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A number of methods for the analysis of residues of paraquat, a non-selective
herbicide, are available which utilize either bioassay procedures!, colorimetry?-7,
gas chromatography®~", or thiu-layer chromatography®®-!3>. However, there is only
one acceptable method for the analysis of paraguai in commercial formulations: a
colorimetric procedure developed by Yuen e al.'* and later adopted as the official
procedure by the Association of Official Analytical Chemists'® following intensive
collaborative studies by Carlstrom!6-*” and Ashley's.

Recently, liquid chromatography (LC), using an ultraviolet detector, has been
applied to the analysis of pestcides'®*®. Since it was known that paraquat has a
maximum ultraviclet absorption at 257 am under butfered conditions. the LC tech-
nique was successfully applied to the analysis of paraquat formulations. The results
of the study. including the optimum parameters for the analysis of paraquat by LC
and comparative data obtained by the colorimetric procedure are the substance of this

report.
EXPERIMENTAL

Equipment and marerials
A Hewlett-Packard Modei 1010-B high-pressure liquid chromatograph was

used in this study, which included a Schoeffel SF-770 variable (200-700 nm) UV
detector operated at ambient temperature and a Hewlett-Packard Model 5702-A,
10 mV, 0.5 in./min chart speed. recorder. The variable wavelength detector was ad-
justed to 264 nm. The LC column was stainless steel, 3.2 mm I.D: x 25 cm, packe_d
with Vydac (The Separations Group, Hesperia. Calif.. U.S.A.} cation exchange resin
(sulfonic acid-solid core material; particle size 30—44 «em). The columns were obtam_ed
pre-packed from Hewlett-Packard. The mobile phase was 0.2.‘ A dimethylamine
hydrochloride in nfethanol. A flow-rate of -6 ml mic was the optimum rate for para-
quat analysis. Pure (100 7) paraquat dichloride was supplied by Dr. A. A. Carlstrom.

* Journal Serics Ne. 1913 of the Hawaii Agricultural Experiment Station.
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Chevron Chemical Research Cenrter, Ortho Chemical Division, Richmond, Calif.,
EI.S.A. Samples of commercizlly formulated paraquat dichloride, containing 29.1 %7
of active ingredient, were obtained from five different locations in California by agri-
cul:ural inspectors of the State of California Depariment of Food and Agriculture.

Each sample originated from z different manufacturer’s batch mix.

Sawiple preparation

Five samples (each 70-8C mg) were taken from each commercial paraquat
formulation mix. Each sample was weighed into a 10-m! volumetric flask, made to
vol :me with absolute methanol and 10 gl of each was analyzed by LC. Similarly,
five samples {I g each) were tzken from each commercial formulation for analysis
by the official colorimetric procedure!®. Each sample was weighed into a 500-ml
volumetric flask and made to volume with distilled water and {abeled the stock soiu-
tion; 10 mi of the stock 'solution were transferred to a 100-mi volumetric Sask, made
to volume with distilled water, and 10 mi of this solution were used for analysis by
colorimetry. Standard paraguat solutions were prepared from analytical grade para-
guat dichloride previousiy dried for 3 k at 100-120°. A standard sofution for LC was
predared with 24 mg of paraquat dichloride in 10 m! of absclute methanol; 10—l
aliquots were used for LC calibration curves. A second solution was prepared, con-
tairing 0.1728 g paraquat dichloride in a volume of 500 ml of distilled water; subse-
quent aquecus dilutions were made for use in the preparation of a standard curve in
the range of 2-10 pg/m! of paraguat dichloride for the colorimetric procedure, to be
measured in 2 Beckman DU spectrophotometer at 600 nm.

The mobile solvent is cerrosive to stainless steel. Therefore, the LC system
should be fiushed with 200 ml of absoiute methanol at the rate of 3 ml/min on com-
pletion of use of this particular mebile solvent. An exhausted cation—ion exchange
column can be regenerated with 0.4 Af aqueous phosphoric acid at the rate of 1.5
mi/min for 1 h followed by flushing the column with water and methanol.

