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Abstract: The presence of contaminants of emerging concern (CECs) in environmental matrices is an
ongoing issue. This research project was carried out to increase our understanding of the loading,
distribution and potential risk of CECs by sampling large and small tributaries in a specific area of the
Delaware River watershed (in northeast USA) that is highly urbanized and significantly impacted by
wastewater treatment plant effluents. Fifteen target compounds were selected for analysis based on
their high frequency of detection in a previous multiyear study conducted on the Delaware River
mainstem. Ten sampling sites were chosen on tributaries receiving numerous municipal and industrial
discharges. Sampling locations were above and below potential source discharges. Sampling was
designed to assess seasonal differences in CECs loadings. The measured environmental concentrations
of the target compounds present a detailed picture of urban and industrial impacts on subwatershed
receiving waters. An index of concern ranking system was applied to the sample locations by
comparing measured environmental concentrations, existing target compound water quality criteria or
predicted no effects levels and developing a concern summary variable. Triclocarban and
diphenhydramine demonstrated to be compounds of high relative risk (RR) to the aquatic life of the
Pennsylvania tributaries to the Delaware River.
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1. Introduction

CEC:s are typically unregulated substances that entered the environment through anthropogenic
activities [1-4]. Many CECs are used regularly and end up in the local watershed through different
point sources such as the municipal wastewater treatment plants (WWTPS) [5]. Persistent or “pseudo-
persistent” CECs are generally detected at high frequencies in the aquatic environment. Pseudo-
persistent are defined as CECs that have high removal rates but are used in such large quantities by the
population that leads to a significant concentration in the aquatic environment. Many such CECs are
pharmaceuticals and personal care products (PPCPs).

Substantial research has been conducted on the occurrence of PPCPs in surface waters and they
are frequently observed at concentration ranges of low to high nanogram per liters (ng/L) [2,3,6-11].
The conventional risk assessment, utilized by several studies and the European Environmental Agency,
quantifies aquatic risk with a risk quotient (RQ) or relative risk (RR). RR is calculated by dividing the
occurrence data or measured enviromental concentrations (MEC) by predicted no-effect concentration
(PNEC) [12-16]. The aquatic environment is a highly variable mixture due to changes in type, mixture
and concentrations of various contaminants that can affect different species at different developmental
stages over an extended period of exposure. These conditions make the laboratory derived PNEC
sometimes an unsuitable parameter for an accurate risk assessment. It may be argued that quantifying
a hazard of a single compound in an aquatic environment may be practically impossible, especially
when the primary concern is long-term and low-dose exposure. Daughton and Ternes (1999) observed
that multigenerational exposure to PPCPs could result in unrecognized effects on the aquatic
organisms. To address the lack of accuracy of conventional risk assessment approach, additional
criteria such as levels of concern (LOC) may be considered. LOC is a qualitative assessment
complimentary to RR and used for further examination of the availability and quality of MEC and
PNEC data.

High population density increases the chances of PPCPs occurrence in a watershed, hence an urban
watershed or basin would be a priority location [5]. Today 8.3 million people live in the area of the
Delaware River basin, over 13.3 million people rely on it as drinking water and it is project that by
2030 the basin population will increase by 8% [18]. Delaware River Basin Commission (DRBC)
conducted a multi-year survey of CECs in the main stem of the tidal Delaware River. DRBC sampled
and analyzed surface waters in 2007, 2008 and 2009 where 54 compounds were detected at nanograms
per liter concentrations [19]. The objective of this study was to examine the impacts of Pennsylvania
tributaries to the main stem of the Delaware River and to assess the risk to a mixed use watershed from
its contributing sources. Fifteen target compounds were selected for analysis based on frequency of
usage and high frequency of detection from a multiyear study. Target compounds have published
analytical methods therefore elimnating time consuming and expensive method development. The
following compounds were investigated: carbamazepine, clarithromycin, dehydronifedipine,
diltiazem, diphenhydramine, erythromycin, gemfibrozil, guanylurea, ibuprofen, metformin, ranitidine,
sulfamethoxazole, thiabendazole, triclocarban and trimethoprim.
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2. Materials and methods
2.1. Chemicals and reagents

