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Abstract-Urine samples of nursing personnel working in medical oncolou divisions of several 
Swiss hospitals were examinedfor mutagenic activity. Urine samples were concentrated 100 times 

following XAD-P chromatography and mutagenicity was determined using the Salmonella/ 
mammalian microsome assay (Ames test). Apart from the urine samples of patients treated with 
cytostatic drugs and urine samples of nurses who are cigarette smokers, no mutagenic activity could 
be found. Also following exposure to an increased and dejned quant+ of cytostatic drugs no 
mutagenicity could be recoveredfrom the urine. FOUT different nurses worked with cyclophospha- 
mide, methotrexate, 5-Jluorouracil, adriamycin and cis-platinum for 3-4 hr without using any 
protection such as gloves, masks OT a vertical laminar airJlw hood. Aqueous extracts offilters, 
through which air was pumped dun.ng the whole experiment (a personal air-sample7 wasjîxed near 
theface of the testpersons), were non-mutagenic. Parallel to the mutagenicity test chemical analyses 
were also done. The methothrexate content was determined in serum samples and the aqueourjlter 
extracts and urine samples were examined for cis-platinum. Al1 chemical determinations were 
negative. With the aid of urine concentrates of a patient treated with sub-therapeutic doses of 
&ophosphamide as wel1 as with normal urine to which single smal1 amounts of different 
cytostatics (adriamycin, cyclophosphamide, cis-platinum) were added, the detection limits for the 
corresponding cytostatic drugs were determined and found to be in the range of 2-10 mg for 
cyclophosphamide and approx. 10 pg for adriamycin. Cis-platinum was lost dwing the passage 
through the XAD-P columns. With these results at hand the sensitivity of the hitherto preferably 
used method (Ames test) for the monitoring of exposure to cytostatic drugs must be seriously 
questioned. 

INTRODUCTION 
SEVERAL cytostatic drugs are mutagenic [l] and 

may have carcinogenic properties [2,3]. Thercforc, 
nursing and medical personnel handling such com- 
pounds regularly over a long period of timc, espc- 
cially in clinical oncology units, may reprcscnt a 
group with an increased occupational risk. Indeed 
scveral authors publishcd data showing mutagcnic 
activity in urine samples indicating uptake of 
cytostatic drugs [4--71. These results were partly 
confirmcd by thc detcction of chromosomal abcrra- 
tions in cultured peripheral lymphocytcs from ex- 
poscd personnel [8, 91. Detection of cyclophospha- 
midc and cis-platinum in urine samples of nurses 
by chemical analysis furthcr indicated uptakc of 
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antineoplastic agents [lO, 111. It was suggestcd 
that the compounds were to some extent taken up 
by inhalation or ingestion of aerosols [ 12, 131. 
Aerosols can be formed during the transfer of thc 
freshly dissolved drugs into the syringes as a 
consequente of an overpressure in the container 
[ 131. Andcrson et al. [5] and Kolmodin-Hedman et 
al. [ 141 showed that the use of an appropriatc 
protection (gloves, vertical laminar flow cabinct) 
led to an abolition of the previously demonstratcd 
mutagenic activity in the urine. Other studies 
howevcr failcd to demonstratc that urine samples 
of exposed pcrsonnel are mutagenic in thc Ames 
test [ll, 15, 161. 

Due to thc potential uscfulness of the Amcs assay 
for monitoring uptake of cytostatic drugs we have 
screencd the urine of nurses exposcd to different 
quantities of antincoplastic agents. In addition 
cxperimcnts were designcd to define the detection 
limits of the assay. 
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MATERIALS AND METHODS 

Routine exposure to anticancer agents in Saks medical 
oncology wils 

Twcnty-four skillcd nurses from six Swiss medic- 
al oncology divisions, (Zürich, St. Gallen, Bcllinzo- 
na, Bern, Ncuchâtcl, Basel) participatcd in this 
study. In Switzerland no gcncral rccommcndations 
conccrning anticanccr drug exposure cxistcd at 
that timc ( 1983/84). Thc usc of glovcs was allowed. 
Elevcn nurses uscd gloves whilc 13 did not. Thc 
collcction of thc urine samples started with thc 
morning urine to which the following furthcr sam- 
ples were addcd until at least 600 ml were rcached. 
Thc samples of 1 day were poolcd, frozen in 
aliquots of 200 ml and stored at -20°C. Each 
person undcr investigation collected urine during a 
working day and during a duty free day, preceded 
by at least 2 days without any possible exposure to 
cytostatic drugs. The working day was thc third 
day of 3 consccutive days of work, during which as 
many as possible routine manipulations with com- 
monly used cytostatic drugs had taken place. 

