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ABSTRACT
Introduction: Negative environmental effects of active pharmaceutical ingredients (APIs)
are increasingly recognized, especially concerning antibiotics, and hospitals are important
point sources. “pCure” is a toilet rim block containing API-degrading enzymes; the
producing company claims positive in vitro results but no implementation studies have
been performed. Materials and methods: In a university hospital setting, 16 weeks were
randomized to installation or no installation of pCure in all 261 toilets connected to the
same cesspit where sewage water was sampled daily. Ninety-six samples were analyzed
for 102 APIs using liquid chromatography/tandem mass spectrometry. Results and
Discussion: Fifty-one APIs were detected with a large variation in levels but no significant
differences in the initial statistical analysis. More statistical testing of API level ratios
(pCure installed/not installed) yielded some cases of significant decrease. Differences
were small and not consistent when comparing means and medians. We cannot exclude
a small pCure effect but clearly pCure has no effect of biological importance. Conclusion:
pCure is not useful to reduce drug residue discharge in a hospital setting. In a bigger
perspective, our study exemplifies that products claiming to reduce an environmental
problem need to be tested in on-site implementation studies by independent researchers
before reaching the market.
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Introduction

Waste water treatment plants (WWTPs) are generally
not designed to remove pharmaceutical residues (or
active pharmaceutical ingredients, APIs) and most of
these substances pass the plant unaffected [1], and
reach the aquatic environment through discharge from
WWTPs [2]. APIs excreted from patients using pharma-
ceuticals constitute the largest input of APIs to WWTPs
[3]. In the recipient, APIs constitute a risk to the aquatic
and terrestrial ecosystems and, in the long run, also
a health risk to humans [4].

Spread of antibiotic resistance through the environ-
ment is a major problem [5]. Today, safe levels of anti-
biotics and other APIs in the environment are not
known. Bengtsson-Palme & Larsson [5], have shown
that even very low antibiotic levels drive resistance devel-
opment. It is also shown by Gullberg et al. [6], that this is
happening in vitro, at antibiotic concentrations several
hundred times below the MIC (minimal inhibitory con-
centration), similar to concentrations in waste water
from hospitals [7]. Thus, it is important to ensure that

the API levels in the environment stay as low as possi-
ble [7].

Municipal waste water is the main contributor of
APIs to WWTPs, but hospitals constitute an
important point source [1]. High levels of antibio-
tics (including last-line drugs) are found in the
hospital sewage water together with antibiotic resis-
tant bacteria, as well as wild-type bacteria that can
serve as recipients for horizontal transfer of resis-
tance. Today, no specific treatment of hospital sew-
age water is performed in Sweden or most other
countries, and the sewage is discharged to munici-
pal sewage treatment as is. For comparison, in
a study of a Norwegian hospital (1200 beds),
roughly the same size as our study site Uppsala
university hospital (UUH) (1000 beds), mean phar-
maceutical concentrations in effluent waste water
from the hospital measured in 24-hour samples
were: Ciprofloxacin 23,336 ng/l, Doxycycline 124
ng/l, Diclofenac 819 ng/l, Metoprolol 1072 ng/l
and Trimetoprim 4302 ng/l [3].
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Thus, reducing the levels of antibiotics and/or
antibiotic resistant bacteria already in hospitals will
lower the risk of antibiotic resistance in the sewer
system, WWTPs, and the recipient [7]. Also inside
hospitals, resistance can be problematic as effluent
waste water contains resistant bacteria, and resis-
tance (genes) can be transferred from harmless com-
mensals to pathogenic bacteria and then spread
within the hospital through toilets, sinks, cesspits,
and/or air [8].

According to Casas et al. [9], some hospitals
around the world have installed different types of
sewage treatment to reduce levels of APIs. For
example, in hospitals in China and Japan, there is
treatment on-site via membrane bio reactors
(MBRs) or conventional waste water treatment
[10]. Other examples are hospitals in Luxembourg,
Germany, Netherlands, Switzerland [11] and
Denmark [12] that have an on-site waste water
treatment facility. It is common to use MBR as
a first step and then use an extra step, e.g. activated
carbon, osmosis, nanofiltration or some oxidation
process to remove the rest of the APIs [9]. A study
at Aarhus university hospital (2015) tested, for the
first time, to treat the hospital waste water with
MBBR (Moving bed biofilm reactor) technology, as
the only treatment after a mechanically pre-treated
wastewater. The result showed that the removal effi-
ciency differed depending of type of API, from
around 10 % to 100 % removal [9]. At Herlevs
hospital in Denmark, a full scale treatment for
waste water was installed in 2014. The treatment
includes an MBR-reactor and then steps of ozone
treatment and GAC-filter (granulated active carbon)
followed by UV-irradiation. After the treatment, the
water is clean enough to be released directly to the
recipient (99,9% API removal) [13]. However, all
these approaches are very resource demanding due
to cost and technical complexity.

