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[38_TD$DIFF]A B S T R A C T

The occurrence of biologically active pharmaceuticals in aquatic environments raised the potential risks
to aquatic species. Among these marketed biological active pharmaceuticals, it has been estimated that [39_TD$DIFF]
40% of them target G-protein-coupled receptors (GPCRs).We have illustrated pharmaceutical activities of
GPCR targeted pharmaceuticals in English and Japanese wastewater by the in vitro transforming growth
factor-α[40_TD$DIFF] (TGFα) shedding assay. However, as the most important producer and consumer of
pharmaceuticals, the occurrence of GPCR targeted pharmaceuticals in China had remained unclear. In
this study, we investigated the pharmaceutical activities of GPCR targeted pharmaceuticals in secondary
effluents of Chinese wastewater treatment plants. We discovered antagonistic activities against
angiotensin (AT1) receptor at up to 7.2�102 ng-valsartan-equivalent quantity/L in Chinese wastewater
for the first time as well as agonistic activities against dopamine (D2) receptor. Furthermore, in parallel
with the assay, we determined concentrations of GPCR targeted pharmaceuticals in target wastewater by
liquid chromatography coupled with tandem mass spectrometry (LC–MS/MS). Through the comparison
of predicted antagonistic activities calculated by concentrations and potency values from the assay, we
found that themeasured antagonistic activities against AT1 receptor from the assaywere higher than the
predicted AT1 activities from valsartan, irbesartan, and losartan, indicating the potential existence of
other unknown AT1 antagonists in wastewater.
© 2020 Chinese Chemical Society and Institute of MateriaMedica, Chinese Academy ofMedical Sciences.

Published by Elsevier B.V. All rights reserved.
The recent development of new quantitative chemical analyti-
cal methods combined with the utilization of liquid chromatogra-
phy tandem mass spectrometry (LC–MS/MS) has enabled the
detection and determination of pharmaceuticals in wastewater
and river water at trace levels (ng-mg/L) [1–11]. These latest
advancements have revealed that pharmaceuticals, which are
intentionally biologically active and occur in environmental waters
[12], are of concern for aquatic species. For example, it has been
reported that zebrafish shares around [42_TD$DIFF]80% of human pharmaceu-
tical targets [13]. Among these biological active pharmaceuticals, it
has been estimated that around [39_TD$DIFF]40% of them acted on G protein-
coupled receptors (GPCRs) [14,15], the largest membrane receptor
families in humans. GPCR targeted pharmaceuticals have been
widely used for health care and are largely consumed in many
countries. A practical example is the use of valsartan to treat
he.kai.7e@kyoto-u.ac.jp
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hypertension. In 2012, in England and Germany alone, the
consumption of valsartan was estimated at around 6484 kg [8]
and 39,400 kg [16], respectively. In addition, in aging societies,
large amounts of GPCR targeted pharmaceuticals are prescribed,
especially for beta-blockers or antihypertensive pharmaceuticals
[16,17]. Despite this increasing use of GPCR targeted pharmaceut-
icals, the current water quality monitoring system does
not entirely consider the occurrence of GPCR targeted pharma-
ceuticals, and a very limited number of GPCR targeted pharma-
ceuticals have been chemically detected in environmental waters
[4–8,18–26].

MonitoringGPCR targeted pharmaceuticals chemically inwaters
can reveal their environmental concentrations. However, their
pharmaceutical activities can rarely be sufficiently assessed [27].
One method to assess the biological activities of pharmaceuticals is
the in vitro transforming growth factor-α (TGFα) shedding assay,
which is a high-throughput assay to detect both agonistic and
antagonistic activities of GPCRs [28]. In our previous works, we
successfully applied this assay to the effluents of Japanese and
Englishwastewater treatmentplants (WWTPs) [29,30]. Our studies
showed a strong antagonistic activity against GPCR classes
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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including angiotensin (AT1), muscarinic acetylcholine (M1), dopa-
mine (D2), histamine (H1) and adrenergic family members (β1), at
the level of microgram-antagonist-equivalent quantity (EQ)/L.
Although our previous work revealed the important biological
activities and occurrence of these GPCR classes, to our best
knowledge, no other study has reported the occurrence of these
GPCR targeted pharmaceuticals in different areas.

