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GAS~LIQUID CHROMATOGRAPHY AND IT8 APPLICATION IN
THE ANALYSIS OF MYCOTOXINS

Ellexr K. I., Sobolev V. 8.

Gas-liquid chromatography (GIC) is one of most effective
and widely applied methods for the separation, identification
and quantitative analyeis of complex multi-component aixtures,
It hes the advantages of high separation efficiency, consider~
ably exceeding the possibilities of liquid chromatography
( thin-layer chromatography (TIC), high-resolution liquid chroma-
tography (HRIC)) ; good reproducibility of GIC chromatographic
parame ters, facilitating identification and acquisition of
precise quantitative results; high sensitivity: universality of
the applied detection techniques, making it possible to identify
with a low detection limit all classes of orgsmic compounds;
lasting quality of -analytic columns (compared to that of HRIC)
used in GIC for separation (up to two years of contdnmuous
work),

At the same time, the GLO method has its drawbacks, of
which the major ones are the limited numer of compounds allow-
ing direct GIC analysis (volatile thermostable substances) and
the necessity of obtaining volatile derivatives (derivatize~
tion) vfor most of the analyzed classes of compounds.

Along with HRIC, used for the analysis of mycotoxins
characterized by intensive fluorescence or absorbing UV radie-
%ion, and TIC dengltometry, GIC serves as one of the basic in-
strumental methods of monitoring food contsmination with myco-
toxins. GIC is most widely used for the analysis of trichothe-
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cene mycotoxine - a group of toxins including over 40 substan-
ces similar in their physioo-chemical properties. The absennq
of fluorogenio and chromophore groups in trichothecenes, as
well as the insuffioient effectiveness of TLC for the separa-
tion of some of the trichothecene representatives, makes GIC
practiocally the only method for the identification and quan-
titative assessment of this very common group of toxins. GIC
and a combination of GIC with mass spectrometry (MS) are also
used to identify with a very high sensitivity such mycotoxins

as gzearalenone, patulin, peniocillic acid, etoc.

The principle of GIC method

In‘GLc the separated ocomponents move along the column
together with the flow of inert carrier gas (argon, helium,
hydrogen and, most <frequently, nitrogen). Thie is accompanied
with the distribution of the mixture components between the mo-
bile gaseous phase and the stationary liquid phase applied
either on inert powdered material (packed columns) or on the
oolumn inner walls (open capillary column). The basic parame-
ter determining the rate of substance, migration through the
column in the distribution coefficient, K, equal to the ratio

of substance concentration in the liquid and the gaseous phases:

substance concentration in the liquid (stationary) phase

substance concentration in gaseous (mobile) phase

Coefficient K depends only on the nature of the substance
analyzed and that of the liquid phase, and on column tempera~
ture. The mixture components having different K yalues move

through the column, at a gifferent speed, forming separate
ochromatographic zones.

.
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The chromatographic separation process is realized in an
instrument - gas ~liquid ;:hronatograph, whoe® block diagram
is shown in Fig. 1. The aualyzed mixture is mdeoteé with a
microsyringe into a vaporizer whose temperature should be
sufficient to transform all the components into vaporous state,
Usually the vaporizer temperature is by 50-100°C higher than
that of the column, Vapour of the analyzed substances together
with the carrier gas flow move through the column, where the
components are being separated in accordeance with the distxri-~
bution coefficlents. Separated chromatographic zones reach a
detector, whose signal is amplified and automaticelly reocorded
by a potentiometer as the chr&natographic pesks,

Separation in GIC (columns)

The basic unit of a chromatograph ensuring the necessary
sepsration is the chromatographic column, In modern chromato-
graphs two types of columns are used: packed and open capillary
columns, whose main parameters are presented in Table 1.

The chromatogrsaphic process is cheracterized by the follow-
ing parameters (Fig. 2)3

tnﬁ is retention time of the substance, corresponding to
the time interval from the moment of sample imjection to the
elution of the chromatogrsphioc ione centre;

&y is time of elution of the unretsined component (e.g.,
methans), correaponding spproximately to that of the low-boiling
solvent;

t'p is corrected retention time, equal to tp = %y

%.5 18 the pesk width at its half-height;

h is the peak height. ‘
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Te narrower the chromatographic zone and its correspond-
ing peak the less is the smearing of the zone in the course of
GIC and the higher the column efficiency. The smearing of the
chromatographic zone naturally increases with the residence
time of substance in the column, and, therefore, the column
efficiency depends both on tp and ""0.5’ It is quantitatively
determined by the number (N) of the so~called theoretical
plates (t.p.) and is calculated from formulas
R 52,

| = 5.5 (
%.s

Nt;.p
Tais formula usually ylelds overestimated efficiency (Nt.p.)
values, psrticulsrly at short retention times, L In actual
fact, the value characterizing the "dead gas volume", tyy does
not improve the chromatographic process. For example, one can
attach a long narrow tube to the column inlet and get a very
high value of %y end, accordingly, very high Nt.p. values,

exceeding hy far the actual efficiency of the column, There-

fore, in practice "the number of effective t.p.", Ngflf: , is
used. ’
2
N‘fr. = 5,54 ( t-—&.———t!) "
t.p. L) o
5
t'R 2
neffe 558 ( —E)2
t.p. wo's

