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DETERMINATION OF CLOFIBRIC ACID 

IN SEWAGE, RIVER AND DRINKING WATER 
AND N-(PHENYLSULF0NYL)-SARCOSINE 

TH. HEBERER* and H.-J. STAN 

Institute of Food Chemistry. Technical University of Berlin, Gustav-Meyer-Allee 25, 
0-13355 Berlin, Germany 

(Received 2 September 1996; Injinaljhrm 6 December 1996) 

Two polar compounds, the drug metabolite clofibric acid (2-(4)-chlorophenoxy-2-methyl propionic 
acid) and N-(phenylsulfony1)-sarcosine, were detected as organic contaminants in groundwater sam- 
ples from sewage farm areas near Berlin at maximum concentrations of 4 pgA and 150 pg/l, respec- 
tively. Contaminations by these two compounds were also found in most of the drinking water 
samples collected from the 14 waterworks in the Berlin area. The maximum concentrations in drink- 
ing water samples were 270 ngA for clofibric acid and 105 ng/l for N-(phenylsulfonyl)-sarcosine. The 
analytical results obtained correlate well with the percentage values of artificial groundwater enrich- 
ment and bank filtrate used by any particular water treatment plant in drinking water production. 
Thus, it can be assumed that both polar contaminants commonly leach into drinking water and are not 
eliminated by the drinking water treatment used by the Berlin waterworks. Positive findings in 
screening analyses of surface water samples outside Berlin as, for example, the river Danube in Ger- 
many and the river Po in Italy indicate that the occurrence of clofibric acid and N-(phenylsulfo- 
ny1)-sarcosine in environmental water samples is not just a local phenomenon. 

Keyword.v: Clofibric acid; N-(phenylsulfonyl)-sarcosine; gas chromatography-mass spectrometry; 
artificial groundwater enrichment and bank filtration; drinking-water contamination 

INTRODUCTION 

In recent years, the occurrence of polar contaminants in the aqueous environment 
has become a subject of public concern. Polar pesticides have, especially, been 
considered as a potential source of ground water contamination due to their 
widespread use in agriculture and their high mobility in the subsoil. Thus, many 
investigations have focused on the analysis of pesticide residues in order to 

* Corresponding author: Fax: +49-30-314-72922 ; E-mail : hebel 330@mailszrz.zrz.tu-berlin.de. 
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I14 TH. HEBERER and H.-J. STAN 

check the maximum tolerances of only 100 ng/l in drinking water set by the 
European Union Commission'. 

These (low) maximum tolerances constituted a real challenge to analysts work- 
ing in the field of pesticide residue monitoring. The improvement in the methods 
for the detection of pesticides at these trace level concentrations led to the dis- 
covery of other contaminants in water that did not originate from agricultural 
use. In the course of the monitoring of ground water for acidic herbicides in the 
Berlin area an unknown phenoxyalkanoic acid was detected and finally identi- 
fied as clofibric acid (2-(4)-chlorophenoxy-2-methyl propionic acid)2. This com- 
pound is the active metabolite of the drugs clofibrate, etofyllinclofibrate and 
etofibrate, which are used as blood lipid regulators in medical care. At that time, 
the contamination was thought to originate from a point source, namely a phar- 
maceutical production plant. An improvement of the detection sensitivity of the 
analytical methods3J allowed extended screening with the result that clofibric 
acid could be detected in some river water samples and also in all tap water sam- 
ples collected in Berlin in 1993 and 19946. These findings led to the conclusion 
that clofibric acid represents a compound of high persistence in the environment 
that enters the water compartment via municipal sewage treatment plants. As 
early as 1976, clofibric acid was found by Garrison et al.7 at concentrations up to 
2 pg/l in raw and treated sewage waters. One year later, these results were con- 
firmed by Hignite and Azarnoffs who found up to 10 pg/l of clofibric acid in the 
effluent of the Big Blue River Sewage Treatment Plant in Kansas City, USA. The 
instrumental detection limits were at that time not sufficient to screen for clofi- 
bric acid in river or drinking water. 

