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THIN-LAYER CHROMATOGRAPHY IN THE DETECTION OF POISONING 

BY PESTICi DES 

The rt’l:ltive efticiencies of various chromogenic reagents used in thin-la_ver 
chromato~rs~~ll~ (TLC) for the detection of commonly used pesticides in India have 
been evaluated. Combined diagnostic techniques usin g t\vo sets of chromogenic 
re:tgents on :i single TLC plate arc suggested for the detection of certain organo- 

chlorine and or~anophosphorus prsticidrs. 

About 50-W;, Cd the poisons detected in toxicology c:lses in India (homicides- 
suicides and accidents its referred to by the police) are orrranophosphorlIs and or- 
gxnochiorine pesticides. The main chemicals involved arc parathion. mzllathion. 
endrin_ diazinon_ et?_ The detection of common pesticides_ therefore. is :I problem 
frequently fked by for&c tosicologists in India. There is an csrensive Iiterarure 
on both the quaIit:ttive and quantitative :tnnlysis of pesticides and their metabolites’-“_ 
Of the mc:hods described :t \arict>* of thin-layer chromatographic (TLC) techniques 
have been found to be both sensitive :und economical for the detect-ion of individual 
members of ciitferenc groups of pesticides”-f‘-“-‘o. Attempts have :dso been made 
\vith some SLICC~‘SS to achieve the multiple detection of pe~ticide~3-i-r-‘~-~1~~~_ The 

TLC procedures avai!abIe for organophosphorus and organochlorine pesticides have 
been re-evaluated critically for the detection of any of the common pesticides on 
a single plate using one or more developin, 17 reagents. The resultant method could 
then be routinely adopted in tosicoiopical :uxilysi.s. 

Glais &ares (20 ‘-: 20 cm) \vere spread \vith ;L 0.2%mm layer of :t slurry of 
silicri gel in \i;iter (type I) or of silica geI-alumimt (7: 3) in \vater (type II). The plates 
were activated at 110’ and sported \virh about 1,~l of a 3”(, solution of aldrin. 
dicldrin. DDT. chlordane. cndrin. lindane. malathion. pactrhion_ dixzinon_ dimetho- 
ate and phosphamidon, as ~vcll as :L control estctct of viscera in diethy ether. The 
plates were then developed to a height of I I cm with v;lrious solvent mixtures 
(Tables 1_ li and 111) and dried_ and the following chromogenic reagents \\-crc used 
as sprtivs. 



IS1 

A 

B 

c 

D 

E 

F 

G 

H 

J 

K 

L 

XI 

x 

0 

P 

0 

(i) 
(ii) 

:i;, 

li) 
(ii) 

C.i) 

iii) 

(.i) 

(ii) 

(i) 
(ii) 

O-P;, silver nitrate in ethanol”. 
Espose to ultraviolet (VU) light for I h. 
O_P,, brillimt green in 3cetone’4_ 
Esposc to brominr vapour_ 

O.5‘!, rhodamint B solution follo\vcd by I@.‘; _ wdium carbonate wlution”. 
Espose to UV light for 15 min. 

. - hlakhtte zreen-1 ,, “. benzoperpurinr-isopropanol- I ;V sodium hydroxide 
(3: 1:7:5)“_ 

Expose to UV :ight for 1 h (or to sunlight until the plate bccomcs green). 
To O-1 g of silver nitrate dkolved in I ml of water_ add 20 ml of I-phrnos~- 

cthtmol- dilute to 100 ml with acetone and add :t drop of 30”,, hydrogen 

perosicie13_ 
Expose to UV light for 1 h after heating the plate for 20 min ;a 110 _ 
Frcshiy prepxed Zr 1 mixture of IO:,, zinc chloride solution in :ICL’K~~ and 
I%“,. diphen_vlamine solution in ;!ct’!om* ! -I”_ 

O-633,, o-dianisidinr in ethanol’2. 

