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Abstract
Pharmaceuticals and personal care products amaisiogly being detected in the environment
and little is known of the effects to the envirommeThirty pharmaceuticals and personal care
products were measured in liquid and solid strelanasconventional secondary wastewater
treatment plant and compared to predicted partlbadings and toxicity levels. The predicted
partitioned loadings derived from the model wegn#icantly different from partitioned
loadings within the treatment plant. Concentratidischarged from the treatment plant were
below predicted and known toxicity levels for agoaind terrestrial receiving environments.
Together, these findings suggest the estimationefiedneffective for predicting partitioning
loadings in secondary treatment, concentrationsiairékely to be toxic in the marine
environment around the outfall, and secondary wesr treatment does have a positive impact
on the removal of pharmaceuticals and personalmactucts during secondary wastewater

treatment.
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Introduction

Pharmaceuticals and personal care products (PR@#ej emerging concern as they are
increasingly being detected at low levels in aguatid terrestrial environments and little is
known of the effects to the environment. This ih@svestigates the partitioning of PPCPs
within secondary wastewater treatment at the ClaRggional District (CRD) Saanich Peninsula
Wastewater Treatment Plant (SPWWTP) located in&SidBC, Canada and investigates the
loadings and toxicity of the PPCPs discharged ¢ontlarine and terrestrial receiving
environments.
Phar maceuticals and Personal Care Products

There is an increasing concern over the largetgiemof PPCPs being used on a daily
basis. The United States Environmental Proteciigency (US EPA) defines pharmaceuticals
as over-the-counter and prescription therapeutigslwvhich also includes veterinary drugs. The
US EPA defines personal care products as prodgeis for personal or cosmetic reasons
including soaps, fragrances, and cosmetics; mamhath contain active ingredients found in
the pharmaceutical classification (US EnvironmeRtatection Agency, 2014a). Itis estimated
that worldwide there are approximately six milllIBRCPs in use, the use of pharmaceuticals is
increasing 3-4% by weight per year, and approximdté0 pharmaceuticals are used in excess
of one tonne per year (Ellis, 2006). PPCPs andbittlegical metabolites are introduced into the
environment primarily through wastewater treatnedfiient as a results of excretion, washing,
and improper disposal (Xia, Bhandari, Das, & PjIR005). Based partly on solubility and
affinity for organic adsorption, PPCPs may partitio the effluent stream during wastewater

treatment and be discharged into the aquatic rexgeanvironment or partition to the sludge
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stream and be discharged onto the terrestrialvieceenvironment (Lowe, 2011). The use of
octanol-water partition coefficient () and water solubility as the predictors of PPCP
partitioning behaviour has proven to be inadequétes a method that does not take into account
other dependent wastewater stream factors suciolagibal degradation or loading
concentrations and volumes (Ternes, Adriano, & 18ed004). PPCPs can degrade or combine
with other components within the wastewater systangstransform into unknown or difficult to
trace compounds (Xia et al., 2005). For exampilgpsan contains chlorinated impurities in the
form of polychlorinated dibenzodioxins and dibenzahs, has degradation and reaction
products in the form of 2,4-dichlorophenol and pblgrinated dioxins, and through methylation
during wastewater treatment can transform into gidticlosan (Environment Canada, 2012b).
PPCP metabolites have also been known to reaciiMatéhe parent compound through the
deconjugation of the excreted conjugated metabgleesch et al., 2006; Sun, Deng, Huang,
Shen, & Yu, 2008).

The environmental and human health impacts okth@msformation, degradation, and
reaction products are largely unknown (Daughto®320 PPCPs are continually introduced into
the environment through wastewater treatment systegplacing those either degraded or
transformed. This results in pseudo-persistentniteds; chemicals with a level of persistence
that would otherwise not possess chemical stahithe environment (Daughton, 2003). Little
is known of the impacts to aquatic and terreséralironments from the continual, life-cycle,
multi-generational, low-dose exposure to PPCPs ¢btun, 2003; Xia et al., 2005). Changes in
ecosystems from the pseudo-persistence of PPCRaoaay at such slow rates they go

undetected or are attributed to natural adaptatra@cological succession (Ternes & Daughton,
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1999). Studies of the impacts of chemical polltgam human health and the environment have
been primarily devoted to persistent bioaccumudationtaminants, persistent organic pollutants,
and other bioaccumulative chemicals (Ellis, 200&arpe, 2003).

There are a few studies that show the impactguatec and terrestrial environments
from the continual, life-cycle, multi-generationkdyw-dose exposure to PPCPs. Studies indicate
exposure to serotonin reuptake inhibitors sucmédepressants adversely affect the
reproductive behaviour of aquatic organisms (Dangh2003; Fong, Huminski, & D'Urso,
1998; Han et al., 2010). Steroid hormones anadgstrs have been observed to cause endocrine-
disrupting effects such as altered gender expnessid reproductive development in aquatic
species (Dietrich, Ploessl, Bracher, & Laforscil.@Qlobling et al., 2003; Kidd et al., 2007,
Lange et al., 2001; Nakada et al., 2007; Nakadaishana, Shinohara, Kiri, & Takada, 2006;
Quinn et al., 2004). Antibiotic resistance hasrbelserved in wastewater treatment systems
(Reinthaler et al., 2003; Zhang, Marrs, Simon, & 2009; Zwenger & Gillock, 2009) and
antibiotic resistant bacterial strains and advefssts to antimicrobials have been observed in
the environment (Chee-Sanford, Aminov, Krapac, @aas-Jeanjean, & Mackie, 2001; Halling-
Sorensen, Sengelov, Ingerslev, & Jensen, 2003bRiogs Blanck, Tjellstrom, & Backhaus,
2009). Existing studies do not necessarily prodigar toxicity endpoints as there can be
different reported endpoints, different target migens, and/or different receiving environments.
Most research has assessed acute effects of PPRGRslowater aquatic species, with relatively
few studies focusing on the direct effects of conidions found discharged into the receiving
environments, chronic or long-term exposures, neaaimd terrestrial environmental effects, or

cumulative and mixture effects (Dietrich et al.1Q0Ellis, 2006; Kostich & Lazorchak, 2008;
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Kummerer, 2009; Pal, Gin, Lin, & Reinhard, 2010;ii@u Gagne, & Blaise, 2008; Richardson,
2009; Tyler & Jobling, 2008). Studies are emergindong-term effects of estrogens in fish
species (Nash et al., 2004), chronic effects ofraénervous system drugs in treated wastewater
(Ferrari, Paxéus, Giudice, Pollio, & Garric, 200&fects of anti-infective agents on marine
species (Hidu, 1965), effects of anti-infective migeand blood formation drugs on terrestrial
species (US National Library of Medicine, 2013)d a&ffects of secondary exposure to
veterinary drugs on vultures (Swan et al., 200d&)ugh little is known of the cumulative effects
and exposure to mixtures of PPCPs in the envirohiii#atrich et al., 2010; Koplin et al.,
2002).

Recently, more sophisticated analytical methodsiastruments such as liquid
chromatography with full scan and high-resolutioassispectrometry have been developed
leading to the detection of trace contaminantsrante robust analysis of chemicals with low
concentrations such as PPCPs (Caliman & GavrileXi9; Richardson, 2009). Lower
detection limits for a wider array of chemicals ageased the attention given to the issue of
what is considered emerging contaminants of concBfRCPs have been present in the
environment since their development; it is theigbib detect them at trace levels that is raising
concern without the proper understanding of theactpand effects to the environment
(Daughton, 2003). With the lack of comprehensmsedity and partitioning data for PPCPs,
modeling is still used to predict the fates (US Emvmental Protection Agency, 2014c) and
concentrations (US Environmental Protection Age26\,4b) of PPCPs. With a greater
knowledge and understanding of the impacts of PRI@RBe environment, there comes a

greater focus on removal of PPCP in wastewatetneat and the receiving environments and



PARTITIONING AND FATE OF PPCPs 13
the development of source control measures to neithhe input of PPCPs into the
environment (Daughton, 2003).

Environment Canada has conducted a Preliminarysassent (Environment Canada,
2012a) and developed a Risk Management Scope (Ement Canada, 2012b) for triclosan, an
antimicrobial found in everything from clothing tmothpaste, from cleaning products to
cosmetics. After identifying triclosan as havinggntial bioaccumulative effects in the
environment, Environment Canada is seeking volyrmamoval of triclosan as a non-essential
ingredient in some personal care products (Enviemtr@anada, 2012b). Though driven
predominantly by human resistance to antibiotideeAa Health Services started the Bugs
Need Drugsommunity education campaign (Alberta Health Smwj 2013). The campaign,
now also funded by the British Columbia (BC) Mimysbf Health (MoH), is aimed at reducing
dependence on antibiotics. This education campaigsequently reduces the input of
antibiotics into wastewater systems and the enwuent.

Estimation Programs I nterface (EPI) Suite

The US EPA Office of Pollution Prevention and Taxxand Syracuse Research
Corporation (SRC) developed the Estimation Progrimtesface (EPI) Suite of models as
screening-level tools for organic chemicals (US iEomnmental Protection Agency, 2014c).

Sewage Treatment Plant (STPWIN) model.

The STPWIN model (sewage treatment plant modddaged on fugacity principles to
predict the fate and determine the behaviour chwiggchemicals within the parameters of a
conventional wastewater treatment plant utiliziogvated sludge secondary treatment (US

Environmental Protection Agency, 2014c). STPWINnestes the fates of a chemical during
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different stages of treatment as it is subjecetaaval by evaporation, biodegradation, sorption
to sludge, and loss in the final effluent. Thedaigradation rate is both the most critical variable
and the most uncertain variable; a rate determiyefdctors such as retention times (Clara,
Kreuzinger, Strenn, Gans, & Kroiss, 2005). STPW#M utilize biodegradation half-life
relationships assigned from the BIOWIN model (bigrdelation model) or utilize inputs of site-
specific biodegradation half-life relationshipstedtment system properties for a conventional
wastewater treatment plant such as treatment &miksank dimensions, influent properties, and
gas and liquid phase mass transfer coefficientpi@-€etermined as defaults. The US EPA
provides a disclaimer for the use of the STPWIN eldldat “estimated values should not be
used when experimental (measured) values are bl&il@S Environmental Protection

Agency, 2014c), though is a valuable resource éemnining the partitioned fate of organic
chemicals such as PPCPs in the absence of expé¢aindaia.

Ecological Structure-Activity Relationship (ECOSAR) model.

