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The article discusses the occurrence of selected cytostatic drugs in the aquatic environment. The authors 
start with a preliminary introduction to the characteristics of the most commonly used cytostatic drugs. 
Then, based on the review of the literature they show that such drugs occur in small amounts in an aqueous 
medium and that there is no reliable research data on the long-term exposure of aquatic organisms to 
cytostatics. Until now, the studies on the stability of some cytostatics showed that these compounds were 
extremely stable, not only in natural waters, but also at wastewater treatment plants (WWTPs). In spite 
of the advanced treatment technologies used at wastewater treatment plants, cytostatics pass relatively 
easily through the treatment line and end up in surface waters, thus posing a threat to water quality.
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S t r e s z c z e n i e
W artykule przedstawiono zagadnienia związane z występowaniem wybranych leków cytostatycznych 
w środowisku wodnym. Dokonano wstępnej charakterystyki najczęściej stosowanych leków cytostatycz-
nych. W oparciu o przegląd literatury wykazano, że związki te występują w środowisku wodnym w nie-
wielkich ilościach i nie ma wiarygodnych badań dotyczących długotrwałego narażenia organizmów wod-
nych na działanie cytostatyków. Wyniki dotychczasowych badań nad stabilnością wybranych cytostatyków 
wykazały, że związki te są wyjątkowo stabilne nie tylko w wodach naturalnych, ale także w warunkach 
panujących w oczyszczalniach ścieków. Mimo stosowania najnowszych technologii w oczyszczaniu ście-
ków, rozpatrywane cytostatyki, w mniejszym lub większym stopniu, przedostają się przez oczyszczalnie 
ścieków i trafiają do wód powierzchniowych, stanowiąc zagrożenie dla ich jakości,

Słowa kluczowe: leki cytostatyczne, cyklofosfamid, ifosfamid, 5-fluorouracyl, ścieki, wody powierzchnio-
we
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1. Introduction

The presence of contaminants of pharmaceutical origin in the aquatic environment is not 
a new issue. In the 1970s, clofibric acid was detected in surface waters in today’s Germany. 
This compound is a metabolite of lipid regulators, including clofibrate and etofibriate. In the 
1980s, the presence of thirty-two other different drugs and their metabolites was detected. 
Up to the year 2007, more than ninety pharmaceuticals have been identified all over the 
world in the seas, lakes, rivers, groundwater, soil and lake sediments [4]. New developments 
in medical and pharmaceutical sciences brought along tens of thousands of pharmaceuticals 
used for the diagnosis, prevention and treatment of numerous diseases and disorders. In many 
cases, once the drug has been introduced to the human body, it undergoes biotransformation 
into predominantly hydrophilic forms in the liver; only in the form of metabolites are the 
drugs excreted by kidneys, which is the major manner of their removal from the body. 
However, the compounds which are not absorbed from the gastrointestinal tractor readily 
soluble electrolytes can pass through the body in an unchanged form [25].

Given the continuous growth of the world’s population, one can expect a gradual increase 
in the demand and consumption of pharmaceuticals; it may be associated with the increased 
presence of these compounds in the aquatic environment. There have been well-known cases 
with a negative impact of pharmaceuticals on animals, including the impact of diclofenac 
(from the group of non-steroidal anti-inflammatory drugs) on kidney failure and the death 
of vultures in Asia [6] or the impact of the synthetic hormone ethinylestradiol (EE2) on 
changes of the sex of fish [8, 9, 15]. Looking at the growing number of people suffering 
from cancer, Cytostatic drugs maybe a potential threat to the aquatic environment. This 
paper attempts to describe the occurrence of some anti-cancer drugs in the environment 
and estimate the efficiency of their removal in wastewater treatment processes.

