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Abstract

A preconcentration study based on the cloud point phenomenon was carried out for a set of triazine herbicides, three of
them chloro-substituted and three of them methylthio-substituted. Concentration factors and recoveries were calculated as
function of the percentage of the non-ionic surfactant Triton X-114 employed. From these values, obtained from a cloud
point extraction (CPE) procedure, the distribution coefficient between the Triton X-114 micelles andiyapeior to CPE
was calculated for each triazine and related to the corresponding octanol—water partition codffjgieimt,order to confirm
the results obtained with the triazine herbicides, two sets of data from chemically different organic pollutants—
organophosporous and chlorophenols—obtained from the literature were assessed, concluding that they display a similar
behaviour to that of the triazine herbicides. This can be used to predict the CPE behaviour of other organic pollutants from
their octanol-water partition coefficients. TH€, values were compared with the analyte concentration ratio in the
surfactant-rich phase and aqueous ph#seg) Wwith a view to obtaining a link between the analyte behaviour prior to and
after cloud point extraction procedures.

0 2003 Elsevier B.V. All rights reserved.

Keywords Cloud point extraction; Extraction methods; Non-aqueous capillary electrophoresis; Octanol-water partition
coefficient; Triazines; Triton X-114; Pesticides

1. Introduction pollutants in samples of environmental interfs6]
and appears to be a useful alternative technique in
Capillary electrophoresis (CE) is a technique this field of analysis.
widely used in both biochemicdl,2] and pharma- Owing to the low concentration levels permitted
ceutical analysig3,4]. Over the past few years, CE for organic pollutants in water samples and the low
has been successfully applied in the determination of system loadability in CE, preconcentration steps are

required to achieve success in this kind of analysis.
Inorganic compounds can be satisfactorily deter-
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line stacking[9,10] or solid-phase extraction (SPE)
as preconcentration procedurfdd,12].

The use of surfactant-mediated phase separations,

also known as cloud point extraction (CPE), offers
an alternative environmentally benign separation
approach to more conventional extraction systems
[13]. With this methodology, a fairly small volume of

surfactant-rich phase is obtained and this permits the
design of extraction procedures that are simpler and
of lower toxicity than those employing organic

apparatus equipped with a UV detector. Standard
P/ACE capillaries were used: 57 cm (detection at 50

Xepm 1.D.

A Kokusan H-103 N centrifuge was used for
separation of the two phases obtained by the cloud
point methodology. A Rotavapor (Buchs, Switzer-

land) was used for evaporating off the water in the

surfactant-rich phase.

solvents. During the past few years, this preconcen- 2.2. Reagents

tration methodology has been applied in the de-
termination of inorganic pollutants in water samples,
employing atomic absorption spectrometii4,15]
and atomic emission spectrometji6,17]. Organic
pollutants in environmental samples can also be
preconcentrated with this methodolof8]; namely,
polycyclic aromatic hydrocarbons (PAHg)9], poly-
chlorinated biphenyls (PCBHR0] and fulvic and
humic acids[21] in water samples, employing high-
performance liquid chromatography (HPLC) for
their later separation and analysis.

Recently, the application of CPE to CE has been
described [22] and successfully applied for the
determination of triazine herbicides in water sam-
ples. In the present paper, concentration factors and
extraction recoveries for these analytes were studied
as a function of the concentration of the surfactant
employed in CPE. From the experimental values thus
obtained, the distribution coefficients for the triazines
and other organic pollutants in the Triton X-114
micelles—water systenK,, were calculated. These
distribution coefficients were correlated with the
octanol-water partition coefficients of the analytes
tested K,,,, in order to predict the CPE behaviour of
other analytes from only theiK , values. Finally,
the K, value was related to the analyte concentration

propylamino)-1,3,5-triazine],

All triazine herbicides were obtained from Riedel-

de Haen (Seelze-Hannover, Germany) and were used
without further purification (minimum percent purity

greater than 98%). The chlorotriazines studied were

as follows: atrazine [2-chloro-4-(ethylamino)-6-(iso-
propylamino)-1,3,5-triazine], simazine [2-chloro-4,6-
bis(ethylamino)-1,3,5-triazine],

chloro-4,6-bis-(isopropylamino)-1,3,5-triazine].