In recent years, China has rapidly increased the production of
active pharmaceutical ingredients. In 2011, the production of
pharmaceuticals in China was estimated to be more than 2.5
million tons, which is twice the amounts in 2003 [31,32],
suggesting that China is the greatest producer of active pharma-
ceutical ingredients in the world [32]. Besides, the consumption of
pharmaceuticals is also huge due to the development of the
Chinese economy and its huge population [32]. Because of the
estimated high production and usage volumes of pharmaceuticals
in China, it is highly anticipated that the aquatic environments
contained high concentrations of pharmaceuticals. Therefore, it is
important to evaluate the behaviors of biologically active
pharmaceuticals, including their concentrations and the biological
toxicity in Chinese environmental waters.

The aim of this study was to investigate the pharmaceutical
activities of GPCR targeted pharmaceuticals in Chinese waste-
waters. For this purpose, secondary effluent samples of four
WWTPs in a northern city in China were collected. The samples
were pre-treated and concentrated by solid-phase extraction
(SPE). The TGFα shedding assay was applied to evaluate the
pharmaceutical activities of GPCRs (i.e., AT1, D2, M1, β1, and H1) in
concentrated extracts. Detected activities were quantified as
equivalent quantities (EQs) of corresponding reference agonist
or antagonist including valsartan-EQ, sulpiride-EQ, pirenzepine-
EQ, propranolol-EQ and diphenhydramine-EQ for antagonistic
activities for AT1, D2, M1, β1, and H1 receptors, respectively.
Concentrations of several GPCR targeted pharmaceuticals
responding AT1 (valsartan, irbesartan, losartan), D2 (sulpiride),
M1 (pirenzepine), β1 (propranolol, atenolol, metoprolol) and H1
(diphenhydramine) receptors were measured by LC–MS/MS in
parallel, and we investigated the contribution of these known
GPCR targeted pharmaceuticals to measured pharmaceutical
activities from the TGFα shedding assay.

The effluent samples were collected from four WWTPs in a
northern Chinese city during August 2018. All WWTPs adopted
anaerobic–anoxic–oxic (AAO) as secondary treatment. Detailed
information of each WWTP are shown in Table S1 (Supporting
information). For each sample, 1 L sample was collected, and
ascorbic acid (Wako, Osaka, Japan) was spiked to give a final
concentration at 1 g/L. All the samples were transported to our
laboratories and store at 4 �C until use. Filtration was performed
within 24 h following sampling. The samples were then pre-
treated and concentrated by SPE for the TGFα shedding assay and
chemical analysis [29,30]. To perform the TGFα shedding assay, the
effluent extracts during cell exposure were serially diluted at the
defined concentrations as the relative enrichment factor (REF,
representing the ratio of the enrichment factor in the SPE to the
dilution factor in the TGFα shedding assay). In addition, Milli-Q
water was pretreated and concentrated by SPE. This was used as
the blank control to confirm the absence of agonistic or
antagonistic pharmaceutical activity by the TGFα shedding assay.
According to the previous works, the pharmaceutical activity
recoveries of GPCR targeted pharmaceuticals after SPE method by
the TGFα shedding assay ranged at the levels of [43_TD$DIFF]72%–93% inMilli-Q
water and [44_TD$DIFF]70%–89% in secondary effluent of WWTPs [30]. This
result indicated that our current SPE procedure can capturemost of
the pharmaceutical activities in secondary effluents.