2. Characteristic of cytostatics

Cytostatics comprise a group of natural and synthetic compounds used widely in cancer 
treatment (chemotherapy) and are toxic to rapidly dividing tumor cells. Since they may 
also be harmful for other rapidly dividing cells (such as bone marrow, hair and mucous 
membranes), the drugs are highly dangerous with many undesirable side effects, such as 
anemia, nausea, vomiting and alopecia. Furthermore, cytostatics exhibit carcinogenic, 
mutagenic and teratogenic effects, and they are therefore considered potentially the most 
dangerous pollutants in the water environment [11, 12]. Currently, some of the most popular 
anti-cancer drugs are cyclophosphamide (CP) and ifosfamide (IF), which are alkylating 
cytostatic agents, and 5-fluorouracil (5-FU), which belongs to a group of antimetabolites.

Cytostatic drugs act differently, depending on the type of drug; but their main role 
is to inhibit or completely block the replication of DNA in the tumor cell. The above- 
-mentioned cytostatics (cyclophosphamide, ifosfamide, and 5-fluorouracil) are not only 
used in chemotherapy of different types of cancers, such as cancer of breasts, bronchial, 
testes, ovaries (CP, IF) and cancer of the digestive system (5-FU) but also in the treatment 
of leukemia, lymphoma and autoimmune diseases. They are also used for immunosuppression 
after organ transplantation (CP, IF) [9].
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3. Cytostatics in water environment

Pharmacologically active substances present in the environment originate from numerous 
different sources, as shown in Fig. 1 [16]. Pharmaceuticals, including cytostatics, are not 
always fully metabolized in the body. The average percentage of original compounds 
excreted in urine in the case of CP, IF, and 5-FU is 21%, 26% and 18%, respectively [2]. 
The use of cytostatics in chemotherapy means that the main source of pollution with these 
compounds is wastewater from hospitals or hospital patients undergoing chemotherapy.

The previous research on biodegradation of alkylating cytostatics (in the 1990s) [1, 5‒7] 
at higher concentrations, as well as the research conducted at lower concentrations in 
Switzerland in 2006 [3], have demonstrated the exceptional resistance of cyclophosphamide 
and ifosfamide to biodegradation in activated sludge. This means that the cytostatic drugs 
pass to the aquatic environment despite the use of advanced treatment technologies. A study 
conducted in Switzerland indicated the presence of CP in the effluent from the Mannedorf 
WWTP (CP = 2 ng/l without chemotherapy at a local hospital, and 10 ng/l when such 
treatment took place) and CP and IF in the effluent from the  Zurich WWTP (CP = 2.1‒4 ng/l 
and IF = 1.7‒6 ng/l) [3]. The same study showed the presence of these compounds in the 
river Limmat, downstream from the Zurich WWTP effluent discharge (CP = 0.15‒0.17 ng/l 
and IF = 0.08‒0.14 ng/l). Other studies have shown that cyclophosphamide concentrations 

Fig. 1. Potential sources and pathways of pharmaceutical pollution in water and soil
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in surface water samples reached the level of 64.8 ng/l [21]. However, along with a growing 
number of cancer cases and a higher consumption of cytostatic drugs, concentrations 
of these substances in the aquatic environment may also increase. Such a trend has been 
confirmed by, for example, studies carried out in Spain, where ifosfamide was detected 
in local surface waters [26]. Cytostatics (CP, IF, 5-FU) were also detected in surface waters 
throughout Taiwan; water samples were taken from rivers located in the regions of Taipei and 
Kaohsiung-Pingtung. In the rivers of the Taipei region, the concentrations of 5-fluorouracil, 
cyclophosphamide and ifosfamide were 5‒70 ng/l, 1.9‒13 ng/l and 1.9‒8.9 ng/l, respectively. 
However, in the rivers of the Kaohsiung-Pingtung region, the concentrations of these 
compounds were 35‒160 ng/l, 0.9‒96 ng/l and 0.1‒4.7 ng/l, respectively [17]. Although there 
are small quantities of these compounds present in the aquatic environment, there is lack 
of reliable research data on the long-term exposure of aquatic organisms to the cytostatics. 
In such situations, the best solution seems to be reduced emissions of these compounds into 
the aquatic environment.

