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ABSTRACT

Urine from individuals without any medication aslas a freeze concentrate of this urine were spikih
carbamazepine, diclofenac, ibuprofen, and clofitaid in concentrations of 10 mg/l each and stdord
363 days in glass bottles under different cond#ia@oncerning temperature, pH, daylight/darkness, an
mechanical agitation. At several times, samplesewiaken from each bottle and subsequent to solideh
extraction (SPE), concentrations of the four phaeuticals were measured by gas chromatographyfhaitte
ionisation detection (GC/FID). In the final sampliethe end of the storage period analysis was pee by
gas chromatography with mass selective detectid®N&). None of the four human pharmaceuticals was
remarkably reduced irrespective of the storage itiond. Only for carbamazepine concentrations ia th
bottles exposed to daylight at room temperaturé hoalytical methods indicated a slightly decregsiend
which was not substantial, however. The resultgesigthat there is need of a technology for phaenmzeal
elimination from human urine to be utilised asifisgr, because some pharmaceuticals are knowe teeby
recalcitrant and they might contaminate the growatdwand even be transferred to crops.
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INTRODUCTION

Yellow water is a splendid lowly contaminated natuertiliser which can contribute to food secuiitypoor
regions. However, it may be contaminated by faligh concentrations of pharmaceuticals. A worsecas
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scenario would be agricultural application of urioé one medicated person on a small area. For
carbamazepine, a daily defined dose of 1 g andal excretion rate of 2 to 3 % together with aydaitcreted
urine volume of 1.25 | will result in predicted aamtrations in the person’s yellow water of 16 4on2g/l. At
present, there is no knowledge - but concern - abptake of human pharmaceuticals by crops. Mongove
agricultural application of pharmaceutical-contaaéd urine may lead to groundwater contaminatidme T
antiepileptic carbamazepine, the antiphlogistiagpibfen and diclofenac, as well as clofibric at¢hg active
metabolite of a couple of antilipidemic agents likg. clofibrate, have been detected in Germannghoater
samples and were therefore selected for this study.

Several yellow water treatment processes have lmarstigated for their suitability to remove human
pharmaceuticals: Ozonation (Gulyas et al. 2007,ysguand Funamizu 2005), electrodialysis (Pronklet a
2006a), nanofiltration (Pronk et al. 2006b), stesanpping (Tettenborn 2007), vacuum distillatiore{fenborn
2007), UV irradiation (Tettenborn 2007). Howevédrede processes are sophisticated high-tech precasde
energy-consuming (Gulyas et al. 2007, Tettenbo@720Therefore, the storage of urine as a simpbegss
leading to hygienisation by pH augmentation dueuteolysis was investigated with respect to human
pharmaceuticals removal by Butzen et al. (2005}h&ir study it was shown that diclofenac and ttchine
were efficiently removed during a six months steragriod at pH 2, while sulfamethazine and sulféiawed!
concentrations were decreased by 30 % (initial eotrations of pharmaceuticals: 0.1 mg/l). It habemoted
that for decreasing the pH of stored urine a higloant of acid is required because of the reasorakddinity

of yellow water subsequent to complete ureolysighe neutral range, only tetracycline was redumnedbout
20 %, while at pH 9 tetracycline was reduced by®380 %, sulfamethoxazol by 20 to 30 % and ibuprafed
carbamazepine by about 15 % within 6 months (Bu&teal. 2005).

In order to get some information about the behawibpharmaceuticals present in urine under worse ca
conditions (high concentrations), yellow water spikwith the four selected substances in conceotratof
10 mg/l each was stored under different conditifimsa year and the pharmaceuticals concentraticere w
analysed several times during the storage period.

MATERIALS AND METHODS

Urine was collected from volunteer unmedicated dendhe collected urine samples were combined. A pa
of this mixture was freeze-concentrated threefaldoading to Gulyas et al. (2004). Original urineldreeze
concentrate were spiked with carbamazepine, dickafeibuprofen, and clofibric acid in concentrasiaof