Three additional nurses collected 24-hr urine 
during 2 weeks (4 duty free days, 10 working days). 
Each urine sample was kept at O-4°C in the dark 
until the end of the collection period (start with the 
first urine in the morning). The pooled samples 
were finally frozen in aliquots of 200 ml in dark 
plastic bottles and stored until analysis at -20°C. 

Control urine was collected from non-exposed 
office-workers (non-smokers). 

Defned exposition 
Four cxperienced oncology nurses (non-smokers; 

no mcdications) working in four different mcdical 
oncology divisions had to prepare within approx- 
imately 3-4 hr the working solutions for 5 ‘CAP’ 
and 5 ‘CMF’ therapies. Each CAP-solution con- 
sistcd of 1000 mg cyclophosphamide, 50 mg 
adriamycin, 100 mg cis-platinum. The doses for the 
CMF-solutions were 1000 mg cyclophosphamide, 
50 mg methotrexatc, 1000 mg 5-fluoro-uracil. Vials 
with thc smallest dosc were used and the content 
for thc different drugs was: cyclophosphamid 100 
mg, adriamycin 10 mg, cis-platinum 25 mg, 
methotrcxate 50 mg, 5-fluoro-uracil 250 mg. NO 
protection (glovcs, gowns, masks, safety cabinets) 
wcrc used. Twenty-four-hour urine samples were 
collcctcd during 5 consccutivc days starting 2 days 
bcfore thc day of thc experiment. 

Air sampling jlter. During thc wholc cxpcrimcnt 
the test pcrsons wore an air sampling pump 
(capacity 2 l/min) fixed near thc neck for thc 
collcction of potential aerosols and smal1 drug 
particlcs (present in thc inspired air) on thc surfacc 
of the filter (glassfiber; diameter 25 mm; Spcctro 
Glass Fiber; Gclman, MI, U.S.A.). 

Extraction of the air sampling jlter. Thc glassfiber 
filters were extractcd with 4.0 ml 0.1 M phosphatc 
buffer, pH 7.4 during 1 hr at room tcmpcraturc 
(shaking) followcd by sterilc filtration (Millcx-GS; 
Millipor, Molshcjm, France). Of thc filtratc 3.0 ml 
were used for thc mutagcnicity test and 1.0 ml for 
the dctcrmination of the methotrcxat content. 

Determination of the methotrexate and of the cis-platìnum 
content 

The mcthotrcxate content was detcrmincd in 
blood samples (collected immediately after the 
experiment and the ncxt morning) and in thc 
aqueous extracts of the air filters with the aid of a 
fluorescente polarisation immunoassay [24]. The 
analysis for cis-platinum was made in thc 24-hr 
urine samples of days 1 and 3 (the experimcntal 
exposition took place at day 3), measuring thc 
atomic absorption of platinum with a Varian AAS 
875 equipment (Varian, Mulgrave, Australia; de- 
tection wavelength 259.5 nm; maximum tempera- 
ture 2650°C). The samples were pretreatcd with 
ammoniumbromide to avoid the formation of dou- 
ble-peaks during the atomisation process [25]. 

Determinatìon of the detection limit 
Urine of a tumor patient. An informed patient 

under active treatment with cytostatic drugs re- 
ceived fractioned smal1 doses of cyclophosphamide 
prior to his definitive therapy. After a > 2 weck 
interval of no treatment (during which the control 
urine sample was taken) the following increasing 
doses were given in 2-day intervals: 1, 10 and 100 
mg. Immediately before the injection of cyclophos- 
phamide the urinary bladder was cleared and 
approx. 3-4 hr later a spot urine sample was 
collected. 

