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Abstract

Adsorption of organic pollutants onto microplastics has been reported in prior studies indicating
the potential of these particles to serve as vectors of pollutants. Most prior investigations, however,
have been conducted in laboratories under conditions with relatively little environmental
relevance. Here we report the results of /n-situ experiments to investigate the adsorption of
pharmaceuticals (atenolol, sulfamethoxazole, and ibuprofen) on to eight types of test materials
(pellets from five types of widely-used polymers, small pieces of straws, fragments of bags, and
glass beads for control). Three sample sets survived 28 days of deployment in New York City
waterways. Concentrations of each analyte in water samples taken at these sites were also
measured. Adsorption coefficients were calculated based on mass and surface area for each type.
Mass-based coefficients showed much higher values for straw and bag samples than other types,
consistent with their greater surface area to mass ratios. The surface area-based coefficients were
similar among the plastic materials tested as well as the glass beads, indicating that surface area is
a major determinant of the pharmaceutical adsorption, regardless of material type. Rapid
biofouling, which was observed on all samples, appeared to be the predominant factor controlling
the sorption capacity of the plastics. Our observations suggest that extensive biofouling and the
formation of biofilms in nutrient-enriched waters can significantly impact the adsorption of
pharmaceuticals onto plastics.
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Introduction

Plastics are a family of resilient, inexpensive, inert, and ubiquitous materials on which
society continues to have a constant and growing dependency; we are rarely more than one
step away from something made of plastic. Of the 6.3 billion tons of plastic discarded to-
date, less than 9% has been recycled (Jambeck et al, 2015). As of 2015, it was estimated that
an annual average of 8.8 million metric tons (Mt) of plastic debris ends up in the ocean
(Jambeck et al, 2015) where it degrades into increasingly smaller fragments. While the
durability and convenience of plastic has been lauded since the 1950s, plastics do not
biodegrade readily, but when subjected to photo-degradation and physical weathering, they
can become friable and fracture into micro-sized particles classified as microplastics (< 5
mm) (Andrady, 2011; GESAMP, 2015).

Similar to many other urban coastal water bodies, the waterways surrounding New York
City are severely contaminated with microplastics, nutrients, and pharmaceuticals (Cantwell
et al., 2018; Conover et al., 2016; Lim, 2018; Magadini et al., 2017). On average NYC
waterways, carry about 165 million floating plastic particles, with majority of them (>95%)
being microplastics (<5 mm) (Conover et al., 2016). This is presumably due to: 1) the
inability of wastewater treatment plants (WWTPs) to filter all microplastics from over one
billion gallons of daily influent, as well as 2) the episodic release of raw sewage from
combined sewer overflow (CSO) outlets (Carr et al., 2016; Geis et al., 2018; Mason et al.,
2016; NYC-DEP, Wastewater, 2019). Similarly, high concentrations of pharmaceuticals are
also discharged on a daily basis from WWTPs into NYC’s waterways. As NYC continues to
grow, so also do the volumes and range of pharmaceutical contaminants present in the
estuary. In an extensive study covering 72 sampling sites throughout the Hudson River
Estuary, the analytes we targeted as well as 16 other pharmaceuticals were measured
(Cantwell et al., 2018). While pharmaceuticals are not persistent pollutants, by sheer volume
and regular discharge into urban waterways, they are pseudo-persistent (Boxall et al., 2014),
at concentrations high enough to cause harm to many species of marine organisms (Cantwell
et al., 2018). Pharmaceutical interactions with aquatic fauna are known to have toxic effects
at metabolic and cellular levels (Aguirre-Martinez et al., 2015; Daughton, 2001; Fabbri &
Franzellitti, 2016).

Given that both microplastics and pharmaceuticals are released from sewage systems into
urban coastal waters on a continual basis, there is urgent need to study the potential of
microplastics as non-biological concentrators and vectors of pharmaceuticals under natural
environmental conditions. Studies have shown that pharmaceuticals will adsorb on to
microplastics in laboratory settings (Kleinteich et al., 2018; Razanajatovo et al., 2018; Wu et
al., 2016). Though these experiments can be informative in investigating adsorption kinetics,
they have limitations. For instance, in laboratory experiments, test microplastics were
confined to just one or several types of particles (to limit the competition of sorption sites),
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while in polluted urban waters, many different types of microplastic particles, comprised of
different types of polymers exist, and also co-exist with non-plastic particles such as black
carbon, organic particles, silt, clay, etc. Furthermore, under experimental conditions, only
one chemical or a simple chemical mixture was tested, but in urban aquatic environments,
thousands of natural and anthropogenic chemicals coexist. Additionally, in order to reduce
the effect of bacterial biofilm formation onto the experimental microplastics, previous
studies have relied on biocides to arrest bacterial growth (Kleinteich et al., 2018;
Razanajatovo et al., 2018; Wu et al., 2016). In the real world, especially in nutrient-rich
waterways, biofouling is inevitable within one week of microplastics residing in the water
(Lobelle & Cunliffe, 2011); therefore, these laboratory experiments have relatively limited
environmental relevance.