A novel approach to the problem is presented by
the product ‘pCure’ (Pharem Biotech, Stockholm,
Sweden) which is a toilet rim block that contains
enzymes designed to degrade APIs. PCure could
become an important tool to reduce the discharge
of APIs in many settings due to the simplicity,
flexibility and low cost (approximately USD
5–10 per block). The producing company claims
positive in vitro results and for a brief period,
pCure was marketed to consumers in Swedish
pharmacies. However, to our knowledge there are
no published studies demonstrating effect of
enzymes to degrade APIs, and no published imple-
mentation studies demonstrating effect of pCure.
Given the potential of pCure and the importance
of on-site implementation to demonstrate effect, we
decided to perform an implementation study of
pCure in a hospital setting.

Materials and methods

Pcure

For this study, we bought 2088 ‘pCure Hospital’
blocks from Pharem Biotech (Stockholm, Sweden,
batch no 029915). Pharem Biotech was not involved
in the planning, execution, or evaluation of the study.
PCure is a toilet block placed over the rim of the
toilet, consisting of 40 % starch, 40 % cellulose, 5 %
magnesium stearate, 10 % Tween-20 and 5 %
enzymes. The mixture is pressed to form a block
and then put in a plastic casing. Every time the toilet
is flushed, an expected amount of 2 % of the total
block volume is released into the water by flushing
over the block. The exact enzyme content in the
blocks and the structure of the enzymes were
unknown to the authors of this study. The enzymes
are expected to stay latent in the still toilet water
between flushes and follow the water down the
drain, together with the newly released enzymes
from the last flushing. Since enzymes are proteins,
they will quickly be degraded by the active biological
environment in the sewage.

Experimental set-up

Uppsala University Hospital (UUH) is a full-scale
tertiary/university hospital with 1000 beds. In the
hospital area, there are three cesspits and for this
study one of them was chosen. It has a flow of 2–
4m3/h and 261 toilets in five buildings are connected
to it. The buildings contain inpatient wards and out-
patient clinics for oncology, plastic surgery and otor-
hinolaryngology, operating rooms and other
outpatient departments, as well as facilities for
administrative staff, construction workers, and a few
public toilets. Inside the cesspit an automated sam-
pler was installed that sampled 50 ml of sewage water
8 times per hour during weekdays, and 36 times
per hour during weekends (different settings due to
large difference in flow). The automated sampler was
emptied in the morning (sometime between 7–9 am)
every day of the week except for Saturday (corre-
sponding to the water from Friday morning –
Saturday morning, which was a wash-out day as
pCure blocks were inserted/removed Fridays). The
study comprised of 16 weeks from March to
June 2018. Each week was randomized to either
have pCure blocks installed in all 261 toilets the
entire week, or to have no blocks installed at all.
The randomization was performed in blocks of four,
i.e. each block of four weeks contained two weeks
with pCure installed and two weeks without pCure
installed, but in random order. This was done to
minimize risks of bias both due to systematic errors
(e.g. a particular treatment being carried out every
other week) and seasonal errors (e.g. more antibiotics
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being used during the cold season). All in all, 96 24h-
samples were collected during the study, 48 from
days with pCure installed, and 48 from days without
pCure installed.

In the experiment cesspit, a SmartScan50 flow
meter (Elmacron AB, Norrköping, Sweden) was
installed, and during parts of the experiment, the
sewage water flow was measured every fifth second.

Analysis of pharmaceuticals

One hundred and two APIs were analyzed with an
online solid phase extraction/liquid chromatography
tandem mass spectrometry (online SPE/LC-MS/MS)
system and a method previously described in detail
by Lindberg et al. [14]; specific details on the on-line
SPE/LC system and the MS/MS transition ions used
are given by Khan et al. [15], and Grabic et al. [16],
respectively. The method has been further developed
both in general and to include oseltamivir carboxy-
late; details given by Blum et al. [17]. The analytical
limit of quantification (LOQ) ranged from 1 to 20 ng/
L [15]. The MS/MS method of metronidazole has not
been described before: 172.0 → 128.2 (quantification
ion), collision energy (CE) 14, tube lens (TL) 87 and
172.0 →s 82.3 (qualification ion), CE 26, TL 87. LOQ
of 20 ng/L.

