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Platinum based cytostatic drugs (Pt CDs) are among the most used drugs in cancer treatments which are administered

via intravenous infusion and released partially intact or as transformation products. 
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1. Introduction

Cancer, considered the second cause of death in the world, is a primary global public health issue . The International

Agency for Research on Cancer (IARC) estimates that by 2040, 30.2 million new cases of cancer will be diagnosed

worldwide, with more than 16 million expected deaths . The increment in cancer frequency will consequently be

associated with an increase in the use of cytostatic drugs (CDs) to treat this disease . CDs are cytotoxic molecules

designed and applied to cause cellular dysfunction. These compounds inhibit the growth of cancer cells by altering their

metabolism, blocking cell division and reproduction . Despite all the advantages, cytostatic damage is not exclusively

specific to tumor cells, but has an impact on all body cells, causing adverse side effects such as renal, digestive,

hematopoietic, liver, and dermal . Once administered, these compounds are excreted from the body unchanged or as

metabolites that pass into the effluents of hospitals and homes, until they arrive in the sewage system and so the

wastewater treatment plant (WWTP) . The removal efficiency in the WWTP depends on the treatment process and the

substance, but in general CDs are poorly biodegradable and are released into the terrestrial and aquatic systems

contaminating rivers, and even into the sea, at trace levels . Another source to be considered is the effluents from

pharmaceutical manufacturing plants that have been unrestrictedly discharged into the environment .

These water bodies contaminated by CDs, in many cases, can harm the lives of humans and other aquatic organisms

exposed to them, causing long-term damage to those eukaryotic organisms, even at trace level. For this reason, the EU

Commission Decision 2000/532/EC251 classified the cytotoxic and cytostatic medicinal products as hazardous wastes

.

Platinum-based CD are the most employed drugs in cancer treatments, and it is estimated that their usage will continue to

increase in the next years. Cisplatin is the most relevant anticancer drug ever discovered, and as of today about 50% of

all cancer patients are cured with this metal drug . Over the last 30 years numerous platinum compounds were tested

, but only a few obtained international marketing approval: carboplatin, oxaliplatin, nedaplatin, heptaplatin, and

lobaplatin (Figure 1) .
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Figure 1. Clinically approved platinum anticancer drugs. *: chiral centres.

Studies addressing their occurrence in different environments, as well as the proper elimination or degradation methods

from the wastewaters (WW), are numerous . Despite their concentrations, hospital wastewaters (HWW),

sewage, and natural waters are very low (typically in the ng L  range or lower) . Numerous studies have measured

the cytostatic concentrations in surface waters. Most of these studies have reported that, in general, these drug residues

are safe for the aquatic biota, with few exceptions .

The presence of cisplatin and cisplatin-based cytostatics has been found to display an apparently low environmental risk

; however, recent evidence suggests that predictions of cytostatic concentrations in the water bodies have been

underestimated .

This evidence, together with the expected increase of the use of cytostatics in the coming years and the lack of research

on potential chronic damage , could put the health of entire ecosystems at risk.

2. Action Mechanism, Speciation and Determinations Analysis of Pt-Based
CDs

2.1. Reactivity

Since Rosenberg and co-workers  unexpectedly discovered the antiproliferative action of the  cis-

diamminedichloroplatinum(II) (Pt(NH ) Cl ) (Figure 1), cisplatin, many studies have been carried out to develop

compounds with less severe side effects and improved efficacy .

Experimental evidence revealed that the mechanism of action (Figure 2) of classical platinum CDs is characterized by

four steps process: (1) cellular uptake, (2) activation by the chloride substitution reactions, (3) DNA binding, and (4)

cellular processing of DNA lesions leading to cell death .

[6][16][17][18][19]

−1 [6][20]

[21][22]

[23]

[24]

[25]

[26][27]

3 2 2
[14][15][28]

[28]



Figure 2. Mechanism of action of cisplatin.

Passive diffusion and active transport, facilitated by membrane proteins, are both involved in cellular uptake . In the

blood stream, where the chloride concentration is relatively high, the chloride release is suppressed, while, in the cell, they

are replaced by water in solution to produce positively charged “aquated” molecules (Figure 3) . These aqua-

complexes (and in particular Pt(NH ) (OH )Cl ) are very reactive and can form covalent bonds with DNA bases.

Numerous experimental and theoretical studies were devoted to clarify these reactions .

