
Note 

Anafysk of psraquat formulations by iiqrrid chromatography’ 

A amber of methods for the anaIysis of residues of parsquat, 2 non-selective 

herbicide, are available which utilize either bioassay proceduresL, co[orimetry’-7, 
gis c-hromsto_ecaph~-“, or thin-IaJer chromatography’2.‘5. Howver, there is or.1~ 
one amptable method for the analysis of paraquai in commerciaI formufa[ioos: s 
calorimetric procedure developed by Yuen ef a1.I” and later adopted ;LS the oEcia1 
procedure by the Association of OfEicial Ana!yticai ChemistsI following intensive 
cokborative studies by Carlstrom’6*L7 and AshteyIS. 

Recently. liquid chromatography (LC), usin= 0 an uI~ravioIet detector, has beer? 
applied to the analysis of pesticides 1g,2a. Since it was knowrt tbzt pnraquat has z 
maximum ultraviolet absorption aE 257 am under busered conditions. the LC tech- 
rrique was successfully. applied to the analysis of paraquar: fonnkttions. l%e resuks 
of the study. including the optimum parameters for the analysis of paraquat by LC 
and comparative data obtained by the coIorimetric procedure are the substance of this 

report. 

Equipment and mai’zrials 
A Hewlert-Packard h4odei IOLO-E high-pressure liquid chromatogTaph ~vas 

med in this study, which included a SchoeKel SF-X! variabie (200-700 nm) Ui’ 
detector opeLnted at ambient temperature and a Kewl;Iett-Packard XIodeI 57Ot--4, 
10 mVt 0.5 in./min chart speed. recorder. The variable n~avefen_mh detector \kas ad- 

j usted to 264 nm. ne LC column vt’s stiniess stee!, 3.2 mm I.D. x 25 cm, packed 
n-&b Vydac (The Separations Group, ff esperia. CaliF.. U.S._4.) cation exchange resin 

(sulfonic acid-solid core material; pznicie sizs 3G4-4~tm). Thz columns usrz obtained 
pre-packd from Hewlex-Packard. The mobile phase nas 0.2 ,tf dimcth)kmine 

bydrocb!oride h methanoI. _A fIow-rate of-16 m!,‘min was tht optimum rate for para- 
quat analysis_ pure (IOO~<) parnquat dichloride was supplied by Dr. A. -4. Carktrom. 
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Chevron ChemicaJ Research Cemer, Ortho Chemical Division, Richmond, CzIif., 
U.S._% Sanpfes of commercizIJy fomuJa:ed paracpx dis!Aride, containing 29. I y(, 
of x&e ingredien& were obtained E-au, - five fifferent Jocations in CaJifomia by a@- 
cul:ural inspctors of the Stzte of Catiforuia Dtpartmer.t of Food 2nd Agricuhre. 

Eat% sample originated from r diff&enr manufacturer’s batch mix. 

Five samp!es {each X-SC mg) were t&en -from each commercial paraquat 
forn-&ation n-+x. Es& sample was neighed into 2 LO-d volumetric flask, made to 
vcline with absoEute methanol and X0 {rl of each was analyzed by LC. SimiIarly, 
five samples <J g each) were mken from each commercial formulaiion for analysis 
by the oE.cial coiorimetric procedure ls_ Each sample was weighed into 2 500-d 

voiumetric Bask and made to voJume ivith distilled t$ater and iabeJed the stock soiu- 
tion; 10 mI of the srock~;olut~oc were transfer red to a iOO-mI volumetric gask, made 
to Trotume with distiied \+aacer, and IO mi of this solution were used for analysis by 
cohx-imetry. Standxd paraquat scAtions were prepared from anal~~G~~l grade para- 
qrrat dIcbIoride previoxiy dried for 3 h at IO&120”. A standard solution for LC was 
pre>zred with 24 mg of paraquat dicbfaride in 10 ml of absolute methanol; LO-$ 
a!iquots were used for LC ca!ibrztion curves. A second solution n-as prepared, con- 
tair.ing 0.1728 g parequat dichloride in a vo!ume of 300 mI of distilled water; subse- 
quent aqueous diMions were made for use in the preparation of a standard curve in 
the ranse of 2-JO,rcgM of paraqoat dichioride for rhe calorimetric procedure, to be 
mcxsured in a Beckman DU specnophotometer at 600 urn. 

The mobile solvent is CCKOSiV? to stainksss ste2L Therefore, the LC system 
shonid be fiusheii with 200 mI of absolute methanol at the rate of 3 mI/min on com- 
$etion of xse of this FarricuJar mobile solvent. m exhausted cation-ion exchange 
column can 5e regenerated with 0.4 &f aqueous phosphoric acid at the rate of 1.5 
m!/min for i h foIlowed by fius%ng the coiumn v;ith Harer and meLhanoI. 