Packed cbromatographic columns (PC) are made of glass or metal
tubes with the ingide diameter of 2-4 mm, The tubes are packed
with inert solid carrier (infusorial earth or kieselguhr) with
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impregnated with a stationary liquid phase. The efficiency of
such columns is about 500-1000 t.p./m PC are characterized vy

a high resistance to gas flow, and their length doeé not usually
exceed 2~4 m, Longer PC require very high carrier gas pressures,
unacceptable in modern GIC equipment, The overall PC efficiency
does not, therefore, exceed 5000 t.p.

A high separation efficiency is achieved in open capillary
tubuler columns (OCTC) -~ narrow glass tubes with the inside
diameter of 0.2-0,5 mm, In OCTC the stationary phase is applied
in the form of a 0,1-1.5 mm thick film directly onto the inner
wall of a Eap:.llary. There is no packing of the column with
inert solid support in OCIC. fihe liquid phase can be deposited
directly on the smooth walls of the caplllary (wall coated open
tubuler columns, WCOT) or retained by an intermediate porous
layer of s0lid support previously applied on the cappilary walle
(support coated open tubular columns, SCOT), Bpecific efficiency
of the WCOT type of columnse is up to 3000 t.p./m, that of the
8C0T type - up to 1200 t.p./m. The absence of a solid carrier
£illing the column section acocounts for an important characte-
ristic feature of OCTCs their low resistance to the mobile gas
phase flow., This feature makes it possible to increase the co-
lumn length to 50=-100 m without using high pressure drops at the
column inlet and outlet. The overall OCTC efficienoy thus reaches
the level of the order of 200,000 t.p. in the case of WCOT and of
100,000 t.p. in the case of SCOT, which is 20 and more times
higher than the FC efficiency (see Table 1), High OCTC separa—
tion effic;iency in combtdnation with a higher, in comparison with
PC, chemical inertness have caused an ever increasing applica-
tion of glass and quartz caplllary columns in the practice of
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orgenic analysis.
Separation of ‘two substances, A and B (see Fig. 3), in
GIC is characterized by the criterion of resolution (Rs)'
Y, = %
R = 4.48 —A___B__,

8
'0.5A %058

Separation 1s regarded as satisfactory (peaks are separat-—
ed by more tham 98% of their area) if Rs exceeds 1.5, The value
of R, is a function of 2 quantities: selectivity of the liquid
phage, measured by the distance between the vertices of the
peaks, tH.A. - tRB, and the coluun efficiency characterized by
the peak width, WO.S‘

Figure 3 clearly shows the influence of these factors on

the separation of two peaks. An ideal variant is a combination
of high efficiency and seleotivity. .
‘ When choosing a liquid phase, one should teke into account,
along with 1ts selectivity towards the components to be ‘Bopa:ra.b-
ed, such factors as adequaﬁe solublility of the mixture componexts
in the phase, the low wolatility, thermostability and chemical

inertness of the liquid phase at the column working temperature,

In the analysis of mycotoxin derivatives, nonpolar and low-polar
silicone liquid phases are mostly used: nompolar polymethylsilo-
xanes 0V-101, OV-1 and SE-30 and a moderately polar phase - po-
lymethylphenylailoxane 0V-17. These liquid phases are stable at
temperatures up to 300-350°C, which ensures the possibility of
prolonged coluan operation at working temperatures not exceed-
ing 300°C. High OGTC efficiency makes decisive the contribu-

tion of this parameter into the resolution criterion, R_, and

5!
reduces considerably the requirements to the selectivity of the
1liquid phase. !
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Systems of sample injection into packed and open
gapillary tubular columns

The analyzed mixture must enter the column in the form
of a narrow vapor zone. Most often 1—5)11 solution of the ana~-
lyzed mixtures is injected into a chromatogreph by means of
;1 microsyringe piercing a thermostable rubber membxrane (see
1'15. 4), The introduced substances then enter the vaporizer
where they are completely tramsformed into a vaporous state
and transported into the column together with the carrier gas
flow. The vaporizer (Fig. &) is a heated metal unit with a chan-
nel for inserting and evaporizing the liquid sample, For eva-
poration to be rapid the temperature in the vaporizer should
exceed by 30—50°0 the boiling point of the most high-boiling

. component of the samplei in practice the vaporiser teamperature

exceeds the working temperature in the column thermostat by
50-400°C. Low vaporiser temperature can result in the broaden~
ing of chromatographic sones caused by a slow evaporation of
the sample,while an extremely high temperature - in thermal
decomposition of the analyzed mixture components. To avoid
strong dilution of the ssmple at injection, the volume of the
vapoi'inr channel should be minimsl; on the other hand, an in-~
ordinately small ;aponur channel volume results in an exces-
sive rise of préssure in the system at sample injection. The
evaporator "dead volume" is reduced by using a glass insert as
the evaporation channel, Besides reducing the dsed volume this
insert ensures a more unifora heating-up of the evaporation
zone and reduces the possibility of thersodestruction because
of the high chemical inertness of glass.