The following CECs (with purity) were purchased from Santa Cruz Biotechnology Inc (USA):
dehydronifedipine (>97%), ranitidine hydrochloride (>95%), triclocarban-3c6 (>98%), metformin-d6
hydrochloride (>98%), gemfibrozil-d6 (>98%), diphenhydramine-d6 hydrochloride (>98%),
triclocarban (>98%), ranitidine-d6 (>95%). Clarithromycin (>98%), diphenhydramine hydrochloride
(>98%), gemfibrozil (=98%), ibuprofen (>98%), guanylurea (=97%), thiabendazole (>99%) and
trimethoprim (>98%) were purchased from Sigma Aldrich Inc. (USA). Sulfamethoxazole (>98%) was
purchased from Thomas Scientific (USA). Trimethoprim-d3 (>98%), thiabendazole-d4 (>98%),
sulfamethoxazole-d4 (>98%), erythromycin-13d3 (>98%), dehydronifedipine-d6 (>98%), and
ethylenediaminetetraacetic acid tetrasodium salt dihydrate (EDTA) (99-102%) were purchased from
United States Biological Corporation (USA). All solvents (HPLC grade) and other chemicals were
obtained from Sigma-Aldrich Inc. (USA). Millipore nitrocellulose filters (0.45 um) and 2.5 L amber
glass bottles were obtained from Fisher Scientific (USA). Deionized water was produced by Barnstead
NANOpure (lowa, USA). Solid-phase extraction (SPE) was performed with Oasis Wax SPE columns
6 cc cartridges, 150 mg, 30 ug purchased from Waters Corporation (Milford, MA, USA).

2.2. Analytical method

Stock solutions were prepared by dissolving the analytes powder in methanol. Sample processing,
extraction, and instrument optimization was performed according to the EPA method 1694 (USEPA
2007). Samples were filtered with 0.45 pm filters and separated into two 1 L media bottles for acid
and base extracts. Acid extracts were pH adjusted to pH 2.0 =0.5 with hydrochloric acid and had 500
mg of tetrasodium-EDTA added to the solution. Base samples were pH adjusted to pH 10.0 0.5 with
ammonium hydroxide. SPE cartridges were conditioned with 20 mL of water, 20 mL of methanol and
then again rinsed with 20 mL of water. After conditioning the cartridges were loaded with conditioned
samples from media bottles. Cartridges were then washed with 10 mL of water and dried for 5 minutes.
Acid samples were eluted with 12 mL of methanol and 6 mL of 1:1, acetone:methanol mixture. Base
samples were eluted with 6 mL of methanol and 9 mL of 2 % formic acid in methanol. Eluted samples
were dried on the Genevac EZ-2 vacuum evaporator (Pacific Laboratory Products, Melbourne,
Australia). After drying, the samples were reconstituted with 3 mL of methanol and 1 mL of 0.1%
formic. Working solutions and internal standard solutions were processed with the same procedure as
the extracted field samples. The solutions were evaporated and then reconstituted with 3 mL of
methanol and 1 mL of 0.1 % formic acid. Analysis was performed on an Acquity H-Class Xevo TQ
Waters LC-MS/MS (Waters Corporation, Milford, MA). Compounds were analyzed in three different
groups based on acidity and ion mode of the electrospray ionization (ESI). Group 1 and 2 were acidic
extractions, where group 1 had positive and group 2 had a negative ESI mode. Chromatographic
separation for group 1 and 2 was performed with a reversed-phase Waters Xterra C18, 10.0 cm, 2.1
mm i.d., 3.5 um particle size column, Group 3 had basic extractions with positive ESI mode analysis.
Chromatographic separations for group 3 were performed with a reversed-phase Waters Atlantis
HILIC, 10 cm, 2.1 mm i.d., 3.0 um particle size column. Multiple reaction monitoring (MRM) was
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used to detect and quantify the analytes. Table S1 in supplemental material lists the LC retention times
and MRM parameters.

