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Contaminants of Emerging

Concern

Developing a Sampling and Analysis Quality Plan for the
Cleveland Bay Sewage Treatment Plant

ABSTRACT

There are potentially many thousands of municipally
derived contaminants of emerging concern (CECs) present
in discharged wastewaters that may cause adverse effects
in receiving aquatic environments. Wastewater authorities,
therefore, may face the momentous task of investigating
these compounds with little or no prior CEC data for their
sewage treatment plants (STPs). Such is the case for the
Cleveland Bay Sewage Treatment Plant (CBSTP).

To evaluate the potential environmental risk posed by
municipal CECs, it is first necessary to understand which
CECs are present in discharging wastewater, how they will
be sampled and quantified, and which CECs are the most
concerning regarding ecological risk.

A Sampling Analysis and Quality Plan (SAQP) is a
valuable tool that can be used to critically review and detail
the strategy that will be adopted to achieve these
outcomes. As such, this paper describes the development
of a SAQP for screening wastewaters released from the
CBSTP into Cleveland Bay as part of a preliminary CEC
assessment.

This paper describes the qualitative decision-making
process employed to shortlist CECs into those perceived to
pose the greatest ecological risk. In addition, the rationale
and methods adopted to determine sampling locations and
frequency are described.

The preliminary results of the analysis are subsequently
used to assess the success or otherwise of the selection
methodology, exploring the implications of these results.
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INTRODUCTION

CECs may be defined as any natural, manufactured or
manmade chemical seldom monitored in the environment
that is suspected, or known, to cause adverse ecological
effects. These include a wide array of pharmaceuticals,
personal care products, food additives, illicit drugs,
microplastics, nanomaterials, pesticides, flame retardants,
plasticisers and other industrial chemicals.

Figure 1: Estuary outfall from the Cleveland Bay STP
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Following a decade of advancement in analytical methods
applied to characterise wastewater, researchers, water
authorities and industry experts are becoming increasingly
aware of the persistence of CECs through conventional
STPs.

Per- and poly-fluoroalkyl substances (PFAS), for example,
have drawn unprecedented international attention over the
past few years [1] on account of the persistent, bio-
accumulative and biomagnifying nature of these
compounds [2].

Environmental harm is also feared following recent
correlations of antibiotic concentrations to the presence of
antibiotic resistant genes (ARGs) [3], considered to
undermine the effectiveness of current and future
antibiotics [4]. These discoveries, among others, have
generated renewed concerns for receiving environments
subject to effluent discharge.

Townsville City Council (TCC) owns and operates CBSTP,
located on the coast of Townsville, Queensland. It
represents the largest point source wastewater discharge
in the reef region, treating an equivalent population of over
100,000 (about 25 ML/day).

CBSTP’s effluent is discharged via a marine ocean outfall
onto tidal mudflats in Cleveland Bay. The discharge point
shown in Figure 1 lies within the jurisdiction of the
Queensland State Marine Park (QSMP), and within the
general use zone of Great Barrier Reef Marine Park
Authority (GBRMP).

Located adjacent to the Great Barrier Reef (GBR), as
shown in Figure 2, Cleveland Bay is recognised as holding

important regional and national ecological value. For
example, iconic marine wildlife protected under
Commonwealth and state regulation including turtles and
dugongs, frequent the bay [5, 6]. Protection of these and
other unique ecological values is therefore of national
importance.

Ecological risk assessment (ERA) is an integration of
environmental toxicology, chemistry, ecology and
hydrology [7]. Employed to quantify the probability of
adverse ecological impacts, ERAs must consider not only
exposure of an organism to a stressor (e.g. an emerging
contaminant), but also the effect that stressor may have
(accounting for its severity) [8, 9].

To commence an investigation into either of these pillars of
risk assessment, it is first necessary to determine which
stressors to investigate. For this reason, the first step of an
ERA (commonly termed ‘problem formulation’) essentially
encapsulates the entire process; specifically, CECs and
their corresponding undesired ecological effects must be
identified to structure the subsequent investigation [8].

Unfortunately, the nature of STP influent presents a host of
opportunities for the introduction of CECs. In fact,
hundreds of CECs are generally detectable at micro and
nanogram concentrations in wastewater effluents [10]. This
introduces significant uncertainty regarding which CECs
should be the target of investigation.

There also remains a lot of uncertainty as to the fate of
these chemicals in the receiving environment, increasing
the challenge of prioritising CECs for an ERA.

Legend
Cleveland Bay Sewage Treatment Plant
Great Barrier Reef Marine Park Boundary

Service Layer Credits: Source: Esri, Maxar, GeoEye,
Earthstar Geographics, CNES/Airbus DS, USDA,
USGS, AeroGRID, IGN, and the GIS User Community

Figure 2: Cleveland Bay STP locality
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TCC seeks to ascertain the potential ecological risk that
CECs pose to the unique North Queensland ecology of
Cleveland Bay. To facilitate this subsequent ERA, an initial
screening program of CEC'’s is required to determine which
contaminants persist through CBSTP and may be useful in
later receiving environmental assessments.

Given the many thousands of municipally derived CECs
present in discharged wastewaters and the considerable
analytical challenge and expense involved in their
quantification, a means to refine and reduce this list is
necessary for practicality. The intent is to ensure that those
CECs considered most likely to be present and pose a risk
to the receiving environment are captured in the SAQP.

It is widely acknowledged that the quality of any
investigation is critically influenced by the care devoted to
the selection of sample locations, frequency, collection
procedures, and preservation prior to analysis. Failing to
consider the limitations of adopted sampling
methodologies can result in the unnecessary expenditure
of resources to acquire biased, imprecise, and inaccurately
measured CEC concentrations.

The literature surrounding CECs is constantly expanding,
and so a review of the site selection rationale and
collection procedures is presented here to inform those
working ‘on the ground’ of the current state of knowledge
and practice.

Overall, the methodologies described in this paper should
be a valuable and practical guide to water authorities
concerned with the quantification of ecological risk posed
by CECs discharged in effluent.

The intention of the preliminary screening program and
development of a SAQP is principally to improve our
understanding of CEC exposure from the point source of
CBSTP’s outfall.

Despite the breadth of available literature on CEC
concentrations representing different classes in
wastewaters [11], a similarly diverse suite of CEC classes
in the GBR have not been investigated [12-14]. Further,
other investigation of multiple CEC classes for advanced
STPs in Australia are uncommon.

As a membrane bioreactor (MBR) plant discharging
directly adjacent to the GBR, CBSTP is uniquely positioned
to provide insight into the success or otherwise of CEC
removal.

It was considered that the SAQP described herein must:

Quantify a sufficiently comprehensive array of CECs from
different chemical classes at CBSTP to validate their
presence / absence in wastewaters.

Capture contaminants considered most likely to pose a
risk to the receiving environment, based on current
scientific knowledge.

Employ a sampling rationale appropriate to the target
contaminants, which delivers a suitable degree of
accuracy and precision

Utilise containers and preservation methods appropriate
to the intended analysis.

Consider quality assurance and control methods to
evaluate the quality of reported data.

Summarised in Figure 3 are the three preliminary project
phases presented in this paper. The components within
each phase are described in greater detail in this section.

PHASE 1: W PHASE 3:
Develop CEC Review
screening L e values of
program ) i selected

SAQP e CECs.

Figure 3: Project phases 1 to 3 comprising of CEC
screening program development, analysis, and
subsequent review
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The SAQP development procedure may be divided into
two key steps, namely:

Step 1 — Develop a target CEC list
Undertake a general review of CEC literature.

Compile factors capable of providing supporting evidence
for the shortlisting of contaminants.

Utilise a rigorous decision-making process to prioritise
CECs and generate a target shortlist.

Step 2 — Determine sampling locations and frequency,
collection procedure, and analysis methodology

Consider available sampling points, and the strengths and
limitations in obtaining samples from each.