Our previous studies revealed high antagonistic pharmaceutical
activities responding AT1, D2, M1, β1, and H1 receptors in the
effluents of English and Japanese WWTPs [29,30,33]. Therefore, in
this study, the TGFα shedding assay applied these five GPCRs. Each
receptor mediated different pathways and has different responses.
For example, AT1 and β1 antagonistic pharmaceuticals are applied
for the treatment of aging-related and chronic diseases (i.e.,
hypertension and heart failure). D2 antagonistic pharmaceuticals
are applied to treat mental disorder diseases. M1 antagonistic
pharmaceuticals are used for overactive bladder. H1 antagonists
are used for treating allergy. For each GPCR, positive controls for
the activity test were performed by using known agonists and
corresponding antagonists,which is the reference pharmaceuticals
for quantification of activities detected by the TGFα shedding assay
(Table S2 in Supporting information). In this study, the EC50 (the
concentration that can trigger [45_TD$DIFF]50% of maximum AP-TGFα release),
EC20 (a [46_TD$DIFF]20% activation of AP-TGFα release for concentration), IC50

(the concentration that can trigger [45_TD$DIFF]50% reduction of the agonist-
induced AP-TGFα release), and IC20 (a [46_TD$DIFF]20% reduction of agonist-
induced AP-TGFα release for concentration) values of selected
agonists and antagonists for receptors of AT1, D2, M1, β1, and H1
were cited from the previous studies [30,34].

The critical issueof theTGFα shedding assay for the agonistic test
is the activation of downstream signal transduction by agonist
binding to corresponding GPCR and the alkaline phosphatase-
tagged TGFα (AP-TGFα) release into the conditioned medium by
ectodomain TNFα-converting enzyme (TACE) in the downstream.
For the antagonistic test, the critical issue of the TGFα shedding
assay is to inhibit the release of agonist-induced AP-TGFα by
correspondingantagonists.Details of theTGFα sheddingassaywere
previously described [28–30]. Here, we briefly mention the
procedure. Aculturedcell line (HEK293cells)wasfirstly transiently
transfected with GPCR-expression plasmids. Next, the transfected
cells were seeded in a 96 well plate and exposed to reference GPCR
targeted pharmaceuticals or wastewater extracts for 1 h, and a
conditioned mediumwas separated. Finally, the extracts’ agonistic
and antagonistic activities were quantified by measuring the
absorbance of AP-TGFα in the conditioned medium and cell plate.
All assayswere tested in triplicateandwereperformedtwice (n = 6).

In order to reveal the specific interaction between GPCR
targeted pharmaceuticals and GPCRs in the TGFα shedding assay,
we determined the extract cytotoxicity by the cell counting kit-8
(CCK-8; Dojindo Molecular Technologies, Japan). Additionally, the
dilution ranges of wastewater extracts for the TGFα shedding assay
were tested under mock transfection condition experiments as
previously described [29,30]. Based on these results, we applied
wastewater extracts, which have no cytotoxicity under CCK-8 and
no activities under mock transfection condition, to the TGFα
shedding assay with a maximum relative enrichment factor value
of 20 (Fig. S1 in Supporting information). Neither cytotoxicity nor
pharmaceutical activity was observed in Milli-Q water extract
under all diluted conditions.

GraphPad Prism 5 software (GraphPad Software, Inc., La Jolla,
CA, USA) was used for the analysis of concentration-response data.
We calculated EC20, IC20, agonist equivalent quantity (EQ), and
antagonist EQ of wastewater extracts by linear concentration-
response curves approach referring to previous works [30,33,35–
37]. We applied the linear form of each concentration-response
curve to evaluate the EC20 value and IC20 value of each wastewater
extract (EC20(extract): a [46_TD$DIFF]20% activation of AP-TGFα release for REF;
IC20(extract): a [46_TD$DIFF]20% reduction of agonist-induced AP-TGFα release for
REF). Similarly, the EC20 and IC20 values of the corresponding
agonist and the corresponding antagonist, were respectively
evaluated. EC20(agonist) and IC20(antagonist) were determined through
the concentration-response curves of each agonist and antagonist.
Thus, the agonist EQ (ng-agonist-EQ/L) and the antagonist EQ
(ng-antagonist-EQ/L) were determined as EC20(agonist)[47_TD$DIFF]/EC20(extract),
and IC20(antagonist)/IC20(extract), respectively.