"1-4
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Sample injection into OCTC has a number of specific fea-
tures. Smooth walls of WCOT columns retain a very small amount
of liquid phase and, therefore, an increase in the sample mass
drastically reduces the separation efficiency. The maximum
size of the sample should rot usually exceed 0.1/ug. Columns
of the SCOT type have a more developed inner surface and so
retain larger smounts of the liguid phase, but even in case
of SCOT columns the sample mass should not exoeed 1)!3. ™is
makes it necessary to inject very small volumes of the analysz—
ed solution (less than 0.1/ul) that cannot be reliably and
reproducibly measured and introduced into the column., More-
over, the low carrier gas volumé flow rate in OCTC increases
considerably the time necessary for all of the sample to be
completely blown out from the evaporation channel. All this,
when the sample is injected in the conventional way, results
in a considerable broadening of chromatographic pesks. That:
is why in capillary GIC the injection systems with the split-
ting of gas flow are used. This splitting allows a fast expul-
sion of the separated substances from the eveporation chamber,
providing at the same tiwe a comparatively low gas flow rate
in OCTC, Another function of the splitting of flow is to per-
wit only a part of the injected sample to enter the column,
The gas flow is split with the help of a pneumoresistance ope-
rating parallel to the column and making it poesible to cont—
rol the gplitting ratio from 1:50 to 1:1500. The flow splitter
must be linsar, which means, that there should be no discrimi-
nation of separated components, i.e. no difference in the
8,11tting of the high- and the low-boiling components of the
analyzed mixture. Figure 5 shows the best possible injector

g
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schemea with flow splitters and good linearity.

The shortcomings of inlet systems with flow splitting
are their lowered detection limit for small impurities, be-
cause only an insignificant part of the substance enters the
detector, as well as lower accuracy of tiuantitative results,
That is why different sysiems for injecting microquantities
of samples without the egplitting of the flow are being now
introduced into the practice of capillary GIC,

Detection of separated substances

To detect mycotoxin derivatives sepsrated on a GIC column
two types of detectors are useds flame—ionization def‘ector
(FID) and electron capture detector gmn).

The most universal and widely used is FID, Figure 6 shows
the FID schematic. The gas leaving the column is mixed with
hydrogen and is burnt in air. When the carrier gas leaving
the column is clean the number of ions in the flame is insig-
nificantly small, and a véry low detector background current
is recorded between the collector electrode and the jet. When
vapour of organic substances enters the flame the ions formed
in 1t reduce the resistance of the intraelectrods space, which
raipes the current in the detector chain., The detector cur-
rent is eaplified and registered by an automatic recordez in
the ourrent - time coordinates. The area of the peak corres-
ponding to the substence coming out of the column is linearly
depepndent on the mass of the substance. The concentration rangs
within which a linear dependence of detector signal on the
analyzed substance mass is preserved is extremely xroad for
¥ID, emounting to 10°-187. The detector has a very low detec—
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tion 1imits no more then 10”12 g/sec. The advantage of FID

in the case of OCIC 1s that hydrogen, along with its function
of maintaining the flame, provides for a rapid transfer of
substances separated in the column through the detector supply
lines to the flame, thus playing the rcle of the so-called
auxiliary gas. This prevents the deterioration of total separa-
tion caused by the smearing of separated zomes in FID supply
lines. Less universal, but much more gensitive and selective
for some classes of substances, is HCD. Figure 7 shows the ECD
schematic. Fast electrons emitted by a ﬁ-radiaotive source
ionize the carrier gas molecules (nitrogen). Blow electrons
formed in this way are collacted on a positively charged snode,
which gives rise to the deteotor direct (background) current,
When the vapour of substances having a high affinity to the
electron, (halogen~containing compounds, nitrocompounds, nitri-
les, policonjugated carbonyl compounds, etc.) leaves the oo~
lumn, slow electrons are bound into negative ions with a com~
paratively low mopility leading to a sharp decrease in the ECD
backgrouna current. The chéracteristic volume of FCD is suf-
ficiently large, and working with 1t requires the presence of

auxiliary gas flow, ensuring a rapid transfer of the components .

from the column through the detector, which facilitates the
attalnment of maximal sensitivity without increasing the car-
rier gas flow rate. |

HCD 1s practically insensitive to hydrocartons, alcohols
and esters., The sensitivity of ECD repidly increases with an
increase in the atom number and the number of halogen atoms
in the molecule, For polyhalides the detection limit can the
emount to 10~ % g/sec, which exceeds FID sensitivity by a fac-

3
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tor of 102. The range of ECD signal linearity is not large and
is usually equal to 50—1000; the width of this range decreases
with an increase in sensitivity. The sensitivity of 'ESD can
change very strongly even for substances with a similar struc-
ture, amd the obtalning of gquantitative results in the case of
ECD spplication requires a prehninar,y'\‘ calibtration for each
determined compound. In the mycotoxin snalysis, ECD is used for ]
the identification of nano~ and even picogram smounts of halogen—
containing derivatives of trichothecene toxins, szearalenone and
a number of others, ' .