Select a frequency with which target CECs will be
quantified.

Select a sampling methodology in consideration of the
strengths and limitations of available sampling methods,
as appropriate to the target CECs.

There is an obvious need to shortlist target contaminants
for economy within the CEC screening program. As a
preliminary step, a broad review of literature was
undertaken to identify what ‘factors’ could be used to
provide supporting evidence either for, or against the
short-listing of a contaminant.

Peer-reviewed articles from scientific databases such as
ScienceDirect were retrieved describing different CEC
class concentrations in wastewaters. International
databases were also explored during the review. This
included the NORMAN Suspect Database, a product of “an
independent and highly recognized network of reference
laboratories, research centres, and related organizations
for the monitoring of contaminants of emerging concern”
[15]. Such databases compile a plethora of information on
CECs, including ecotoxicological endpoints and
contaminant properties.

Local technical reports were also examined, including the
NESP Report (2015) compiled by the Centre for Tropical
Water and Aquatic Ecosystem Research (TropWATER).
This report, titled ‘Identification, impacts, and prioritization
of emerging contaminants present in the GBR and Torres
Strait marine environments’, was a significant motivator in
the evolution of the CBSTP CEC project, being the first to
assess the qualitative risk of different CECs classes (i.e.
pharmaceuticals versus pesticides) to the local marine
environment.

The advice of industry professionals, academics, regulated
substances lists, etc. were also considered during the
review.

It became apparent during the review that there was no
shortage of CEC suspect lists nor CECs to investigate, but
rather a lack of prioritisation processes which focus
specifically on those found in municipal STPs which may
pose an ecological risk to receiving environments. Many
CEC prioritisation approaches developed to date were
designed to inform chemical regulation and are described
extensively elsewhere [16, 17].

Usually each approach is based on one or more of the
following underlying principles:

1. CECs of high production volume (HPV) (the basis for
chemical screening in the European Union, United
States and Canada);

2.Being of a persistent, bio-accumulative and or toxic
(PBT) nature (the basis of the US Environmental
Protection Agency’s PBT profiler [18]) or;

3. Occurrence-based CEC prioritisation (e.g. exploiting
historical chemical detections in surface waters) [19].

The Water Research Foundation has also developed a
Bayesian framework for the Prioritization of Research into
Constituents of Concern [20]. The web-based tool assists
water authorities to determine from their own perspective
which CECs require further research (e.g. considering
whether contaminants pose unique challenges to the
organisation).

In contrast, the decision-making process described here
intends to capture those CECs considered most likely to
pose a risk to the receiving environment.

Whilst each existing prioritisation approach holds merit and
offers practical guidance to assessors of potential CEC
risk, individually they may present oversight and bias in the
context of wastewater discharge.

It would be easy, for example, to limit analysis to only
regulated CECs, or alternatively those suggestive of
aquatic toxicity at low environmental concentrations.
However, this bias may manifest in the exclusion of CECs
for which ecotoxicological data is limited, or perhaps
whose “lower” toxicity is offset by high effluent
concentrations.

From the literature review, factors considered valuable in
providing supporting evidence for, or against the short-
listing of a contaminant specific to STP discharges were
collated.

These are presented under seven headings in Figure 4.
This figure illustrates that the process of developing a
target CEC list can be multi-dimensional. Whilst aspects of
many factors are interrelated, it is important to note that
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the effort involved in compiling available data for each factors [A to G] given in Figure 3 were then evaluated in
varies significantly. order to filter, and thereby reduce, the number of CECs

within each category.
Also unique to each factor is the degree of confidence in gory

the datasets and likelihood that they will be representative The intent is to quantify an array of CECs from different

of conditions at CBSTP. In consideration of these qualities, chemical classes in CBSTP wastewaters simultaneously.
key strengths and limitations of each factor are also Hence the need to target representative compounds within
presented in this figure and are explored in greater detail in each class.

the discussion. . . .
To demonstrate this process, supporting evidence for two

Our literature review provided an extensive initial list of 600 CECs within a single CEC class are evaluated in the
CECs which considered a comprehensive range of CEC discussion section of this paper.
classes. Supporting evidence from each of the seven

[A] [B]

Current | imminent regulation for I Y o
contaminant under local, state, influent and/or effluent
national or international legislation Limi
g
g Limitatic - Implies laboratory - Influenced by site-specific
analytical methods have |wastewater treatment
- Pre-determined guideline |- Bias for high production been developed for this | processes
values indicate a sufficient | volume chemicals contaminant and matrix |- Chemical usage varies both
body of evidence accrued |- Many CECs still under - Published CEC between continents and
regarding CEC deliberation (continued concentrations may be | regions (i.e. may not be
‘environmental risk (i.e. research recommended) compared directly to representative)
aquatic toxicity) - Internationally listed ecotoxicological - Variable laboratory
- Implies relatively greater | CECs based on region endpoints. detection limits, analysis
academic research has specific usage / - Available for a broad and preservation methods
been undertaken to date on | monitoring data range of i - Cumulative icati
the CEC and in some cases their |too vast to review this field
metabolites extensively
iously di d in the iving Ecotoxicological data or
environment (incl. biota) or in bioaccumulation evidence available
similar environmental conditions —
7 Liroi b L
4 & - Measurable impact on |- Data commonly reflects
- Confirms contaminant | - Limited environmental Supporting receiving environment | single-species effects,
can be measured in the | monitoring data for evidence for T B
et environmental CECs, particularly in . . ‘endpoints’; such as mixture (synergistic or
%x Australia including CEC predicted no effect | antagonistic) effects
- Receiving environment | - Limited information on in SAQP concentrations (PNECs); | - Experimental data is
jons maybe | the and fate may be easily compared | limited, available only for a
compared directly to | of CECs in marine to measured effluent | select number of
ecotoxicological environments A concentration data contaminants, otherwise
endpoints internationally, and - Common metric in risk | extrapolated or predicted
specifically the GBR assessment and concept | (e.g. from structure-
may be easily conveyed | property relationships)

€] [F]

5 TShave

y Yy i 1 hi exist
been developed for quantification in P
wastewater
L
gths: L G e
- Site-specific evidence | - Limited public records
- Laboratory methods - Laboratory capabilities of anticipated chemical | for prescription / import /
are continually vary, are constantly Chemical / physical properties are loads application rates
improving, increasing the | changing, and are best suggestive of WWTP persistence - Existing trade and - Commonly a binary
number of measurable | confirmed via personal industrial waste classification (potentially
contaminants in contact and/or environmental risk (i.e. Kow) agreements may provide | present / absent) without
wastewater - Analysis may be a ient record additional investigation
- If a target contaminant | required from multiple h Limitatic . - Absence of - Requires an
is sought at all costs, laboratories o characteristic sources | understanding of
methods can be - Difficult to grasp from T . = y it may i i chemical
developed at an literature without prior 'i“df,'; atnapnd a: s Em"“": ,'”":":, el eliminate possible products (e.g.
expense knowledge of i public dat s coefficient (Kow), are not contaminants. metabolites)
instrumental analytical - Influences persistence | applicable to all - You won't find what you
chemistry through wastewater contaminants (e.g. PFAS) don't look for
treatment processes - Generally limited to a
- Influences accumulation / | binary ranking relative to
i ion potential | other i (ie.
- Considers chemical more / less likely to
ucts 1 persist
(e.g. metabolites)

Figure 4: Decision-making factors which may contribute evidence for, or against the inclusion of a contaminant in the
target shortlist (Step 1 of Phase 1)
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Selection of the most appropriate sampling locations at
CBSTP is the second crucial step in SAQP development.
For both practicality and resource economy, limiting the
number of sampling locations for the preliminary screening
was desirable.

Prior to selection, the strengths and weaknesses of each
sampling location were considered in the context of the
project objectives. Considerations were primarily focussed
on the anticipated data representativeness and the
foundational value that sampling from locations may offer
in refining later receiving environmental monitoring
programs.

