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ABSTRACT 

The determination of pesticides in water is fundamental to the solution of environmental problems as natural waters are usually 
contaminated with a large number of pesticides. The selection of an isolation and/or concentration technique depends largely on the 
class of pesticides to be determined. It is often necessary to determine simultaneously a wide variety of compounds in a water sample. 
Application of solid-phase extraction techniques offers a solution. The mechanisms of solid-phase extraction, types of sorbents and 
their application to multi-residue pesticide analysis are reviewed. 
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1. INTRODUCTION 

The determination of pesticide residues in water 
samples is necessary for solving various environ- 
mental and biological problems [l]. The accuracy 
and precision of analysis are dependent on both 
sample preparation and instrumental performance. 
The analysis is carried out using gas chromatogra- 
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phy (GC) [2] or liquid chromatography (LC) [3]. 
These chromatographic techniques require efficient 
isolation and concentration procedures, such as 
liquid-liquid, supercritical fluid and solid-phase ex- 
traction [4,5]. 

Liquid-liquid extraction (LLE) is frequently used 
but it produces emulsions and different extraction 
efficiencies for various compounds; it also requires 
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large amounts of solvent and is slow, laborious and 
difficult to automate [6,7J 

Solid-phase extraction (SPE) is attracting in- 
creasing attention and constitutes an alternative to 
LLE. Desorption of retained organic compounds 
can be carried out by elution with a suitable solvent. 
SPE is widely used for the trace enrichment of very 
dilute solutions such as natural waters, where large 
sample volumes may have to be processed, to yield 
concentrations of analyte sufficient for detection. 
The technique has been reviewed in a variety of 
areas such as extraction of organic compounds [8- 
121, on-line precolumn techniques [13,14] and sam- 
ple preparation in drug analysis [15]. Svoboda [16] 
reviewed the use of sorbents for the preconcentra- 
tion of one or a few pesticides. 

Supercritical fluid extraction (SPE) is in the early 
stages of development and so far has been used 
mainly with solid samples. However, it can readily 
be used with liquids if the sample is immobilized on 
a solid support. This means that the technique can 
be used to extract pesticides from water samples [8]. 

Although a single residue method is often used in 
analyses required by legislation or to confirm re- 
sults, for the analysis of real environmental water 
samples, when nothing is known about the nature 
of possible contaminants, multi-residue methods 
are needed. Pesticides form a large group of com- 
pounds with widely differing structures and biolog- 
ical activities. Ideally, multi-residue methods should 
provide rapid identification and quantification of as 
many different pesticides as possible at the required 
sensitivity limit. This diversity poses problems for 
the analyst who is trying to develop methods that 
cover as many pesticides as possible [ 17-221. 

Considering the above problems associated with 
this kind of analyte and matrix, we present here a 
detailed review of several multi-residue SPE proce- 
dures that have been proposed in the last 10 years 
for the determination of organochlorine, organo- 
phosphorus and organonitrogen pesticides in water. 

2. MECHANIMS OF SOLID-PHASE EXTRACTION 

The two major mechanisms of analyte retention 
on solid support are adsorption and partitioning. 
Extraction of trace amounts of organic compounds 
from water with solid sorbent is a method in which 
adsorption on a solid substance is used in order to 

isolate compounds dissolved in water. Sorbent ex- 
traction can also be based on the distribution of the 
dissolved compound between the solid sorbent and 
water. In these instances, provided that the sorbent 
has been selected correctly, the partition coefficient 
is shifted even more towards the sorbent than in 
water. 

2.1. Adsorption 

Pesticides have some affinity for binding on solid 
surfaces. Common adsorbents are charcoal and po- 
rous polymers. The adsorptive capacity of a given 
adsorbent depends in part on the treatment or man- 
‘ufacturing conditions and on the composition of 
the adsorbent (references are given in Table 1). 

Charcoal was the first sorbent to be used for the 
extraction of organic compounds from water [lo]. 
The advantage of this material was the high reten- 
tion of low-molecular-mass polar pesticides and 
their metabolites [23-301. 

