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Drug Residues in Water
Analysing drug residues in water through proficiency-testing scheme results

Thanks to improvements in analytical chemistry, the presence of

Materials and Methods
Sample production and shipment

drug residues, as well as their derivatives or metabolites, have been

The most crucial aspect for the implementation of a proficiency-test

widely established on a global scale, particularly in surface and

programme is the production of homogeneous and stable samples.

ground water, wastewater, and in sludge. Such molecules are now
found in lists monitoring health risks and environmental quality.
Drug residues have become an important class of molecules in the
monitoring of water quality. Despite this, analyses are currently not as

For this PTS, a batch of selected water (clean water or wastewater) is
homogenised in an adapted tank and distributed into one-litre brown
glass bottles. Each bottle is then spiked individually with a solution
containing all the selected drug molecules.

developed as the ones of pesticides such as PAH or PCB. As a result,

The homogeneity is checked through the analysis of a few molecules

in 2018 BIPEA decided to launch a dedicated proficiency testing

by a third-party laboratory. Ten samples from the manufactured series

scheme (PTS) for drug residues. In order to be able to meet the needs

are analysed to determine the inter-sample standard deviation. >

of most of the laboratories, it was decided to start from the beginning
with a wide range of molecules. Since 2018, a proficiency test with two
series of samples spiked with about 70 drug molecules is thus offered

Graph 1 – example of homogeneity control

twice a year. The list includes the molecules found particularly in the
ISO 21676 standard2, in the French XP T90-223 standard3 and in the
approval for the French Ministry of Environment4. Both clean and, more
recently, wastewater samples are introduced in these tests. Seven
rounds have been organised so far which now allow for an overview to
be drawn of the results and performance met in this PTS, especially
regarding the number of results obtained for the different molecules;
their related dispersion; the differences observed between clean and
wastewater; as well as some information about recovery and stability.
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Molecule

Average
Number
of results

Molecule

Average
Number
of results

Molecule

Average
Number
of results

Molecule

Average
Number
of results

Carbamazepine

11.4

Propranolol

8.1

Ifosfamide

5.9

Diatrizoic acid

2.9

Paracetamol

10.8

Cyclophosphamide

8.0

Iopromide

5.4

Iopamidol

2.9

Ketoprofen

10.6

Carbamazepine epoxide

7.9

Alprazolam

5.1

Acetylsalicylic acid

2.8

Atenolol

10.5

Tramadol

7.6

Lorazepam

5.1

Acetazolamide

2.5

Sulfamethoxazole

10.5

Clarithromycin

7.4

Clofibric acid

4.9

Primidone

2.5

Diclofenac

10.4

Fenofibric acid

7.3

Carboxyibuprofen

4.6

Propyphenazone

2.5

Sulfamethazine

9.9

Gemfibrozil

7.3

1-hydroxy ibuprofen

4.5

Parconazole

2.3

Ibuprofen

9.6

Sotalol

7.3

Ciprofloxacine

4.5

10,11-dihydro-10,11 dihydroxycarbamazepine

1.6

Bezafibrate

9.4

Metformine

7.1

2-hydroxy ibuprofen

4.4

Metrifonate

1.6

Metronidazole

9.4

Ofloxacine

7.0

Ramipril

4.3

N4-acetyl sulfamethoxazole

1.6

Oxazepam

9.3

Niflumic acid

6.9

Zolpidem

4.3

Anhydroerythromycin

1.3

Metoprolol

9.1

Roxithromycine

6.8

Gabapentine

4.1

Midazolam

1.3

Trimethoprime

9.1

Progesterone

6.6

Altrenogest

4.0

4-acetylaminoantipyrine

0.9

Norethindrone (-19)

8.8

Erythromycine

6.3

1,7-dimethylxanthine

3.6

4-formylaminoantipyrine

0.8

Caffeine

8.6

17-beta-estradiol

6.1

Iomeprol

3.3

Temazepam

0.8

Diazepam

8.6

Cotinine

6.1

Bisoprolol

3.1

Piperazine

0.0

Estrone

8.3

Ethynilestradiol

6.1

Naftidrofuryl

3.0

Naproxen

8.3

Tylosine

6.1

Phenazone/Antipyrine

3.0

Table 1 – average number of results for the different molecules of the test on clean water

For each series, two one-litre bottles are provided to the participants

The interlaboratory comparison report is validated by both BIPEA and

in order to allow them to have enough volume to implement different

an external technical expert, and is then distributed to the participant.

analytical processes, if needed.
The parcel with the bottles is then shipped to all participants under
refrigerated conditions, using cooling gels with a target temperature
of (4±3)°C.

