
GAS CHRClMATUGK4PHIC DE-l-ERMINATEON GF TKIABENDAZOLE IN 
FRU-lTS AS K-I’S MET,SYL DEREV_4TIVE 

Quantititive determination of thiabendazole, z.s its methyl derivative, has been 
achieved by gas-liqtid chromatography with frame ionization detection and a column 
of lo% of DC-200 OS Gas-Chrom Q at 240”. Determination was possible with 10 to 
200 ng per ,wE of the methyiated reaction m&we. For determinirig thiabendazole in 
fruits, clean-up of the crude extracts by liquid-liquid partition allows satisfactory 
elimination of Interference and permits determination in concentrations down to 0.1 
ppm. The recovery of thiabendazofe added to fruits at the 0.5ppm level ranges from 
90.3 to 94.9%. The methyf derivative was identified as N-methylthiabendazole by its 
elementary cDmpos%on, by its meking-point, and by uftraviolet, infrared, mass and 
nncIear manetic resonance spectroscopy. 

Thiabendazole [2-(4_thiazolyr)benz~dazolel is an anthelmintic’ and also a 
post--harvest fungicide on citrus fruits and baTranas, and in several countries the of- 
fkial residue-tolerance li_mit has been estabkhed. The various methods used for 
determining tbiabendazofe in&de colour reaction and absorption measurement, 
ultra6ofet @IV) and Infrared (IR) spectrophotometry, fiuorimetry and gas chroma- 
~ography. Hey’ and other insestigators?’ briefly studied the determination of thia- 
berrdazole by gas-Iiquid chromato.graphy (GLC) and found if difkuft to obtain good 
accuracy and sensitivity; they recommended use of another method. However, we 
have found that the methyl derivative is more sensitive than thiabendazole in GLC 
and can be quantitatively prepared by a reaction with dimethyfformamide dimethyl- 
acetaP (DMF-DMA] in acetonitile nediu&. 

Thiabendazofe is soluble in organic solvents, especially ethyl acetate, and also 
in dilute acids because of salt formation with the secondary amine goup, and there- 
fore ethyl acetate and dilute hydrochloric acid were used as ex~actants3.5*‘.10.1’. The 
puri&d extract from the fruits was directly analyzed by GLC after methylatiorr; 
recovery of thiabendazoIe added to fruits was satisfactory. The GLC method is simple 
and sensitive and offer5 a pr2ctkal mearts of determining thiaberrdazole wed for 
preserving fruits. 



Reagents md apparattrs 
Tne thiabendazole (ob&ined from Merck, &hw2y, NJ.? U.S.A.) w2.s of 2 

spe~i2l high grade 2nd ~2s re-crys~alG.zed three times from e&&anal before use; its 
m.p. ~2s 3@1-382”, sllghtiy lower than the value reported in the -Merck fndeP. ne 
standard solution ~2s prepared by dissofvI~~g tG&endazoIe in acetone to g&e 2 con- 
centr2tion of 10 ,.ug/ml. The DMF-DMA rrsed in the methyl&on st2ge ws obtained 
fioi-n Tokyo Kasei Ko,~o (-lIokyo, J~F~B), 2nd fhe internal stindzrd solrrtion for 
GLC was prepzed by dissolving Iof ,ug ofe,4’-dinitrobiphznyf in 1 ml of acetonitrile. 
The colnmn-pacicing mater%& for GLC, viz., Gas-Chrom Q, DC-200, SE-30, OF-l, 
OV-1, OV-17, OV-LO1 and DEGS, were of high purity 2nd were obt2ined from 
Nishio (Tokyo, Japan). _4U orher rezgeents 2nd solvenL% were of high parity 2nd were 
obtained from Wake (Osaka, J2fapan). 