Polymers have been used as alternative sorbents 
to carbon for trace enrichment since the late 1960s. 
Their homogeneous structure results in greater re- 
producibility of trace enrichment experiments. The 
most often used types of polymers are styrene-divi- 
nylbenzene copolymers (Polysorb S [31], Amberlite 
XAD-2 [32,35,36,39] and XAD-4 [33,34,37,38], 
PRP- 1 [40-42]), acrylate polymers (Amberlite 
XAD-7 [39] and XAD-8 [36], Separon SE [43-45]), 
2,6-diphenyl-p-phenylene oxide (Tenax GC [46 
48]), ethylvinylbenzene-divinylbenzene (Porapak Q 
[40]), amide esters (polyurethane foam [49]) and or- 
ganic polymeric sorbents without functional groups 
(Wolfatit Y77 [50]) (Table 2). 

TABLE 1 

ADSORPTION TECHNIQUES 

Adsorbent Ref. 

Charcoal 
Porous polymers: 

Amberlites 
PRP-1 
Separon SE 
Tenax CG (polymide) 
Polyurethane foams 
Wolfatit 

23, 24, 25, 26, 27, 28, 29, 30 

32, 33, 34, 35, 36, 37, 38, 39 
40, 41, 42 
43,44,45 
23, 46, 41, 48 
34,49 
50 
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Desorption of the compounds from the concen- 
tration columns is mainly performed with a small 
volume of liquid. The partition coefficient in a given 
polymer-eluent system should favour the pesticide 
being studied shifted in favour of the eluent (hex- 
ane-diethyl ether [23,38], light petroleum-toluene 
[24,28], methanol-dichloromethane [25,26,29,30, 
391, acetone [43-45,49], diethyl ether-methanol [32], 
dichloromethane-hexane [34], acetone-hexane [35], 
acetonitrile with dichloromethane or diethyl ether 
[36], diethyl ether [46], ethanol [33,37], acetonitrile 
[40], acetonitrile-water [41], water [42], light petro- 
leum [47] and ethanol [50]). 

Another system described is thermal desorption 
[48], which has been applied for the determination 
of some organochlorine pesticides. The extraction 
column is introduced inside the GC oven. The de- 
sorption process is similar to that in headspace 
analysis. Thermal desorption can fail as a result of 
the very strong interaction between the analyte and 
the sorbent, as a temperature sufficient to desorb 
the analyte might also destroy the sorbent, the ana- 
lyte or both. If the analyte is thermally unstable, 
thermal desorption can invalidate quantification 
and introduce artefacts even if the analyte is only 
weakly adsorbed. 

The use of supercritical carbon dioxide to accom- 
plish the desorption can provide solutions to these 
last two problems. The application of this technique 
to desorb spiked y-BHC, hexachlorobiphenyl and 
parathion from Tenax [51] and polymides [52] may 
become an attractive alternative to solvent and 
thermal approaches in the future. 

2.2. Partitioning 

The development of surface-modified materials 
for LC has opened up a new technology for applied 
research [53]. The bonded phases were originally in- 
troduced for use in LC to obviate the limitations of 
silica gel when used to separate mixtures of highly 
polar and ionic sustances [54,55]. These phases can 
be prepared by reacting silica gel with an appropri- 
ate organic mono-, di- or trichlorosilane, producing 
a surface coating of organic material that replaces 
the surface hydroxyl groups as the interacting moie- 
ties of the stationary phase. The interacting organic 
groups can be simple hydrocarbon chains, as with a 
reversed-phase material, a hydrocarbon chain with 

a terminal polar functional group, as with a polar 
bonded phase, or an ion-exchange moiety, as with 
an ion-exchange bonded phase [56]. The first at- 
tempts to use them as preconcentration media date 
back to 1971 [571, but the modern technique had its 
beginning in 1978 with the commercial introduction 
of Sep-Pak cartridges (Waters, Milford, MA, USA) 

[581. 
Today, SPE has blossomed into a widely applied 

technique: more than 30 suppliers offer phases 
ranging from conventional HPLC phases, such as 
Cis, Cs, cyano and amino, to reactive particles that 
users can derivatize with a ligand of their choice 
[59]. The bonded silica mostly used is that with the 
octadecyl group [60-63]. 

Table 3 presents procedures for the preconcentra- 
tion of various types of pesticides from water sam- 
ples on bonded silicas. 