Heat the plate at 90. for IO min. 
(iii) Espose to UV light for 30 min. 

ii) 
(ii) 

0.5”;. chlomminc T follo\ved by OP.. congo red solution in I”.. ~th:inol”. 
Heat to 110 fk 10 min. 
0_5”,, ptlliadium chloride solution in IS”., hydrochloric ;tc‘id”. 
0. I”;, mercuric nitrate followxi by O.5”., dipli~ii?.lC;irbazon~ solution in 

cthtmol“_ 

ii) .__ 
(11) 
(il 
(ii) 

O_OS;;, g of bromoph~nol blue in 10 ml of ;uxtoiic’ dilutsd to 100 nil with 
1,’ ., silver nitrate solution in 3: 1 \\.;itCr-;ICt‘tOIiC’J. 
O-Y’,, congo red in I”;, crhanol’s_ 

Esposc plate to bromirx wpour. 
XI‘,‘;, dimeth~lformamidt in diethyl ether. 
Heat to 100 for 5 min. 

(_iii) I”,, rerr,~bromophc~~olpl~th~~l~i~~ ethyl ester in :wcton~“‘_ 
(iv) O-Y’;, silv-cr nitrate in ethanol follo~~al lx- Y’,, citric a& solution. 

(i) 
(ii! 
(i) 

111) 

ii) 
(11) 
(iii) 

03,. 1_6-dichlorocluinolIc_l-chloriliiidc in c~-c~~~~~‘s;IIIL”~- I”_ 

Heat to 100 for 10 min. 
XIisrsrc of 1 ml cf 0_35“ * - ;. 0uorcsccin solution in dim~th~lf~~rm~tii~~~i~ anti 

49 ml of ethxml’J. 
Espostt to UV light for 7 min. 
Z”,, 1wCtrobenzylpyridine in acetone 17.1s 

_ 

Heat at 1 10. for 10 min. 
Spray with IO”.. tetr:leth~lcnep~nt~i!iiiIi~ in acetone. 

The essttction procedure for a!1 of rhc pesticides involwd direct extraction 
with dieth-I ether of :L neutral homogenate of the biolo~kd material. Ths residue 
obtained on rvaportuion w:w usurrll~~ suitable for direct spotting 011 TLC plates and 

did not require an intermediate clean-up procedure. Alternatively_ steam disrillarion 
of the xGli!ied viscera sample gave volatile pesticides in the - CIclucous distillatr. from 
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which they \vere extracted with whesane_ The residue after distillation \vr?s filtered 
and extracted with acetone to give non-volatile orsonochlorine pesticides. 

RESULTS AND DTSCUSSION 

Typical results obtained \vith the different chromogenic reqents used for the 
detection of sis common organochlorine pesticides (Table I) indicated that the best 
separation \Y:IS achieved on silica gel plates \vith /z-hes;l(ie-;icetolle (4: 1) as the mobile 
phase. HoLyever_ when silver nitrate is used as chromogenic reagent’“. ;L silica gel- 
alumintl adsorbent misture (I!) gave better spots for the chlorinated pesticides_ The - 
chromogenic reagents A. B. C and D gave false positive results with the control 
viscera estrxt. in addition to their failure to detect some of the pesticides in this 

2 q-oup. \Vith several of the chromogenic retqents studied_ UV irradiation NXS neces- 

sxs. Although silver nitr:ite’” in some form was the common chromogenic reri~ent 
with :I reported sensitivity of 0.05rcg. o-dianisidine” also served IO identify xii 
member5 of thi?; cla?;s_ With zinc chloride-dipheii_l~i!iiiiie reagentZh_ the spots \vere 

rendered visible more easily b_\- the chac~ctcristic colour diiference for each member 
of this group. Aldriu LlilCI lind:me_ ho\ve\-er, did not respond to this reagent. but the? 
are On:_ Lit-t-cc!uentl?; encountered in tosicological cues. 