Despite the high sensitivity and selectivity of ECD, it is
not used as frequently as FID, due to considerable operational
problems and the dalfficulty of obtaining precise quantitative
results, particularly in the analysis of multi-component mix-

tures.
Identification of separated compounds by retention
parameters '

The principal method of the identification of substances
in GIC is the comparison of absolute or relative retexition
parameters. Absolute retention time, t; (Mg. 3), 1s not used
for 1dentification, because 1t strongiy depende on the length
and dismeter of the column, dead volume of the ingtrument, car-
rier gas flow rate and other difficult to reproduce factors,
and cannot, therefore, be compared with similar ty values ob-
ta.ined. with other instruments and columns. Absolute corrected
retentlon time, t'p (Fig, 2), allows for the dead volume of
the instrument and, hence, 1is a better reproducible quantity.
In prectice, however, .both t'y and t; can be used for identi-
fication only when GIC analyses are performed on one snd the
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same ingtrument in completely identical conditions., Much more
reliable results, comparable with those obtained on a similar
liquid phase in other instruments, are obtained by using rela-
tive retention parameters. In this case the retention of a given
analyzed substance is expressed relative to that of a certain
standard substance, added to the sample (the so-called "intermal
standard"), The substances used as internal standards should be
as o0lose as possible in their properties to the aﬁalyzod com~
pounds, they should not yield peaks overlapping those of
the analyzed compounds, N-alkenes with a varying length of the
carbon chain are frequently used for this purpose.

Table 2 shows the data of 3 tests to determine the reten~
tion paremeters of T-2 toxin trifluoracetyl (TFA) derivative
with respect to n-tricosane (n-023) on a glass capillary column
with liquid phase 0V=-101 at column temperature 2#0°0, performesd
in our laboratory.

Table 2

Test tR(nin) tl(nin) t'R(nin) Relat. Correc-—

No. - - — reten- +ted re-
=2 n~023 T2 n-023 tion lative
toxin toxin time reten-
TPA TFA tion

time
tp(1~2) 'p(1-2)
ty (Co3) $p(0-23)
1 16,575 8,825 3,083 13,892 5,742 1,878 2,350

2 18,925 10,158 3,683 15,242 6,475 1,863 2,354

3 17,058 9,192 3,375 13,683 5,817 1,856 2,352
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As seen from the data in Table 2, the most reproducible
and sultable parameter for the identification of T-2 toxin
(in the form of its TFA derivative) is its relative' corrected

retention time with respect to n—~tricosane, equal to ratio

t3 (TFA T-2)
t3 (n-CZB)

Even more accurate and reproducible data can be obtained
by means of logarithmic interpolation, interrelating the cor-
rected retention time of the analyzed sub~tance with those of
a series of normal alkanes. This interpolation lies at the
baslis of the Kovacs system of retention indices (RI). The re-
tention index (RI) for substance X is determined from the fol-

lowing foramulas

ig t! - 1lg ¢*
RI = 100N + 400m Ry R

1g ¢

1
R - 1lg t!
(N+n) 8 R(N)

where X is the analyzed substance;
R 1s'n-alkane with N carbon atoms eluting in GIC before
substance X;
Ken is n-alkane with (N + n) carbon atoms eluting in
GIC after substance X,
when determining Kévacs indices, n-alkanes are chosen, that
sre the closest to the substance identified by GIC,
There also exists a method of calculating Kévacs indices
with GIC performed not at a constant column thermostat tempers-
§ ture, but in a mode with its programming. In this case, however,
™ the reproducibility of indices deocreases from test to test,
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Retention indices of a given substance are well reproduced
when the same liquid phase and column temperature are used both
on one instrument and on instruments in other laboratories. Re-
tention indices of various mycotoxin derivatives have been
puolished in literature and, in the absence of pure standards,
can be used as a means of their identification.

One should be cautious wlth mycotoxin identification by
the retention parameters-alone. Ior instance, one cannot ex-
clude a possibility of the chromatogfaphic characteristics
of a mycotoxir coinciding with those of some other substance
present in the sample, which will result in either the super-
position of two peaks or in a pseudopositive mycotoxin detec-
tion. Such cases are not infrequent when one works with PC,
there are, €.g., data on the auperposition of the peaks of T-2
toxin TS ethers and I-~oleyl glycerine in GIC on PC with liquid
phase OV-17 on & solid support - Chromosorb.