Additìon of cytostastic agents to control urine. Smal1 
amounts of various commonly used cytostatic 
drugs were added as single doses to pooled control 
urine samples of a non-smoker (with proven abs- 
ence of mutagenic activity). The following amounts 
were separately dissolvcd in 200 ml urine samples: 
cyclophosphamide (0.5, 2, 8, 32 mg), adriamycinc 
(1.25, 2.5, 10,40 p.g) and cis-platinum (0.06,O. 125, 
0.25, 0.5, 1.0 mg). 

Concentration of the urine samples 
The urine samples were thawed and their pH 

adjusted with 2 N NaOH to pH 7.4. Afterwards thc 
samples were filtrated through four layers of paper 
filter (no. 595; Schleichcr und Schüll, Feldbach, 
Switzcrland). The filtratc (200 ml) was loaded on a 
XAD- column (15 X 1 cm; XAD-P particlc sizc 
0.31-1 .O mm; Serva, Hcidclbcrg, West Gcrmany). 
Thc rcsin was washcd scvcral timcs with acctonc 
before packing and chromatographed following thc 
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mcthod of Yamasaki and Amcs [17]. Aftcr thc 
wholc amount of thc urine sample had run through 
the column the resin was washcd with 50 ml HZO 
bidcst. and finally the apolar compounds were 
eluted with two-timcs 15 ml acetonc. The two acetone 
cxtracts wcrc scparatcly cvaporatcd to dryncss 
undcr Ng (passage through sterilc cotton plugs) at 
60°C and the residues were storcd in thc dark at 
-20°C. 

Mulagenicip lest 
The Salmonella/mammalian microsome assay 

was performcd following the mcthods of Amcs el al. 
[ 181. Salmonella @himurium strains TA 1535, TA98 
and TA100 were obtained from B. N. Ames (Uni- 
versity of California, Berkelcy, U.S.A.). 

As an activation system 0.5 ml of 20% (v/v) rat 
liver homogenate (S9) per plate was added. It was 
prepared from a batch of frozen S9 (kept in liquid 
nitrogen at - 196’C) from livers of 200 g malc 
Sprague-Dawley rats trcated with Aroclor 1254 
[ 181. The liver slices were homogenized in 0.01 M 
Tris-HCI buffer with 0.25 M sucrose. The S9 
contained 46 mg/ml protein as was determined by 
the method of Lowry et al. [ 191. For the experi- 
ments without activation 0.25 M sucrose in 0.01 M 
Tris-HCl bufTcr, pH 7.4 instead of S9 was used. 

Thc preincubation method of Yahagi et al. [20] 
was uscd for the samples to which S9 was added. 
For the tests without activation the normal plate 
and trcat test was run. Only for the mutagenicity 
tests of the air filter extracts (50-200 p,l aqucous 
extract per plate) thc preincubation method was 
uscd for al1 tests, with and without addition of S9. 

Thc evaporatcd acctonc eluates of thc urine 
samples loadcd on the XAD- columns wcrc dis- 
solved in 2.0 ml dimcthylsulfoxide (DMSO; Fluks, 
Buchs, Switzerland) corrcsponding to a conccntra- 
tion by a factor of 100. Normally 50, 100 and 200 ~1 
of this urine conccntrate were added per plate. 
Two rcplicatc plates per dosc were incubated. 

As solvent controls 50-200 ~1 DMSO allonc was 
addcd. The following standard mutagens were 
uscd as positivc controls (amounts per platc): 
without activation - 2.5 pg sodium azidc 
(TA1.535, TAIOO), 7.5 p.g nitrofluorcnc (TA98); 
with activation - 5.0 kg benzo(a)pyrcnc (TA98, 
TA 100)) 2.0 mg cyclophosphamid (TA1 535). 

Sodium azidc and cyclophosphamidc wcrc dis- 
solvcd in 100 JLI 0.1 M phosphatc buffer, pH 7.4, 
bcnzo(a)pyrcnc and nitrofluorcnc in 50 p,l DMSO. 
With thc cxccption of cyclophosphamidc (Scrva, 
Hcidclberg, F.R.G.) thc standard mutagcns wcrc 
obtaincd from Fluks (Buchs, Switzcrland). 

For thc dctcrmination of thc colony forming 
units thc cc11 suspcnsion was dilutcd 10” timcs with 
0.85% NaCI. Aliquots of 0.3 ml wcrc mixed with 

6.0 ml top agar supplemented with histidinc (0.05 
mM biotin, 60 pg/ml L-histidine-HCl) and 2.0 ml 
of this suspcnsion was spread over thc surfacc of 
cach of threc rcplicatc minima1 medium platcs. 

