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Abstract

A method for the determination of 34 phenoxyalkanoic acids and other acidic compounds in water samples was
developed. Recoveries were made from 1 1 of drinking water samples using solid-phase extraction (SPE). Different
SPE materials and blends of octadecyl (RP-C ;) and phenyl (RP-Phe) were tested. After method optimization, 26
out of the 34 compounds could be extracted with recoveries better than 70% on the most suitable RP-C,, material.
The acidic compounds in the exiract were derivatized with pentafiuorobenzyl bromide and the resulting esters
determined by capillary gas chromatography with mass selective detection employing selected-ion monitoring with
time window programming. Detection limits between 1 and 10 ng/l were obtained with spiked drinking water
samples. This method has been used successfully for the analysis of drinking and groundwater samples in field

studies.

The determination of acidic compounds by
GC-MS after derivatization with pentafluoro-
benzyl bromide (PFBBr) was the subject of a
previous paper [1]. The derivatization procedure
has been demonstrated to permit the sensitive

UClUfIIllIldllUIl of the ldl'gCl Lompounus at leveis

down to 1-100 pg injected when measured with
selected-ion monitoring (SIM) and electron im-
pact ionization (EI- MS). The low detection
limits that can be achieved with test substances
make this method promising for application to
drinking water samples. The identification and

determination of these compounds at a concen-
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I of 100 ng water for a single
compound is necessary to meet the maximum
tolerances set by the European Community’s
drinking water regulation [2]. To determine
phenoxyalkanoic acids and related acidic her-
bicides at such low tolerance levels, the target
compounds have first to be extracted from the
water bdmplc with lugu recovery rates. A nun-
ber of publications have described liquid-liquid
extraction (LLE) using diethyl ether [3-5], di-
chloromethane [6-9], ethyl acetate [10 12] and
benzene [13]. Solid-phase extraction (SPE) has
gained in popularity in recent years. A variety of
materials are available that have been used
successfully for the extraction of phenoxyai-

kanoic acxds Most publications describe the use
ially RP.C 114-231
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or RP-C, [24]. The use of the polymeric materi-
als Amberlite XAD-4 [25], PLRP-S, PRP-I
[26,27] or Wofatit Y 77 [28-30] has also been
reported. An ion exchanger [31] and a combina-
tion of Carbopack B and SAX [32] have also
been used.

Methods for the determination of polar con-
taminants are mostly performed for a few well
known compounds such as the acidic herbicides
2,4-D and 2,4,5-T. The determination of a larger
number of acidic compounds has been described
in only a few publications [9,14,22,27]. Our aim
was to develop a method that would include a
wide range of acidic contaminants that need to
be determined at the low ng/l level in drinking
water.

In this paper, a method for the SPE of 34
phenoxyalkanoic acids and other acidic her-
bicides from drinking water and groundwater is
described.

2. Experimental
2.1. Materials

All solvents were Pestanal products from
Riedel-de Haén (Seelze, Germany). Penta-
fluorobenzyl bromide was obtained from Aldrich
(Steinheim, Germany) and triethylamine from
Merck (Darmstadt, Germany). Sample vials,
screw-caps and septa were purchased from
Zinsser {Frankfurt, Germany) and 200-u1 inserts
for the sample vials from CS-Chromatographie
Service (Langerwehe, Germany). All pesticide
standards were of analytical purity from Promo-
chem (Wesel, Germany) or of Pestanal quality
from Riedel-de Haén. Stock solutions of all
compounds were prepared in toluene or metha-
nol.

Solid-phase extraction was carried out with
cartridges of polypropylene with a volume of 6
ml from Baker (Frankfurt, Germany). The RP-
C,; material labelled C was obtained from
Eurochrom (Berlin, Germany) (Europrep 60-30
C,s; 60 A, 20-45 wm, irregular) and the other
two RP-C,, materials, labelled A and B, were
from Baker and ICT (Frankfurt, Germany),

respectively. RP-phenyl (RP-Phe) material was
purchased from Baker. Adjustable transferpet-
tors (1-10 and 10-100 ul) were supplied by
Brand (Wertheim, Germany). A Beta I freeze-
drier from Christ (Osterode, Germany) was used
in several experiments.

