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A NEUTRAL CLEAN-UP PROCEDURE COMBINED WITH A HIGH RESOQLUTION GC-MS
TECHNIQUE FOR THE DETECTION OF THE 2,3,7,8-«TCOD IN YARIOUS VEGETAL TISSUES

A. Leoni - C., Fichtner - G. Frare - A. Balasso -~C. Mauri
Lombardy Region Government - Special Office for Seveso - Seveso (Italy}
S. Facchetti

Radlochemistry and Nuclear Chemistry Division
Comnission of the Zuropean Communities, Joint Research Centra

Ispra Establishment - Ispra (VA) Italy

INTRODUCTION

A study of methods described in the lLitsrature L reveals two axtraction
trendsg: extractlion using organic solvents (i.e. hexare, benzene o- hexane~
acetone mixtures) and alkaline digestion followed by orqénic axtrastion. The
literature states that the initial digestion of the sample makes possible sapo-
nification of the fats and the disaggregation of the organic matrix and the
possibly adsorbed TCOD should be more easily extracted. So a variety of ve-
gatal tissues hava been submitited by us tc a hot digestisn in an agueous me-
diom with KOH at 10%., This resulted in a very suitable procedure Icor vegatal
tissués containing a high percentage of water, but it is unsuitable fcor appli-
cation to tisaues with a high content of starch (i.e. potatoes, wheat, heans,
rica, grains of malze ete.), because heating in an alkaline medium preduces
irresversible gals.‘ On the contary, these samples are hydrolyzed in an a-
guanus medi with ECl at %3 and heated for 2 hours. The acid digestion 1ls
unsuitable for the vegetal tissues that do not contain starch,hcowever, tecause
the organic makrixz cannot ke disaggregated.

Alkaline digestion can prove difficult wit=h other vegetal tissues(i.e. mai:ce
and bean plants) which someéimes form into an emulsion. Therefora alter-
native exiracticn preocadures have been investigated, possibly suitakble feor

any type of vegetal. tissues. It was found that an exiraction performed Zirst
with a polar solvent (methanol) and tiaen with a non-polar one (metivliene chlo-

ride) was suc-esful with all the species of vegetable tissues thus far testad.

METHOD
The ccmplete me<hed is gsiven schematically in Tigure !. It should be noted
that f:rther improvemsnts o the purification and separation steps ars being

considered in order o improve the cuality of the extracts and, thereifore,



to decreace the sensgitivity limak.

The following comments can be made on the various analysis steps:

= Spixing (2): a double spiking has been used because with a medium mass-spec—
trometric resolution many environmental contaminants can interfere with frag-
ments to the massas chozen for the native TCDD and the internal standards.
The correct isotope ratio of molecular ions of the native TCDD, and the ina-
tensity ratic for the molecular ions of the labelled TCLD being equal to
that expected, give the certainty of quantitative identification of 2,3,7,8
-TCDD. _

- Extraction (3): a colourful mixture of oroducts is obtained, with the majo-
rity of polar and acid compounds in the hydroalchoclic phase. From 30
grams of fresh vegetal tissues 5+7 g of residual matrix and about 1.5 g
cf total organic extract residues are obtained. 1.0 g of this latter resi-
due comes from the hydroalchoclic solution and about 0.5 g'from dichloro-
methane. The alkaline digestion produces a lass sbundant residue {akous
0.5 g} due to the saponification of most of the fats which remain in the
agueous phaéc.

- Silica-gel column (4): the dimensions of this column have been specially

chosen to adsorb the polar compounds on fts upper part, leadipng in tuzn %o
an improvament in chromatocraphic separation. Benzene was seleczed as alu-
ting solvent because of its ability to sclubilize products and because cof a
distinct separation between pelar and non-polar products as clearly shown by
TLC plates. Columns having a smaller diamster have sometimes shown obstruc-
tions with losses of TCDD.
- Multilaver column (5): the elution of this column with zetrolsum ether in-
troduces an alternative chrematcgraphic separation on silica gel based on
tha different polarities of the sclvents. For axample the silica-cal co-
Torm-(4) loaded with extracts of green tissues elutes scne crange-yellow
““*predugggkﬁca;otene, xanthoohyll ete.) which ramain attached to the silica-gel
of the»muitilaye:-cclumn (5} when petrgleum ether is used. The efficacgy
“uhhsf“thigh:double" chroﬁazographic separaticen is proved by the slight dar-
kening#dfngke'Celi:e/32504 mixture placed below the silica-c¢el of the mul-
tilayer column. This shows that only a few oxidable compounds are still
p:ééént. The size of cur column differs from that descrized in <he lite-
rature 2. Since the effectiveness of the purification incrsases with the
contact tine 3 betweeﬁ the soluction of the sample and the Celite/H250;

mixture, only the guantiszv of the Celite has teen increased. Turthermore



the dilution of the eluats of column (4) with the petroleum ether prevents

Scth the gquick oxidation ¢f the products and carbonization with possible in-

corporation of TCDD.
- Plorisil and alumina columns (6=8): specific tests carried out on the flori-

sil column (6) have confirmed that the size specified in the literature
is suitable to our method. However taking into consideratiocn that aigh quan-
tities of waxes, resinsg, lipids and fatty substances might be present in
many vegetal tissues, it is advisable to proceed through a second similar
chromatographic step, i.e. use of a micrccolumn packed wizh neutral alumi-
na and f£lorisil (7). The final pdrification is obtained with a micrecelumn
packed with basic alumina (8). -