10 mg/l each. The spiked urine as well as the spidancentrate were divided into 1 litre portiondakhwere
stored in glass bottles for 363 days in the dawdifégrent temperatures (4°C, 20°C, room tempeeatiarying
between 12 and 38°C) and different pH (4, 7 and TB§ bottles were not agitated during storagey(pribr

to sampling the bottles were vigorously shakenppkone set stored at room temperature placed gnetia
stirrers. One non-agitated set of bottles was @&tbto stand at room temperature in translucens dattles
close to the laboratory window for investigating tinfluence of daylight. Samples were taken sevéras
during the storage period. Pharmaceuticals werkysethby solid phase extraction (SPE) with absdiXNS
cartridges (Varian) and gas chromatographic armlgithe SPE methanol eluates with flame ionisation
detection (GC/FID) subsequent to derivatisation a@bfibric acid, diclofenac and ibuprofen with
trimethylsulfonium hydroxide (TMSH) directly in thiajector; for details see Gulyas et al. (2007)r Bb
gaschromatographic analyses dihydrocarbamazepiseused as a surrogate standard. Each sample teken a
the end of the storage period was analysed by GCIW& following target ions were used for identtion in
GC/MS analyses: m/z = 128 (clofibric acid), m/z 611(ibuprofen), m/z = 214 (diclofenac), m/z = 193
(carbamazepine), m/z = 195 (dihydrocarbamazepine).

RESULTS AND DISCUSSION

In general, the results showed that none of theedepharmaceuticals was substantially removed fitoen
spiked yellow water during a several months stogegiod under all investigated storage conditiorise
variation of GC/FID data were larger than or atsteia the same range as the decrease of pharneadeuti
concentrations after 363 days (see fig. 1 for tharmaceutical carbamazepine). No or at the besginsr
pharmaceutical removal was corroborated by the GBCAvialyses of the samples taken after 363 d storage
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resulting in pharmaceutical concentrations as haghthe initial concentrations regardless of theag®
conditions. The GC/MS analyses were more relialleabse the peak identification by selective targes
was more secure than by the nonspecific FID sigimalkhie very complex organic matrix of urine. Innao
spiked urine blanks no pharmaceuticals were ddikctsy GC/MS.

Interestingly, carbamazepine concentrations inoyelvater stored in translucent glass bottles atwtimelow
(“daylight” in fig. 1) measured by GC/MS slightledreased within the storage period at each invstigpH.
This small decreasing trend of carbamazepine carate@ms was also observed at at all tested pHesmgth
spiked threefold freeze concentrates of yellow wabeposed to daylight in translucent bottles (diaté
shown). However, the decrease was very small (ab0@o within one year) and might also be attributed
analytical errors (e.g. with volume dosing wheniaddsurrogate standard solutions etc.). Moreovewais
confusing that the photolabile substance diclofatidaot show this behavior (except for storagdagtight at
pH 4; data not shown). On the other hand, Chircal.§2006) demonstrated that carbamazepine wasded
by UV irradiation when high chloride concentratiom&re present. They attributed the carbamazepine
degradation to a radicalic mechanism caused byirttegaction of UV photons, P& and chloride ions.
However, the Duran glass bottles together withvimelow glass panes cannot be looked at as UV-uiaast.
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Figure 1 — Carbamazepine (CZ) concentrations in sked non-concentrated urine during a 363 d storage

period at different pH at room temperature in brown glass bottles (left) and translucent glass bottles
(right); open squares: analysed by GC/FID; dark sqgares: initial concentration constituted by weighing
and sample at the end of storage period analysed IGC/MS
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There is some contradiction between the data pteddrere and the results of Butzen et al. (2006)zéh et

al. (2005) found an efficient diclofenac removal digring urine for six months at pH 2, but in tetsidy no
removal of the investigated pharmaceuticals — antbeg also diclofenac — was observed. This might be
explained by the hypothesis that diclofenac is dieagaat pH 2, while pH 4 may not be sufficientlyidic for
diclofenac decomposition. That ibuprofen and cardueepine concentrations were reduced by about 16 % i
the investigation of Butzen et al. (2005), but imothe study presented here at an even higher pHrefar to

the different initial pharmaceutical concentratig@sl mg/l vs. 10 mg/l). Moreover, analytical es@annot be
excluded for the study of Butzen et al. (2005),eesly as the decrease of carbamazepine and ifmmpro
concentrations was relatively small in their invgestion.

CONCLUSION

At least high concentrations (10 mg/l) of the fawestigated human pharmaceuticals are not reddasdg
storage of yellow water at pH 4, 7 or 10 irrespertdf the storage temperature. Influence of daylim
carbamazepine was in the range of data variatiohtlaums not reliably ascertained, although obseiveall
samples exposed to daylight. It has therefore todmsidered that pharmaceuticals contained in wéreved
from small collectives with several persons undeditation can be transferred to groundwater orréps
when the yellow water is utilised as fertiliser.idtthus important to find an economic processrémnoving
pharmaceuticals from yellow water which is alsosfbke for rural sites with decentralized ecological
sanitation.
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