Table 1
Summary of agonistic and antagonistic activities of wastewater extracts for AT1 and
D2 receptors.

Sample ID AT1 D2

[31_TD$DIFF]Agonist Antagonist Agonist Antagonist
ng-Ang II-EQ/L ng-VAL-EQ/L ng-DA-EQ/L ng-SUL-EQ/L
[32_TD$DIFF](LOD) (LOD) (LOD) (LOD)

1 — 7.2�102 � 90 — —

(4.2) (16) (14) (7.5�102)
2 — 2.3�102 � 29 31� 1 —

(4.2) (16) (14) (7.5�102)
3 — 6.8� 102 � 61 — —

(4.2) (16) (14) (7.5�102)
4 — 3.9�102 � 39 — —

(4.2) (16) (14) (7.5�102)

Values represent the mean� SEM (n = 6).
—: Below the limit of detection (LOD).
Ang II: Angiotension II; VAL: Valsartan; DA: Dopamine; SUL: Sulpiride.

[(Fig._1)TD$FIG]

Fig. 1. Measured and predicted AT1 antagonistic activities of wastewater extracts.
Bars represent mean� SEM, n = 6.
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In addition, the limits of detection (LOD) for agonist and
antagonist EQs of each GPCR were determined by dividing
EC20(agonist) and IC20(antagonist) with the highest sample extract
REF in the TGFα shedding assay.

In this section, secondary effluent samples from WWTPs were
used to perform quantitative chemical analysis and to compare the
analysis of the TGFα shedding assay. Prior to the chemical analysis
and assay, the aforementioned SPE treatment was applied for the
extraction of samples. Recovery rates of GPCR targeted pharma-
ceuticals for AT1 (valsartan, irbesartan, and losartan), D2
(sulpiride), M1 (pirenzepine), β1 (propranolol, atenolol, and
metoprolol), and H1 (diphenhydramine) receptor in wastewater
samples for quantitative chemical analysis were conducted by
spiking tests in our laboratories. Concentrations of these GPCR
targeted pharmaceuticals inwastewater samples were determined
by LC–MS/MS analysis and were calculated by the corresponding
GPCR targeted pharmaceutical recoveries in the spiking tests.
Concentrations of the pharmaceuticals for each receptor were used
to calculate the predicted antagonistic pharmaceutical activities
(see next section).

Pharmaceuticals are presented in wastewater as mixtures, and
we have previously confirmed that GPCR targeted pharmaceuticals
with the same mode of action behave additively in the TGFα
shedding assay [34]. Therefore, the concentration addition model
was applied to calculate predicted antagonistic activities in
wastewater. In each receptor, predicted antagonistic activity of
GPCR targeted pharmaceuticals was quantified as an antagonist EQ
relative to a reference pharmaceutical, e.g., activities of AT1
antagonistic pharmaceuticals were quantified as ng-valsartan-
EQ/L. First, concentrations of known pharmaceuticals were
converted to molar concentrations (nmol/L). Second, the predicted
molar antagonistic EQswere calculated based on the concentration
addition model as follows:

Predicted antagonistic EQ = C � RP

Where C is the GPCR targeted pharmaceutical molar concen-
trations (nmol/L) inwastewater, RP is the relative potency value (–)
of GPCR targeted pharmaceuticals to the reference GPCR targeted
pharmaceuticals, which was determined as RP = IC50(ref. pharmaceut-

icals)/IC50(antagonist) (Table S2). The reference GPCR targeted
pharmaceuticals for AT1, D2, M1, β1, and H1 receptors were
valsartan, sulpiride, pirenzepine, propranolol, and diphenhydra-
mine, respectively.

