
DIQUAT AND PARAQUAT RESIDUES 

same field, using the same application technique, crop, 
and management. 

Carbaryl, as expected, was less persistent in the soil 
than carbofuran: the times for 95% disappearance were 
135 and 400 days, respectively. Although carbofuran ex- 
hibited a short lag period after band application, its dis- 
appearance conformed in general to a first-order reaction. 
This was not true for carbaryl, as shown above. Most in- 
terestingly, both pesticides degraded much faster in cer- 
tain small areas of the watershed than in the remainder of 
the field, but the areas were not the same for the two pes- 
ticides. With carbofuran, the rapid degradation was asso- 
ciated with moisture content and pH of the ambient soil; 
no such relationship was observed with carbaryl. 

The different loss of the two pesticides in runoff water 
reflects differences in their physicochemical properties: 
carbaryl is less water soluble than carbofuran (99 and 250 
ppm, respectively) and is adsorbed to soil surfaces to a 
greater extent,. The difference in adsorption was estab- 
lished in laboratory measurements of adsorption iso- 
therms, in which we found Freundlich k values of 2.20 for 
carbaryl and 0.51 for carbofuran in two experiments run 
under identical conditions. Although runoff from the wa- 
tershed was roughly four times as much in 1973 as in 1971, 
the water contained only one-third as much pesticide. The 
observed pesticide distribution coefficients between sedi- 
ments and water (Kd) were 0.06 and 0.33 in the carbofu- 
ran and carbaryl experiments, respectively. The concen- 
tration of pesticide on sediments was below 1 mg/kg of 
sediment in both cases and the gross transport of both 
pesticides on eroded soil was consequently very low. 

Because carbofuran is readily taken up through plant 
roots and translocated into aerial portions of the plants, i t  
is an  effective systemic insecticide. Carbaryl, on the other 
hand, has only slight systemic action. As evidence of this, 

no residues of carbaryl or related compounds were found 
in harvested corn samples in these experiments, whereas 
carbofuran and its metabolites were readily detected in 
the 1971 corn plants. 
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Determination of Diquat and Paraquat Residues in Soil by Gas Chromatography 

Shahamat U. Khan 

An analytical method is described for the gas 
chromatographic determination of diquat and pa- 
raquat residues in soil. The method involves ex- 
traction of the soil with 18 N HzS04, followed by 
catalytic hydrogenation of the acid extract, and 
determination by gas chromatography. Recov- 
eries of these two herbicides added to soils a t  0.1- 
and 0.05-ppm levels were between 84 and 95%. 
The lower limit of sensitivity for this method is 
approximately 0.01 ppm. The method has been 
used for the determination of field applied diquat 

and paraquat in three different types of soil. Hy- 
drogenation of acid extracts from organic soil re- 
quired more catalyst per gram of soil than from 
mineral soil. The pH of the soil extract from 1 to 
9 had no effect on the recovery of field applied 
herbicide residues. The capabilities of various 
columns, an alkali flame ionization detector 
(AFD) ,  and a flame ionization detector (FID) 
have also been compared for the analyses of di- 
quat and paraquat. 

The herbicides diquat (l,l’-ethylene-2,2’-bipyridylium 
dibromide) and paraquat (l,l’-dimethyl-4,4’-bipyridylium 
dichloride) are very effective contact dessicants and are 
widely used in the preharvest dessication of various crops, 
for aquatic weed control, and for postemergent nonselec- 
tive weed control. They are rapidly adsorbed by soils. An 
ion-exchange procedure for residue determination of di- 
quat and paraquat in soil is available (Tucker et al., 1967; 
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Canada. 

Hance and McKone, 1970). Using a 25-g soil sample, a 
limit of detectability of about 0.1 ppm and recoveries of 
the order of 70-95% are possible (Hance and McKone, 
1970). However, this method involves a time consuming 
ion exchange step and is likely subject to interferences 
from certain soil extractive in the colorimetric determina- 
tion. Furthermore, Corwin et al. (1968) pointed out that 
certain reduced bipyridylium compounds may not follow 
Beer’s law in aqueous solution. 