Obtaining a sufficiently representative sample of CBSTP
influent and effluent will be valuable to quantify, and
subsequently prioritise, CECs at this site. Since the
inherent daily, weekly and

seasonal variability in municipal influents and fluctuating
STP process conditions cannot be avoided, at this stage in
the overall project their impacts on measured CEC
concentrations need to at least be considered.

Personal care products, some pharmaceuticals and
pesticides, exhibit seasonal loadings dependent on their
application; for example, insect repellent N,N-Diethyl-meta-
toluamide (DEET) concentrations and many UV filters such
as benzophenone-3 (BZ3) have been variously reported to
increase significantly in summer [21, 22]. Thus, both an
economical and practical method should be selected to
provide insight into this variability to inform later
investigations.

Ensuring CEC stability in the collected sample as much as
practicable was also considered with the use of sample
preservatives. This included devising a strategy for sample
storage and transport.

The analytical component of this project was achieved
through cooperation with several laboratories.

The expertise of the Queensland Alliance for
Environmental Health Sciences (QAEHS) laboratory
(Brisbane) was applied to the analysis of pharmaceuticals,
personal care products, pesticides, polyaromatic
hydrocarbons, and organophosphorus flame retardants.

The Townsville Laboratory Services (TLS) analysed for
metals, some pesticides, and PFAS. At a later date,
Eurofins Environment Testing Australia (Eurofins) was

engaged to quantify some of the many remaining
antibiotics and PCP CECs of interest.

Whilst not the primary focus of this paper, the analytical
methods (extraction and instrumental) adopted for CEC
analysis have been described in Supplementary Data
Tables.

Following SAQP development and ensuing collection and
analysis, a review of the results was required to assess the
success or otherwise of the CEC selection methodology,
as well as to explore the implications of these results on
the future assessments of ecological risk. For example, the
detectability of CECs above limits of detection (LOD),
variability between sampling days and the effect of
preservations methods were investigated.

Finally, CECs of particular interest will be discussed in
greater detail with respect to the decision-making factors
which justified their inclusion in the preliminary screening
program.

To explore these limitations and the target CEC decision-
making process for CBSTP further, a comparison of CEC
decision-making factors [A to G] (Figure 4) is presented for
two contaminants within a single contaminant class,
recalling that there is a need to choose compounds within
each class to achieve analytical economy within the CEC
screening program.

Comparison of respective data compiled on the decision-
making factors are used to demonstrate which contaminant
should be chosen for the target CEC list.

Each of the seven decision-making factors [A to G] (Figure
4) are explored within this discussion as they apply to
tris(butyl) phosphate (TNBP) and tris(2-chloroisopropyl)
phosphate (TCIPP), just two of many organophosphate
esters (OPEs) that could potentially be investigated as part
of the CBSTP preliminary CEC screening program.

OPEs are widely used as plasticisers and flame retardants
in an array of commercial products [23]. Their widespread
use is likely to be reflected in the CEC influent profile of
most municipal catchments, including CBSTP’s [factor F].

As HPV chemicals, they have been reported in an
extensive range of environmental compartments from
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indoor air [24] to rainwater [25]. OPFRs including TCIPP
have even been detected in chlorinated swimming pools,
albeit at concentrations several orders of magnitude below
commonly applied health risk benchmarks [26].

Their quantification in wastewaters is commonly achieved
using gas chromatography—mass spectrometry (GC-MS), a
well-established analytical method [factor E] [23, 24].

The octanol-water coefficient (Kow) amongst other
parameters is frequently used in reviewing CEC
environmental fate, as it describes the relationship
between the fat and water solubility of a substance. A
higher Kow indicates an increased tendency to partition to
organic matter and animal lipids, and thus bioaccumulate.

Comparatively, TCIPP is more soluble in water at ambient
temperatures [27], and TNBP presents the higher Kow of
the two compounds (4.00 versus 2.59). Since both are
<4.5 Kow bio-accumulative potential for both OPEs is low.

Neither TNBP nor TCIPP are regulated in Australia, and as
such, toxicant guideline values are not provided within the
Australian and New Zealand Guidelines for Fresh and
Marine Water Quality [28] [factor A].

However, as a Priority Existing Chemical, TCIPP has been
subject to preliminary assessment by the government’s
National Industrial Chemicals Notification and Assessment
Scheme (NICNAS) for TCIPP, identifying it as slightly toxic
to aquatic organisms at all trophic levels but with prevailing
data gaps in its subchronic or chronic reproductive toxicity
[29].

Both TNBP and TCIPP have been measured in wastewater
influent and effluent [factor B]. An EU-wide monitoring
survey of 90 STPs revealed average concentrations of
TCIPP (1231 ng/L) an order of magnitude higher than
TNBP (260 ng/L).

Closer to home, a study by O’Brien, Thai [30] reported zero
detections of TNBP in samples taken from eleven
Australian STPs. In comparison, TCIPP was detected in all
samples, ranging from 0.5-4.1 pg/L.

Looking to the NORMAN Network Chemical Occurrence
Database, it reports tens of thousands of incidents of
TCIPP and TNBP in surface waters [factor C], but with
minimal seawater or marine water representation (<0.5%).

Applying the decision-making factors and in reflection of
the above evidence, TCIPP was prioritised over TNBP,
and consequently analysed as part of the preliminary
screening program. This was primarily on account of the
likelihood of detection in effluent and its status as a Priority
Existing Chemical.

This process of prioritising and filtering CECs was
repeated for the following contaminant classes: pesticides,
flame retardants, polyaromatic hydrocarbons and alkyl
phenols, personal care products, illicit drugs (and opiates),
and pharmaceuticals.

The total number of target CECs analysed was reduced to
150 from a starting count of >600. Some variations from
this target list were made in reflection of laboratory
resourcing limitations.

Further, wherever additional contaminant analysis or
laboratory-standard suites were readily or cheaply
available (i.e. for PFAS and pesticides), these suites were
adopted in full. A total of 301 CECs were therefore
analysed.

Cleveland Bay is a tropical embayment of 325 sq km,
located inshore of the central section of the Great Barrier
Reef [31]. While the potential ecological risk to this
environment is the ultimate project focus, undertaking
preliminary CEC screening adjacent to the CBSTP effluent
outfall presents numerous limitations.

In short, CECs may be readily diluted, transformed,
adsorbed, and transported in the receiving environment
from the point of discharge. This complexity can be
overcome with extensive monitoring of all relevant matrices
(water, sediment, biota, etc.) in the receiving environment.

The influence of surrounding anthropogenic activities to
Cleveland Bay should also be considered in the ultimate
risk assessment. These include port operations (north-
west) and runoff from the Townsville State Development
Area (TSDA) via Sandfly Creek, which discharges adjacent
the CBSTP outfall.

It was considered that measuring CECs in the receiving
environment would be better served once the chemical
profile of the treated effluent was characterised for target
CECs. This would reduce the number of sampling
locations and matrices (e.g. sediments and surface waters)
required.

Limiting CEC quantification to effluent, however, ignores
the potential incidence of bypass releases, which are
specified in CBSTP’s licence. Subject only to inlet coarse
screening, bypassed flows may contain considerably
higher concentrations of CECs than indicated by the
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effluent. Influent concentrations are not only a valuable
indication of worst-case contaminant loads during bypass
events; they also provide useful data on treatment process
removal.

Observing removal of CEC concentrations after
wastewater treatment may assist in identifying other
contaminant degradation products or precursors, which
may not have been included in the original target CEC list.

Sampling locations for CBPP’s preliminary effluent
screening program were therefore limited to influent and
effluent.

There are three primary methods generally available for
the collection of effluent: grab, composite and passive
sampling.

Grab sampling refers to the direct collection of a sample at
a single point in time. A significant limitation of these
samples is their inability to capture time-dependant
variations in contaminant concentrations. Accounting for
this variability is particularly relevant to STP discharges of
CEGCs.