2.3. Sampling and sample preparation

The locations of sampling sites were determined based on survey data of emerging contaminants
in the surface waters of the Delaware River Basin conducted by MacGillivray (2013) and the
identification of potential sources of CECs to surface water from municipal and industrial discharges
listed in the National Pollutant Discharge Elimination System Permit Compliance System
(NPDES/PCS) linked to pharmaceutical manufacturing Standard Industrial Classification (SIC) codes.
Five tributaries of the Delaware River (East Branch of Perkiomen Creek, Perkiomen Creek,
Wissahickon Creek, Schuylkill River, and Neshaminy Creek), located in southeast Pennsylvania
within the Delaware River watershed, were selected for sampling because these streams receive
numerous direct discharges from municipal wastewater treatment plants and pharmaceutical
manufacturers. In addition, several hospitals and pharmaceutical facilities indirectly discharge through
publicly owned treatment works (POTW) to these streams. There could be non-point sources of CECs
as well. One sampling site was chosen because it had previously been sampled for PPCPs by the US
Geological Survey (USGS). Nine other sampling sites were selected above and below discharge and
at locations outside the immediate influence of the discharges and with convenient access for sampling.
Based on the U.S. Census Bureau (2010), the sampling locations are located in areas classified as urban
areas or urban clusters. Sample locations with potential sources are shown in Figure 1. Sampling sites
were named with letters A through J. In some cases site names were used with prefix EC indicating
emerging contaminants in order to distinguish them from the previous DRBC survey that utilized a
prefix “RM” (river mile) followed by the distance in miles from the river mouth [19] Tables S2 and
S3 (supplemental information).

Samples were collected in duplicates at low flow conditions during spring, summer, and fall
seasons. The samples were collected from ten locations in Pennsylvania tributaries of the Delaware
River. Subsurface ambient water was sampled into 2.5 L amber glass bottles for analysis. Field blanks
were used during sampling. The samples were placed on ice in coolers to maintain a temperature of 4
+2 € and transported to Temple University laboratory for analyses. In-field measurements of specific
conductivity, water temperature, dissolved oxygen, turbidity, and pH were performed at all sites and
are listed in Table S3 (supplemental information).
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Figure 1. Sampling sites with potential sources of PPCPs.
2.4. Compound selection

The compounds were selected from the list of compounds used by the DRBC (MacGillivray,
2013). Guanylurea was the only compound not on the DRBC list but was added due to being a
commonly occurring metabolite of metformin, which has frequently been detected in high
concentrations in surface waters [22—-24]. Compound selection was further refined based on different
therapeutic categories, such as anti-epileptic drugs, antibiotics, a non-steroidal anti-inflammatory, anti-
diabetic, antihypertensives, antihistamine, lipid regulator, fungicide/parasiticide, antibacterials and
included some of their metabolites and degradants. A complete list of analytes, with their therapeutic
category, are listed in Table 1.
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Table 1. Compounds of interest.

Analyte

Therapeutic category

Description

Carbamazepine
Clarithromycin
Dehydronifedipine
Diltiazem
Diphenhydramine
Erythromycin
Gemfibrozil
Guanylurea
Ibuprofen
Metformin
Ranitidine
Sulfamethoxazole

Thiabendazole

Triclocarban
Trimethoprim

Anti-epileptic drugs

Antibiotic
A metabolite of a
nifedipine
Antihypertensive

Antihistamine

Antibiotic

Lipid regulator
Degradant of
metformin
Non-steroidal anti-
inflammatory
Anti-diabetic
Antihistamine

Antibiotic
Fungicide/ parasiticide

Personal care product
Antibacterial

Prescription drug, anticonvulsant, mood-stabilizer,
treatment of attention deficit hyperactivity
disorder (ADHD)

Prescription drug, a macrolide antibiotic

An inactive metabolite of prescription cardiac drug
nifedipine

Prescription drug, anticonvulsant, mood-stabilizer,
treatment of ADHD

Prescription and over-the-counter drug, an
antihistamine used to treat allergies

Prescription drug, a macrolide antibiotic
Prescription drug, lipid-lowering agent

Metformin biodegradation

Prescription and over-the-counter drug, a non-
steroidal anti-inflammatory drug used for pain

A prescription drug for diabetes treatment
Prescription and over-the-counter drug for peptic
ulcer and gastroesophageal reflux disease
treatment

Prescription drug, a bacteriostatic antibiotic
frequently used in combination with trimethoprim
Prescription and veterinary drug as a parasiticide
also used as an agricultural fungicide
Antibacterial, antifungal agent

Prescription drug, a bacteriostatic antibiotic
frequently used in combination with
sulfamethoxazole