The Ecological Structure-Activity Relationship (BSAR) model integrates quantitative
structure activity relationship (QSAR) models tedtict the ecotoxicity hazards of organic
chemicals. The QSAR models utilizes predictedromtavater partition coefficient () from
the KOWWIN model (log octanol-water partition caeiént model) and measured toxicity
values (mmol/L) for a set of 111 known chemicabssks and applies it to the class constituents
of a chemical (US Environmental Protection Agert§14b). ECOSAR is designed to estimate
general toxicity of organic chemicals in the abseotmeasured data. ECOSAR provides a
standard toxicity profile characterizing the potanhquatic hazards as defined by acute effects

in fish (LC50, 96hr), daphnid (LC50, 48hr), anda@g EC50, 72 or 96hr) and chronic effects in
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fish (ChV), daphnid (ChV), and algae (ChV) for eathhe chemicals class constituents. LC50
is a standard measure of toxicity that is defiretha lethal concentration of a substance that
will kill half of the sample population through eogure in a specified period of time. EC50 is
also a standard measure of toxicity that is defexethe median effective concentration of a
substance that produces 50% of the maximum possiitaet through exposure in a specified
period of time. Chronic value (ChV) is determiri®dthe geometric mean of the no observed
effect concentration (NOEC) and the lowest obsesféztt concentration (LOEC). Additional
freshwater species and some terrestrial and mapeees toxicity endpoints are available when
measured data is made available. It is commosédhe most conservative effect level when
provided with results from multiple classes forhemical. Similar to the STPWIN model, the
US EPA provides a disclaimer for the use of the BBR& model that “estimated values should
not be used when experimental (measured) valuesvarable” (US Environmental Protection
Agency, 2014c), though is a valuable starting pfontletermining the ecotoxicity of organic
chemicals such as PPCPs in the absence of expé¢aindata. There are databases of chemical
toxicity data available such as National Centerfoastal Ocean Science (NCCOS)
Pharmaceuticals in the Environment database (Nati©anters for Coastal Ocean Science,
2014), US National Library of Medicine HazardousvSiances Data Bank (HSDB) (US
National Library of Medicine, 2013), and US Natibhéorary of Medicine ChemlIplus

database (US National Library of Medicine, 2012hese databases are not always updated with

the most current research, and as such are onfiyl @sea preliminary source for toxicity data.
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Capital Regional District

The Capital Regional District (CRD) is the regibgavernment providing regional
services which includes wastewater treatment td gmunicipalities and three electoral areas
on southern Vancouver Island and surrounding Gildihds in British Columba (BC), Canada.
Upon the development of the CRD Sewer Use Bylawlegong the discharge of contaminants to
sanitary sewer, the CRD implemented the Regionaftc@oControl Program (RSCP) in 1994
(Capital Regional District, 2012a). The RSCP poHution prevention initiative for the
reduction of contaminants discharged from the ittalscommercial, and institutional (ICI)
sectors into the regional sanitary sewer systerapi(@l Regional District, 2012a). Source
control has proven to be an effective method oficety contaminant loading to the
environment.

The CRD 2003 Core Area Liquid Waste Management RI&/MP) provides the
guidance for the management of liquid waste forséngen municipalities within the Capital
Regional District core area, which includes a psgbpdor the addition of secondary wastewater
treatment for the core area (Capital Regional 2t5t2011). The CRD currently has three major
wastewater treatment facilities serving the coeaand the Saanich Peninsula, with outfalls
discharging effluent to the marine receiving enriment. Macaulay Point and Clover Point
treatment facilities provide preliminary wastewateatment for approximately 330,000 people
within the core area. The preliminary treatmeutlitees utilize a mechanized 6 mm bar screen,
and the predominantly inorganic filtered partickes disposed in the regional engineered
sanitary landfill. The Macaulay Point facility éall extends 1.7 km to a depth of 60 m into the

Strait of Juan de Fuca marine waters, and dischang@verage annual flow of 44,000 of
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sewage per day (Capital Regional District, 20Ihe Clover Point facility outfall extends 1.1
km to a depth of 67 m into the Strait of Juan deaHmarine waters, and discharges an average
annual flow of 50,000 frof sewage per day (Capital Regional District, 201The proposal for
secondary wastewater treatment for the core areddweplace the two preliminary treatment
facilities.

The Saanich Peninsula Wastewater Treatment F3&W{/ TP) provides secondary
wastewater treatment for approximately 35,000 peapihin the Saanich Peninsula. The
SPWWTP utilizes activated sludge, a standard sengriceatment process based on natural
bacterial populations to treat raw sewage. Thémpiary screenings of approximately 19.38
tonnes per year, as well as the organic sludgemoximately 3210.06 tonnes per year
produced during secondary treatment, are dispasteeiregional engineered sanitary landfill
(Capital Regional District, 2009, 2013). The SPWWAutfall extends 1,580 m to a depth of 30
m into the Haro Strait marine waters, and discheageaverage annual flow of 15,000 of
sewage per day (Capital Regional District, 2013).

Secondary wastewater treatment produces sludgghwhin be treated through physical,
chemical, and/or biological processes to produosdiids. Biosolids, rich in nitrogen and
phosphorous, can be used in land applications asisloil amendments and fertilizers. The
presence in biosolids of heavy metals, pathogersplbarbons, chemical residues, and other
chemicals of concern such as pharmaceuticals aisdmad care products are a source of concern
for land application uses. These chemicals andogains can be introduced into the terrestrial
receiving environments and leach into the surraugmpdroundwater and aquatic environments

(Dawson, 2011). The use of biosolids has beendzhfor land application uses within the
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Capital Regional District (Capital Regional Distri2009). However, there is a commitment by
the CRD to pursue opportunities for the benefias# for biosolids (Capital Regional District,
2009).

The LWMP includes a requirement by the British @obia (BC) Ministry of
Environment (MoE) for the CRD to conduct and/ofaobrate on studies of emerging scientific
concerns, such as PCPPs in wastewater and theingcenvironments (Capital Regional
District, 2011). The CRD has identified 125 PP@#tkin the core area wastewater stream, and
PPCPs are being detected at low levels in marirfaciwaters surrounding the CRD sewer
outfalls (Lowe, 2011). Studies conducted for tHRDChave compared the PPCP loading
concentrations to the effluent discharge conceantratfollowing preliminary treatment, the
wastewater treatment method currently utilizecheriegion’s core area, finding that ibuprofen
concentrations were close to freshwater chronielstiial effects levels (Lowe, 2011). A risk
analysis conducted for the CRD assessed the impaPBCPs within the CRD receiving
environments following secondary wastewater treatmdentifying antimicrobials triclosan and
triclocarbon as priority concerns based on toxjdigding, and environmental persistence; and
identified pain reliever acetaminophen and antibiokarithromycin for priority concern based
on loading, soil persistence, and leaching pote(@arnard, Frias, Laloge, Rose, & Van
Tongeren, 2011). Further research has been cadlfamtthe CRD to assess source control
strategies for antimicrobial triclosan and surfatt@onylphenols (Dinn, Jenmsa, & Alava,

2014).
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Objectives
The objectives of this research were to:
e conduct an assessment of partitioned PPCP loadiitigin secondary wastewater treatment
at the Saanich Peninsula Wastewater Treatment; Riadht
e conduct an assessment of partitioned PPCP contiensraén the receiving environments at
the Saanich Peninsula Wastewater Treatment Plant.
A mass balance analysis will be conducted on apmately one year of wastewater sampling
results for a select group of thirty PPCPs entettimegSPWWTP through influent, exiting
through effluent and sludge, and being removedugjindiodegradation or other transformative
processes. A comparative assessment will be ctedifar the SPWWTP effluent, sludge, and
transformative loss PPCP loadings against predetifuent, sludge, and transformative loss
PPCP loadings to determine the effectiveness ohasbn models for determining PPCP
partitioning in wastewater systems. A comparadisgessment will be conducted for the
SPWWTP marine and terrestrial receiving environm&RCP concentrations against predicted
toxicity values for aquatic and terrestrial spe¢edetermine priority PPCPs of concern.
Finally, this research will provide a discussiontbe implications of PPCPs within the CRD’s
wastewaters and receiving environments, recommamsafior addressing PPCPs of concern,
and suggestions for future research.
General Methodology
As part of an agreement between the Departmédrisberies and Oceans Canada (DFO)
and the Capital Regional District (CRD), the anabjtdata from wastewater samples collected

at the Saanich Peninsula Wastewater Treatment (8&WWTP) was made available for this
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research by Dr. Michael Ikonomou. The methods ts@wllect, prepare, and analyze the
wastewater samples collected at the SPWWTP anchéieods used to prepare the data for
assessment are outlined in the following section.
Sample Collection

Approximately 280 wastewater samples were colteatehe SPWWTP bi-weekly from
August, 2011 to September, 2012 for a total of&iige days.Figure 1shows the five
sampling sites located within the secondary wadtewieeatment processes at the SPWWTP.
Wastewater samples were collected at the bar itk L, influent, preliminary screened) and
effluent outfall (Site 2, after treatment by secawydclarifiers prior to discharge). Sludge
samples were collected from primary sludge (SiterBpary treatment), return activated sludge
(Site 4, secondary treatment), and dewatered sl(8ige5, mixed primary and secondary sludge

after dewatering press).
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MECHANICAL Site 1

Figure 1. Secondary wastewater treatment process flow diagriimsampling site locatior
for Saanich Peninsula Wastewater Treatment Pladapted fronSaanich Peninsul
Wastewater Treatment Plafgrochure], by Capital Regional District, n.d., Yocia, BC: Capita
Regional District. Copyright n.d. by Capital Reggb District. Adapted with permissi.

Grab samples fromit&s 1 and 2 were collectecto 4 L amber glasottles. Gral
samples from s 3 and 4 were collectecto 500 ml amber gladsottles. Grab samples fro
Site 5 were collected intt25 ml ambeglass bottles. All amber sample batigere pr-rinsed
with deionized water and 10% methanol in watere $amples frorSites 1 through 4 wer
stored at 4°C until filtration. The samples frSite 5 were stored a20°C until filtration.
Analysis

The liquid and solid phases of each see were prepared and analyzed separ at the

Regional Dioxin Laboratory at the Institute of Ogezciences, Fisheries and Oceans Cana
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Sidney, BC, Canada. The methods used to prepdraralyze the samples are outlined in the
following section.

Liquid samples.

Samples collected from Sites 1 through 4 werergltl the day following collection
through glass fibre filters in series of 5.0 un?, @m, then 1.2 um. After filtration, the filtering
device and fibre filters were washed with acetdeitapproximately 5% of the volume of
filtrate. The wash solution was collected, comHdimath the original filtrate, and mixed well.
One milliliter of the filtrate was taken and pladatb a 1.8 ml amber vial and stored at -20°C
until extraction. The filtrate was diluted 10 tisneith a mixture of 50% acetonitrile and 50%
.05% ammonia solution (N$H.O). An aliquot of 950 uL of the diluted solutioragvspiked
with 50 pL of internal standard solution and mixebr to instrumental analysis by liquid
chromatography tandem mass spectrometry (LC/MS/l&ed on US Environmental
Protection Agency (US EPA) Method 1694 (US Enviremtal Protection Agency, 2007).

Solid samples.