Statistics

Fifty-one substances of the 102 analyzed were not
detected in any sample and thus excluded from the
statistical evaluation, leaving 51 substances to evalu-
ate. Statistical analysis was performed using SAS 9.4
(SAS Institute Inc., Cary, NC, USA). A statistical
certainty of more than 95% (i.e. a p-value <0.05)
was considered significant. The statistical analysis
was basically descriptive. The potential correlation
patterns between repeated measurements (over
time) were analyzed descriptively and graphically
using scatterplots. Since the scatterplots of the
repeated measures showed no strong correlation pat-
tern, the observations were analyzed as independent.
T-tests for independent samples and non-parametric
Wilcoxon tests were used for each API. Data were
analyzed both as ”observed cases” (i.e. considering
observations below LOQ as missing values) and
with observations below LOQ imputed as the LOQ
value for the API in question. No adjustments for
multiplicity issues were performed. The ratio of the
level of each API with pCure installed divided by the
level without pCure installed was evaluated to inves-
tigate if there were any trends among all APIs. If
there was any trend, then the mean value of all the
calculated ratios should be statistically different from
one (i.e. ‘no difference’ in terms of ratio). The ratios
were calculated using both the mean and the median

as summary measure for the observed level of API.
Ratios were also calculated on subgroups of APIs
with observations >LOQ in >50%, >75%, and >95%
of samples. To further assess substances where it
would be most likely that pCure would have an effect,
we also separately analyzed 21 substances (of which
13 were found in any of our samples) which Pharem
Biotech state as examples of substances for which
pCure is effective [18]. We used both t-tests (a para-
metric test) and signed rank tests (a non-parametric
test) to analyze the ratios.

Results

The full dataset of the analysis results can be found in
Supplemental Material. In Table 1, an overview of all
APIs that were detected (>LOQ) in at least 25% of the
samples are given.

Firstly, we analyzed the difference of means in the
groups ‘pCure installed’ vs ‘pCure not installed’ using
T-tests for independent samples and imputing the LOQ
value for samples below LOQ and found no significant
differences for any of the 51 APIs (Table 1). We also
noted a large variation in the dataset. We then repeated
the statistical testing using only observations >LOQ (i.e.
treating <LOQ as missing values) and using a non-
parametric test (Wilcoxon). These results are displayed
in Table 1. We found seven APIs for which there were
significant differences in any statistical test, but it dif-
fered if the significant difference indicated higher or
lower API levels when pCure was installed. For three
APIs (atenolol, clindamycin, and fluconazole), we
found significantly lower levels of API when pCure
was installed. For four APIs (atorvastatin, mirtazapine,
metronidazole, and tetracycline) we found significantly
higher API levels when pCure was installed (Table 1).
There were no significant differences for any of the
APIs detected in <25% of the samples using any of the
statistical tests (data not shown).

Analysis of the ratios of pCure installed vs pCure
not installed gave mixed results. We decided to
include subgroups of APIs detected in >50%, >75%,
or >90% of samples in the analysis with the idea that
APIs detected in very few samples should contribute
less data and thus could dilute an effect of pCure.
When analyzing all APIs and subgroups we found no
significant differences and ratios that ranged from
0.87 to 1.81 (a ratio of 1 indicates no effect, a lower
ratio a positive effect of pCure installation and
a higher ratio a negative effect) (Table 2). When
repeating the analysis using only APIs for which
Pharem Biotech have stated that pCure is effective
[18] we found some indications of an effect of pCure
(i.e. ratios statistically different from 1). Significant
differences were seen using both parametric and non-
parametric tests, but only when analyzing medians of

INFECTION ECOLOGY & EPIDEMIOLOGY 3



Ta
bl
e
1.

D
es
cr
ip
tiv
e
st
at
is
tic
s
of

th
e
36

AP
Is
de
te
ct
ed

>
LO

Q
(li
m
it
of

qu
an
tif
ic
at
io
n)