3. Results and discussion

3.1. Occurrence and risk assessment

Comparing different drug categories and their observed concentrations, many of the compounds

within the same therapeutic category fall in a similar concentration range. Analyzed sample data for
the compounds of interest are listed in Table 2 with their detection frequency, concentration range,
median concentration, maximum concentration, PNEC and RR. Antihistamines diphenhydramine and
ranitidine both fall in the range of 0.1-106 ng/L with medians being 8.0 and 7.4 ng/L respectively.
Antibiotics such as clarithromycin, erythromycin, sulfamethoxazole, and trimethoprim had a median
concentration of 4.6, 7.5, 5.8, and 7.9 ng/L, respectively. Anti-diabetic drug metformin and its
biodegradation product guanylurea stand out with the highest concentrations. Administered at a large
average dose of 2 g/day and due to its high water solubility, metformin is frequently detected at what
is considered very high environmental concentrations (micrograms per liter, pg/L) in urban
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watersheds [24,25]. WWTPs receive large amounts of metformin where it undergoes an incomplete
degradation and transforms into guanylurea [26]. Table S4 in supplemental material includes
additional occurrence data.

To assess the effects of CECs on aquatic organisms, the RR values were calculated using the ratio
of the MEC to the PNEC (MEC/PNEC). A RR value greater than one indicates that the environmental
concentration is above the no-effects concentration and is generally considered a cause of concern [36].
RR < 0.1 indicates minimal risk and the 1.0 > RR > 0.1 indicates moderate concern. Calculation and
assessment of the PNECs followed standard set by the European Chemical Agencies (ECHA) guidance
on determination of aquatic toxicity [37]. The most sensitive species and toxicity endpoints were used
with assessment factors (AF). For example, an AF of 1,000 was used if only acute data was available
and an AF of 10 was used if chronic data for three trophic levels were available. Sufficient ecotoxicity
data was not available for assessment using other approaches such as species sensitivity distribution
estimates of PNECs or integration of river monitoring data in fate and transport models to estimate
distribution and effects of CECs [38]. Listed in Table 2, two compounds had high, seven analytes had
moderate and six had minimal RR concern.

Looking at the compounds with the highest RR, diphenhydramine and triclocarban had a RR of
concern (>1.0). The PNEC for triclocarban was derived from a study by Tamura et al. 2013, where the
lowest NOEC for Ceriodaphnia dubia was 1.9 pg/L. Using the ECHA guidelines and applying the
assessment factor of 10, the derived PNEC was 190 ng/L. Triclocarban is widely used as a topical
antiseptic and is a persistent pollutant [39]. Triclocarban concentrations in our study (tributary
samples) were between 6.3 to 265 ng/L (Table 2). In samples from less urbanized main stem segments
of the Delaware River conducted by MacGillivray 2013, triclocarban was below the estimated
detection limit of 0.6 ng/L while it was measured between 3.7 to 10.7 ng/L in the upstream segments
of the main stem. While being a persistent pollutant, the lack of detection downstream can be attributed
to dilution coming from tributaries that do not have high urban impact. Triclocarban had been reported
in concentrations of 19 to 1425 ng/L in other surface waters [40]. Triclocarban is a substance of
concern in the Delaware River Basin. Risk reduction of triclocarban through regulation in the United
States has been recommended and in 2016 the US Food and Drug Administration (FDA) banned the
use of triclosan and triclocarban in over-the-counter antimicrobial soaps [41,42]. Despite being banned
in antibacterial soaps, triclosan and triclocarban can still be found in high concentrations in products
such as toothpaste, mouthwash, and soaps [43].
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Table 2. PPCP in the Pennsylvania tributaries of the Delaware River listed in order of relative risk.

Analyte Numb(_er of Detection Concentration  Median concentration, Maximum _ PNEC, RR
analysis Frequency (%) Range (ng/L)  (ng/L) Concentration (ng/L) (ng/L)