Figure 3. Ligand substitution (chloride) and protonation equilibria for cisplatin.

The final cisplatin-DNA adducts present coordinated intra- and inter-strand cross-links which activate a series of

processes ultimately leading to cell death. It is interesting to note that these reactive aqua-derivatives of cisplatin are also

detected in the urine with a speciation dependent on the temperature, chloride concentration, and pH (Figure 3) .

Carboplatin or cis-diammine-(1,1-cyclobutanecarboxylato)platinum(II) (Figure 1) is an antineoplastic drug widely used

against cancer of head, neck, lung, and ovaries . Carboplatin is an early example of attempt to develop less toxic

platinum alkylating agents, and was introduced in clinical use in the mid-1980s . The principal chemical structure

difference between carboplatin and cisplatin was the presence of bidentate dicarboxylate (CBDCA) ligand instead of the

two chloride ligands of cisplatin molecule . It shows lower reactivity and slower DNA binding kinetics  which makes it

less toxic than cisplatin . Oxaliplatin (trans-L-diaminocyclohexane oxalatoplatinum(II)) emerged as the prominent third-

generation platinum based anticancer drugs . In the late 1970s, oxaliplatin was suggested as a possible anticancer

drug but the FDA approval was obtained only in 2002 . It was employed in the treatment of several kinds of cancers,

including colon cancer, which had not responded to cisplatin treatment , gastrointestinal, and gynecologic cancers .

It is interesting to note that carboplatin and oxaliplatin present a quite different chemical reactivity profile, which affects the

speciation in excreted samples (urine): in the first case the intact drug is excreted, while for oxaliplatin up to 17

metabolites were determined .
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2.2. Prediction of Platinum-Based CDs Release into the Environment

The evacuation of urine and feces from patients treated with anticancer agent is regarded as the primary source of

platinum-based anticancer drugs and their related metabolites. These compounds have been unrestrictedly discharged

into the environment, via hospital effluents and/or municipal WW, and possibly also effluents from pharmaceutical

manufacturing plants .

Figure 4. Routes through which platinum-based anticancer drugs are input and transported in the environment.

As early as more than 20 years ago, researchers have been keenly aware that Pt-containing pharmaceutical residues

frequently appeared in HWW. The calculation of the PEC (predicted environmental concentrations) of platinum-based

cytostatic compounds, as well as their quantification through total Pt determination methods  are the methods

employed to predict and determine the environmental occurrence of these compounds.

In one interesting study  it was attempted to predict the possible concentrations range of four cytostatics in the sewage

effluent and surface waters of various states in the European Union: 5-fluorouracil (5FU), capecitabine (CB),

cyclophosphamide (CP), and carboplatin. The prediction of the range of cytostatics concentrations was made by using

literature data on human excretion values, publicly available consumption data, and sewage removal rates of every

country. The results predicted mean effluent concentrations of carboplatin were 0.8–2.5 ng L , which are similar to 5-FU,

and lower than CP and CB. Several studies have estimated the environmental concentrations of platinum-based CDs

through the calculation of the PEC . The PECs  of cisplatin, carboplatin, and oxaliplatin established on their

consumption for the years 2004 and 2008 in France were determined. Interestingly, an increase in the PECs of the three

drugs was observed in the year 2008 with respect to the year 2004. However, the same study  concluded that hospital

effluents are not the principal source of anticancer drugs into the aquatic environment as also observed in ref. .

In ref.  a PEC and analytical study on HWW of the city of Qom indicated a Pt concentration lower than that of the

EMEA guidelines and that the investigation and monitoring of the residual of cytotoxic anticancer drugs should be taken

into account considering the low efficiency of conventional WWTP in removing platinum cytotoxic pharmaceutical

compounds.

One point which has to be taken into account when considering data on platinum CDs occurrence is that the CDs-derived

metal found in the environment is 1–2 orders of magnitudes lower than other manufacturing/industrial sources .

A recent risk assessment study has been conducted in Brazil  on several CDs which indicated that the highest PEC

was associated with CP, 5-FU, and cytarabine while for cisplatin and carboplatin the value was significantly lower.

However, authors underline the fact that the analysis was conducted in an urban area with a WWTP and that other, less

developed, areas could have higher concentrations.