Composite samples allow for the collection of multiple
individual samples obtained at a pre-determined rate (such
as time or flow-weighted). This is typically performed over
a 24-hour period. Composite sampling therefore
represents the preferred sampling methodology for the
CBSTP preliminary CEC screening program.

Moreover, many of the logistical issues associated with
composite sampling at CBSTP are avoided because there
are flow-weighted autosamplers on both influent and
effluent streams. However, these do not completely
eradicate technical issues. The installation of the
autosamplers on horizontal pipes, for example, can result
in inflated amounts of settled pipe material being collected.

Clogging of the autosampler nozzle drawing, or other
calibration issues are also common. Careful monitoring of
autosamplers by operators and thorough documentation of
such incidences is recommended for quality control.

Passive sampling devices record in-situ measurements by
their suspension in a waterbody, accumulating CECs to the
device over time. The composition of the sampling device
is specific to the analyte of interest and delivers only a
semi-quantitative result. They are an alternative sampling
tool also used to overcome short-term fluctuations in CEC
concentrations by integrating CEC levels over extended
sampling periods.

Despite the added benefit of potentially ‘amplifying’ target
CECs that would otherwise be reported below detection

limits with grab or composite sampling, passive samplers
are more suited to sampling the receiving environment.

Once again, given the variability associated with
quantifying CECs in the receiving environment, identifying
the chemical profile of the treated effluent was considered
a preceding step to the deployment of passive samplers.

Sampling methods adopted for CBPP’s preliminary effluent
screening program were therefore comprised of composite
(autosampler) samples on the influent and effluent.

Unfortunately, literature dedicated to the best-practice
preservation methods for many CECs is lacking. When
undertaking the analysis of a large array of chemicals, it is
beneficial to reduce the number of sampling containers for
practicality. Samples may need to be sent large distances
for analysis.

For example, QAEHS laboratory (Brisbane) completed
most of the analysis for pharmaceuticals, personal care
products. Amber glass containers, for example, can break
if not filled and stored correctly when attempting to freeze
and transport.

High-density polyethylene (HDPE) bottles with unlined
plastic caps, which are employed for a wide variety of
analysis (including PFAS) were chosen as the containers
for both influent and effluent.

To stabilise and preserve the analytes, acidification of the
collected sample was applied. Hydrochloric acid can
reduce sample pH to <2, minimising the degree of
biological activity in combination with frozen storage
temperatures (-18°C) [32]. As acidification has been shown
to increase the concentrations of some compounds [32],
an unpreserved sample was also collected for comparison.

Containers with sodium metabisulfite (SMBS) were also
used to reduce any residual chlorine in the samples.
Residual chlorine has been shown, to degrade endocrine
disrupting chemicals [33]. Autosamplers may be adjusted
to collect greater sample volumes to allow comparison of
preservation methods.

Field blanks were prepared at CBSTP during the
preliminary screening program in the same manner as the
sample but applying ultra-pure MilliQ water. This was used
to quantify the potential contamination during the collection
procedure and potentially identify trace contamination
problems associated with the sample containers and
preservation. The sample was collected and stored in an
identical manner to the primary samples.

Duplicate samples are valuable to measure precision in the
collection process. Due to the high cost of analysis for
many CECs, duplicate analysis was only conducted on a
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few CEC classes (e.g. PFAS, whose analysis at TLS was
cost effective).

Irrespectively, the erraticism of contaminants profiles over
the 7-day preliminary sampling period was expected to
produce variability either equal to, or in exceedance of that
which would be attained with daily duplication.

To provide sufficient volume for the analysis of over 100
CECs at QAEHS, the composite influent and effluent were
collected every day for 7 days, triplicating each sample to
assess the three preservation methods (nil, acidified, and
dosed with SMBS).

For analyses requiring large sample volumes in the
laboratory (i.e. herbicides, pharmaceuticals and PPCPs),
the daily samples were pooled to give a weekly composite.
Samples were frozen, and shipped to QAEHS (Brisbane)
at program conclusion.

Additional HDPE bottles (no preservative) were collected
for local analysis of some CECs such as metals and
metalloids, and PFAS at local Townsville Laboratory
Services (TLS).

To quantify some of the many remaining CECs not
determined from the primary sampling event (e.g.
antibiotics), nil preservative amber glass containers were
submitted to Eurofins during a secondary sampling round.

Analytical Results

The results of the preliminary screening program are
presented here to allow informed comment on the
suitability and effectiveness of the decision-making
framework.

It should be noted that validation of this process cannot be
obtained from this study alone but provides a different
perspective on the alternatives available to the water
industry for screening CECs in STPs.

The primary sampling campaign was undertaken at

CBSTP from 1-8 August 2019, and secondary on 9 June
2020. Courtesy of QAEHS, TLS, and Eurofins, a total of
301 CECs were successfully analysed in the laboratory.

Figure 5 illustrates that most of the analysed CECs (62%)
were below the laboratory limits of detection (LOD;
generally ranging from 1-500 ng/L) in influent samples.
Moreover, only a few of the CECs detected in the influent
were subsequently removed to an extent such that their
effluent concentrations were reported below LOD (11% of
the total).

The concept of CEC ubiquity and persistence through
STPs at measurable concentrations is therefore supported
for CBSTP, with 76 compounds detected in the effluent.

Concentration reported:
@ >LOD

@ <LOD

300

250

200

150

100 ~

Number of CECs

50

Influent

Effluent

Figure 5: Proportion of target CECs detected above / below LOD in CBPP

6 Water e-Journal Online journal of the Australian Water Association



Contaminants

In colloquial terms, if CEC concentrations occur at
measurable concentrations entering STPs, then
measurable concentrations will generally leave it. This is
due in large part to improved analytical capabilities, but
also the ineffectual removal of many CECs from STPs.

Turning now to the magnitude of CEC results, the highest
influent concentration for any analyte was reported for the
illicit drug 3,4-methylenedioxymethamphetamine (MDMA)
(300 pg/L), followed by paracetamol (220 ug/L).

The highest reported effluent concentration was that of the
anti-epileptic pharmaceutical carbamazepine (1.85 ug/L),
followed by the antidepressant Venlafaxine (1.5 pg/L).

Similar concentrations for these pharmaceuticals, and
other detected CECs such as pesticides, have been
reported in the Cairns tertiary STPs which employs a
submerged membrane filtration process [34], highlighting
the importance of reviewing local literature on CEC
occurrence with comparable treatment processes where
available [factor B].

As described in the methodology, 24-hr composite influent
and effluent samples were collected every day for 7 days
and analysed where possible after factoring in the required
analysis volumes.

The greatest daily variability of analyte concentration was
reported for benzoylecgonine, the primary cocaine
metabolite (203%, relative to the average result). Likewise,
MDMA variability was also relatively high (163%). Most
illicit drugs in fact had their peak influent concentrations in
the Monday morning sample, suggesting an increased
consumption during the weekend. Such temporal trends in
illicit substances has been reported elsewhere [35, 36].

The implications of sampling and preservation methods
have not been widely explored for many contaminant

classes investigated here. It appears that sample
preservation method (nil, acidified and SMBS dosed) did
not significantly influence the results. That is, the variability
between preservation methods was generally equal to or
below that obtained in duplicate samples.

If this experiment were to be repeated, resources would be
better placed refining (and potentially expanding) the CEC
target list.

To provide an efficient snapshot of the environmental
relevance of CEC concentrations measured in CBSTP
effluent, a well-established hazard quotient (HQ)
framework was adopted. The framework presents a quick
and simplistic method for the non-expert in ecotoxicity and
may assist in refining the scope of subsequent CEC
investigations.

The HQ is calculated by dividing the measured
environmental concentration in CBSTP effluent by the
lowest predicted no effect concentration (PNEC) for the
analyte (derived from experimental data and Quantitative
Structure-Activity Relationships (QSAR) models) [12]. The
indicative risk is then determined by a CEC’s HQ score.