The overall purpose of this study was to investigate the sorption of pharmaceuticals onto
microplastics in NYC waterways through /in-situ experiments. Given the inevitable growth
of biofilm on microplastic surfaces, we hypothesized that the sorption capacity of pollutants
among different types of polymers is comparable because the newly formed biofilm acts as
the true active layer for pollutant sorption. To test the hypothesis, five different types of
commonly used plastic polymers were selected for piecing together a broader picture of the
disruptive effects that microplastics can pose to the marine ecosystem. The pharmaceutical
compounds that we selected for examination are: atenolol - a drug commonly used as a beta-
blocker to treat high blood pressure, ibuprofen - a common, nonsteroidal anti-inflammatory
drug, and sulfamethoxazole - an antibiotic (Table 1). In their study, Cantwell et al. (2018)
showed that these three compounds are ubiquitous in the waterways around New York City.

Site selection

Six sites were selected within the waterways surrounding NYC: three sites are in the Hudson
River; at Englewood Boat Basin, the North River Wastewater Treatment Plant (NRWWTP),
and Pier 25; and three sites are connected to the East River at Newtown Creek, Flushing
Bay, and the Harlem River (Fig.1). The site at Newtown Creek is least subjected to tidal flux
which can affect the concentration of pollutant given its higher residence time (Cantwell et
al., 2018). Operating WWTPs which discharge wastewater on a daily basis, are located close
to three sites: North River WWTP in Hudson, the East River, which is connected to
Newtown Creek, and Flushing Bay. Additionally, numerous CSO outlets are located along
the waterways of all site locations except site #1; the Englewood Boat Basin.

In situ deployment of plastic particles:

Virgin pre-production plastic pellets, ranging in diameter from 2.3 mm to 5 mm, of
Polyethylene Terephthalate (PET), High Density Polyethylene (HDPE), Polyvinyl Chloride
(PVC), Low Density Polyethylene (LDPE), and Polypropylene (PP) were purchased from
the Society of Plastic Engineers. Plastic shopping bags (LDPE) and plastic straws (PP) were
obtained and cut into pieces < 35 mm in size. Glass beads, ~ 3 mm in diameter, were used as
a control (Fig. 2). The surface morphology of these particles is shown in the supplementary
material (Fig. S1). Prior to deployment, all materials were cleaned with 100% methanol and
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dried at room temperature. After the cleaning process, pellets and glass beads were
segregated and placed into stainless-steel mesh tea infusers, of 38 mm in diameter, with an
approximate mesh size of Imm. Fragments of plastic bags and cut segments of straws were
placed in 100 mm diameter tea infusers given their large volume. The volume of experiment
materials was approximately 1/3 of the volume of tea infusers used. After filling with one
particle type, each infuser was tightly sealed with stainless steel wire and tagged (stainless
steels tags) with the type of particle inside. The eight infusers, one for each particle type,
were then placed into a galvanized steel mesh basket, labeled, and wired shut. A total of six
baskets were deployed; one at each of the six sites previously described. Each basket was
submerged at a level below the lowest spring tide, and secured to moorings or to a buoy at
each site. Date, time, GPS coordinates, and surface water temperature and salinity were
recorded at the time of each deployment. The surface water temperatures of the sites during
the deployments in July ranged from 18.5 to 22.7 °C and salinity ranged from 15 to 22 PSU.

We returned to these sites after 28 days. Upon retrieval, the baskets deployed in the Hudson
River at sites #1-3 were missing from their moorings, presumably lost to the strong tidal
action of the Hudson River. The baskets at Newtown Creek, Flushing Bay, and the Harlem
River which are sheltered compared to the other sites, were retrieved successfully. On the
day the baskets were retrieved, surface water samples were collected from Englewood Boat
Basin, NRWWTP, Newtown Creek, Harlem River, and Flushing Bay. Water samples were
collected in pre-combusted 2.5 L amber glass bottles.

