doi.org/10.1656/1092-
6194(2003)010[0343:TVIPSA]2.0.CO;2

de Zwart, D. (2002). Observed Regularities in
Species Sensitivity Distributions for Aquatic
Species. In: L., Posthuma, G.W., Suter II, &
T.P., Traas (Eds.), Species sensitivity
distributions in ecotoxicology (1% ed., pp.
133-154). CRC Press.
https://doi.org/10.1201/9781420032314



APPENDIX A

TABLE A1. Amphibian genera and their contribution to the data set.
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Genus Data points Genus Data points
Acris 107 Kassina 3
Adelotus 33 Leptodactylus 75
Agalychnis 189 Limnodynastes 144
Alytes 1 Lithobates 4,372
Ambystoma 793 Litoria 67
Anaxyrus 233 Microhyla 146
Boana 10 Notophtalmus 79
Bombina 59 Odontophrynus 6
Bufo 1,689 Osteopilus 49
Caudiverbera 6 Pelobates 58
Chioglossa 10 Pelodytes 6
Crinia 18 Pelophylax 1,173
Cynops 4 Physalaemus 71
Dendropsophus 12 Pleurodeles 243
Discoglossus 30 Polypedates 93
Duttaphrynus 200 Pseudacris 521
Elachistocleis 4 Pseudepidalea 191
Engystomops 2 Ptychadena 6
Epidalea 43 Quasipaa 18
Euphlyctis 173 Rana 2,041
Eurycea 20 Rhacophorus 2
Fejervarya 37 Rhinella 1,216
Gastrophryne 121 Scaphiopus 10
Glandirana 62 Scinax 69
Heleioporus 9 Silurana 563
Hoplobatrachus 104 Smilisca 7
Hyla 761 Spea 103
Hynobius 5 Triturus 248
Hypsiboas 170 Xenopus 8,631
Isthmohyla 7 Unspecified 109




TABLE A2. Amphibian species and their contribution to the data set.
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Species Data points Species Data points
Acris blanchardi 14 Centrolene prosoblepon 2
Acris crepitans 89 Chioglossa lusitanica 10
Acris gryllus 4 Crinia insignifera 16
Adelotus brevis 33 Crinia signifera 2
Agalychnis callidryas 189 Cynops pyrrhogaster 4
Alytes obstetricans 1 Dendropsophus microcephalus

Ambystoma barbouri 98 Dendropsophus minutus 11
Ambystoma gracile 68 Discoglossus galganoi 5
Ambystoma jeffersonianum 55 Discoglossus jeanneae 13
Ambystoma laterale 3 Discoglossus pictus 12
Ambystoma macrodactylum 38 Duttaphrynus melanostictus 200
Ambystoma maculatum 175 Elachistocleis bicolor 4
Ambystoma mavortium 6 Engystomops pustulosus 2
Ambystoma mexicanum 147 Epidalea calamita 43
Ambystoma opacum 37 Euphlyctis cyanophlyctis 44
Ambystoma punctatum 7 Euphlyctis hexadactylus 129
Ambystoma texanum 2 Eurycea bislineata 1
Ambystoma tigrinum 132 Eurycea wilderae 19
Anaxyrus americanus 27 Fejervarya limnocharis 30
Anaxyrus boreas 73 Fejervarya multistriata 7
Anaxyrus fowleri 42 Gastrophryne carolinensis 107
Anaxyrus terrestris 75 Gastrophryne olivacea 14
Anaxyrus woodhousii 16 Glandirana rugosa 62
Boana pardalis 10 Heleioporus eyrei 9
Bombina bombina 26 Hoplobatrachus rugulosus 8
Bombina orientalis 26 Hoplobatrachus tigerinus 96
Bombina variegata 7 Hyla chrysoscelis 199
Bufo americanus 488 Hyla cinerea 33
Bufo anderssoni 4 Hyla femoralis 3
Bufo arabicus 23 Hyla intermedia 62
Bufo boreas 5 Hyla japonica 3
Bufo bufo 686 Hyla meridionalis 6
Bufo canorus 8 Hyla squirella 30
Bufo cognatus 42 Hyla versicolor 425
Bufo fergusonii 22 Hynobius retardatus 5
Bufo gargarizans 74 Hypsiboas crepitans 6
Bufo japonicus 3 Hypsiboas pulchellus 164
Bufo maculatus 6 Isthmohyla pseudopuma 7
Bufo punctatus 60 Kassina senegalensis 3
Bufo quercicus 21 Leptodactylus latrans 73
Bufo terrestris 3 Leptodactylus ocellatus 2
Bufo woodhousei 145 Limnodynastes dorsalis 9
Bufo vulgaris 91 Limnodynastes peronii 120
Caudiverbera caudiverbera 4 Limnodynastes tasmaniensis 15