2.2. Sample preparation

A tap water sample of 1 | was spiked by
adding a mixture of pesticides dissolved in
methanol to obtain a concentration of 100 ng/l
of each active compound. The internal standard
2 .4-dichlorobenzoic acid, was added at a con-
centration of 200 ng/l. The sample was then
acidified to pH <2 with HCL. Each SPE car-
tridge was filled with 1 g of RP-C,y adsorbent.
Conditioning was performed successively with 10
ml of acetone, 10 mi of methanol and finally 10
ml of distilled, deionized water (pH <2). The
solvents were drawn through the cartridges by
means of a gentle vacuum and the cartridge was
not permitted to run dry during the whole
conditioning procedure. The water sample
spiked with the herbicides was then percolated
through the cartridge at a flow-rate of ca. 8
ml/min applying a low vacuum. After drying the
cartridge for 2-3 h under a gentle stream of
nitrogen, the herbicides were eluted with 2.5 ml
of methanol. The eluate was dried under a gentle
stream of nitrogen.

2.3. Derivatization

Derivatization was performed at 90°C using
200 pl of pentafluorobenzyl bromide (PFBr)
(2% in toluene) and 2 ul of triethylamine as
catalyst as described previously [1]. The derivat-
ized sample was then dried under nitrogen and
finally dissolved in 100 ul of toluene.

2.4. GC-MS parameters

All mass spectrometric measurements were
performed with a Hewlett-Packard HP 5970
mass-selective detector combined with an HP
5890 gas chromatograph fitted with a 25 m x 0.2
mm [.D. x 0.33 um HP-5 capillary column and a
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1.5 mXx0.32 mm ID.x0.17 pum HP-5 pre-
column. The carrier gas was helium (purity
99.999%) set to a head column pressure of 100
kPa. The oven temperature was held at 100°C
for 1 min following injection, then programmed
at 30°C/min to 150°C, which was 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. The
injection port and transfer line temperatures
were 210 and 250°C, respectively. Amounts of 2
w1 of sample were injected by means of an HP
7673 autosampler using hot splitless injection
with the split closed for 0.9 min. For SIM three
characteristic ions were selected for each com-
pound and scanned using corresponding time
windows with dwell times between 100 and 200
ms per ion. Mass spectrometer tuning was per-
formed weekly using the autotuning macro. The
precolumn and insert liner were exchanged after
not more than 50 injections.

3. Results and discussion
3.1. Target compounds

To meet the objectives for the surveillance and
monitoring of acidic herbicides in water samples,
a routine method with low detection limits for all
active compounds had to be developed and
evaluated. After having demonstrated in a previ-
ous study [1] that phenoxyalkanoic acids and
other acidic herbicides can be easily detected by
GC-MS as their PFBBr esters at picogram
levels, the aim of this study was to find the
extraction procedure best suited for sample prep-
aration and trace enrichment. In recent years in
our laboratory, LLE with dichloromethane and
SPE using RP-C,; material were frequently
applied in parallel to the same water samples to
check the reliability of SPE results. We have
come to the conclusion that before using SPE as
a routine method, the RP-C,; material and the
extraction conditions must be carefully evalu-
ated, otherwise the results vary dramatically.

The target compounds include phenoxyal-
kanoic acids and their esters, other acidic pes-
ticides and related compounds of environmental

interest, and are representative of a variety of
chemical structures containing acidic protons.
The structural formulae of all the compounds
studied are presented in Fig. 1.

All experiments were carried out under con-
ditions that match the requirements of water
monitoring analysis with respect to the maximum
tolerances for pesticides in drinking water.
Therefore, all drinking water samples were
spiked with a mixture of all 34 target compounds
to obtain a concentration level of 100 ng/l or
lower. The whole procedure of sample extraction
and derivatization is presented in Fig. 2.

3.2. Influence of adsorbent drying on the
recovery

Our first recovery experiments were carried
out with RP-C,; material from supplier A.
According to earlier observations, the influence
of the drying process of the adsorbent has been
found to be a critical step in SPE. Independent
of the type of pesticides or environmental con-
taminants determined in water, sometimes irre-
producible results were obtained and these re-
sults correlated in many instances with incom-
plete drying of the RP-C,; material before elut-
ing the adsorbed compounds. Two drying pro-
cedures are executed in addition to the first
drying of the column by vacuum. Some users of
SPE prefer freeze-drying and, others flushing the
extraction column with a gently stream of nitro-
gen. Both drying procedures were investigated in
parallel in this study.