in
at

le
as
t
25
%

of
sa
m
pl
es
.A

ll
AP

Im
ea
su
re
m
en
ts
ar
e
gi
ve
n
in
ng

/L
.n
>
LO

Q
=
nu

m
be
ro

fs
am

pl
es

in
w
hi
ch

th
e
AP

I
in

qu
es
tio

n
w
as

de
te
ct
ed

(i.
e.
>
LO

Q
).
Lo
w
95
%
CI

=
Lo
w
er

lim
it
of

th
e
95
%

co
nf
id
en
ce

in
te
rv
al
.H

ig
h
95
%
CI

=
H
ig
he
r
lim

it
of

th
e
95
%

co
nf
id
en
ce

in
te
rv
al
.<

LO
Q
=
LO

Q
=
sa
m
pl
es

in
w
hi
ch

th
e
AP

I
w
as

no
t
de
te
ct
ed

(i.
e.
<
LO

Q
)w

er
e
co
ns
id
er
ed

to
be

eq
ua
lt
o
LO

Q
in

th
e
st
at
is
tic
al
an
al
ys
is
.o
nl
y
>
LO

Q
in
cl
ud

ed
=
on

ly
sa
m
pl
es

w
er
e
th
e
AP

Iw
as

de
te
ct
ed

(i.
e.
>
LO

Q
)w

er
e
in
cl
ud

ed
in

th
e
st
at
is
tic
al

an
al
ys
is
.P

va
lu
es

<
0.
05

m
ar
ke
d
as

bo
ld
.

W
ith

ou
t
pC

ur
e
in
st
al
le
d

W
ith

pC
ur
e
in
st
al
le
d

T-
te
st

(p
ar
am

et
ric
)

W
ilc
ox
on

(n
on

-p
ar
am

et
ric
)