Calculations

For the LC procedure. the peak height of the recorded curve of the paraquat
sample was measured with a mm rule and compared to the peak height of the recorded
curve of a known amount of z paraquat standard solution. The ratio value of the two
ifeé suremeinis was determined and applied to subsegquent volume and sample concen-
tration calculated valuss to caiculate the amount of paraquat dichloride in the sample.

For the colorimetric procedure. the absorption reading of the sample obtained
at 60¢ nm was referred to a standard curve previcusly prepared under simifar analyt-
ical coaditions to determine the amount of paraquat dichloride in the analvzed sample.

RESULTS AND DISCUSSION

The results of the analyses for paraguat in commarcial fermulations deter-
mined by both LC and colorimertry are given in Table I. An example of 2 LC chro-
matogram is illustrated in Fig. [: the retention time for the compound was 1.5 min.
It was fater suggested that the taifing effect noted in the LC curve could be minimized
by adding about 3 drops of conc. ammonium hydroxide to each liter of the mobile
phase. The linear range for paraquat dichloride, using the LC instrument range setting
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TABLE1I

AMOUNT OF PARAQUAT DICHLORIDE FOUND IN COMMERCIAL FORMU :
BY TWO METHODS OF ANALYSIS MERCIAL FORMULATIONS

Manufacturer’s label indicated that commercial formulation coatained 2.} Ye paraquat dichloride.

Sample No.

82864 83G3¢ 83059 83160 §333¢

Paraquat dichloride ¢°; }

Liguid ehromatographic method

i 294 29.6 30.5 29.0 29.6
Jes 204 23.0 300 262 29.8
3 29.2 29.2 30.0 29.3 29.6
4 29.5 29.6 0.0 29.5 30.1
5 29.0 9.8 30.2 9.6 30.4
NMean 29.3 23.4 30.1 29.3 209
Colorimztric method

30.2

30.2 30.7 30.2 306
30.7 30.9 0.8 300 30.6
304 30.7 30.6 30.3 30.1
30.3 30.8 30.5 30.2 3.6
39.7 30.9 30.7 30.8 0.0

Mean 304 30.8 36.5 36.2 38.3

W -

of 1.0, was 1035 xg; minimum detectability was 100 ng with an instrument setting
of 0.G2.

The manufacturer’s label for the commercial formulations indicated a paraquat
dichloride conteat of 29.1 %,. The mean analytical value of 25 determinations by LC
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1, Analytical-grade paraquat, 2+.2 feg 10 ql. 2, Comimercial
paraquat formulation. Coaditions: Hew lett-Packard Model 1010-B !_Equid chromatograph eqm-pp-:d
with varizhls wavelength UV detector; UY range 264 nm; range seting LO:- LC calumn of staznh-ass
steel, 35¢cm = 3.2mm LD, packed with Vydac cation lon-exchangs r&s_u:a: ﬁov‘.-r_ate E mlfrmn.:
mobile phase 0.2 3 dimethylarine hy drochleride in absolute methanol; observed pressure 600 p.s.i-

Fig. 1. LC curves of paraquat dichlaride.
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TABLEIT

ANALLYSIS QF VARIANCE ON METHODS AND SAMPLES FRORMM THE OBSERVED
VAILUES

Saurce of variation Degrees of freedom  Sum of squares Mean square
Method (L.C and colorimetric) I .68 9,687
Sampies (5 locations} £ 1.66 0.42
Interaction (samples X methad) ) 1.96 0.49%
Iadividuals 10 2.68 0.067

Total 49 1598

* Sicnificant at 95% level
*T Significant at 929 level.

was 28.5% with 2 standard deviation of 0.37 ¢/. The mean analytical value for a similar
number of dsterninations obtained by the official colorimetric procedure was 30.5%;
with a2 standard deviation of 0.28 /. Statistical analysis indicated a significant dif-
ference between the two methods of analysis (Table TI); the results obtained by the LC
procedure related more closely 1o the active ingredient label designation of the pro-
duct than did the results obtained by the colorimetric method. Although the coeffi-
cien: of variation was slighty higher (1.259%) for the LC data compared to that for
the colorimetric data {(G.21 9), the LC method suggested a more reliable procedure
for the acquisition of consistent and uniform results. The LC procedure is less tedious
and less time-consuming when compared tc the colorimetric methad.
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