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s UMMARY 

Phorate, phorate sulfoxide, phorate sulfone, phoratoxon, phoratoxon sulfoxide, 
phoratoxon sulfonc, clisulfoton, disulfoton sulfoxide, disulfoton sulfone, disulfoton 
oxygen analog, clisulfoton oxygen analog sulfoxide and disulfoton oxygen analog 
sulfone were resolved by gas-liquid chromatography with temperature programming 
on a column containing Chromosorb W AW-DMCS coated with 5% stabilized DEGS. 
The limit of detection of the organophosphorus compounds after thin-layer chromato- 
graphy was determined for eleven detection methods. An enzyme inhibition method 
with S-bromoindoxyl acetate as substrate was found to be the most sensitive method. 
Bromocresol Green-AgNO, reagent detected all the compounds at the sub-micro- 
gram level. Sixteen mobile phases and six sorbents were compared for the TLC 
resolution of the organophosphorus compounds. The mobile phase methanol-benzene 
(IO :go) with the sorbent MN-Kieselgel G-MR gave the best resolution of phorate, 
disulfoton and their oxidation products. 

INTRODUCTION 

A large number of column supports and stationary phases have been used for 
the gas-liquid chromatographic (GLC) analyses of organophosphorus pesticides and 
their metabolitesl-11, MCLIZOII et c&l1 separated phorate and five of its nietabolites 
with a column of 5% DEGS on So-IOO mesh HMDS-treated Chromosorb W. An oven 
temperature of 150~ was used for the phor’ate and phoratoxon separation and 195” 
for the phorate sulfoxide, phorate sulfone, phoratoxon sulfoxide and phoratoxon 
sulfone separation. 

Many mobile phases and sorbents have been evaluated for the thin-layer 
chromatographic (TLC) resolution of organophosphorus pesticide@-20,. BLINN~’ re- 
solved phorate and Ave of its oxidation products on thin-layer plates with a 1.75% 

methanol in chloroform mobile phase. MENZER AND DXTMAN~~ employed a z.sO/~ 
methanol in chloroform mobile phase with Silica Gel G for the resolution. of di- 
sulfoton, *@orate and five of their oxidation products. 
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Many reagents have been used for the detection of organophosphorus com- 
pounds on paper and thin-layer chromatograms. WATT+ recently published an 
extensive review on the chromogenic spray reagents for organophosphorus pesticides. 

A comprehensive study on the GLC and TLC of phorate, phoratoxon, phorate 
sulfoxide, phorate sulfone, phoratoxon sulfoxide, phoratoxon sulfone, disulfoton, 
disulfoton oxygen analog, disulfoton sulfoxide, disulfoton sulfone, disulfoton oxygen 
analog sulfoxide and disulfoton oxygen analog sulfone is reported here. 

EXPERIMENTAL 

Ovganopkosphovus compounds * 
Phorate, phoratoxon, phorate sulfoxide, phorate sulfone, phoratoxon sulfoxide 

and phoratoxon sulfone were obtained from American Cyanamid Company. Di- 
sulfoton, disulfoton oxygen analog, disulfoton sulfoxide, disulfoton sulfone, disulfoton 
oxygen analog sulfoxide and disulfoton oxygen analog sulfone were obtained from 
Chemagro Corporation. The phorate and disulfoton were analytical gade, 97.8 and 
g6.8%, respectively, while their oxidation products were technical grade. Phorate 
and disulfoton were dissolved in hexane while the oxidation products were dissolved 
in acetone. All standards were diluted with hexane to give appropriate concentrations 
for GLC and TLC analyses. 

Gas-liquid chromatogra@y 
A Varian Aerograph 2100 gas chromatograph fitted with a phosphorus detector 

was operated as follows: (I) 55 cm x 2 mm bore capillary U-shaped glass column 
containing Chromosorb W (80-100 mesh) coated with DC-200 and QF-s (0.4 g of 
DC-200 and 0.6 g of QF-I per IO g of Chromosorb W) ; the nitrogen, hydrogen and 
compressed air flow rates were 20, 14 and 170 ml per min, respectively; the injector. _ 

column and detector temperatures were 200, Igo and 210°, respectively. (2) IIO cmi! 
I mm bore capillary U-shaped glass column containing Chromosorb W AW-DMCS 
(high performance, 80-100 mesh) coatedwith 5% (w/w) stabilized DEGS; the nitrogen, 
hydrogen and compressed air flow rates were 20, 14 and 170 ml per min, respectively; 
for phorate and its oxidation products, the injector and detector temperatures were 
Igo and the column temperature was programmed at 2’ per min from a s&rting 
temperature of 162~ to 182~ and then isothermal at 18z”, for disulfoton and its 
metabolites the injector and detector temperatures were 195” and the column 
temperature was programmed at IO per min from a starting temperature of 173” to 
193” and then isothermal at 193’“. The column supports were coated according to the 
method of MENDOZA et aZ.22. 

