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INORGANIC SALTS IN THE FLUOROMETRIC DETECTION OF PESTICZDES 
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SUMMARY 

A method is described for the detection and quantification of pesticides on 
silica gel chromatograms by itI situ fluorometry. Simple inorganic salts are used to 
induce fluorescence in a number of pesticidal compounds. Intensified fluorescence is 
shown for one naturally fluorescent pesticide. Spectral data and instrumental limits 
of detection are given. 

INTRODUCTION 

Direct fluorometry of thin-layer chromatographic (TLC) spots has found wide 
application in the field of micro and trace organic analysis. It1 situ methods have been 
applied to the determination of long-chain aliphatic hydrocarbons’, triglycerides2, 
vitamins314, amines5, steroids”, hormones’, and pharmaceuticalss-lO, to name but a 
few. 

Earlier work with pesticides involved the use of spray reagents11*1Z and labelling 
compounds13. In most instances the fluorescence came from the reagent and not from 
the pesticide. Recently, techniques whereby the fluorescence comes from the pesticide 
have been developed 14. The effects of heatIs and of strong acids or bases have been 
reported’G*17. The obvious advantage of such techniques over those which use fluoro- 
genie spray reagents is that each compound is characterized by its own excitation and 
emission wavelengths. 

Numerous studies18 have been carried out dealing with the fluorometric analysis 
of inorganic cations or anions. In most cases a fluorescing chelate is formed between 
the inorganic ion and a non-fluorescing organiccompound. Since some ofthe pesticides 
studied are potential ligands, it was thought at first that they might become fluorescent 
if the proper cations or anions were present. The effects of a variety of inorganic salts 
upon a number of pesticides on silica gel thin layers were therefore investigated. At 
the same time the influence of heat treatment of the chromatogram was studied. 

No similar works as yet, has been reported for the determination of pesticides 
by i/j SW fluorometry, although some has been reported for triglyceride9, cholesterol”, 
and diaminopyrimidines” using either the sulfate or the bisulfate salt of ammonium. 

l To whom correspondence is to be addressed. 
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EXPERIMENTAL 

Chemicals artd apparatus 
More detailed descriptions of reagents, solvents and apparatus used are to be 

found elsewhcre14-17. 
The majority of the pesticides were supplied as analytical-grade standards 

(Table I) and were utilized as such. Propyl isome was purified by a method described 
earlier’” while rotenone and warfarin were purified by multiple recrystallisation from 
ethanol-water and acetone-benzene systems, respectively. 

The inorganic salts investigated were the chlorides of aluminium, copper and 
calcium and the sulfates of beryllium, magnesium, manganese, nickel, and zinc. So- 
dium borate, potassium chromium sulfate and selenious acid were also investigated.’ 
All were analytical grade reagents (Fisher Scientific, Pittsburgh, Pa., U.S.A.). Solu- 
tions were prepared in de-ionized distilled water. 

The fluorescence spectra were recorded on a VWUV Chromatogram Analyzer 
(Farrand Optical Co. Inc.) equipped with appropriate filters. A list is provided in 
Table II. A Turner Model 111 Auorometer (G. K. Turner) fitted with a Camag TLC 
scanner was utilized for the evaluation of instrumental detection limits. A No. 7-60 
primary filter was used for excitation and a No. 2-A barrier filter was used for emis- 
sion. The fluorescence intensity of the spots was recorded on a Brinkmann Servogor 
S Model 2543. A minimum deflection of 1 cm was taken as being the least detectable 
peak. 

General procedure 
Silica gel H thin-layer chromatograms with a layer thickness of 250 m,u were 

prepared in the usual way, In some cases, the salt under investigation was incorporated 
directly into the sorbent layer. This was accomplished by using a solutionofthe desired 
salt instead of distilled water. 