Thc mutagcnic effccts of thc positivc controls 
wcrc within thc cxpectcd rangc. Thc dcnsity of thc 
bactcrial cultures was betwcen 1 and 3 X lO!’ 
cells/ml. 

Al1 plates were incubatcd for 2 days at 37°C. Thc 
revertant colonies were markcd and countcd. In 
cases of more than 200 colonics per platc charactcr- 
istic sectors of 1/3 to 1/32 wcrc choscn containing 
between 80 and 120 colonies. Thc mutation factor 
(E, was calculated as the quoticnt bctwccn thc 
total number of revertants on the trcatcd platcs 
divided by the number of spontaneous rcvcrtants 
(solvent controls). Plates with F lralucs > 2 wcrc 
designated as positivc whercas F valucs < 0.7 wcrc 
denoted as the rcsult of bactcricidal rffccts. In 
addition the background growth of thc bacteria 
was checked under a stereo-microscopc. An inhibi- 
tion of the background growth was rclatcd with 
bactericidal effects. 

Routine exposure 
RESULTS 

Six hundred-millilitrc urine samples from 24 
nurses working in six different mcdical oncology 
units were collected on fret days and on working 
days. Because smoking individuals cxcrctc con- 
siderable activities of frameshift mutagcns in their 
urine, only the results of non-smokcrs arc prc- 
sented (Tablc 1). Of 19 urine conccntrates tested 
only two wcrc positivc (TA98 with activation); thc 
samples were collected by two diffcrcnt nurses 
during a duty-free day. Approximatcly onc third of 
thc 18 urine-specimen collcctcd on working days 
had bactcricidal cffccts in case of TA98 (&SS). 
Neither with TA98 nor with T,ilOO could a dis- 
tinct mutagcnic activity be found in the urine 
samples of al1 non-smoking nurses collcctcd during 
working days. Only thc urine conccntratcs of 
cigarettc smoking oncology nurses induccd signi- 
ficant mutagcnic cffccts with TA98 (Tablr 2). Out 
of 10 urine samples obtained from smoking nurses, 
fivc showcd positivc mutagcnic cffccts with thc 
addition of S9 and 2 without activation; onc sample 
was als0 positivc using TA100 with rat-livcr 
homogcnatc. Again about 25% of thr tcstcd urine 
conccntratcs wcrc bactcricidal (TA98, T.4 100; 
+S9). Als0 thc urine samples of paticnts trcatcd 
with cyclophosphamidc ( 1500 mg) or daunomycin 
(75 mg) wcrc positivc (data not shown). Cyc- 
lophosphamid frcatmcnt corrclatcd with 
mutagcnic cffccts in strains TA 1535 and TA100 
(fS9; thc maximum mutation factor (F) was 50 for 
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Table 1. Urine mutagenicity of non-smoking nurses and controls* 

Strain Controls ~XUKWS 

Days off work U’orking days 
Post Tox.: Tot.4 Pos. Tox. Tot. Pos. Tox. Tot. 

+ s911 
TA98 0 0 2 2 3 19 0 6 18 
TA100 0 0 2 0 3 19 0 7 18 
49” 
TA98 0 0 2 0 0 19 0 1 18 
TA100 0 0 2 0 1 19 0 0 18 

* As controls urine samples hom non-exposed office workers were collected (non-smokers). 
t A urine sample is designated as positive if the mutation factor is > 2. 
$ A urine sample is designated as toxic if the mutation factor is < 0.7 or if the hacterial 
background lawn is inhibited. 
3 Total number of tested urine samples. 
I( +S9: with activation; -S9 without activation. 

Table 2. Comparison of the urine mutagenicip of smokers and 
non-smokers (nurses and controls) * 

Strain Smokers Non-smokers 
Pos.t Tox.: Tot.8 Pos. Tox. Tot. 

TA98 
+s9” 5 3 10 2 9 39 
-s9” 2 0 10 0 1 39 
TA100 
+s9 1 2 10 0 10 39 
-s9 0 0 10 0 1 39 

*t:$]\ See footnotes to Table 1. 
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TA1535 with S9; compare Figs. 2 and 3) and 
treatment with daunomycin with mutagenicity in 
TA98 (+S9; the maximum F was 20 with S9). 