Results and discussion
The first set of important data is the participation and number of results.
Since the creation of this PTS, there are on average 18 registered
participants, which is quite a good number already, showing an interest

Analyses by laboratories
Laboratories are invited to analyse these samples using the technique
or method they prefer, for instance, either the standards mentioned
above or through in-house methods.

for this idea. However, none of the laboratories quantify all the offered
molecules, and the number of results obtained is quite different from
one molecule to another. The molecules are listed in Table 1 in
descending order of average number of results provided on clean
water (which includes tap water and surface water). Less results are

Laboratories then submit their analysis results via electronic reply

provided on wastewater – two results less on average and four results

forms, in which they can also provide additional information about their

less compared to the molecules with the most results on clean water.

method and the date of analysis.

The top ten molecules analysed by the participants are:

Statistical treatments

carbamazepine, paracetamol, ketoprofen, atenolol, sulfamethoxazole,

The statistical treatments of the quantitative returned results are carried

diclofenac, sulfamethazine, ibuprofen, bezafibrate, and metronidazole.

out in accordance with ISO 13528 standards5. The assigned values

The second set of important data is the dispersion of results, provided

(xpt) are estimated from the robust mean of all the results, except

as a Coefficient of Variation, CV%, (a robust standard deviation of the

incoherent values. The standard deviation for proficiency assessment

results/robust mean of the results, in per cent) as a standard to

(σpt) is set to 30% of the assigned value. The use of such a determined

describe the precision of the results. As shown in the table below, with

value allows for an assessment to be had that is independent from the

the molecules listed in ascending order of CV% in results obtained on

obtained results and consistent through time. This is especially useful

clean water, 33 molecules (almost half), show an average CV% below

when there are a limited number of results, which could lead to a wide

30% which is quite satisfactory for organic compounds at these levels,

and fluctuant dispersion of the results.

in the range [40-200 ng/l]. 12 other molecules have a CV% between

The quantitative results (x) could be evaluated and classified through
z-scores, where

:

30% and 40% and 11 others have a CV% even higher. Finally, it was
not possible to estimate any assigned values, and consequently to
calculate any CV% for 14 molecules, either due to very dispersed or too

• for z ≤ |2|, the result is considered satisfactory

little results. This data should consider the number of results provided,

• for |2| < z < |3|, the result is considered questionable

as the lower the number of results, the more the dispersion can be

• for z ≥ |3|, the result is considered unsatisfactory

affected by just one or two results. >
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Table 2 – average CV% on clean water
Molecule

Average
CV%

Molecule

Average
CV%

Molecule

Average
CV%

Molecule

Average
CV%

Ketoprofen

14.6

Primidone

22.9

Ibuprofen

28.0

Carboxyibuprofen

36.3

Cyclophosphamide

14.9

Fenofibric acid

22.9

Propyphenazone

28.4

Clarithromycin

38.4

Cotinine

16.5

Iopromide

23.3

Alprazolam

28.6

Ramipril

38.6

Carbamazepine

17.0

Ifosfamide

24.4

Phenazone / Antipyrine

29.5

Estrone

40.2

Diazepam

19.2

Sulfamethoxazole

24.6

Carbamazepine epoxide

29.8

Lorazepam

41.7

Sulfamethazine

20.5

1-hydroxy ibuprofen

24.9

Trimethoprime

32.0

Ofloxacine

43.4

Progesterone

20.7

Iomeprol

25.6

Ciprofloxacine

32.3

Bisoprolol

44.4

Tramadol

21.4

Bezafibrate

25.8

Atenolol

32.8

Roxithromycine

44.5

Niflumic acid

21.7

Gemfibrozil

25.9

17-beta-estradiol

33.3

2-hydroxy ibuprofen

47.3

Naproxen

21.7

Metronidazole

26.7

Caffeine

35.4

Tylosine

47.5

Paracetamol

21.8

Clofibric acid

26.9

Propranolol

35.7

Altrenogest

47.9

Ethynilestradiol

21.9

Gabapentine

27.1

Sotalol

35.7

Metformine

56.6

Diclofenac

22.5

Oxazepam

27.3

Zolpidem

36.0

Naftidrofuryl

57.4

1,7-dimethylxanthine

22.7

Norethindrone (-19)

27.8

Metoprolol

36.0

Erythromycine

60.9

The CV% met on wastewater are significantly higher, showing the

slowly as concentration decreases for carbamazepine. Whereas for

difficulty faced with complex matrices. It is however, also related to

diclofenac, it is quite steady from 60 to 140 ng/l and then much higher

a lower result quantity. Only eight molecules have a CV% lower than

for the two lower concentrations below 40 ng/l. This profile can indicate

30% on wastewater (ethynilestradiol, gemfibrozil, diclofenac,

that these values are not very far above the limit of quantification of

carbamazepine, bezafibrate, cyclophosphamide, 17-beta-estradiol

the participants.

and fenofibric acid) and 10 others have a CV% between 30% and
40% (cotinine, ofloxacine, diazepam, niflumic acid, clofibric acid,
naproxen, ketoprofen, estrone roxithromycine and sotalol). It was
not possible to estimate any assigned values for the further 30
molecules due to low result numbers. With exception to these issues
related to result quantity, analytical issues are obviously faced for
some molecules in wastewater regarding the diverse results
sometimes obtained.
In addition to these means, it is possible for each molecule to plot
the obtained CV% for each test against the concentration. This allows
us to see if the performance is steady over the working range or if,