For identification of the methyl derivztive of thiebendazole, sevez_i types of 
eqlriprment were used. For m-p_ measuremect, 2n electrothermaf c2pitlary 2pp2r2tus 
was employed. The UV ad IR spectr a were obtzined with a Hi*achi EPS-032 and 

a Jasco SpecFrophoEoiiieter (model i K-G), respectively. The m2ss spectra were recorded 
on 2 Shimadza LKB-gm m2ss s_oectromeFer, and the nuclear magnetic resonance 
(NMR) spectra were measured at 60 Hz with 2 V&an T-60 spectrometer 2nd t&2- 
methylsi!ane 2s &tern21 s*andard. 

Przparaiion OJ= the methyl denkative 
A sultabfy diluted thiabendazole or purified extract dissolved in acetone was 

pl2ced in 2 Pyrex test-tube (10 cm x S mm I.D.), 2nd the solvent was removed by 
evapor2tion -with 2 stream of dry air. To ‘&e dried residue were added 0.5 ml of 
internaLsEand2rd solution 2nd 50,uI of DMF-DMA, 2nd the mixture, in a stoppered 
test-tube, was heated 2t 120” for & min ir_ 212 o&bath, then cooled; 2 #ul of the final 
solution *.vere injected into the gas chrom2togr2ph. 

Gas-@& chn7nzaZo~raphy 
A Shima& GC-5AIFF gas chromatograph with 2 BEame ionization detector 

wzs used for all analyses. The cohmm consiszed of2 g&s tube (I.5 m x 2 mm I.D.) 
packed with 10% of DC-209 on Gas-Chrom Q (%I--109 mesh) 2nd ~2s conditioned 
at 240”; the detector 2nd injector temperstures were 260”. The flow-rates of nitrogen 
caL?ier gzs, hydrogen 2nd air were c10.46) 2nd 800 ml/min, respectively, 2nd :he elecrrom- 
eier range ~2s 103 M-Q x 0.16 Y. 

Cnlibrafion grupit 
A series of working-standard thiabendzzole solutions was prepared by diluting 

the stock solntion with acetone; aliquots were taken into test-tubes, and the solvent 
was removed by evaporation. kiter methylatioir by addition of DMF-DMA and the 
inter&-stzndzrd solution to the residue, a 2-,zE aliquot of the reaction mixxrrre (550 
@:a was injected into the GLC column. The concentration range of th& thiabendazofe 
standard was IO-200 ng/$. As shown in Fig. I, the retention time of the methy 
derivative re!ztive to thzt of ++‘-dinitrobiphenyl was 0.52. T?re peak height r2to-c of 
the methyl derivative to 4,4’-dinitrobiphenyI were plotted 2g2inst the amount of 
thf2bendazoZe amzlyzed; 2 typic& stzadard grzph is shown in Fig. 2. 
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Fig. I. Guts chromrxtogrzms of thiabetlnduole <A) and the methyl derivative (3). with retentioo times 
relative to th2t of the irlternd standard (C). The methyI derivative wzs obtained in ckystaUine form by 
metiyiation of thkbenduole. A 2-.ui portion of a mixture of the internaLstandard solution and tkk- 
bezxdazo!e fand./or the methyl derivative) wz3s dire&y injected into the gas chromkgnph. 

Fig. 2. Cztibration prapir far thiabendzzo!e. MetliyIat~on was at 1X3” far 40 min; the sample size far 
GLC ~2s PpI; the CO~UEIR tcmpemture was 240” 2nd the nitragen tiow-rzte wzs 40 ml per min. 
The abscissa shows the thiabendzzale content of the reaction mi..%ure, and the ordinate the detector 
response measured zs peak height reiative to the internal s’andard ($,4’-dinitrabipher~; 90.91 ng 
pet pit of rextioon mixture). 