Thin-layer chromatogra$&y 
The following sorbents and water were used to prepare the thin-layer plates: 

MN-Hieselgel G-HR (I : 2, w/v), Silica Gel G (I : 2, w/v), SilicAR TLC-7 (I :2, w/v), 
Aluminum Oxide G (I : 2, w/v), Adsorbosil-M-2 (I :2.25, w/v), and Silica Gel H (I :2.42, 
w/v). The sorbents were shaken with the required amount of water and spread, 400 ,u 
or 250~ thick, with a Desaga applicator on acetone-rinsed glass plates (20.5 cm x 
20.5 cm). Silica Gel G thin-layer plates were also prepared with pH 6 bufferl’. The 
freshly coated plates were allowed to stand at room temperature for the following 
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TABLE I 

TLC MOBILE PHASES 
I__~_---__-______ .----- --_.- 

NO. Composition No. Composition 
---_ - .- - 

I Chloroform 9 
2 Methanol-chloroform 

Methanol-benzene (5.o:gg.o) 
( I .o : ~~9.0) IO Methanol-benzene (7.5 : 92.5) 

3 Methanol-+loroform (I ,5 : ~~5.5) II Methanol-benzene (10.0 :go.o) 

4 lMcthanol-chloroform (2.0 : g8.0) I2 Methanol-bcnzcnc (x5.0:85.0) 

2 

Methanol-chloroform (2.5 : 97.5) 13 Acetone-hexane (20.0:80.0~ 

Methanol-chloroform (3.0 : 97.0) 14 Acetone-hexane (25.0:75.0) 

z 
Methanol-chloroform (4.0 :g6.o) 15 Cyclohexane-ncetone-chloroform 
Methanol-chloroform (5.o:gg.o) (70.0:25,0:5.0) 

16 Acetone-bcnzcnc (I 5.0 : Sg.0) 
_I___-__-__.__--__--__ _---__---_.__-_.___ .___ .___ ______ -.--_-.-_-_ 

periods: MN-We&gel G-HR, IO min ; Silica Gel G, 45 min; SilicAR TLC-y, IO min; 
Aluminum Oxide G, IO rnin; Adsorbosil-M-z, 30 min, and Silica Gel H, 45 min. The 
plates were then placed in a vertical position in an oven at IIOO for I h. The mobile 
phases (Table I), prepared from glass distilled solvents, were placed in the glass 
chambers (Arthur H. Thomas Co.) IO min or I h, in the case of mobile phases con- 
taining methanol, before developing the plates. Filter paper liners were placed in 
the chambers, when methanol was a constituent of the mobile phase. The plates 
were developed at room temperature. The organophosphorus compounds were 
applied 1.5 cm from the bottom of the thin-layer plate and developed until the 
mobile phase had reached a line drawn at a predetermined distance, usually 15 ~111, 

from the starting point. The organophosphorus compounds were detected on the 
thin-layer plates by one of the methods shown in Table II. The reproducibility of the 
lzR1,~ values23, effect of thickness of sorbent and length of so1ven.t travel on reso- 
lution of the organophosphorus compounds were studied. .” 

RESUI-TS AND DISCUSSION 

GLC tracings obtained with the organophosphorus compounds are shown in 
Figs. I and 2. Phorate, disulfoton and their five oxidation products were resolved 

2 

C 
A D 

llrLh-L B 

Fig. I. GLC tracings obtained from the chromatography of clisulfoton, phorate and some of their 
oxidation products on Chromosorb W coatccl with DC- 200 ancl QT.?-I. Tracing I : (A) 2 x IO-~ pg 

clisulfoton, (B) 4 x 10’~ )LQ clisulfoton oxygen analog, (C) 1.8 x 10-a pg clisulfoton sulfone, 
(U) 1 x 10-l /,dg clisulfoton oxygen allalog sulfonc. Tracing 2 : (A) 2 x IO-~ pg phorate, (U) 
I x IO-* pg phoratoxon, (C) I x IO-~ /lg phorate sulfone, (D) I x 10-l pg phoratoxon sulfonc, 
Detection with Varian phosphorus cletcctor. 
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UINUTES . UINUTCS 