In addition 24 hr urine portions were collected 
daily over a period of 2 weeks (working days and 
days ofIJ from three nurses. NO clear corrclation 
between the exposure to cytostatic drugs and thc 
urine mutagenicity could be found. As an cxamplc 
the mutagenic activity (reported as mutation- 
factor F, without and with the addition of rat liver 
S9) of the urine samples of one nurse starting with 
Sunday and followed by the 5 consecutivc working 
days is shown in Fig. 1. Only on working-day 5 a 
weak mutagenic activity was detected with strain 
S.pphimurium TA100 (without S9). There was a 
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Fig. 1. Urine mutagenicity data of a nurse working in a medical oncologr departmcnt. Twentv-four-hour urine samples were collected 
on each day and were stored, concentrated and tested as described in Materials and Methods. 
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Fig. 2. Dctection limit of the mutagenicip assay for cyclophosphamide 
(CYC) using urine samples of a patient. A patient was treated with 
dt@erent subtherapeutic doses of CYC. Spot urine samples were collected 
ajter the treatment and testedfor mutagenicactiui~ with S. typhimurium 

TA100 and TA1535 with addition of rat lieer homogenate. up to 300 ~1 
urine concentrate dissolocd in DMSO was addedperplate. The maximum 
amount shotoed slight&v bactericidal effects (reduced background growth; 
reduced number of spontaneous revertants). For details sec Materials and 

Methods. 

dosc-depcndcnt increasc (50-200 l.~l urine conccn- 
trate per platc) with a maximum F of about 2. 
TA98 showcd only a wcak incrcasc of thc 
mutagcnic activity (F was approx. 1.5 with 200 ~1 
urine conccntrate) and TA1535 was ncgativc. With 
thc addition of S9 al1 thrcc uscd strains remaincd 
ncgativc for thc samc working day 5, in contrast to 
working days 2 and 3 with maximum F valucs 
bctwccn 1.5 and 1.8 for TA98 and TAlOO. Max- 
imum F valucs of approx. 1.5 for TA98 wcrc also 
detected on the duty free day and on working day 1. 

Dejned exposure 
Mutagenicig tests. Al1 tcstcd urine samples of thc 

four nurses who prcparcd 10 standardizcd in- 
travcnous chcmothcrapy combinations during a 
rclativcly short period of timc and with a potcntial- 
ly high risk of cxposurc wcrc ncgativc (TA100 and 
TA98; without and with activation; al1 F valucs 
were < 2). In addition the aqucous cxtracts ofthc 
air filters, worn during thc test pcriod, did’ not 
show any dctcctablc mutagcnic activity using thc 
samc strains and activation conditions (test run 
with prcincubation). 

Chemical analysis. Mcthotrcxatc: NO mcthotrc- 
xatc was dctcctcd (detcction limit: 2 nmol/l) in thc 
nurses blood samples (taken immcdiatcly at thc 
end and 14-16 hr aftcr thc prcparation of thc drug 
solutions) and in thc aqucous cxtracts of thc air 
filters. Cis-platinum: Nonc of thc four urine sam- 
plcs of day 1 (no cxposurc) and day 3 (preparation 
of the drug solutions) containcd any mcasurablc 
amount of cis-platinum (dctcction limit: 2kg/l). 

Detection limit for selected cytostatic drugs 
Cyclophosphamide (CYC). Patient urine: Thc urine 

samples of a patient collcctcd about 3 hr aftcr 
trcatment with subthcrapeutical doses of 1, 10 and 
100 mg of CYC wcrc tcsted for mutagcnic activity 
with TA1535 and TA100 (Fig. 2). Aftcr trcatmcnt 
with 10 and 100 mg of CYC both strains showcd 
positive mu tagenicity; TA 1535 was morc scnsitivc 
comparcd to TA100 (the mutation factor with 200 
~1 urine concentratc per platc was 2 and 10 in case 
of 1 and 10 mg CYC rcspcctively for TA1535 and 
nearly 2 with both doses for TAlOO). Thc urine 
sample of thc smallest dosc (1 mg CYC) showcd no 
induction of rcvcrtants in comparison to thc con- 
trol. Direct addition to control urine: Thc mutagcnic 
activity of a urine sample with no mutagcnic 
activity (control urine) to which 0.5-32 mg CYC 
wcrc addcd is shown in Fig. 3. With 50 ~1 urine 