On comparing the recovery values for drying
with nitrogen and for freeze-drying, no signifi-
cant differences in the average recoveries could
be observed. Therefore, nitrogen flushing was
used as the standard procedure in all further
experiments because of its simplicity.

3.3. Selection of RP adsorbent material

As a few of the active compounds, such as
clopyralid, 4-chlorophenoxyacetic acid, flurenol
and 2,4-DB in particular, were found to give
inadequate recoveries, adsorbents with other
chemical structures were tested. RP-Phe and a
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mixture of RP-Phe and RP-C,, (1:1) were used
for the extraction of the target compounds from
water. Using a mixed material, improved re-
coveries were expected because of the operation
of a mixed interaction process in adsorption,
taking advantage of the favourable properties of
the individual phases.

RP-C,; material from supplier A on average
showed better recoveries than those with the
RP-Phe material and the blends. The same holds
true if the number of compounds with an aimed
recovery of better than 70% is compared. Sur-
prisingly, only two herbicides were found to be
extracted significantly better from water with
RP-Phe than with RP-C,; from supplier A,
namely fluroxypyr and picloram.

The influence of the solvation effect was then
studied with the addition of methanol to the
water sample. The recoveries with RP-C,; from

supplier A and a mixture of RP-C,, and RP-Phe
(1:1) after the addition of methanol to the
sample were found to be only slightly changed.
Whereas with the mixed phase no better re-
coveries could be achieved, the recoveries with
RP-C,, were found to be slightly better. Adding
methanol to the water sample prior to extrac-
tion, however, generally led to better repro-
ducibility.

It is well known by users that the material
from a supplier can vary in its quality from batch
to batch. Therefore, it is common practice to
check batches with the compounds under in-
vestigation before buying a greater stock. Since
we undertook our first experiments with an
adsorbent selected for less polar pesticides such
as polycyclic aromatic hydrocarbons and poly-
chlorinated biphenyls, a check of RP-C , materi-
als from other suppliers was carried out. The
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. Elution of the substances with 2.5 ml methanol
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| {Scan) |
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GC-MS 1/ DL : down to tng/l

Fig. 2. Solid-phase extraction of acidic contaminants followed by pentafluorobenzylation and GC-MS determination. ISTD =

Internal standard.

same recovery experiments were performed
using RP-C,; material A, B and C and a mixture
of RP-C,; A and RP-Phe. All experiments were
carried out with the addition of methanol. The
results of a series of sixfold experiments are
compiled in Table 1.

A comparison of the recoveries of the ad-
sorbents from the three suppliers reveals consid-
erable differences between their trapping prop-
erties. Whereas with material A only 9 out of the

34 target compounds give recoveries greater than
70%, with material B 17 and with material C 26
compounds show recoveries greater than 70%. A
comparison of the average recoveries of all the
target compounds in Table 1 demonstrates the
excellent properties of adsorbent C, with an
average recovery of 87% compared with 71% for
adsorbent B and only 59% for adsorbent A.
Four of the investigated compounds were ex-
cluded from the evaluation of average recoveries
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Table 1

707N

Recoveries (70) with standard deviations (n = 0) of acidic herbicides with SPE usmg various adsorbent materiais with water