Measuring pharmaceuticals in surface water samples

Upon our return to the laboratory, each 2.5 L water sample was processed within 24-48
hours of collection. Each 2.5L sample was spiked with 200 mL of saturated mercuric
chloride solution (~74 g/L) to arrest microbial activity and 20 mL of 5% EDTA to reduce
adsorption of organics to the wall of glass bottles. An aliquot of 475 mL (the volume of the
glass bottles used to hold the sample) of each water sample was filtered through a pre-
combusted Whatman 47mm GF/F filter. Pharmaceuticals were extracted from the filtered
water using solid phase extraction columns (Waters Oasis HLB, 500mg, 6 mL, P/N:
186003365) (SI for details). The eluent was then analyzed for atenolol, sulfamethoxazole
and ibuprofen using Sciex 6500+ liquid chromatography tandem mass spectroscopy
(LC/MS/MS) for both positive and negative ionization modes. Field blank samples, lab
blank samples, and isotopically-labeled compounds were used as QA/QC measures.

Treatment of pellets after retrieval

After removal from individual stainless-steel infusers, the eight test materials (one from each
of the three sites) were separately washed with 100 mL of filtered surface water from each
site to dislodge loose biofilm and environmental particles. Each sample was immersed in the
water for two minutes and then gently stirred with a glass rod for three minutes. Plastics and
glass beads were then removed from the surface water and then transferred into separate
vials containing 2 mL of a 1:1 methanol acetonitrile solution for 3 hours for extractions of
the analytes from glass beads and the plastic micro-pellets. Pieces of plastic straws and
shreds of plastic bags were treated with 22 mL of this mixture due to their larger volume
using an auto-mix (Gilson, Middleton, W1) for 3 hours. A 1mL portion of each extract was
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then centrifuged (Eppendorf, Germany) at 12,300 rotations per minute (RPM) for 20
minutes after which the supernatant was filtered through a filter vial. After filtration, 10 uL
of the extracts were injected for analyzing atenolol, sulfamethoxazole and ibuprofen using
LC/MS/MS. Extracts from the fragments of plastic bags and plastic straws were filtered
through 47 mm GF/F filters (Whatman, United Kingdom), concentrated to a volume of
approximately 0.3 ml, and then 10 uL was injected for LC/MS/MS analysis (See Sl for
details).

Calculation of sorption coefficients:

Results

The net transfer of pharmaceuticals, from water (liquid phase) sorbed to plastics (solid) is
calculated by the formula:

Kpw = CplCyy

where Ky [L water/kKQpiastic] represents the sorption coefficient and the concentrations of the
chemical in solid phases (based on mass of plastic pellets, glass beads, straw, or plastics
bags) to water are denoted by Cp [1g/KGpjastics] and Cw [M9/Lwater] (Endo and Koelmans,
2019)

We also calculated the coefficients based on surface area of testing materials. The sorption

coefficient based on surface area is equal to the concentration of sorbed pharmaceutical per
millimeter squared of surface area divided by the concentration of pharmaceuticals present
in the water sample from the corresponding site (i.e., the ratio of Cp [ug/mm?] and Cyy [Hg/
Lwater]). Surface area was measured based on geometry of pellets, glass beads, straws, and

plastic bags.

Water samples

All three analytes were detected in the surface water samples at the five sites and their
average concentration are very close, with sulfamethoxazole being the lowest at 0.77 pg/L,
atenolol 0.84 pg/L, and ibuprofen the highest at 1.09 pg/L. Among five sites,
sulfamethoxazole and atenolol had less spatial variation, while ibuprofen showed the largest
spatial variation: 0.32 pg/L in the Harlem River and > 1.6 pg/L in Newtown Creek and
Flushing Bay (Fig. 2). For all three compounds, the Englewood Cliff and Harlem River sites
had lower concentrations than the other three sites nearer to wastewater treatment plant
discharge sites (North River WWTP site, Newton Creek, and Flushing Bay).