AP
I

n
>
LO

Q
M
ea
n

Lo
w

95
%
CI

H
ig
h
95
%
CI

n
>
LO

Q
M
ea
n

Lo
w

95
%
CI

H
ig
h
95
%
CI

p-
va
lu
e
<
LO

Q
=
LO

Q
p-
va
lu
e
on

ly
>
LO

Q
in
cl
ud

ed
p-
va
lu
e
<
LO

Q
=
LO

Q
p-
va
lu
e
on

ly
>
LO

Q
in
cl
ud

ed

Al
fu
zo
si
n

42
17
5.
63

36
.3
5

31
4.
91

42
11
2.
21

38
.4
3

18
6.
00

0.
42
31

0.
39
82
6

0.
65
75
9

0.
73
05
3

Am
yt
rip

ty
lin
e

38
62
.3
9

34
.0
3

90
.7
4

31
66
.9
9

32
.7
4

10
1.
24

0.
83
51

0.
51
92
8

0.
22
73
8

0.
88
96
6

At
en
ol
ol

43
96
48
.3
2

45
56
.9
6

14
,7
39
.6
8

44
42
82
.3
4

17
85
.8
1

67
78
.8
8

0.
06
17

0.
04

53
8

0.
14
04
1

0.
03

87
1

At
or
va
st
at
in

38
76
4.
77

15
1.
12

13
78
.4
2

38
11
36
.0
3

43
3.
69

18
38
.3
7

0.
42
45

0.
44
07
8

0.
11
56
8

0.
04

66
5

Bi
so
pr
ol
ol

47
31
4.
86

12
7.
19

50
2.
54

45
23
9.
18

87
.0
3

39
1.
33

0.
53
10

0.
56
35
2

0.
90
81
5

0.
95
01
8

Bu
pr
op

io
n

14
10
.4
7

3.
39

17
.5
6

19
11
.7
4

5.
25

18
.2
4

0.
79
11

0.
81
51
8

0.
21
51
5

0.
59
73
8

Ca
rb
am

az
ep
in

43
35
7.
32

20
5.
47

50
9.
16

43
68
3.
77

84
.1
6

12
83
.3
8

0.
28
64

0.
30
01
4

0.
94
36
0

0.
78
88
9

Ci
pr
of
lo
xa
ci
n

47
23
,4
34
.9
2

−
16
14
.3
3

48
,4
84
.1
8

47
29
,9
72
.2
9

−
13
,4
68
.7
0

73
,4
13
.2
8

0.
79
26

0.
81
00
0

0.
99
10
9

0.
85
00
6

Ci
ta
lo
pr
am

47
10
91
.6
9

59
6.
98

15
86
.3
9

47
11
12
.0
9

28
6.
59

19
37
.5
8

0.
96
59

0.
99
60
3

0.
63
11
5

0.
50
57
6

Cl
in
da
m
yc
in
e

47
20
40
.1
9

7.
63

40
72
.7
4

44
82
3.
30

−
36
5.
23

20
11
.8
3

0.
30
36

0.
32
94
2

0.
01

21
2

0.
02

19
5

Co
de
in
e

31
77
2.
53

30
7.
21

12
37
.8
5

31
79
6.
53

24
0.
68

13
52
.3
8

0.
94
69

0.
98
16
7

0.
91
22
0

1.
00
00
0

D
es
lo
ra
tid

in
18

65
.6
8

36
.0
5

95
.3
1

18
10
8.
44

44
.2
0

17
2.
68

0.
22
37

0.
16
77
7

0.
68
51
5

0.
22
31
9

D
ic
lo
fe
na
c

30
33
7.
62

96
.8
9

57
8.
35

32
29
7.
36

16
9.
92

42
4.
80

0.
76
82

0.
60
91
6

0.
70
66
0

0.
86
02
4

D
ilt
ia
ze
m

16
65
.6
3

−
9.
92

14
1.
18

18
34
.3
8

0.
78

67
.9
8

0.
45
22

0.
34
35
6

0.
80
46
0

0.
36
05
4

Fe
xo
fe
na
di
ne

35
18
64
.3
3

34
0.
36

33
88
.3
0

41
17
38
.6
7

23
7.
85

32
39
.4
9

0.
90
62

0.
67
05
7

0.
61
92
0

0.
32
72
9

Fl
ec
ai
ni
de

47
45
6.
41

21
4.
06

69
8.
75

47
34
3.
07

24
4.
71

44
1.
42

0.
38
92

0.
35
39
6

0.
75
17
3

0.
61
77
2

Fl
uc
on

az
ol
e

46
41
45
.4
6

11
64
.9
8

71
25
.9
4

41
19
79
.4
4

35
8.
58

36
00
.2
9

0.
20
48

0.
26
86
6

0.
02

38
3

0.
07
91
1

Fl
uo

xe
tin

e
30

37
.1
1

12
.8
6

61
.3
7

29
16
.9
7

12
.3
2

21
.6
2

0.
10
75

0.
10
15
4

0.
36
84
3

0.
09
99
5

Irb
es
ar
ta
n

19
67
.7
7

5.
41

13
0.
13

26
26
7.
65

−
65
.2
9

60
0.
60

0.
23
34

0.
37
56
2

0.
21
48
8

0.
60
51
2

Lo
pe
ra
m
id
e

26
18
.5
5

5.
12

31
.9
9

26
15
.1
7

3.
02

27
.3
2

0.
70
85

0.
67
45
6

0.
78
14
6

0.
37
47
5

M
et
op

ro
lo
l

47
27
17
.0
9

17
06
.3
3

37
27
.8
6

47
29
74
.9
5

56
0.
17

53
89
.7
2

0.
84
21

0.
87
81
7

0.
26
57
8

0.
19
08
0

M
irt
az
ap
in
e

43
37
8.
02

65
.8
7

69
0.
16

45
41
7.
82

25
2.
12

58
3.
52

0.
82
23

0.
93
35
2

0.
04

02
5

0.
08
55
1

N
al
ox
on

e
20

15
7.
86