Figure 6 presents the HQs obtained for the different
chemical classes whose effluent concentrations were
reported above LOD. Using this metric, we conclude that
most CECs present a low risk to the receiving environment
(i.e. HQ<1).

Only five CECs reported a HQ above 1, comprising
organophosphate flame retardant tris(2-chloroisopropyl)
phosphate (HQ=55) [*high risk”], personal care product
and fragrance galaxolide (HQ = 23) [*high risk”]

(noting analyte specific assumptions described in
Supplementary Data Tables), pesticide terbutryn
(HQ=2.2) [“low risk”], pharmaceutical and drug metabolite
cotinine (HQ=1.4) [“low risk”], and antibiotic azithromycin
(HQ=1.2) [“low risk”].

Class.1st
Flame retardent
lllicit drug
PAH
PCB
PCP
Pesticide
= PFAS

Pharmaceutical

Figure 6: Hazard quotient (HQ) calculation for CECs detected in Cleveland Bay STP effluent calculated using the
lowest reported predicted no effect concentration-PNEC (courtesy of the NORMAN Network, 2020)
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Considering the potential incidence of bypass releases, the
HQ calculation was repeated for influent concentrations.
The risk profile is understandably higher for influent than
effluent, as more CECs present with a HQ>1 (11 CECs).
Nevertheless, this remains a small fraction of the overall
number investigated.

Interestingly, all five CECs with HQs above 1 have very
different upstream catchment sources [factor F], require
different analytical methods for quantification [factor E],
and exhibit varying physiochemical properties [factor G].
Regarding detections in the receiving environment
[factor C], there is a lack of data for their occurrence in
Cleveland Bay.

The implications of analytical detection limits [factor E]
must be considered here, with 18% of CECs analysed
presenting (lowest) PNECs below their respective LODs. In
absence of a reported effluent concentration for these
contaminants therefore, their relative risk remains
inconclusive.

Furthermore, PNECs (lowest) were only available from
pre-existing databases for 87% of the CECs analysed [37],
reaffirming that the simple HQ metric is hampered by the
availability of ecotoxicological information [factor D].

Given these results, the likelihood of obtaining detectable
CEC measurements in receiving waters with grab samples
are low for most CECs (after accounting for the additional
dilution effects incurred at the mouth of CBSTP’s outfall).

Conversely, environmentally relevant concentrations of
CECs are most likely to occur in receiving waters during
low-tide conditions, when CBSTP discharges directly onto
Cleveland Bay’s mudflats.

However, employing passive samplers in the water
column, or focussing on the accumulative and/or
bioaccumulative pathways for CECs may provide a more
holistic perspective on their environmental persistence and
ecological risk.

Of the five CECs reporting HQs above 1, azithromycin and
galaxolide present the greatest bio-accumulative potential
for aquatic organisms [38].

This paper has taken a considered approach to the
development and execution of a SAQP for the screening of
CECs in Cleveland Bay STP wastewaters.

The methods presented attempt to draw attention to the
finer details of undertaking a CEC screening program in
wastewaters, and the common oversights and limitations of
investigating a potentially vast array of CECs.

This study demonstrated the benefit of applying a broad
array of decision-making factors to a preliminary
investigation, to indicatively assess the apparent
environmental risk of CECs across a variety of CEC
classes. As such, the indicative environmental risk
determined from established methods was essentially non-
existent for all the contaminant classes investigated.

Conversely, CEC classes suggestive of potential risk came
from a variety of CEC classes (flame retardants,
pharmaceuticals and pesticides). This demonstrates the
importance of considering broader CEC classes when
pursuing assessments of ecological risk for STP
discharges.

This paper, including the decision-making process for
determining target CECs within the various contaminant
classes (demonstrated for two OPEs), offers guidance to
other water authorities concerned with the quantification of
ecological risk posed by CECs discharged in effluent.

While the outcomes in this work focus on the conditions of
CBSTP, the decision-making factors for shortlisting CECs
for a preliminary CEC screening are applicable to other
STPs. These provide supporting evidence for or against
the assessment of CECs specific to municipal wastewaters
over others, irrespective of the wastewater treatment level
or the type of receiving environment for the effluent (e.g.
fresh versus marine waters).

More importantly, following the preliminary screening
program, TCC’s knowledge of CECs discharging to
Cleveland Bay has been improved. This knowledge will
shape subsequent sampling and analysis strategies for
CECs in the region, including receiving environmental
analysis for CECs in Cleveland Bay.

Sincere thanks are extended to the laboratories who
conducted the CEC analysis for the preliminary CEC
investigation, comprising Professor Jochen Mueller's team
from the Queensland Alliance for Environmental Health
Sciences (QAEHS), Townsville Laboratory Services (TLS)
and the team at Eurofins Environment Testing Australia
(Eurofins) in Brisbane for their provision of invaluable
support and technical guidance in the analysis of CECs.

The authors also extend thanks to Townsville City Council
for sponsoring the CBSTP CEC research project, and
whose employees have contributed time and resources to
the successful undertaking of the preliminary effluent
screening program.
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Table 1.0: Laboratory Method Descriptions

Contributing Chemical Extraction Instrumental
Laboratory Group Method Method
QAEHS Herbicides/drugs | 500 mL of samples were loaded onto Oasis HLB | Samples were analysed using Liquid Chromatography
/ PPCP cartridges and dry them under the vacuum for 30 | (LC) (Shimadzu, Nexera HPLC system, Kyoto, Japan)

min. Target chemicals were then eluted with 4 mL | coupled with tandem electrospray ionization (ESI)

of methanal. Filter the samples using PTFE filters | mass spectrometry (MS/MS) (SCIEX API 5500 and
(0.2 ym). Then evaporate samples to 100 L, and | 6500+ QTRAP® Mass Spectrometers, Ontario,

add 400 pL MilliQ water to make a final volume of | Canada). Both positive and negative ionization modes
0.5mL. were operated based on a scheduled multiple reaction
monitoring (MRM) switching process. Eluents used
were A=1 % methanol: 99% Milli-Q water containing
0.1% acetic acid, and B = 95% methanol: 5% Milli-

Q water containing 0.1% acetic acid

QAEHS Pesticides/PAH | 50 mL of influent or 200 mL of effluent sample was | OCP and PAH analyses were conducted on a Thermo
transferred into a separating funnel. pH of 5-6 Scientific DFS High Resolution GC/MS in splitless
achieved for 10mL of Pool 3 and 50mL of pool 4 injection mode on an Agilent J & W DB-5MS column
before SPE. 1mL of 0.1M Phosphate buffer added | (30m x 0.25mm x 0.25um). Experiments were

to all samples with 50mL in volume while 0.5mL conducted in MID mode at 10,000 resolution (10%
added to samples with 10mL volume. SPE valley definition). The inlet, transfer line and source
cartridges (Xtrackt® Gravity Flow DAU Extraction |were held at 250°C, 280°C and 280°C respectively and
Columns; 6mL, 500mg sorbent) were conditioned | the flow rate was maintained at 1.0mL/min. Similar GC
with 5mL MeOH followed by 5mL water followed ramp rates were used for OCP and PAH runs (80°C for
by 3mL phosphate buffer. After samples loaded, 2 minutes; increased to 180°C at 20°C/min and held for
followed by wash step (5mL water then, 1mL 0.1M | 0.5min; increased to 300°C at 10°C/min and held for 5
acetic acid), let to dry and then wash with 2mL minutes (OCP) or 8 minutes (PAH)).

hexane. First elution carried out with 5mL of 1:1
Hexane: Ethyl Acetate (Fraction 1). Wash carried
out with 3mL MeOH. Second elution carried out
with 5mL DCM/IPA/ammonium hydroxide
(78/20/2) (fraction 2). Fractions blown down to
dryness. Reconstituted with 0.5mL of 20%
MeOH)/water, vortexed and transferred to glass
vials for analysis.

