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THE FLUORIMETREC DETECTION OF PESTiCEDES ON ALUMINJU_M 
OXIDE LAYERS 

SUMMARY 

Several pesticides have been investigated for their fiuorigenic properties on 
acidic and basic atumir;ium oxide layers. Fluorescence was obtzined in several in- 
stances 20~3 the relative intensities were observed_ Fluorescence spectra were recorded 
for the best ffuorescence obtained before and after heat treatment of the chromato- 
gram. The resrrits are compared with those already reported for silica geel layers. 

During the fast few years, a nrrmber of fiuorimetric detection techniques for 
pesticides OE thin-layer chromatograms have been reported. Many were based OR 
the use of Auorigeenic spray reagents with the spray reagent itself being primarily 
responsible for the fluorescence L 3 One technique was derived from the use of Auori- - _ 

genie IabelIing COmpOLIEdS which were made to react with the pesticide in solution 
prior to separation on a thin-layer chromatogram. The work has been reviewed by 
Lawrence and Frei”. 

Another technique whereby the fluorescence originates from the pesticide 
has been devetoped by Erun et ai. 5. The chromatogam is heated and the pesticides 
appear as bright fluorescent spots. Sometimes spraying with an acid or base cazlses 
changes in the spectrai characteristics 6-7 Very recently, the detection of pesticicib . 

has been achieved by spraying the chromatopfate with inorganic reagentss. 
The development of such detection techniques has permitted the analysis of 

pesticide residues in a variety of substrates. For instance, Guthio~ has been analysed 
in biueberrie9 and Co-R& and Bayrusif have been monitored in lake alrd sewage 
water’“; a method has been reported for Maretin in milk 2nd egg? 2nd Co-RaI has 
been determined in eggP. 

Most of the above detection techniques, however, invoke the use of silica gel 
thin-layer cbromatogams; cellulose Iayers were used in 2 few instances3. Et w2s in- 
terided in this study to evzkate the detection of pesticides on afuminium oxide layers 
with the expectation that some results could be appEied eventually to residue an&ysis. 

* Ta v&on comspondence should be addressed. 
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Tine pesticides were supplkd as analytical standards and were trti%Zed as such 
<Tz.ble I). SoIntions were prepare& in chloroform, except those for diqrzat and para- 
quat, which were prepared in 50% aqueous ~C&XX. All OF the adsorbents were ob- 
tained from Brinknann Irrstrtrments (Rexdafe, Canada). 

The fhxescence WES observedin aCbromato-Vrre Cabinet (Canlab Sripplies, 
Montreal, Canada] under io-,g wayefengtfr W< light. The spectra were measured using 
a VIS-‘JV Chromatogram Analyser {Farrand Optical Co., New York, KY., U.S__4.t; 
equipped with motorized monochromators and appropriate ffters. 

GezTeral procedwe 
The thin kyets were prepsed as recommended by rhe supplier to a thickness 

of 250 pm. A Z-p1 volume of a ION?-ppm solution of each pesticide was appfied on a 
&romatogram by means of 2 micro-pipette. After observation under W IighQ the 
chromatogram was heated in an oven 2t 2 specif?c temperature for a definite period. 
3%~ chromatogram was again examined under UV light for fruorescence. 

Prior Eo neassurement of t’ae Buorescence spectrq the chromatogram was 
spotted with 2 pardctr!ar pesticide and eEuted 5 cm in an appropriate solvent system. 

In ihis sindy, 61 pesticides were examined Ear Euorigetic properties, but o&y 
those for which positive results were ob’tined are discrssed (see Table I). 

AU of tie compounds iisted in Table 11, except aminacaFb, show a detectzble 
riatwal Brroresceence on acidic alutinium oxide layers. The Euorescence is most 
iafinse, however, for corrmaphos, dipfracincne, Maretir; and Morestan. lieat rreat- 
ment of the cbromaiogram yields intens&d fiuoreseence for most pesticides but tie 
effect is much more noticeable for those which are otigiinaHy barely or non-&~~escent. 
The fluorescence of ii/fore&m is decreased sEgh3y wfrile Maretin appears as a red- 
orange CV-absorbiig spot. Coroxon (not show- in this paper), which is the oxygen 
analog&e of couaphos, behaves in the same manner as coumaphos. 