52
.9
1

26
2.
80

17
26
2.
78

−
10
4.
96

63
0.
51

0.
57
87

0.
46
66
2

0.
58
48
8

0.
93
92
7

O
xa
ze
pa
m

47
12
91
.9
2

36
0.
46

22
23
.3
8

46
10
40
.0
1

34
9.
39

17
30
.6
2

0.
66
40

0.
66
42
0

0.
59
71
5

0.
58
80
0

Pa
ra
ce
ta
m
ol

40
35
,7
82
.5
1

90
32
.5
4

62
,5
32
.4
7

39
46
,1
22
.1
0

56
08
.0
3

86
,6
36
.1
7

0.
66
79

0.
65
94
4

0.
66
79
0

0.
59
98
5

M
et
ro
ni
da
zo
le

14
40
75
.2
4

51
7.
16

76
33
.3
2

24
51
79
.3
5

11
93
.1
2

91
65
.5
8

0.
67
82

0.
54
67
8

0.
04

86
9

0.
72
78
4

Ra
ni
ta
di
ne

34
13
35
.5
1

44
4.
87

22
26
.1
5

40
12
91
.2
5

41
8.
28

21
64
.2
1

0.
94
32

0.
64
18
5

0.
10
19
9

0.
53
28
4

Ro
su
va
st
at
in

35
10
64
.0
2

−
94
.0
3

22
22
.0
8

34
10
76
.7
5

−
4.
50

21
58
.0
0

0.
98
72

0.
97
85
3

0.
50
32
6

0.
32
20
8

Se
rt
ra
lin
e

16
30
.5
4

16
.7
5

44
.3
4

19
31
.5
7

14
.6
4

48
.4
9

0.
92
50

0.
83
83
6

0.
52
70
3

0.
85
54
9

Su
lfa
m
et
ho

xa
zo
l

38
22
5,
20
1.
16

68
45
.5
8

44
3,
55
6.
73

42
14
9,
50
1.
49

−
16
,7
89
.0
3

31
5,
79
2.
01

0.
58
14

0.
47
02
3

0.
50
44
4

0.
81
34
0

Te
lm
is
ar
ta
n

20
95
1.
38

−
77
0.
85

26
73
.6
1

24
10
3.
13

14
.2
0

19
2.
05

0.
33
01

0.
27
23
6

0.
61
28
5

0.
31
64
7

Te
tr
ac
yc
lin
e

33
16
27
.7
2

−
22
6.
56

34
82
.0
1

42
32
79
.6
1

−
28
9.
32

68
48
.5
3

0.
40
77

0.
60
47
2

0.
00

41
8

0.
10
82
0

Tr
am

ad
ol

40
49
4.
26

21
3.
51

77
5.
00

40
34
3.
47

20
1.
83

48
5.
10

0.
34
02

0.
30
19
3

0.
96
13
3

0.
90
42
6

Tr
im
et
ho

pr
im

47
90
83
.3
4

47
64
.8
9

13
,4
01
.7
8

47
68
36
.3
6

27
82
.1
4

10
,8
90
.5
8

0.
44
75

0.
41
35
6

0.
54
90
3

0.
43
16
1

Ve
nl
af
ax
in
e

28
30
5.
07

11
2.
77

49
7.
37

34
10
68
.4
3

11
.0
9

21
25
.7
7

0.
15
21

0.
23
65
2

0.
07
45
4

0.
27
92
1

Pr
op

ra
no

lo
l

30
39
0.
37

−
11
.4
3

79
2.
16

27
13
9.
36

58
.3
3

22
0.
38

0.
22
56

0.
25
82
5

0.
46
71
9

0.
54
89
5

4 S. SVEBRANT ET AL.



Ta
bl
e
2.

D
es
cr
ip
tiv
e
st
at
is
tic
s
of

ra
tio

s
‘p
Cu

re
in
st
al
le
d/
w
ith

ou
t
pC

ur
e
in
st
al
le
d’
.R

at
io
s
w
er
e
ca
lc
ul
at
ed

fo
r
m
ea
ns

or
m
ed
ia
ns

fo
r
ea
ch

AP
I,
an
d
an
al
ys
is
of

ra
tio

s
fo
r
di
ffe

re
nt

su
bs
et
s
of

AP
Is
ar
e

su
m
m
ar
iz
ed

in
th
e
ta
bl
e.
AP

Is
w
er
e
di
vi
de
d
in
to

su
bs
et
s
de
pe
nd

in
g
on

th
e
nu

m
be
r
of

sa
m
pl
es

in
w
hi
ch

AP
Is
w
er
e
de
te
ct
ed

(i.
e.
>
LO

Q
(li
m
it
of

qu
an
tif
ic
at
io
n)
);
>
50
%
,>

75
%
,a
nd

>
90
%

of
sa
m
pl
es
.

Th
e
sa
m
e
ca
lc
ul
at
io
ns

w
er
e
pe
rf
or
m
ed

us
in
g
on

ly
th
e
AP

Is
fo
r
w
hi
ch

Ph
ar
em

Bi
ot
ec
h
st
at
e
th
at

pC
ur
e
is
ef
fe
ct
iv
e.
Sa
m
pl
es

<
LO

Q
w
er
e
ei
th
er

co
ns
id
er
ed

as
=
LO

Q
,o

r
ex
cl
ud

ed
fr
om

th
e
an
al
ys
is

(t
re
at
ed

as
m
is
si
ng

va
lu
es
).
Ra
tio

=
1
in
di
ca
te
s
no

ef
fe
ct
,
ra
tio

s
<
1
su
gg

es
t
th
at

pC
ur
e
in
st
al
la
tio

n
de
cr
ea
se
s
AP

I
le
ve
ls

an
d
ra
tio

s
>
1
su
gg

es
t
th
at

pC
ur
e
in
st
al
la
tio

n
in
cr
ea
se
s
AP

I
le
ve
ls
.

p
Pa
r
=
p-
va
lu
e
fo
r
t-
te
st

(a
pa
ra
m
et
ric

te
st
).
p
N
Pa
r
=
p-
va
lu
e
fo
r
si
gn

ed
ra
nk

te
st

(a
no

n-
pa
ra
m
et
ric

te
st
).