Preparation of fr;clt extracts and determination 

The accurately weighed sample (gnerally about 50 g) of chopped fruits was 
placed in the XGml stainle ss-steel container of a homogeniser, 150 ml of ethyf 
acetzte and 50 ml of buffer sofution (0.4 M in sodium acetate and 3.4 3-f in sodium 
chkxide) were added, and the mixture was homogeeoised at high speed for 5 min. The 



~~EDXXS of the YesseE, with rinsings, were transferred to it 3tX-ml centrifuge tube and 
centrifuged at l4Bg for 5 mill, and the supernatant ethyl acetate phase was 
transferred to 2 5G-x1-11 sep~ting-~~~e~; to the residuaE pIant material were added 
another 70 ml of ethyi acetate, and the operations were repeated. Tfie combined ethyl 
acetate solutions were then washed with 50 ml of i M sodium hydroxide, fooffowed 
by 50 ml of water. TkiabendazoZe was extracted from the wasked ethyl acetate phase 
with ttvo 50-mI porLzons of 0.1 1% kydrockloric acid, the acid solufion was made 
alkaline with 20 m! of I M sodium hydroxide, and the aSktine solution was re- 
extzcted with; two 30-m: portions of etkyl zcetzte. Tkis ethyl ace’ate extrzct was 
wz&ed with water and dried with ankydrous sodium sufphate, then the solvent was 
evaporated at 50” under reduced prz.ssure_ The residue was dissolved with two 2-m! 
potions of acetone, snd the mixture was .metkylated and analyzed by GLC 8s de- 
scribed above. 

RESULTS AND DISCUSSION 

Standard assay 
As shown in Fig. 2, the calibration graph wzs recti!inear for 10 to 200 ng of 

thisbendzole per ,~l of rke reaction mixture. Tke average devizaions of 4 determina- 
tions xere 0.5-“A for 20 or 50 ng of thiabendazo!e and 2.0% for 100 ng, and the 
reproducibility was considered satisfactory. 

S&en: system. To 25 pg of tkirt’oendazole were added 50 ,u! of D&W-DLMA 
@self z so!vent for tkfabendazote), an d metkyIaEion ~2s achieved by keating at 120” 
for 40 tin. When 0.5 ml of some other solvent such as acetonitrile or pyridine were 
2lso added, the relative yield of methyl derivative WCS higher, althongh it was lower 

if ckloroform wzs used. Tke relative yields obtiined from the gas chromatograms zre 
shown irr Table I. It is assumed ihat the reaction is infuenced by polarization of the 
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solvent moIecules, and, in order to obtain a high yield of the methyl derivative, 
acetonitriIe or pyridine could be added, althou@ the reaction mixture subsequently 
darkened, especially with pyridine. We chose aceiotitie because of its good sofvent 
properties for thiabendazole and 4$-dinitrobfpheny1. 

Cu~&Wtion &reagents. If we assume that I mol of Dh<F-DMA reacts with I 
mole of thiabendazole, then f2.5 pg of DMF-DMA is required for 25 ,rtg of thia- 
beodazofe. The relative yieIds (x) of the methyl derivative for various amounts of 
DMF-DMA added to a mixture of 25 pg of thiabendazole and 0.5 ml of internal- 
staandard solution were 24.8 for 10 pl of DMF-DMA, 100 for 50 ,uE, 98.2 for IClO@, 93.6 
for 500 yl and 56.0 fur 1 mI at 120” for 40 min. To some extent, therefore, addition of 
DMF-DMA in excess gave a good result, and, in practice, 50 $ of DMF-DMA were 
used. As already mentioned, an addition of solvent promotes methylation. Under 
conditions in which various amounts of the internal standard soWion were added to 
the mixture of 25 ‘~g of thiabendazote and 50 ,ul of DMF-DMA, the relative yields 
(“/S) of the methyl de&a&e were 89.0 for 0.1 ml of internal standard solution, IO0 
FOF 0.5 or I.0 ml, and 77.1 for 2.5 mf at 120” for 40 min. Thus, the use of 0.5 ml of 
internal standard soWion was adopted. 

Temperatire. The production of the methyl derivative at several temperatures 
was studied by mixing 25 pg of tiabendazote, 50 ,uI of DIMF-DMA and (3.5 ml of the 
internal standard solution. The relative yields (%) obtained after 40 min were 38 at 
30”, 39 at 50”, 92 at ICO”, 100 at 120” or ISO”, and 57 at 200” +Lherefore: 220” was 
adopted. 

