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Abstract Cytostatic drugs are used in cancer therapy.

They can enter hospital wastewater due to excretion by

patients undergoing chemotherapy. Little attention has been

paid to these drugs in China even though their usage is high.

The effluents of 21 hospitals of different size in Beijing,

China, were investigated on 1–7 different days. Nine

cytostatic compounds (methotrexate, azathioprine, doxo-

rubicin, doxorubicinol, vincristine, ifosfamide, cyclophos-

phamide, etoposide, and procarbazine) were tested. Of the

65 effluent samples analyzed, the median concentrations for

methotrexate, azathioprine, ifosfamide, cyclophosphamide

and etoposide were 17, 15, 151, 100 and 42 ng/L, respec-

tively. Doxorubicin, doxorubicinol, vincristine and procar-

bazine were not detected in this study. These results

suggested that the hospital effluents are an important source

of certain cytostatic drugs in aqueous environment.
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Recent studies have demonstrated that cytostatic drugs can

exert carcinogenic, mutagenic and/or teratogenic effects in

experimental animals and humans (Falck et al. 1979;

DeMéo et al. 1995; Santos and Pacheco 1995; Jackson

et al. 1996; Zhiyi and Haowen 2004; IARC 2008). Such

adverse effects, in principle, may also be expected to occur

in aquatic organisms such as fish.

The use of these drugs in hospitals for cancer therapy

has increased considerably in the past decades due to the

steady increase in the number of cancer patients world-

wide. After administration, most of these agents are

incompletely metabolized in the body. They can therefore

enter hospital wastewater in their active forms via the urine

and feces of patients undergoing chemotherapy (Turci et al.

2003). Discharges of effluents from hospitals usually reach

the municipal sewage system after simple disinfection.

Hospitals should therefore be considered to be the most

important point sources of cytostatic drugs in the aqueous

environment. The occurrence of these drugs in hospital

effluents can serve as a starting point to monitor their fate

in the environment.

The occurrence of cytostatic drugs in hospital effluents

in Europe has been documented (Steger-Hartmann et al.

1996; Kümmerer 2000; Mahnik et al. 2007). Several

studies examined the residues of some cytostatic agents in

sewage treatment plant (STP) effluents and surface waters.

Methotrexate, cyclophosphamide and ifosfamide were

shown to be present in STP effluents at the level of nan-

ograms per liter (Kümmerer et al. 1997; Steger-Hartmann

et al. 1997; Castiglioni et al. 2005; Buerge et al. 2006).

Cyclophosphamide was also found in lake water at a

concentration of 0.07 ng/L (Buerge et al. 2006). These

exposure concentrations are several orders of magnitude

lower than the concentrations at which acute toxicological

effects have been reported for aquatic organisms (Santos

and Pacheco 1995; Matsumoto and Cólus 2000). However,

studies on the chronic effects of these drugs on aquatic

organisms are lacking. These compounds have a very

potent mechanism of action (inhibiting the growth and

division of cells) and often exhibit carcinogenic, mutagenic
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or teratogenic properties (IARC 2008), so their presence in

the aquatic environment should not be ignored.

According to the Chinese Ministry of Health (MOH),

2.1 million cancer cases were estimated for the year 2000,

and this figure was expected to increase by 14.6% by

2005 (Chinese Ministry of Health 2002). Therefore, the

consumption of cytostatic drugs in China should be very

large. However, most of the surveys charting the occur-

rence of these pharmaceuticals were done in Europe; little

work has been carried out in China. The pattern and level

of use of these pharmaceuticals varies between countries,

so the levels of these drugs in hospital effluents may be

different in China. A preliminary survey based on an

established ultra-high-performance liquid chromato-

graphy-electrospray ionization-tandem mass spectrometry

(UPLC-ESI–MS/MS) method for determination of nine

cytostatic compounds in hospital effluents in Beijing,

China, is presented. This is the first survey on the

occurrence of cytostatic drugs in the aqueous environment

in China.

Materials and Methods

Twenty-one hospitals in Beijing were chosen to assess the

occurrence of target pharmaceuticals in their effluents.

Detailed information on hospital accommodations, outflow

rates, and the type of each hospital is shown in Table 1.