samples containing 1% of methanol

No. Compound C'- S.D. Cis S.D. Cis S.D. Cy S.D.
Phe (%) A (%) B (%) C (%)
1 Acifluorfen 43 8 68 5 58 19 77 13
2 Benazolin 38 6 37 5 75 7 89 11
3 Bentazone 67 8 76 7 56 ii 71 24
4 Bromoxynil 52 24 72 24 59 15 75 27
5 Chloramben 20 4 17 3 40 5 58 6
6 Chlorfenac 54 8 72 3 109 12 92 9
7 Chlorflurenol-methyl 76 7 88 4 92 8 109 2
8 4-Chlorophenoxyacetic acid 18 3 28 3 19 2 72 11
9 Clofibric acid 78 10 96 5 81 6 106 7
10 Clopyralid 22 10 33 4 55 11 79 5
11 24-D 36 7 51 5 106 8 79 16
12 2,4-DB 24 13 36 6 S3 6 53 5
13 Dicamba 51 9 63 3 95 9 101 10
i4 2,4-Dichlorobenzoic acid 56 8 76 5 60 3 90 9
15 Dichlorprop 43 7 67 6 71 9 94 10
16 Fenoprop 54 6 65 5 70 14 100 7
17 Flamprop 53 7 60 4 75 10 88 8
18 Flamprop-isopropyl 89 7 98 7 100 8 109 14
19 Fluazifop 48 8 64 5 60 9 91 11
20 Fluazifop-p-butyl 55 8 65 3 79 4 101 6
Flurenol 26 4 13 20 10 33 1
22 Flurenol-butyl 75 7 81 2 95 8 163 2
23 Fluroxypyr 21 4 23 3 63 6 87 10
24 Haloxyfop 48 6 58 2 59 9 88 10
25 3-Indolylacetic acid” 13 12 40 42
26 3-Indolybutyric acid® 8 6 12 10
27 3-Indolylpropionic acid” 40 9 40 56
28 1-Naphthylacetic acid 49 8 56 8 75 15 104 6
29 MCPA 41 8 55 S 76 10 85 10
30 MCPB 42 4 41 8 74 6 69 6
31 Mecoprop 51 7 64 4 68 10 89 8
32 Picloram”® 27 6 -
33 2,4,5-T 75 i7 82 8 83 5 162 14
34 Triclopyr 57 6 67 4 79 8 5
Average 49 59 71 87
No. of compounds with recovery =70% 5 9 26
No. of compounds with recovery =50% 15 22 26 29

“ With RP-C,; material A.

* Not taken into account for averaging owing to unsatisfactory recovery.

because their recoveries were low with ali the
materials tested. These compounds are the three
indolealkanoic acids and nicloram. Whereas the

2LAACAIAGRNVIL aLISs alite palaiaail. acicas Ul

indole-3-alkanoic acids are certainly of only

llml[e(l interest in gCIlCI'dl CIlVlIUlllllCIlldl moni-
toring, picloram may be the target of environ-
mental monitoring. In the course of this study

RP-Phe was found to be best suited for plcloram
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whereas RP-C,, seems not to be suitable for the
extraction of this compound.

The recoveries using material C demonstrate
that compounds containing more than one func-
tional group show lower recoveries. Note that
with increasing aupuahc chain 1€ﬁgtu the re-
coveries of the phenoxyalkanoic acids unexpec-
tedly decrease from 2.,4-D to 2,4-DB and from
MCPA to MCPB, whereas aliphatic chain
branchings increase the recoveries such that
dichlorprop is better extracted than 2,4-D and
mecoprop better than MCPA.

The resuits of our investigations showed clear-
ly that material C is in this case superior to all

the other materiale tegted Tharefare 1t wac
10 OO Midllrians 858G, 1 O8ICIore, it was

chosen for the screening of acidic compounds in
water samples. It should be emphasized that the
RP-C,, adsorbents A and B work satisfactorily
in other applications such as with chlorinated
pesticides, triazine herbicides and polycyclic aro-
matic hydrocarbons.

3.4. Recovery experiments at low concentration
levels

To check the potential of the described ex-
traction method, recovery experiments were
carried out by spiking of a series of drinking
water samples with all the target compounds at
concentrations below the 100 ng/l level. In
TeCovery DAPCIIHICIILD, the practica} detection
limits for each compound were determined by
analysing 1 | of drinking water spiked with 50,
25, 10, 5 and 1 ng of the standard mixture. At
each concentration, a threefold determination
was carried out. In Fig. 3 the multiple ion
detection (MID) chromatogram obtained during
the analysis of the spiked drinking water is
presented, which in this instance was spiked at a
concentration level of 10 no/l The chromato-

COLNCCIN I AVl (72 SR O3 U AV 0 Laiiate

gram shows that the detectlon limit achievable
with this method for most of the target com-
pounds is clearly below 10 ng/l.

Note that although the extraction of 3-in-
dolybutyric acid is not satisfactory with this
method, a drinking water sample containing 10

no/l Aaf thic comnaonnd a nogitiva racit I+ ag
ng/1 01 ulls CoOmpouna slv\,o a posiuve l\.«oulL as

can be observed from peak 32 in Fig. 3. The only
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Fig. 3. MID chromatogram of an extract of a water sample
spiked at 10 ng/l. Internal standard (2) added at a con-
centration of 200 ng/l. The asterisk indicates 3-indolylacetic
acid PFB ester (21) coeluting.

compounds under investigation that could not be
spotted using this procedure at the 10 ng/l
concentration level were flurenol, chloramben
and, of course, picloram. As can be seen from
Fig. 4, a positive confirmation of the identity of
any target compound is possible by means of the
three indicative ion traces that are the source of
the peak seen in the MID chromatogram.