Fluorescence spectra were recorded on acidic alumlnium oxide layers. The 
results are summarized in Table ET and inch~de, fur the species that show the best 
fiu~rescence WdeF optimum conditions, t&e 6ker coubirration as ivet1 as the eltlting 
soiverit used iz each instazce. No spectra v;ere recorded for Frrberidazoie because 
upon elution many Euorescerrt spots zppear, owing to impurities in the original for- 
mulation. ~Maretin is Euorescer~t only for a short time and the spot becomes red- 
orange UV-absorbing on stmdlng. Upon heating, rotenorre becomes fluorescent but 
the fluoresc~~~ce is masked by the appearcnce of 8 brown C&XX beneath the qot, 
which makes it very di!Zcti: to record spectra. 

It is titeresting (see Tabie PfQ that i&e comb&&ion of excit&ior~ ajld emission 
wave!eng& maxima is cha,~ctctistic for each pesticide, which make the detection very 
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TABLE II 

ACIDIC ALUMIXIUM OXDE THIN LAYERS 

Specifixtiar;: typo T, pEi = &a_ K-F_ = Non-fluorescent at the 2.apg kvel; B.F. = barely fluores- 
cent 8; the 2.ajLg level; f f = eqrrivafent to a xisrrai Emit of detection of Z.aIcg per spot; t T f = 
equivalent to 2 visuaf Emit of detectiorr of a.7 pg per spot; L i -C i = eqquivaient to a visua! Emit 
of detection of a_a2.ug per spot Or Irss. 
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TABLE IIf 

FLUORESCENCE SPECTIUL DATA ON ACrDEC ALUMINILJM OXZDE LAYERS 

Specific&on: type T, pH = 4.0. H = hezt t_wted at 2(x1” for 45 min; R.T. = r00m tempezture 
(not heat trezted). Eluting systems : z = hexzx-zcetone @:I); b = hexane-zcetone (t3:l); c = 
acetone-toluene (I :9); d = h.zxzne; e = hexrure-zeetone (16:3); f = he-e-acetone (149). FiIter 
combkatiozx (EEx, Em): A = (3-75, 7-60); B = (3-74, 7-54); C = (3-73, f-51); D = (3-75, 7-54). 

Aminocirb (E) b A 372 473 
csptm <lq C B 372 &a 
Cxxxnaphos (R-T_) f A 310 412 

(H) f A 360 435 
DZol2ti-m (I%) C c 372 467 
Diphxinone (R-T.) a A 368 490 

m 2 A 370 493 
Gution t?r) a A 347 421 
Landti (Kj 

E 
A 373 483 

MGK Rep. E (EQ C 3T5 457 
Mo_zstzn (R_T_) d A 366 413 

0 d _A 345 423 
SamLion gr) b A 3’71 474 

Wrrrfarin fH) c D 375 462 

sekctive. Also, coumaphos and Morestm give different spectra before and after the 
heat treatient. 
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R~sdts obtained on basic alumininm oxide Izyers are given in Table XV. As 
on acidic lqers, most of the pesticides show detectible fiuoresceence prior to heat 
tr_=ztment, with the exception of p zzcgIa& which does not fluoresce. Meat treatment 
improves the &iorescence substantiaiFy in most instances. 

2 is important tha: although some pesticides fluoresce equally well OS both 
acidic and basic alum&Gum oxide Izyers, ethers Buoresce only on one type of Izyer. 
For instance, zminocarb, fuberidazole and MGK Rep. 11 3uoresce only on acidic 
layers, while diqust, Ivfesural, Mob&q a~ld paraquat fkoresce only on basic fzyers. 
There does not seem to be 8 strong correktiorr beWee= the chemical structure of z 
pesticide and its behzviour on either acidic or basic layers. 

The ‘duorescence spectral data on basic ssfuminlum oxide layers are given in 
Tzbie V. Comments made OR the speck- A &tz fisted in Tzbfe 111 are also applicable 
ia this iostzrrce. In addition, for pesticides that are korescent OE both acidic and 
basic fayers, e.g., coumaphos, there is sometimes in noticeable diEerer,ce in the spectral 
Cat.% 