In order to proceed in the rapid screening of all the pesticides and inorganic 
reagents, it was found suitable to scribe the layer into 64 small squares. Two-microlitre 

TABLE II 

PESTICIDES AND FILTER COMBINATIONS 
__---- .-- __.-- 

Cor?lporrrrd Filter 

EX En1 

Captan’ 7-54 3-73 
Devrinol” 7-60 3-75 
Difolatan’ 7-54 3-73 
Diquat’ 7-54 3-73 
Maretin’ 7-60 3-75 
Menazon’ 7-54 3-73 
Naptalam’ 7-54 3-73 
Paraquat* 7-59 3-72 
Propyl isome’ 7-54 3-73 
Rotenone” 7-60 3-75 

_-..__ -- 
l With UV-visible excitation lens. 

l * With UV excitation lens. 



FLUOROMETRIC DETECTION OF PESTICIDES 145 

aliquots of a 1000 ppm solution of each pesticide were spotted systematically in the ap- 
propriate squares. The entire plate was then subjected ‘to the desired treatment, e.g. 
sprayed with a reagent solution and/or heated in an oven at a fixed temperature for a 
known period of time. 

The fluorescence of the spots was then evaluated visually under long- and short- 
wavelength UV light. Dilution seriesI were prepared for estimating limits of detection 
and the fluorescence spectra were recorded in the usual fashion after development. 
Irradiation of plates containing propyl isome was done at 366 nm for 30 min. 

RESULTS AND DISCUSSION 

In this study a total of 64 pesticides were treated under a variety of experi- 
mental conditions which included eleven inorganic reagents and the use of heat. Only 
those for which positive results were obtained are discussed in this paper. 

Current methods for determining a number of the pesticides listed in Table I 
at the residue level were presented earlier *‘. Such was the case for naptalam, propyl 
isome and rotenone. Calorimetric methods have been reported for captan19, 
diquatzo and paraquat*‘, while TLC techniques have been applied to captan and 
difolatan** and gas-liquid chromatography to captan and difolatan23, and 
devrino124. The determination of menazon at the residue level has been reported by 
microphosphorus analysis after paper chromatographic clean-up25. A photofluoro- 
metric method has been reported for determining maretin residues26 in milk and meat. 
After initial extraction and removal of fats and oils, the pesticide is hydrolysed to 
naphthostyril prior to further clean-up on a Florisil column. The fluorescence of the 
final solution is then measured at 460 nm. 

Spectral data as well as optimum experimental conditions are summarized in 

TABLE III 

SPECTRAL DATA AND DETECTION LIMITS 

Abbreviations: C = plate covered; R.T. = room temperature; UV = irradiated with UV 366 nm; NF = natural 
fluorescence; SG-H = silica gel H; SG-60 = silica gel 60: (I) = incorporated reagent; (S) = sprayed reagent. 

----.--.- -- --~___---~.-.-.-_ ________-.-.- .._.. _ . 
Pesticide Layer Reagent Corrcentration Mode Temper- Tinre Wavclerrgtii Jnstrirmerrtul 

(M) utwi-f (mitr) (rim) limit of 

(“Cl zg-----jg-‘-‘- iictectiori (pg) 

-----.-- _.--.--- .___ -_.- _._.__ . . . . . _.- .-__--_-_ __.. _.____. .._. _..__ _ 
Captan SG-H (1) AlCls 0.1 (1) 100 45 360 46.5 0.02 

(2) NaCIO, 
Devrinol SG-GO AlCls A:: (S) R.T. 30 355 428 0.008 
Difolatan SG-H (I) AlCls (I) 100 45 360 465 0.02 

(2) NaC103 
Diquat SG-60 AK& 0.1 (S) R.T. 30 375 472 0.02 
Maretin (NF) (a) SG-H 358 412 0.008 

(b) SG-H AICIJ ,O.l (II R.T. 20 358 412 0.004-0,002 
Menazon SG-H HzSeOj 0.1 (I) R.T. ,5 366 466 0.01 
Naptalam SG-GO AICIJ 1.0 (S) 200 45(C) 312 482: 0.01 
Paraquat SG-H NazB40, 0. I (1) loo 45 420 510 0.04 
Propyl isome (a) SG-H AICIS 0.1 (I) K: 359 476 0.01 