Recently Soderquist and Crosby (1972) determined pa- 
raquat in water by a gas chromatographic technique using 
a flame ionization detector. Although the procedure has a 
limit of detectability in the order of 0.1 ppm, the recov- 

J. Agr. Food Chem., Vol. 22, No. 5,1974 863 



KHAN 

u. 
07 z 
g 
w K 

1 

AFlD 

13.2 "9 1 F'D 

0 2 4 6 0  2 4 6 

TIME (min) 

Figure 1. Gas chromatograms of hydrogenated diquat with the 
A F l D  and FID detectors. Gc conditions: glass column, 5 ft X 
0.25 in. 0 .d .  with 3% Carbowax 20M 4- 1% KOH on Chromosorb 
WHP; column temperature, 140'; detector and injector tempera- 
tures, 200 and 150", respectively; carrier gas, nitrogen flow rate 
50 ml/min;  chart speed, 0.5 in . /min;  attenuation, FID 50 X 1 
and AFlD 20 X 1. 

eries from fortified water samples were poor (36-43%). 
The purpose of this investigation was to develop a sen- 

sitive and reliable gas chromatographic procedure for the 
determination of diquat and paraquat residues in soils. 
The method described here involves catalytic hydrogena- 
tion of the acid extract of soil, extraction of the material in- 
to organic solvents, and analysis by gas chromatography. 

EXPERIMENTAL SECTION 
Chemicals. All solvents were pesticide grade and used 

as  received. Analytically pure samples of diquat dibrom- 
ide and paraquat dichloride were supplied by Chevron 
Chemical Co., Richmond Calif. Platinum oxide (Adam's 
catalyst) was purchased from Matheson Coleman and Bell 
Inc., Norwood, Ohio. 

Hydrogenation of the P u r e  Herbicide. A simple appa- 
ratus somewhat similar to that described by Vogel (1966) 
was used for the catalytic hydrogenation. The herbicide 
(20 mg) in 30 ml of methanol was hydrogenated in the 
presence of 5 mg of platinum oxide (Pt02). Hydrogenation 
was carried out a t  room temperature for 4 hr. The solution 
was concentrated to about 5 ml and 20 ml of 1 N NaOH 
solution was added (pH -13). The mixture was extracted 
with hexane (10 ml X 3).  Hexane was removed in a 
stream of dry air and the weight of the hydrogenated ma- 
terial was recorded. In another experiment the alkaline 
methanolic solution was first extracted with methylene 
chloride (10 ml X 3). Five milliliters of 1 N HC1 was 
added to the methylene chloride extract and the solvent 
removed on a rotary evaporator a t  about 30". The remain- 
ing aqueous portion was made alkaline (pH -13) with 10 N 
NaOH and the mixture was then extracted with hexane 
(10 ml x 3).  Hexane was removed as before and the 
weight of the dried material recorded. 

Determination of Residues in  Soil Fortified with Di- 
qua t  a n d  Paraquat .  Soil samples were fortified a t  the 
0.1- and 0.05-ppm levels using 20 g of soil. In all cases an 
aqueous solution of the herbicide was added to the soil 
and dried a t  room temperature. The soil was then mixed 
with 80 ml of 18 N H2S04 in a boiling flask and heated 
under reflux for 5 hr. This step is essentially the same as 
used by other workers (Tucker et al., 1967; Hance and 
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Figure 2. Gas chromatograms of hydrogenated paraquat with 
the AFlD and FID detectors. Gc conditions same as in Figure 1.  