QAEHS OPFR 5 mL of samples were loaded onto StrataX AW Samples were analysed by LC-MS/MS (using a
cartridges and eluted with 2 mL of 5% triethyl Shimadzu Nexera HPLC system coupled to an AB
amine in acetonitrile. The eluate was concentrated | Sciex 6500 QTRAP MS/MS) in electrospray ionization
under a gentle stream of nitrogen to near dryness | mode. The MS was operated in both positive and

and resuspended in 100 yL 5 % acetonitrile in MQ | negative ionisation modes. Separation was achieved
water using a 50 x 2.1 mm, 2.5 ym Synergi Fusion-RP
Column (Phenomenex, Torrance, CA) maintained at
45°C, and a flow rate of 0.4 mL/min. Mobile phase
composition was A: 0.1% acetic acid in methanol-water
(5:95, v/v) and B: 0.1% acetic acid in methanol-water
(95:5, viv).
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Contributing Chemical Extraction Instrumental
Laboratory Group Method Method

QAEHS UV filters Each sample was defrosted, aliquoted into 7mL Analysis was performed on a Sciex 6500+QTrapmass
amber vials and centrifuged at 3000 G for 10 min | spectrometer (Sciex, Ontario, Canada) with an
at 4 °C. 1 mL of supernatant was transferred to a | electrospray ionisation (ESI) interface coupled to a
2 mL analysis vial and spiked with the internal Shimadzu Nexera 2 HPLC system (Shimadzu Corp.,
standards, BP3-d3, to a final concentration of 5 Kyoto, Japan). Separation was achieved on a
ug/L. Samples Method: US EPA Method 1694 Phenomenex Kinetex biphenyl column (2.6 ym, 50 x
Pharmaceuticals and Personal Care Products in 2.1 mm) with a Phenomenex Kinetex Evo C18 (5 ym,
Water Soil Sediment and Biosolids by 50 x 4.6mm) pre-column. Eluents used were A=5%
HPLC/MS/MS were then analysed via direct methanol: 95% Milli-Q water containing 0.2 mM
injection. ammonium fluoride, and B = 95% methanol: 5% Milli-Q

water

TLS PFAS & GEN-X |In House LC/MS-MS

TLS OC/OPPs [Subcontracted to Australian Laboratory Services]
US EPA 3640/3620 US EPA 8081/8082 (OCPs);
In house LC/MSMS (OPPs)

Eurofins PCPPs US EPA Method 1694: Pharmaceuticals and Personal Care Products in Water Soil Sediment and Biosolids
by HPLC/MS/MS; US EPA Method 8270 (polycyclic musks) - Water samples were spiked with labelled
Naphthalene and extracted using liquid/liquid (DCM) followed by column clean-up (Na2S04, Silica and
Florisil). Prior to analysis, the extracts were spiked with labelled recovery standards and analysed using
GC/Q-TOF

The authors wish to thank QAEHS (specifically Change He and Jack Thompson) for their detailed contribution to the method descriptions above,
and the analyses overleaf.
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Table 2.0: CEC Summary List

Inclusive of compounds selected through decision-making framework (*), plus additional compounds

Maximum INFLUENT Maximum EFFLUENT
concentration (ug/L) concentration (ug/L)
3.4 DiCl Aniline 0.05 0.010 0.013
Ametryn 0.001 <0.001 <0.001
Asulam 0.001 <0.001 <0.001
Bromacil 0.001 <0.001 0.004
Carbaryl 0.001 <0.001 <0.001
Carbofuran 0.001 <0.001 <0.001
Chlorpyriphos* 0.001 <0.001 <0.001
Clopyralid 0.001 <0.001 <0.001
DCPMU 0.001 0.004 0.003
DCPU 0.001 0.033 0.004
DEET* 0.001 1.828 0.017
Desethyl Atrazine* 0.001 0.005 <0.001
Desisopropyl Atrazine* 0.001 <0.001 0.017
DesmethylDiazepam 0.001 0.027 0.020
Dichlorvos 0.001 <0.001 <0.001
Diuron* 0.001 0.125 0.175
Fenamiphos 0.001 <0.001 <0.001
Fluazifop 0.001 0.007 0.002
Flumeturon 0.001 <0.001 <0.001
Fluroxypyr 0.001 <0.001 <0.001
Hexazinone 0.001 0.003 0.003
Imazapic 0.001 <0.001 0.003
Imazethapyr 0.001 <0.001 <0.001
Imidacloprid* 0.001 0.153 0.143
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Maximum INFLUENT

concentration (ug/L)

Maximum EFFLUENT
concentration (ug/L)

Malathion 0.001 0.004 <0.001
Metalaxyl 0.001 <0.001 <0.001
Methiocarb 0.001 <0.001 <0.001
Methomyl 0.001 <0.001 <0.001
Metolachlor 0.001 0.001 <0.001
Metribuzin 0.001 <0.001 <0.001
Metsulfuron-Methyl 0.001 <0.001 <0.001
Pendimethalin 0.001 <0.001 <0.001
Picloram 0.001 <0.001 <0.001
Prometryn 0.001 <0.001 <0.001
Propazine 0.001 <0.001 <0.001
Propiconazole 0.001 0.152 0.069
Propoxur 0.001 0.013 0.006
Pyrimethanil 0.001 0.002 <0.001
Simazine hydroxy* 0.001 0.088 0.095
Sulfoxaflor 0.001 <0.001 <0.001
Tebuconazole 0.001 0.005 0.004
Tebuthiuron 0.001 0.007 0.007
Terbuthylazine 0.001 <0.001 <0.001
Terbuthylazine des ethyl 0.001 <0.001 <0.001
Mephedrone 0.005 <0.005 <0.005
Methylone 0.009 <0.009 <0.009
3,4-methylenedioxymethamphatamine* 0.01 0.850 0.300
Amphetamine* 0.009 0.420 <0.009
Benzoylecgonine* 0.005 0.350 0.160

Online journal of the Australian Water Association




Contaminants

Maximum INFLUENT Maximum EFFLUENT
concentration (ug/L) concentration (ug/L)

Buprenorphine 0.5 <0.5 <0.5
Carbamazepine* 0.001 2.321 1.851
Cocaine 0.005 0.070 0.004
Codeine* 0.001 3.246 0.765
Cotinine 0.005 4.910 0.198
EDDP 0.005 0.100 0.017
Hydroxycotinine* 0.05 7.550 0.170
Ketamine 0.05 <0.05 <0.05
MDA 0.05 <0.05 <0.05
MDEA 0.009 <0.009 <0.009
Methadone 0.009 0.012 <0.009
Methamphetamine 100 1800 <100
Morphine* 0.001 1.010 0.010
Nicotine* 0.001 5.580 0.037
Norbuprenorphine 0.001 <0.001 <0.001
Norfentanyl 0.009 <0.009 <0.009
Norketamine 0.05 <0.05 <0.05
Noroxycodone* 0.05 0.200 0.150
Oxycodone* 0.05 0.150 0.110
Paracetamol* 0.05 220.000 <0.1
a-endosulfan 0.0025 <0.0025 <0.0025
a-HCH 0.0005 <0.0005 <0.0005
Aldrin 0.00025 <0.00025 <0.00025
b-endosulfan 0.0025 <0.0025 <0.0025
b-HCH 0.0005 <0.0005 <0.0005
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Maximum INFLUENT Maximum EFFLUENT
concentration (ug/L) concentration (ug/L)
cis-Chlordane 0.0005 <0.0005 <0.0005
Dacthal 0.0005 <0.0005 <0.0005
d-HCH 0.0001 <0.0001 <0.0001
dieldrin 0.0005 0.006 0.002
endosulfan sulfate 0.0025 <0.0025 <0.0025
endrin 0.001 <0.001 <0.001
endrin aldehyde 0.0025 <0.0025 <0.0025
endrin ketone 0.0025 <0.0025 <0.0025
HCB 0.0005 0.003 0.001
Heptachlor 0.0005 0.001 <0.0005
Heptachlor Epoxide A 0.0005 <0.0005 <0.0005
Hetpachlor Epoxide 0.0025 <0.0025 <0.0025
methoxychlor 0.0025 <0.0025 <0.0025
Mirex 0.0001 <0.0001 <0.0001
op-DDD 0.0025 <0.0025 <0.0025
op-DDE 0.001 <0.001 <0.001
op-DDT 0.0005 <0.0005 <0.0005
PeCB 0.0001 0.001 0.000
pp-DDD 0.0005 <0.0005 <0.0005
pp-DDE 0.001 <0.001 <0.001
pp-DDT 0.001 <0.001 <0.001
trans-Chlordane 0.001 <0.001 <0.001
tris(1,3-dichloro-2-propyl) phosphate* 0.00087 0.068 0.006
tris(2-butoxyethyl) phosphate* 0.005 2.500 0.170
tris(2-chloroethyl) phosphate* 0.005 0.067 0.045
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Maximum INFLUENT Maximum EFFLUENT