In this particular instance the demonstration
was done for the small peak of 3-indolylbutyric
acid seen in Fig. 3 as peak 32. All peaks that can
be seen in the MID chromatograms represent

tha amriun 1ont of 200 no intected nrecunnogin
I.uD Uliul\’al\,ul O1 ZuyU =3 luj\,\.t\.«u, Pl\«auy}/uouls a

total recovery of the spiked target compounds.
The evaluation of all spike experiments down
to a concentration of 1 ng/l was carried out to
obtain an estimate of the detection limit of every
target compound with real drinking water sam-

Abundance ton 130
A
/ \\ 1on 383
480 / e
~ N\
280 / / \\ lon 384
N // / \\ :< — .
240 —— ~er’ / y e e

o T T T T ™ T T

Time -> 36.50 38.60 3670 36.80 36980 37.00 3710 3720 3TN 3740 min

Fig. 4. Ion traces of m/z 384, 383 and 130 for 3-indolybutyric

acid reconstructed from the MID chromatogram shown in
Fig. 3.
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ples. For every individual compound three in-
dicative masses were recorded, as described in a
previous paper [1] and demonstrated in Fig. 4
with one of them. Detection levels were de-
termined by extracting the ion traces for each
individual compound. This means a time-con-
suming procedure especially for quantification,
because proper integration parameter setting is
important and has to be checked individually.
Therefore, we do not report detection limits

calculated from the calibration graphs obtained
in the series of spike experiments rather than the
lowest concentration level at which in three
parallel analyses the target compound could
definitively be seen with a signal-to-noise ratio of
3:1 or better. In Table 2 the detection limits for
each compound are reported for the pure stan-
dard and in addition after extraction from drink-
ing water samples. The detection limits for the
individual compounds were found to be between

Table 2
Detection limits (DL) of the target compounds as their PFB derivatives in standard mixtures and in spiked tap water samples
No. Compound tx DL (standard) DL (SPE)
(min) (pg) (ng/1)*
1 Clofibric acid 25.42 2 =1
2 2,4-Dichlorbenzoic acid 25.65 4 <1
3 Clopyralid 26.18 20 <10
4 4-Chlorophenoxyacetic acid 26.28 10 <10
5 Mecoprop 26.43 10 =1
6 Dicamba 27.28 2 <1
7 MCPA 27.48 2 <1
8 Dichlorprop 27.79 1 =1
9 Chlorflurenol-methyl® 28.31 10 <10
10 Flurenol-butyl” 28.40 10 <10
11 2,4-D 28.72 20 <5
12 Chlorfenac 28.93 20 =10
13 Bromoxynil 29.07 20 <10
14 1-Naphthylacetic acid 29.17 2 <35
15 Triclopyr 29.56 2 =1
16 Fenoprop 30.03 2 <5
17 Fluazifop-p-butyl® 30.28 1 =1
18 Flamprop-isopropy!® 30.92 3 =1
19 2,4,5-T 31.12 20 <10
20 Bentazone 31.17 20 =10
21 3-Indolylacetic acid 31.45 10 -
22 MCPB 31.54 20 <10
23 Chloramben 31.75 20 =25
24 Fluroxypyr 31.94 30 =10
25 Flurenol 32.15 30 <25
26 2,4-DB 32.87 30 <10
27 3-Indolypropionic acid 33.28 10 -
28 Fluazifop 34.34 5 <1
29 Benazolin 35.22 10 <10
30 Picloram 35.48 30 -
3 Haloxyfop 36.85 10 <1
32 3-Indolybutyric acid 36.91 10 -
33 Flamprop 39.64 2 =1
34 Acifluorfen 42.96 100 <10

“ Detection limits are not listed for compounds with unsatisfactory recoveries.

* Other esters.
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1 and 10 ng/l, with the exception of two com-
pounds.

The detection limits of the four active com-
pounds that give inadequate recoveries with the
SPE procedure were omitted, but the detection
limits of the GC-MS method with test com-
pounds (standards) are reported in Table 2.