012 8 32 
mgcydcphosphamideh2G0t-d urMe 

Fig. 3. Detection ltmit of the mutagenicitv assav for qvclophosphamide 
(CYC) using control urine with dtfferent amounts of CYC. Different 
amounts of CYC were dissolued in 200 ml urine with no mutagenic acfiui@ 
(controt urine). The mutagenici[v of urine concentrates (total numbers of 
revertantsperplate) dissolued in DMSO (50 ~1 perptate) was determined 
with S. typhimurium TA1535 and ‘rAlO wi/h addition ofrat lieer 
homogenatefollowing the methods de.scribed in Materials and Methods. The 
mutagenic actiuitv of 2.0 mg CYC which ma.r direct!v added to thep1ate.s is 

al.so .shown. 
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conccntratc per platc thc dctcction limit for 
TA1535 is smaller than 0.5 mg (F valuc 2.9 with 
0.5 mg CYC) and is in the rangc of 2.0-8.0 mg 
CYC for TA100 (F approx. 1.5 for 2.0 mg CYC). A 
comparison with thc mutagcnic activity of 2.0 mg 
CYC which was directly addcd to thc platcs (Fig. 
3) shows that practically no CYC is lost during thc 
urine concentration. 

Adriamycin (ADM). The urine samples to which 
10 and 40 pg of ADM were addcd, yielded positivc 
rcsults (TA98; without the addition of S9; Fig. 4). 
The detcction limit thereforc must bc in thc rangc 
of 10-40 pg ADM dissolved in 200 ml control 
urine. With 200 pl urine concentratc in DMSO 
(control urine containing 10 pg ADM) a mutation 
factor of 1.6 was reached; with 400 pl thc factor 
was 3.4. The recovery of ADM aftcr the XAD- 
chromatography was nearly 100%. 2.0 pg ADM 
freshly diluted induced about 100 revertants per 
plate whereas on platcs with 200 p,l urine concen- 
trate of a sample to whìch 10 pg A had been added 
(this corresponds to 1.0 pg A per platc) 60 rever- 
tants were counted. 

Cis-platinum (DDP). The urine samples contain- 
ing 0.06-1.0 mg DDP showed no mutagenìc activ- 
ity wìth TA98 and TA100 (25-200 pl urine con- 

50 100 200 400 
fi uine concentrate per @ate 

Fig. 4. Detection limit of the mutagenici~ rtssq Jbr adrinrycine 
(ADM). Different amounts of ADM were dìssoloed in 200 ml rontrol 
urine without mutagenic activi@. The direct acting mutagenici& (no 
addition of rat liver homogenate) of urine concenfrates dissolved in DMSO 
(200 ~1 per plate) zuas deterrnined with S. typhimurium TA98 (see 

Materials and Methods). 

ccntratc per plate). Onc hundrcd microlitres of 
urine conccntrate of thc sample with 0.06 mg DDP 
should contain theorctically 6.0 pg DDP, an 
amount yìelding a distinct mutagcnìc cffcct with 
TA98 and TAlOO. Negativc results were also 
obtaincd with a urine conccntrate of a patìcnt 
treatcd with 100 mg DDP. Two hundred millilìtrcs 
of undilutcd urine or the same amount of samples 
dìlutcd lO- or lOO-timcs wìth non-mutagenic con- 
trol urine was chromatographed on thc XAD- 
column. DDP dìrcctly addcd to the platcs served as 
a positive control: 5 pg DDP per plate led to a 4- to 
6-fold incrcase over the control with TA98 and 
TAlOO. 