Triclocarban 60 100 6.3-265 36.7 265 190° 1.395
Diphenhydramine 60 88 0.6-101 8.0 101 100P 1.010
Carbamazepine 60 97 2.3-243 80.6 243 500¢ 0.486
Erythromycin 60 32 0.2-58 75 58 300¢ 0.193
Ibuprofen 60 97 3.7-152 19.8 152 1000P 0.152
Clarithromycin 60 92 0.1-16 4.6 16 1201 0.133
Sulfamethoxazole 20 90 1.0-24 5.8 24 200° 0.120
Ranitidine 58 91 0.1-106 7.6 106 6200° 0.017
Gemfibrozil 60 95 0.2-93 7.4 93 7800f 0.012
Metformin 50 100 933-9258 3563 9258 1030000°  0.009
Guanylurea 39 85 2.9-620 45.7 620 1600009 0.004
Thiabendazole 60 97 0.1-191 6.1 191 74000 0.003
Diltiazem 60 75 0.4-8.2 1.8 8.2 8200' 0.001
Trimethoprim 60 88 0.1-63 7.9 63 120700 0.001
Dehydronifedipine 60 90 0.3-8.6 2.4 8.6 2899000"  0.001<

Notes: *[27]; °[28]; °[29]; °[30]; *[31]; [32]; °[33]; "[34]; '[35].
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Examining the second most concerning RR from the list, diphenhydramine had MECs of 1.0 to
176.9 ng/L. The concentrations of diphenhydramine detected in some of our samples were higher than
those found in other surface waters receiving municipal effluent where diphenhydramine has been
reported in the range of 10 to 100 ng/L [44]. With a PNEC of 100 ng/L reported by the WET Center
2016, diphenhydramine had hazard quotients of (>1.0) in 10 out of 18 tributary sites in the first round
of sampling, 1 out of 10 tributary sites in the second round of sampling, and less than (<0.1) for the
third round of sampling. The first sampling round occurred early September and high MECs can be
attributed to the high use of the antihistamine due to allergy season. The antihistamine
diphenhydramine has poorly understood consequences on exposed aquatic organisms and the potential
to accumulate in fish [45]. It is a substance of concern in the Delaware River Basin which needs further
investigation.

Carbamazepine is not only widely used as anticonvulsant but has also been one of the most widely
reported persistent environmental pollutant [14,46]. With the third highest RR of 0.486, categorized
as medium risk. Carbamazepine’s persistence in the aquatic environment could have long term
consequences and would require further investigation of the long term effects [35]. Ibuprofen was
detected in the range of 3.7-152 ng/L with the RR of 0.152 (Table 2). lbuprofen is a highly used
pharmaceutical that shows continual presence in the surface waters and there is a need for secondary
toxicity clarification.

Metformin is used in treatment of high blood sugar levels and has a high daily dose [47]. With
vast and continued use coupled with high water solubility, metformin and its biodegrading guanylurea
are frequently detected at high concentrations in surface waters [22,24]. Metformin was detected in
concentrations over 9258 ng/L, guanylurea following the trend as a degradant and detected at peak
concentrations of 620 ng/L. Low RRs are noted for both compounds due to their high PNECs. Like
carbamezpine and ibuprofen, metformin and guanylurea are frequently detected in the aquatic
environment. Their long-term presence raises concern of multigenerational exposure on aquatic
species. This type of environmental impact will be difficult to assess and quantify and will require
further research and monitoring.

Three antibiotics analyzed: clarithromycin, erythromycin and sulfamethoxazole had medium
concern with RR (1.0>RR>0.1). Reported as a chronic water quality standard by Ecotox Centre
Eawag-EPFL 2017, clarithromycin had the lowest PNEC of 120 ng/L of the three antibiotics. Isidori
et al. 2005 found the three macrolides, based on their MECs in Europe, have the highest impact on the
aquatic environment. Antibiotics in the environment can cause bacteria to develop resistance and have
other affects such as disruption of natural food webs [50].

3.2. Impact from the tributaries

Due to seasonal and flow variations of the surface water samples, no major statistical analysis can
be performed on grab samples. However, compound concentrations from different sampling events
and sites can be examined with simple statistical evaluation such as the average, the median and
relative standard deviation. Figure 2 shows the overall environmental loading of CECs by summing
the average of all measured concentrations by site. No major concentration spikes indicate a uniform
impact to the tributaries from a mixed use urban watershed. Metformin is not shown in Figure 2
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because of its very high relative concentrations. Metformin, guanylurea, carbamazepine, triclocarban,
thiabendazole and ibuprofen have the highest relative loading. Thiabendazole, ranitidine, triclocarban,
guanylurea and ibuprofen show variable average concentrations by site. This could indicate the
influence of intermittent point source contributions. Guanylurea, as a WWTP biodegradation product
of metformin, is a useful indicator of relative WWTP effluent impacts to receiving waters although
biodegradation of metformin would also occur in the streams [22]. Thiabendazole and ranitidine
concentrations are highest in the Wissahickon Creek samples indicating potential localized point
sources.
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Figure 2. Average compound concentration stacked by sampling sites.