Grab sampling at the same time each day was the only way

to collect effluent samples because composite sampling

during a certain period was not permitted by the hospitals

investigated. Effluent samples were collected in glass

bottles at 16:00 h on 1–7 different days in December 2008

and January 2009. Glass bottles were pre-rinsed several

times with ultrapure water in the laboratory, and rinsed

with sample water on site. On arrival in the laboratory,

samples were filtered through a GF/A glass fiber membrane

(1.6 lm; Whatman, Maidstone, Kent, UN) immediately for

purification. Water samples were extracted within 24 h to

avoid degradation.

We chose eight cytostatic drugs based on their frequent

use in hospitals and ease of analyses: methotrexate, aza-

thioprine, doxorubicin, vincristine, ifosfamide, cyclophos-

phamide, etoposide and procarbazine. Doxorubicinol, the

toxic metabolite of doxorubicin, was also studied. These

pharmaceuticals were purchased from Sigma–Aldrich (St.

Louis, MO, USA) at the highest available purity ([99%). A

stock standard solution of methotrexate was prepared in

methanol–water (50:50, v/v) containing 0.01 M hydro-

chloric acid. Standard stock solutions of the other drugs

were prepared in methanol. Common dosages of these

drugs and their estimated excretion rates in humans are

listed in Table 2.

Acetonitrile and methanol were of high-performance

liquid chromatography (HPLC) grade and purchased from

Fisher Scientific (Fair Lawn, NJ, USA). Ultra-pure water

was obtained by using an in-house Milli-Q� ultrapure

water system (Millipore, Bedford, MA, USA) at a resis-

tivity of 18.2 MX/cm. HPLC-grade formic acid (HCOOC,

99%) was purchased from Acros Organics (Bridgewater,

NJ, USA). Sodium hydroxide (NaOH), hydrochloric acid

(36% HCl) and ammonia (25–28% NH3) were of analytical

grade and obtained from Beijing Chemical Company

(Beijing, China). Glassware was rinsed with HPLC-grade

methanol and ultrapure water. It was then baked in a muffle

furnace at 400�C for 4 h before use to avoid contamination.

The procedure for sample preparation was the one pre-

viously established by our research team (submitted to

Journal of Chromatographic Science, accepted). Briefly,

sample extraction was done with an Oasis HLB (200 mg,

6 mL) cartridge (Waters, Milford, MA, USA). The cartridge

was pre-conditioned with 6 mL methanol and 6 mL ultra-

pure water (pH 2). One-hundred milliliters of acidified

sewage (pH = 2) was passed through a HLB cartridge at

5 mL/min under vacuum. An additional 5 mL of acidified

water (pH = 2) was applied to wash the cartridge wall,

which was then washed with 3 mL methanol–water (30:70,

v/v). The drugs were eluted from the cartridge by 6 mL

methanol–water (80:20, v/v). The eluate was dried under a

gentle stream of nitrogen. The residual was reconstituted in

500 lL methanol, and diluted to 2 mL with water. For fur-

ther purification, this extract was applied to an Oasis WAX

cartridge (150 mg, 6 mL) conditioned with 6 mL methanol

and 6 mL water. Target compounds were eluted consecu-

tively with 7 mL methanol–water (60:40, v/v) and 5 mL

methanol–water (40:60, v/v) containing 0.1% formic acid.

The elution solvent was evaporated to dryness with nitrogen

and dissolved in 500 lL methanol–water (50:50, v/v).

Pharmaceuticals were separated on an ACQUITY

UPLCTM BEH C18 column (2.1 mm 9 150 mm, 1.7 lm)

using an ACQUITY Ultra Performance LC system from

Waters Company. LC analyses were done with 0.01%

formic acid in ultrapure water as eluent A and acetonitrile

as eluent B at a flow rate of 0.3 mL/min. Gradient condi-

tions were as follows: 0–2.50 min, linear from 5 to 35% B;

2.50–4.20 min, linear from 35 to 70% B; 4.20–4.50 min,

linear from 70 to 100% B; 4.50–6.50 min, isocratic 100%

B; 6.50–7.00 min, linear from 100 to 5% B; 7.00–

10.00 min, isocratic 5% B. The oven temperature of the

column was 40�C. An injection volume of 10 lL was used.