Finally, information can also be obtained for the spiking performed in
the preparation of the samples. The consensus value obtained in the
test can be compared with the theoretical spiking value. Looking at the
20 most searched molecules (see Table 1), the molecules can be
classified for clean water in the following categories:
• Molecules that are found always, or with a single exception, within
+/- 20% of the theoretical spiking value: carbamazepine,
paracetamol, ketoprofen, Ibuprofen, bezafibrate, metronidazole,
oxazepam, norethindrone-19, naproxen, and cyclophosphamide.
• Molecules that are overall well recovered, with the exception of some

on the contrary, it depends on the concentration. In the examples

initial testing for which no addition of thiosulfate was used for tap

provided below, despite the limited number of rounds considered,

water: atenolol, sulfamethoxazole, diclofenac, sulfamethazine,

the dispersion of the results expressed as CV% appears to increase

trimethoprim, estrone, propranolol. >

Graph 2 – CV% against concentration for Carbamazepine in clean water
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Graph 3 – CV% against concentration for Diclofenac in clean water

Continued on page 52
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tramadol or gabapentine. In other cases, it becomes difficult to say as
higher and lower concentrations are both given, and some identification
issues can occur. It can happen for example, with carbamazepine.
• Molecules with a clear systematic loss: metropolol.
• Molecules which are often found more than spiked: caffeine and,
in a lesser extent, diazepam. This could be due to some
overestimations but, especially for caffeine, more likely due to the
presence of the molecule in the matrix prior to spiking.

“the monitoring of drug residues in
water is expanding and reaching a
larger scale”

Other molecules can also be mentioned based on less results:
ciprofloxacine, gabapentine, erythromycin and zolpidem. These are

As some participants do not find certain molecules, some information

usually found to be significantly lower than the spiking value, which

about the limits of quantification of the participants are obtained. These

is most probably related to a stability issue in the applied conditions.

limits can vary a lot, according to the molecules and the laboratories, a

Lopamidol cannot even be found at all.

quantification limit of 1 ng/l or 2 µg/l (2000 times more) can sometimes

Concerning the type of water, it can be noticed that two molecules
seem to not be found at all or only at a very low level, specifically just
in wastewater: progesterone and paracetamol. Most of the results are
expressed as a limit of quantification, however, consensus values are

be given. Considering the spiking range of about 40-200 ng/l, < 50 ng/l
or < 100 ng/l are the limits that are most met in tests for clean water.
However, most of the participants are still able to quantify below
50 ng/l, 20 ng/l at least.

then met in clean water.

Conclusion

On the other hand, several molecules can be found in wastewater at a

The monitoring of drug residues in water is expanding and reaching

much more concentrated level than the spiking value, more than 1 µg/l

a larger scale. The development of a dedicated proficiency testing

for example. In some cases, it is likely due to the initial content in

scheme on a wide range of compounds, allows the participants to

wastewater, like it is regularly seen for diclofenac, oxazepam, sotalol,

control their performance for the analysis of the molecules they
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determine in routine, and give them the opportunity to test some
others. Despite several results that remain limited in many cases, the
study of these proficiency testing results provides valuable information
about the current state of art. From these we can discern the molecules
that are most searched; the performance that can be met according
to the level of concentration and the type of water; as well as the
molecules that are well recovered and those which are not. Therefore,
the monitoring of drug residues in regulations should contribute to
extend the needs of such analyses. n
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BIPEA – Provider of Proficiency Testing Programmes and Reference Materials in
Microbiology, Chemistry, Physics and Sensory
Present in more than 100 countries and with more than 50 years’ experience, Bipea
organises proficiency testing programmes (PTs) in different fields: Cereals, Food, Feed,
Environment and Cosmetics. Certified ISO 9001 and accredited ISO 17043, BIPEA’s
goal is to improve the reliability of laboratories which perform microbiological and
physico-chemical analyses on various parameters.
As analysis accuracy is a very crucial issue, it is necessary for laboratories to give great
importance to quality management. Participating in proficiency-testing programmes
allows you to:
- Evaluate your results trueness and your performance
- Control and improve your analytical performance
- Check the good functioning of your equipment and the technical skills of your staff
- Be up to date with the requirements of Quality Standards
- Reassure your stakeholders about the quality and the safety of your products
Today, more than 2500 members worldwide take part in their programmes.
In 2018, BIPEA (Bureau Interprofessionnel d’Etudes Analytiques) launched a new
proficiency testing scheme (PTS) to allow the laboratories to test and enhance their
abilities for these determinations, especially in the framework of laboratories
accreditation according to ISO/IEC 17025 standard1. A wide list of 70 molecules
is offered in this PTS, in both fresh and wastewater.
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