Approximately 1.0 g of sample from Site 5 or sgilthse material from samples from
Sites 3 and 4 was mixed with 35 ml acetonitrileZdrours with a horizontal shaker and 1 hour
by sonication. The suspension was vortexed fae®@nds before centrifugation at 6000 rpm
for 30 minutes. 1 ml of the supernatant was pgeeito a 1.5 ml Eppendorf vial and
centrifuged at 14,000 rpm for 4 minutes. 950 pthefsupernatant from the Eppendorf vial was
spiked with 50 pL of internal standard solution amaed prior to instrumental analysis by

LC/MS/MS.
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Due to the trace level of solid material in Sitall solid phase material from Site 1 was
used for extraction by adding 100 ml acetonitritd gonicated for 1 hour. 1 ml of the
supernatant was pipetted into a 1.5 ml Eppendaitfand centrifuged at 14,000 rpm for 4
minutes. 950 pL of the supernatant from the Eppendal was spiked with 50 pL of internal
standard solution and mixed prior to instrumentellgsis by liquid chromatography tandem
mass spectrometry (LC/MS/MS), based on US EPA Met&94 (US Environmental Protection
Agency, 2007).

Data Preparation

The daily data from Sites 1, 2, and 5 for the emiations of 30 pharmaceuticals and
personal care products (PPCPs) in liquid and stlakes were matched, resulting in 25 days of
complete data. Data reported as less than linquahtitation (<LOQ) was given a value of %2
the reported LOQ. Data reported as less than bfrdietection (<LOD) was given a value of ¥2
the reported LOD. Data reported as not detectd&) (ias given a value of zero. These proxy
values were determined based on previous use affideah this source (C. Lowe, personal
communication, April 10, 2014).

The solid phase PPCP concentration data for Sitaslproportionally adjusted with
daily total suspended solids (TSS) data from th&/8A P provided by the Capital Regional
District (2012b, 2013), and added to the liquidgghRPCP concentration data for total influent
PPCP concentrations. The total influent PPCP cdraions were calculated using the

following equation:
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T.
(Sx,inf X (ﬁ)) + (Lx,inf X 1000)

1000

Cyinf =
where:

Cx.inf IS the total concentration &f(PPCP) in influent due to the sum>toncentration

in influent solid phase adjusted for TSS ahdoncentration in influent liquid
phase (Hg/L);

Siint IS the concentration of X in influent solids (ng/g

Tint IS the concentration of TSS in influent (mg/L);

Lxint IS the concentration of in influent liquids (ng/ml).

The Site 2 liquid phase concentrations constitugetdtal concentrations for effluent reported in
pHg/L. The Site 5 solid phase concentrations ctutstthe total concentrations for sludge
reported in pg/kg.

The data from Sites 3 and 4 were not used for#dssarch as there was no
accompanying liquid phase data from the respeiagtewater treatment plant processes to
allow for a more detailed mass balance analysisly €elect solid samples could be analyzed
resulting in incomplete matched data sets witHithed phase data for mass balance analysis.
Statistical Assessment

The LOD and descriptive statistics: n, min, nmaedian, mean, standard deviation (SD),
and relative standard deviation percent (RSD%jdtal influent concentrations are presented in
Appendix Afor total effluent concentrations are presentefippendix Band for total sludge
concentrations are presentedhjppendix C

The reported LOQ values for liquid and solids waubstantially different and not

included for assessment of combined totals.
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Assessment of Partitioned PPCP L oadings

This assessment compares the partitioned loadingisarmaceuticals and personal care
products (PPCPs) in influent, effluent, and sludgjthe Saanich Peninsula Wastewater
Treatment Plant (SPWWTP) to the predicted partétbloadings of PPCPs in influent, effluent,
and sludge during conventional activate sludgersday wastewater treatment acquired from
the US EPA Estimation Programs Interface (EPI)&uit
M ethodology

The methods used to prepare and assess the d#ta fmmmparison of percent partitioned
loadings from the SPWWTP to the predicted percanitpned loadings from the US EPA EPI
Suite are outlined in the following section.

Data preparation.

The influent mean concentration data for eacthef30 PPCPs was calculated with the
2011 and 2012 averaged annual influent volume foata the SPWWTP Supervisory Control
and Data Acquisition (SCADA) system provided by @RD, to determine the average annual
PPCP loadings partitioned from influent.

The effluent mean concentration data for each®f30 PPCPs was calculated with the
2011 and 2012 averaged annual effluent volumefdatathe SPWWTP provided by the Capital
Regional District (2012b, 2013), to determine thierage annual PPCP loadings partitioned to
effluent.

The sludge mean concentration data for each @@HePCPs was calculated with the
2011 and 2012 averaged annual sludge volume datatfre SPWWTP SCADA system

provided by the CRD, to determine the average drif@@P loadings partitioned to sludge.
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Influent loadings were taken as 100% loading awxdied into effluent and sludge

loadings to proportionally calculate the respectffeuent and sludge percent loadings. The

remainder was calculated and classifiedtagr removedising the following mass balance

equation:

Lyinf— (L +L
Px oth = ( x,inf ( x.ef f x,slu)) x 100
’ Lx,inf

where:

Px.oth is the percent loading of (PPCPs) lost due to the sum of effluent and sludge

annual loadings of (%);

Lxint IS the loading oK in influent (g/year);

Lxeffis the loading oK in effluent (g/year);

Ly siuis the loading oK in sludge (g/year).

Predicted percent removal in secondary wastevwaaiment for total sludge adsorption,
total biodegradation, and removal to air were asglfrom the US EPA EPI Suite. The
STPWIN model (sewage treatment plant model) wasosetilize biodegradation half-life
relationships assigned from the BIOWIN model (bmp@elation model) and default treatment
system properties for a conventional wastewatetrirent plant using activated sludge
secondary treatment (US Environmental Protectioanky, 2014c).

For the purposes of qualitative assessment, gngspvere applied to the PPCPs based

on the American Hospital Formulary Standard filst tlassification (AHFS 1) of the AHFS

Pharmacologic-Therapeutic Classification systenetiged by the American Society of Health-

System Pharmacists and provided to the CRD by timesivly of Health (2014). The AHFS
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classification provides groupings of drugs with skampharmacological, therapeutic, or chemical
characteristics.

Statistical assessments.

Three statistical methods were used to asseshftaeences between the calculated
percent loadings to effluent, sludge, atder removedn the SPWWTP and the predicted
percent loadings to effluent, sludgeher removedbiodegradation and removal to air) in
secondary wastewater treatment acquired from th&RIS EPI Suite. All statistical tests were
conducted using a statistical significance leveia05.

The data sets of mean and predicted PPCP pecaahngs to effluent, sludge, anther
removedwere assessed separately for normality usingdheparametric Anderson-Darling test
for distribution.

The data sets of mean and predicted PPCP peoaatings for effluent, sludge, aother
removedwere assessed for correlation using the non-pdran$pearman’s rank correlation
coefficient test for correlation.

The data sets of mean and predicted PPCP peoaatings for effluent, sludge, aother
removedwere assessed for mean ranked differences usengpti-parametric Wilcoxon paired
signed-rank test for distribution equality.

Results

The mean PPCP daily loadings (mg/day) and mearPRIPGual loadings (g/year) in the
SPWWTP are presentedAppendix D The mean PPCP percent loadings to effluentgsiud
andother removedn the SPWWTP and the predicted PPCP percentrigado effluent, sludge,

andother removedn secondary wastewater treatment acquired frenUth EPA EPI Suite,



PARTITIONING AND FATE OF PPCPs 28
group by AHFS 1 classification, are presentedppendix E Clarithromycin (111.90%),
lincomycin (103.49%), oxytetracycline (102.89%jmethoprim (122.26%), albuterol
(101.95%), warfarin (104.19%), carbamazepine (183} and fluoxetine (125.52%) effluent
mean percent loadings exceeded influent mean pdaztings (100%). Triclosan (176.05%)
sludge mean percent loadings exceeded influent peaent loadings (100%). There appears
to be no apparent distribution pattern betweenmpheeuticals AHFS 1 groups for the
occurrences of effluent and sludge mean percedtriga exceeding influent mean percent
loadings (seéppendix E

The mean percent loadings to effluent and sludgltlae predicted percent loadings to
effluent, sludge, andther removedlid not meet the assumption of normal distribu{jos .05);
the mean percent loadingsdther removedneet the assumption of normal distributiéq €
.59,p = .1146) (sedppendix F.

The mean and predicted percent loadings for efflaadother removedneet the
assumption of independena#f € 28,p > .05); the mean and predicted percent loadings fo
sludge did not meet the assumption of independ@lice28,p = .0454) (seéppendix G.
Statistically there is a correlation between meaoh @redicted percent loadings for sludge. The
individual variations between mean and predictadgrd loadings for sludge can be seen in
Figure 3

The mean and predicted percent loadings for eftliudge, andther removedneet
the assumption of distribution equality£ 30,p > .05) (seé\ppendix H. This distribution can
be seen ifrigure 2 Figure 3andFigure 4 The negative values represented in the meamiperc

loadings toother removedseeAppendix Eare a result of the calculated mass balance reteai
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determined by effluent and sludge percent loadexgeeding influent percent loadings, and can

be seen irrigure 4 Statistically the mean and predicted loadinga dats are distributed

equally; the data sets for effluent, sludge, ateer removedalculated loadings are the same

(symmetric around the mean) as the data setsdqgorédicted loadings data sets, respectively.

The individual variations between mean and predip&rcent loadings can be seeffrigure 2

Figure 3andFigure 4
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These results provide strong evidence that mearepeloadings of PPCPs partitioned in
the SPWWTP are not the same as the US EPA EPI Saitikcted percent loadings partitioned
in conventional secondary treatment.

Discussion

Statistically there is a correlation between maaa predicted percent loadings for sludge
and statistically the data sets for mean and piedligercent loadings for effluent, sludge, and
other removed data sets are distributed equéligure 2 Figure 3andFigure 4show that while
there is a trend in partitioning behaviour relai@the statistical correlation and statistical
distributions, there is variation between the meag@and predicted values. The variations range
from .07% under predicteather removedevels for chlortetracycline to 120.54% over pobek
sludge levels for triclosan (ség@pendix EE The variations for individual PPCPs are sigrafit
enough to determine that the STPWIN model (sewaggment plant model) utilizing
conventional wastewater treatment plant parameltsgs not adequately predict the partitioned
loadings of pharmaceuticals and personal care ptedBPCPs) for the SPWWTP.