The molar concentration of predicted antagonist EQs were
converted to predicted mass antagonist EQs (ng-antagonist-EQ/L)
based on the molecular weight of corresponding reference GPCR
targeted pharmaceutical. The measured antagonist EQs by the
TGFα shedding assay were compared with predicted antagonist
EQs to evaluate the contribution of the known pharmaceuticals to
the antagonistic activities for AT1, D2, M1, β1 and H1 receptors,
from the quantitative chemical perspective.

Agonistic pharmaceutical activities were only detected against
D2 receptors in the effluent of WWTP2 (Sample ID2) (D2 of Fig. S2
in Supporting information), which was quantified as 31 ng-
dopamine-EQ/L for the D2 receptor (Table 1 and Fig. S3 in
Supporting information). Agonistic activities were below LOD
(Table 1, Table S3 [48_TD$DIFF]in Supporting information, parenthesis) against
other GPCRs (i.e., AT1, M1, β1, and H1) in other extracts.

On the other hand, antagonistic pharmaceutical activities
against AT1 receptor were detected in all extracts (AT1 in
Figs. S2 and S4 [49_TD$DIFF]in Supporting information). The linear concentra-
tion-response curves were used to quantify the antagonistic
activities of wastewater extracts. For AT1 receptor, the valsartan
EQs of wastewater extracts were between 2.3�102-7.2�102 ng-
valsartan-EQ/L (Fig. 1 and Table 1). The different AT1 antagonistic
activities among these four WWTPs might due to different
consumption of hypertension pharmaceuticals by hypertension
patients for each WWTP. Antagonistic pharmaceutical activities
against D2, M1, β1, and H1 receptors were below LOD for all the
extracts (Table 1 and Table S3, parenthesis). One reason could be
the non-GPCRmediated responsemasked antagonistic activities in
wastewater extracts in the TGFα shedding assay. Another could be
the low consumption of pharmaceuticals to act on D2, M1, β1, and
H1 receptors in the studied area. And it is plausible that lower
consumption will lead to low activities in wastewater.

To the best of our knowledge, pharmaceutical activities of GPCR
targeted pharmaceuticals were only measured in developed
countries, i.e., England and Japan [29,30]. The consumption of
GPCR targeted pharmaceuticals are probably different between
developed countries (e.g., UK and Japan) and developing countries
(e.g., China). This probably leads to different activities in different
countries. Antagonistic pharmaceutical activities against AT1
receptor in wastewater in China (2.3�102–7.2�102 ng-valsar-
tan-EQ/L) were stronger than those in England (22–1.9�102 ng-
valsartan-EQ/L), and comparable with those in Japan (3.5�102–
4.0�102 ng-valsartan-EQ/L). Antagonistic activities against β1
receptor were below LOD (28 ng-propranolol-EQ/L) in China, and
this LOD value for β1 receptor was lower than measured activities
in England (40–62 ng-propranolol-EQ/L) and Japan (38–56 ng-
propranolol-EQ/L). Similarly, antagonistic activities against H1
receptor were below LOD (7.0�102 ng-diphenhydramine-EQ/L) in
China, which were lower than measured H1-receptor activities in
England (8.1�102–2.0�103 ng-diphenhydramine-EQ/L) and
Japan (4.1�103–5.8� 103 ng-diphenhydramine-EQ/L). These indi-
cate that the antagonistic pharmaceutical activities against β1 and
H1 receptors in the studied area of Chinawere probably lower than
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those in England and Japan, which could reveal the differences of
disease epidemiology among countries (as prevalence can vary
between countries).

