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In this work the degradation of three herbicides,
MCPA, 2,4-D and 2,4,5-T was studied in three different
pH:s and a new high resolution glass capillary chromato-
graphic technique was applied in the determination.

According to our experiences the analyzing of
MCPA in small amounts In water and biological material
has proved to be difficult because its response to
EC-detector is weak. This fact is indispensable of
the esterification techniqués (preparing a trimethyl-
silyl derivative [COLLIER and GRIMES (1974)] or the
methylation by boron trifluoride [HORNER et al. (I974H
in addiftion to the widely used methylation with diazo-
methane. The resolution of the packed column is nof
very good in separation of MCPA from other related
substances, either. By using high resolution glass
capillary column the amount of (00 pg (100 x [0712g)
of the methyl derivative of MCPA can be detecTed by
FID~detector. The compound can alsoc easily be sepa~
rated from the impurities of the biological material
as well as from other phenoxyacetic acid herbicides.
2,4-D and 2,4,5-T both have a higher response to
EC-detector and they can easily be separated from
the compounds which are not sensitive to EC-detector.
The analyzing methods of the phenoxyacetic acid herbi-
cides have been widely described [YIP (1975)] and the
techniques mostly used have consisted of GLC after
different clean-up methods and the methylation [COLLIER
and GRIMES (1974), GROSBY and WONG (1973), DEVINE and
ZWELIG (1969), HENSHAW et al. (1975), LAROSE and CHAU

(19732) and PURKAYASTHA (1974)]. In this work the
experimental conditions were so arranged that FiD-
detector could be used. I, however, small amounts

in biological samples have Yo be analyzed the use of
EC-detector is more recommedable.

MATERIALS AND METHODS

a) The herbicides used were:

2,4-D (Fluka, purity 97 %)
2,4,5-T ( " )
MCPA (Kemisk Vaerk Kége A/S, Denmark 99,99 %)
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b) The exftraction solvent used was the mixture of
diethylether and chloroform I:1 v/v (Merck, p.a.,
the chioroform redestitied)

c) O.l~n HC! was used for the adjustment of pH

d) The gas chromatographic equipment

The gas chromatograph used was Carlo Erba Model
Fractfovap 2300 equipped with FlD~detector and a Grob~
type split-less injection system. The column used
was a glass capiilary column of 30 m with the liquid
phase of FFAP. The inside diameter of the cofumn was
0.35 mm.

The column used was prepared by Mr. A Hesso and
R&isénen in the University of Helsinki, Finfand.

e) The analytical procedure

The stock solutions of the three herbicides were
made | mg/m!l and the final concentration In fthe test
solutions was 20 ppm of each compound in destilled
water. Two solutions of | ppm and two zeros in each
temperature were also included in the expériment,

The pH:s used were 5.5, 6.5 and 7.5 and the temperatu-
res chosen were 0° and 20°C. The oxygen content of
the solutions was measured by the official method of
A.P.H.A. {(Standard Methods... ((97()] and it remain-
ed ca. 95 % through the experiment.

The sofutions were made in one [iter Pyrex glasses
and the liquid front was carefully marked. The evapo-
rated water was replaced before the sample taking.

Two aliquots of 50 ml were Taken at a time and the
extraction of the residues was carried out as follows:
The solution was made acidic by O.l-n HC! (pH under 2)
and shaken three times wifth 15 ml of the extraction
solvent. The comblined extracts were then filtered
through 5 g anhydrous sodiumsuiphate (Merck, p.a.)

and the solvent was evaporated In Blchl! Rotavapor in
40°C. The residue was dissolved in ether and methyl-
ated with diazomethane for (0 minutes. The ether was
Then carefully evaporated with pure nitrogen and dis-
solved In n-hexane (Merck, Uvasol). To ascertain that
the evaporation did not cause losses of the methyl-
esters, a series of standard solutions was treated in
the same way.
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Figure |. A. A well water sample contaminated by
herbicides. Column 40 m/0.04 mm FFAP,
4,8 ml H2/min, attenuation | x [6.
B. The chromatogram of three herbicides.
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The degradation of herbicides in two
temperatures (0° and 20°C) and in
three pH:s (5.5, 6.5 and 7.5)
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The solutions were chromatographed in n-hexane
and 2 ul of the solution was introduced directliy
without stream-splitting on to the solumn at 350C.
Affer the solvent peak had appeared the solution was
programmed 309/min to 190°C. This method has been
described by GROB and GROB (i974). The concentra-
tions of fthe compounds were calculated according to

The peak _areas. In this work the peak areas express-—
ed as mm? for 2 pl and the standard deviatiops for
each compound were as follows: 2,4-D, (5.4 - 0.3},

2,4,5-T, (8.9 10.2) and MCPA, (25.9 20.52). The
first water samples were taken immediately after
appltying the herbicides in the water and the
following samplies were taken after 10, 20, 30 and
40 days.

A typical chromatogram of the herbicides In
well water sample containing 0.0l ppm MCPA (conta-
minated by accident) as well as reference chroma-
fogram is presented in figure | (A and B).

RESULTS AND DISCUSS1ON

The external conditions of the experiment,
although purposed to resemble the conditlions of the
lakes in some respects cannct be compared to tThe
natural conditions because of the lack of irradia-
tion, micro-organisms and the movement of the water.
The results of the experiment expressed as the pre-
cent of recovery, are presented in figure 2. |In
this experiment no statistically significant dif-
ference could be observed in the degradation of the
three compounds studied. There were siight differen-
ce in 20°C in different pH:s but the behaviour of
the compounds was similar in 0°C., After 40 days
the recovery %:s were as follows in pH 5.5 30,
pH 6.5 35 and in pH 7.5 40 %, respectively.
According fo our results the degradation was the
most rapid in the lowest pH.

In another experiment carried out by the aut-
hors 2,4-D, 2,4,5-T7 and MCPA were kept in oxygen-
free destilled water both in 0° and 22°C in pH 7,

6 and 5. No degradation could be observed after

8 months in 0°C in pH 7 and in pH 6 and 5 there was
left MCPA 85 and 70 %, respectively. 2,4-D and
2,4,5-T showed a little faster decomposition. At
room temperature fthe degradation~rate was faster.

No attempt was made in this study for identi-
fying the metabolites of the herbicides studied.
The metabolites are easily detectable by the method
used, either as free phenols or fTheir methy{ deri-
vatives. The chromatographic technique was mainliy
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developed for the detection of MCPA and in optimal
conditions the lowest concentration detected by the
authors was 50 ppt MCPA in water. In these condi-

tlons the amount of water analyzed was 0.5 | which
was shaken three times with 50 ml of chloroform-
ether. The column used was a glass capllilary colunn

0f 40 m of FFAP.

As fto the gas chromatographic conditions the
liquid phase, FFAP, although originally developed
phenoxyacetic acid herbicides. I'f the compounds
are analyzed as their trimethylsilyl-derivatives
the use of OV-1l, SE-30, OV-]10! or SF-96 is more
recommendable. If the herbicides are applied as
iso~octyl esters in the nature the methylation by
borontrifluoride iIs most recommendable.

In this paper only tThe analyzing of water
samples has been described but the same gas chro-
matographic conditions can be used for the anaty-
zing of soil extracts and different biological
materials contaminated by phenoxyacetic acid herbi-
cides without any clean-up process.
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