High resolution of glass OCTC considerably decreases the
probability of peak overlapping and raises the reliability of
identification by retention indices.

Some additional information on the separated peeks can be
obtained by using selective detectors, 6.8., ECD. In the GIO
of perfluoroacyl derivatives of some fusariotoxins (trichothe~
cenes,%earalenone) from the extracts of a number of food pro-
ducts, the chromatogrammes obtained by ECD contain fewer peaks
of foreign substances than in the case of FID, which facilita-
tes considerably the ideantification of analyzed compounds.

Mass-spectrometry is undoubtedly the most reliable method
of identifying the substances coming out 6f the chromatographic -

145
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In the instruments where a mass spectrometer perfoims the
function of a detector (chromato-mass-spectrometers) the gas’
flow from the column passes through the separator, ieolating
the ocarrisr gas from the vapour of separated substances, into
the ion source, In the ion source the substance is ionized .
Te analyzed substances are ionized by their molecules
colliding with fast electrons whose energy is of the order
70 eV (ionization by "elec‘tron shock") or with the ions of a
preionized reagent gas "chemical ionization")., Methene, iso-
butene, smmonia, etc. are used as resgent gases in chemical
ionization. In the "electron shock” ionization the energy of
ionizing electrons is much higher than the ionization poten-
tial and, therefore, not only the molecular ion charaoterizing
the molecular mass of the substance, but also a whole number
of fragmented ions are formed, while the intensity of the mole~
cular ion can be very low. In chemical ionization, with methane
serving as the reagent gas, a proton is attached to the analy-
zed molecule, forming a quasimolecular ME* ion; with smmonia
it 1s an MH, eamonium ion, and, correspondingly, & quasimole-
cular ion with the M + 18 mass is formed. In chemical ionization
the ionizing energy is comparatively small, and so the mass spec-
trum contains few fragmented ions, with the quasimoleculsr ion
having the most intensive peak. From this point of view, mass
spectrometry with chemical ionization is more suitable for the
purposes of mycotoxin identification than mass apeétronetry
with electron shock ionization. This is manifested especially
clearly in the ¢hromato-mass-spectrometric analysis of tricho-
thecene toxin derivatives, which, usually, yleld no moleculsr
ions in electron shock ionization.
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Jons leaving the ion source enter a mass analyzer where
they are separated depeanding on the value of their wnass %o
ckarge ratio (M/e). When She magnetic field in the magnetic
mass analyzer changes, lon ogams with a successively growing
/e ratio ace i‘ocused at the outlet slit of the mass~gpectro-
zeter; the ion current thus odbtained is amplified by an elect-
ron multiplier,

A recording of the signal from an electron multiplier,
Gepending on the deflecting field volteage, 1is called a mass-
spectrum of the anslyzed substance, rossibility of unembiguous
nass~-spectrowetric identification of GiC-separated peaks makes
the wethod of chromato-mass-spectrometry the most reliable,
erbvitratory meunod of confirming the presence of mycotoxins in
analyzed samples. A factor limiting its wide gpplication is
the high cost of chromato—mass spectrometers, which does not
make them readily avaiiable for laboratories perforaing routine
analyses of food products.

e method of chromato-mass spectrometry has been used by
a number of investigators to analyze 2 toxin TMS derivatives
and some other fusariotoxins (diacetoxysecirpenol, necsolaniol,
zearalenone), Mirocka et al, used chromato-pass spectrometry
with detection by characteristic fragmentated ions (mass frag-
mentography) to analyse mixed feed extracts for the presence
of various trichothecenes and concluded that mass fragmento-
graphy is the most sensitive and selective technique for the
identification of these toxins,

suantitative interpretation of GIC data

In the quantitative analysis by means of GIC one should
remenber that GIC does not yield data on the entire composition
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of the analyzed sample, but only on the composition of its
volatile components, Moreover, not all substances introduced
into a column are stable in the conditions of GIC process. The
necesslty to obtain in advance the volatile derivatives of ana~
lyzed mycotoxins (derivatization) may also contribute to the
distortion of quantitative results. In the FID or ECD analyses
of the amounts of a sample lying within the linearity range of
these detectors, the area of automaticsally recorded peaks is
directly proportional to the mass of a substance coming out of
the column. For quantitative assessment of GIC data two methods
are used: the method of absolute calibration and the internal
standard method. The principle of the method of absolute celi-
bration is based on introducing separately certain amounts of
a sample and known quantities of a standard substance into the
chromatograph, followed by comparing their chromatographic
peak areas. If the substance used as the "external standard"
in absolute calibration differs from the one to be determinead,
then to calculate the smss of the analyzed substance from the
ratio of peak areas one has to introduce corresponding correc-—
tion factors. This is necessary because carbon atoms entering
into the composition of different functional sroupsl make a dif-
ferent contribution to the overall sensitivity of FID with
regpect to a givem substence., For instance, the carbon atom
bound with the hydroxyl group will increase the detector signal
approximately 2 times less than the methylene group carbon atom.
The necessity of a preliminsry deteraination of correction fac-
tors 1s still more important in ECD whose sensitivity can
change radically even with very slight variations in the coa-
position of the stanciard and the analyzed substance. To obtain
precise quantitative results when using the adbsolute calibration
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method striet requirements have to be met regarding complete
similarity of the conditions in which the GIC process is con-
ducted, reproducibility of the volumes of the sample and the
standard injected by the microsyringe, and in the case of OCTO
- the constancy of the gas flow splitting ratio at the column
inlet. All these conditions make the analyses conalderably more
complicated,and in practice the "internal standard" method is
much more frequently used.