- GC-MS measurements (9): gas-chromatography with OV-17 and/or Silar 10C ca-

piilary columns and on-column injection technique is used. Simultanecus
mass spectrometric measurement (RP2 10,000} are performed at masses 120 and
322 for native TCOD and the mass corresponding %o the most intsnse molecular
ion of added labelled TCDD. Greater specificity derives Zrom the measure-
ment of a third ien fof the native TCDD {(the molecular ion at m/2 324 or the
fragment ion at 237) and frem the measurement of the most intense molecular
lon of a gsecond differently labelled TZED.

Systematic analyses are performed cn control samplesg free of 2,3,7,8-7CDD
{bianks) treated in parallel wizh the samples examined.

RESULTS
The step by step recoveries and the sensitivity limit have been evaluatad

experimentally.
.Step by step racoveries: 10 ng cf 14-C-TCDD khave been added =0 30 g of fresh

vegetal tisgues. At about 200 ppt we estimated a total recovery of 80+3%
waich remaing approximately constant threughout all 4he purification angd

gepazation steps. Table 1 shows the raeacoveries 30 far obtained for various

L

vegetal tissues.
.Sensitiviry limit: 1 ng of native TCDD and 3 ng of hoth 37Cl-TCDD and 13C-

TCDD have been adde to 30g of Zresh vegetal tissues (carrsts and maize)  Zree

- -

of 2,3,7,8-TCDD. Repetitive test have shown a2 detection limit of 3=-10 3 =.
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£IGURE 1

WASHING AND/OR SCRAPING OF
HY?PQGENEOUS PARTS

CEOPPING AND SPIKING
HOMOGENEISATICN

_SOLVENTS

EXTRACTION CF TCDD WITH
POLAR AND NON-POLAR ORGANIC

ADSORPTION CHROMATCGRAPHY
ON SILICA=-GZIL

MULTILAYER COLUMN

ADSQRPTION CHROMATQGRAPHY
QN PLORISIL

ADSORPTION- CAROMATOGRAPEY

QN NEUTRAL ALUMINA AND
ILOEISTT,

ADSORPTION CERCMATCGRAPHY
ON BASIC ALUMINA

| Methanol (3x300 ml)

. pichloromethane (3x300 ml:)
Column: &, 3.5 cem
_— Packing: silica-gel g.30
Eluent: rhenzene 400 mi

Column: g, 3.0 cm

Packing (from top):

a,c,e) sodium sulphate 1 cm

"b} silica gel ¢.20 7 ¢m

d) Celite ¢.12~#5504 (4ml) 7 cm

Eluent: =etroleum ether 4n-60
{200 ml)

b———

e

Column: e 1.4 cm

Packing: Florisil g.3

. Eluents: petzoleum ether (70ml)
and n-Hexane~Cd2Cl; 99:1(40 =l)
{washing fraciicns}; n-dexane:
_EEZClz $0:30 (59 ml)

Column: @, 0.8 e¢m

Packing (from top)

Florisil g 5 and neutral Alumi-
na g 1

Eluents: n-Hexane (4x2 ml) and
n-dexane: CCly 80:20 (20 mi)

(wasking Zfract=icns!; n-Hexarne:

/

/

BIZH RESQLUTICON GC-Mg§ IN
MULTI-ION DETECTION MODE

S

CH7Cl, 30:50 (10 ml)

L

Celumn: @,0.8 ecm

Packing: basic Alumina ¢ 2
Eluen+ts: n-Hexane (4x2 ml) aad
n-Hexane: CCl, 80:20 (20 ml)
{washing fractions): n-Hexane:

-ALL SOLVENTS ARE FOR PESTICIDE ANALYSES

CH5Cl, 50:50 (10 ml)



TABLE 1. Step by step recoveries 1in various vegetal tissues

N“:E?S a b c 4
VEGETALS
CARROT 77 79 81 79
& = gteps 1-5
BEAN PLANT 83 79 80 82 b = steps 126
< = steps 1+7
MAIZE PLANT 89 77 84 81 d = complete 2nalvsis
WHIAT - § 73 70 71
PGTATO 78 78 735 75
CONCLUSIONS

“he clean~up methcd proposed allocws quantitative Deasurements of %he 2,3,7,8-
TCOD prasent at a level of 25 pot in vegetal tissue samples of any origin.

Further cevelopments are under consideration in order %o improve :he guality
of the extracts and to perform measurements that are not affected by intarfas-~

ring substances at abeut 1 »pt level,
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