The natard fluorescexe of co~m~phos, _Maretin, fuberidazofe, ciipbacinxe 
;.nd Morestan on sificz geI layers has beeE reported5mz3 %d the e&cts of heat treat- 
ment on the Euorescence of rhese compounds, and E&O that of Guthion 2nd war- 
kin, hzve been assessed in another studys*‘. Datz 0~ the Suoresceace of capk3n, 
difolatzn, diqreat and pa.rza_uat after treztz~nt of the chromztogrzm wi& an inorganic 
reagent and, I”or carpf;m and difo’ol~taa, der sdxequerrt heding of the chron2~0~2n1, 

h2w afso been published”. These data are compared in TzbIe VT. 
It can be observed that t&e spectral data wry from orre fayer ta another. A 
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FLUORESCENCE SPECTRAL DATA ON ENSEC ALUMTPUTUM OXDE LAYERS 
Specificatioo: trpe T, pH = 9.0. Abbreviations as in Tab!e DlL EIuting systems: a-f as in Tabie EII; 
g = acetone-toluene (2:!?); h = acetom-tofuene (1 :I@; i = benzene-n-butanol-methane!-~ N HC! 
(f :t :2:1); j = hexane-aceto~e (8:Z). Filter combinations: A-D as in Tabfe EII; E = (3-74, 7-50). 

Pesticide 

CaP’an (H) g B 372 4&5 
Colilnapbos (H) e A 363 447 

(R-T.) e A 340 418 
DifoTatan (m g I3 375 462 
Diphacinone (R.T.) 2 A 3’70 495 
Diquat @iJ i 372 4.52 
Guttim (H) a ; 350 43i 
Land& (H) b A 368 454 
1tleswot (I%) b A 368 455 
Mobam frr) b A 371 480 
Farcquat (W i c 367 460 
Rotenone OI) j A 370 470 
SaIitbion of) b A 374 470 

oE.T.1 g A 375 470 
vvk&rin @z) g A 374 456 
_ 

TABLE VI 

COMPARISON B?Z%‘EFzN SILICA GEL AND ALUMINA 

Abbreviations as in Table LIl. I-R. = inorganic reagent 

Peslicifie mri conditions Silica gel Ahmimkm oxide 

Ercitotfoon Emissiorr Acidic &sic 

Excilation Emhimz Excitation Emikon 

Caumaphos CR.?-.) 325 434 345 412 345 4K? 
G-Q 344 4x5 360 43.5 363 447 

Dipbacinone (R-T_.) 335 518 36S 495 375 495 
Guthion (Ei) 342 G2 347 42.L 355 431 
WarfzrCl @I) 363 456 375 462 374 456 
Czptm (LR.) 360 465 

m 372 460 372 -%5 
DlfoIaQIl (XX.) 365 6.5 

CO 372 467 375 a2 
Diquat (LR.) 375 472 

# 372 452 
Par2quat R.R.) 425 515 

grl 367 465 

typicat exampIe is comaphos, for which the spectral dam are dirTerr& before and 
after the heat tie&ment. The behzviour with corrmaphos is we3 documented and it 

is knowrP that the species that fluoresces after heat treatment is chlorferone, rhe 

hycirofysis product. 



Neutral alcmitium oxide layers (type T, pEI 7.5) were ako tested but the rest&s 

obtained were very simifar to those obmined 011 basic ahm&km layers. 
The same was *tie for alrmminium o-tide containing 8 binder (altiniam oxide 

G, type E) and zhmioium oxide 25 p:e-coated sheets. 

Tne re~tilts oger a-~ alternative to the rtse of sifica gel fryers for the denxmi- 
cation of pesticides. &fore fmportznt, however, is the fact that different spectra8 datz 
ae obt&ned when acidic arid basic &minium oxide layers are used_ fn addition, 
tke spectral dsB change with tie experimen&d conditions preceding measurement of 
spectrz Eviderttly, these da& can be useful when it becomes necessxy TV characterize 
a compound of for confirmation purposes. 

Another importzznt aspect is that some pesticides are fluorescent 02 aluminium 
oxide iayers zmd not on s3ic.z gel layers rroder o,rdinary conditions. These pesticides 
wt cqhn, difolatan, diquat and pzquat, w&A have to be detected on silica ge1 
layers after treatz3eat with zn iilor,c =-r&z rezger@. Most important, trowever, is ‘de fact 
that aninocarb, land& Mesurol, MGK Rep. II, Mobsrm and sa&hion have not 
pzeviorrsly been detected on silica gel fayers. 

-4s 2 ressitlt of this study, it is planed to investigate futher the behaviour of 
the fluorescent pesticides OF, aiumitium aide fayers 2nd eventually to develop ana- 
t>ticaE procedures for their dete_rmination in environmeotaf samples. 
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