The development of a new analytical method applying solid phase extraction 
(SPE), derivatization with pentafluorobenzyl bromide (PFBBr) and detection by 
capillary gas chromatography-mass spectrometry (GC-MS) with selected ion 
monitoring (SIM) enabled the reliable trace level determination of more than 30 
acidic herbicides and clofibric acid in water  sample^^-^. In this method, 
2-(4-~hlorophenoxy)-butyric acid, a structural isomer of clofibric acid, is used as 
surrogate standard and was found to work excellently to control the analytical 
procedure5. The analytical method originally developed for the investigation of 
drinking water has also been successfully applied to ground, surface and even 
sewage water with analyte concentrations at the low ng/l (ppt) level5. 

Applying this method to sewage, drainage and ground water samples collected 
from sewage farm areas near Berlin, clofibric acid was found to be a potential 
organic indicator of sewage contamination in sewage farm ground water9'". 
Clofibric acid proved to be almost persistent and leaches easily through the sew- 
age farm subsoil". In the course of these investigations, another hitherto 
unknown polar contaminant was found in ground water samples from the sewage 
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DETERMINATION OF CLOFRlBlC ACID 115 

farm area. Its structure was identified by GC-MS and confirmed by synthesis of 
all possible isomers as N-(phenylsulfonyl)-sarcosine'2. Meanwhile, both polar 
contaminants N-(phenylsulfony1)-sarcosine and clofibric acid were found in 
river and drinking water samples in Berlin11*13.14. 

In this paper, positive findings of N-(phenylsulfony1)-sarcosine and the drug 
clofibric acid are presented based on investigations of water samples from the 
Berlin area and also from rivers inside and outside Germany. 

EXPERIMENTAL 

Material 

All solvents were Pestanal products from Riedel de  Haen Seelze, Germany. Pen- 
tafluorobenzyl bromide was obtained from Aldrich, Steinheim, Germany, tri- 
ethylamine from Merck, Darmstadt, Germany. Sample vials, screw caps and 
septa were purchased from Zinsser, Frankfurt, Germany, 200 p1 inserts for the 
sample vials from CS-Chromatographie Service, Langerwehe, Germany. Clofi- 
bric acid was of analytical purity, purchased from Sigma, Deisenhofen, Ger- 
many. N-(phenylsulfony1)-sarcosine and 2-(4-~hlorophenoxy)-butyric acid were 
synthesized according to procedures described elsewhere2,". The structural for- 
mulae of these compounds are given in Figure 1.  Stock solutions of all com- 
pounds were prepared in methanol. Solid phase extraction (SPE) was carried out 

C l ~ 0 - ~ 1 3 C O O H  CH3 G I - N < Z I - C W H  

clofibnc acid N-(phenylsulfony1)-sarcosine 

FH3 

C I O O - Z ? C O O H  - 

I 2-(4-chlorophenoxy) butyric acid 
(sumgate standard) 

FIGURE I Structural formulae of clofibric acid, N-(phenylsulfony1)-sarcosine and 2-(4-chlorophe- 
noxy)-butyric acid used i~s surrogate standard in sample preparation 
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I16 TH. HEBERER a d  H.-J. STAN 

with cartridges of polypropylene with a volume of 6 ml and BAKERBOND 
Polar Plus RP-C 18 material from Mallinckrodt Baker, Griesheim, Germany. 
Adjustable transferpettors (1-lop1 and lo-l00pl) were from Brand, Wertheim, 
Germany. 

Sample Preparation 

A water sample of 1 L was mixed with 100 pl of a solution of 2-(4-chlorophe- 
noxy) butyric acid in methanol (1 mg/l) as surrogate standard to give a concen- 
tration of 100 ngA. The sample was then acidified to pH <2 with HCl. Each 
SPE-cartridge was filled with 1 g of RP-C18 adsorbent. Conditioning was per- 
formed successively with 10 ml acetone, 10 ml methanol and finally 10 ml of 
distilled, deionized water (pH <2). The solvents were drawn through the car- 
tridge by means of a gentle vacuum and the cartridge was not permitted to run 
dry during the whole conditioning procedure. Then the spiked water sample was 
percolated through the cartridge at a maximum flow rate of approximately 8 
ml/min by applying a low vacuum. 