Fig. 2. GLC tracings obtained from the chromatography of disulfoton, phorate and some of their 
oxidation products on Chromosorb W AW-DMCS high performance coated with 5% DEGS 
Tracing I : (A) I x xo-a&g phorate, (X3) 2.5 x x0-3 pg phoratoxon, (C) 5 x IO-‘pg phorate 
sulfoxide, (D) I x IO-*pg phoratoxon sulfoxide, (E) 5 x IO-apg phorate sulfone. (F) z x IO-~JL~ 
phoratoxon sulfone. Tracing 2: (A) I.3 x 10-s pg disulfoton, (B) 1.2 x IO-Spg disulfoton oxygen’ 
analog, (C) 3 x 10-a pg disulfota?l sulfoxide, (D) 6 x ,Io-*,,~g,,~isulfofon oxygen analog sulfoxide, 
(R) I x zoBrpg disulfoton sulfbae, (F) 4 x Io-*.pg disul~otdn oxygen analog sulfone., Detection 
with Varian phosphorus detectar. 

on, the 5% DEGS column. Phorate sulfoxide,’ phoratoxon sulfoxide, disulfbton 
sulfoxide and disulfo!on oxygen analog sulfoxide were not detected when chromato- 
graphed on the DC-200 and QF-I column. The oxygen analogs did not tail on the 
DEGS column. Temperature programming of the column had the advantage that 
the parent pesticide and its five oxidation products were resolved in a single run 
whereas MCLEOD elt al.11 had to use two runs. to resolve the six compounds. The 5% 

ABLE II 
. 

MIT OF DETECZION @g) OF THE ORGANOPWOSPHORUS COMPOUNDS ON MN-KIESELGEL G-RR THIN-LAYER 
,APES, 450#8 TIIICK 
ey: (A) Enzyme inhibition”; (B) palladium chloriderr; (C) Bromocresol Green-AgNOg*b ; (D) iodoplatinate*@; 
J Brilliant Green-bromineI’: (F) bromine-ferric chloride-2-(o-hydroxyphenyl)benzoxazole-UVIr ; (G) bro- 
ne-ferric chloride_2+hydroxyphenyl)benzoxazole_Congo Red”; 
idea@: (J) iodineao; 

(H) 2.6-dibromobenzoquinans-q-chlofol 
(K) 4-(p-nitrobenzyl)pyridineaI. 
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a Spot only visible for about IO min. 
u Did not test quantities above 2o~~g. 
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CLc AND Z‘Lc OF ORGANOPHOSPWORWS COMPOUNDS 7x 

TABLE EEl, . 
&&’ VALUES OBFAINEB WHEN PWORATE AND ITS OXIDAZfON PKODWCTS WERE CHROHATOQRAPHED ON M 
~IHU.EL.~~EL C;-HR, 400 fi THICK 

M&iie phase: No. f E (cf. Table I). 
. 

.Pla& No. P Plate No. a Plate No. 3 Plate No. 4 Plate No. 5 Au. 

& b a b ‘a b u b a b 

phorate a2 83. 83 83 
Wlorate sulfone 

84 84 a3 82 82.7 =f: 2.0 

Ftloratoscan z: Zf Z% z; E z: 
$ ZJ 

Zf b: 
yr.0 & I.7 

-orate sulfoxide 
62.~ & r.g 

46 46 5x 51 
Phoratoxon sulfone 

42 43 
tS 

eg 45 45 46.7 =f: 2-g 
39 39 44 43 35 35 

Phoratoxon sulfoxide 
43 37 38 39.6 f 3-4 

22 21 * 26 26 20, 20 ’ 23 23 2~ 2~ 22.3 & 2.2 

m Ratio of distance travelled by the substance and the mobile phase front x EOO. 

DEGS column has been found to be satisfactory for a number of other oxygen 
analogs of organophosphorus pesticides (unpublished results). 