and propazine [2-
The
methylthiotriazines studied were ametryn [2-
(methylthio)-4- (ethylamino) -6- (isopropylamino0)-1,3,
5-triazine], prometryn [2-(methylthio)-4,6-bis(iso-
and terbutryn [2-
(methylthio)-4-(ethylamino)-6-(terbutylamino)-1,3,5-

triazine]. Stock solutions of each triazine were

prepared in methanol at 506 mg |

The surfactants Triton X-Tdde( ) and so-

dium dodecyl sulphate (SDS) were obtained from
Fluka (Buchs, Switzerland) and were used without
further purification. The organic solvents, acetonitrile

(ACN) and methanol (MeOH), were of HPLC grade

(Carlo Erba, Milan, Italy) and were used as received.
Ultra-high quality water obtained with an Elgastat
UHQ water-purification system was used. All chemi-

cals used for the preparation of buffer electrolytes

were of analytical reagent grade.

rate in the surfactant-rich phase and aqueous phase,
K., to obtain a link between the analyte behaviour
before and after cloud point phenomenon. 2.3. Cloud point preconcentration procedure

Deionised aqueous solutions (100 ml) of Triton
X-114 were prepared in the range 0.25-6% (w/v).
Ten-ml aliquots were placed in a graduated cen-
trifuge tube and heated for 10 min in a thermostatted
bath at 40C, triggering the cloud point effect and

the appearance of two phases. These two phases—

the aqueous phase and the surfactant-rich phase—

2. Experimental
2.1. Apparatus

Capillary electrophoresis was performed with a
P/ACE 2000 (Beckman Instruments, CA, USA)
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Table 1
Structure and micellar characteristics of the non-ionic surfactant Triton X-114
Structure Name Abbreviation CMC M, CPT
(X102 mol I'*) (C)
P o
CHy~ G CHC (OCH,CH,); 5 OH t-Octylphenoxy OPE, 0.27 536.72 22-25
CH, CH, polyoxyethylene ether Triton X-114

CMC, critical micellar concentratiofil3]; M,, average molecular mass; CPT, cloud point temperature for solutions in which the Triton
X-114 concentration was in the 0.2—6% (w/v) rar{@d].

were separated by centrifugation for 15 min at 3500 Triton X-114 of 10% (w/v) (solution A). Ther 70

rpm (2195g). of this latter solution was placed in a microvial for
injection in the CE system. With this protocol, it is

2.4. Nonagueous capillary zone electrophoresis possible to achieve maximum sensitivity in the non-

separation of triazines aqueous capillary zone electrophoresis separation of

triazines[22].
Uncoated capillaries were used throughout the
study. Before use, all new capillaries were pretreated » 5 Procedure for the determination of
as described elsewhef@3]. Before each injection,  gneentration factors and recoveries
the capillaries were rinsed for 2 min with methanol

and 3 min with the separation buffer, applying @  The concentration factof, (Eq. (1)), is the ratio
voltage of 22 kV. Electrokinetic injection at 5 KV petween the concentration of the analyte in the
over 15 s was employed to introduce the samples gample injected@,,.) and the concentration of the

into the capillary. Analyses were performed with an  anajyte in the initial sample before preconcentration
applied voltage of 22 kV with the capillary thermos- C..):

tatted at 251 °C and with UV detection at 214 nm.

The separation medium was ACN-MeOH (50:50, ~ Ghin

v/v), 0.010 mol I'* perchloric acid and 0.020 mol "¢~ Ci. @)

|~* SDS. Electrolyte solutions of perchloric acid in ] ] ]
ACN-MeOH (50:50, v/v) were prepared. These RecoveryR (%) (Eq. (2)), is the ratio (expressed in
solutions must be used freshly since SDS run buffers %) between the mass of an analyte in the injection
may undergo acid-catalysed hydrolysis after long sample n;;,,) and the maximum theoretical possible

storage. mass of the analyte in the injection sample if no loss
of this occurs along the whole preconcentration

2.5. Preparation of sample for injection procedure rfy):

To obtain samples for injection, a 1Q0-aliquot R (%)=—"--100 (2)
of the surfactant-rich phase obtained after CPE was heor
collected with a Hamilton syringe and placed in a Experiments were carried out as follows: two 100-ml
rotavapor at 70C for 10 min to remove all water deionised water samples were prepared for each
present in the surfactant-rich phase aliquot. The dry percentage of Triton X-114 studied (0.25-6.0%, w/
residue containing Triton X-114 and the analytes v, range), one of them free of triazine and the other
thus obtained (if present in the initial sample) was spiked with different triazine stock solutions at
diluted with an appropriate volume of a solution concentrations of: ametryn, dg00 *, terbutryn,
containing ACN—MeOH (70:30, v/v), 0.002 mol 1.gay |~ *, prometryn, 1.04.g | *, simazine, 4.36

perchloric acid to achieve a final percentage of wg | ', atrazine, 2.62ug |~ *, propazine, 2.04ug
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-1
I