It is well known that simple extraction, evapora- 
tion and other similar techniques share the disad- 
vantage of a high risk of contamination from con- 
tainers, solvents and laboratory surroundings, and. 
also the risk of degradation on evaporation to dry- 
ness. Octadecyl-bonded SPE has been proposed by 
the US Environmental Protection Agency (EPA) in 
Method 525 [114]. 

Although an off-line SPE procedure usually 
shortens the time of sample handling, a certain 
amount of tedious labour remains. The means for 
reducing this time-consuming work is to automate 
the entire procedure as much as possible. The use of 
precolumns makes it possible to employ on-line 
concentration techniques on Cls or Cs in conjunc- 
tion with HPLC [66-69,71,74,75,103, 1061081 but 
also with GC [70]. 

Automation of sample preparation for pesticide 
analysis is essential when large water samples are 
required. Manufacturers have met the needs of re- 
sidue chemists for sampling automation by offering 
laboratory robots with bonded silica cartridges. 
The Varian AASP (advanced automated sample 
processor) system has been proposed for pesticide 
analysis of water [115,116]. 

A new generation of SPE devices have recently 
emerged. Borrowing the disc configuration of mem- 
brane filters, these devices include flat discs with 
large cross-sectional areas that provide advantages 
for on-line preconcentration and clean-up methods 
with respect to sorption, capacity, back-pressure 
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and stability after repeated use [71,109,110,112]. 
Immobilized liquid membranes for separations 

have been developed in recent years. They have 
most frequently been used for separations of metal 
ions by facilitating transport mechanisms [ 1171, but 
also for separations of organic molecules [ 1181. Au- 
dunsson [ 1191 used immobilized liquid membranes 
in a flow system for the determination of amines in 
aqueous samples. A similar system was used by 
Nilve and co-workers [ 120,121] for enriched phen- 
oxyalkanoic acids and sulphonyl urea herbicides 
prior to on-line determination by HPLC. With the 
liquid membrane technique sample preparation is 
performed in a flow system, which is easily auto- 
mated. 

3. FACTORS AFFECTING SOLID-PHASE EXTRACTION 

The extraction recovery of pesticides from water 
samples depends on a number of factors such as the 
type of water samples (presence of particulate mat- 
ter, ionic strength of the water), pH and sorbent 
treatment. 

3.1. Type of water 

Unfortunately, experiments are usually carried 
out on aqueous samples with low ionic strength and 
free from colloidal particles, such as distilled, deion- 
ized, tap or finished waters, representing a matrix 
that is different from natural waters and particular- 
ly from sea water [122]. Significant losses in recov- 
ery tests on pesticides have been observed with SPE 
when water samples with high contents of organic 
matter have been analysed owing to competition for 
the actives sites of the adsorbent between the chlor- 
inated hydrocarbons and other hydrophobic 
groups present in the sample [64,92,94,99]. 

On analyses of marine and surface waters con- 
taining solid particles forming suspensions, the re- 
coveries from unfiltered waters were found to be 
substantially lower than expected for some pesti- 
cides [48]. Humic substances in water can increase 
the apparent solubility of these compounds, bind 
organic compounds either with covalent bonds, as 
charge-transfer complexes, by hydrogen bonding or 
by Van der Waals interactions. These substances 
are adsorbed on the suspended solid particles [123- 
1251. 

Detergents diminish the retention of the pesti- 
cides in the solid phase, an effect probably due to an 
increase in the solubility of the pesticides in water 
[64,92-941. 

An increase in the ionic strength of aqueous sam- 
ples leads to weakening of the interaction between 
undissociated molecules and water, resulting in an 
increase in the extraction efficiency. A positive salt- 
ing-out effect on adsorption on octadecylsilica has 
been observed for some herbicides [75,104] and py- 
razone [126] and on Wolfatit Y77 for organophos- 
phorus compounds [50]. In another report [126], an 
increase in ionic strength improved the retention for 
hydrophobic organic solutes in the water-Amber- 
lite XAD-8 system [127]. However, the addition of 
NaCl or KC1 had no significant effect on the extrac- 
tion of a wide range of organic compounds on C1 a 
[64,90,92]. 