This method involves adding to a certain amount of the
analyzed mixture a precise quantity of a substance which
this mixture does not contain - the internal standard.

The content of the analyzed component in the mixture is
calculated from formulas

Sx x K,

My = ¥ynt. stand.

Sint.stand.

where llx is the mass of analyzed substance X;

“int.stand. is the mass of the introduced internal -
standard ;

Sx is the peak area of analyzed substance I;

K 1s the correction factor of substance X with respect

to the internal standard.

When the imternal standard method is used it is unnecessary
to introduce a precise amount of sample into the chromatograph,
Purthermore, the errors associated with accidental changes in
column temperature, carrier gas flow rate, detector operating
condltions are reduced to a minimum since both the standard
and the analyzed substance are in equal conditions. Precision
and, particularly, the reproducibility of quentitative data in
the internal standard method are as & rule higher than in the
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mrethod of absolute calibration, while the labouriousness of
analyses 1s considerably lower.
The internal standard introduced into the sample must
meet the followlng requirementss its peak should not overlap

those of the analyzed mixture; its peak should not eigniticantly

differ from the mixture components in retention times; the
amount of the introduced internal standard should yield a peek
whose area were close to those of the peaks from the snalyzed
substances.

Acoording to our data, n-tricosane (Fig. 8) meets these
requirements in the analysis of trichotheceme TFA derivatives.
The correction faotor of T-2 toxin with respect to n-tricosane
amounts to 2,2-2,3 when FID ia used,

In determining zearalenone in the form of its TMS deriva-
tive, both in FID and ECD, a coprastanol TMS derivative is
used; the use of other sterols is also possible,

Methods of obtaining volatila derivatives (derivatization)

Most myootoxins are complex multi-functional organic com-
pounds containing a number of polar groups (most frequently -
hydroxyl groups) which limit their volatility and make direct
GIC analysis impossible.

Silylation and acylation of hydroxyl groups in mycotoxin
molecules increases their volatility and makes these derivati-
ves convenient for GIC analysis.

Te derivatization reagents should mest the following be-
sic requiremsnts: unsabiguous course of reaction, quantitative
deaction yleld, sufficient reaction rate in mild conditions
excluding even a partisl destruction.
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To obtain volatile derivatives of trichothecens toxins,
zéaralenone and patulin, the corresponding trimethylsilyl ethers
are used., Bis-trimethylsilylacetamide (BSA) is the reagent
most frequently used to obtain these derivatives. In the gene-~
ral case the reaction proceeds as follows:

_osi (CHB)B 0
ROH + CH3 -C_ — ROSi (CH3)3 + CI:IBCNI-ISKGHB)3

 Nsi (CHy) 4
Also used are: bis-trimethylsilyltrifluoroacetamide (BSTFA)produo—
ing highly volatile byproducts not superimposed on the peaks of
the main substances, n~trimethylsilylimidazole (TSIM), which is ‘
less sensitive to the presence of water in derivativized samples.

Despite the simplicity of obtaining TUS ethers and their
wide application, utilization of perfluoroacyl derivatives ap-—
pears to be more promlsing because of their higher volatility,

- greater stability, tne pfesence of characteristic ions in chro-
mato-nass spectrometry, and much lower detection limits in
ECD,

Used for the acylation of hydroxyl groups in mycotoxins
sre: trifluoroacetic, pentafluoropropionic, heptafluorobutyric
anhydrides, in the presence of bases (pyridine, trimethylasmine)

necessary for the binding of the acid evolving in the reaction:
(0]
N(CH,)
ROH + (CFy000) ,0 ——2-% R -~ 0C - CFy + (CHy) ;N +CF;000E

The acid evolving in the acylation with anhydrides inhibits
derivatization of mycotoxins containing phenol (zesralenone)
and semi-acetal (patulin) hydroxyl groups. In this case, acylat-
ing reagents which form no acid byproducts in the reaction, e.g.,

perflnoroacylimidasoles, are more effective.