These concentrations were designat€y,. V. (Vi —Vep) ] 0.2
Three 10-ml aliquots were obtained from the spiked m;, = [%Tini . 1'6'6— % cmc: W] "V
water sample and two from the non-spiked one, and P
the CPE procedure was applied to the five aliquots at 3)

the same time.

Following that, the surfactant-rich phase volume my, isthe mass in grams of the dry residue of Triton
was recorded, and a 1Qd-fraction of the surfact-  X-114, %T,,; and % cmc are the concentration and
ant-rich phase present in each of the five centrifuge critical micelle concentration of Triton X-114 ex-
tubes was collected and successively prepared for CEpressed as percentages (w/v) in the initial volume of
injection, as explained in Section 2.5. The two preconcentrated solution, respectively. All the vol-
fractions coming from the non-spiked water sample umes are expressed in millilitres, be€p 10 ml.
were dissolved with a suitable volume of solution to Once the amount of Triton X-114 present in the
obtain a final Triton X-114 percentage of 10% (w/v). surfactant-rich phase has been calculated, it is pos-
The composition of this solution (solution B) was sible to add a suitable volume of solution A or
ACN—-MeOH (70:30, v/v), 0.002 molT* perchloric  solution B (depending on whether the fraction comes
acid and triazines at concentrations of: ametryn, 15.1 from the spiked water sample or non-spiked water
pg 174, terbutryn, 14.8ug |, prometryn, 14.8.g sample, respectively), to reach the final percentage of
| ™%, simazine, 14.8ug |7*, atrazine, 14.2ug |, 10% (w/v) of Triton X-114. It was experimentally
propazine, 14.8.g | *. These concentrations were concluded that to obtain a 10% (w/v) of Triton
designatecC,,,. These two dissolved fractions spiked X-114 it is necessary to add 11.7 ml of solution A
after the CPE procedure were used as standards toper gram of Triton X-114 to reach that percentage.
obtain—by comparison with the other three dis- Accordingly, the added volume/, in millilitres,
solved fractions—thd-, and R (%) of the triazines = was calculated in each case from Eq. (4):
in the whole CPE procedure.

All dissolved fractions were injected in the elec- Vas=11.Myy (4)
trophoretic system as described in Section 2, and o _ o
peak areas (NPAs) normalized against migration time ' "€ injected sample volum;,, in millilitres, can
were evaluated. The NPAs of the three injected P€ calculated, Eq. (5), recalling that the concen-
samples coming from the sample spikeglore CPE tration of Triton X-114 in the injected sample is 10%
were designatedNPA, and those two that were ~(W/V):
spikedafter the CPE procedure were namieAg,.

It has been reported above that a suitable volume
was used to dissolve the dry residue in order to
obtain an injection sample with 10% (w/v) of Triton
X-114. This added volumey,, was calculated as
follows: when CPE is applied with Triton X-114 and . .
centrifugation is carried out, two phases are present. natllon of R (%). was accomplished from Eq. (7),
The upper is an aqueous solution that contains the which was obtained from Egs. (2), (1), (5) and (3):
Triton X-114 at a concentration close to its critical NPA

SB ., Zsd,

micelle concentration (cmc). The lower one is the FCZW C
SA

Viin = 10mey (5)
For the experimental determination &f, Eq. (6)
was employed, which was obtained from Egs. (1),
(4) and (5). Likewise, the experimental determi-

*.1.17 (6)

surfactant rich phase that contains all the rest of the
Triton X-114 and water. Eq. (3) gives the amount of

Triton X-114 in the dry residue; i.e. when all the R (%)= F,- I:%Tini —%cmc-(l— \isp)] .10

water of the surfactant-rich phase is removed, taking ini

into account that the initial volume to be preconcen- @)
trated,V,,,, is the sum of the surfactant-rich phase

volume,V,,, and the aqueous phase voluivig, after The NPA;, used was the average value of the two

the centrifugation step, as observed experimentally: injected samples spiked after the CPE procedure.