Distribution patterns and concentrations of compounds can be observed before and after the two
rivers merge. Depicted in Figure 3. the compound fingerprint is shown in downstream sequence. EC-
G is upstream from EC-A and both are located on the Schuylkill River before it enters the main stem
of the Delaware River. RM-103.5 and RM-80 are sampling points before and after Schuylkill River
enters the Delaware River, respectively [19]. Note that the sampling events in the MacGillivray (2013)
study were conducted over a three year span. Data in Figure 3 indicates that the distribution of the
compounds per river mile and impact of the tributaries to the Delaware River main stem is consistent.
Figure 4 shows a downstream sequence of four selected compounds. Trimethoprim and carbamazepine
are recognized as persistent compound and exhibit a similar pattern in the downstream sequence [51].

AIMS Environmental Science Volume 7, Issue 4, 302-319.



312

Clarithromycin does not exhibit the same persistence but is observed frequently in the aquatic
environment [52]. Concentrations of PPCPs in the East Branch Perkiomen Creek (EC-G) and the
Schuylkill River (EC-A) are generally higher than the concentrations of PPCPs in the both the
upstream location of the Delaware River (RM-105.4) as well as the downstream location of the
Delaware River (RM-80). The concentration of PPCPs also increases between Delaware River sample
locations RM-105.4 and RM-80, upstream and downstream from Schuylkill River, respectively [19].
The much larger flow of the Delaware River and the concentration increase in the Delaware River is
an indicator of a substantial mass input of PPCPs coming from the tributaries.
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Figure 3. Compound fingerprint downstream sequence
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Figure 4. Downstream sequence for clarithromycin, trimethoprim carbamazepine.
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3.3. Levels of concern (LOC)

Complementary to the RR, levels of concern (LOCs) further evaluate the exposure and hazard
data. LOCs have been used as an additional assessment for regulating pesticides in the
environment [53]. If a compound is detected in high frequency, the probability of organism being
exposed to it would be high. This is prevalent with compounds that are recalcitrant or show pseudo—
persistence through high volume of use (large per capita use). Characteristics of aquatic effects are
general ecotox data availability, effects for long term exposure and the taxonomy of organisms. Effects
observed are considered in order of significance or longevity of the studies (from more to less
important) and are: lifecycle, life stage, chronic (reproductive) and acute effects. To determine the
most sensitive organism, all trophic levels should be examined. For example, a chronic exposure to
three species from different trophic levels would be an adequate characterization. Inadequate
characterization would consider only single species toxicity with less significant effects (example, only
acute effects). Very little to no data availability is indicated as “lacking”. Exposure and hazard data
listed previously was further examined. Exposure probability is determined on the detection frequency
of the compound. Very high probability is assigned to a detection frequency of 100%, high to medium
range of 80-99%, medium for 60—79%, and low for detection frequency of 59% or less. Based on the
availability and comprehensiveness of the toxicity data along with the exposure probability, we
interpreted LOCs as high (H), medium (M) or low (L). Listed in Table 3 are levels of concern for each
analyte along with a brief description of the frequently occurring issues associated with the substance.
As shown in Table 3, only one compound, triclocarban has high LOC. Ten compounds had medium
LOC and they are clarithromycin, dehydronifedipine, diltiazem, diphenhydramine, erythromycin,
gemfibrozil, guanylurea, ibuprofen, sulfamethoxazole and thiabendazole. Four had low LOC which
are carbamazepine, metformin, ranitidine, and trimethoprim. The last row lists the issues associated
with lack of toxicity data on the compound. Triclocarban is used as an antiseptic in a variety of products
from soap bars, shampoos, and shaving creams. Due to its multiuse, triclocarban is frequently detected
in surface waters [40]. High toxicity with a low PNEC and high detection frequency yield triclocarban
as a compound of high LOC.