1454
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The uge ‘o:f GIC in the analysis of mycotoxins

As slready mentioned, GIC is moet frequently used in the
analysis of trichothecene mycotoxins.

By its chemical composition this group of toxins belongs
to 12,13~epoxytrichothecene derivatives. The structure of the
bapic compoundis of the trichothecene group found in natural
conditions is presented in Table 3.

Table 3.

0~
%4
—0
">
0 H L— g
' 2
R,
4 xr
3
(1) (B)
ge.r: Structural
Yo. Toxin type B, B By R, Bg
1 Diacetoxyscirpenol A OH Odoc OAc H H
2 T2 toxin A OH OAc Oko X 1-varV
3° HI~2 toxin A OF OH OAc H 1-VAL
n Neosolaniol A OH Odo OAc H OH
S  KNivalenol B O OE OH OH =
6 Pusarenon -~ X B OH OAc OH OH -
7 Deoxynivalenol B OF H OH OH =

1) i-VAL = isovaleryl
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Zearalenone

‘In most cases the GIC of trichothecene NS derivatives
was conducted on PO and OCTC with nonpolar liquid phase OV~-104
or iiquid. phase of medium polarity OV-17. A characteristioc
oxample of the separation of TMS derivatives of e number of
toxins belonging to this group and of zearalenone is shown in
‘Mg, 9.

Detection limit in the methods using TMS derivatives with
FID at the final GIC atage ia on the average froa 100 to 1)00/13
trichothecenes per 1 kg of the product sample. ECD is more sen—
sitive than FID for the identification of trichothécene M8
ethers, groups A and B, T™hus, with the use of ECD a five-fold
increase in sensitivity was observed for ™S derivatives of
group B and a two-fold increase - for the trichothecenes of
group A. ‘

More promising appears to be the use of GIC of perfluorg-
80yl derivatives characterized by a higher wlatility, which
permits the analyasis to be performed at & lower teamperature,
Oonbarison of retention indexes for TMS and TFA derivatives of
a npumber of trichothecenes and of zearalenone on liquid phase
0V=101, desaribed in the work of Hungarian investigators and
elem in our work, shows a decrease in the index for TFA deriva-
tives on the average by 400-800 units (Table 3),
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. Table 4, Retention indicos for TMS and TPA derivatives of
trichothecenes and zearalenone in OCTC with liquid

phase 0V-101
Toxin Retention index
TS derivativea TFA derivatives

Deoxynivalenol 2404 1982
Diacetoxyscirpenol 2717 2235
Neosolaniol 2817 2210
T-2 toxin 3133 2593
Zearalenone 3199 2374

The use of perfluoroacyl derivatives makes it possible to
decrease substantially the ECD deteotion limit. For example,
in the analysis of deoxynivalenol in the form of heptafluoro-
butyril derivative the use of ECD permitted the overall iden-
tification limit to be decreased to 10 Mg toxin per 4 kg grain.
Table 5 shows some exsmples of the uge of GLC on PC and OCTC
for the analysis of TMS and perfluoroacyl derivatives of txi-~
chothecenes and zearalenone in the course of !'Ib and BCD detec~
tion.

The use of highly effective capillary GIC, both for the
purposes of qualitative identification by well reproducibdle
retention indexes and precise quantitative operations, seema to
be the most pxﬁmismg trend in the analysis of trichothecens
toxins.

GIC 18 also widely used for reilable detection of another
fusariotoxin - zearalenone, posseseing a clearly expressed
estrogenic effect. Zearalenone is usually traﬁsfcrmed into di-
™S derivatives., GIC of zesaralenone di-~IMS derivative on PC
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with 3% OV-17 on Gas-Chrom Q, with di-TMS derivative or epi-
coprosthanol used as the internal standard, permitted to iden~
tify zearalenone in biological liquids with a sufficlently good
sensltivity (up to 100/ug/k5). 1t becomes possible to raise the
sensitivity of determination 10-fold by using GIC of di-penta-
fluoropropionyl derivatives with heptachloroepoxide as internal
standard on PC and with liquid phase Dexyl on Gas~Chrom Q in
ECD detection.

Over the period of the recent 12 years numerous atteampts
have been made to use GIC for the analysis of patulin - g
mycotoxin oo.ntuninating fruits and vegetables and possessing
caroinogenic and mutagenic effects., The derivative most fre-

quently used in GIC 1s trimethylsilyl patulin ether,

Patulin

0 OH

Acetyl and monochlorcacetyl patulin derivatives were
obtained earlier, In the PID detection of TMS patulinr one can
detect up to 10 ng patulin, while in the case of ECD the sensi~
tivity increases to 0.1 ng. Despite the obviocus advantages of
GIC in the sensitivity and effioclency of separation this method
hes as yet been used ocomparatively seldom for the analysis of
patulin, One of the reasons for this is the re.ative instability
of patulin derivatives and the "tailg" they form when subjected
to GIG, which reduces the quality of separation. At the =ame
tise, GIO in oon'bmt\ion with mass spectrometry is inoreasirgly

used for reliable confirmation of the presence of patulin in
food produots.