The STPWIN model can be set to utilize site-spebiodegradation rates. However, the
SPWWTP biodegradation rates are seen to vary frayntalday, even hour to hour, as the
processes within the SPWWTP are continually adjlsianaximize efficiency (D. Perreault,
personal communication, July 28, 2014), thus makiddficult to establish site-specific
biodegradation rate constants. The STPWIN mods&illconstrained to the default treatment
system properties such as biomass concentrati@ehtaak parameters for a conventional
wastewater treatment plant using activated sludgerslary treatment (Jones, Voulvoulis, &

Lester, 2002). Utilizing the STPWIN model with reaite-specific biodegradation rates may
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provide more significant estimations of partitiogipehaviours, but the model still operates with
limitations that produce uncertainty in any results

Studies comparing removal efficiencies predictethbdels indicate there are significant
differences between the models (Kim, Lee, Lee, &Kw2009; Seriki et al., 2008). Removal
efficiencies have been found to either under-ptedior over-predicted when compared to
experimental data (Besse & Garric, 2010; Kim et2009; Ortiz de Garcia, Pinto Pinto, Encina,
& Mata, 2013; Seriki et al., 2008). The US EPAuss a disclaimer that the program is a
screening tool (US Environmental Protection Ager&i4c). However, the STPWIN model, or
other models like it, can often be the only recedms determining partitioning behaviours when
there is little available scientific researchisla safe assumption that due to the variations
between treatment plants and the processes, PRGiRds for other treatment plants with
varying biodegradation rates and different systamameters would be equally as difficult to
predict using the STPWIN model.

With the exception of eight PPCPs with resulteffifient percent loadings exceeding
100%, PPCPs are seen to patrtition to effluent withe SPWWTP from 0% to 99.87%;
estimated effluent percent loadings range from%.84 98.15%. With the exception of
triclosan with results of sludge percent loadingseeding 100%, PPCPs are seen to partition to
sludge within the SPWWTP from 0% to 46.85%; estedatludge percent loadings range from
.62% to 39.81%. While these rates appear to fodldvend, individually, most PPCPs exhibit
significantly different partitioning behaviours th¢hose predicted. Chlortetracycline,
metformin, ibuprofen, and 1,7-dimethylxanthine dxt@d similar mean percent loadings to

estimated percent loadings within 15% for efflueshidge, andther removed The remaining
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26 PPCPs exhibited variations exceeding 20% betweeror all mean to estimated percent
loadings for effluent, sludge, awther removed

PPCPs are seen to be removed through processeashbmdegradation within the
SPWWTP at .02% to 100%; estimatatier removapercent loadings range from .09% to
80.36% (sedppendix . Predicted partitioned loadingsdther removedvere calculated from
the STPWIN predicted total biodegradation and tloel@h-estimates total to air (US
Environmental Protection Agency, 2014c). The SPWANartitioned loadings tother removed
were not measured but calculated from measuredesladd effluent loadings subtracted from
the measured influent loadings. The resulting hegaalues are not indicative of actual
partitioned loadings since PPCP concentrations wet@ctually analyzed for this portion of the
wastewater stream. Additional sampling and furtrelysis of the loadings during secondary
treatment are needed to determine where and bypvbeg¢sses within the secondary treatment
removal occurs.

PPCPs patrtitioned to sludge during secondarynrexat at rates as low as 0% for tylosin
and as high as 176.05% for triclosan (8ppendix . PPCPs partitioned to effluent during
secondary treatment at rates as low as 0% foritybsd as high as 133.46% for carbamazepine
(seeAppendix B It was anticipated that specific trends woybgear in partitioning behaviour
amongst groups of PPCPs based on similar pharn@calptherapeutic, or chemical
characteristics, but the PPCP removal rates dfofiotv a predictable partitioning trend even
when grouped by American Hospital Formulary Staddiast tier classification (AHFS 1) (see

Appendix E
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The most notable variations in partitioned loadimgere the PPCPs with loadings to
effluent or sludge that exceeded the influent Ingslj loadings that varied significantly from the
model-estimates loadings (séppendix &£ Clarithromycin (111.90%), lincomycin (103.49%),
oxytetracycline (102.89%), trimethoprim (122.26%puterol (101.95%), warfarin (104.19%),
carbamazepine (133.46%), and fluoxetine (125.5Z¢%emt mean percent loadings exceeded
influent mean percent loadings (100%). Tricloshre(05%) sludge mean percent loadings
exceeded influent mean percent loadings (100%])s ddtentially indicates processes of
reactivation of unaccounted metabolites or conggjat PPCPs during the treatment process
(Leusch et al., 2006; Sun et al., 2008). Transétive processes within the wastewater
treatment process increase the difficulty in deteimg loadings of PPCPs into the environment,
and raises further questions regarding the fatdg@qcities of the PPCPs and the metabolites in
the environment. Further studies would be requioechtegorize the metabolized compounds of
PPCPs for a more comprehensive suite of PPCPsiteleled in future fates and effects
research.

The effluent and sludge exceedances, along witératariations found in the results,
could be attributed to methodology variability engpling and analysis. Discrete daily grab
samples do not provide a representative sampleeahtermittently discharged, individual
wastewater surges that occur within the wasteveatstems (Ort, Lawrence, Reungoat, &
Mueller, 2010). The resulting heterogeneity anteptal variations in PPCP concentrations
within the wastewater systems could produce resfilBPCP concentrations in effluent or
sludge exceeding PPCP concentration in influentlead to erroneous conclusions (Ort,

Lawrence, Rieckermann, & Joss, 2010). Holding tmtain the primary and secondary
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treatment processes and the subsequent transperthtrough the treatment plant were not
accounted for with the daily comparative sampless the influent PPCP concentrations do not
directly correspond with the effluent and sludg&€PReoncentrations. Additionally, the
extrapolation of daily PPCP concentrations withually averaged flow data can introduce
systematic errors resulting in data and resulteramty.

Assessment of Partitioned PPCP Concentrations

This assessment compares the concentrations ohpbauticals and personal care
products (PPCPs) in effluent and sludge at the iSla&eninsula Wastewater Treatment Plant
(SPWWTP) to the predicted toxicity of PPCPs for theeiving environments.

M ethodology

The methods used to prepare and assess the d#ta flmmparison of partitioned
concentrations from the SPWWTP to the predictedtities for the receiving environments are
outlined in the following section.

Data preparation.

The sludge concentration data was converted frgfkigito mg/kg for comparison to
predicted acute terrestrial toxicity levels repdrite mg/kg. The effluent concentration data was
converted from pg/L to mg/L for comparison to poteld acute and chronic aquatic toxicity
levels reported in mg/L. The effluent concentrattiata was also adjusted by the SPWWTP
153:1outfall marine dilution factoused by the Capital Regional District (CRD) Enaimzental
Services Marine Programs (Hay & Company Consuli&@@85). This is the minimum initial
dilution of effluent confined to approximately 50from the marine outfall measured during a

dye study. The average initial dilution factoagually much higher. The maximum initial
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dilution factor is estimated to be 1578:1within & m initial dilution region; becoming orders
of magnitude larger beyond the 50 m region as@atretrapid dilution due to horizontal
deflection from the ambient currents. The 153uffall marine dilution factoprovides a
conservative predictor of environmental concentregti The effluent concentration data was
converted from pg/L to mg/L for comparison to poeeld acute marine toxicity levels.

Predicted acute and chronic toxicity values feshwater daphnid species, predicted
acute toxicity values for marine or marine-equinélepecies, and predicted acute toxicity values
for mice were acquired from the US EPA ECOSAR (UtviEbnmental Protection Agency,
2014b), National Centers for Coastal Ocean Sci@E£OS) Pharmaceuticals in the
Environment database (National Centers for Co&3tabhn Science, 2014), US National Library
of Medicine Hazardous Substances Data Bank (HSDB)National Library of Medicine,

2013), and US National Library of Medicine ChemplOs database (US National Library of
Medicine, 2012) and are presentedppendix |

For the purposes of qualitative assessment, gngspvere applied to the PPCPs based
on the American Hospital Formulary Standard filest tlassification (AHFS 1) of the AHFS
Pharmacologic-Therapeutic Classification systenetiged by the American Society of Health-
System Pharmacists and provided to the CRD by timesivly of Health (2014). The AHFS
classification provides groupings of drugs with skampharmacological, therapeutic, or chemical
characteristics. Magnitudes of differences weteutated between the mean PPCP
concentrations for effluent, effluent with SPWWTB311 outfall marine dilution factgrand
sludge and the predicted toxicity levels for freakey acute and chronic, marine acute, and

terrestrial acute.
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Statistical assessments.

Two statistical methods were used to assess tfegatices between the concentrations in
effluent and sludge from the SPWWTP and the preditbxicity values for receiving
environments. All statistical tests were conduatsithg a statistical significance levelwf.05.

The total (liquid and solid) PPCP concentrationseffluent and sludge were assessed
separately for normality using non-parametric AsderDarling test for distribution.

The mean PPCP concentrations for effluent, efflweth SPWWTP 153:butfall marine
dilution factor, and sludge and the predicted toxicity levelsffeshwater acute and chronic,
marine acute, and terrestrial acute were assespedagely for normality using the non-
parametric Anderson-Darling test for distribution.

The total PPCP concentrations for effluent, efilugith SPWWTP 153:butfall marine
dilution factor, and sludge were assessed for median rankedatitfes against the predicted
toxicity levels for freshwater acute and chroni@rime acute, and terrestrial acute using the non-
parametric Wilcoxon 1-tailed t-test for distributiequality.

The mean PPCP concentrations for effluent, efflweth SPWWTP 153:butfall marine
dilution factor, and sludge and the predicted toxicity levelsffeshwater acute and chronic,
marine acute, and terrestrial acute levels weresassl for mean ranked differences using the
non-parametric Wilcoxon paired signed-rank testdistribution equality.

Results

The mean PPCP concentrations in effluent, efflwetit SPWWTP 153:butfall marine

dilution factor, and sludge in the SPWWTP and the predicted tiyxdievels for freshwater acute

and chronic, marine acute, and terrestrial acutaymed by AHFS 1 classification, are presented
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in Appendix I The magnitude of the difference between meanFPEdicentrations in the
SPWWTP and the predicted toxicity levels for recevenvironments are presenteddppendix
N. The mean concentrations in effluent are betvéieand 19x1dtimes less than the predicted
freshwater daphnid chronic toxicity levels, repreas® the least comparative difference (see
Appendix N The mean concentrations in effluent with SPWWB: 1outfall marine dilution
factor are between 15x2@nd 48x18times less than the predicted marine or marinévatgnt
species acute toxicity levels, representing thatgst comparative difference (s&gpendix N.
The mean concentrations in sludge are between®@9%10 times less than the predicted
terrestrial toxicity levels. Triclosan represetiits PPCP with the least comparative difference
between treatment plant concentrations and pretitotacity levels: mean concentrations in
effluent (.00130 mg/L) are 68 times less than mtedi freshwater Daphnid chronic toxicity
levels (.089 mg/L); mean concentrations in efflue@®130 mg/L) are 100 times less than
predicted marine or marine equivalent species aouteity levels (.131 mg/L); mean
concentrations in effluent (.00130 mg/L) are 399 less than predicted freshwater daphnid
acute toxicity levels (.469 mg/L); mean concentnagiin sludge (8.63 mg/kg) are 525 times less
than the predicted terrestrial toxicity levels (@38g/kg); and mean concentrations in effluent
with SPWWTP 153:butfall marine dilution factof.00000853 mg/L) are 15xifimes less than
the predicted marine or marine equivalent speaaeaoxicity levels (.131 mg/L).