After drying the cartridge for 2-3 hours under a gentle stream of nitrogen, the 
analytes were eluted with 2.5 ml of methanol. The eluate from the SPE-cartridge 
containing the target compounds was mixed with 100 PI of a solution of 2,4 
dichlorobenzoic acid in methanol (2 mg/l) as internal standard. Then the eluate was 
dried under a gentle stream of nitrogen. (Meanwhile, the internal standard 
2,4-dichlorobenzoic acid has been replaced by pentafluorophenoxy acetic acid) 

Derivatization 

Derivatization was performed at 1 10°C for one hour using 100 pl of pentafluor- 
obenzylbrornide (2% in toluene) and 2 p1 of triethylamine as catalyst as previ- 
ously The derivatized sample was then dried under nitrogen and 
finally dissolved in 100 pI of toluene. 

GC-MS Parameters 

All mass spectrometric measurements were performed with an Hewlett-Packard 
HP 5970 MSD combined with an HP 5890 gas chromatograph fitted with a 
25 m x 0.2 mm i.d. x 0.33 pm HP-5 capillary column and a 1.5 m x 0.32 mm 
i.d. x 0.33 pm HP-5 pre-column. Carrier gas was helium (purity: 99.999%) set to 
a carrier gas flow of 28 cm/s at the initial temperature. The oven temperature was 
held at l00OC for 1 min following injection, then programmed at 30"C/min to 
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DETERMINATION OF CLOFRIBIC ACID I17 

15O"C, which is held for 1 min, then at 3"C/min to 205°C followed by 10°C/min 
to 260°C and finally held for 23 min. Injection port and transfer line tempera- 
tures were 2 10°C and 250°C. respectively. 2p1 quantities of sample were injected 
by means of an HP 7673 autosampler using hot splitless injection with the split 
closed for 0.9 min. Using SIM, three or four characteristic ions were selected for 
each compound as shown in Table I and scanned with corresponding time win- 
dows between one and five minutes with dwell times of 150 to 300 ms per ion. 
Chromatograms are presented as multiple ion detection (MID) chromatograms, 
which means there was a summation of all ions in the corresponding time win- 
dow. Peak identity is confirmed by checking the individual indicative ion profiles 
and their ion intensity ratios. Mass spectrometer tuning was performed weekly 
using the auto-tuning macro. Pre-column and insert liner were exchanged at least 
after 50 injections. 

TABLE I GC and MS data of the PFB derivatives of the target compounds. In brackets the relative 
intensity of the charged mass fragment in the El mass spectrum with the basepeak = 100 

PFB-ester 
tR Selected Ions 

[inin] (rel. abund.)* 

clofibric acid 24.54 128 (100);130 (32);394 (13) 

2.4-dichloro benzoic acid (internal standard) 173 ( 4 0 3 7 0  (42); 372 (28) 

mecoprop 25.64 142 (59);169 (100); 394 (94) 

2-(4-~hlorophenoxy)-butyric acid 25.84 128 (93); 169 (70); 394 (77) 
(surrogate standard) 

dichlorprop 27.07 162 (65); 414 (46); 416 (32) 

24.78 

I-naphthylacetic acid 

N-(phenylsulfony1)-sarcosine 

28,45 

31.11 

115 (19); 141 (100); 366 (84) 

77 (88); 141 (75); 184 (100); 268 (29) 

* relative abundances of the corresponding masses in the full mass spectrum. 

RESULTS AND DISCUSSION 

Sewage Farm Ground Water 

In the course of a project on the leaching behavior of compounds applied with 
municipal waste water to sewage farms south west of Berlin, clofibric acid and 
N-(phenylsulfony1)-sarcosine have been found as major polar contaminants with 
high leaching potential. In the subsoil of the sewage farms, samples were taken 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
3
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1



118 TH. HEBERER and H.-J. STAN 

down to the fourth and in a few cases fifth ground water aquifer in a depth of 
more than 125 meters. Most of the samples have, however, been taken from the 
first ground water aquifer with some special locations with parallel sample wells 
allowing sampling from all four (five) existing aquifers1'-13. 

