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Trace Determinations of Emerging Water Pollutants: Endocrine Disruptors,
Pharmaceuticals, and Specialty Chemicals*

Environmental analysis aims to identify and quantify contaminants found in trace quantities in various
compartments of the environment. The objective of this one-day meeting was to review significant new
developments and applications made in the aquatic environment including wastewaters, natural waters (rivers,
lakes, ground water) and drinking water.
An important issue which has emerged over the last few years is the potential risk caused by endocrine-
disrupting environmental chemicals. The challenge for the analytical chemist is to carry out real-world
measurements to provide a reliable basis for exposure and risk assessment. The determination of pharmaceuti-
cals and their metabolites was the focus of the morning session, chaired by Dr. Suter.
The afternoon session was then devoted to hydrophilic organic pollutants originating from the use of different
specialty chemicals. State-of-the-art analytical techniques were discussed, with the emphasis on surfactants,
surfactant metabolites, and concrete admixtures (Chairman: Prof. Giger). Abstracts by the authors are given
below.
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Novel Methods for the Determination of
Pharmaceuticals in the Aquatic Environment using
LC-Electrospray Tandem MS

Thomas A. Ternes
ESWE-Institut fUr Wasserforschung und Wassertechnologie,
Soehnleinstrasse 158, D-65201 Wiesbaden, Germany

To date only a few investigations have been published about the
assessment of the environmental relevance of pharmaceuticals,
although tons of these compounds have been used every year
over the past decades. In Germany, for example, up to 100 tons
of individual drugs are prescribed annually. In general, no
analytical methods are available for environmental matrices that
allow limits of quantification (LOQ) down to the ng/I range.
Therefore, in our laboratory, analytical procedures were elabo-
rated for a total of 84 pharmaceuticals and metabolites, enabling
the simultaneous determination of polar drug residues belonging
to different medicinal classes such as lipid regulators, antibiotics,
estrogens, and metabolites in both sewage and drinking water.
Several methods were used for the determination of drugs and
their metabolites in the lower ng/l range using solid-phase
extraction, derivatization, detection and confirmation by GCI
MS and GC/MS/MS or specifically LC-electrospray/MS/MS. A
first multi-method which has been developed, allows the deter-
mination of betablockers and .B2-sympathomimetics as well as
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neutral drugs like diazepam or carbamazepine at concentrations
in the ng/l range after a joint solid-phase extraction detection
using detection by GC/MS or LC-electrospray/MS/MS. A sec-
ond multi-method allows determination down to the lower ng/l
range of acidic drugs possessing one carboxylic moiety and
additionally in some cases one or two hydroxy groups. The third
method emphasizes the efficiency of LC-electrospray tandem
MS detection, because 18 antibiotics can be analyzed simultane-
ously after lyophilization without any further cleanup step.
Finally, contrast media were determined after SPE using LC-
electrospray tandem MS detection down to 10 ng/l.
36 of 55 pharmaceuticals and five of nine metabolites were
quantified in at least one sewage treatment plant (STP) effluent.
In general, the removal rates in the investigated municipal STP
exceeded 60%. In 40 German rivers and streams, 3 J pharma-
ceuticals and five metabolites were quantified in at least one
sample. Highest median values were detected for bezafibrate
with 0.35 j..lg/land carbamazepine with 0.25 j..lg/l. In groundwater
samples taken close to the banks of streams, relatively high
concentrations of pharmaceuticals up to 2.4 j..lg/lwere occasion-
ally detected. In drinking water, only 9 of 65 pharmaceuticals
analyzed were found in very few samples and without exception
in the lower ng/l range.