2.3. Analytical Techniques

Given the low concentrations involved in the analysis of biological and environmental samples, different techniques have

been developed in recent years to try to decrease the limit of detection (LOD) of Pt-CDs in biological (urine, plasma) and

especially environmental samples where the dilution factor is higher . Additionally, it emerged that speciation is

important to determine the amounts of intact drug and transformation products. In order to obtain these objectives, liquid
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chromatography protocols (mostly coupled with MS detection) or electroanalytical sensors have been developed in the

last decades.

2.3.1. Biological Samples

High Performance Liquid Chromatography (HPLC) analysis of antitumor Pt-CDs based on UV-Vis detection exploiting the

reaction of Pt complexes with sodium bisulfite to enhance the absorptivity was realized to detect cisplatin, carboplatin, and

oxaliplatin in plasma and urine . LOD for cisplatin, oxaliplatin, and carboplatin were 20, 40, and 60 nM, respectively.

An HPLC method was also proposed for cisplatin analysis in ultrafiltrate plasma in the presence of nickel chloride as

internal standard. Cisplatin and the internal standard were chelated by exchange with diethyldithiocarbamate (DDTC) for

UV-Vis detection. The limit of quantification was 0.03 μg mL  using only 0.5 mL of ultrafiltrate.

In another work, HPLC coupled with UV-Vis detection (direct or with post-column bisulfite derivatization) was also used for

the quantitation of carboplatin in human plasma ultrafiltrate provided a LOD of 0.025 μg mL . After validation, this method

was used to study the pharmacokinetic analysis of blood samples drawn from a patient that received a 400 mg m  dose

of carboplatin .

Fast oxaliplatin determination in urine was developed by Hann et al. with an LOD of 0.05 µg L  oxaliplatin . In this

case, it was found that samples needed to be rapidly stored at −80 °C to detect the intact drug.

Carboplatin was measured in urine of a chemotherapy patient by using IDMS (isotope dilution mass spectrometry)

technique both with LC-ICP-QMS (HPLC coupled with inductively coupled plasma source and elemental quadrupole

based mass spectrometer) and LC-ESI-TOFMS (HPLC with a electrospray ionization source and time-of-flight MS) .

The procedural LOD for the two techniques were 0.1 and 15 ng g  respectively. However, it should be noted that  Pt-

enriched compound has to be prepared.

HPLC coupled with tandem mass spectrometry detection (HPLC–ESI-MS/MS) has been also used for the quantitative

determination of Pt after derivatizing with DDTC . The quantification was obtained using a triple quadrupole with

electrospray ionization and detection was achieved using multiple reaction monitoring. The authors reported a LOD of 1

ng mL , and the quantifiable range was 3–3000 ng mL  in urine and rat plasma .

Atomic absorption spectrometry (AAS) was employed to determine cisplatin and carboplatin in human urine . Samples

from healthy individuals not subjected to treatment with platinum drugs were collected in polypropylene tubes (50 mL) and

stored at 4 °C until analysis. Urine samples from a treated patient collected within 48 h was collected and stored at −4 °C.

The obtained LOD resulted 0.004 mg L  of platinum.

Conjoint liquid chromatography (CLC) coupled on-line to UV and ICP-MS was employed for the speciation analysis of Pt

in human serum spiked with cisplatin, oxaliplatin, and carboplatin . The limit of quantitation (LOQ) was lower than 2.4

ng Pt mL . This method allowed for study the interaction of Pt-CDs with serum proteins and showed they were bound

preferentially to human serum albumin (HSA).

A validated ICP-MS method for quantitative determination of platinum levels in rat urine, plasma, and tissues (rat liver,

brain, lungs, kidney, muscle, heart, spleen, bladder, and lymph nodes) was also proposed  with a limit of quantitation of

5 ppb. In that case, the samples were treated by microwave digestion.

Two non-suppressed ion chromatography (IC) methods, one with an anion and one with a cation separation column, were

used for determinations of cisplatin and carboplatin . In this study, an inductively coupled plasma-atomic emission

spectrometry (ICP-AES) was used as detector and the obtained LOD was 0.1 mg L  for both Pt-CDs.

A high throughput analytical method based on ICP-MS for the determination of total Pt in plasma, plasma ultrafiltrate,

urine, and peritoneal fluid was proposed . The claimed advantage of this protocol resides in the high sensitivity (LOD =

1.76 ng mL  Pt in plasma, 0.39 ng mL  in ultrafiltrate, 0.29 ng mL  in urine, and 0.30 ng mL  in peritoneal fluid) and

fast and simple sample preparation.