Clofibric acid was found to pass unchanged through the microbiological treat- 
ment in the sewage treatment plants before the sewage is applied to the sewage 
farms. In the sewage farms, clofibric acid showed a remarkable persistence and 
was found to be a major contaminant present in most of the ground water wells at 
concentrations ranging from 1 ng up to 4 pg per liter". Outside the sewage farm 
area, the samples of the first ground water aquifer were found to be free of clofi- 
bric acid with the exception of those from wells having a groundwater connec- 
tion to the sewage farms''. High concentrations of clofibric acid in the second 
and third ground water aquifers at depths of more than 70 meters indicate that 
this compound is not retarded significantly in the sewage farm subsoil", 

The distribution pattern of clofibric acid in the ground water aquifers of the 
sewage farms showed that in the first ground water aquifer clofibric acid is 
almost shifted vertically. In contrast, in the second and third ground water aqui- 
fers which are used in drinking water production by the neighboring water works 
clofibric acid is also shifted horizontally. All these trends were established in 
seven sampling series from 1992 to 1995 and clofibric acid turned out to repre- 
sent an organic tracer compound for easy detection of possible organic contami- 
nation of the ground water resources by sewage water'', 

Additionally, N-(phenylsulfony1)-sarcosine, a hitherto unknown polar contami- 
nant, was found in ground water samples from the sewage farm area in the sam- 
pling series of winter 1993 to 1994l1-I3. Its structure was established by several 
different derivatization procedures applying gas chromatography-mass spec- 
trometry with different ionization techniques such as electron ionization (El), 
positive chemical ionization (PCI) and negative chemical ionization (NCI)'l-13. 
Finally, one of the structures postulated was confirmed by synthesis of all possi- 
ble isomers", 
N-(phenylsulfony1)-sarcosine was detected in sewage farm ground water sam- 

ple at concentrations up to 15Opg/1". A typical MID-chromatogram of a pen- 
tafluorobenzylated extract of a sewage farm ground water samples is shown in 
Figure 2. In this case, the sample contained 990 ng/l of clofibric acid and more 
than 15 pgA of N-(phenylsulfony1)-sarcosine. This example also demonstrates 
that the analytical method can be applied over a wide concentration range. The 
target compounds exhibit an almost linear response over four orders of magni- 
tude from 5 ngA to 50 pg/I. 

The distribution pattern of N-(phenylsulfony1)-sarcosine in the different 
ground water aquifers of the sewage farms confirmed those results already deter- 
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DETERMINATION OF CLOFRlBlC ACID 

Abundance 
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FIGURE 2 MID-chromatogram of a pentafluorobenzylated extract of a sewage farm ground water 
sample (LWL 14/67) collected from a ground water well of the first ground water aquifer at a depth 
of 17 m. The sample contained 990 ng/l of clofibric acid and 15250 ngA of N-(phenylsulfony1)-sarco- 
sine. Sample volume: 500 ml; 93% recovery of the surrogate added at a concentration of 200 ng/l 

mined for clofibric acid". In the first ground water aquifer it is shifted almost 
vertically, whereas in  the lower ground water aquifers an increased horizontal 
shift was observed. 
N-(phenylsulfony1)-sarcosine was, however, only found at low concentrations 

in the sewage applied to the sewage fields. This indicated that this compound is 
only a metabolite of a precursor compound which is degraded in the sewage farm 
subsoil. Recently, this assumption was also confirmed by Knepper and Haberer15 
who found N-(phenylsulfony1)-sarcosine mainly in industrial but also in munici- 
pal waste water. They postulated that N-(phenylsulfony1)-sarcosine is a metabo- 
lite of N-(phenyl-sulfony1)-capronic acid which is used as corrosion inhibitor for 
the treatment of metals'6-20 but this path needs further confirmation. 