4. Methods

Though cytostatic concentrations in hospital wastewater are sometimes reported at the 
level of µg/l [17], their actual concentrations at the wastewater treatment plant are much 
lower due to dilution. Techniques used for the determination of cytostatics include gas 
chromatography coupled with a mass spectrometer (GC-MS – gas chromatography mass 
spectrometry) [3] and liquid chromatography coupled with a mass spectrometer (LC-MS 
– liquid chromatography mass spectrometry). However, sometimes the detection of very 
low concentrations (ng/l or lower [3, 17]) requires the use of more sophisticated analytical 
techniques with low limits of quantification like high performance liquid chromatography 
HPLC-MS. Another common technique is liquid chromatography coupled with tandem 
mass spectrometry (LC-MS/MS – liquid chromatography-tandem mass spectrometry) [3, 19, 
20, 22] and HPLC-MS/MS [18].

5. Treatment efficiency

If chemotherapy were performed only in hospitals, pretreatment of hospital wastewater 
would sufficiently reduce the amount of anti-cancer drugs discharged to the wastewater 
treatment plant. However, oral chemotherapy is one of the methods of treatment. Undoubted 
advantages of this therapy include the comfort of the patient (treatment at home) and no 
need for continuous hospitalization – this assures a better sense of stability and well-being. 
On the other hand, a significant disadvantage of this solution is the excretion of metabolites 
and parent substances of cytostatics with domestic sewage; in such cases, wastewater cannot 
be pre-treated before its discharge to the treatment plant, this is why it is vital to provide 
efficient treatment and disposal of cytostatics at the municipal wastewater treatment plant.

The study on the stability of cyclophosphamide and ifosfamide showed that 
these compounds are extremely stable, not only in natural waters, but also under the 
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conditions prevailing at the wastewater treatment plants [3, 10, 13, 14, 23, 24]. In the 
case of 5-fluorouracil [17], the authors report the following results of its biodegradation: 
in activated sludge ‒ 38% after 3 days and 65% after 4 days; aerobic biodegradation – less 
than 60% after 50 days. Despite the use of the latest wastewater treatment technologies, 
cytostatics pass through the plants (to a lesser or greater extent) and end up in surface waters. 
Table 1 shows cyclophosphamide and ifosfamide concentrations observed in the influents 
and effluents of sewage treatment plants in the canton of Zurich, Switzerland [3].

T a b l e  1
Concentrations of CP and IF (ng/l) in influents and effluents of treatment plants in the canton 

of Zurich, Switzerland

WWTP Sampling time
Cyclophosphamide Ifosfamide

Influent Effluent Influent Effluent

Mannedorf
20‒23.09.2002 ~4 ~2 < 15 < 2

24‒27.09.2002 11 10 < 15 < 2

Zurich
23.03‒03.04.2005 5 4 5 6

18‒24.2005 2 2.1 ~1.4 1.7

Tests carried out on samples from sewage treatment plants in the region of Taipei 
in Taiwan [17] confirmed the poor removal of cytostatics in the local sewage treatment 
plant; concentrations in the plant influent and effluent were as follows: cyclophosphamide 
280 ng/l and 80 ng/l; ifosfamide 12 ng/l and 15 ng/l; 5-fluorouracil 8.3 ng/l and 10 ng/l.

T a b l e  2
Degradation of CP and 5-FU [18]

Compound Initial 
concentration Method

Residual concentration
[C/C0]

120 min 240 min

5-fluorouracil 200 µg/l

UV ~0.98 ~0.99

UV + ZnO
(mg/l) ~0.55 ~0.38

UV + Aldrich-TiO2
(5 mg/l) ~0.30 ~0.10

UV + Degussa P25
(5 mg/l) ~0.01 ~0.00

Cyclophosphamide 27.6 mg/l

UV + Degussa P25
(20 mg/l) ~0.39 ~0.05

UV + Degussa P25
(300 mg/l) ~0.18 ~0.00
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Since certain cytostatics are resistant to biodegradation, alternative methods of their 
removal from wastewater and natural waters should be investigated. The latest studies on 
the photocatalytic oxidation of cyclophosphamide and 5-FU with e.g. UV/TiO2 [18] show 
the possibility of successful oxidation of these compounds. In this work, the authors used 
HPLC-MS/MS technique to determine CP and 5-FU concentrations; the results have been 
summarized in Tab. 2.