McKone, 1970) for the extraction of diquat and paraquat 
from soils. The extract was filtered under suction through 
an acid-resistant filter paper and diluted to 500 ml with 
distilled water. A 125-ml aliquot (= 5 g of soil) was intro- 
duced into a hydrogenation flask containing 150 mg of 
PtO2. Hydrogenation was carried out a t  room temperature 
for 1 hr. The pH of the hydrogenerated material was ad- 
justed to about 13 with 10 N NaOH and the mixture 
transferred into a separatory funnel and extracted with 
three 70-ml portions of methylene chloride. The extracts 
were combined and 5 ml of 1 N HC1 added and evapo- 
rated on a rotary evaporator a t  about 30". The remaining 
aqueous portion was transferred into a 100-ml test tube, 
the flask was rinsed several times with a small volume of 
0.01 N HC1, and the rinse collected in the test tube. Two 
milliliters of 10 N NaOH solution was added and the mix- 
ture was shaken with hexane (10 ml x 3). The phases 
were allowed to separate and the hexane layers were col- 
lected in a graduated centrifuge tube and concentrated 
with a stream of dry air and analyzed by gas chromatogra- 
phy. 

Determination of Residues in  Soils Collected from 
the Field. Surface samples were obtained from the experi- 
mental plots with a known history of the herbicide treat- 
ment. The samples were air-dried a t  room temperature, 
pulverized, screened through a 20-mesh screen, and mixed 
thoroughly. Subsamples (20 g) were used for the extrac- 
tion of residues by the procedure described above. Acid 
extracts representing 1 g of soil were used for hydrogena- 
tion, using 25 mg of PtOn catalyst. Residues of diquat and 
paraquat were determined as described before. 

Residues of diquat and paraquat in these soils were also 
determined by the ion-exchange method (Hance and 
McKone, 1970). 

Effect of Time of Hydrogenation on the  Recovery of 
the  Herbicides. Increasing amounts of PtO2 (5-40 mg) 
were added to 25-ml portions (= 1 g of soil) of the acid ex- 
tracts of the field treated soil and hydrogenated for 3 hr. 
Residues of the herbicide were determined as described 
above. 

Effect of Time of Hydrogenation on the Recovery of 
the  Herbicides. Twenty-five milliliter portions (= 1 g of 
soil) of the acid extract were hydrogenated in the presence 
of 25 mg of PtO2 for 0.25, 0.5, 1, 2, or 3 hr. At the end of 
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Figure 3. Gas chromatograms from determination of paraquat in 
organic soil (20 ml final volume, 1 pl injected). Gc conditions 
as in Figure 1. 
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Figure 4. Gas chromatograms from determination of paraquat in 
clay loam soil (4 ml final volume, 1 pl injected). Gc conditions 
as in Figure 1. 

the specified hydrogenation periods the herbicide residues 
were determined as described before. 

Effect of pH of the  Acid Extract  on the  Recovery of 
the  Herbicide. The pH values of the 25-ml portions (= 1 
g of soil) of the acid extract of soil prior to hydrogenation 
were adjusted to 1, 2, 5, 7, and 9 and the herbicide resi- 
dues determined as  described before. 

Gas Chromatography. The gas chromatograph was a 
Pye Series 104. Model 124, fitted with a flame ionization 
detector (FID) and an alkali flame ionization detector 
(AFID) having a CsBr Annulus. Columns were all 5 f t  x 
0.25 in. 0.d. glass tubes packed with 3% SE-30 (ultra 
phase), 5% Reoplex 400, 3% Carbowax 20M, or 3% Car- 
bowax 20M + l %  KOH coated on 80-100 mesh Chromo- 
sorb WHP. The operating conditions were: column tem- 
perature, in the range 140-160" as indicated; detector and 
injector temperatures, 200 and 150°, respectively; carrier 
gas, nitrogen flaw rate, 50 ml/min. 