There are no apparent patterns associated witimalcautical AHFS 1 groups for
concentrations in SPWWTP and toxicity levels fag tRceiving environments (sé@pendix )
or patterns associated with groups for differermgeen concentrations and toxicity levels (see

Appendix N.
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Diltiazem and triclosan concentrations in effluéhbf 30 PPCPs) and 1,7-
dimethylxanthine, albuterol, cimetidine, codeinetimine, gemfibrozil, metformin, and
trimethoprim total concentrations in sludge (8 6fFPCPs) meet the assumption of normal
distribution = 25,p > .05) (seédppendix J. The mean concentrations for effluent, effluent
with SPWWTP 153:Dbutfall marine dilution factarand sludge and the predicted toxicity levels
for freshwater acute and chronic, marine acute tamdstrial acute did not meet the assumption
of normal distributionr§ = 30,p < .05) (seAppendix K.

The total concentrations in effluent with fresheradcute toxicity levels, effluent with
freshwater chronic, effluent diluted by SPWWTP I5&utfall marine dilution factomvith
marine acute, and sludge with terrestrial acutetiydevels meet the alternative assumption that
concentrations are less than predicted toxicitglen = 30,p < .05) (seé\ppendix [.

The mean concentrations in effluent with freshwataite toxicity levels, effluent with
freshwater chronic, effluent diluted by SPWWTP I5&utfall marine dilution factowvith
marine acute, and sludge with terrestrial acutetiydevels did not meet the assumption for
distribution equalityri = 30,p < .05) (seédppendix M.

These results provide strong evidence that corateomis of PPCPs patrtitioned in the
SPWWTP are less than the predicted toxicity leirethe receiving environments.
Discussion

The PPCPs concentrations in effluent, effluenitdd by SPWWTP 153:dutfall marine
dilution factor, and sludge are less than the predicted toxieitgls for freshwater acute and
chronic toxicity levels, marine acute toxicity lésieand terrestrial acute toxicity levels. The

statistically significant differences between carntcations and predicted toxicity levels are
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shown inAppendix ] Appendix Nshows the magnitude of the differences. It wdkipated that
specific trends would appear in concentrationstaritity levels amongst groups of PPCPs
based on similar pharmacological, therapeutichendcal characteristics, but the PPCP
concentration and toxicity levels do not follow r@gictable trend even when grouped by
American Hospital Formulary Standard first tierssidication (AHFS 1) (seAppendix ).

The US EPA ECOSAR integrates QSAR) models, predioctanol-water partition
coefficient (Ky), and measured toxicity values for a set of 11dwkmchemical classes and
applies it to estimate the general toxicity of thess constituents (US Environmental Protection
Agency, 2014b). Predicted acute (LC50, 96hr) dmdrc (ChV) toxicity values for freshwater
daphnid species were acquired from the ECOSAR mepdaViding a consistent series of
toxicity endpoints for comparison. The most conatyve effect level was used for assessment
when the ECOSAR model provided results for multgéesses for a PPCP. There are studies
providing widely varying toxicity endpoints such asetaminophen fddaphnia magnaat 9.2
mg/L EC50 48hr and 293 mg/L EC50 24hr (National t€enfor Coastal Ocean Science, 2014).
The ECOSAR predicted value is lower at 1.652 mdPtedicted acute (LC50, 96hr) toxicity
values for marine mysid species were acquired fleelJS EPA ECOSAR model providing a
consistent series of endpoints for comparison,vameh unavailable, substituted with predicted
acute (LC50, 96hr) toxicity values for marine fisleshwater mysid, or freshwater fish,
respectively (US Environmental Protection Agend14b). There are studies providing widely
varying marine toxicity endpoints such as erythromyor saltwater whiteleg shrim@pénaeus
vannameiat 22.7 mg/L EC50 48hr post larvae and >500 mg/BEC' stage post larvae (US

National Library of Medicine, 2013). The ECOSARegIcted value for freshwater mysid (used
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as saltwater mysid substitute) is lower at .587Lmd@/he substitution for marine mysid
endpoints reduces the continuity and accuracyeftsessment of concentrations compared to
predicted toxicity levels. Another study providedriclosan toxicity endpoint of EC50 96hr of
.0007 mg/L for freshwater alga8denedesmus subspicafuselow the ECOSAR predicted
toxicity value for daphnid of .469 mg/L and excethy the SPWWTP effluent concentration of
.00130 mg/kg. This endpoint may be for a commestwater representative species, but is not
for the locally representative marine receivingissryment consisting of different species with
different tolerances to stressors.

The use of acute toxicity values for mice providecbnsistent series of endpoints for
comparison, and were acquired from the Nationaké&srior Coastal Ocean Science (NCCOS)
Pharmaceuticals in the Environment database (Nati©anters for Coastal Ocean Science,
2014), US National Library of Medicine HazardousvSiances Data Bank (HSDB) (US
National Library of Medicine, 2013), and US Natibh#drary of Medicine ChemlIplus
database (US National Library of Medicine, 201R)ice are mainly used as human analogues to
determine toxicity levels for humans on a weight\eight basis. Most PPCP toxicity
endpoints are not available for more representagirrestrial species with the potential to be
exposed to sludge or biosolids through landfilpdsal or land application. The purpose of this
study was not to verify the predicted toxicity eouts, but toxicity endpoints determined
through studies were compared for context. Thexestudies providing terrestrial species
endpoints such as the Northern bobwhite bird >200(kg oxytetracycline LD50 for 18 week
old, Northern bobwhite bird 825 mg/kg triclosan LMf&r 21 week old, and Northern bobwhite

bird 625 mg/kg warfarin LC50 15 day for 14 day @\hational Centers for Coastal Ocean
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Science, 2014). The NCCOS mice value for oxytgttawe is greater at 7200 mg/kg; for
triclosan is greater at 4530 mg/kg, and for warnfasigreater at 374 mg/kg. It is worth noting
that the above Northern bobwhite toxicity endpoifegermined by studies are betweef aied
10" magnitude of difference above SPWWTP sludge cdnegons (US National Library of
Medicine, 2013).

Even with quantified values, variations in endpej®xposures, target species, and
receiving environments, it is difficult to deterreian environmental toxicity level for
comparison to chemical concentrations enteringetheronment. The US EPA issues a
disclaimer that the ECOSAR program is a screerony(tJS Environmental Protection Agency,
2014b). ECOSAR provides conservative toxicity emdpestimates; useful in the absence of
measured or the presence of conflicting data. heudtudies are required to provide a robust
database of environmental toxicity endpoints fow @&d emerging contaminants for all
receiving environments.

The results of this study indicate erythromyciogeine, and triclosan concentrations in
effluent are within an order of magnitude of 10QHe freshwater aquatic chronic toxicity
values, while triclosan concentrations in effluarg within an order of magnitude of 100 to the
marine acute toxicity levels. It was found thatOPPconcentrations in sludge from the
SPWWTP are significantly below the toxicity levés terrestrial toxicity levels of mice, and
that PPCP concentrations in effluent and in efftukluted by SPWWTP 153:dutfall marine
dilution factorare significantly below the marine species acoxectty levels. Effluent
concentrations versus marine species acute toxeisls were intended to assess the effects of

undiluted effluent in the immediate vicinity of thearine outfall. It is worth noting that the
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SPWWTP 153:butfall marine dilution factors the minimum observed dilution of wastewater
effluent confined to approximately 50 m from therme outfall as a result of rapid dilution due
to horizontal deflection from the ambient currentdie maximum dilution is predicted to be
1578:1 within the 50 m region, and beyond 50 m fthenmarine outfall the dilution factor
becomes orders of magnitude larger (Hay & CompamysGltants, 2005). The results also
indicate triclosan represents the PPCP with th&t lsamparative difference between SPWWTP
concentrations and predicted toxicity levels.

It was found that the least comparative differelpegveen SPWWTP concentrations and
predicted toxicity values is between effluent ahdbaic toxicity values. The PPCPs assessed in
this study do not exceed predicted toxicity levelsthe local receiving environments of the
SPWWTP, though triclosan, erythromycin, codeinggfietine, and caffeine warrant further
study based on SPWWTP concentrations being relatiV@se to the predicted and assessed
toxicity endpoints. There is little available datarldwide on the chronic toxicity of PPCPs, on
the toxicity of PPCPs in the marine and terresteakiving environments, or on the toxicity of
PPCPS on locally representative organisms in Ipcafpresented marine and terrestrial
environments of the SPWWTP.

Conclusions

A comparative assessment was conducted for theic®aBeninsula Wastewater
Treatment Plant (SPWWTP) effluent, sludge, andsfiamative loss loadings of pharmaceutical
and personal care product (PPCP) against the USit#es Environmental Protection Agency
(US EPA) Estimation Programs Interface (EPI) S8itéWIN model (sewage treatment plant

model) predicted loadings of PPCPs to influentuefit, sludge, and transformative loss during
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conventional activate sludge secondary wastewagatment. It was found that the data sets of
PPCP partitioning rates from the STPWIN estimatimdel and from the SPWWTP had
statistically similar distribution patterns. Hovezythe variations between individual PPCP
predicted and measured loadings were enough tondetethat the US EPA EPI Suite STPWIN
estimation model results is not representativdiefRPCP partitioning occuring during
secondary treatment at the SPWWTP. The STPWIN hwasebe set for site specific
biodegradation rates, but this was found to belprohtic in determining a treatment plant
specific biodegradation rate as the SPWWTP prosemseconstantly being adjusted to
maximize performance. The STPWIN model also opsrah a set of default parameters for
treatment plant processes and designs that caeraadjbsted to match specific treatment plant
specifications.

The partitioned PPCP loadings found within the ST show that PPCPs are being
removed and being partitioned to sludge duringiséany treatment. The partitioning rates for
effluent, sludge, and removal vary from 0% to 1 A&#h no discernable trend, and do not
follow a predictable partitioning trend when grodp®sy American Hospital Formulary Standard
first tier classification (AHFS 1). Negative vatutr removed loadings were a result of
calculations of effluent and sludge loadings sudté@d from influent loadings, and are not
representative of actual loadings. Additional gsial of liquid and solid streams within the
wastewater treatment process is required to gqyahef amount of PPCPs removed during
treatment.

Analysis of liquid stream samples taken frompghienary clarifiers, along with the

analysis of the primary sludge samples taken frae 3(primary treatment) (séegure 1),
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would provide further understanding of the remaadsds of PPCPs during primary treatment
processes. Analysis of liquid stream samples ftwersecondary clarifiers, along with the
analysis of the return activated sludge samplesntflom Site 4 (secondary treatment) (see
Figure 1), would provide further understanding of the readaates of PPCPs during secondary
treatment processes.