3.2. Sample volume 

The effect of sample volume on SPE recovery is 
of crucial importance for samples of environmental 
interest. Extraction of a sample volume of 200 ml-l 
1 is necessary in order to determine low levels of 
pollutants. In SPE, the solvent in which the solute is 
dissolved (i.e., water for environmental samples) is 
capable of eluting the solute from the column; the 
solute of interest has some finite capacity factor in 
the sample solvent itself. If the number of column 
volumes of water required to elute the solute from 
the column, plus one column volume (the volume in 
the column when the sample was introduced), is ex- 
ceeded, then the solutes begin to elute from the col- 
umn as more sample is being continuously added to 
the head of the column; this results in decreased 
recoveries. The maximum sample volume from 
which 100% recovery can be achieved and beyond 
which the solute of interest begins to elute from the 
column is called the breakthrough volume. The 
breakthrough volume is. determined by the capacity 
factor of the solute in the sample solvent, that is, the 
sample solvent strength. For reversed-phase sor- 
bents, the breakthrough volume is a function of the 
hydrophobicity of the solute and the mass of sor- 
bent used [45,84]. 
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3.3. pH 

The effect of pH on the retention of compounds 
on a solid phase can only be studied with stable and 
non-ionic pesticides [45,49,84,90,94]. In addition, it 
may be necessary to adjust the pH of the sample to 
ensure that the compound is in the appropiate form 
to achieve the efficient retention by the solid phase 
[41-43,73,82-84,871. 

Most synthetic polymers are unaffected by ex- 
treme pH values, but some acrylates may be hydro- 
lysed at high pH. Extreme pH values can change the 
nature of bonded phases; the recommended pH val- 
ues are between 2 and 8. 

3.4. Sorbent treatment 

A typical sorbent treatment sequence involves the 
following steps: activation of the sorbent (wetting); 
washing for bonded phases; elution of concentrated 
pesticides; and regeneration of the column. 

3.4.1. Activation 
A requirement for effective adsorption is perfect 

mutual contact between the solid and liquid phases. 
The type of carbon generally used for pesticide en- 
richment is granular activated carbon with a large 
surface area (300-2000 m2 g- ‘) and a wide pore 
diameter distribution, which does not require previ- 
ous treatment. As more than 99% of the surface 
area of a polymer sorbent is the internal area of the 
pores, the need for penetration of liquid phase into 
the pores is obvious. Complete permeation of the 
water into all these pores of the hydrophobic poly- 
mer is usually ensured by wetting the polymer first, 
with an organic water-miscible solvent, which is 
then replaced with water. Prewetting of chemically 
bonded silicas causes opening of the hydrocarbon 
chains, thus increasing its surface area. 

3.4.2. Washing 
After the sample has been extracted, potential in- 

terferents can be removed by washing the column 
with solvents of various strengths. For most non- 
polar phases, water can be used to remove many of 
the polar constituents of water samples without 
eluting pesticides. Less polar contaminants may be 
removed by adding relatively weak solutions of 
methanol or acetonitrile in water. However, to en- 

sure that no breakthrough or loss of analytes occurs 
during washing steps, preliminary analyses should 
be carried out. 

3.4.3. Desorption 
Desorption is usually accomplished by the use of 

solvents. When the extraction is finished, a small 
volume of a liquid for which the partition coefficient 
in a given solid phaseeluent system favours the 
eluent is allowed to pass through the column 
[90-92,95,1 lo]. Experimental results from adsorp- 
tion and partitioning TLC and LC can be applied to 
the selection of the appropiate eluent [64]. 

The SPE column can be used more than once, 
provided that it is regenerated with the solvent used 
for its activation. 

Preliminary studies with C1s SPE columns re- 
vealed the presence of interferents that co-eluted 
with the analytes of interest. Plasticizers have been 
reported to be frequent interferents [9 1,94,128] . Al- 
though the size of the interferent peaks was reduced 
by the precleaning procedure, they could not be 
completely eliminated. This phemomenon has also 
been observed with other polymeric sorbents [129]. 

4. ACKNOWLEDGEMENTS 

The authors thank the CICYT (NAT 91 1129) 
for financial support for this study and the Science 
Ministry (Spain) for a grant for Y. P. 