Under the LC conditions above, column effluent was

monitored by a Waters Quattro Premier XETM triple

quadrupole mass spectrometer equipped with an ESI

interface operated in the positive mode. Nitrogen gas was

used as the cone and desolvation gas at the flow rates of 50

and 650 L/h, respectively. Source temperature and
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desolvation temperature were 100 and 450�C, respectively.

The capillary voltage was 3.0 KV. During tandem mass

spectrometric analysis, argon was the collision gas, and the

pressure of the collision chamber was 3.3 9 10-3 mbar.

Sample acquisition was made in multiple-reaction moni-

toring mode, with dwell time varying between 50 and

500 ms depending on the compound. The selection of

precursor and production ions, cone voltage, and collision

energy for each compound was optimized individually to

achieve maximal sensitivity. For each drug, two transitions

were selected for identification but only one was used for

quantification.

Absolute detection limits were in the low ng/L range.

Performance of the entire analytical procedure was esti-

mated using spiking samples of all target compounds, with

recoveries ranging from 51 to 105% and a relative standard

deviation of 2–20%. Detection limits were estimated to be

2 ng/L for cyclophosphamide, ifosfamide and methotrex-

ate; 5 ng/L for etoposide, azathioprine and procarbazine;

10 ng/L for doxorubicin and doxorubicinol; and 20 ng/L

for vincristine.

Results and Discussion

The concentrations of nine cytostatic compounds in 65

sewage samples were determined over several days to

provide a preliminary overview of the occurrence of these

compounds in the effluents of 21 hospitals in Beijing,

China. Methotrexate, azathioprine, cyclophosphamide,

Table 1 Hospital

characteristics

N.A. not available

Hospital Accommodation

(number of beds)

Outflow rate

(m3/day)

Hospital type

A 1008 N.A. General

B 550 N.A. General

C 150 N.A. Tibetan and ethnic medicine

D 1200 N.A. General

E 1315 1748 General

F 1100 1980 General

G 1800 3312 General

H 1062 1423 General

I 500 N.A. Chinese medicine

J 575 N.A. Chinese medicine

K 400 560 General

L 700 560 General

M 1420 N.A. General

N 400 N.A. Pediatric

O 600 N.A. Obstetrics and gynecology

P 1200 N.A. Cancer

Q 545 615 Cancer

R 139 N.A. General

S 350 N.A. Chinese medicine

T 250 300 General

U 970 1183 Pediatric

Table 2 Dosages and excretion

in urine of unchanged cytostatic

drugs

a Taken from rxlist

(www.rxlist.com)
b Taken from the literature

(McVie and Schwartsmann

1995)

N.A. not available

Substances Dosages (mg/m2 body

surface per day)a
Excretion

(percentage of dose)a

Methotrexate 3.3–30.0 60–95

Azathioprine 50–100 Almost none

Doxorubicin 30–75 5–20b

Vincristine 1.5–2.0 N.A.

Cyclophosphamide 700–2800 5–25

Ifosfamide 1000–5000 12–61 (dose dependent)

Etoposide 35–100 25

Procarbazine 50–100 Almost none
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ifosfamide and etoposide were found in the water samples

of at least one hospital, whereas the other drugs (doxoru-

bicin, doxorubicinol, vincristine, and procarbazine) were

not detectable in any of these samples. Detected pharma-

ceuticals entered hospital effluents at levels of 4–10647 ng/

L (Table 3). Figure 1 shows the LC–MS/MS chromato-

grams of five drugs found in effluent samples.

Cyclophosphamide and ifosfamide were the most abun-

dant pharmaceuticals. They were present in most of the

hospital effluents investigated in the present study. Cyclo-

phosphamide was present in 47 out of 65 effluent samples,

and the concentrations ranged from 6 to 2000 ng/L (median,

100 ng/L). Ifosfamide was detected in 38 of 65 samples with

concentrations ranging from 4 to 10647 ng/L (median,

151 ng/L). These concentration values are comparable

with those described by Steger-Hartmann and Kümmerer

in Germany (Steger-Hartmann et al. 1996; Kümmerer

2000), who reported concentrations of 20–4500 ng/L for

Table 3 Concentrations of selected cytostatic drugs in effluent samples taken from 21 hospitals on 1–7 days

Hospital Sampling date Concentrations (ng/L)a Ifosfamide Methotrexate Etoposide Azathioprine