The concentrations of the herbicides in the soil extracts 
were determined by comparing the peak heights with 
those of the hydrogenated standards and correcting the 
value for the change in molecular weight on hydrogena- 
tion. The identity of the desired peak was proved by com- 
paring its retention time and mass spectrum with those of 
the reference hydrogenated herbicides and by co-chroma- 
tography with the latter. For mass spectrum, an  aliquot of 
the above solution containing approximately 1-2 pg of the 
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Figure 5. Gas chromatograms from determination of diquat in 
fine sandy loam soil (1.2 ml final volume, 4 pI injected). Gc 
conditions as in Figure 1 except column temperature 150' (re- 
tention time = 3.1 min). 
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Figure 6. Effect of the amount of Pt02 used in hydrogenation of 
soil extract on the recovery of herbicides Hydrogenation was 
carried out for 3 hr 

hydrogenated material was injected into a gas chromato- 
graph with a hydrogen flame detector coupled to a Du 
Pont Model 490 mass spectrometer. 

All samples were analyzed in duplicate and average 
values are reported. Residues in soils are reported on an 
oven dry basis. 

RESULTS AND DISCUSSIONS 
Under the experimental conditions described diquat di- 

bromide and paraquat dichloride yielded materials (hex- 
ane extraction) weighing 8.5 (75.4% yield) and 12.5 mg 
(82.0% yield), respectively. Preliminary experiments indi- 
cated that a hydrogenation longer than 4 hr did not result 
in increased yield of the hydrogenated materials. Extrac- 
tion of the hydrogenated materials from the alkaline 
methanolic solution first with methylene chloride and 
then with hexane did not affect the yield. The products 
obtained from the catalytic hydrogenation of diquat and 
paraquat gave mass spectral parent peaks a t  m / e  194 and 
196 and have been identified as perhydrodipyrido[l,2- 
a:2',1'-c]pyrazine and l,l'-dimethyl-4,4'-bipiperidine, re- 
spectively (Soderquist and Crosby, 1972). Gas chromatog- 
raphy of the former resulted in two symmetrical peaks (Fig- 
ure 1) possibly the cis and trans isomers (Soderquist and 
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Table I. Gas  Chromatographic  Conditions, Calculated Least Detectable Amoun t s  (lda) ,a and 50% Full-scale 
Deflection (0.5 fsd) of Hydrogenated Herbicides wi th  a F lame  Ionization Detector (FID)b and an Alkali F l ame  
Ionization Detector (AFID)b 

Hydrogenated diquat Hydrogenated paraquat 

F ID AFID FID AFID 

Column 0.5 Ida, 0.5 Ida, 0.5 Ida, 0.5 Ida, 

Column Polarity "C min ng g/sec min ng g/sec min ng g/sec min ng g/sec 
temp, R,,c fsd, 10-12 R9c fsd, 10-1* R,,c fsd, 10-12 Rt,C fsd, 

3% SE-30 Nonpolar 158 3 . 2  68 29 .8  3 . 2  16 5 .8  2 . 4  17 5 . 2  2 . 4  3 . 0  0 . 9  

5% Reoplex 400 Inter- 142 3 . 9  170 4 4 . 8  3 . 9  28 8.1 2 . 6  28 11.9 2 . 6  6 . 0  1 . 5  

3% Carbowax 20M Polar 161 4 . 0  88 24 .4  4 . 0  10 2 . 3  2 . 6  16 3 . 8  2 . 6  3 . 0  0 .8  
3% Carbowax 20M Polar 140 4 . 8  81 20.9 4 . 8  10 2 . 3  3 . 0  9 . 8  3 . 3  3 . 0  0 . 9  0 . 3  

(ultra phase) 

mediate 

+ 1% KOH 

( I  Calculated as 2 X noise level. b Attenuation, F ID 50 X 1; AFID 20 X 1. Retention time. 

Paraquat Table 11. Recovery of Pa raqua t  and Diquat  f r o m  
Fortified Soils 
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Figure 7. Effect of time of hydrogenation on the recovery of her- 
bicides. 

Crosby, 1972) while the latter produced a single symetri- 
cal peak (Figure 2). Since the ratio of heights of the two 
peaks (Figure 1) remained relatively constant for each col- 
umn (SE-30, 1.0; Reoplex 400, 0.94; Carbowax 20M, 1.0; 
and Carbowax 20M + 1% KOH, 1.3) throughout the con- 
centration range studied, quantitation of the data was ob- 
tained by the second peak (retention time = 4.8 min). 