Sorption coefficients based on mass

Figures 3a—3c shows the box plot of sorption coefficients in the unit of L/Kg of three
compounds based on mass of materials. With respect to atenolol, plastic bags, which were
very thin (~ 0.04 mm in thickness), had the largest coefficient (~ 0.2 L/Kg), about 4 to 5
times higher than straws but 2 orders of magnitude higher than other test materials.
Interestingly the five plastics (PETE, HDPE, PVC, LDPE, and PP) showed very similar
coefficients (~0.005 L/Kg), regardless of their difference in polymer type. Surprisingly glass
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beads, which were less hydrophobic compared to plastics, also had similar range of
coefficients to plastics pellets. Ibuprofen and sulfamethoxazole showed a consistent pattern
in coefficients among eight test materials as that of atenolol (Figures 3a — 3c). The mean of
the coefficient of atenolol for all five plastics pellets is about 0.034 L/Kg, higher than
ibuprofen and sulfamethoxazole (~0.025 L/Kg).

Sorption coefficients based on surface area

Figures 3d —3f shows the results of the surface area-based coefficients, which were very
different than those based on mass of materials (Figures 3a — 3c). Based on surface area,
plastic bags had relatively low coefficients (~20% less) for all three compounds compared to
the plastic pellets. The five types of plastic pellets and glass beads exhibited similar
coefficients to each other by this metric.

Discussion

Concentration of pharmaceuticals in surface water samples

Atenolol, sulfamethoxazole and ibuprofen were detected in all water samples from the five
sites tested. High concentrations of ibuprofen were found in Newtown Creek and Flushing
Bay where nearby wastewater treatment plants are in operation (Fig 1). Levels of atenolol
and sulfamethoxazole are at the high end of the range reported in Cantwell et al., (2018), a
study which monitored the spatial distribution of pharmaceuticals in Hudson River Estuary.

The high pharmaceutical concentrations measured in the surface water samples collected
around NYC are not surprising given the high volume of treated wastewater that is
discharged into the river on a daily basis as well as the known limitations of wastewater
management systems to effectively capture and decompose pharmaceuticals (Boxall et al.,
2014). NYC WWTPs release about 1.3 billion gallons of treated sewage water daily (NYC-
DEP, Wastewater, 2019), thus, it would be expected to hold higher levels of these chemical
contaminants in NYC waterways. Atenolol is a drug that is not fully metabolized in humans
so the parent compound is ubiquitous in wastewater effluent and easily detected in the
surface waters of NYC (Cantwell et al., 2018). Low exposure of atenolol is shown to have
mildly chronic effects on larval growth of the fat head minnow, Pimephales promelas
(Winter et al., 2008). For sulfamethoxazole, the concentrations measured (0.5 to 1 ug/L)
were in the range that can impact behavior of a soil nematode, Caenorhabditis elegans such
as body bending frequency and reversal movement (Yu et al., 2011). Ibuprofen is a
pharmaceutical with the lowest solubility of the three analytes. The level of ibuprofen
reported here at ~1.09 ug/L, is well within range of levels reported to be highly toxic to
larval development of sea urchin, Parencendrotus lividus specimens that were exposed to
extremely low concentrations of ibuprofen (0.001 pg/L to 15 pg/L) in Washington’s Puget
Sound (Aguirre-Martinez et al., 2015).

Sorption of pharmaceuticals based on mass and solubility

The target pharmaceuticals were found adsorbed on to all of the test materials. The majority
of plastic pellets had similar sorption coefficients indicating that plastic composition, and
molecular structures may not play a significant role in the sorption of pharmaceuticals to
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microplastics in NYC waterways. The mass-based coefficients of the three compounds in
this study are in the range of 0.1 to 0.001 L/Kg, 3 to 6 orders of magnitude lower than
coefficients of different pharmaceutical compounds reported in Wu et al. (2016). Two
possible reasons can lead to the discrepancy; the particle size in Wu et al. study is 0.25 mm,
which is about 10 times smaller than in this study (Wu et al., 2016), thus two orders of
magnitude higher in surface area; another possible reason is lower solubility of compounds
studied in Wu et al. than this work. The compound with highest K4 in Wu et al. was 4-
methylbenzylidene camphor, which is poorly soluble in water (~1.3 mg/L of solubility)
(European Commission, 2006), in contrast with the solubilities of 13,300 mg/L (at 25 °C)
for atenolol, 680 mg/L (at 37 °C) for sulfamethoxazole, and 21 mg/L (at 25°C) for
ibuprofen. In addition to particle size and solubility, there are some other reasons that can
lead to the coefficient discrepancy between ours and Wu et al. (2016). Carbamazepine has a
solubility of 17 mg/L (Pubchem, 2019), comparable to ibuprofen. However, the coefficient
of carbamazepine is about four orders of magnitude higher than that of ibuprofen, thus there
is about two orders of magnitude difference that cannot be explained.