REFERENCES 

1 D. Barcelo, Analyst, 116 (1991) 681. 
2 R. E. Clement, F. I. Onuska, G. A. E&man and H. H. Hill, 

Anal. Chem., 60 (1988) 279R. 
3 D. Barcelo, Chromatographia, 25 (1988) 928. 
4 S. K. Poole, T. A. Dean, J. W. Oudsema and C. F. Poole, 

Anal. Chim. Acta, 236 (1990) 3. 
5 R. C. C. Wegman and P. H. A. M. Mells, CRC Crit. Rev. 

Anal. Chem., 16 (1986) 281. 
6 F. I. Onuska, J. High Resold. Chromatogr. Chromatogr. 

Commun., 7 (1984) 660. 
7 Commission on Microchemical Techniques in Trace Analy- 

sis, Pure Appl. Chem., 60 (1988) 1438. 
8 F. I. Onuska, J. High Resolut. Chromatogr., 12 (1989) 4. 
9 A. D. Dale, Eur. Chromatogr. Anal., August/September 

(1991) 5. 
10 G.A. Junk, in I. H. Suffet and M. Malayiandt (Editors), 

Organic Pollutants in M’ater (ACS Symposium Series, No. 
214), American Chemical Society, Washington, DC, 1987, 
p. 201. 

11 M. Dressler, J. Chromatogr., 165 (1979) 167. 



160 G. Font et al. / J. Chromatogr. 642 (1993) 135-161 

12 

13 

14 

15 

16 
17 
18 
19 
20 
21 
22 
23 

24 

25 

26 

27 

I. Liska, J. Krupcik and P. A. Leclerq, J. High Resoluf. 
Chromatogr., 12 (1989) 577. 
R. W. Frei and U. A. Th. Brinkman, Trends Anal. Chem., 1 
(1981) 45. 
R. W. Frei, M. W. F. Nielen and U. A. Th. Brinkman, Znt. 
J. Environ. Anal. Chem., 23 (1986) 3. 
R. D. McDowall, J. C. Pearce and G. S. Murkitt, J. Pharm. 
Biorned. Anal., 4 (1986) 3. 
L. Svoboda, Chem. Listy, 74 (1985) 943. 
J. Sherma and G. Zweig, Anal. Chem., 53 (1981) 77R. 
J. Sherma and G. Zweig, Anal. Chem., 55 (1983) 57R. 
J. Sherma and G. Zweig, Anal. Chem., 57 (1985) 1R. 
J. Sherma, Anal. Chem., 59 (1987) 18R. 
J. Sherma, Anal. Chem., 61 (1989) 153R. 
J. Sherma, Anal. Chem., 63 (1991) 27R. 
A. Bacaloni, G. Goretti, A. Lagana, B. M. Petronio and M. 
Rotatori, Anal. Chem., 52 (1980) 2033. 
F. Mangani and F. Bruner, Chromatographia, 17 (1983) 
377. 

46 

47 

48 

49 

50 

51 

52 

53 
54 
55 

56 
V. Drevenkar, Z. Frobe, B. Stengl and B. Tkalcevic, Znt. J. 
Environ. Anal. Chem., 22 (1985) 235. 
A. Di Corcia, M. Marchetti and R. Santperi, J. Chroma- 
togr., 405 (1987) 357. 