R. Carabias-Martinez et al. / J. Chromatogr. A 1005 (2003) 23-34

3. Results and discussion

3.1. Concentration factor and recovery of each
triazine as a function of the Triton X-114
concentration employed in the CPE procedure

The experimental values & (%) andF, for the
triazines are depicted iRigs. 1 and 2respectively,
plotted versus the initial aqueous concentration of
Triton X-114 employed in the CPE procedure. The
variability observed in the figures is acceptable
bearing in mind that the whole procedure involves

27

C

analyte,mc
c,analyte” C

K (8)

analyte,aq
In this work the relationship between this coefficient,
which is well known to be a thermodynamic constant
[28,29],and CPE was obtained for groups of chemi-
cally different compounds. Finally, th€, coefficient
is related withK,, showing whenK ., coefficient
works as a real constant parameter.

In this section, calculation of distribution coeffi-
cients in the Triton X-114 micelles—water system for
the triazines studied_, was performed using their

N

experimental data dR (%) and on the basis of what

complex sample handling together with non-aqueous might occur during CPE.

CZE injection and separation.
The maximum concentration factor for all the

triazines was reached when the lowest percentage ofdescribed as in Eq. (9), whera

Triton X-114 was used, as expected. This is why the
proposed CPE preconcentration procedi22] em-
ploys 0.25% (w/v) of Triton X-114. By contrast, the
use of high percentages of Triton X-114 afforded the

According to Terabe et aJ30], the distribution of
an analyte in an aqueous micellar system can be
analyte,mc and
Nanaiyte.aq'€fET 10 the number of moles of the analyte
in the micelles and water, respectively; is defined
as in Eqg. (8);v,, is the partial molar volume of
surfactant in the micellar states, a@qd,,.cianciS the

best recoveries for all analytes, as was also expected.analytical concentration of the surfactant and cmc its

3.2. Determination of the distribution coefficients,
K., for the triazines

The origin of the cloud point phenomenon is
currently a mater of debate. Theoretical thermo-

critical micelle concentration:

nanalyte,mc: 5 vmc(Csurfactant_ CmC)
n 1-v ,C T €mo

surfactant

9)
analyte,aq
Thus, before the formation of the two phases, the
distribution of a triazine between Triton X-114 and

water can be described as in Eqg. (9), or—changing

dynamic models have been developed and the kinetic ynits—as in Eq. (10), wheren,.,i.c rxme and

features of such phase-separation processes have,

been studied13]. Recently, correlations between the
structure of non-ionic surfactants (of the poly(oxy-
ethylene)-alkyl-ether type) and their physicochemical
properties, such as the cmc, partial molar volume,

wiazine.aq "efer to the number of moles of triazine in
the micelles of Triton X-114 and water, respectively;
Voxme 1S the partial molar volume of Triton X-114 in

the micellar states expressed in millilitres per mol;
M, 1« is the molecular mass of the Triton X-114. The

density and cloud point temperature, have been Triton X-114 concentration and its critical micellar

proposed and discussézb].
Different approaches to CPE can be maHig(3).
One of them is direct study of analyte partitioning

between the two phases that appears after cloud pointMiazine, xme
extraction: the surfactant-rich phase and the aqueEOUS Nyiazineaq  ©

phase[26,27], K., Another way is to start from the
distribution coefficient between the surfactant mi-
celles and water in the initial solutiol, (Eq. (8)).
Canaiyte,mc 1S the concentration of the analyte in the
micellar system an€ is the concentration of

analyte,aq

concentration are expressed as percentages (w/v):
-2

M r,TX

-2
Mr,TX
(10)

An experimental study was carried out to determine
the partial molar volume of Triton X-114 in the

UTch(% Tini —% Cmq :