For the LC procedure. the peak height of tic recorded cu_rve of ‘Je flaraquat 
sample was measured with a mm rile and compared to the peek height of the recorded 
CUF~C of a ‘knowr: amount of a paraqxat stzndard sohition. The ratic~ valu+ OF ttie two 

~ZESUEIZXXW ~'2s determined 2nd applkd to srrbxqrsent voiome and sznple CO~GXP 
tratlon calcuiared values ta catculare the amount of paraqua; di&hIoride in the sample. 

For the calorimetric procedure. the absorption reading of the sample obtained 
at 600 nm was referred to a standard CLUE previously prepared under sin&r anaIyt- 
ica! conditions co d=rermine the amount ofpanq~ai dichloride in the 2naIyztxI sunpk. 

The results of the 2naIyszs for paraqnat in commorcie! formufations deter- 
mined by both LC and colorime[ry are @en in TabJe 1. An esampie of a LC cfxo- 
matoLwm is iffustrated in 5~. ! : the retention time for the compound was 1.5 min. 
It ~2s iater suggested that the tzifing e%xt noted in rhe LC c&ve could be minimized 
by adding about 5 drops of ant. r-mmonlum hydroxide to e2ch titer of the mobile 
phase. The he2r range for paraquat dichloride, using the LC instrvmsnt range setting 
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AhfOUNT OF PARAQUPLT DICXLGRDE FOL’ND IN COhfhfERCIAL FORhfULXTI0K.S 
BY TWO ME-l-HODS OF AK4LYSrs 

LiqGd GkGmGfogtGph!'c mcf~?od 

I 29.4 29.6 30.5 ‘9.0 2?.6 
2 29.-c 29.0 3G.O 19.1 19s 
s 29.2 29.7 30.0 29.3 ‘9.6 
4 29.5 29.0 :o.o ‘9.5 30. I 
5 3.0 19.8 30.1 29.6 30.: 

Meal 29.; 29.4 30. I 19.3 29.9 

Colorirnrm-c merhod 
i 30.2 30.7 30.2 30.6 30.’ 
2 30.7 30.9 30.8 30.0 20.6 
3 30.4 30.7 30.5 30.3 30.1 
4 30.3 3Q.b’ 30.5 30.2 30.6 
5 30-i 30.9 30.7 30.8 30.0 

Mean 30.4 30s 30.5 30.3 39.3 

of 1.0, was LO-35ug; micimm detectability WBS 100 ng with at instrument setting 

of 0.02. 
The manuf-zcturer’s [abeI for ths commercial fomuia~ions indicated z paraqwt 

dichloride content of 29. I II,,,. The mean anai~~iwl vaIue of25 determinztioris by LC 
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_th;&YSIS OF \-.kRiANCE ON X4ETHODS AND S_Ak%‘ES FROXf T-I%5 OBS=- 
v_4I_ U-ES 

Samc2 of\Qriaiion Drgr22saffi22ckm 51n; afsquatzs Akan sqiiarfd 

hZ&!iod CC and coloztietic) I 9.65 9.&’ 
S~zl+s (5 Loe&oos) A I.66 0.12 
hteration (sampks x metho-ci) C I.96 0.49+* 
kIdii\idmk x? 2.68 0.@67 
TOE31 49 15.9s 

* Siglikm et 95% ICFCl. 
-= Sidri: at 99% level. 

was X.5 >i wk& e standard devia:ion of 0.37 “/<_ The mean anaIytica1 vz!ue for a simih 
nx~ber csf determinations ob&&ned by tic officid coforimetric procedure was 30.5 “/b 
with a standard deviation of 0.28 7;. Statistica! anaiysis indicawd a si_ticaat dif- 
ferexe betueen the two me-hods ofa~a!ysis (Table IQ; the results obtained by the LC 
procedure ielated more clasefy to the active ingedierit !abei desigmtion of the pro- 
&K: ~kaa did the ES&S obtzirted by the coIorimetric met&d. /dthou& tkt co&?- 
cicnr of variation was silghdy &ker (1.25 “/b) for the LC data compared to that for 
[he ~m~orimetic dare (6.91 yi), the LC method suggested a t~ore reliabie procedure 
for the acquisitioc of corxictent and uniform resu!ts. The LC procrdtire is Iess tedious 
and Iess tIme-ccnsuning when compared to the coIorim2~ric rne~I~oci_ 
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