Reaction time. The time course of production of the methy derivative at 128” 
is shown in Fig. 3_ The experimental results can be expressed approximately by the 
equation 

where x is the amou& of the methyl derivative at time f, a is the initial amount 
corresponding to thiabendazore and k, and k, are the rate constants. From the ob- 
served values, k, and k, were 6.35 and 0.032 hVL, respectively. The maximum value 
of s (--,,,_) was 0.974 when a was 1, and Z ai -u,,,_ (;n,x.) w2s 50.2 min. After t,,,., 
the amount of methyl derivative gradually decreased, suggesting the formation of. 
another compound and the necessity of checking at around r,,,_. The value of x at 
40 min was caslcuiated as being 99.60/o of s,,,., and, since the differer?ce between 

-r,,,. and x at 40 min was not signi&antS the amount of methyl derivative was 
. checked at &l min after addition of the reagents to tfiiabendazole. 

GUS ckromatograpkic sensitivity 

Cofumns containing DC-200 (IO 76, w/w). SE-30 (5 :<, w/w), QF-l (8 %T w/w), 
OV-1 (5x, w/w), OV-1Oi (5%, w/w). OV-17 (.5x, w/w) or DEGS (5x, w/w), on 
Gas-Carom Q, were tested. Except for 0 F(-li and DEGS, the columns showed the 
peak for the methyl derivative; particuIa& r goad peak characteristics and sensitivity 
were achieved w<th DC-200 under the conditions described above. 

A hi@ temperature and a short column were preferabIe for the GLC of the 
methyl derivative_ At 2&l”, a 1.5-m column containing DC-200 on Gas-Chrom Q 
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Fig. 3. Time c0ur.x of production of methyl derivative. To 25 :tg of thinkndazole xvere zdded 50~1 
of DMF-DMA md 0.5 ml of tie intem21 s&ndrdE_rd at 12G”, 2nd the product was ai&t~ed by GLC. 
The curve wes cakulared from eqn. I. 

gave a good gas chromatogram, the retention ti_mes of thiabendazole 2nd the methyl 
derivative relative to that of the internal standard were OA’i and 0.52, res?ectiveIy. 
The ratio of the peak height for the same molar conceentrztiorr of both thiabendazole 
and the me’&yI derivative wz+s I :2.3, but the peak characteristics of the derivative 
were better than rhose of thiabendzzole (see Fig. I). 

After methylztlori, the reaction mixture shotlfd be injected into the gas chro- 
ma:ograph as soon as possible; under refrigerzttion, the sample was stable for at Least 
4 h, but, after 24 h, the comeent of methyl derivatfve decreased to 89%. 

Infl.ze~ce of evaporation of the solven;. During the extraction procedure, or 
befare methylation, ethyl ace&ate or acetone that conrains thiabendazoie is evaporated 
off. 1~ order to examine possible loss iii these procedures, 25pg of thiabeRdaz& 
were dissolved in 60 ml of the sotvent, and the solution was anafysed derring at after 
evaporation of the solvent; no loss was observed. After the sotvent had been removed 
2nd th&bendazofe remained as the residue, RO Ioss occurred during heating for ar: 
least 10 min at 50” under reduced pressure. 

Influence of interference. Thiabendazole is basic and can therefore be extracted 
fron? orgsmic solvents by 2idk aqueous solutions and from basic aqueous solutions 

by organic soivents. The simple and rapid extraction and clean-up procedures based 
OR this prirzcIpIe pctmit the determination ofthisbendazole in fr~~lts by GLC ~it.hout 
effect from interfeting substances. To investigate the e%ct of an essentid cil OII the 

detzr_mination, 2%pg portions of thiabendazoEe were added to 0.1 to 30 mg of 
Iimonene, and each mixture w.zs analyzed without cfesn-ap procedures. The relative 
reccrder response OR the gas chromatofam was in proportion to the amotrnt of 

limonerte and, at the same time, the accuracy decreased_ As showIz in Table If, the 
presence of over 20 mg of limonene mzde accurate determinsrtion impossibIe. Efow- 



TABLE II 

INFLUENCE OF LUfONEM3 OX RECOVERY OF ?3ZIAI3ENDAZOLE 
Each amount of &nonene was added to 2 uCxfxre of 25 ,ug of tiabenduole. SO pl of DMF-D-MA 
and 0.5 m[ of izttemahzndard solution. Methyiation and GLC conditions were s for Fig 2. 