K -
1 - UTch (% Tini - % Cmq :

the analyte in the aqueous system before cloud point micellar states. A value of 502 ml mol  was found,

phenomenon has occurred:

using a Triton X-114 molecular mass of 536.72. It
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Fig. 1. RecoveryR (%), of each triazine for the entire CPE procedure against the initial agueous concentration of Triton X-114. Dotted line
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corresponds to the maximum possible value. Three replicates of each point.
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Fig. 2. Concentration factoF,, of each triazine for the entire CPE procedure against the initial aqueous concentration of Triton X-114.
Dotted line corresponds to the maximum possible value. Three replicates of each point.
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aqueous and centrifugation, the distribution of the triazine
- micelles .
water | 3%, % < | phase between the surfactant-rich phase and the aqueous
\Kﬁé/ ) phase is not known, although the following hypoth-
R esis can be made: the same amount of triazine that
E*?EKK: K before cloud point phenomenon was associated with
23, % Triton X-114 micelles remains entrapped in the
T oy analyte surfactant-rich surfactant-rich phase after extraction and centrifuga-
,:@5 i(“ phase tion (Eq. (12), Whermt,iaziqevspam_ﬂn triazine,af €fET to
N «76357 <« the number of moles of triazine in the surfactant-rich
~ phase and aqueous phase, respectively, after the CPE
Fig. 3. Two different kinds of distribution coefficients. procedure):
. . Nyriagi N riazi
was concluded that this value remains constant 'fazine.Txme — triazine,sp (12)
= n triazine,ap

throughout the 0.22-10% range (w/v) of agueous ' azine.aq

Triton X-114 solutions. With this value, an approxi- with this assumption, it is possible to obtain a
mation can be made in Eq. (10) (i.e. Eq. (11)) due to hypothetically linear relationship between the ex-
the fact that the denominator termyy,,.(% T, — perimental values oR (%) of the triazine and the

% cmc)(10 * M, 1,)” can be rejected against unity initial Triton X-114 percentage employed in the CPE
for any value of Triton X-114 concentration in the procedure (Eq. (13)):

whole range (0.25-6.0%, w/v):

, 100 A 1 ‘1
n,.. 10~ oY K (%T. —O
maZIne’Tme: Kchch '(%Tini - % Cm() : R ( A)) KC (A)Tlnl & Cmq (13)
ntria\zine,aq M rTXx :I.OZMr TX

(11) whereA=———

TXmc

After the appearance of the cloud point phenomenon Table 2shows the linear correlation parameters when

Table 2
Linear regression parameters and calculated values for each triazine

100 1

b

R (%) US. % T, — % cmg log K, Log K,,,

Slope Intercept r’

Ametryn 0.23:0.20 1.0%0.36 0.924 2.66:0.38 2.63[31]
2.83[33]

Terbutryn 0.0%0.02 0.98-0.05 0.993 3.180.11 3.48[31]
3.74[32]

3.65[33]

Prometryn 0.140.02 0.88:-0.05 0.998 2.820.06 3.1[31]
2.99[33]

Simazine 1.220.13 1.110.29 0.994 1.940.05 2.10[31]
2.10[32]

2.03[33]

Atrazine 0.60:0.17 1.13:0.44 0.992 2.250.12 2.5[31]
2.66[32]

2.47[33]

Propazine 0.380.09 0.90:0.16 0.994 2.450.10 2.89[33]

“Calculated from slope and Eg. (10). Confidence intervals for 95% significance. Three to four replicates each point.
® Octanol-water partition coefficients for triazine herbicides reported in the literature.
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the first term of Eq. (13) is plotted against the
variable part of the second term of Eq. (13).

If the assumption represented in Eq. (12) is
possible, Eq. (13) must be fulfilled. Thus, a linear
relationship of positive slope and with the intercept
close to unity must be found. The parameters shown
in Table 2describe an acceptable linear regression
coefficient for all triazines, with an intercept value
close to unity, as expected.able 2 shows theK,
values calculated from Eq. (13) for all the triazines,
using the experimental partial molar volume for
Triton X-114 in the micellar states and the mean
molecular mass for Triton X-114 frorable 1.

The distribution coefficients observed Trable 2
show that the hydrophobicity order of the triazine
herbicides studied is terbutrgrprometryr>
ametryr>propazine> atrazine>simazine. The
logK,, coefficients for these analytes, shown in
Table 2, follow almost exactly the same hydro-
phobicity order.