Berlin drinking water 

In a monitoring study of drinking water samples from the various plants of the 
Berlin waterworks carried out from 1992 to 19956,".14, clofibric acid and 
N-(pheny1sulfonyl)sacosine were found at maximum concentrations of 270 ng/l 
and 105 ng/l, respectively. In Figure 3, the MID-chromatogram of a pentafluor- 
obenzylated extract of a Berlin drinking water sample containing 55 ng/l of clofi- 
bric acid and 35 ng/l of N-(phenylsulfony1)-sarcosine is shown as an example. A 
review of the water sources of all Berlin water plants was carried out in order to 
support the assumption made for the path of the two contaminants into the drink- 
ing water. Drinking water collected from those wells with contact to surface 
water by bank filtration or artificial ground water enrichment should show higher 
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I20 TH. HEBERER and H.-J. STAN 

Abundance 
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FIGURE 3 MID-chromatogram of a pentafluorobenzylated sample taken from water works in 
Tiefwerder. Sample spiked with 100 ng surrogate standard and 200 ng internal standard (ISTD) per 
liter. 55  ng/l of clofibric acid and 35 ng/l of N-(phenylsulfony1)-sarcosine were found in this sample 

TABLE I1 Clofibric acid and N-(phenylsulfony1)-sarcosine in drinking water samples collected from 
the Berlin water works".14. Correlation between bank filtration (BF). artificial ground water 
enrichment (GWE) and the level of drinking water contamination 

B F I  GWE ' clojibric acid NPS swc 
in % in % in n g d  in ng/P Wuter works 

Beelitzhof 66 7 60 I05 + 
Buch 0 0 < 5  + 
Friedrichshagen 82 0 10 25 0 

Johannisthal 62 0 I70 I05 ++ 
Jungfernheide 52 43 45 + 
Kaulsdorf 0 0 
Kladow 68 0 6 17 + 
KSpenick 74 0 6 8 0 

Riemeisterfenn 17 0 I 1  70 + 
Spandau 30 48 
Stolpe unknown + 13 (-) 

Tegel 54 27 25 + 
Tiefwerder 61 0 55 35 + 
Wuhlheide 58 0 75 + 
'BF : bank filtration; %WE : artificial ground water enrichment; 3NPS : N-(phenylsulfony1)-sarcosine: 4SWC : 
degree of contamination of the neighboring watercourse; '-: below the limit of detection of 1 ng/l for clofibric acid 
or 2 ngll for N-(phenylsulfony1)-sarcosine. 
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DETERMINATION OF CLOFRIBIC ACID 121 

contamination levels than that collected from ground water wells without direct 
influences from contaminated neighboring watercourses. 

* As can be seen from Table 11, the analytical results obtained for the drinking 
water samples collected from all fourteen Berlin water works were found to cor- 
relate well with the individual percentage contributions to the ground water 
which originate from artificial groundwater enrichment and bank fi l trati~n"*'~.  

The geographical situation of the water works and the relative contamination 
of any neighboring watercourse used as a source for ground water enrichment are 
decisive for the concentrations of both polar contaminants'1714. Both compounds, 
according to present results, commonly leach into drinking water and are not 
eliminated by the drinking water treatment used by the Berlin water work^^^.^^. 

Surface water outside Berlin 

The results obtained for clofibric acid and N-(phenylsulfony1)-sarcosine in the 
Berlin area encouraged further investigations outside Berlin. Thus, we collected 
a few surface water samples to spot check for both compounds in several Ger- 
man rivers. Of course, these samples were not representative but the purpose of 
these investigations was to show that the occurrence of both polar contaminants 
in environmental water samples is not a local phenomenon. Up to 220 ng/l of 
clofibric acid and 490 ngA of N-(phenylsulfony1)-sarcosine were detected in var- 
ious locations in Germany [6,11]. 