concentration (ug/L) concentration (ug/L)
tris(2-chloroisopropyl) phosphate*® 0.005 6.900 1.000
tris(isobutyl) phosphate a* 0.005 0.440 0.430
Ace 0.0025 <0.0025 <0.0025
Acy 0.0025 <0.0025 <0.0025
Ant 0.0025 0.016 0.003
BaA 0.0005 0.004 0.001
BaP 0.0025 <0.0025 <0.0025
BeP* 0.0025 <0.0025 <0.0025
BghiP 0.001 <0.001 <0.001
DaHa 0.0025 <0.0025 <0.0025
Flu* 0.0025 0.060 0.012
1123cdp 0.0025 <0.0025 <0.0025
Nap* 0.0025 0.114 0.044
Phe 0.0025 0.220 0.043
Pyr* 0.0025 0.080 0.015
Atenolol* 0.001 1.220 0.344
Atrazine 0.001 <0.001 <0.001
Simazine* 0.001 0.014 0.034
Terbutryn* 0.001 0.044 0.011
benzophenone-3* 0.1 0.670 <01
benzophenone-4* 1 3.010 <1
Perfluorobutane Sulfonic Acid 0.01 <0.01 <0.01
Perfluoropentane Sulfonate 0.005 <0.005 <0.005
Perfluorohexane sulfonic acid 0.005 <0.005 0.023
Perfluoroheptane Sulfonic acid 0.005 <0.005 <0.005
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Maximum INFLUENT Maximum EFFLUENT

concentration (ug/L)

concentration (ug/L)

o

Perfluorooctane sulfonic acid* 0.002 0.038 0.006
Perfluorodecane Sulfonic acid 0.005 <0.005 <0.005
Perfluorooctane sulphonamide 0.005 <0.005 <0.005
N-MeFOSA 0.01 <0.01 <0.01
N-EtFOSA 0.01 <0.01 <0.01
N-MeFOSE 0.01 0.010 <0.01
N-EtFOSE 0.01 <0.01 <0.01
N-MeFOSAA 0.005 <0.005 <0.005
N-EtFOSAA 0.005 <0.005 <0.005
Perfluorobutanoic acid 0.01 <0.01 0.010
Perfluoropentanoic acid 0.005 0.026 0.005
Perfluorohexanoic acid 0.005 0.009 0.012
Perfluorooctanoic acid* 0.002 0.008 0.014
Perfluorononanoic acid 0.005 <0.005 <0.005
Perfluorodecanoic acid 0.005 <0.005 <0.005
Perfluoroundecanoic acid 0.005 <0.005 <0.005
Perfluorododecanoic acid 0.005 <0.005 <0.005
Perfluorotridecanoic acid 0.005 <0.005 <0.005
Perfluorotetradecanoic acid 0.005 <0.005 <0.005
Perfluorohexadecanoic acid 0.005 <0.005 <0.005
4:2 Fluorotelomer Sulfonic acid 0.01 <0.01 <0.01
6:2 FTS 0.01 <0.01 <0.01
8:2 Fluorotelomer Sulfonic acid 0.01 <0.01 <0.01
10:2 Fluorotelomer Sulfonic acid 0.01 <0.01 <0.01
HFPO* 0.005 <0.005 <0.005
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Contaminants

Maximum INFLUENT Maximum EFFLUENT
concentration (ug/L) concentration (ug/L)
9CI-PF3ONS* 0.005 <0.005 <0.005
11CI-PF30UdS* 0.005 <0.005 <0.005
Aluminium* 0.01 1.870 0.054
Antimony* 0.0005 0.002 <0.0005
Arsenic* 0.0005 0.003 0.001
Barium* 0.002 0.111 0.014
Beryllium* 0.0004 <0.0004 <0.0004
Bismuth* 0.0006 0.002 <0.0006
Boron* 0.004 0.352 0.207
Cadmium* 0.0004 0.002 <0.0004
Chromium* 0.0003 0.010 <0.0003
Cobalt* 0.0003 0.001 <0.0003
Copper* 0.002 0.194 <0.002
Iron* 0.002 2.100 0.020
Lead* 0.0006 0.023 <0.0006
Lithium* 0.0004 0.015 0.010
Manganese* 0.0003 0.140 0.120
Mercury* 0.0003 0.001 <0.0003
Molybdenum* 0.0004 0.009 0.002
Nickel* 0.001 0.010 <0.001
Rubidium* 0.0005 0.026 0.023
Selenium* 0.001 0.002 <0.001
Silver* 0.0004 0.001 0.001
Strontium* 0.0003 0.622 0.290
Thallium* 0.0004 <0.0004 <0.0004
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Contaminants

Maximum INFLUENT Maximum EFFLUENT
concentration (ug/L) concentration (ug/L)
Tin* 0.0004 0.005 <0.0004
Titanium* 0.001 0.036 0.002
Uranium* 0.0004 0.002 <0.0004
Vanadium* 0.0006 0.006 0.001
Zinc* 0.001 0.342 0.011
gamma-BHC 0.01 <0.01 <0.01
Oxychlordane 0.01 <0.01 <0.01
Acephate 0.5 <0.5 <0.5
Azinphos-methyl 0.02 <0.02 <0.02
Azinphos-ethyl 0.02 <0.02 <0.02
Bensulide 0.1 <0.1 <0.1
Bromophos-ethyl 0.1 <0.1 <0.1
Carbofenothion 0.02 <0.02 <0.02
Chlorfenvinphos 0.02 0.400 <0.02
Chlorpyrifos-methyl 0.2 <0.2 <0.2
Coumaphos 0.01 <0.01 <0.01
Demeton-O 0.02 <0.02 <0.02
Demeton-S 0.02 <0.02 <0.02
Demeton-S-methyl 0.02 <0.02 <0.02
Diazinon 0.01 <0.01 <0.01
Dimethoate 0.02 <0.02 <0.02
Disulfoton 0.05 <0.05 <0.05
EPN 0.05 <0.05 <0.05
Ethion 0.02 <0.02 <0.02
Ethoprophos 0.01 <0.01 <0.01
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Contaminants

Maximum INFLUENT

Maximum EFFLUENT

concentration (ug/L)

concentration (ug/L)