Folens et al.  determined the release of platinum in the urine of patients by means of ICP-MS to obtain a

pharmacokinetic model which suggested that retaining the Pt in the first 24 h after the treatment would be convenient for

the recovery, as after the concentrations are very small (see also Section 5). For the analytical part they collected urine

samples, which were subjected to a microwave digestion step followed by ICP-MS analysis with a LOD of 0.005 µg L .
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As far as electroanalytical methods are concerned, several works have been made, mostly with the objective to develop

sensitive sensors for fast analyses on biological and/or environmental samples.

An electrochemical cisplatin and carboplatin specific sensor was made with a thiolated and methylene blue-modified oligo-

adenine (A)-guanine (G) DNA probe . The obtained LOD was 500 nM, with linearity between 0.5 and 5 μM. This sensor

was tested on simulated urine and saliva samples and, interestingly, it was insensitive to Pt(IV) compound or commonly

prescribed antibiotics.

In 2006 Petrlova and coworkers developed a sensor for cisplatin by modifying a mercury drop electrode with

metallothionine, a protein that reacts readily with platinum complexes . Both modifications of the electrode and the

identification of cisplatin were obtained by adsorptive transfer stripping technique and differential pulse voltammetry

applied to the analysis of cisplatin in human blood serum. Results showed that the LOD was about 2.5 pmol in 5 μL (0.5

μM) with an interaction time of 400 s; this limit was calculated from the decrease of the highest observed signal (CdT)

peak.

Carbon-based nanomaterials (CNM), such as carbon nanotubes (CNTs) and graphene, played a great role in the

electronic and sensor field thanks to their peculiar proprieties . A graphene-based electrochemical sensor made

by nano-porous glassy carbon electrode (npGCE) and modified with graphene quantum dots (GQDs) functionalized with

thionine groups showed sensitive and selective determination of cisplatin . The determinations of cisplatin in different

fluids, such as urine and blood serum samples, were obtained by cyclic voltammetry. The results showed that the linear

range was 0.2–110 μM with the LOD of 90 nM. The authors stated that this was the lowest LOD obtained for cisplatin.

Another interesting sensor  for electrochemical determination of platinum complexes was obtained from the

functionalization of screen printed electrodes with multi-walled carbon nanotubes and factory modified with carboxyl

groups. The LOD and LOQ reported were 4.6 and 1.4 μmol L . These results were further compared with those obtained

by HPLC, and the average error % (sensor/HPLC) was 3.4, indicating that the developed sensor was an appropriate

alternative to the use of HPLC for cisplatin determination in biological samples.

Recently also a fluorescent sensor array has been used to detect platinum in clinical human blood samples . These

sensors were able also to distinguish between different compounds in the 0.5–5.0 μM range.

2.3.2. Environmental Samples

One of the first articles where the presence of cisplatin and carboplatin in sewage of five European hospitals was

determined by Kummerer et al. using adsorptive voltammetry technique . Their results showed that 70% of the drugs

were excreted and reached the hospital effluents. The hospital effluents average daily concentrations were approximately

10–601 ng L  of Pt; these data were then compared with an estimation of the Pt emitted by cars. The authors observed

that Pt emitted by hospitals was 3.3 to 1.3% of the estimated amount emitted by cars, indicating that the effluents of

hospitals have a limited influence on municipal WW; however, the Pt species emitted by hospital should not be

disregarded .

In other works, the presence of the CDs as total Pt in the matrix under study was determined. In 2005, Lenz et al. 

measured the excreted CPC in HWW sampled in Vienna in a period of 28 days. As a result, it was found that the Pt

concentrations were ranging from 4.7–145 μg L . Two years later, in 2007, the same group  measured the total Pt in

the influents and effluents of a pilot membrane bioreactor (MBR) plant of the same hospital, and the concentrations

oscillated from 3–250 μg L  and 2–144 μg L  in the influents and effluents, respectively. In this study, the consumption

of Pt-CDs in the oncological ward was also recorded, and it was observed that (1) only the 27–34% of the administered Pt

is found in the WW of the oncological ward; (2) around 51–64% of platinum is removed in the activated sludge MBR.

Another study performed in a hospital in UK  reported Pt concentrations ranging from 20.02 to 140 μg L   in the

effluents and hospital’s main drain.