The effluent and sludge PPCP loadings for somanpeters exceed the influent PPCP
loadings leading to the assumption that metabole@P chemicals were not captured in the
initial influent analysis and are reactivated dgrgecondary treatment. This also leads to the
conclusion that the presence of PPCPs is undetegpor this study due to metabolites and
transformative products present and produced invistewater streams and discharged to the
receiving environments.

A comparative assessment was conducted for théRBacentrations discharged from
the SPWWTP to the marine and terrestrial receieimgronments against a limited set of
predicted and known toxicity endpoint levels fouatic and terrestrial species to determine
priority PPCPs of concern being discharged to thpit@l Regional District receiving
environments. It was found that concentrationB®REPs discharged from the SPWWTP to the
marine and terrestrial receiving environments viiiew the predicted and known toxicity
endpoints for the respective aquatic and terréseeiving environments. Effluent with
SPWWTP 153:butfall marine dilution factohad the greatest comparative difference between
the predicted marine or marine equivalent spe@ateaoxicity levels; this is the most
representative of the receiving environments ferSRPWWTP effluent. However, the lack of

known marine and terrestrial toxicity endpoints lfmral species provides no direct effects
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correlation to the SPWWTP effluent and sludge PB@Rrentrations discharged to the marine
and terrestrial receiving environments.

The purpose of this study was not to verify presticor experimental toxicity endpoints.
However, additional literature review into toxicydpoints for chronic and representative
marine and terrestrial receiving environments pfedievidence that the predicted toxicity
endpoints derived from the United States EnvirortaldProtection Agency (US EPA)
Ecological Structure Activity Relationship Clas®&ram (ECOSAR) model were for the most
part conservative estimates compared to experimenxiaity endpoints found in literature.
Erythromycin, codeine, and triclosan concentratiege within a magnitude of difference of
100 or less of the predicted or known toxicity esidp  SPWWTP effluent concentrations had
the least comparative difference between chromcity values, though there is a little available
known chronic toxicity endpoint data for directefts correlation. This study found SPWWTP
concentrations of PPCPs did not exceed toxicityed levels.

There is little available research on the cumwuaéffects of PPCPS in the environment
and on the effects of PPCP mixtures in the envimro determine effects from the continual
loadings introduced into the environment from wastier treatment systems. Erythromycin,
fluoxetine, codeine, and triclosan are considemdaminants of concern due to concentrations
found in the SPWWTP wastewater. These concentistiiough less than the toxicity
endpoints for the receiving environments, are cessugh to warrant further investigation.
With the variations and limitations in predictedlaeported toxicity endpoints, these PPCPs are
of concern more as a precautionary measure unti mepresentative toxicity data is available in

the literature.
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Recommendations

Studies have shown secondary wastewater treatmsmeduced the loadings of
pharmaceuticals and personal care products (PREDRS)ng the marine receiving environment.
The removal rate and partitioning rate to sludgendusecondary treatment are unique to each
PPCP. The PPCP removal rate in the Saanich Péasastewater Treatment Plant
(SPWWTP) is as much as 100% and as little as 0% dflividual PPCPs. Partitioning to sludge,
considered removal from the effluent stream andmaaeceiving environment, is as much as
176% and as little as 0%. However, partitioningtituent is as much as 133% and as little as
0%. It is expected that, with the addition of setary treatment for the Capital Regional District
(CRD) core municipalities, the loadings of PPCRe the marine environment would be reduced
for most PPCPs.

Effluent and sludge concentrations exceeding amfticoncentrations of 100% were
likely a result of the reactivation of metaboliZeBCPs otherwise not captured in the influent
analysis. Further studies are therefore requoetategorize metabolized and transformative
compounds for a more comprehensive suite of PPCPs.

There is little available data worldwide on chroarccumulative effects of PPCPS in the
environment and on the effects of PPCP mixturéeerenvironment. The effects from the
continual low-dose loadings of PPCPs into the emvitent from wastewater treatment systems
are also not known. Data is also lacking on neaand terrestrial species toxicity endpoints. .
Further studies are required to determine reprateattoxicity endpoints for chronic and
cumulative exposures to PPCPs, exposures to msxairePCPs, and effects on both aquatic and

terrestrial species.



PARTITIONING AND FATE OF PPCPs 48
Source control initiatives would be effective sidaessing the identified PPCPs of
concern in the CRD. Triclosan has been identifigdEnvironment Canada as having potential
bioaccumulative effects in the environment andeisiy targeted for voluntary removal as a non-
essential ingredient from some personal care pteduthe CRD commissioned a study into
source control strategies for triclosan. The stdeftermined that including triclosan into the
ongoing public outreach initiatives of the CRD webble an effective addition to the national
efforts of Canada and the United States. Incluénmyghromycin and other antibiotic drugs in the
ongoing public outreach initiatives of the CRD wabble an effective addition to tie Bugs

Need Drugsampaign provincially promoted throughout BritShlumbia and Alberta.
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Appendix A. Limit of detection (LOD) and descripé statistics for total concentrations of

sample parameters in wastewater influent

Descriptive Statistics

- - 8 3 -

sampepaamee: > £3 8% 8% 8% g 8% G%
1,7-Dimethylxanthine 25 10.9 33.9 11.0 13.92 6.3545.6 7.29
Acetaminophen 25 6.40 163 57.2 64.1 42.8 66.8 4.27
Albuterol 25 0 .0307 .0292 .0260 .0096 37.1 .0584
Caffeine 25 24.1 81.0 46.1 48.6 13.0 26.8 2.29
Carbamazepine 25 .145 1.14 147 .293 .225 76.7 7.096
Chlortetracycline 25 0 .0334 .03 .0191 .0159 83.4 .0215
Cimetidine 25 .287 1.36 .597 .633 .225 35.5 .0942
Clarithromycin 25 157 1.46 .346 430 .328 76.3 5.10
Codeine 25 .699 3.76 1.73 1.93 .881 45.7 .466
Cotinine 25 454 1.38 .458 .820 454 55.3 .907
Diltiazem 25 .233 2.17 .632 731 400 54.8 .0122
Doxycycline 25 .301 1.44 484 .655 .356 54.4 .0823
Erythromycin 25 .00115 41.6 .228 3.28 8.74 266 454
Fluoxetine 25 .000384 115 .0928 .0588 .0470 80.0 184 .
Gemfibrozil 25 .0514 1.48 .336 .349 .262 75.1 08
Ibuprofen 25 6.65 24.8 14.2 14.1 5.04 35.7 432
Lincomycin 25 0 .0550 .0178 .0222 .0233 105 .0355
Metformin 25 284 67.6 43.0 43.7 7.29 16.7 1.76
Oxytetracycline 25 0 .0710 .0588 .0347 .0315 90.8 00413
Ranitidine 25 .0507 4.72 .873 1.61 1.57 97.3 .0338
Roxithromycin 25 0 .0271 0 .00206 .00715 347 .00762
Sulfamethazine 25 0 .0463 .0154 .0130 .0165 127 09.03
Sulfamethizole 25 0 .0452 .0151 .0157 .0180 115 9902
Sulfamethoxazole 25 .381 2.97 .758 1.04 .655 63.1 .0687
Sulfathiazole 25 0 119 .0398 .0351 .0239 68.1 6079
Tetracycline 25 .190 1.57 .948 .900 413 459 .0469
Triclosan 25 1.74 7.18 4.87 4.84 1.38 28.6 2.61
Trimethoprim 25 .0763 .582 .229 .213 121 56.8 151
Tylosin 25 0 .00278 0 .000111 .00056 500 .0841
Warfarin 25 .000657 .0764 .0261 .0257 .0212 82.6 0112

Note. SD = standard deviation. RSD% = relative stathdiaviation percent.
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Appendix B. Limit of detection (LOD) and descripé statistics for total concentrations of

sample parameters in wastewater effluent

Descriptive Statistics

c
-5 - S =Ry <
sampleparamerer > 52 £3 B2 £3 3 22 8%
1,7-Dimethylxanthine 25 0 3.65 0 131 1.79 136 97.2
Acetaminophen 25 0 2.13 2.13 1.11 1.09 98.1 4.27
Albuterol 25 0 .0292 .0292 .0245 .0109 445 .0584
Caffeine 25 0 3.44 1.15 1.51 1.03 68.2 2.29
Carbamazepine 25 .145 1.06 .358 .362 .230 63.5 7.096
Chlortetracycline 25 0 .0323 .0323 .0177 .0158 589. .0215
Cimetidine 25 .0471 .925 141 .297 .247 83.0 .0942
Clarithromycin 25 157 1.17 452 446 .292 65.3 5.10
Codeine 25 .233 2.96 .698 .851 .864 101 466
Cotinine 25 0 .453 453 .399 .150 37.7 .907
Diltiazem 25 .182 .906 454 .453 181 40.1 .0122
Doxycycline 25 .0412 .298 .123 .152 .0682 45.0 3082
Erythromycin 25 0 22.0 .227 1.57 4.56 290 454
Fluoxetine 25 0 .699 0 .0684 .139 203 184
Gemfibrozil 25 00438 319 .0847 127 .107 83.7 08D
Ibuprofen 25 0 4.81 0 443 1.29 290 432
Lincomycin 25 0 .0533 .0178 .0213 .0235 110 .0355
Metformin 25 2.64 31.2 7.51 10.3 7.68 74.4 1.76
Oxytetracycline 25 0 .0698 .0578 .0331 .0316 95.6 00413
Ranitidine 25 114 3.10 .327 .641 731 114 .0338
Roxithromycin 25 0 .00381 0 .000305 .00106 346 6207
Sulfamethazine 25 0 .0463 .0154 .0117 .0128 109 09.03
Sulfamethizole 25 0 .0150 .0150 .00838 .00758 90.5 .0299
Sulfamethoxazole 25 .103 1.46 .342 429 .351 82.0 .0687
Sulfathiazole 25 0 .0398 .0398 .0303 .0174 57.4 9607
Tetracycline 25 192 .599 341 .361 .123 34.1 .0469
Triclosan 25 1.30 1.30 1.30 1.30 227%x90 1.74x10" 2.61
Trimethoprim 25 .0757 739 .227 .242 .152 63.1 151
Tylosin 25 0 0 0 0 0 .0841
Warfarin 25 0 .156 .0193 .0248 .0321 129 .00112