Immunochemical Methods for Quantifying Hormones
in Polluted Waters

David L. Sedlak
Department of Civii and Environmental Engineering, University
of California at Berkeley, Berkeley, CA 94720, USA

Quantification of hormones in polluted waters is a formidable
task that requires the separation and detection of a moderately
hydrophobic analyte in a matrix that contains high concentra-
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tions of natural organic matter (NOM). Immunochemical tech-
niques provide an approach for analyzing hormones and other
pharmaceuticals that takes advantage of highly selective binding
by antibodies. Immunochemistry can be used to separate an
analyte from potentially interfering NOM (i.e. immunoaffinity)
or it can be used to quantify organic compounds (i.e. ELISA or
RIA). We have used solid-phase extraction followed by HPLC
cleanup and ELISA to study the fate of 17,B-estradiol, ethinyl
estradiol, and testosterone in wastewater treatment plants and
polluted surface waters. With the exception of samples from a
wastewater treatment plant that uses reverse osmosis, concentra-
tions of hormones were always more than an order of magnitude
higher than the method detection limit. Our results indicate that
hormone removal from wastewater is a function of the sophisti-
cation of the treatment process. Concentrations of hormones in
samples from secondary wastewater treatment plants are always
higher than those detected in plants using effluent filtration,
which, in turn, are always higher than plants equipped with
reverse osmosis. Analyses of samples from an effluent-dominat-
ed stream indicate a relatively fast loss of hormones after dis-
charge. Immunoaffinity cleanup can be used to separate hor-
mones from NOM prior to GCIMS analysis. However, satisfac-
tory results also can be obtained without immunoaffinity cleanup
by using negative chemical ionization GCIMSIMS.

Chemical Analyses of Estrogenic Hormones and
Bisphenol-A in Environmental Samples

Angelique Belfroid
Institute for Environmental Studies, De Boelelaan 1115,
NL-1081 HV Amsterdam, The Netherlands

An analytical procedure was developed for routine analyses of
estrogenic hormones (17,B-estradiol, 17a-estradiol, estrone, and
17a-ethinylestradiol) in surface water and wastewater in con-
centrations below 1ng/l. The method consists of disk extraction,
column and HPLC cleanup, SIL-A derivatization and analysis by
GCIMSIMS. The recovery was 89-112% with a limit of detec-
tion of 0.3-0.8 ng/1. This method can also be applied for the
analysis of hormone glucuronides by pretreating the sample with
,B-glucuronidase and for the analysis of the xeno-estrogenic
bisphenol-A (detection limit 10 ng/l, recovery 117%). The
occurrence of the estrogenic hormones, their glucuronides, and
bispheno]-A was studied in wastewater and in marine and fresh-
water surface water in The Netherlands. The data show that
estrogenic hormones (mainly estrone and 17,B-estradiol) are
present at low concentrations (up to 6 ng/l) at some locations in
surface water and in domestic effluents of wastewater treatment
plants. In untreated wastewater, concentrations were higher by
approximately a factor 10, while the contraceptive 17a-ethi-
nylestradiol was also observed occasionally. Hormone glucuro-
nides were not detected in either surface water or wastewater.
Bisphenol-A was detected at all surface water locations (up to
150 ngl1) and in treated and untreated wastewater. Highest
concentrations (over 2 flg/l) were observed in untreated indus-
trial wastewater.
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Pharmaceutics in the Aquatic Environment

Alfredo C. Alder
Swiss Federa] Institute for Environmental Science and
Technology (EAWAG), CH-8600 Dtibendorf, Switzerland