Sorption based on surface area

Our data indicates that surface area can have a greater influence on pharmaceutical sorption
than plastic composition as our findings show that these pharmaceuticals will sorb to all
ranges of polymers in this specific marine environment. There were higher sorption
coefficients based on surface area for all three compounds for plastic bags, mainly due to
high surface area to mass ratio of plastic bags. Amorphous regions on the surface, glassy or
rubbery structures of the polymer, weathering, and the age of polymers each play important
roles in sorption capacities of plastics (Teuten et al., 2009); however, the pellets we used
were each a homogeneous polymeric sphere of virgin material, of similar size and age,
without exposure to weathering or other environmental degradation.

Influence of biofilm on sorption capacity

We suspect that the fast growth of biofilm onto the test materials plays an important role in
the sorption of pharmaceuticals on particles in aquatic ecosystems. In our study, biofilm was
observed on the second day after deployment. The basket initially deployed at the site
Englewood Boat Basin broke loose from its buoy and traveled about 10 miles south along
the Hudson River. Within 40 hours it was taken from the water and deployed back at the
initial site. A thick layer of biofilm was observed at the time of retrieval.

The glass beads had similar sorption coefficients to the plastic pellets, which may be also
due to the biofilm as observed. We are limited in our understanding of whether biofilm
contributes or diminishes sorption capacity. Wunder et al. (2011) measured the sorption
coefficient and found that the bacterial biofilm, which, in general, is negatively charged,
does not necessarily increase sorption capacity and was shown to have little effect on the
sorption of sulfamethoxazole to biofilm (Wunder et al., 2011). In another study, biofilm has
been shown to facilitate sorption of metals to plastics coated in biofilm (Richard et al.,
2019). Examining the influence biofilm on sorption of pharmaceuticals to microplastics as
part of our future studies, will help shed light on its potential contribution to sorption
dynamics.
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Pharmaceutical solubility

Unlike the predictable relationship between Ky and the octanol/water partition coefficient
(Kow), for hydrophobic organics such as PAHs and PCBs (Bergmann et al., 2015; Koelmans
et al., 2013), Koy is not sufficient for predicting Ky for pharmaceuticals. For example,
among three chemicals, ibuprofen has the highest log Kgyy, (3.97), but it has the lowest Kg.
This finding is consistent with the study of Wunder et al. (2011), which concluded that
hydrophaobic interactions (predicted by Kg,,) do not determine sorption of relatively
hydrophilic antibiotics. In Wunder’s study, K of sulfamethoxazole on a bacteria biofilm was
reported to be (4000 £+ 1000 L/kg), which is about 7 orders of magnitude higher than our
results (3.5 x1073 L/kg). Since we did not measure the weight of biofilm on the surface of
our test materials, the two results cannot be compared directly.

Deployment period

We used a deployment period of 28 days in this study for several reasons; Rochman et al.,
found that equilibrium time decreases with K,; for compounds with K, > 5 such as high
molecular weight PAHs and PCBs, the equilibrium time was typically more than 6 months
(Rochman et al., 2013); for compounds with K, <5 (e.g., fluorene, phenanthrene, and
anthracene), sorption did not fit the exponential sorption curve, indicating much less time
needed to reach equilibrium (probably in days to a few months). Another issue considered is
that the bioavailability of pharmaceutical compounds with low K, is high, leading to
relatively short half-lives (Bu et al., 2016). Rochman even observed the decreasing trend in
concentration over time for compounds with low Kg,, (Rochman et al., 2013).

Other factors:

We are aware that many other factors can affect the interaction between the investigated
pharmaceuticals and MPs, such as the types and concentrations of organic components,
particulate species (e.g., soot, iron oxides, clay), dissolved species, which we acknowledge
is a limitation of this study. However, in our field experiment settings, it was impossible to
measure pharmaceuticals that are associated with these components since the isolation steps
will change the partitioning coefficients. For example, in order to completely remove
organics from particulate species, we need to use acid to remove organics first, which will
affect pharmaceuticals adsorbed on to particle surface.