The rcxlt~ prewutsd in Trtble I! show the response of live commonly used 
L,r8iiiopli~~“pliL~rLis pesticides to t\velvc chromogenic reagents. Not ail rlir rcagenrs 
pave similar reqx~n?;cs to al! nienibcrs of this group. Chromogenic re:igent i\! did 
not respond 10 phusphamidon xlthough the other members coL1ld be detectec!_ The 
dark b:Lcl;groLind \vith reagents B_ L_ 0 and P-t\ made it clitticult to identity the spots 
\vith cerr:iinr\-_ ~LltlloLig!i ril! five pe:‘ticides could he dctecred \\-ith these reagents. 
I’-Nitrobtnz~Ip~riJillc (re:yent Q) and o-dirmisidine (reagent G) \vsre. ho\ve\-sr. 
found to PC the most suktble for ditlgnostic \\ork on or~anophosphorElj pesticides. 
The spots &tained \vere distinct and persistsnt on ;I light background and the test 
ii’3s c1xin1cct LO t-J%? s;cnsiLivc to about 0.5 .rfg ;Lnx>Lint~ of or~~inopliol;phorus pc5ti- 
ci‘icS’;-‘s_ si!ic:L gel pl:‘tes \verc t-0und to be preferable ii1 this c;Lse_ \\-hileikhcxune- 
;tw!L~n~ (?: I ) \v;ls g_encr:tll_\- suitable as the mobile solvenr phaw. 

Sewi-xl procedures and chromogenic reagents listed in T:ibles I and !I \i‘ere 
combined for rapid screenin g and mLlltiple detection of common org:lnLxhlorine :LnL! 
phosphorus pcsricicies. Ir \v;ls observed that or~Lnoch!orine cornpo~~nci~ \vere more 
rii!ticuIt I<> tictax: several combinations; of chmniogenic reagents listed iii xibles I 
XIX! II \\t‘rt‘ tried and the signiiicant results obtained arc given in Tab!c Ill. In otha~ 
instancc5;. 5atiZactor~- results; could nof be obtained_ Silver ~~i;~lt~-~-~ll~i~~~S~~tll~l~l~~l 

reagent t E) \Y:Ls scnsirive for al! of the pesticides_ escept t‘or al&-in_ 011 ;L silica gel- 
dumina plsrc (:h-pe II)_ The idcntifictition uxs diflicult_ ho\\-ever. ~1s the bxkground 

turncd black \\‘hcn ;tn xlcquatc esposurc to I_!\’ light W;IS made. This dra~\brLck maclc 
this reagem Icsl; suit;Lb!e for _ wtieral screening kvork. fVith rc:LgentS G and G-Q. 
:tlthoug!l both classes of ptsticides responded f:tir!y well_ t!le ol-~L~iophosp!lor~ls spots 
\verc no1 distinct \vith G and the dark h:xkgroLtnd precluded the LISI’ of G-Q. !3>- 
use of zinc ~l~loridc-c’:iphcc~l~~~~~i~~e reagent followed by jJ-nitrobenzylp~ridille reagent 
(F-Q in Table III)_ or~xnochlorine pesticides appeared tirsr with the ircharacterktic 
colours while the or~ano~~hosphorl~s compo~mds became visible later with ;t purpls- 
blue coiour. A lack of response to aldrin and lindane with this reaifent combination. 
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TABLE IL1 

SIMULTANEOUS DETECTION OF ORGANOCHLORINE AND ORGANOPHOSPHORUS 
PESTICIDES BY TLC 

Rr_- \~~!urs are given in parentheses where relevant. 

E 

E-P 

F-L 

F-C? 

G 

ci-0 

G-Q 

G-Q 

_ -_ ._~__ ___-__-----__- __- -.- -~ 

Silver nirrate-2- r rr-Hesane- - - I 
phenos~sthanol 

Silver nirrate-2- rr 
phenosyethnnol and 
tluorescein 

Zinc chtoridc-diphenyl- I 

amine and bromo- 
phenol blue 

Zinc chloride-ciiphrn$ II 
amine and p-nirrobsnzyl- 
pyridine 

o-Dianisidinc I 

Ltcetont (.-I: I) 
Acetone- - 

n-heptane f1:9S) f&w c&2, &f) 

a-Hexme- - I f f 

itcctonc (?: I) 

n-Hesane- - t 2 

acetone (1: I) (0.6s) (0.73) (G.76) 

rr-Hexme- 7 -Y -I T 
aCr’tOnr’ (1: I) 

o-Dianisidinc and r0rrI n-Hcsanr- -L 1. I 2_ 

~.6-dichIororltlinonr- acetone (-?I I) 
-tchIorciimide 

f+Dkmisidine and r n-Hexme- I _; T L 

F-nitrclbmz\-Ip~ridine- xefone (1: 1) (o.‘)b: (0.46: (O.SS) * (O.SS) 
rsrracrhvlenepenr~~i~~inr 0.12) 0.76) 