The occurrence of pharmaceutical compounds in the aquatic
environment has become a topic of substantia] scientific and
public concern. Little is known about the risk of low levels of
drugs in the environment, since current risk assessment method-
ologies do not address pharmaceuticals properly. It is an unan-
swered question whether the occurrence of antibiotics in the
environment contributes to the increasing resistance of microor-
ganisms towards antibiotics.
The fate of human and veterinary drugs differs quite significant-
ly. Human pharmaceuticals have to pass a sewage treatment
plant (STP) prior to entering surface and ground waters. Veter-
inary drugs on the other hand will contaminate soil and ground
water via manure disposal. Surface waters can be polluted with
drugs after a rain event, by run-off from fields treated with
digested sludge or livestock slurries. Additionally, transport of
drugs via bank infiltration from highly contaminated surface
waters into groundwater is also a possibility, as well as the
infiltration from wastewaters directly from leaks and rain over-
flows.
The annual consumption of antibiotics in Switzerland in 1997
was in the order of 80 tons. 28 tons were used in human medicine,
of which one fifth was consumed in hospitals, while the rest was
consumed in private households. The consumption in human
medicine has remained more or less constant since 1992. The
main group of antibiotics used in human medicine is the penicil-
lins (,B-Iactam).Macrolides, cephalosporines (,B-Iactams), and
fluoroquinolines are additional important groups.
Details about use in veterinary medicine are more difficult to
obtain. In intensive livestock production low doses of antimicro-
bial additives are often used as growth promoters to increase
yield. The veterinarian use of antibiotics makes up 65% of the
total antibiotic consumption in Switzerland. Total consumption
of antibiotics was reduced from ]25 tons in 1992 to 80 tons in
1997. The cause was the strong reduction of the feed additives
from 91 to 36 tons. In the same time period, the consumption of
the therapeutic antibiotic use has doubled with a strong shift from
feed additives to therapeutic use. The use of antibiotics as feed
additives has been forbidden in Switzerland since January 1999.
In veterinary medicine, the more important antibiotics are again
the f3-lactams and chloramphenicol, in addition to tetracyclines
and sulfonamides. ,B-Lactamantibiotics are not expected to be
persistent in the aquatic environment since the lactam bond
hydrolyses in aqueous medium.
Macrolides were found in concentrations ranging from 0.02
(roxithromycin) to 11 J..1g/l(erythromycin-H20, a metabolite of
erythromycin), in the effluent of STPs using LCIMS as the
analytical method. Fluoroquinolone (FQ) antibiotics, are impor-
tant broad-spectrum antibiotics licensed for the use in both
humans and animals. Fie]d studies were undertaken to follow the
daily input variations of human antibiotics into surface waters.
The leading FQ in human medicinal use, ciprofloxacin, was
measured in concentrations of 70-80 ng/l in 24 h composite
samples of the effluent of a municipal STP, using HPLC with
fluorescence detection. These investigations show that cipro-
floxacin is eliminated only to 70-80% in this WTP and can reach
surface waters. In combination with other fluoroquinolone anti-
biotics, ciprofloxacin might effect some of the most susceptible
organisms.
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Analytical Determination of Surfactants in Products,
Wastewater, and Water Samples

Lutz Nitschke
Bavarian State Office for Water Resources, Kaulbachstr. 37,
0-80539 Munich, Germany

A short overview was given about recent developments in
surfactant analysis by HPLC. In the case of surfactant analysis,
it is necessary to distinguish between different types of samples
and concentration ranges:
- gil range - product analysis,
- mgll range - wastewater analysis, biotests,
- /lg/l range - environmental analysis.
The analytical procedures were presented using examples cover-
ing each concentration range.
Furthermore, 'surfactant' describes the physical property to de-
crease surface tension and is only a generic term for chemicals
with different behavior in chemical analysis. The choice of the
analytical procedure depends on the properties of the surfactant
(e.g. preconcentration, separation or detection method) and on
the question to be answered (e.g. separation of homologous
compounds). HPLC methods for six different types of sur-
factants (anionic, cationic, non-ionic) were presented.

Determination of Nonylphenol Ethoxylate Metabolites
in Biomatrices

Bjorn Thiele, Hartmut Prast, and Klaus Gunther
Research Centre Ji.ilichGmbH (ICG-7), 0-52425 Ji.ilich,
Germany