Cyclophosphamide

A 14 Jan 2009 6 \2 \2 51 \5

15 Jan 2009 432 4 \2 \5 \5

16 Jan 2009 36 17 \2 \5 \5

B 14 Jan 2009 53 384 \2 \5 \5

15 Jan 2009 \2 9 \2 \5 \5

16 Jan 2009 9 25 \2 \5 \5

C 14 Jan 2009 1116 \2 19 \5 \5

15 Jan 2009 827 \2 \2 \5 \5

16 Jan 2009 800 \2 \2 \5 \5

D 14 Jan 2009 45 \2 6 \5 \5

15 Jan 2009 62 \2 \2 \5 \5

16 Jan 2009 38 \2 4 \5 \5

E 14 Jan 2009 62 447 \2 \5 \5

15 Jan 2009 225 195 \2 6 \5

16 Jan 2009 18 \2 \2 \5 \5

F 14 Jan 2009 119 39 \2 42 \5

15 Jan 2009 71 \2 10 120 \5

16 Jan 2009 1717 1053 \2 \5 \5

17 Jan 2009 247 44 \2 \5 \5

G 11 Dec 2008 2000 268 11 \5 \5

14 Jan 2009 291 164 \2 \5 \5

15 Jan 2009 242 192 \2 \5 \5

16 Jan 2009 95 281 \2 \5 \5

H 14 Jan 2009 36 10 \2 \5 \5

15 Jan 2009 \2 \2 \2 \5 \5

16 Jan 2009 23 17 \2 \5 \5

I 14 Jan 2009 \2 \2 \2 \5 \5

15 Jan 2009 \2 \2 \2 \5 \5

16 Jan 2009 \2 \2 \2 \5 \5

J 14 Jan 2009 \2 \2 \2 \5 \5

15 Jan 2009 \2 \2 \2 \5 \5

16 Jan 2009 \2 \2 \2 \5 \5

K 14 Jan 2009 41 7 \2 \5 \5

15 Jan 2009 \2 \2 \2 \5 \5

16 Jan 2009 \2 \2 \2 \5 \5

L 14 Jan 2009 65 124 \2 57 15

15 Jan 2009 57 46 \2 40 9

16 Jan 2009 55 67 \2 37 32
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cyclophosphamide and 6–1900 ng/L for ifosfamide. The

relatively high occurrence and concentrations of these two

cytostatic agents in hospital effluents may be attributed to

their frequent use in the chemotherapy of various cancers

(bronchial, breast, ovarian; lymphoma, leukemia), treatment

of autoimmune disease, and as immunosuppressants after

organ transplantations (Zhang et al. 2005). The administered

doses of the two oxazaphosphorines are usually much higher

than the others (Table 2).

Methotrexate, etoposide and azathioprine were detect-

able in a few effluents, but they were not as widespread as

cyclophosphamide and ifosfamide. Methotrexate was

observed in only 21.5% of samples at a maximal level of

4689 ng/L, which was the second-highest concentration

observed in this study, but the 80-percentile value was

already decreased to 245 ng/L. Etoposdie was detected in

15 effluent samples with concentrations ranging from 6 to

380 ng/L (median, 42 ng/L). Azathioprine was detected in

three samples collected from the same hospital on three

different days at low ng/L level. Azathioprine is exten-

sively converted to 6-mercaptopurine in the blood and not

detectable in urine after 8 h (Van Os et al. 1996), so its

appearance in effluents is probably due to improper dis-

posal of unused medications in the drains of that hospital.

The occurrence of these three cytostatic compounds in

hospital effluents has not been reported before.

Doxorubicin in the effluents from a cancer hospital was

investigated, and concentrations ranging from 0.26 to

1.35 lg/L were observed (Mahnik et al. 2007). Neither

doxorubicin nor its toxic metabolite doxorubicinol was

detectable in any of the samples collected in the present study.

Vincristine and procarbazine were also not observed. Their

absence may be attributed to the low usage of these drugs in

the hospitals investigated and/or the low excretion rates of

unchanged drugs (particularly procarbazine, see Table 2).