-- _.-- -.._ _- ---. _ --- .--.--._ .-._ 
r=silica ~121: II=silica &-alumina (712). 

hotvevcr. limited its gerxrnl applicability. although the technique \v;ts othcrwisc 
acceptable. 

o-l)ianisidine follo\ved by p-nitrobenz~lp~ridinc (G-Q in Txblc III) ;ts ;t double 
spray technique on silica gel plates using fz-heS;llie-itcetolle (4: 1) as the mobilr phase 
was found to be more useful- It revcnlrd all of the organochlorine pesticides as bra\\-n- 
coloured spots on exposure to UV light and a purple-blue colour W;IS finally obtained 
with orzanophosphorus compounds. This double spray procedure could be used as 
the basis for generrrl screening work. ii\ silica @-aluminn plate (type II)_ however_ 
was not 12wnd to be satisktory with this technique as the organochlorinr pesticides 
sometimes tended to move with the solvent front. The thin-fatxer chromato~ram ob- 
t:tined by method No_ 7 [reagent G-Q in Table 111) is sho\vn in Fig. l_ 

The results obtained for ;1 given pesticide should be further confirmed by com- 
parison \vith known standards using one or more of the sprcitic chromogenic reagents 

already discussed. 



_ ..--. . _ _.~.___ 

i 
I 

1 L 

-7 -7 

-7 L 

(0.3) !0.32) 

+ 

I 

(O.-w) 

T 

&, 
_+ 

L 

-7 

(0.56) 

T 

(055) 

T 

(G.0, 

T 

-L- 

(0.09) 

7 

2 

1. 

!O.O) 

f 

(0.0) 

Dark spots on UV e.sposure 

E: bkxk spots on UV esposurc 
P: \vhirz spots on bro\yn background 
(violcr in UV light) 
F: dit?>rent colours 
L: yellox\- spots thar turn pwpk on dark 
grcv background 
F: d it&rent cnlours 
Qr purpie-blurs on light brow1 
background 
C;: light bro\vn (\-iokt in UV light): 
\vhite on light bro\vn bxkground l-or 
phosphorus compounds 
C;: broum spots on dark baciiground 
Or purple spots on dark bxkground 
Ci: bro\vn spots on light brov.x background 
Q: pmplc-hiuc spars on Ii$t brotvn 
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Fig. I. Thin-layer chromatogram of six organochlorine and ti\-e or~r~nophosphurus pcaicidcts 
using Ihe dotlble reagent G-Q (scs No. 7 in Table ITT). I = Aldrin: Z = dkldrin: 3 = DDT: 4 = chlor- 
dam: 5=mdrin: 6=lindanc; 7=nraIathion: S=parathion: 9=phosphan~idon: iO=di- 
methoate: 1 I =dirtzinon_ 
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Antdytical techniqutx based on adx-anced gas-liquid chrom:itogr;kphic (G LC 1 
equipment are increztsingl~ becoming the methods of choice for the qtlimtititti\-c 
determination of pesticides at even nanogram IeveWS. The appkxtion of infrared 
spectrophotometry+ as a specific characterisation technique requires a larger and 
purer sample_ even though this can be coupled \vith GLC_ TLC is an alternative 
inexpensive but sensitive technique for the rapid screenin, cx and multiple detection of 
pcsticidf residues at t2vCll 0.5jrg lewlsh-‘g. An appraisal of the existing techniques 
and ;I combination of the spray reagents htts resulted in a rapid diagnostic survey 
of pesticides commonly involved in human poisoninp in India. Considering that a 
large volume Qf work has to be carried out by the tosicologist in this ticld. ;t simpler 
and more economictd technique is of _ ‘v-eat use for preliminarv screening, wixch can 

be further supported by other qualitative and quantitative techniques_ 
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