Nonylphenol ethoxylates (NPEO) belong to the group of non-
ionic surfactants. After use they are discharged into municipal
and industrial wastewaters. Oue to the persistence, the toxicity
and the estrogenic activity of their biodegradation products,
especially nonylphenol (NP), NPEOs are ecotoxicologically
rather questionable. For this reason their occurrence and fate in
different environmental compartments have been extensively
investigated over the last two decades. Oata on NP in biomatri-
ces, however, is almost non-existent. Therefore, we developed
an off-line LC-GC method for the quantitative determination of
NP in biomatrices such as food. The analyte was isolated from
liquid and solid samples spiked with 4-n-NP as the internal
standard by a combination of steam distillation and continuous
liquid-liquid extraction. After cleanup of the raw extracts on
normal-phase HPLC, the NP content was finally analyzed by
GC-MS equipped with a large volume injector (LVI) allowing
injection of more than 100 IJl sample volumes. Current results on
dairy products show increasing NP concentrations with rising fat
content.
NP consists of a complex mixture of different isomers leading to
a typical peak pattern after gas chromatographic separation.
Several articles have been published with mass spectra of the NP
isomers and proposals for their structures. Based on these studies
we drew up a list of 30 NP isomers which we have had synthe-
sized in an external laboratory. Elucidation of the NP isomer
structures by GC-MS analyses of technical NP and the first
completed 15 NP isomers using a 100 m capillary column was
presented.
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Fate of LAS Co-Products and Nonylphenolethoxylates
in Activated-Sludge Sewage Treatment Plants

Antonio Di Corcia
Oipartimento di Chimica, Universita 'La Sapienza' , Piazza Aldo
Moro 5, 1-00185 Roma, Italy

After soaps, linear alkylbenzenesulfonates (LAS) are the most
widely used surfactants. Major co-products in commercial LAS
mixtures are dialkyltetralinsulfonates (OATS) and the so-called
iso-LAS (single methyl branch on the alkyl chain). At present,
the possible accumulation in the environment of breakdown
products of OATS and iso-LAS is the subject of heated debate.
Part of this study has been devoted to following the fate of LAS
co-products in five Roman activated-sludge sewage treatment
plants (STPs) and determining nature and abundance of persist-
ent metabolites leaving the plants. Over a period of eight months,
influent and effluent samples of STPs were collected monthly
and analyzed. The analytical procedure involves solid-phase
extraction of the analytes in both influent (50 ml) and effluent
samples (200 ml) followed by LC-electrospray (ES)-MS analy-
sis. Although the MS instrumentation was equipped with a single
quadrupole, confirmatory ions were obtained by decomposing
quasi-molecular ions in the intermediate region of the MS, thus
obtaining so-called in-source cm spectra. Field data indicated
that LAS were extensively mineralized during activated-sludge
treatment and that sulphophenylalkylcarboxylated intermedi-
ates exiting the plant primarily originate from the biotransforma-
tion of iso-LAS. Over eight months of monitoring, efficiencies of
the STPs at removing LAS, co-products and related metabolites
were estimated. These data highlight that, like LAS, their co-
products undergo extensive primary biodegradation. Removal
efficiencies of iso-LAS and OATS intermediates (OATSI) aver-
aged 65 and 46%, respectively. These figures indicate that
bacteria are unable to mineralize a remarkable fraction of those
breakdown products with a large steric hindrance. OATSI amount-
ed to more than 50% of the total analyte amount leaving the
plants. Interestingly, almost 13% of the metabolites were dicar-
boxylated species.
Nonylphenolpolyethoxylates (A9PEs) are one of the most wide-
ly used class of surfactants. Recent findings on the weakly
estrogenic effect of some of their breakdown products have
raised concern about the fate of A9PEs in the environment. Initial
biotransformation of A9PEs occurs by ethoxy-chain shortening,
mainly producing A9P~, which is then oxidized to A9PE2C.
From this point onward the metabolic pathway of A9PEs is
largely in the dark. We shed light on the fate of the multi-
branched alkyl side chain by a laboratory biodegradation test.
After a five day lag time, the alkyl chain of many but not all of
the previously formed A9PE2C isomers was carboxylated and
shortened with simultaneous formation of a new family of
metabolites (CAPECs) with molecular weights regularly spaced
by 14 Oa. CAPECs were shown to be very recalcitrant species,
as their concentrations did not vary significantly, even after six
months from the beginning of the biodegradation test. To ascer-
tain the oCCurrenceand abundance of CAPEC in STPs, influent
and effluents were taken monthly and analyzed over a period of
eight months. The A9PEI removal efficiency averaged 56% (n =
36). Oata showed that CAPECs, as a total, were much more
abundant than other intermediates of A9PEs. Among CAPECs,
those with six and eight residual alkanoyl groups, i.e. CA6PEC
and CA8PEC, were the most prominent homologues (> 80%).
Almost 85% of CAPEC formed during activated-sludge treat-
ment had zero or one residual ethoxy group.
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Quantitative Trace Determination of Sulfonated
Naphthalene-Formaldehyde Condensates in Aqueous
Environmental Samples by HPLC with Fluorescence
Detection