Most of the wastewater from these hospitals was treated with

Table 3 continued

Hospital Sampling date Concentrations (ng/L)a Ifosfamide Methotrexate Etoposide Azathioprine

Cyclophosphamide

M 14 Jan 2009 127 \2 \2 \5 \5

15 Jan 2009 368 70 \2 18 \5

16 Jan 2009 79 138 \2 62 \5

N 14 Jan 2009 1011 5 4689 49 \5

15 Jan 2009 51 59 91 56 \5

O 14 Jan 2009 \2 40 46 \5 \5

15 Jan 2009 76 4 4 \5 \5

16 Jan 2009 \2 350 \2 34 \5

P 8 Dec 2008 100 1400 \2 \5 \5

11 Dec 2008 680 1329 \2 \5 \5

16 Dec 2008 27 1300 \2 \5 \5

18 Dec 2008 430 2500 \2 \5 \5

14 Jan 2009 369 3400 \2 \5 \5

15 Jan 2009 271 1894 7 \5 \5

16 Jan 2009 138 2594 \2 \5 \5

Q 13 Dec 2008 1900 10647 3000 380 \5

15 Jan 2009 1872 1188 29 \5 \5

16 Jan 2009 1817 1663 \2 \5 \5

R 15 Jan 2009 46 112 14 29 \5

16 Jan 2009 12 \2 \2 \5 \5

S 14 Jan 2009 \2 \2 \2 \5 \5

15 Jan 2009 \2 \2 \2 \5 \5

16 Jan 2009 \2 \2 \2 \5 \5

T 14 Jan 2009 \2 \2 \2 \5 \5

15 Jan 2009 \2 \2 \2 \5 \5

16 Jan 2009 \2 \2 \2 \5 \5

U 16 Jan 2009 253 \2 245 33 \5

a The following pharmaceutical compounds in all samples were below the limit of detection: procarbazine \5 ng/L, doxorubicin \10 ng/L,

doxorubicinol \10 ng/L, vincristine \20 ng/L
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chlorine disinfection before discharge. These drugs may

therefore be partially or completely transformed, and the

concentrations in effluents below the limits of detection.

Table 3 shows the distribution of detected drugs in the

effluents of different hospitals. The drugs tested were

mostly detected in samples collected from large hospitals

or cancer hospitals specializing in tumor treatment. For

these hospitals, the total loads of cytostatic drugs released

into wastewater were usually much greater, so the con-

centrations of the drugs in their effluents could be higher

than smaller hospitals. In the samples of hospitals F, P and

Q, cyclophosphamide and ifosfamide were observed up to

lg/L level, much higher than those detected in the small

hospitals K, R and T. There were some exceptions, such as

hospitals C, D and H. In the case of hospitals D and H, their

use of large amounts of drugs may be partially counter-

acted by their higher consumption of water compared with

smaller hospitals, and the final concentrations of cyclo-

phosphamide and ifosfamide in their effluents was not very

high. The daily consumption of water of hospital C (only

150 beds) should be much less, so the unchanged cyclo-

phosphamide reached the effluents with comparatively lit-

tle dilution and its final concentrations were near or up to

the lg/L level. Drug occurrence was also distinctly influ-

enced by the patterns of pharmaceutical use, which varied

considerably among hospitals. This could explain why the

detected drugs, particularly the less prevailing ones (i.e.,

etoposide, methotrexate, azathioprine), were undetectable

in any effluent samples. For the samples from hospitals I, J

and S, none of the investigated drugs were detected, indi-

cating their infrequent use in the hospitals investigated.

Drug concentrations measured for the same hospital could

differ between a low ng/L and lg/L range on different days

(e.g., ifosfamide concentrations measured in samples from

hospitals F and Q, and methotrexate concentrations mea-

sured in samples from hospitals N and Q). This phenom-

enon was similar to that reported by Mahnik et al. (2007),

and was probably due to the high variability of the con-

sumption of water and drug between hospitals. In the

current study, the administered amounts of drugs on the

sampling days were not accessible to us, and the mean rates

of outflow were available only for a minority of hospitals.

Predicted concentrations of the tested drugs in effluent

samples could therefore not be calculated.

In conclusion, the present study demonstrates the

occurrence of several cytostatic drugs (methotrexate, aza-

thioprine, cyclophosphamide, ifosfamide and etoposide) in

the effluents of hospitals located in Beijing, China. These

drugs were subsequently discharged into a communal

sewer, and then may be released into surface waters after

treatment in STPs. Additional work should be carried out to

elucidate levels of these drugs in STPs and surface waters.

Determining the levels of other frequently used cytostatic

drugs not tested in the current study would be beneficial.
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