The presence of antitumor drugs in the hospital effluents and in WWTP influents and effluents form Slovenia and Spain

and their metabolites was studied . Cisplatin was determined as total Pt using ICP-MS. In Slovenia the Pt

concentrations in hospital effluents was around 352 ng L . The Pt concentrations in the WWTP influents were around 27

ng L , while the Pt concentrations in effluents were below the LOD. In contrast, all the samples taken in Spain had Pt

concentrations below the LOD of the method employed. The hospitals under study were different in every region, in

Slovenia; the sample collection was made from the oncological ward, while in Spain samples were collected at a general

hospital. The general hospital from Spain was approximately 4-times bigger, which means that the concentration of the
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platinum drugs in the influents and effluents was highly diluted, which may be a reason why the method could not detect

them.

When platinum-based anticancer drugs repeatedly appear in hospital sewage, municipal WW receive a considerable

contribution of excreted antineoplastic compounds as the result of outpatient treatment . It is worth noting that the

increasing number of outpatients nowadays results in the fact that domestic discharge will become another important

source of Pt contamination as also suggested in ref. .

Santana et al. also sampled from a WWTP of Gran Canarias Island (Spain) for the determination of cytostatic platinum

compounds and found that concentrations in the range 1.94–13,913 ng L  in HWW and 3.97 and 75.79 ng L  in WWTP

by ICP-MS analysis. Authors presented an optimized method for the extraction and preconcentration of Pt-CDs in WW

samples based on ion exchange solid phase extraction which allowed to reach a very low LOQ .

To solve many fundamental and important problems with a high degree of accuracy, precision, sensitivity, selectivity, and

reproducibility, electroanalytical techniques can be easily employed .

Several platinum complexes, such as cisplatin, carboplatin, oxaliplatin, PtCl   and PtCl , was also coupled with flow

injection analysis with electrochemical detection (FIA-ED) method . The flow injection instrument was made with a

solvent delivery pump and an electrochemical detector consisting in a: (i) working electrode: glassy carbon electrode; (ii)

reference: hydrogen-palladium electrode; (iii) auxiliary electrode. A sample of water from the Ponavka river, where

platinum complexes were added in concentrations of 10 and 40 μg mL , was used as a reference solutions to verified

this method. Interestingly, the proposed method could discriminate between the Pt-CDs and the chloride complexes.

The health risk assessment of platinum CDs in drinking water of Qom province in Iran has been evaluated . HPLC-MS

was employed for the quantification of the components. The results of this study showed cytostatics concentrations above

100 ng L  in every case and in the case of carboplatin above 900 ng L  in the WWTP influents.

Determinations of carboplatin and oxaliplatin in WW samples was carried out also by HPLC-MS/MS . The LODs

obtained for carboplatin and oxaliplatin were 0.013 and 0.090 ng L , while LOQ was 0.4 and 0.027 ng L , respectively.

Recovery (%) was 0.78 and 0.74 and the RSD% was between 6.0 to 8.9% and 7.5 to 7.9% for carboplatin and oxaliplatin

respectively, while the correlation coefficients were 0.9998 and 0.9990. The environmental risk assessment was carried

out and the risk quotients (RQ) obtained were 0.51 and 0.038 for carboplatin and oxaliplatin respectively, indicating that

these compounds had low environmental exposure risk. RQ value is the ratio between the predicted environmental

concentration and the prognosticated no-effect concentration. A value of RQ < 1.0 shows no significant risk; RQ between

1.0 and 10 indicates small possible adverse effects; a value higher than 10 indicates significant potential for adverse

effects and value ≥ 100 indicates that potential side effects can be predictable.

In 2015, the PEC/analytical study at the hospitals of Qom  correlated the calculate calculated RQ  was 1.19. ICP–

OES, and limit of detection was determined (LODs = 1 µg L ).

In addition to the methods for determining the concentration of the platinum-based drugs, the separation methods for

these compounds are also important. For example, pentafluorophenylpropyl- functionalized silica gel was employed to

separate platinum-based drugs, and HPLC-ICP-MS was used to the determinations of cisplatin and its hydrolysis

products, carboplatin, and oxaliplatin in urine sample and in HWW samples . The limits of detection determined were

0.09, 0.10, and 0.15 μg L  for cisplatin, carboplatin, and oxaliplatin, respectively. Moreover, the stability of carboplatin and

oxaliplatin, at different chloride concentrations to simulate the conditions of WW and surface water, was obtained using

this method. The results indicated that carboplatin was stable in pure water and in 1.5 mol L   Cl   solutions, while

oxaliplatin degradation was improved by increasing the concentration of the chloride.