Table 5.
Toxin Type of Detec~ Type of Detec— Refe-
o derive- tor column tion rence
tive and li- %imit )
uid ng/ kg
phase
Nivalenol 100
Deoxynivalenol 100
Fusarenon=X 100 Kanimura
H. et ai,
Diacetoxyscirpenol 200 (1981)
Neosolaniol ™s ¥1iD PC with 200
0V=17
HT-2 toxin on Gas= 200
Chrom
T-2 toxin 200
Zearalenone 400
Deoxynivalenol
Diacetoxyscirpe~ Szathmary
nol ™S FID OCTC : 50~ Cas, et al.
with 100 (1980}
Neosolaniol 0V-101
™2 toxin
Zearalenone
Diacetoxyscirpe~
nol TFA FID OCTC 100 Eller K.I.
with et al,
T-2 toxin 0V-101 (1983)
HT-2 toxin
Deoxynivalenol Hepta— KD FC with
fluoro- 0V-3 on
-2 toxin - butyryl Chromo- 10 Scott P.M,
sorb ot al,

HD-2 toxin (1981
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GIC thus Berves as one of the principal methods in the
analyticel chemistry of mycotoxins, its wain advantages being
a bigher, in comparison'uith TIC end HPIC, separation effi-
ciency, a low detection limit (down to 10 end lesa/;g/kg)
and broaed possibilities for identification by retention pera-
metres.

An especially high information content and reliabllity
are obtained by GIC in combdnation with mass spectrometry.

The development of perfected injection systems, reducing loseses
and partial destruction of snaljzed mycotoxing, as well as the
simplification and imffrovement of derivatization wethoda, will
make it possible %o trosden the range of mycotoxins identified
by means of GIC and %o raise the senaitivity and reproducibdbility
of analyses,



3-

&,

5.

6.

- -

RECOMMENDED LITERATURE

MoNair H.M., Bonelli E,J. "Basic gas chromatography" Varian
(1969). ' '

Jennings W, “Gas chromatography with glass capillary columns"
Academic Presa, New York, Sen Francisco, London (1978).
Supina W.R. "The packed column in gas chromatography"

Supelco (1974).

Eppley R.M. "Trichothecenes and their analysis" J, Amer,

0il Chem. Soc., v. 56, No. 9, p. 824-829 (1979).

Eamimura et al. "Simulteneous destection of several Fusarium

mycotoxins in cereals, grains and foodstuffs"
J. Assoc. Off. Anal. Chem., V. 64, No. 5, pp. 1067-1073 (1981),
Scott P.M, "Gas ochrometography with electron ospture and
mass spectrometric detection of deoxynivalenol in wheat and
other grains" J, Assoc, 0ff. Anal.Chem., v. 68, No, 6,

pPP. 1364~1371 (1981). '

Sgathmary Cs. et al, "Capillary gas chromatographio - mass
spectrometric determination of some myocotoxins causing
fusariotoxicoses in aniwmals" J. Chromatogr., v. 191,

pp. 327-331 (1980).

Eller E.I., Sobolev V,8. "Identification and quantitative
detection of trichothecene mycotoxins by the method of ca-
pillary GIC", Zh. Ansl, Ehim,, Fo. & (1983).



- 28 -

Table 1.
Type of Wall coated Surface coated Packed
column open capillary open capillery - eolumns
tubular columns tubular columns (PC)
(wcoT) (8C0T)

cheinatio of
coliumn Crosg-
section @ @

‘Inside diemeter ]
(mm) 0,2=0.5 0.5 2.4

-

Column length
(m) 20-100 20100 0.5-4,0

Efficiency

(t.p. per

4 m colusn 1000-3000 600-1200 500-1000
length) .

Overall column i
zfﬁc%e ncy 20000-200000 10000~ 100000 800=-4000
t.p. .

Maas interval 6
of separate 10~100 10-1000 10-10
sample (ng)

Linear flow rate
of carrier gas
{nit:rogen)
on/800) 10-15 10-15 2~5

Volume fin' rate of
osrrier gas
(al/min) 0,5-4.0 1¢5-3.0 15-50
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Pig.5.

1. Gas flow from vaporiser

2. Gas discharge into atmosphere
3. Gas inlet to column

4. VWante-gas valve
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COAXIAL CABLE TO
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ZEARALENOKE
7-2 TOXIN
HT-2 POXIN
NEOSOLABIOL
DIACETOXYSC L D
FUSARENON-X )
NIVALENOL —
nsoxnxumly
SOLVENT '

!18.9.
Kamimurs et al. (1981)., Packed column, 2% OV-17 on

(-]
Gas~Chrom Q, t , ;.- 250° C.
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