Lithobates areolatus
Lithobates berlandieri
Lithobates blairi

Lithobates catesbeiana
Lithobates clamitans
Lithobates grylio
Lithobates heckscheri
Lithobates palustris
Lithobates pipiens
Lithobates septentrionalis
Lithobates sphenocephalus
Lithobates sylvaticus
Litoria adelaidensis

Litoria aurea

Litoria citropa

Litoria ewingi

Litoria freycineti

Litoria moorei

Litoria raniformis

Microhyla ornata

Microhyla pulchra
Notophthalmus viridescens
Odontophrynus americanus
Osteopilus septentrionalis
Pelobates cultripes
Pelodytes ibericus
Pelophylax esculentus
Pelophylax nigromaculatus
Pelophylax perezi
Pelophylax ridibundus
Physalaemus albonotatus
Physalaemus biligonigerus
Physalaemus centralis
Physalaemus cuvieri
Physalaemus santafecinus
Pleurodeles waltl
Polypedates cruciger
Polypedates megacephalus
Pseudacris crucifer
Pseudacris regilla
Pseudacris sierra
Pseudacris triseriata
Pseudepidalea raddei

Pseudepidalea viridis

24
15
301
772
71
62
54
1,867
14
378
813
12

11
21

141

79

49
58

231
243
127
572

21
34

243
60
33
48

356
22
95
74

117

Ptychadena bibroni
Quasipaa spinosa
Rana arvalis

Rana aurora

Rana boylii

Rana breviceps
Rana brevipoda
Rana cascadae
Rana catesbeiana
Rana chensinensis
Rana cyanophlyctis
Rana dalmatina
Rana limnocharis
Rana luteiventris
Rana muscosa
Rana pretiosa
Rana sierrae

Rana temporaria
Rhacophorus arboreus
Rhinella arenarum
Rhinella fernandezae
Rhinella granulosa
Rhinella marina
Scaphiopus couchii
Scaphiopus hammondii
Scaphiopus holbrookii
Scinax fuscovarius
Scinax nasica
Scinax nasicus
Scinax ruber
Silurana tropicalis
Smilisca baudinii
Spea bombifrons
Spea intermontana
Spea multiplicata
Triturus alpestris
Triturus boscai
Triturus carnifex
Triturus cristatus
Triturus helveticus
Triturus vulgaris
Xenopus laevis
Xenopus tropicalis

Unspecified

24

18
25
39
125

45
64
878

130
95
117
24

39
400

1,114
23

74

43

15

563

20
29
54

13

73
101
13

44
8,021
501
295
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FiG B5. Acute SSD for cadmium. The solid middle line represents the distribution prediction, while the solid
outer lines represent the lower and upper 95% confidence limits. The dotted line shows the HCs.
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FiG B6. Chronic SSD for copper. The solid middle line represents the distribution prediction, while the solid
outer lines represent the lower and upper 95% confidence limits. The dotted line shows the HCs.
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FiG B7. Acute SSD for copper. The solid middle line represents the distribution prediction, while the solid outer
lines represent the lower and upper 95% confidence limits. The dotted line shows the HCs.
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FiG B8. Acute SSD for DDT. The solid middle line represents the distribution prediction, while the solid outer
lines represent the lower and upper 95% confidence limits. The dotted line shows the HCs.
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FIG B9. Acute SSD for dieldrin. The solid middle line represents the distribution prediction, while the solid outer
lines represent the lower and upper 95% confidence limits. The dotted line shows the HCs.
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FiG B10. Chronic SSD for diuron. The solid middle line represents the distribution prediction, while the solid
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FiG B11. Chronic SSD for endosulfan. The solid middle line represents the distribution prediction, while the solid
outer lines represent the lower and upper 95% confidence limits. The dotted line shows the HCs.
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FiG B12. Acute SSD for endrin. The solid middle line represents the distribution prediction, while the solid outer
lines represent the lower and upper 95% confidence limits. The dotted line shows the HCs.
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FiG B13. Chronic SSD for glyphosate. The solid middle line represents the distribution prediction, while the solid
outer lines represent the lower and upper 95% confidence limits. The dotted line shows the HCs.
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FIG B14. Acute SSD for glyphosate. The solid middle line represents the distribution prediction, while the solid