DISCUSSION 
In a series of consecutive studies, WC were unable 

to demonstrate a correlation bctwccn urine 
mutagenicity and exposure to cytostatic drugs in a 
group of over 20 Swiss oncology nurses. Neithcr in 
the urine samples collectcd during normal working 
periods (spot urine and 24-hr urine) nor in 24-hr 
urine samples taken durìng and followìng a defìned 
drug exposurc, mutagenic actìvity was dctected. 
The weak single posìtìve effect detccted in thc pìlot 
study (Fig. 1; TA100 on day 5) cannot bc rclatcd to 
the preparation of cytostatic drugs of the corres- 
ponding day, because TA1535 which is morc scnsi- 
tive towards cyclophosphamidc (2 g of this drug 
were prepared on working-day 5) was ncgativc. 
Only smoking nurses excreted mutagcnic urine. 
Correspondìng to the finding of Yamasakì et al. 
[17] the mutagenic activity of smokcrs was res- 
trìcted to TA98 (framcshift mutagcns). Thc prc- 
sence of frameshift mutagens in the urine of non- 
smokers (Table 2j could bc rclatcd to mutagenic 
pyrolysatcs which arc formed durìng hcat- 
treatment of food [2 1, 221. Also othcr authors [ 11, 
15, 161 were not able to find a positivc correlation 
between thc occupation with cytostatic drugs and 
mutagcnic actìvity in urine samples of cxposcd 
pcrsonnel, whilc othcrs [4-71 prcsentcd oppositc 
data. 

Therc are diffcrcnt possiblc cxplicatìons for these 
dìscrcpancics. 

1. Falck et al [4] who first published data show- 
ing an enhanccd urine mutagenìcity of nurses 
working with cytostatic drugs used a fluctuation 
assay (growth of thc bacterìa in suspension) in- 
stcad of thc plate assay in thc prcscnt study for the 
detcction of thc mutagenic activity. Espccially for 
promutagcns, which have to be mctabolized by the 
microsomal cnzymcs of thc S9, thc incubation and 
growth of bacteria in suspcnsion togcthcr with thc 
test compound and S9 increases the mutagcnic 
cffccts [20]. Thercforc, a fluctuation assay could bc 
also morc scnsitivc for the dctection of urine 
mutagcns. To test this possibility codcd urine 
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samples of thc dcfincd cxposure study (day 1 and 
day 3 of cach of thc four test pcrsons; concentration 
by XAD- chromatography) wcrc examincd also 
with thc Buctuation mcthod uscd by Falck et al. [4] 
in thc lattcr authors laboratory (P. Einistö at thc 
Institutc of Occupational Hcalth, Helsinki, Fin- 
land). Thc following test strains wcrc uscd: TA98 
(+S9), TA100 (-S9), and E. coli WP2 uvrA 
(+S9). Only onc sample (day 3) out of thc cight 
tcstcd samples was slightly positivc with TA98 
(+S9; possihlc rclationship to nutritional condi- 
tions). This significs that thc ncgativc data of the 
dcfincd cxposure study rcportcd in this paper are 
not a result of thc selcction of thc urine mutagcnic- 
ity test method. 

2. A comparison of the daily amount of different 
cytostatic agents prepared by personnel working in 
a ccntralized hospita1 pharmacy [7] with mcdical 
oncology units, investigated by the present study 
shows several important differences. Considerably 
lcss cytostatic drugs are normally prcpared by one 
person in decentralized units. As an example, thc 
following total amounts were prepared per week by 
cight hospita1 pharmacists [7]: 33 g adriamycin, 
440 g cyclophosphamide, 11 g cis-platinum. Thc 
rcspcctive amounts in the units under investigation 
by thc present study were at least 10 times smaller. 
Thercfore the ncgative rcsults obtained with this 
study might partly be a result of a smaller expo- 
surc, possibly below the detection limit. For this 
rcason an additional experiment was carried out, 
during which the nurses had to dissolve a rclatively 
high amount of hve different cytostatic drugs with- 
in a short period of time without any protection. In 
this experiment plasma and air filter extracts (for 
methotrcxate) as wcll as untreatcd urine samples 
(for ci.r-platinum) were chemically analyzcd in 
addition to thc urine mutagcnicity. The fact that 
nonc of thcsc two compounds could be detectcd in 
any sample supports thc ncgativc urine mutagenic- 
ity data, rrprcsenting morc indirect cvidcncc for a 
lack of rxposurc. Thc limits of detcction for cis- 
platinum (2 p,g/l) and for mcthotrexate (2 nmol/l) 
should be low cnough to detcct cvcn a pcrcu- 
tancous or rcspiratory absorption of smal1 amounts 
of these rompounds. 