(b) SG-H AICIJ 0.1 (I) (UV) 359 483 0.004 
Rotenone SG-H AICI., 0.1 (I) 100 45 362 450 0.1-0.06 
___-- -_ ~~--__--____~ ___ .___ __.____-..____._- 
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Table III. The instrumental limits of detection (ILD) are also given. Maretin and 
propyl isome are the only two compounds which fluoresce naturally to any great ex- 
tent on silica gel thin layers. The natural fluorescence of maretin has been reported 
earlieP but measurements were made with different filters. The presence of aluminium 
chloride results in an increase in IDL. Maretin is unstable on silica gel layers and the 
initial fluorescence fades by some 50% after only 1 h 30 min. The stability is much 
greater on AK&-treated layers, a decrease of only 5 % in initial fluorescence intensity 
being noted after 2 h. After 72 h, the fluorescence of I-pg spots is decreased by 45 % 
while on untreated layers the fluorescence has disappeared. Thus, AlC&-treated layers 
should be preferred for developing an analytical method for maretin. The fluorescence 
of propyl isome is decreased in the presence of aluminum chloride as compared to 
its natural fluorescence14. Irradiation with UV light, however, returns the fluorescence. 
This is accompanied by a bathochromic shift of the emission maximum. When un- 
treated propyl isome spots are irradiated in the same manner, no change is observed 
(Fig. 1). The shift in the emission maximum can be attributed to additional fluorescent 
species produced by irradiation in the presence of AICIJ. 

The interaction of menazon with selenious acid to produce fluorescence is of 
interest since determination of this compound by GLC is difficult due to its thermal 
instability. It was reported earlier I6 that menazon becomes fluorescent when heated 
on a chromatoplate at 225” for 30 min. Since the fluorescence spectra are different for 
both techniques, there is an added degree of selectivity for identification purposes. 

The results obtained for captan and difolatan are interesting. Both compounds 
differ only in the acyclic part of the molecule. Since the data are identical, it seems 
that the fluorescence originates from the same species. Thus, it should be possible to 
analyse for both compounds in a sample on the same chromatogram. 

A REFERENCE B 
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Fig. 1. Behavior of propyl isome upon irradiation with UV light. (A) Untreated layer; (B) treated 
layer. 
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Diquat and paraquat are similar in that they are both quaternary salts. The 
results obtained, however, are significantly different. Good limits of detection are 
obtained with devrinol, naptalam and rotenone. Naptalam and rotenone can also 
be rendered fluorescent by the heat treatment alone I’. In the case of naptalam, treat- 
ment with AIQ increases the ILD and a bathochromic shift in spectra is observed. 
For rotenone, the ILD is not increased and the fluorescence spectrum is similar to 
that obtained from its natural fluorescence. Devrinol and naptalam give better results 
on pre-coated silica gel than otherwise. 

The mechanisms involved in all of these reactions are presently being studied. 
Each compound must be looked at separately since the reactions involved are char- 
acteristic and the products are numerous. Propyl isonie is presently known to degrade 
into at least four products after UV irradiation on AlCl&reated layers (c$ Fig. 1). 
Some preliminary work2’ indicates that naptalam is split in half, viz. phthalic acid 
and I-naphthylamine. Further breakdown occurs with 1-naphthylamine, which yields 
over thirty fluorescent species. It was thought initially that the fluorescence could 
result from the formation of chelates and although this possibility has not been ruled 
out it is becoming increasingly clear that inorganic reagents act as catalysts for the 
degradation of a pesticide into many fluorescent species. 

CONCLUSION 

One of the most important advantages of this technique is its inherent 
selectivity. The fluorescence is very characteristic since it is derived directly from the 
pesticide. Sensitivity is no detriment since submicrogram amounts can be detected for 
all the pesticides reported. Background fluorescence which plagues many fluorogenic 
spraying techniques is absent, thus assuring more reproducible results. In some cases 
the salt reagent can be either incorporated into the sorbent layer or sprayed onto the 
chromatogram without affecting the limits of detection. Spot spreading associated 
with spray techniques is eliminated in the first instance and this also has a bearing on 
reproducibility. 

It should be possible to work out analytical procedures for most of the 
pesticides listed. Obviously the use of inorganic salt as a detection technique should 
be applicable to other pesticides and other organic pollutants as well. 
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