Frank Thomas Lange, Carmen Redin, and Heinz-Jiirgen Brauch
DVGW-Technologiezentrum Wasser, Karlsruher Str. 84,
D-76139 Karlsruhe, Germany

Unknown compounds which have been frequently observed as a
regular peak pattern in the HPLC/FLD analysis of aqueous
environmental samples for monomeric naphthalene sulfonates,
have now been identified for the first time as sulfonated naphtha-
lene-formaldehyde condensates (SNFC).
SNFC are anthropogenic and xenobiotic compounds which are
used in many industrial applications. Examples are their use as
concrete plasticizers, tanning agents, auxiliaries for paper man-
ufacturing and dispersants for dyes and pesticides. Until recent-
ly, SNFCs could not be analyzed in environmental samples, both
due to the lack of reference compounds and because sufficiently
sensitive analytical methods were not available. This presenta-
tion dealt with the development of an analytical method consist-
ing of solid-phase extraction (SPE) and HPLC/FLD.
The preparation of calibration standards was the key for the
qualitative and especially for the quantitative determination of
SNFC residues in natural waters, wastewaters, and landfill
leachates. The reference compounds were prepared by organic
synthesis and by semi-preparative isolation of components from
a technical product. The structural model of the SNFC was
confirmed by 'H NMR and LC-MS and the concentration of
SNFC in the standard solution was determined by ICP-OES.
In most of the investigated aqueous environmental samples,
SNFC could be detected on the J1g/lscale. While the homologue
patterns differ from product to product and from sample to
sample, the isomer pattern within each degree of condensation
remains constant. In environmental samples, condensates of up
to four 2-naphthalene-sulfonate monomer units usually occur.
While the monomer 2-naphthalene sulfonate is readily degrada-
ble under aerobic conditions, the present results suggest a high
persistence of SNFC.

Analysis of Aromatic Sulfonates and Polysulfonates in
Industrial Effluents by HPLC-MS/MS

Thorsten Reemtsma, Thomas Storm, and Martin Jekel
Dept. of Water Quality Control, Technical University of Berlin!
Sekr. KF4, Strasse des 17. Juni 135, D-10623 Berlin, Germany

Aromatic sulfonates are widely used in industrial production
processes as dispersants, wetting agents, dyes, and in chemical
production as intermediates. Their removal in wastewater treat-
ment is hampered by their limited biodegradability and high
polarity and may, thus, require oxidative treatment processes.
We have developed analytical methods for the analysis of aro-
matic sulfonates in industrial effluents by LC-MS/MS, in order
to quantitatively determine aromatic sulfonates, for which refer-
ence material is available, and to follow the degradation and
transformation processes in wastewater treatment.
A novel chromatography method with a volatile ion-pairing
agent was developed that makes ion-pair chromatography com-
patible with MS detection and provides sufficient retention also
for the very polar polysulfonated compounds. With selected
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reaction monitoring in the MS/MS mode, detection limits rang-
ing from 0.1 to 5 J1g/1are obtained for various aromatic sulfonates
from directly injected samples. Full scan analyses in single-MS
mode and product-ion scanning and accurate mass measure-
ments help to identify transformation products formed during
wastewater treatment.
The methods were applied to different wastewaters and exam-
ples were presented, such as the transformation of azo dyes in
anaerobic/aerobic treatment of a dyehouse wastewater or naph-
thalene sulfonates in ozonation processes.