In Figure 4, the MID-chromatogram of a surface water sample is shown which 
was collected in July 1994 from the river Danube near Ulm in Germany. In this 

Abundance 

140000 

120000 I 
1 ooooa 

80000 1 

60000 1 
40000 i 
20000 

ISTD 

clofibric acid 
\ 

surrogate 

N-(phenylsulfonyl)sarcDune 
/ 

FIGURE 4 MID-chromatogram of a pentafluorobenzylated sample taken from the river Danube near 
Ulm (21/7/94). Sample spiked with 200 ng surrogate standard and 400 ng internal standard (ISTD) 
per liter. 17 ng/l of clofibric acid, 30 ngA of dichlorprop (DCPP) and 105 ngA of N-(phenylsulfo- 
nyl)-sarcosine were found in this sample 
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122 TH. HEBERER and H.-J. STAN 

31 07 

Ji -- 

Ion traw m/z 184 

___ - ---- 

sample 17 ng/l of clofibric acid and 105 ngil of N-(phenylsulfony1)-sarcosine 
were found, respectively. Additionally, the sample contained 30 ng/l of the phe- 
noxyalkanoic acid dichlorprop (2-(2,4-dichlorophenoxy) propionic acid) one of 
the most frequently used herbicides in Germany. Actually, the drug clofibric acid 
is a structural isomer of mecoprop (2-(4-chloro-o-tolyloxy) propionic acid), 
another important phenoxyalkanoic acid used as a herbicide in Germany. Clofi- 
bric acid has, however, no herbicidal potential and has therefore to our knowl- 
edge never been used as a herbicide in agriculture. 

Meanwhile, positive results for clofibric acid and N-(phenylsulfony1)-sarco- 
sine were confirmed by other working groups who found both compounds in the 
river Rhine, its tributaries and in other German rivers at varying concentration 
levels up to the pg per liter l e ~ e I ' ~ . * ~ - ~ ~ .  

Surface water outside Germany 

Positive results obtained with only a few samples collected from rivers in Italy 
indicate that the occurrence of both polar contaminants is not a singularly Ger- 
man phenomenon. Especially, N-(phenylsulfony1)-sarcosine was detected at con- 
centrations up to 60 ng/l in surface water samples collected in Venice, in the 
Lago Maggiore and in the river Po. Clofibric acid was also found in the river Po 
at a concentration of 30 ngn. 

The unequivocal confirmation of a positive finding of 60 ng/l N-(phenylsulfo- 
ny1)-sarcosine in the river Po (Italy) is demonstrated in Figure 5 by the indicative 
ion traces of the corresponding PFB-ester at m/z 77, 141, 184 and 268. All the 

31.06 bundance ion trace mlz 77 
1500 { 1 

ion trace m/z 141 
1500 I 31 07 

-_- - - 500 

500 1 -~ ~ - . - - .. . --& . 
Time in min --> 30.20 30.40 30.60 30.80 31.00 31.20 31.40 31.60 31.80 

FIGURE 5 Ion traces for m/z 77, 141. 184 and 268 of the PFB-ester of N-(phenylsulfony1)-sarcosine 
extracted from the MID chromatogram of a river water sample which was collected from the river Po 
in Italy. 60 ng/l of N-(phenylsulfony1)-sarcosine were found in this sample 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
3
3
 
1
7
 
J
a
n
u
a
r
y
 
2
0
1
1



DETERMINATION OF CLOFRlBlC ACID I23 

ion traces give clear peak signals at the expected retention time with peak area 
ratios fitting the relative abundances of the standard compound as given in 
Table I. 

CONCLUSION 

The drug clofibric acid and N-(phenylsulfony1)-sarcosine found in municipal 
sewage water were also detected in surface, ground and drinking water. Both 
contaminants were found in Berlin drinking water samples and can be expected 
wherever contaminated surface water is used for artificial groundwater enrich- 
ment and/or bank filtration in drinking water production. The occurrence of 
clofibric acid and N-(phenylsulfony1)-sarcosine in environmental water samples 
is neither a local nor a national phenomenon as they have also been found in sur- 
face water samples at different locations in  Germany and Italy. 
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