3.3. Determination of the distribution coefficients,
K., for other organic pollutants in CPE
In order to confirm that Eq. (12) can be extrapo-

lated to analytes other than the triazine herbicides
studied, data sets found in literature concerning CPE

Table 3

31

for organophosphorus pesti¢B8#gs (paraoxon,
methylparathion, phenitrothion, ethylparathion) and
chlorophenol pollutd®f (2-chlorophenol, 4-
chloro-3-methylphenol, 2,4-dichlorophenol, 2,4,6-tri-
chlorophenol, pentachlorophenol) were tested.
CPE was applied to the organophosphorus pes-
ticides studied by the above [84]has follows: a
10-ml aqueous solution containing the pesticides was
heated in a water bath at 40 to induce the cloud
point phenomenon. On comparing the HPLC-UV
signal from the aqueous solution after the centrifuga-
tion step and the signal from the aqueous solution
prior to CPE for each pesticide, that author obtained
the F, values for the analytes for each initial Triton
X-114 percentage empldge(o) values were
calculated from thesd, data and thev,,/V;, ex-
perimental relation.
In the case of chlorophenol pollutants the CPE
procedure was accomplished by the above authors
[35] as follows: a 10-ml agueous solution containing
the analytes plus 0.6 mol't  sodium chloride was
heated to 65C to induce the cloud point phenom-
enon. Following this, the tubes were centrifuged and
chilled in an ice bath to increase the viscosity of the
surfactant-rich phase. Thus, upon inverting the tubes,
the aqueous phase was could be discarded, the
surfactant-rich phase remaining at the bottom of the
tube. This surfactant-rich phase was diluted with 250

Linear regression parameters and calculdted values for some organophosphorus and chlorophenol polltitants

100 1 p

R (%) Vs % T,, — % cmo Log K, LogK,,,

Slope Intercept r?

Paraoxon 0.410.04 1.110.14 0.987 2.410.04 1.98[32]

Methylparathion 0.040.03 1.03:0.12 0.958 3.430.28 3.0[31]

Fenitrotiorf 0.032 0.964 1.000 3.53 331]
Ethylparathiofi 0.025 0.985 1.000 3.62 3]
3.83[32]

2-Chlorophenol 0.370.11 1.06:0.69 0.973 2.460.13 2.15[36]
4-Chloro-3-methylphenol 0.380.02 1.03:0.12 0.981 3.130.11 3.10[36]
2,4-Dichlorophenol 0.050.03 1.04:0.17 0.968 3.330.24 3.23[36]
2,4,6-Trichlorophenol 0.020.02 1.070.12 0.780 3.740.42 3.72[36]
Pentachlorophenol 0.640.04 1.06-0.14 0.992 3.460.48 3.81[37]

% Calculated from slope and Eq. (10). Confidence intervals for 95% significance.
® ExperimentalR (%) values from quotationf34] (one replicate each point) arf@5] (three replicates each point).

“Number of regression points2.
¢ Octanol-water partition coefficients for some organophosphoru

s and chlorophenol pollutants reported in the literature.
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pl of MeOH and injected into the HPLC-UV  |ogK,
system. Comparing the signal before and after the gqgr
CPE procedure, and with the initial volume and final y=0.807x +0.5316
measured volume knowrR (%) was calculated for s0oh r =0.7922
each chlorophenol pollutant as a function of the '
initial Triton X-114 percentage employed.
Table 3 shows the linear regression parameters 3.00]
and calculate& values for each organophosphorus
pesticide and chlorophenol pollutant from the corre-  2.00f

sponding plot of Eq. (13). O triazines
As in the case of the triazine herbicides, if the 1.00f o organophosphorus
assumption of Eq. (12) is accepted, Eq. (13) must be A chloro-phenols
fulfilled. Thus, a linear relationship of positive slope L ) )
. _ 000 1 1 1 1 1 ]
and an intercept of unity must be found. The 0.00 1.00 2.00 3.00 4.00 5.00
parameters shown imable 3 describe acceptable log Koy,

linear regression coefficients for those herbicides
with a number of points greater than two, with a
positive slope, and intercept close to unity, as was
expectedTable 3shows the calculateld, values for

Fig. 4. Relationship between calculatid values anK,, values
from the literature.

all these pesticides obtained from the slope value, Regarding the calculatitfy ohlues for an

using the experimental partial molar volume for analye. 4 depicts the relationship between the
Triton X-114 in the micellar states and the mean K_ values of the organic pollutants previously
molecular mass for Triton X-114 frorable 1. studied and their literatur€ ,, values. An acceptable

The distribution coefficients seen Fable 3show linear correlation between their logarithms can be
that the hydrophobicity order of the organophos- found.
phorus pesticides is ethylparathisfenitrothion> This supports the assumption adopted (Eq. (12)),
methylparathiop-paraoxon. The octanol-water because three different sets of organic compounds
partition coefficients for these analytes, depicted in exhibit the same behaviour when they are preconcen-
Table 3,follow the same hydrophobicity order. trated with the CPE procedure.