Sa
m
pl
es

<
LO

Q
co
ns
id
er
ed

as
=
LO

Q
O
nl
y
va
lu
es

>
LO

Q
in
cl
ud

ed
in

an
al
ys
is

M
ea
ns

M
ed
ia
ns

M
ea
ns

M
ed
ia
ns

AP
Is
de
te
ct
ed

in
Ra
tio

p
Pa
r

p
N
Pa
r

Ra
tio

p
Pa
r

p
N
Pa
r

Ra
tio

p
Pa
r

p
N
Pa
r

Ra
tio

p
Pa
r

p
N
Pa
r

Al
lA

PI
s

>
90
%

of
sa
m
pl
es

0.
90

(n
=
12
)

0.
43
25

0.
33
94

0.
88

(n
=
12
)

0.
23
73

0.
26
61

0.
89

(n
=
12
)

0.
36
11

0.
23
34

0.
87

(n
=
12
)

0.
10
74

0.
15
14

>
75
%

of
sa
m
pl
es

0.
97

(n
=
20
)

0.
80
13

0.
47
49

1.
13

(n
=
20
)

0.
37
75

0.
95
63

0.
92

(n
=
20
)

0.
38
93

0.
29
43

0.
95

(n
=
20
)

0.
41
02

0.
45
24

>
50
%

of
sa
m
pl
es

1.
02

(n
=
28
)

0.
85
35

0.
32
52

1.
10

(n
=
28
)

0.
36
68

0.
82
46

0.
96

(n
=
28
)

0.
72
21

0.
25
27

0.
95

(n
=
28
)

0.
34
04

0.
31
42

Al
ls
am

pl
es

1.
50

(n
=
51
)

0.
20
56

0.
83
90

1.
10

(n
=
51
)

0.
16
15

0.
73
05

1.
81

(n
=
48
)

0.
13
40

0.
80
07

1.
23

(n
=
48
)

0.
39
20

0.
30
52

AP
Is
fo
r
w
hi
ch

Ph
ar
em

Bi
ot
ec
h

st
at
es

pC
ur
e
is

ef
fe
ct
iv
e

>
90
%

of
sa
m
pl
es

1.
05

(n
=
7)

0.
78
92

0.
93
75

0.
78

(n
=
7)

0.
06
31

0.
07
81

1.
04

(n
=
7)

0.
82
73

0.
93
75

0.
83

(n
=
7)

0.
03
25

0.
04
69

>
75
%

of
sa
m
pl
es

0.
97

(n
=
9)

0.
82
26

0.
57
03

0.
83

(n
=
9)

0.
06
45

0.
09
77

0.
95

(n
=
9)

0.
72
08

0.
42
58

0.
85

(n
=
9)

0.
01
74

0.
01
95

>
50
%

of
sa
m
pl
es

0.
96

(n
=
10
)

0.
75
26

0.
43
16

0.
84

(n
=
10
)

0.
04
69

0.
04
88

0.
93

(n
=
10
)

0.
61
46

0.
32
23

0.
85

(n
=
10
)

0.
01
17

0.
00
98

Al
ls
am

pl
es

2.
40

(n
=
13
)

0.
34
95

0.
78
69

0.
87

(n
=
13
)

0.
04
93

0.
04
88

2.
67

(n
=
12
)

0.
35
81

0.
56
93

0.
89

(n
=
12
)

0.
04
04

0.
06
40

INFECTION ECOLOGY & EPIDEMIOLOGY 5



levels for each API, not when analyzing means (Table
2). The ratios ranged from 0.78–2.67.

When removing the pCure blocks from the toilets,
we noted that in the absolute majority of cases, the
blocks were still present and still contained some
substance, indicating that they had not been used up.

The flow in the cesspit in the experiment varied
greatly over time, with much lower flows at nighttime
and during weekends. This was expected as much of
the activities in the buildings included in the study
only take place during daytime on weekdays. The
average flow in the daytime (08.00–18.00) weekdays
was 4.8 m3/h (n = 21 (number of days measured)),
0.84 m3/h daytime Saturdays, Sundays or holidays
(n = 11), and 0.89 m3/h in nighttime
(18.00–08.00, n = 18).

Discussion

Measures to decrease discharge of drug residues from
point sources are important, and the enzyme block
‘pCure’ could prove an important tool for this.
However, the product has to our knowledge not
been evaluated in any published studies and therefore
we performed a 16-week on-site implementation
study, comprising 261 toilets in a tertiary/university
hospital, measuring drug residues in the sewage water
daily.