outer lines represent the lower and upper 95% confidence limits. The dotted line shows the HCs.
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FiG B15. Chronic SSD for mercury. The solid middle line represents the distribution prediction, while the solid
outer lines represent the lower and upper 95% confidence limits. The dotted line shows the HCs.
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FiG B16. Acute SSD for mercury. The solid middle line represents the distribution prediction, while the solid
outer lines represent the lower and upper 95% confidence limits. The dotted line shows the HCs.
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FiG B17. Acute SSD for pentachlorophenol. The solid middle line represents the distribution prediction, while the
solid outer lines represent the lower and upper 95% confidence limits. The dotted line shows the HCs.

100% 1
Rana catesbeiana
Microhyla ornata
80% 1
ithobates pipiens
—~
X Hyla ghry
S ysoscelis
-~
el
]
0/ 4
S 60% Y —
=
@®
[}
Q
8}
[0}
Q
2]
u—
o
= 40%
C
Q
e
(0] Xenopus laevis
[\
Euphiyctis hexadactylus
20% A
Anaxyrus boreas
............................................... s caroinonls
0,
0%

10 10.0 100.0 1,000.0 10,000.0 100,000.0
Concentration (ug/L)

FiG B18. Acute SSD for zinc. The solid middle line represents the distribution prediction, while the solid outer
lines represent the lower and upper 95% confidence limits. The dotted line shows the HCs.
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APPENDIX C

TABLE c1. Complete list of CAS registry numbers of substances used in SSD construction.

Substance Acute/Chronic CAS reg. no.
Ammonium Chronic 1066337, 6484522, 7783202, 12125029

Chronic 1912249
Atrazine

Acute 1912249

Chronic 10108642, 10325947
Cadmium

Acute 7440439, 10108642, 10124364, 10325947

Chronic 1317380, 7440508, 7447394, 7758987
Copper

Acute 1317380, 1332656, 7440508, 7447394, 7758987, 17599814
DDT Acute 50293
Dieldrin Acute 60571
Diuron Chronic 330541
Endosulfan Chronic 115297
Endrin Acute 72208

Chronic 1071836, 38641940
Glyphosate

Acute 1071836, 38641940, 70393850, 81591813

Chronic 7487947
Mercury

Acute 7439976, 7487947
Pentachlorophenol Acute 87865
Zinc Acute 1314132, 7440666, 7646857, 7733020




APPENDIX D

TABLE D1. Complete list of substances used to filter for lowest available concentrations.
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Substance

1,2-Dichloroethane
4-nonylphenol
4-Tert-Octylphenol
Acenaphthene
Acenaphthylene
Alachlor

Aldrin

Aluminium
Ammonia
Anthracene

Arsenic

Atrazine

Barium

BDE 209

BDE 47

BDE 99

Bentazon

Benzene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo[ghi]perylene
Bisphenol A
Bronopol

Cadmium

Calcium
Chloralkanes
Chlorfenvinphos

Chloridazon

Chlorinated paraffins (C10-C13)

Chromium

Chrysene

Cis-1,2-dichlorethene
Cobalt

Copper

Cybutryn

DDT

DEHP
Dibenz(a,h)anthracene
Dichlorprop
Diclofenac

Dieldrin

Diflufenican

Diuron

Endosulphan (alfa & beta)

Endrin
Ethinylestradiol
Fluoranthene
Fluorene
Glyphosate
HCB
HCH-alpha
HCH-beta
HCH-delta
HCH-gamma
Indeno[1,2,3-cd]pyrene
Iron

Isodrin
Isoproturon
Lead
Magnesium
Manganese
MCPA
Mecoprop

Mercury
Metribuzin
Metsulfuron methyl
Molybdenum
Naphtalene
Nickel

Nitrogen
Nonylphenols
PCB 101

PCB 118

PCB 138

PCB 153

PCB 180

PCB 28

PCB 52
Pentachlorophenol
PFOA

PFOS
Phenanthrene
Phosphorous
Potassium
Pyrene

Simazine
Sodium
Strontium
Terbutryn
Tetrachloroethylene
Tin

Tributyltin
Trichloromethane
Trifluralin

Zinc