6. Conclusions

– Pharmaceuticals are becoming a serious problem for the well-being of organisms living 
in water that receives the effluent from wastewater treatment plants.

– In many countries, cytostatics have been found in the effluent from wastewater treatment 
plants and surface waters.

– Poor removal of some cytostatics during the treatment process and their high resistance 
to biodegradation suggest the need for other methods to eliminate these compounds from 
wastewater.

– There are no research studies that would clearly indicate the effects of the prolonged 
exposure of organisms to anti-cancer drugs. Therefore, it is difficult to introduce measures 
restricting their emissions into surface waters.

– The introduction of regulations defining the allowed and safe maximum concentrations 
of  substances in the aquatic environment seems to be an urgent task for both the European 
Union and Poland.

R e f e r e n c e s

[1] Benotti M.J., Trenholm R.A., Vanderford B.J., Holady J.C., Stanford, B.D., Snyder, S.A., 
Pharmaceuticals and endocrine disrupting compounds in U.S. drinking water, Environmental 
Science & Technology, Vol. 43, 2009, 597-603.

[2] Booker V., Halsall C., Llewellyn N., Johnson A., Williams R., Prioritising anticancer drugs 
for environmental monitoring and risk assessment purposes, Science of the Total Environment, 
Vol. 473‒474, 2014, 159-170.

[3] Buerge I.J., Buser H.R., Poiger T., Muller M.D., Occurrence and fate of the cytostatic drugs 
cyclophosphamide and ifosfamide in wastewater and surface waters, Environmental Science & 
Technology, Vol. 40, 2006, 7242-7250.

[4] Buntner D., Żabczyński S., Miksch K., Usuwanie farmaceutyków ze ścieków, Chemik, Vol. 60, 
2007, 120-124.

[5] Chen M., Ohman K., Metcalfe C., Ikonomou M.G., Amatya P.L., Wilson J., Pharmaceuticals 
and endocrine disruptors in wastewater treatment effluents and in the water supply  
system of  Calgary, Alberta, Canada, Water Quality Research Journal of Canada, Vol. 41, 2006, 
351-364.

[6] Green R.E., Taggart M.A., Senacha K.R., Raghavan B., Pain D.J., Jhala Y., Cuthbert R., Rate 
of decline of the oriental white-backed vulture population in India estimated from a survey 
of  diclofenac residues in carcasses of ungulates, PLoS ONE 2, 2007.



17

[7] Heberer T., Occurrence, fate, and removal of pharmaceuticals residues in the aquatic 
environmentl a review of recent research data, Toxicology Letters, Vol. 131, 2002, 5-17.

[8] Jobling S., Williams R., Johnson A., Taylor A., Gross-Sorokin M., Nolan M., Tyler C.R., 
van Aerle R., Santos E., Brighty G., Predicted exposures of steroid estrogens in U.K. rivers 
correlate with widespread sexual disruption in wild fish populations, Environmental Health 
Perspectives, Vol. 114, 2006, 32-39.

[9] Kidd K.A., Blanchfield P.J., Mills K.H., Palace V.P., Evans R.E., Lazorchak J.M., Flick R.W., 
Collapse of a fish population after exposure to a synthetix estrogen, Proceedings of the National 
Academy of Sciences of the U.S.A., Vol. 104, 2007, 8997-8901.

[10] Kiffmeyer T., Gotze H.J., Jursh M., Luders U., Trace enrichment, chromatographic separation 
and biodegradation of cytostatic compounds in surface water, Fresenius’ Journal of Analytical 
Chemistry, Vol. 361, 1998, 185-191.

[11] Kummerer K., Drugs in the environment: emission of drugs, diagnostic aids and disinfectants 
into wastewater by hospitals in relation to other sources – a review, Chemosphere, Vol. 45, 2001, 
957-969.