0.0 loo 
0.1 99.8 
0.5 99.1 
1.0 OS.3 
3.u 98.3 
5.0 98.3 

10.0 93.4 20.0 - se 

30.0 f 

* Quvztitative d&em&&on impossibb. 

ever, even if much Iimonene was presdnt (for exampfe, 25 pg of thi~bendazole and 
100 mg of Iimonene), the clean-up procedure described removed most of it. As s&own 
in Fig 4, methylated extracts obtained from fruits gave gas chro_matograms with good 
peak charactetistics. Sesides +&e peak for the methyl derivative, there was another 
peak &eneraIty z doubfe peak), of which rhe retention time relative to that of the 
internal standard was 0.28 to 0.3 I. However, this peak did not interfere with quantita- 
tion of the metbyl derivative. 

Other possible Interfering substances are such prese_rvatives as biphenyl or a- 
phenylphenoE added to fruits. These preservatives were efiminated during the clean-up 
procedure, and 3~ addition of 100 pg of biphenyl or a-phenylphenol to 25 yg of thia- 
bendazofe did not affect the determination,. 

Ttriabendazofe added to orange, lemon, gqJefruit and banma was determined 
separately in the peel and in the pulp and calculated, as necessary, for the whofe fruit. 
From a-? average sample (five to ten fruits) the peel W;LS carefufty removed, and the 
peel or pulp from each fruit was chopped and blended into a slurry. To 50 g of slurry 
was added thiabendazole, and the sampIes so obtained were analyzed by otfr GLC 
procedure. The recoveries of 0.5 ppm of thiabendazore added to various samples ae 
&ova in Table IEf. These recoveries ranged from 90.3 to 94.9%, and thiabendazole 
could be determined at the level of 0. I ppm, the detection timit being 0.05 ppm. When 
tbiiabendazole was determined in grrtpefruit peel, the peak was sometimes insufficiently 
cEesr for accurste determination; bowever, the chromatogiam for the sample obtained 
from the whole fruit was satisfactory. 

Idgn,#catimz of the meth_yl derivative of dziczbetrdazole * 

For quantitative analyses, to a smaIf amount of thiabendazole were added 
DMF-DMA in excess and solve&. To obtain the methyl derivative, to 0.50 g cf thia- 
bendvole and 0.296 g of DMF-Dh%A f,moiu ratio 1 :E) were added 5 ml of aceto- 
nitrile, and the mixture was heated under refiux it 120” for 40 min: when reaction 
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Fig_ 4. Gas chromatograms of m&dated extr2cts of mm gc, lemon, gxxpefruit 2nd tt2mn2; 25 pg of 

~~2’xmizzzole we&-e added to 50 g of fn& before extraction. With limon~ne, 25 pg cf thiabendazole 
were add& to I@I mg of li_onene, z-~d the mixture was &ezte3 by the szme clean-up p_rocedu~~~ HS 
w& with frrritc. Methyiation aod GLC cooditiom wxe as for Fig. 2. C = 4,4’-dinitrobipheenyl 
(90.91 og/&. 

FEF.CE?JFAGE RECOVE_RIES OF TKEABENDAZOLE ADDED TO VARIOUS SAMPLES 
AT TEfE 0.5ppm LEVEL 

Ea& result is the ave_-agz of four determinztioxx. 

Sa.qde Pcei _ Pzb WEde jC-z& 
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The ekmentary contposition of the product was 61.35% of C; 4.21% of H; 
19.53 “/d of M; 14.91% of S; for N-methyithiabendazofe, CLLH&S, the theoretical 
values are C 61.28 %; K 4.08%; N t9.20’A; and S 15.#%. 