Fenchlorphos (Ronnel) 10 <10 <10
Fenitrothion 2 <2 <2
Fensulfothion 0.01 <0.01 <0.01
Fenthion 0.05 <0.05 <0.05
Formothion 20 <20 <20
Fosetyl Aluminium 10 <10 <10
Methidathion 0.1 <0.1 <0.1
Mevinphos 0.02 <0.02 <0.02
Monocrotophos 0.02 <0.02 <0.02
Naftalofos 1 <1 <1
Omethoate 0.01 <0.01 <0.01
Parathion 0.2 <0.2 <0.2
Parathion-methyl 0.5 <0.5 <0.5
Phorate 0.1 <0.1 <0.1
Pirimiphos-ethyl 0.01 <0.01 <0.01
Pirimiphos-methyl 0.01 <0.01 <0.01
Profenofos 0.01 <0.01 <0.01
Prothiofos 0.1 <0.1 <0.1
Pyrazophos 0.1 <0.1 <0.1
Sulfotep 0.005 <0.005 <0.005
Sulprofos 0.05 <0.05 <0.05
Temephos 0.02 <0.02 <0.02
Terbufos 0.01 <0.01 <0.01
Tetrachlorvinphos 0.01 <0.01 <0.01
Thiometon 0.5 <0.5 <0.5

= 2
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Contaminants

Maximum INFLUENT

concentration (ug/L)

Maximum EFFLUENT
concentration (ug/L)

Triazophos 0.005 <0.005 <0.005
Trichlorfon 0.02 <0.02 <0.02
Trichloronate 0.5 <0.5 <0.5
Amphetamine 100 200 <100
Anhydrotetracycline (ATC) 0.1 <0.1 <0.1
Chlorpheniramine 0.1 <01 <01
Ciprofloxacin* 0.1 0.400 <01
Ephedrine 100 <100 <100
Erythromycin A* 0.1 <0.1 0.100
Fluoxetine 0.1 <0.1 <0.1
Gemfibrozil* 0.1 0.300 <0.1
Ibuprofen* 0.1 2.300 <01
MDA (3,4-Methylenedioxyamphetamine) 100 <100 <100
MDMA (3,4- 100 300 <100
methylenedioxymethamphetamine)*

Metoprolol* 0.1 0.500 0.500
Naproxen* 0.1 1.800 <01
Propanolol* 0.1 0.100 <01
Pseudoephedrine (PSE) 100 600 <100
Sotalol 0.1 0.700 0.700
Sulfamethoxazole* 0.1 1.600 0.700
Trimethoprim* 0.1 0.700 <01
Venlafaxine* 0.1 1.000 1.500
Azithromycin* 0.1 0.200 0.200
Carbadox 0.1 <0.1 <0.1
Cefotaxime 0.1 <0.1 <0.1
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Contaminants

Maximum INFLUENT

concentration (ug/L)

Maximum EFFLUENT
concentration (ug/L)

Chlortetracycline (CTC) 0.1 <0.1 <0.1
Clarithromycin*® 0.1 0.100 <0.1
Cloxacillin 0.1 <0.1 <0.1
Demeclocycline 0.1 <0.1 <0.1
Digoxigenin 0.1 <0.1 <0.1
Doxycycline 0.1 <0.1 <0.1
Enrofloxacin* 0.1 <0.1 <0.1
Flumequine 0.1 <01 <01
Lomefloxacin 0.1 <0.1 <0.1
Miconazole 0.1 <0.1 <0.1
Norfloxacin 0.1 <0.1 <0.1
Ofloxacin* 0.1 <0.1 <0.1
Oxacillin 0.1 <0.1 <0.1
Oxytetracycline (OTC) 0.1 <0.1 <0.1
Penicillin G 0.1 <0.1 <0.1
Penicillin V* 0.1 <0.1 <0.1
Roxithromycin* 0.1 <0.1 <0.1
Sarafloxacin 0.1 <0.1 <0.1
Sertraline 0.1 0.200 <0.1
Sulfamerazine 0.1 <0.1 <0.1
Sulfamethizole* 0.1 <0.1 <0.1
Tetracycline (TC)* 0.1 <0.1 <0.1
Triclocarban* 0.1 <0.1 <0.1
Triclosan* 0.1 0.400 <0.1
Tylosin* 0.1 <0.1 <0.1

> 2
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Contaminants

Maximum INFLUENT Maximum EFFLUENT
concentration (ug/L) concentration (ug/L)
2.2'.3.3'.4.4'.5.6'-OcBDE (BDE-196) 0.0001 <0.0001 <0.0001
2.2'.3.4.4'-PeBDE (BDE-85) 0.0001 <0.0001 <0.0001
2.2'.3.4.4'.6.6'-HpBDE (BDE-184) 0.0001 <0.0001 <0.0001
2.2'.4-TrBDE (BDE-17) 0.0001 <0.0001 <0.0001
2.2'4.5'-TeBDE (BDE-49) 0.0001 <0.0001 <0.0001
2.3'.4'.6-TeBDE (BDE-71) 0.00005 <0.00005 <0.00005
2.3'.4.4'-TeBDE (BDE-66) 0.00005 <0.00005 <0.00005
2.3'.4.4'.6-PeBDE (BDE-119) 0.0001 <0.0001 <0.0001
2.3.3'.4.4'.5'.6-HpBDE (BDE-191) 0.0001 <0.0001 <0.0001
2.3.3'.4.4'.5-HxBDE (BDE-156) 0.00005 <0.00005 <0.00005
2.4'-DiBDE (BDE-7) 0.0002 <0.0002 <0.0002
4.4'-DiBDE (BDE-15) 0.0001 <0.0001 <0.0001
2.4.4'-TrBDE (BDE-28) 0.00005 <0.00005 <0.00005
2.2'4.4'-TeBDE (BDE-47) 0.0001 <0.0001 <0.0001
3.3'.4.4'-TeBDE (BDE-77) 0.00005 <0.00005 <0.00005
2.2'.4.4'5-PeBDE (BDE-99) 0.00005 <0.00005 <0.00005
3.3'.4.4'.5-PeBDE (BDE-126) 0.0001 <0.0001 <0.0001
2.2'.3.4.4'.5'-HxBDE (BDE-138) 0.0001 <0.0001 <0.0001
2.2'4.4'5.5-HxBDE (BDE-153) 0.00005 <0.00005 <0.00005
2.2'4.4'5' 6-HxBDE (BDE-154) 0.00005 <0.00005 <0.00005
2.2'.3.4.4'.5'.6-HpBDE (BDE-183) 0.00005 <0.00005 <0.00005
2.2'.3.3'.4.4'.6.6'-OcBDE (BDE-197) 0.00005 <0.00005 <0.00005
2.2'.3.3'.4.4'5.5'.6-NoBDE (BDE-206) 0.0001 <0.0001 <0.0001
2.2'.3.3'.4.4'5.6.6'-NoBDE (BDE-207) 0.0001 <0.0001 <0.0001
DeBDE (BDE-209) 0.00025 <0.00025 <0.00025
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Contaminants

Maximum INFLUENT Maximum EFFLUENT

concentration (ug/L) concentration (ug/L)
Galaxolide diastereoisomers + Tonalid* N/A 2.9 3.5
Cashmeran N/A ND ND

Note: LOR presented for relevant analyte and laboratory.
Duplicates (both interlaboratory and interlaboratory) not presented.

N/A indicates ‘not available’ (in reflection of analysis methodology, i.e. GC/Q-TOF) ND indicates ‘not detected’

Lowest PNEC Description

Data and description courtesy of the NORMAN Substance Database [12]

NORMAN's Ecotoxicology Database provides PNEC values are derived using a harmonised approach and agreed upon by a
large group of experts. It brings together and critically compares ecotoxicological threshold values for contaminants of emerging
concern (CECs) across Europe and beyond.

This database contains substances listed in the NORMAN substances with their Lowest PNEC, which were either predicted by
QSAR or obtained experimentally. Experimental and predicted Lowest PNECs (voted by NORMAN ecotoxicology experts) are
addressed as 'verified'. Lowest PNECs are used primarily for prioritisation purposes.

The Lowest PNECs of investigated CECs were linked to CEC results based on their Chemical Abstracts Service (CAS) number.
There exists only one exception to this, specifically for the collective concentration of ‘Galaxolide diastereocisomers + Tonalid’.
Since no PNEC was available for this combination, a conservative approach of the lowest CEC value (Galaxolide) was adopted.
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