Multiple factors are expected to contribute to the future rise of pharmaceuticals in the environment,
predominantly population and climate changes. With a larger and aging basin population, an increase
use of prescription and over the counter pharmaceuticals is expected to increase the pharmaceuticals
in the environment [54-56]. According to the State of the Basin 2019 report by DRBC, temperatures
and precipitation in the Delaware River Basin appear to be increasing. The report further indicates
anticipation of extreme weather events, such as tropical storms, flooding, short-duration dry periods
and a sea level rise which will impact the salinity of the bay. Drought events will result in low flow
that can lead to a greater concentration of PPCPs in surface waters [57]. This is prevalent for smaller
rivers and tributaries where the flow is dominated by the WWTP discharge. The large flooding
scenarios have the potential where WWTPs bypass the plant raw influent directly into the basin due to
operational safety of the plant, thus increasing the amount of untreated PPCPs. Such events are not
uncommon in the Greater Philadelphia area and the nearby city of Camden, NJ where plants can be
overwhelmed by the flow coming from the combined sewer outfall (CSO) [58,59]. Considering these
outcomes inevitably escalates the future concern of PPCPs in surface waters.
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Table 3. Qualitative assessment of LOC for PPCPs based up on data in Table 2 and
available literature.

Analyte Exposu.r(.e Agquatic E_ffegts I§sues coming from or lack of LOC
Probability Characterization literature data
Triclocarban very high adequate Multiuse; high toxicity 2 H
Ibuprofen high adequate Lack of secondary toxicity data M
Clarithromycin high adequate :;](;\é\;r\:\é ?gezlg\lj:gzétca)n Sard M
Diphenhydramine  high adequate High volume usage ° M
. Low water quali
Erythromycin low adequate th(;esho?fjeb quality standard M
Thiabendazole high adequate Multiuse; toxic mode of action? M
Gemfibrozil high inadequate g;;orr!g::?g dTore trophic level M
Sulfamethoxazole  high adequate Antibiotic resistance ' M
Guanylurea high lacking Lack of effects data M
Dehydronifedipine  high lacking Lack of effects data M
Diltiazem medium inadequate Lacks chronic data M
Carbamazepine high adequate Persistence ¢ L
Metformin very high adequate Lack of chronic effect data L
Ranitidine high adequate Pseudo—persistence " L
Trimethoprim medium adequate Antibiotic resistance f L

Note: 3[28,60]; °[48]; °[61]; [62,63]; ¢[32]; "[64,65]; 9[4,66]; "[31]
3.4. Human health effects

In regard to potential public health concerns for these compounds, all sites in the tributaries and
two sites in the main stem of the Schuylkill River are within designated areas for use as public water
supplies after reasonable treatment. All sites are within areas designated for fish ingestion and are used
for recreational purposes [67,68]. Numerous studies have concluded that healthy adults are unlikely to
be adversely affected at the levels of exposure currently reported for PPCP in water [69—72]. However,
potential concerns have been identified for sensitive populations such as pregnant women and children
from pharmaceutical contaminants in potable water [73]. Potential human health effects have also been
incorporated in recent risk assessment and prioritization schemes with identified concerns including
carcinogenicity, mutagenicity, reproductive and developmental effects, immunotoxicity, allergic
reactions, microbial resistance to antibiotics and interactions among drugs when exposed to multiple
contaminants [41,74-77]. Human health risk assessment methodologies differ from ecological
assessments and may identify other pharmaceuticals from those prioritized in this article that may need
consideration [75]. It is also important to note that the data presented in this report are from surface
water that will receive additional treatment prior to use as drinking water.
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4. Conclusion

Based on an index of concern ranking system applied to the sample locations by comparing
measured environmental concentrations, existing target compound water quality criteria or predicted
no effects levels we saw that the compounds such as ibuprofen, triclocarban and dehydronifedipine
can be compounds of concern. By characterizing CECs concentration profiles by time and location,
this study has expanded and advanced our understanding of the prevalence of emerging contaminants
from different sources discharging into tributaries of the Delaware River watershed and complements
previous studies on the occurrence of emerging contaminants in ambient waters of Pennsylvania.
Obtaining this research data will facilitate and inform initiatives aimed at assessing the occurrence of
these emerging contaminants in order to begin to determine their fate, transport and any potential
adverse effect implications within the Delaware River watershed. This information may provide
environmental managers and other members of the environmental community and stakeholders with
increased awareness of the presence of emerging contaminants of concern in surface waters.
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