Note. SD = standard deviation. RSD% = relative stathdi@viation percent. NA = not available.
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Descriptive Statistics

c
o - ST cd
Sample Parameter z é g c§>é g g g é g 8 @ g
1,7-Dimethylxanthine 25 0 74.2 354 32.8 18.2 55.7 .29
Acetaminophen 25 185 0 24.9 49.4 199 4.27
Albuterol 25 0 1.73 917 .788 .564 715 .0584
Caffeine 25 0 588 155 171 125 73.2 2.29
Carbamazepine 25 211 760 43.4 77.0 144 187 .0967
Chlortetracycline 25 0 272 0 .0217 0751 346 021
Cimetidine 25 20.3 924 524 515 16.0 31.0 .0942
Clarithromycin 25 4.83 98.0 28.8 29.9 21.3 71.4 5.10
Codeine 25 0 73.9 25.7 27.0 18.2 67.2 466
Cotinine 25 0 4.66 2.39 2.22 1.54 69.5 .907
Diltiazem 25 36.0 697 165 207 165 79.4 .0122
Doxycycline 25 3.18 94.5 56.0 56.1 239 42.5 .0823
Erythromycin 25 .613 235 3.78 6.45 5.31 82.3 454
Fluoxetine 25 10.2 52.5 20.2 21.6 9.22 42.7 .184
Gemfibrozil 25 1.11 13.2 7.21 7.01 3.26 46.6 .87
Ibuprofen 25 0 67.2 0 7.47 18.1 242 432
Lincomycin 25 0 1.35 0 .0542 271 500 .0355
Metformin 25 9.49 334 138 143 67.9 47.7 1.76
Oxytetracycline 25 0 9.14 2.92 3.27 2.28 69.6 .@041
Ranitidine 25 4.83 70.4 12.9 149 12.9 86.7 .0338
Roxithromycin 25 0 .284 0 .100 116 116 .00762
Sulfamethazine 25 0 .735 0 .0510 .158 310 .0309
Sulfamethizole 25 0 .501 .0854 .100 113 113 .0299
Sulfamethoxazole 25 0 8.33 .833 1.34 1.79 134 7.068
Sulfathiazole 25 0 2.90 0 .202 .704 349 .0796
Tetracycline 25 0 6.20 .623 1.50 1.92 128 .0469
Triclosan 25 1253 12880 9520 8630 2953 34.2 2.61
Trimethoprim 25 3.85 354 19.4 20.5 10.2 50.0 151
Tylosin 25 0 0 0 0 0 .0841
Warfarin 25 0 41.3 11.2 12.2 8.53 70.0 .00112

Note. SD = standard deviation. RSD% = relative stathdi@viation percent. NA = not available.
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Appendix D. Daily and annual mean loadings of salaparameters in wastewater treatment

Daily Average Loadings Annual Average Loadings
(mg/day) (glyear)

Sample Parameter Influent Effluent Sludge kerfiu Effluent Sludge
1,7-Dimethylxanthine 126044 12837 293 46070 4685 071
Acetaminophen 580047 10852 222 212010 3961 81.1
Albuterol 235 240 7.05 85.9 87.5 2.57
Caffeine 439802 14788 1527 160750 5398 557
Carbamazepine 2649 3540 689 968 1292 251
Chlortetracycline 173 173 194 63.1 63.0 .0709
Cimetidine 5726 2904 460 2093 1060 168
Clarithromycin 3894 4364 267 1423 1593 97.5
Codeine 17463 8324 242 6383 3038 88.3
Cotinine 7427 3902 19.8 2715 1424 7.23
Diltiazem 6617 4426 1855 2419 1616 677
Doxycycline 5933 1483 502 2169 541 183
Erythromycin 29696 15386 57.7 10854 5616 21.0
Fluoxetine 532 669 193 195 244 70.5
Gemfibrozil 3161 1244 62.6 1155 454 22.9
Ibuprofen 127738 4329 66.8 46689 1580 24.4
Lincomycin 201 208 484 73.5 76.1 477
Metformin 396018 100969 1275 144747 36853 465
Oxytetracycline 314 324 29.3 115 118 10.7
Ranitidine 14619 6269 133 5343 2288 48.6
Roxithromycin 18.7 2.98 .894 6.83 1.09 .326
Sulfamethazine 117 115 456 42.9 41.9 .167
Sulfamethizole 142 82 .891 52.0 29.9 .325
Sulfamethoxazole 9388 4191 12.0 3431 1530 4.36
Sulfathiazole 318 296 1.80 116 108 .658
Tetracycline 8149 3532 135 2979 1289 4.91
Triclosan 43773 12758 77169 15999 4657 28167
Trimethoprim 1930 2363 183 706 863 66.8
Tylosin 1.01 0 0 .368 0 0

Warfarin 232 243 109 85.0 88.5 39.8
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Appendix E. Mean and predicted percent loadingssecondary wastewater treatment,

grouped by AHFS 1 classification

Mean Percent Loadings Predicted Percent Loadings
Other Other
Substance by AHFS 1 Group Effluent Sludge Removed Effluent Sludge Removed
Anti-infective Agents
Clarithromycin 111.90 6.85 -18.75 92.70 7.17 14
Doxycycline 24.95 8.45 66.60 91.22 1.65 7.13
Erythromycin 51.74 .19 48.07 93.77 6.11 13
Lincomycin 103.49 24 -3.73 78.01 1.45 20.54
Oxytetracycline 102.89 9.31 -12.20 91.22 1.65 7.13
Roxithromycin 15.93 4.78 79.29 95.95 3.94 A1
Sulfamethazine 97.57 .39 2.04 78.01 1.45 20.54
Sulfamethiazole 57.44 .63 41.93 77.99 1.46 20.55
Sulfamethoxazole 44.57 13 55.30 77.95 1.47 20.57
Sulfathiazole 92.98 .57 6.46 78.02 1.45 20.54
Tetracycline 43.28 .16 56.55 91.22 1.65 7.13
Trimethoprim 122.26 9.46 -31.73 91.17 1.68 7.15
Tylosin 0 0 100.00 97.98 1.92 .09
Autonomic Drugs
Albuterol 101.95 2.99 -4.95 24.90 .63 74.47
Cotinine 52.47 27 47.27 78.02 1.45 20.54
Blood Formation, Coagulation,
and Thrombosis
Warfarin 104.19 46.85 -51.04 49.32 2.56 48.12
Cardiovascular Drugs
Diltiazem 66.80 28.00 5.21 88.22 3.51 8.26
Gemfibrozil 39.30 1.98 58.72 2.84 39.81 57.35
Central Nervous System
Agents
1,7-Dimethylxanthine 10.17 .23 89.60 24.95 .62 484,
Acetaminophen 1.87 .04 98.09 24.91 .63 74.46
Caffeine 3.36 .35 96.30 24.93 .62 74.45
Carbamazepine 133.46 25.97 -59.43 75.49 2.42 22.09
Codeine 47.60 1.38 51.01 91.13 1.71 7.16
Fluoxetine 125.52 36.22 -61.75 62.21 20.37 17.41
Ibuprofen 3.38 .05 96.56 5.07 14.57 80.36
Gastrointestinal Drugs
Cimetidine 50.64 8.03 41.33 78.00 1.45 20.54
Ranitidine 42.82 91 56.27 78.01 1.45 20.54
Hormones and Synthetic
Substitutes
Metformin 25.46 .32 74.22 24.94 .62 74.44
Skin and Mucous Membrane
Agents
Chlortetracycline 99.87 A1 .02 98.15 1.76 .09
Triclosan 29.10 176.05 -105.16 16.90 55.51 27.59

Note: Shaded results indicate values greater than 10@Ptean than 0%. AHFS 1= American Hospital FormuBtandard first
tier classification.
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Appendix F. Anderson-Darling test results for meamd predicted percent loadings in

wastewater treatment

Mean Percent Loadings Predicted Percent ngadi
Anderson-Darling Effluent Sludge Other Removed Effluent Sludge Other Removed
A? test statistic .79 6.36 .59 2.42 6.54 2.46
p<.05 .0360 <.0001 1146 <.0001 <.0001 <.0001

Note: Shaded results indicate no rejection of the Imytlothesis that the distribution is normal.
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Appendix G. Spearman's Rank Correlation Coefficietiest results for mean and predicted

percent loadings in wastewater treatment

Percent Loadings

Spearman Rank Correlation Effluent Sludge Other Rem
rs Correlation .186 .368 138
t-approximation 1.00 2.09 74
df 28 28 28
p<.05 .3258 .0454 4674

Note: Shaded results indicate no rejection of the mytlothesis that the variables are independent.
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Appendix H. Wilcoxon Paired Signed-Rank test retsulor mean and predicted percent

loadings in wastewater treatment

Percent Loadings

Wilcoxon Paired Signed-Rank Effluent Sludge OthenRRved
t-statistic 274.00 215.00 208.00
Z-approximation .85 -.36 -.50
p<.05 .3933 .7189 .6143

Note: Shaded results indicate no rejection of the Imytlothesis that the shift in location between distions is equal to 0.
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Appendix I. Mean concentrations in wastewater ttegent and predicted toxicity levels for

receiving environments, grouped by AHFS 1 classifion

Concentrations Predicted Toxicity
Marine
Effluent Daphnid Daphnid species Mouse
Effluent (153:1) Sludge (acute, (chronic, (acute, (acute, oral,
Substance by AHFS 1 Groups (mg/L) (mg/L) (mg/kg) mg/L)? mg/L)° mg/L) mg/kg)
Anti-infective Agents
Clarithromycin .000446 .00000292 .0299 3.307 31 .99% 1230
Doxycycline .000152 .000000991 .0561 2.893 .6 1908. 1007.48
Erythromycin .00157 .0000103 .00645 1.078 101 €587 2580
Lincomycin .0000213 .000000139 .0000542 101.623 7%.8 65.08 13900
Oxytetracycline .0000331 .000000216 .00327 4.442 851. 10501.22 7200
Roxithromycin .000000305 .00000000199 .000100 6.717 .601 40.249 13900
Sulfamethazine .0000117 .0000000766 .0000510 2.045 .078 23.995 50000
Sulfamethiazole .00000838 .0000000547 .000100 2.001 .096 36.746 >10000
Sulfamethoxazole .000429 .00000280 .00134 1.872 6 .08 31.313 2650
Sulfathiazole .0000303 .000000198 .000202 1.878 4 .07 23.26 4500
Tetracycline .000361 .00000236 .00150 2.866 .585 48126 67¢
Trimethoprim .000242 .00000158 .0205 2.134 .083 @7 3960
Tylosin 0 0 0 79.099 5.836 1113.663 10000
Autonomic Drugs
Albuterol .0000245 .000000160 .000788 2.209 1.303 61.229 >2000
Cotinine .000399 .00000261 .00222 1917.981 35.948 6.368 1604
Blood Formation,
Coagulation, and Thrombosis )
Warfarin .0000248 .000000162 .0122 .783 .031 39.665 374
Cardiovascular Drugs _
Diltiazem .000453 .00000296 .207 3.129 .281 2422 740
Gemfibrozil .000127 .000000832 .00701 4.933 .0979 0982 316
Central Nervous System
Agents
1,7-Dimethylxanthine .00131 .00000858 .0328 17.796 .505 39.31 127
Acetaminophen .00111 .00000725 .0249 1.652 1.239 .84%4 33¢
Caffeine .00151 .00000988 171 11.925 .333 18.687 127
Carbamazepine .000362 .00000237 .0770 14.902 1.171 6.716 529
Codeine .000851 .00000556 .0270 976 .06 7.438 250"
Fluoxetine .0000684 .000000447 .0216 175 .019 3i.06 248
Ibuprofen .000443 .00000289 .00747 27.848 4.305 66HL. 740
Gastrointestinal Drugs
Cimetidine .000297 .00000194 .0515 10.781 .297 3.0 2550
Ranitidine .000641 .00000419 .0149 78.001 5.284 Koo 4 884
Hormones and Synthetic
Substitutes )
Metformin .0103 .0000675 .143 577000 17071.402 208 1450
Skin and Mucous Membrane
Agents
Chlortetracycline .0000177 .000000115 .0000217 2.60 .395 436.951 48
Triclosan .00130 .00000853 8.63 469 .089 1131 4530