As also seen immable 3,prediction of the hydro- Edwards et gB8] studied the solubilization of
phobicity order for the chlorophenol pollutants is five hydrophobic compounds, including three differ-
2,4,6-trichlorophenot pentachlorophenot 2,4-dich- ent polycyclic aromatic hydrocarbons, in Triton X-
lorophenot>4-chloro-3-methylphencot 2-chloro- 100 solutions and reported a linear relationship
phenol. The octanol-water partition coefficients for between the logarithmK ofand K, which
these analytes, shown ihable 3,follow the same indicated a slope of about 0.81 and an intercept of
order, except for the pair 2,4,6-trichlorophenol—pen- 1.85 on th&|pg log K, curve, whereK , is the
tachlorophenol. distribution coefficient between the Triton X-100

micelles and water, expressed in (molar fraction/

3.4. Relationship between K_ and K, and molar fraction) units instead of (molar/molar) units,
prediction of the CPE behaviour from K, data asK, is expressed in this paper.

In order to compare the regression line obtained

In many cases it is interesting to know the by those authors for the Triton X-100 surfactant with
behaviour of analyte extraction before experiments the regression line obtained for Triton X-114 surfac-
are carried out. It may be concluded from previous tant in this paper, it is necessary change Kpits to
sections (see above) that there is an intimate relation- to be transformd],.tdBearing in mind that
ship between th& value of an analyte and its CPE Ki,=K{v./v,)" for diluted analyte solutions,
concentration factor, such that knowing the CPE wheydas the partial molar volume of water, Eq.
procedure to be carried out and tKe value of the (14) is obtained from the Triton X-114 regression of

analyte it is possible to estimate i value. Fig. 4:
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logK,, =0.807 logK,,, + 1.98 (14) 4. Conclusions

It pan be concluded .that the slope and intercep'.[ for The concentration factor of triazine herbicides
Triton X-114 regression are close to those obtained decreases as the concentration of the cloud point

for the non-ionic surfactant Triton X-100, as would
be expected from the similarity between these two
non-ionic surfactants. This adds support to the
assumption in Eq. (12).

Thus, the regression parameters can be used to
estimateK, values, and hence the CPE behaviour for
other analytes for which only theiK,, values are
known as is shown in the next section.

extractant Triton X-114 increases, while extraction
recovery is higher for solutions with a high con-

centration of Triton X-114. In order to obtain the

best increase in the analytical signal, the lowest
possible concentration of Triton X-114 should be
employed. By contrast, for remediation purposes the
highest concentration of Triton X-114 would be the

most appropriate.

] . The experimentally proven assumption—that the
3.5. Relationship between K and K, same amount of analyte associated with Triton X-
114 micelles remains entrapped in the surfactant-rich

Once the assumption of Eq. (12) supposition has phase after the extraction and centrifugation steps—
been proved, it can be used to obtain the relationship 5j1ows one to link the behaviour of an analyte prior

between the distribution coefficient for an analyte in {5 cpg with its behaviour once CPE has been
the micelle—water system prior to CPE,, and the  gchieved.

partition coefficient in the surfactant-rich phase-  The Jinear relationship between the, and K
ow

aqueous phase systei,, after CPE, Eq. (15): found, or other similar ones from the literature, can
V. be used to estimate thK, value and, once this

K5a=KC-V;ap parameter is known, the CPE behaviour for this
sp analyte can be predicted viq,, calculation. Thus,

) (% Surfactant- % cmg (15) knowing the steps of sample manipulation after CPE

M, surfactant and before injection into the system it is possible to

10 % —(% Surfactant- % cmq predict, as a first estimation, the Triton X-114

me concentration to obtain the maximum concentration

In Eq. (15), “%Surfactant” and M, g actant ar€ factor before the experiments are done.

the concentrations expressed in percentage (w/v) and
molecular mass for the non-ionic surfactant em-
ployed and other notations have been defined previ-
ously in the text.

This equation acts as a nexus between studies
based on distribution coefficients between the micel-
lar—water system for an analyt€,, and the partition
coefficients in CPEK,, This relationship can also
be used to calculate the CPE behaviour for an
analyte if itsK, value is known, and, in turrk  can
be estimated from regressions such as that shown in
Eq. (14) or similar ones. References
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