In our initial statistical analysis, we did not see
a significant difference for any of the APIs when
pCure was installed or not. However, there was
a large variation in API levels over time. We repeated
the analysis using two different statistical methods
(one parametric and one non-parametric) and two
different assumptions regarding samples where no
API was detected, i.e. <LOQ samples (to treat
<LOQ samples as containing API at the LOQ level,
or to treat <LOQ samples as missing values). We also
analyzed ratios of mean or median levels of API with
pCure installed vs not installed using one parametric
and one non-parametric test. Such extensive statisti-
cal testing is not to be recommended in general, and
we do acknowledge the fact that it may seem like
a ‘fishing expedition’. However, we argue that in
our case it is warranted as: 1) we did an initial testing
using a defined statistical test and defined assump-
tions, and we consider the lack of significance seen in
this analysis as our main finding; 2) we saw a large
variation of API levels over time and thus did further
testing to look for a small effect of pCure that may
have been otherwise missed; and 3) we foresee the
risk of other actors re-analyzing our data actively
looking for indications of an effect of pCure, and
we want to be as thorough and transparent as possi-
ble to prevent that.

In the further statistical evaluation, we saw seven
instances where one or two of the analyses indicated

a significant difference of API levels when pCure was
installed as compared to when it was not.
Interestingly, for only three APIs there was
a significant decrease in API levels when pCure was
installed, whereas for four APIs, the levels were sig-
nificantly increased. There are no reasonable biologi-
cal reasons why the use of pCure should increase API
levels, and thus the instances of significant increase
are likely due to type I error. However, this also
illustrates that the similar amount of instances of
significant decrease may well be due to type I errors
too. Furthermore, we have not adjusted for multi-
plicity and such an adjustment (e.g. a Bonferroni
correction) would erase all significant differences
found in this study. Finally, no significant difference
found in this study was significant in all tests/
assumption combinations for the same difference
(e.g. we found significance with a non-parametric
test but not a parametric, or significance using med-
ians but not means).

When analyzing ratios of means or medians of
API levels when pCure was installed divided by levels
when pCure was not installed, there were no differ-
ences when looking at all APIs or when looking at the
APIs more commonly detected in the samples. When
looking at only the APIs for which Pharem Biotech
states that pCure is effective [18], we found signifi-
cant differences when analyzing medians in some
instances (using both the parametric and the non-
parametric test), but never when analyzing means.
The ratios were close to 1 and 0.78 was the lowest
ratio detected in any analysis. We conclude that in
our study, there is no evidence for an effect of pCure.
Due to the large variation seen in our data and the
trends seen in some of our analyses of ratios, a small
effect of pCure cannot be excluded. However, our
study clearly demonstrates that pCure does not have
a large enough effect to be biologically meaningful in
a hospital setting.

As all implementation studies, the present study
has limitations. We could not control for differences
in drug residues entering the experimental system, as
we do not know the pharmaceutical use of patients
and staff using the toilets included in the study.
Differences over time in patients and/or the drugs
prescribed for them and other people using the toilets
likely explain the high variation seen in our dataset.
However, by using block randomization of weeks
with/without pCure, we believe that the risk of
a systematic bias due to cyclic factors or seasonal
differences has been minimized. Also, it cannot be
excluded that there was some correlation between
different time points and/or substances, which could
have led us to overestimate the true number of data
points. Further, the API analysis was performed on
24h-samples; thus parts of the sample material stayed
in the sampler for up to 24 hours before being frozen.
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This may have allowed the enzymes in the water to
elicit more degrading effect as compared to the real
situation when they would be diluted and exposed to
the active biological environment in the sewage
downstream of the sampling point. This may have
lead us to overestimate the effet of pCure.

When trying to assess and alleviate the problem of
drug residues in the environment in general, and
AMR induction in particular, a One Health approach
is crucial [19–21]. This includes a holistic view on the
human/animal/environment interface, and coopera-
tion between several relevant disciplines such as
environmental chemistry, infectious medicine, veter-
inary medicine, biology, ecology, microbiology, phar-
macology, and behavioral sciences.

Taken together, our results strongly indicate that the
product pCure is not effective in reducing waste water
levels of drug residues in a hospital setting. In a bigger
perspective, our study exemplifies that any product
claiming to reduce an environmental problem needs
to be tested in implementation studies by independent
researchers before reaching the market. Continued
efforts to develop and evaluate tools to lower drug
residue discharge from hospitals are crucial.
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