The comparative response characteristics of the two hy- 
drogenated herbicides were determined on various col- 
umns using an AFID and a FID detector. The same col- 
umn was connected to both the detectors through a split- 
ter (1:1) and operated a t  its optimum temperature. Table 
I lists the retention time (&), calculated least detecta- 
ble amount (Ida), and the amount needed to give a re- 
sponse of 50% full scale deflection (0.5 fsd) for the hydro- 
genated compounds chromatographed under the condition 
described. The Carbowax 20M + 1% KOH column pro- 
duced sharper peaks and was more sensitive and better in 
performance than the other columns examined in this 
study. Reoplex 400 and SE-30 columns exhibited slight 
tailing on the FID detector. Under the gc conditions de- 
scribed, the response of the hydrogenated diquat (concen- 
tration range used 1-105 ng) and hydrogenated paraquat 
(concentration range used 0.1-13 ng) on both detectors 
was linear. While either AFID or FID detector may be 
used in the determination, the former is preferred as it 
showed greater sensitivity. For the determination of resi- 
dues in soils Carbowax 20M + 1% KOH column and 
AFID detector were chosen due to their better overall per- 
formance and greater sensitivity. 

Herbicided 
added, 
PPm % recovery 

Paraquat 

0.05 

0.05 

Clay loam 0 . 1  

Organic 0 . 1  

Diquat 
Clay loam 0 . 1  

Organic 0 . 1  
0.05 

0 . 0 5  

90.7 
91.9 
9 4 . 6  
92.6 

89 .6  
8 4 . 0  
8 9 . 5  
86.7 

The recoveries of the herbicides from the fortified soil 
samples a t  0.1 and 0.05 ppm (based on 5 g of soil) ranged 
from 85 to 95% (Table 11). It can be seen that under the 
experimental conditions described the procedure has a 
sensitivity of 0.05 ppm. However, concentration of the 
final solution five times may result in an improved sensi- 
tivity of about 0.01 ppm without any significant interfer- 
ence from soil background. 

Figures 3, 4, and 5 show chromatographic tracings of 
the check and herbicides treated soil samples. A few un- 
known peaks appeared in the chromatograms but they did 
not interfere with the herbicide peak used for quantita- 
tion. The procedure is capable of detecting diquat and pa- 
raquat residues of about 0.4 and 0.03 ng in the injected 
sample, respectively. These values have been arrived a t  
by taking the limit of detection in the injected sample as 
the level a t  which the signal is two times that of the back- 
ground. 

Table 111 lists the comparative residue values obtained 
by the method described in this paper and the ion-ex- 
change procedure (Hance and McKone, 1970). The two 
methods appear to give similar results. It should be point- 
ed out here that paraquat residue levels in the two soils 
used in this study were rather high (Table In) .  The ion- 
exchange procedure may be adequate for these levels of 
residues. However, the time involved for analysis by the 
proposed method was considerably less than by the ion- 
exchange procedure because of the lengthy cleanup step in 
the latter. 

The effect of the addition of increasing amounts of the 
catalyst in the hydrogenation of soil extracts on the recov- 
ery of the herbicides residues is shown in Figure 6. There 
was an increase in the recovery of diquat and paraquat 
residues when the amount of the catalyst was increased 
from 2.5 to 10 mg and 25 mg/g of soil, respectively. Fur- 
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Table 111. Comparative Residue Values for  Paraquat 
and Diquat  in Soils 