Concentrations of GPCR targeted pharmaceuticals in wastewa-
ter effluent were measured by LC–MS/MS. All the pharmaceuticals
were detected in each sample, and concentrations were shown in
Table 2. Concentrations of irbesartan (84.2–395.8 ng/L), sulpiride
(63.1–320.4 ng/L), metoprolol (55.9–392.1 ng/L) and diphenhydra-
mine (24.1–158.7 ng/L) varied from tens to hundreds ng/L
level. Concentrations of these pharmaceuticals were up to
hundreds ng/L, and it might due to high consumption in the
studied area or low removal rate during treatment processes.
Concentrations of valsartan (4.5–56.2 ng/L) and losartan
(4.9–63.5 ng/L) varied between several to hundred ng/L. Concen-
trations of pirenzepine (1.9–2.5 ng/L), atenolol (0.4–7.3 ng/L) and
propranolol (1.0–6.5 ng/L) were below 10 ng/L in all the samples.
We applied these pharmaceutical concentrations to calculate the
predicted antagonistic EQs, and to examine the contribution of
these known pharmaceuticals by chemical quantity to the
measured activities from the TGFα shedding assay.

For AT1 receptor, predicted valsartan-EQs of samples ID1�4
were calculated based on the molar concentrations (Table 2,
parenthesis) of valsartan, irbesartan, and losartan by chemical
analysis and their relative potency values to valsartan (RP in
Table S2), according to the concentration addition model. Then the
predicted valsartan-EQs were compared with the measured
valsartan-EQs from the TGFα shedding assay. The predicted
valsartan-EQs from irbesartan were higher than those of valsartan
and losartan (Fig. 1, red bars). However, the predicted valsartan-
EQs from these three AT1 antagonists still can not explain the
majority of measured activities from the TGFα shedding assay
(Fig. 1). These results indicated that besides valsartan, irbesartan
and losartan, other AT1 antagonists (e.g., eprosartan [38], and
telmisartan [39]) exist in wastewater.

Similarly, for β1 receptor, molar concentrations (Table 2,
parenthesis) of atenolol, metoprolol and propranolol and their
potency values relative to propranolol (RP in Table S2) were
applied for the calculation of the predicted propranolol-EQs. For
sample ID1, the predicted propranolol-EQ was 55 ng-propranolol-
EQ/L. However, the measured β1 antagonistic activity of sample
ID1was below LOD (28 ng-propranolol-EQ/L) in the TGFα shedding
assay. This might be due to the competition between β1 receptor
targeted agonists and antagonists in sample ID1. In the previous
study, higher predicted propranolol-EQs by chemical quantity
were reported than measured propranolol-EQs from the TGFα
shedding assay [30]. For endocrine-disrupting chemicals in
wastewater, estrogenic and anti-estrogenic compounds can
compete for estrogen receptor, leading to the lower observed
estrogenic activity from bioassay than the predicted activity from
Table 2
Concentrations of GPCR targeted pharmaceuticals in secondary effluent of WWTPs.

GPCR Pharmaceutical Concentration (ng/L)a

Sample ID 1 S

AT1 Valsartan 28.1 (6.5�10�2) [33_TD$DIFF]4
Irbesartan 395.8 (9.2�10�1) 8
Losartan 63.5 (1.5�10�1) 1

D2 Sulpiride 320.4 6
M1 Pirenzepine 2.3 2
β1 Atenolol 1.8 (6.7�10�3) 7

Propranolol 6.5 (2.5�10�2) 3
Metoprolol 392.1 (1.5�100

[34_TD$DIFF]) 5
H1 Diphenhydramine 158.7 6

a Values in the parentheses are the molar concentration (mol/L), which are used to
chemical quantity [40]. For samples ID 2� 4, the predicted
propranolol-EQs were 10, 14, 11 ng-propranolol-EQ/L, respectively.
The predicted propranolol-EQs were lower than LOD (28 ng-
propranolol-EQ/L) in the TGFα shedding assay, which agreed well
with the measured activity.