57 
58 

A. Farran and J. D. Pablo, Znt. J. Environ. Anal. Chem., 30 59 
(1987) 59. 

28 F. Mangani, G. Crescentini, P. Palma and F. Bruner, J. 
Chromatogr., 452 (1988) 527. 

29 M. Battista, A. Di Corcia and M. Marchetti, Anal. Chem., 
61 (1989) 935. 

30 A. Di Corcia and M. Marchetti, J. Chromatogr., 541 (1991) 
365. 

31 V. D. Chmil, T. N. Burushkina and V. K. Pogorely, Zh. 
Anal. Khim., 40 (1985) 1876. 

32 B. Crathorne, M. Fielding, C. P. Steel and C. D. Watts, 
Environ. Sci. Technol., 18 (1984) 797. 

33 A. Verweij, M. A. van Liempt-van Houten and H. L. Boter, 
Znt. J. Environ. Anal. Chem., 21 (1985) 63. 

34 J. E. Woodrow, M. S. Majewski and J. N. Seiber, J. Envi- 
ron. Sci. Health, 21 (1986) 143. 

35 J. I. Gomez-Belinchon, J. 0. Grimalt and J. Albaiges, Envi- 
ron. Sci. Technol., 22 (1988) 677. 

36 A. M. Dietrich, D. S. Millington and Y. H. Seo, J. Chroma- 
togr., 436 (1988) 229. 

37 Z. Frobe, V. Drevenkar, B. Stengl and Z. Stefanac, Anal. 
Chim. Acta, 206 (1988) 299. 

38 J. Alberti and H. G. Willemsen, Forum Stiidte-Hygiene, 40 
(1989) 118. 

39 G. C. Mattem, J. B. Louis and J. D. Rosen, J. Assoc. Ofir: __ 

40 
41 

42 

43 

44 

45 

Anal. Chem., 74 (1991) 983. 
S. Coppi and A. Betti, J. Chromatogr., 472 (1989) 406. 
R. B. Geerdink, A. M. B. C. Graumans and J. Viveen, J. 
Chromatogr., 547 (1991) 478. 
V. Coquart and M. C. Hennion, J. Chromatogr., 585 (1991) 
67. 
M. Popl, V. Tatar and Z. Voznakova, Fresenius’ Z. Anal. 
Chem., 313 (1982) 137. 
Z. Voznakova, J. Ondrej and M. Popl, Sb. Vys. Sk. Chem. 
Technol. Praze Anal. Chem., 17 (1982) 57. 
M. Popl, Z. Voznakova, V. Tatar and J. Stmadova, J. 
Chromatogr. Sci., 21 (1983) 39. 

A. Agostiano, M. Caselli and M. R. Provenzano, Water Air 
Soil Polk., 19 (1983) 309. 
C. Leuenberger and J. F. Pankow, Anal. Chem., 56 (1984) 
2518. 
J. F. Pankow, M. P. Ligocki, M. E. Rosen, L. M. Isabelle 
and K. M. Hart, Anal. Chem., 60 (1988) 40. 
A. B. Farag and M. S. El-Shahawi, J. Chromatogr., 552 
(1991) 371. 
W. Dedek, K. D. Wencel, F. Luft, H. Overhinder and B. 
Mothes, Fresenius’ Z. Anal. Chem., 328 (1987) 484. 
J. H. Raymer and E. D. Pellizzari, Anal. Chem., 59 (1987) 
1043. 
J. H. Raymer, E. D. Pellizzari and S. D. Cooper, Anal. 
Chem., 59 (1987) 2069. 
T. J. Good, Am. Lab., 13 (1981) 36. 
D. C. Locke, J. Chromatogr. Sci., 12 (1974) 433. 
H. Hemetsberger, M. Kellermann and H. Ricken, Chro- 
matographia, 10 (1977) 726. 
R. P. W. Scott and P. Kucera, J. Chromatogr., 142 (1977) 
213. 

60 
61 

W. A. Aue and P. M. Teli, J. Chromatogr., 62 (1971) 15. 
W. A. Saner, J. R. Jadamec and R. W. Sager, Anal. Chem., 
51 (1979) 2180. 
C. Markell, D. F. Hagen and V. A. Bunnelle, LC . GC Znt., 
4(6) (1991) 19. 
L. S. Yago, Am. Lab., 17 (1984) 4. 
P. A. Greve and C. E. Goewie, Znt. J. Environ. Anal. Chem., 
20 (1985) 29. 

62 P. R. Loconto, LC . GC Znt., 4, No.9 (1991) 10. 
63 P. R. Loconto, LC . GC In?., 4, No. 11 (1991) 10. 
64 J. S. Andrews and T. J. Good, Am. Lab., 14 (1982) 70. 
65 V. K. Dawson, Can. J. Fish. Aqua?. Sci., 39 (1982) 778. 
66 C. E. Goewie, P. Kwakman, R. W. Frei, U. A. Th. Brink- 

man, W. Maasfeld, T. Seshadri and A. Kettrup, J. Chroma- 
togr., 284 (1984) 73. 

67 F. A. Maris, R. B. Geerdink, R. W. Frei and U. A. Th. 
Brinkman, J. Chromatogr., 323 (1985) 113. 

68 M. W. F. Nielen, G. Koomen, R. W. Frei and U. A. Th. 
Brinkman, J. Liq. Chromatogr., 8 (1985) 315. 

69 M. W. F. Nielen, A. J. Valk, R. W. Frei, U. A. Th. Brink- 
man, Ph. Mussche, R. de Nijs, B. Ooms and W. Smink, J. 
Chromatogr., 393 (1987) 69. 