3. Thc nrgativc urine mutagcnicity cspccially in 
rclation to thc dcfincd cxposurc study also raiscs 
thc qucstion whcthcr during thc XAD-treatmcnt of 
thc urine, mutagcns might be lost. Dr:o mutagcnic 
activity could bc dctcctcd in the conccntratcd 
samples of urinr to which cis-platinum had been 
addcd and with patient urine (trcatmcnt with 100 
mg cis-platinum) although thc pure compound was 
positivc with TA98 and TA100 [ll. This is most 
probably a rcsult of a loss of thc rclativcly smal1 
polar DDP molcculc upon thc XAD- trcatmcnt as 
described by Vcnitt el nl. [ 111. Thcrcforc thc 
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exposure of nursing personncl working with cis- 
platinum cannot bc adcquatcly dctcctcd by thc 
urine-mutagcnicity mcthod of Yamasaki et al. [ 171. 
In addition .’ thc detcction limit as it was dctcr- 
mincd with this routine-mcthod for cyclophospha- 
mide was rathcr high: approx. 0.5-8.0 mg for the 
urine to which cyclophosphamidc had been addcd; 
about 10 mg in case of paticnt urine. Taking into 
account that only part of thc unmetabolizcd com- 
pound is cxcrctcd by thc rcnal pathway, thc highcr 
dctection limit for the paticnt urine can bc ex- 
plained. But independcntly from thc method to 
detcrmine thc dctection limit it can bc stated that 
the mutagenicity test procedure uscd for this study 
is not scnsitive enough to detcct a cyclophospha- 
mid exposure: taking into account, that only 
about 10% of thc compound is rcnally cxcrcted in 
an unmetabolized form, betwccn 5 and 80 mg of 
CYC had to be taken up. For adriamycin on thc 
other hand the sensitivity of thc test is highcr 
because the compound has a strongcr mutagcnic- 
ity. The detection limit for adriamycin was in thc 
range of 10 kg per 200 ml urine. Bccausc only 
about 5% of thc test compound is cxcrctcd un- 
rpetabolizcd with the urine within 7 days bctwccn 
0.2 and 2.0 mg adriamycin must bc complctely 
absorbed to obtain a positivc urine. This amount in 
fact may bc reached as a rcsult of work exposurc. 
For other mutagenic cytostatics such as chloram- 
bucil and melphalan (L-PAM) we calculatcd a 
detection limit which is approx. 10 mg bascd on thc 
sensitivity of the mutagcnicity test and thc cxcrc- 
tion kinetics. This indicates that smal1 amounts of 
these drugs absorbcd in an acrosol form most 
probably cannot bc dctccted with thc urinc- 
mutagcnicity method. 

4. Another methodological problcm relates to 
thc mode of urine sampling becausc thc cxcrction 
kinetics of thc diffcrcnt cytostatic drugs varics from 
scveral hours to somc days. Falck el al. [4] used 
spot urine collcctcd immediatcly aftcr thc work 
shift whercas Nguyen el al. [7] tcstcd 24-hr urine. 
Using spot urine somc slowly cxcretcd drugs (as fòr 
cxamplc adriamycin) may bc missed whcrcas with 
24-hr urine thc cxcrctcd drugs arc dilutcd. WC 
collccted 24-hr urine portions of thrcc nurses 
during thc routine cxposurc and of the four nurses 
taking part at thc definrd rxposure study; for thc 
dctcction of thc mutagcnicity following routine 
cxposurc, thc morning urine and thc two or more 
following spot urine samples of 24 nurses wcrc 
poolcd. WC spcculatcd that thc drugs cxcrctcd 
slowly would bc found in thc morning urine and 
that thc cytostatics with fastcr cxcrction kinctics 
would br collcctcd in thc spot urine at thc samc 
day. 

Considering thc different mcthodological prob- 
lcms of thc uscd urine-mutagcnicity assay (also thc 
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fact that ccrtain nutritional factors as wcll as 
smoking can cnhance thc urine-mutagcnicity) WC 
fee1 that the mcasurcmcnt of urine mutagcnicity is 
not scnsitive cnough to detect vcry smal1 amounts 
of cytostatic drugs potcntially absorbed or ingcstcd 
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