Results of TLC detection methods are shown in Table II. The enzyme inhibition 
method of MENDOZA et al .24 (A) . was the most sensitive. The palladium chloride 
method17 (B) detected all the organophosphorus compounds tested. The compounds 
were’ detected immediately and the sensitivity was increased if the plates were 
.subse¶uently sprayed with 5 N N&OH. The Bromocresol Green-AgNO, spray re- 
agentts (C) detected small qiantities but at times it was difficult to clear the back- 
ground with: .the acetate ,buffer spray. To decrease the background, one-half the 
recommended amount of Bromocresol Green was used in the spray. The iodoplatinate 
reagent? (D) detected all the compounds tested except disulfoton oxygen analog 
sulfone and is particularly useful because the reagent is stable indefinitely. Methods 
W’, (W? (G)27, (W2* and (I)2Q are usef%l for the detection of phorate, disulfoton 
and their sulfoxide and sulfone but did not detect the oxygen analog sulfoxide and 
the oxygen analog sulfone at the zo pg level. The iodine spray30 (J) detected only 
phorate, phoratoxon, disulfoton and disulfotom oxygen analog and the oxygen analogs 

TABLE IV 

xhvxz 0P MoEmE swum, 3wcKmzss 0F SORBENT (p) .AND LENGTH 0~ RUN (cm) ON THE hRp 
ViLWgS OF PHORATE AND i%S OXIUATLON PRODUCTS 

chm~ou?uJ raa 

400 cc wo p 

~gcm 10cm r5cm IO cm 

Phorate 89 go 85 86 
Phorate sulfone 76 79 78 77 
Phoratoxon 65 
Phorate sulfoxide 45 3: 77: z 
Phoratoxon sulfone 
Phoratoxon sulfoxide z z; 

63 
47 z; 

l For mobile phases, see Table 1. 

II 

400 cc 20 cc 

r5 cm 10 cm rg cm zo cm 

85 go 88 8g 
75 80 78 
67 
53 :: z: 

;I 

44 45 52 48 
27 26 31 23 
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TABLE V 

?aRp VALUES OBTAINED WHEN PHORATE AND ITS OXIDATION PRODUCTS WER.J.5 CHROMATOORAPRED ON 4oOfi1 

Com#ound Silica Gal 
1 

G (buf4bv)~ Silica GeE G (watcv)~ Silica Get We 

x0 2 3 4 5 .x3 1s 4 g II ra x3 3 4 5 6 9 ro xx ~4 

Phora*e 67 72 73 73 71 r9 53 gr 73 77 go 33 72 75 go 77 70 74 74 74 
Phorate sulfone 31 53 61 63 65 r5 33 63 55 66 69 4o 47 58 72 66 55 6o 60 32 
Phoratoxon 15 37 51 53 57 rg 35 43 37 55 60 47 23 37 63 57 41 So So 33 
Phorate sulfoxide rr =I 35 37 47 6 16 23 19 37 47 30 7 17 45 35 23 35 37 14 
Phoratoxon sulfone 4 13 a7 a9 42 5 13 16 15 41 31 zg 3 rr 39 29 19 30 33 14 
Phoratoxon sulfoxide 0 5X01121 I 4 5 31731 3 z 3 16 IO 5 IL 18 3 

a Length of mobile phase Wave1 was ‘15 cm. 
u Length of mobile phase travel was 12 cm. 

C For mobile phases, see Table I. 

were only visible for about IO min. At the 20 pg level, 4-(P-nitrobenzyl)pyridinesr 
(K) did not detect any of the organophosphorus compounds tested on the MN-Kiesel- 
gel G-HR or Silica Gel G (water) plates. GETZ AND WHZJELER~~ noted that the sensi- 
tivity may be reduced by a factor of 5 if the +(fi-nitrobenzyl)pyridinc or tetra- . 

ethylenepentamirre are off color. This may account for the failure to detect any of 
the organophosphorus compounds tested, although the tetraethylenepentamie was 
filtered through charcoal as recommended 2Q. GUT@ did not detect IO pg of phorate 
but did detect Z, pg of disulfoton on Kieselg’el GF,,, with the &(+&robenzyl)- 
pyridine reagent. The TCNE reagent (2% tetracyanoethylene in benzene), .DDG 
reagent (2% 2,3 dichloro-g,6-dicyano-x,+benzoquinone in benzene) and chloranil 
(1% tetrachloro+-benzoquinone in benzene) have been used to detect sulfoxides, 
sulfones and sulfidesa but failed to detect, at the 20 c(g level, any of the organo- 
phosphorus compounds used in this study. 