It should be emphasized that the detection
limits given had been estimated conservatively.
This becomes evident on looking at Fig. 3, with
peaks 29 and 34 of benazolin or acifluorfen
having signal-to-noise ratios better than 10:1 but
an estimated detection limit of 10 ng/! as given
in Table 2.

3.5. Application to ground water samples

Finally, the potential of the procedure for
residue analysis of drinking water is demonstra-
ted with an example from a survey of ground and
tap waters in Berlin carried out in 1992 and 1993.
The recovery experiments with spiked tap water
showed that nearly all of the 34 target com-
pounds could be detected in tap water with
detection limits between 1 and 25 ng/l, as
compiled in Table 2. None of the real tap water
samples gave positive results for any of the
herbicides. The investigation of ground water
samples, especially those from sites that were
used for the production of drinking water, re-
sulted in only a few positives at concentration
levels clearly below the maximum tolerance of
100 ng/l. In one ground water sample mecoprop
was found at 11 ng/l, as demonstrated in Fig. 5.

All three indicative ions arise simultaneously
to form a peak at the retention time expected,

Abundance ton 169 /\
1800° lon 394 Fo
- A
: R lon 142
o' A\
AN
0 : : ; . .
Time > 26.30 26.40 26.50 26.60 2670 min

Fig. 5. Analysis of a ground water sample containing 11 ng/l
of mecoprop. lon traces of m/z 394, 169 and 142 for
mecoprop PFB ester.

exhibiting the intensity ratios as calibrated within
an acceptable limit of variation, an essential
result for positive identification. Other positive
findings in raw water samples included meco-
prop and dichlorprop.

In further investigations, this method was
extended to the analysis of surface and sewage
waster samples. The performance of this method
and the results of these investigations will be
presented elsewhere [33].

3.6. Derivatization and mass spectrometric
detection

The derivatization procedure and the mass
spectrometric detection method are described
and discussed in detail elsewhere [1]. Of course,
the recoveries reported are not dependent on the
final determination step. The eluates can equally
be applied to the analysis with TLC using auto-
mated multiple development (AMD-TLC) [18]
or HPLC.

Recently, the application of phase-transfer
alkylation with PFBBr was reported as an alter-
native derivatization procedure [34]. In the same
paper, a 100-fold increase in sensitivity by using
electron-capture negative-ion chemical ionization
MS (ECNCI-MS) was reported but could not be
reproduced in our laboratory. Only a twofold
increase compared with EI-MS with SIM was
observed with derivatized standards applying
ECNCI-MS with two different quadrupole MS
systems (Finnigan 4000 and Hewlett-Packard
5989 A MS Engine). In preliminary studies,
ECNCI-MS proved to be more prone to interfer-
ences from the matrix in real water samples with
out quadrupole instruments. Thus, detection
limits from environmental water samples were
found to be surprisingly better with EI-MS-SIM.
This results from target ions with much higher
m/z values in EI-MS than those in ECNCI-MS
caused by easy fragmentation of the PFB esters
under ECNCI conditions. These matrix prob-
lems with ECNCI-MS detection might be over-
come when using a high-resolution mass spec-
trometer as reported by Meiring et al. [34], but
this type of instrument is not in widespread use
in environmental analysis. In a normal environ-
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mental laboratory, routinely achieving a resolu-
tion of 4000 with acceptable transmission would,
in our opinion, involve too large a proportion of
“down-time” when analysing “dirty” samples.
Using GC-EIMS with SIM, detection limits in
the low-picogram range region can be achieved
[1] for many phenoxycarboxylic acid PFB esters
and related compounds (see Table 2). When
performing the extraction procedure described
with RP-C; material A, detection limits down to
1 ng/1 can be achieved for environmental water
samples with a high load of matrix [33].

4. Conclusions

Our investigations indicate that a careful selec-
tion and check of the adsorbent is a prerequisite
in SPE. Adsorbents of the same type may vary
so much in their ability to retain the analytes that
an adsorbent from one supplier may be well
suited whereas that from another supplier may
give unsatisfactory results. Taking this into ac-
count, the method described has proved to be
suitable for the sensitive screening of about 30
phenoxyalkanoic acids and other acidic com-
pounds clearly below the concentration of 100
ng/l fixed by the EC as the maximum tolerance
for drinking water. At a concentration level of
100 ng/1, 29 of the 34 compounds studied can be
extracted with recoveries better than 50% and 26
compounds with recoveries better than 70%.
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