70 E. Noroozian, F. A. Maris, M. W. F. Nielen, R. W. Frei, G. 
J. de Jong and U. A. Th. Brinkman, J. High Resolut. Chro- 
matogr. Chromatogr. Commun., 10 (1987) 17. 

71 E. R. Brouwer, H. Lingeman and U. A. Th. Brinkman, 
Chromatographia, 29 (1990) 415. 

72 N. J. Novick and M. Alexander, Appl. Environ. Microbial., 
49 (1985) 737. 

73 V. Drevenkar, Z. Friibe, B. Stengl and B. Tkaleevic, Mik- 
rochim. Acta, I (1985) 143. 

74 K. J. Friesen, L. P. Sarna and G. R. B. Webster, Chemo- 
sphere, 14 (1985) 1267. 

75 M. Akerblom, J. Chromatogr., 319 (1985) 427. 
76 J. Sherma, J. Liq. Chromatogr., 9 (1986) 3433. 
77 J. Sherma, J. Liq. Chromatogr., 11 (1988) 2121. 
78 J. Sherma and W. Bretschneider, J. Liq. Chromatogr., 13 

(1990) 1983. 
79 J. J. Richard and G. A. Junk, Mikrochim. Acta, I (1986) 

387. 



G. Font et al. / J. Chromatogr. 642 (1993) 135-161 161 

80 G. A. Junk and J. J. Richard, Anal. Chem., 60 (1988) 451. 
81 U. Oehmichen, F. Karrenbrock and K. Haberer, Fresenius’ 

Z. Anal. Chem., 327 (1987) 715. 
82 J. Putzien, Wasser, 68 (1987) 33. 
83 J. P. Thome and Y. Vandaele, Int. J. Environ. Anal. Chem., 

29 (1987) 95. 
84 M. J. M. Wells and J. L. Michael, J. Chromatogr. Sci., 24 

(1987) 345. 
8.5 M. J. M. Wells and J. L. Michael, Anal. Chem., 59 (1987) 

1739. 
86 J. Gawdzik, Chem. Anal. (Warsaw), 33 (1988) 445. 
87 F. Moja, E. Suigo, M. L. Roveda, C. Bezzi, G. V&anti, U. 

Pellegatta and R. Rosso, Giorn. Ital. Chim. Clin., 13 (1988) 
145. 

88 F. Moja, E. Suigo, M. L. Roveda, C. Bezzi, G. Vignanti, U. 
Pellegatta and R. Rosso, Giorn. ItaZ. Chim. Ciin., 13 (1988) 
287. 

89 J. C. Molto, G. Font, R. Farre and J. Mafies, Rev. Sanid. 
Hig. Publica, 63 (1989) 31. 

90 J. Mailes, J. C. Molto, C. Igualada and G. Font, J. Chroma- 
togr., 472 (1989) 365. 

91 J. C. Molto, C. Albelda, G. Font and J. Manes, Znt. J. Envi- 
ron. Anal. Chem., 4 (1990) 21. 

92 J. Maiies, Y. Pi&, J. C. Molt6 and G. Font, J. High Resolut. 
Chromatogr., 13 (1990) 843. 

93 J. C. Molto, Y. Pi&, G. Font and J. Maces, J. Chromatogr., 
555 (1991) 137. 

94 J. C. Molto, Y. Pi&, J. Manes and G. Font, JAOAC Int., 75 
(1992) 714. 

95 W. K. Wang and S. D. Huang, J. Chromatogr., 483 (1989) 
121. 

96 P. R. Loconto and A. K. Gaind, J. Chromatogr. Sci., 27 
(1989) 569. 

97 P. R. Loconto, J. Liquid Chromatogr., 14 (1991) 1297. 
98 W. E. Cotham and T. F. Bidleman, J. Agric. Food Chem., 37 

(1989) 824. 
99 K. W. Beauchamp, D. D. W. Liu and E. J. Kikta, J. Assoc. 