[12] Kummerer K., Pharmaceuticals in the environment, Annual Review of Environment and 
Resources, Vol. 35, 2010, 57-75.

[13] Kummerer K., Al-Ahmad A., Bertram B., Wiessler M., Biodegradability of antineoplastic 
compounds in screening test: influence of glucosidation and of stereochemistry, Chemosphere, 
Vol. 40, 2000, 767-773.

[14] Kummerer K., Steger-Hartmann T., Meyer M., Biodegradability of the anti-tumor agent 
ifosfamide and its occurrence in hospital effluents and communal sewage, Water Research, 
Vol. 31, 1997, 2705-2710.

[15] Lange R., Hutchinson T.H., Croudace C.P., Siegmund F., Schweinfurth H., Hampe P., 
Panter G.H., Sumpter J.P., Effects of the synthetic estrogen 17-alpha-ethinylestradiol on the life- 
-cycle of the fathead minnow (Pimephales promelas), Environmental Toxicology and Chemistry, 
Vol. 20, 2006, 1216-1227.

[16] Li W.C., Occurrence, sources, and fate of pharmaceuticals in aquatic environment and soil, 
Environmental Pollution, No. 187, 2014, 193-201.

[17] Lin A.Y.-C., Lin Y.-C., Lee W.-N., Prevalence and sunlight photolysis of controlled and 
chemotherapeutic drugs in aqueous environments, Environmental Pollution, No. 187, 2014, 
170-181.

[18] Lin A.Y.-C., Lin H.H.-H., Photocatalytic oxidation of 5-fluorouracil and cyclophosphamide via 
UV/TiO2 in an aqueous environment, Water Research, No. 48, 2014, 559-568.

[19] Lin A.Y.-C., Wang X.-W., Lee W.-N., Phototransformation determines the fate of 5-fluorouracil 
and cyclophosphamide in natural surface waters, Environmental Science & Technology, Vol. 47, 
2013, 4104-4112.

[20] Llewellyn N., Lloyd P., Jurgens M.D., Johnson A.C., Determination of cyclophosphamide and 
ifosfamide in sewage effluent by stable isotope-dilution liquid chromatography-tandem mass 
spectrometry, Journal of Chromatography A, Vol. 1218, 2011, 8519-8528.

[21] Moldovan Z., Occurrences of pharmaceutical and personal care products as micropollutants 
in rivers from Romania, Vol. 64, Chemosphere 2006, 1808-1817.

[22] Rabii F.W., Segura P.A., Fayad P.B., Sauve S., Determination of six chemotherapeutic agents 
in municipal wastewater using online solid-phase extraction coupled to liquid chromatography- 
-tandem mass spectrometry, Science of the Total Environment, No. 1, 2014, 792-800.

[23] Steger-Hartmann T., Kummerer K., Hartmann A., Biological degradation of cyclophosphamide 
and its occurrence in sewage water, Ecotoxicology and Environmental Safety, Vol. 36, 1997, 
174-179.



18

[24] Steger-Hartmann T., Kummerer K., Trace analysis of the antineoplastics ifosfamide and 
cyclophosphamide in sewage water by two-step solid-phase extraction and gas chromatography- 
-mass spectrometry, Journal of Chromatography A, Vol. 726, 1996, 179-184.

[25] Świetlik J., Nawrocki J., Farmaceutyki w środowisku wodnym – występowanie, znaczenie 
i usuwanie, Zaopatrzenie w wodę, jakość i ochrona wód, Tom I, XIX Krajowa Konferencja, 
VII Międzynarodowa Konferencja, Poznań‒Zakopane 2006.

[26] Valcarcel Y., Gonzalez A., Rodriguez-Gil J.L., Gil A., Catala M., Detection of pharmaceutically 
active compounds in the rivers and tap water of the Madrid Region (Spain) and potential 
ecotoxicological risk, Chemosphere, Vol. 84, 2011, 1336-1348.