The main difficulty in the resolution by TLC of phorate, disulfoton and fivk 
of their oxidation products is in separating the sulfone from the oxygen analog and 
the sulfoxide from the oxygen analog sulfone. Detection method I3 was used for aLl 

TABLE VI 

kBp VALUES OBTAINED WHEN DISULFOTON AND ITS OXIDATION PRODUCTS WERE CHROMATO- 
GRAPHED ON 400 /J THICK PLATES 

Comfioutrd Silica Gel Ga Silica Gel HL ~JViKicsclgeE SilicA R 
_ 8 TLC-7* - 

4” 12 g IO - g XI 13 IO II * 

Disulfoton 78 
z 

76 33 85 69 82 
Disulfoton sulfone 

83 
60 55 5; 55 

Disulfoton oxygen analog 45 61 42 
Disulfoton sulfoxide 

49 41 

?i 
44 23 25 r5 

Disulfoton analog sulfone oxygen 41 2 I 21 12 
Disulfoton oxygen analog 

sulfoxide 5 31 4 8 3 =9 2 =3 24 

a Len#h of mobile phase tiavel was x5 cm. 
b For mobile phases, see Table 1. 
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89 9x 911 9E 83 84 89 73 79 75 77 76’ 79 73 58 65 78 a4 a2 a.+ag~~(58 80' a5 a5 a8 73 
72 f33 84 87 56 73 76 30 67 65 63 62 68 69 34 34 7= 84 82 84 37 40 w’ 55 73 35 65 
57 se 79 f33 20 63 65 35 5~ 55 45 50 59 65 ‘37 37 70 84 82 84 49.46 63 43 76 64 66 
35566675 fJ46452I: 32 37 3= 35 43 53 17 x7 56 84.82 84. 24.2~ 39 23 57 38 50 
27 48 59 70 6 39 4~ ~2 273124273747~4~4.. -848284 2’2036 a 48 2~ 38 

9 20 32 45 2 23 35 4 7 =o 7 112 23 35 0 3 - ar 75 84 i E 0 3 ~7 6 x2 

,. 

studies on A&? values of the arganophasphorus compounds.’ Table III shows the 
reproducibility of liRp* values for phorate and the five oxidation products when 
chromatographed in duplicate, pn five, MN-Kieselgel G-EIR plates; Althaugh there 
was some variation in ,the ItRp values from plate to’ plate, all plates gave gqod 
resolution of the compounds. 

The effects of sorbent thickness and length of run on the resolution of pharate 
and its oxidation products are shown in Table IV.,Mobile phase No. IL gave superior 
‘results, to that obtained with Nc. x2. Phorate and ,its oxidation praducts ‘were ade- 
cluately resolved on both the 250 and 400 ~1 thick layers when chromatographed with 
mobile phase No. ICL. 

The IZRF values reported in Tables V and ,VI were obtained from single 
chromatographic separations and are a guide in the’selection of conditions for the 
TLC of phorate, disulfoton, and their oxidation products. The IcRp values obtained 
for phoratoxon and disulfoton oxygen .snalog were greater, than the tCRp’ values 
obtained for phorate sulfone and disulfoton sulfone with mobile phase No. ~3. The 
IcRp values which were obtained for p,horate and five of its oxidation products 
are shown in Table V. The following combinations ,of sorbent and mobile phase 
gave the best resolution of phorate; phorate sulfcxide, pharate sulfone, phoratoxon, 
phoratoxon sulfoxide and phorataxan sulfone : Silica ,.Gel G (buffer) with mobile 
phases No. 3 or No. 4; MN-Kieselgel G-I-IR’ with mobile phase No. 4,. No. 6 or 
No. IX and Silica Gel I-I with mobile phase No. 10. On SilicAR TLC-7 with mobile 
phases No. g or No. lco phorate and its oxidation products were resolved but the 
spots tended to streak. Aluminum Oxide G did not give satisfactory resolution. with 
any of tlie mobile phases. The mobile ‘phases moved .much slower in the, sorbent 
Adsarbosil-M-2 than in the ot’her sorbents and so the length of the run was terminated 
after xz cm. Of the mobile phases tested’ No. r3 provided the, best resolution with 
Adsorbosil-8X-a. The ItRp values which ,were obtained with disulfoton and its oxi- 
dation products are shown in Table VI; The following combinations of sorbent and 
mobile phase gave the best resolution bf disulfoton, disulfoton sulfone, disulfoton 
oxygen analog, disulfoton sulfoxide,,, disulfoton oxygen ‘analog sulfone and disulfoton 
oxygen analog sulfoxide : Silica Gel II with ‘mobile phase N.0:. ,x6 and MN-Kieselgel 
G-HR with mobile phase No. JCE. . . 

.,’ : 
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