Off. Anal. Chem., 72 (1989) 845. 
100 E. R. Bogus, T. L. Watschke and R. 0. Mumma, J. Agric. 

Food Chem., 38 (1990) 142. 
101 M. W. Brooks, J. Jenkins, M. Jimenez, T. Quinn and J. M. 

Clark, Analyst, 144 (1989) 405. 
102 M. W. Brooks, D. Tessier, D. Soderstrom, J. Jenkins and J. 

M. Clark, J. Chromatogr. Sci., 28 (1990) 487. 
103 A. Braithwaite and F. J. Smith, Chromatographia, 30 (1990) 

129. 
104 S. A. Schuette, R. G. Smith, L. R. Holden and J. A. Gra- 

ham, Anal. Chim. Acta, 236 (1990) 141. 
105 C. H. Marvin, I. D. Brindle, C. D. Hall and M. Chiba, Anal. 

Chem., 62 (1990) 1495. 

106 C. H. Marvin, I. D. Brindle, C. D. Hall and M. Chiba, J. 
Chromatogr., 503 (1990) 167. 

107 C. H. Marvin, I. D. Brindle, R. P. Singh, C. D. Hall and M. 
Chiba, J. Chromatogr., 518 (1990) 242. 

108 C. H. Marvin, I. D. Brindle, C. D. Hall and M. Chiba, J. 
Chromatogr., 555 (1991) 147. 

109 D. F. Hagen, C. G. Markell, G. A. Schmitt and D. D. Ble- 
vins, Anal. Chim. Acta, 236 (1990) 157. 

110 A. Kraut-Vass and J. Thoma, J. Chromatogr., 538 (1991) 
233. 

111 R. J. Bushway, H. L. Hurst, L. B. Perkins, L. Tian, C. Gul- 
berteau Cabanillas, B. E. S. Young, B. S. Ferguson and H. 
S. Jennings, Bull. Environ. Contam. Toxicol., 49 (1992) 1. 

112 L. M. Davi, M. Baldi, L. Penazzi and M. Liboni, Pestic. 
Sci., 35 (1992) 63. 

113 J. L. Bernal, M. J. de1 Nozal, J. Atienza and J. J. Jimenez, 
Chromatographia, 33 (1992) 67. 

114 J. W. Eichelberger, T. D. Behymer and W. L. Budde, in 
Methods for the Determination of Organic Compounds in 
Drinking Water, U.S. Environmental Protection Agency, 
Washington, DC, 1988, pp. 325353. 

115 L. Yago, Am. Lab., 17 (1985) 118. 
116 P. J. Naish-Chamberlain and A. R. Cooke, LC GC Int., 4 

(1991) 38. 
117 R. M. Izatt, R. L. Bruening, M. L. Bruening, G. C. Lindh 

and J. J. Chrinstensen, Anal. Chem., 61 (1989) 1140. 
118 M. Teramoto, H. Matsuyama and T. Yonejara, J. Membr. 

Sci., 50 (1990) 269. 
119 G. Audunsson, Anal. Chem., 58 (1986) 2714. 
120 G. Nilve, G. Audunsson and J. A. Jonson, J. Chromatogr., 

471 (1989) 151. 
121 G. Nilve and R. Stebbins, Chromatographia, 32 (1991) 269. 
122 J. Namiesnik, T. Gorecki, M. Biziuk and L. Torres, Anal. 

Chim. Acta, 237 (1990) 1. 
123 Ch. W. Carter and I. H. Suffet, Environ. Sci. Technol., 16 

(1982) 735. 
124 P. F. Landrum, S. R. Nihart, B. J. Eadle and W. S. Gardner, 

Environ. Sci. Technol., 18 (1984) 187. 
125 C. T. Chiou, R. L. Malcolm, T. I. Brinton and D. E. Kille, 

Environ. Sci. Technol., 20 (1986) 502. 
126 G. Nyagah, J. Chromatogr. Sci., 19 (1981) 500. 
127 E. M. Thurman, R. L. Malcolm and G. R. Aiken, Anal. 

Chem., 50 (1978) 775. 
128 G. A. Jung, M. J. Avery and J. J. Richard, Anal. Chem., 60 

(1988) 1347. 
129 H. A. James, C. P. Steel and I. Wilson, J. Chromatogr., 214 

(1981) 89. 