The determinations of cisplatin, its hydroxo complexes, and OH-dimers were obtained using HPLC with a naphthylethyl

(NAP) group bonded with silica gel column. The mobile phase was constituted by 0.1 M sodium perchlorate, acetonitrile,

and perchloric acid (290:10:3) . The measurable range was 1 × 10  to 4 × 10  M for cisplatin the calibration curves

correlation coefficient was 0.999 (p < 0.01) and the time of retentions time was 3.2, 3.4, 3.6, and 4.3–6.6 min for cisplatin,

mono-chloride, OH-dimer, and none-chloride respectively. Moreover, the authors state that the determinations of cisplatin

could be done by means of a μNAP column instead of an aminopropyl silyl silica gel column or C-18 column.

The results showed that separation was completed in approximately 2 min with column temperature at 30 °C. In cationic

separation, the cisplatin elutes first, the opposite behavior was exhibited by the anionic one, and in both cases a second

peak was detected and was attributed to a hydrolysis product of the drug. However, better results were obtained with the
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use of cationic chromatographic column where the detection limits were 0.1 mg L  of Pt for both compounds, whereas

the repeatability oscillated from 3.1% to 5.9%.

The authors also observed that this method does not require special treatment and has been characterized by low cost

and low time analysis, therefore making it a suitable method for the analysis of urine from cancer patients after clinical

treatment with cisplatin and carboplatin.

2.3.3. Working Environments

The Pt-CDs (and other CDs) contamination in working environments has been carried out in several studies where

biological and/or environmental (surfaces, air) samples were considered.

In 1997 Nygren and Lundgren  reported the results of a study in which the platinum in blood and urine and air samples

was determined by adsorptive voltammetry. No different levels of airborne Pt were found in oncological wards with respect

to empty rooms. Authors reported that staff nurses had the highest Pt levels, possibly due to the closer contacts with the

patients, and that improved facilities and procedures could decrease contamination.

Occupational exposure of pharmacy technicians and pharmacists of 14 different hospitals in Germany to several CDs

(including Pt-CDs) was also monitored and the samples were analyzed by GC-MS (gas chromatography MS), HPLC, and

voltammetry (for Pt LOD: 1 ng L  urine) . They found that in some cases Pt was detected in the urine of the screened

personnel. This suggested that improved CD manipulation and storage protocols should have been implemented.

Additionally, in this work it was concluded that the probability of airborne contamination was very small (as also in ref. ).

An interesting study concerned the determination of residual cisplatin present in rinse water used to clean surfaces

exposed during manufacturing . In this study the samples were obtained by swabbing the surfaces with a derivatizing

solution and then analyzing with HPLC with UV detection. Additionally, in this case, detection was made using DDTC to

complex Pt(II) to enhance the sensitivity of UV-Vis measurements.

Hori et al.  studied the Pt present in hair and surface wipe samples obtained from hospital workers who had or had not

manipulated Pt-CDs, patients treated with Pt-CDs, and non-medical staff. Samples were collected then, and at 5-year

distance. Pt content was determined by ICP sector field mass spectrometry (ICP-SFMS) with a LOQ of 0.001411 ng

mL  and 0.001271 ng mL  in the two sets of samples. This interesting study suggested that trace level Pt from exposure

to Pt-CDs was associated with the frequency of handling of such compounds and a significant decrease of contamination

after the revision of a safety procedures was observed.

A rapid LC-MS/MS method was developed to analyze a group of six CDs including oxaliplatin on stainless steel . The

samples were analyzed by HPLC-MS/MS with a LOD of 1.36 ng mL . This method could be applied to accurately

determine surface contamination at concentrations below the recommended levels  and therefore it is suitable for

monitoring purposes.

A study on the exposition to CDs at patients’ homes has been carried out by Böhlandt et al. . Even if it does not

concern working environment, the sampling techniques are similar. Additionally, it is important as other works 

concluded that the release of Pt-CDs in the environment does not occurs primarily from the hospitals. In ref. , wipe

samples from several homes and urine samples were collected from patients and family members. Samples were

analyzed for several CDs including platinum (as marker of Pt-CDs). Significant contamination was found on every surface

type with highest concentrations in bathroom surfaces. While patients’ urinary drug concentrations often were elevated for

more than 48 h after administration, no drug residues were detectable in the family members’ urine.
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