For D2, M1 and H1 receptors, although concentrations of sulpiride
(63.1�320.4 ng/L), pirenzepine (1.9� 2.5 ng/L), and diphenhydramine
(24.1�158.7 ng/L) in samples ID1�4 were detected by chemical
analysis at up to hundreds ng/L, antagonistic activities for these GPCRs
were still below LODs in the TGFα shedding assay. The reason is LOD
values of D2 (7.5�102 ng-sulpiride-EQ/L), M1 (1.2�102 ng-
pirenzepine-EQ/L) and H1 (7.0�102 ng-diphenhydramine-EQ/L)
receptors for the assay were higher than the actual antagonistic
activities of GPCR targeted pharmaceuticals in wastewater. In fact,
in this study, theLODvalues for receptors (AT1,D2,M1,β1andH1) in
the TGFα shedding assay were higher than those LODs in previous
studies [29,30]. Because some compounds in wastewater extracts
trigger the non-GPCR mediated response in the mock condition
experiments in this study [50_TD$DIFF](Fig. S1), this leads to smaller REF values
used in the assay in this study than those in previous studies, and
hence, the LOD values in this study were higher.

So far, very limited studies have reported concentrations of AT1
antagonists inwastewater in China [38,39,41,42]. On the DrugBank
online database [43], some other AT1 antagonists (e.g., candesartan
cilexetil, eprosartan, telmisartan, and olmesartan medoxomil)
were approved on the market. Telmisartan was detected at
273� 37.9 ng/L in the effluent of WWTPs in Beijing, China [39].
These AT1 antagonists probably contribute to antagonistic activi-
ties against AT1 receptor. On the other hand, some D2 agonistic
pharmaceuticals (e.g., levodopa and amantadine) were approved
for the treatment of Parkinson’s disease [43]. The D2 agonistic
activity in wastewater in China is probably attributed to these D2
agonistic pharmaceuticals. Based on the England and Japan
database, levodopa and amantadine were available on the market
[44,45]. These D2 agonists might be approved in China and
responsible for D2 agonistic activities in wastewater in China.
Future studies will be carried out to investigate which pharma-
ceuticals are responsible for AT1 antagonistic activity or D2
agonistic activity in wastewater in China.

In this study, we firstly evaluated the pharmaceutical activities
of GPCR targeted pharmaceuticals, responding 5 GPCRs in Chinese
wastewater by the TGFα shedding assay, as well as GPCR targeted
pharmaceutical concentrations by quantitative chemical analysis
in parallel. The main conclusions are summarized below:
(1)
amp

8.8
4.2
7.3 (
3.1
.3
.3 (2
.6 (1
5.9
0.7

calcu
Antagonistic activities against AT1 receptor were firstly
detected at up to 7.2�102[51_TD$DIFF] ng-valsartan-EQ/L in wastewater
in China. Antagonistic activities against D2, M1, β [52_TD$DIFF]1, and H1
receptors were below limit of detection inwastewater in China.
le ID 2 Sample ID 3 Sample ID 4

(1.1�10�1) 56.2 (1. 3�10�1) 4.5 (1.0�10�2)
(2.0�10�1) 174.1 (4.1�10�1) 285.7 (6.7�10�1)
4.1�10�2) 7.6 (1.8� 10�2) 4.9 (1.2�10�2)

96.7 92.1
2.5 1.9

.8� 10�2) 0.4 (1.4�10�3) 2.2 (8.4�10�3)

.4�10�2) 1.5 (5.7�10�3) 1.0 (3.7�10�3)
(2.1�10�1) 105.4 (3.9�10�1) 84.0 (3.1�10�1)

24.1 71.9

late predicted antagonistic EQs.
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(2)
 Agonistic activity against D2 receptor was firstly evaluated in
Chinese wastewater at the concentration of 31 ng-dopamine-
EQ/L.
(3)
 Concentrations valsartan, irbesartan, and losartan are not
enough to explain the measured AT1 antagonistic activities in
wastewater in China. Other AT1 receptor targeted pharma-
ceuticals probably exist in wastewater.
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