T&n-lqer &romatograp& and gas C/I~O~ITG~O~FGIX Thin-layer plates (20 x 20 
cm) were coated with a W-mm Eayer of silica gel HF,, (Merck) and activated at 
1 LO” for 2 h before use. Portions (1 EL:} of acetone solutions cor%mxing 25 pg of t&a- 
bendazofe or the methyl derivative were spotted on a piate, and development was 
carried out with benzene-methanol f38:3, v/v] in ZR equilibrated tscnk; the RF values 
were 0.32 for th.iabendazoIe 2nd 0.43 for the methyl derivative. The methyl derivative 
gave a sin&e peak on the gas chromatogram, with a retention time of 0.52 relative to 
4,4’-dinitrobiphenyE; the relative retention time for thiabendazofe was 0.47. The peak 
characteristics were as shown in Fig i. 

G&zrfoEer ~bsorprion specOw?z. As shown in Fig. 5, each methanoI soiudon of 
thiabendazoIe or the methyl derivative has a different characteristic UV spectrum. 
That of thiabendazote has a maximum at 302 nm, two shoulders (one slight at 294 
nm and the other distinct at 310 to 314 nm) and other maxima at 243 and 235 nm. 
The spectrum of the methyl derivative has maxima at 298 and 236 nm and between 
them plateaux zE 244 and 270 nm, - 2 has no shoulder at 310 to 315 urn. The molar 
absorptivity of thiabendazole and the methyl derivative were 24,924 at 302 nn and 
19,350 at 298 nm, respectively. 

0.6 

h$km?d spec~-u~~z. The fR spectra (potassium bromide technique) of thia- 
bendazole and the methyl derivative are shown in Fig. 6. The ictense abso,rption at 
740 cm-l in both spectra shows that no substitution occurred in the benzene ring 
during methylation. With the spectrum of the methyl derivative, the absorption at 
f580 cm-’ in the thiabendazole spectrum has disappeared, 2nd 2 weak absorption at 
2940 cm-’ is observed. This may be ascribed to 2IkyIation in the N-position of thia- 
bendazole_ 
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methyf derirzative co&d be attributed to initial degadation of thi5;ble ring, and the 
subsequent shift from 13 I to SO for the methyl derivative could be ascribed to N- 
demethyfation. 

Nuciear magnetic r.sonanc~ spemmr. En the NMR spectrum of thiabendazoIe 
dissolved in dimethyf suEphoxide, signals appear at S = 8.48 and 9.3: ppm (doublet; 
2H; J = 2 Hz) and at E, = 7_IO--7.82 ppm (muEtipIet; 4K); this is indicative of a 
Deteracyclic compound. As shown in Fig. 8, the spectrum of ‘&e methyI derivative 
dissolved in the same solvent additionaily shows a sign&ant singlet at 6 = 4.22 ppm 
(3f-f), wEch suggests a signal of due to the N-methyl group. The difference in the 
chemicaaf shifts makes it possibfe to distinguish both thiabendzole and the methyl 
derivative. 

From this series of experiments, it was concluded that the methyl derivative 
was N-methyMiabend~ole_ 

--. , , 
?O 6 6 8 2 0 

6 (ppm) 

Fig 8. NMR spectrum of the methyl de&z&e of tiabendzzofe in &methyl sulphcxxide (DMSO) 
at 60 Hz; the intcnxf standard is tetrzmethyIs;iIaoc. 

We thank Mr. Susumu Kobayashi for his co-operation with the mass spectro- 
meter and some other equipment. 

REFERENCES 

t H. D. Bruwu, A. R. Matzuk, I. R. IIves, L. K. Petersorr. S. A. Ha-is, L. K. Sarett, 5. R. Egerton, 
3. 5. Yzkstis. pi. C. Campbeeti nd A. C. Cuekkr, J. Anw. Clrznr. Suc.~ 3; (1961) 1764. 

2 R Hey, Z. ~be~~tr.-Ualcrs.-FarscFr., 149 (1972) 79. 

3 R H. de Vos md M_ P. M. M. Bosm~, Rep. Cent. IKSL Nufr. FaaORex, TAXI, NO. R3199. Zeist, 
‘I-he Nether&xx%, 1970, p_ IO. 