Note. AHFS 1= American Hospital Formulary Standardtfifsr classification. LC50 = lethal concentratiofW = freshwater. SW = saltwater.
¥Daphnid, FW, LC50, 96hr)’(Daphnid, FW, ChV).¢Mysid, SW, LC50, 96hr){(Fish, SW, LC50, 96hr)*(Mysid, FW, LC50, 96hr)./(Fish,
FW, LC50, 96hr). (US Environmental Protection Aggr2014b). _

9(National Centers for Coastal Ocean Science, 20WS National Library of Medicine, 2013)US National Library of Medicine, 2012).
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Appendix J. Anderson-Darling test results for cosmtrations in wastewater treatment

Effluent Concentrations Sludge Concentrations
Anderson-Darling A? test statistic p<.05 Nest statistic p<.05

1,7-Dimethylxanthine 4.80 <.0001 .55 .1443
Acetaminophen 4.34 <.0001 4.45 <.0001
Albuterol 7.14 <.0001 .62 .0970
Caffeine 4.63 <.0001 1.08 .0063
Carbamazepine 1.69 .0002 6.54 <.0001
Chlortetracycline 3.66 <.0001 8.49 <.0001
Cimetidine 1.54 .0004 45 .2486
Clarithromycin 1.15 .0043 .87 .0214
Codeine 2.93 <.0001 .29 .5961
Cotinine 7.81 <.0001 .29 .5961
Diltiazem .65 .0809 1.77 .0001
Doxycycline 5.21 <.0001 .36 4210
Erythromycin 6.83 <.0001 1.31 .0017
Fluoxetine 4.60 <.0001 1.55 .0004
Gemfibrozil 1.14 .0044 .38 3701
Ibuprofen 7.01 <.0001 6.15 <.0001
Lincomycin 2.75 <.0001 9.14 <.0001
Metformin 1.62 .0003 .22 .8064
Oxytetracycline 3.24 <.0001 .76 .0420
Ranitidine 2.97 <.0001 2.52 <.0001
Roxithromycin 8.49 <.0001 3.52 <.0001
Sulfamethazine 2.74 <.0001 6.69 <.0001
Sulfamethiazole 4.42 <.0001 1.25 .0023
Sulfamethoxazole 1.90 <.0001 2.72 <.0001
Sulfathiazole 5.98 <.0001 8.28 <.0001
Tetracycline 44 .2728 3.74 <.0001
Triclosan NA .81 .0313
Trimethoprim 3.71 <.0001 A3 .2766
Tylosin NA NA
Warfarin 2.04 <.0001 .96 .0126

Note. Shaded results indicate no rejection of the nylidilgesis that the distribution is normal. NA = awgailable.
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Appendix K. Anderson-Darling test results for meaonncentrations in wastewater treatment

and predicted toxicity levels for receiving envinments

Mean Concentrations Predicted Toxicity Levels
Marine
Freshwater Freshwater Mysid(SW/FW) Terrestrial
Effluent Daphnid Daphnid Fish(SW/FW) Mouse
Anderson-Darling Effluent (153:1) Sludge (LC50, 96hr) (Chv) (LC50, 96hr) (oral)
A® test statistic 6.23 6.23 10.46 11.06 11.06 8.90 5.03
p<.05 <.0001 <.0001 <.0001 <.0001 <.0001 <.0001 <1000

Note. All results indicate rejection of the null hypotiem favour of the alternative hypothesis thatdfsribution is not
normal. LC50 = lethal concentration. ChV = chmowalue. FW = freshwater. SW = saltwater.
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Appendix L. Wilcoxon 1-tailed t-Test results foorcentrations in wastewater treatment with

predicted toxicity levels for receiving environment

Concentrations vs Toxicity Levels

Effluent Effluent vs Effluent vs Effluent 153:1 Sludge vs
VS FW Marine VS Terrestrial
FW Acute Chronic Acute Marine Acute Acute
Wilcoxon 1-tailed t-Test p<.05 p<.05 p<.05 p<.05 p<.05
1,7-Dimethylxanthine <.0001 <.0001 <.0001 <.0001 0061
Acetaminophen <.0001 <.0001 <.0001 <.0001 <.0001
Albuterol <.0001 <.0001 <.0001 <.0001 <.0001
Caffeine <.0001 <.0001 <.0001 <.0001 <.0001
Carbamazepine <.0001 <.0001 <.0001 <.0001 <.0001
Chlortetracycline <.0001 <.0001 <.0001 <.0001 <1000
Cimetidine <.0001 <.0001 <.0001 <.0001 <.0001
Clarithromycin <.0001 <.0001 <.0001 <.0001 <.0001
Codeine <.0001 <.0001 <.0001 <.0001 <.0001
Cotinine <.0001 <.0001 <.0001 <.0001 <.0001
Diltiazem <.0001 <.0001 <.0001 <.0001 <.0001
Doxycycline <.0001 <.0001 <.0001 <.0001 <.0001
Erythromycin <.0001 <.0001 <.0001 <.0001 <.0001
Fluoxetine <.0001 <.0001 <.0001 <.0001 <.0001
Gemfibrozil <.0001 <.0001 <.0001 <.0001 <.0001
Ibuprofen <.0001 <.0001 <.0001 <.0001 <.0001
Lincomycin <.0001 <.0001 <.0001 <.0001 <.0001
Metformin <.0001 <.0001 <.0001 <.0001 <.0001
Oxytetracycline <.0001 <.0001 <.0001 <.0001 <.0001
Ranitidine <.0001 <.0001 <.0001 <.0001 <.0001
Roxithromycin <.0001 <.0001 <.0001 <.0001 <.0001
Sulfamethazine <.0001 <.0001 <.0001 <.0001 <.0001
Sulfamethiazole <.0001 <.0001 <.0001 <.0001 <.0001
Sulfamethoxazole <.0001 <.0001 <.0001 <.0001 <.0001
Sulfathiazole <.0001 <.0001 <.0001 <.0001 <.0001
Tetracycline <.0001 <.0001 <.0001 <.0001 <.0001
Triclosan <.0001 <.0001 <.0001 <.0001 <.0001
Trimethoprim <.0001 <.0001 <.0001 <.0001 <.0001
Tylosin <.0001 <.0001 <.0001 <.0001 <.0001
Warfarin <.0001 <.0001 <.0001 <.0001 €00

Note: All results indicate rejection of the null hypetis in favour of the alternative hypothesis thatrmedian is less than the

predicted toxicity level. Alt-statistic= 0. FW -= freshwater.
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Appendix M. Wilcoxon Paired Signed-Rank test resufor mean concentrations in
wastewater treatment with predicted toxicity levids receiving environments
Mean Concentrations vs Toxicity Levels
Effluent Effluent vs Effluent vs Effluent 153:1 Sludge vs
Wilcoxon Paired Signed- VS Fw Marine S Terrestrial
Rank FW Acute Chronic Acute Marine Acute Acute

t-statistic 465.00 465.00 465.00 465.00 406.00
Z-approximation 4.78 4.78 4.78 4.78 4.62
p<.05 <.0001 <.0001 <.0001 <.0001 <.0001

Note: All results indicate rejection of the null hypetis in favour of the alternative hypothesis thatghift in location between
distributions is not equal to 0. FW = freshwater.
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Appendix N. Magnitude of difference results betwemean concentrations in wastewater

treatment and predicted toxicity levels for receigienvironments, grouped by AHFS 1

classification
Magnitude Difference
Sludge vs
Effluent vs Effluent vs Effluent vs Effluent 153:1 vs Terrestrial
Substance by AHFS 1 Groups FW Acute FW Chronic Marine Acute Marine Acute Acute
Anti-infective Agents
Clarithromycin 7410 695 35837 5483083 41170
Doxycycline 19078 3957 7293405 1115890920 17953
Erythromycin 685 64 373 57076 400092
Lincomycin 4767145 322695 3052910 467095159 256568947
Oxytetracycline 134201 55892 317261196 48540963000 2199276
Roxithromycin 22032019 1971303 132018275 20198795999 139075101
Sulfamethazine 174385 6651 2046144 313060010 979608018
Sulfamethiazole 238887 11461 4386877 671192230 100304982
Sulfamethoxazole 4368 201 73063 11178714 1981760
Sulfathiazole 62076 2446 768838 117632214 22311296
Tetracycline 7934 1619 2903737 444271781 450586
Trimethoprim 8829 343 1315246 201232706 193624
Tylosin NA NA NA NA NA
Autonomic Drugs
Albuterol 90055 53120 10674058 1633130943 2538330
Cotinine 4806140 90080 66074 10109292 723761
Blood Formation, Coagulation, and
Thrombosis
Warfarin 31563 1250 1598917 244634356 30664
Cardiovascular Drugs
Diltiazem 6912 621 5350 818605 3567
Gemfibrozil 38771 7694 772 118086 45106
Central Nervous System Agents
1,7-Dimethylxanthine 13555 385 29943 4581260 3875
Acetaminophen 1488 1116 22385 3424868 13595
Caffeine 7885 220 12356 1890477 744
Carbamazepine 41157 3234 18549 2837938 6866
Codeine 1146 70 8737 1336739 9242
Fluoxetine 2558 278 15536 2376982 11486
Ibuprofen 62902 9724 26351 4031690 99013
Gastrointestinal Drugs
Cimetidine 36304 1000 43783 6698741 49533
Ranitidine 121664 8242 1244583 190421186 59415
Hormones and Synthetic
Substitutes
Metformin 55877459 1653218 2686105 410974096 10173
Skin and Mucous Membrane
Agents
Chlortetracycline 147791 22375 24751824 3787029136 2210716
Triclosan 359 68 100 15362 525

Note. Shaded results indicate magnitude of differemss than or equal to 100. AHFS 1= American Hobpaeamulary Standard first tier

classification. FW = freshwater.