Limitations and future plans for addressing shortcomings of present study

We acknowledge other limitations of this study: 1) three of our sample sets were lost due to
tidal action or human interference, 2) our results were based on deployments of samples
over a period of 28 days; 3) replicates were not conducted due to limited funds, 4) it does
not account for changes in adsorption due to changes in water temperatures, salinity and
other soluble inorganic and organic constituents, and 5) it lacks information on the sorption
kinetics of pharmaceuticals to biofilms. These limitations will be considered in our future
studies. A repeat of this study would involve acquiring saltwater resistant stainless-steel
baskets in order to complete wider sampling in the lower regions of the Hudson River.
Replicates will need to be executed for more robust data on sorption coefficients. Further
study on the factors which may influence the kinetics of sorption capacity are microplastic
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shape and surface texture, relative age and amount of weathering of microplastic particles, as
well as pore size of the infuser’s steel mesh which restricted movement of the water and
sorption capacity of pharmaceuticals in relation to the presence or non-presence of organic
biofilm. Despite the limitations our study, the data collected clearly demonstrate that the
coefficients are not determined by plastic types. Given this observation, it is reasonable to
infer that the difference in replicates would have been minimal and therefore would not
affect the general conclusion of this study.

Current and future implications

This study has strong implications; all of the connecting waterways of New York are of vital
ecological and economic importance, yet the creeks, channels and rivers surrounding the city
have historically been subjected to pollutants and poor water quality management. Both
microplastics and pharmaceuticals are known to be ubiquitous pollutants in the waterways
surrounding NYC (Lim, 2018; Palmer et al., 2008). The ability of WWTPs to effectively sort
and filter out these pollutants prior to being released into the environment is highly limited.
Newtown Creek in particular is subjected to high volumes of raw sewage primarily from
four of the twenty-two CSO outlets along the creek. The Newtown Creek CSOs discharge an
estimated 1.2 billion gallons of untreated run-off annually (NCA, 2017). This high level of
treated and untreated wastewater impacts the water quality of NYC’s estuary and the
organisms that inhabit it.

To the best of our knowledge, our study is the first of its kind to examine the affinity
between microplastics and pharmaceuticals /n-situ within the waterways of NYC. The data
supports the claim that pharmaceutical contaminants are sorbing to the microplastic particles
present in these waterways, therefore leading to the premise that the microplastics will act as
vectors for the transport of pharmaceuticals and other organic pollutants into the ecological
food web of this marine environment. In future, investigating the average concentrations of
microplastics ingested by benthic filter feeders in future studies would allow us to better
define the ecological impact of pharmaceuticals and microplastics.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. In-situ microplastic sorption experiments were conducted in NYC waterways
. Higher level of pharmaceutics on locations close to WWTP discharge sites
. Similar sorption coefficients of pharmaceutics among different plastics and
glass
. Rapid biofouling appeared to be the predominant factor controlling the
sorption
. High coefficients for plastic straws and bags due to large surface area
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Figure 1:
Sampling locations in blue dots: 1) Englewood Boat Basin, 2) North River Wastewater

Treatment Plant, 3) Pier 25, 4) Newtown Creek, 5) Flushing Bay, and 6) Harlem River; and
Wastewater Treatment Plants in red balloons. Only samples at locations 4,5,6 were
successfully retrieved.
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Figure 2:

Concentrations of atenolol (ug/L), sulfamethoxazole and ibuprofen in surface water samples
from Englewood Boat Basin, The North River Wastewater Treatment Plant, Newtown Creek,
Flushing Bay, and the Harlem River.
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Sorption coefficients based on mass and surface area for atenolol, ibuprofen, and
sulfamethoxazole over three sites (Newtown Creek, Flushing Bay, and Harlem River). Test
materials includes: polyethylene terephthalate(PET), high density polyethylene(HDPE),
polyvinyl chloride(PVC), low density polyethylene (LDPE), polypropylene(PP), glass
beads(glass), plastic straws(PStraw), and plastic bags (Pbag).
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Information for selected pharmaceuticals

Table 1

Compounds and their solubilities (ug/L)

Molecular Formula

Chemical Structure

Atenolol (3300 mg/L)

Ibuprofen (21 mg/L)

Sulfamethoxazole (610 mg/L)

C14H22N203

C13H180

C10H11N30S

OH
H
N. _CH,
CH,
CHs
H
CHs
o)
HaC
-0
o. 0 ":
S\. )\'/)h
N
H
H,N
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