~~ 

PPm 
0% 

matter, Gc Ion-exchange 
Soil % method method 

Paraquat 
Clay loam 3 . 8  0 .92  1 . 2 5  
Organic 82 .4  12.35 10.56 

Fine sandy 
Diquat 

loam 3 . 0  0.30 0.22 

ther increase in the weight of the catalyst did not increase 
the recovery. The amount of the catalyst required for 
maximum recovery of residues depends on the soil type; 
organic soil required more catalyst, indicating an increas- 
ing demand for catalyst with an increase in organic mat- 
ter contents of the soil. However, 25 mg of the catalyst per 
g of soil was adequate for the maximum recovery of resi- 
dues from the three different types of soil. Under these 
conditions the hydrogenation of soil extracts was com- 
pleted in 1 hr as further increase in time of hydrogenation 
did not improve the recovery (Figure 7) .  The maximum 
recovery of residues was not affected by varying the pH, 
over the range 1-9, of the acid extracts of soil prior to hy- 
drogenation. 

The method described in this paper is rapid and simple. 
No cleanup is necessary for routine soil samples. The 
lower limit of sensitivity for this method is approximately 
0.01 ppm for diquat and paraquat. 
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Estimation of Methionine and Cystine in Compounded Poultry Rations 

Salil C. Datta 

Reliable chemical methods for the estimation of 
sulfur .containing amino acids have been devel- 
oped. With these procedures, the content of these 
two amino acids which are important for good 
egg production can be assessed in chick feeds. 
The determination of methionine was carried out 
by ascending thin-layer chromatographic separa- 
tion. The separated spots were sprayed with nin- 
hydrin and the color read by the Beckman DB-G 
spectrophotometer. The interfering spots were 
separated with the help of column chromatogra- 

phy over Dowex-7.. Cystine was estimated accord- 
ing to the method of Schram et al. (Schram, E., 
Moore, S., Bigwood, E. ' J . ,  Biochem. J .  57, 33 
(1954)). The method was based on the hydrolysis 
of oxidizing product, produced by performic acid 
treatment of the rations. The prepared hydroly- 
sate was passed through a column of Dowex-2 
and estimated according to the photometric nin- 
hydrin method of S. Moore and W. H. Stein ( J .  
Biol. Chem. 176,307 (1948)). 

It is known that the nutritive value of a food protein de- 
pends on the amino acid content. Thus the evaluation of 
the nutritive quality of compounded poultry rations may 
be obtained by analyzing their amino acids. 

The minimum requirements of methionine and cystine 
in a balanced diet for chickens were reported to be 0.45 
and 0.35%, respectively (Bose, 1972). As these two sulfur- 
containing amino acids were among the more deficient 
nutrients in many poultry rations, the need for the esti- 
mation of these two substances was badly realized. 

Some existing methods (Lavin, 1943; Toennis and Callan, 
1939; Albanese et al.,  1944) were tried for the analysis of 
methionine in the compounded poultry rations and found 
unsuitable. The paper describes a simple method of me- 
thionine estimation by ascending thin-layer chromatogra- 
phy after necessary purification. Cystine was determined 

Department (of Chemistry, University of Kalyani, Kaly- 
ani, Nadia, West Bengal, India. 

as cysteic acid using the column chromatographic method 
of Schram et al. (1954) and gave good results. This meth- 
od was based on the performic acid oxidation of cystine 
followed by ion-exchange chromatography. 

ESTIMATION OF METHIONINE 
Reagents and Apparatus. Thin-layer plates consisted 

of thin layers of 0.4 mm thickness on 20 x 10 cm frosted 
glass plates using silica gel (Gouri Chemical, 28/3D Haray 
Kristo Sett Lane, Calcutta 50, India), and dried overnight 
a t  room temperature. The solvent system consisted of a 
mixture of rz-butyl alcohol, glacial acetic acid, and water 
(1:4:1, v/v). The developing reagent was a 0 .17~ solution 
of ninhydrin in rz-butyl alcohol. Solutions of I.-met hionine 
hydrochloride in the range of 0.030-0.185 mg/ml in water 
were used as standards. 

Methods. Preparation of the Sample Finely ground fat- 
free material was hydrolyzed with 6 N HC1 for 18-24 hr at 
110". The contents were then cooled to room temperature 
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