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ENVIRONMENTAL CHEMISTRY METHOD

Pestcide Name: Diquat

MRID #: 40917403

Matrix: S_oil‘ .
_Analysis: GC/NPD

This method is provided to you by the Environmental Protection Agency's (EPA)
Environmental Chemistry Laboratory (ECL). This method is not an EPA method but one

* . which was submitted to EPA by the pesticide manufacturer to support product registration.

EPA recognizes that the methods may be of some utility to state, tribal, and local authorities,
but makes no claim of validity by posting these methods. Although the Agency reviews all
Environmental Chemistry Methods submitted in support of pesticide registration, the ECL
evaluates only about 30% of the currently available methods. Most methods perform
satisfactorily but some, particularly the older methods, have deficiencies. Moreover, the
print quality of the methods varies considerably because the methods originate from
different sources. Therefore, the methods offered represent the best available copies.

If you have difficulties in downloading the method, or further questions concerning
the methods, you may contact Elizabeth Flynt at 228-688-2410 or via e-mail at -
flynt.elizabeth@epa.gov.
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CHEYRON CHEMICAL COMPANY - .
AGRICULTURAL CHEMICALS DIVISION
DEVELOPMENT RESEARCH DEPARTMENT.
RICHMOND, CALIFORNIA

DETER MINATION COF DIQUAT RESIDUES . :
_IN SOIL BY GAS CHROMATOGRAPHY : ' FILE NQ.:  730.01/DIQUAT
METHOD RM-3G-1 DATE: JULY |, 1987

INTRODUCTION

Method RM-5C (dated May 22, 1930) describes a gas chroma.ographu: procedure for
the analysis of low leve!s of diquat resicdues in soil. This revision of the methed
describes updated gas chromatography parameters and revised sample cleanup
procedures designed to shcrien the sample preparation time by analysis of aliquats
of the acid hycroiysate instead of rbe toral sarnple as descnbe in the original |

«  method.

In summary the method involves exiraction by acid hyerolysis, cleanup and
concentration by ion exchange chromaszography followed by recduction with sodium
borohydride and measurement of the diquat recductich procuct by gas -
chromatography using a aitrogen/phosphorous-flame ioniza:icn detector. The
reduc:mn procedurs is a medification of a procedure descrite< >y Ukai, et al (1).

APPARATUS

Round-bottom flask, 50 anc 1220 ml!, stancard taper joints
Reflux condensers, standard tapered joint :

Heating mantels for 1000 m! flasks
Columns, | x 20 em, equipred with a teflon étcpcock'and a reservolir at the top '
(A 25 ml burette mav be used) .

Water bath, 65-709 C

' Separatory funnel with Teflon® stopcock, 125 ml capacity
Yacuum rotary evaporator equipped with an ambient temperature water bath
Buchner funnei o ' '
Filter flask

Filter paper, Whatman No. 82, [5cm
Beakers, 1000 and 100 mi

Gas chromarograph (Hewlett Packard 5890 or equivalent) equipped with a
nitrogen/phosphorous-flame ionization detector and an automanc liquid
sampler (HP 76736\} and the foilowing operanng paramezers:




' CREVRON
: . mnmml
R Page 178
-<- ' RM-3G-1
Column: 15 m x 9.53 mm i.4., methyls:licone {CB-1, 2& % Scientific) -
tnjec:cr temperature: 2560 C -
Colur=n oven temperature: 1500 C
Cetecter temperature: 3cee C o o e ' o
Carrier gas flow rate: 10 ml/min’(Hek %~ S S S S TE S
Make-up gas flow rate: 20 'mi/min (He) : I o
Hydregen flow rate: 3.5 ml/min SRR . . :
Air flow rate: 110 ml/min _ ‘ .
Retention time: 5.7 min (See F:gure t
. : . T~ T R VoL e
- ! } o . e o
. : freotm ) ! - IR CS : [ - . - AP Yo,
REAcEm . A . - o r‘;l L L5 S - .'L‘ (1 - o . . . .
gt SN R L EPRE I R SRS T S TP !
Deicnizes water 1 UL o S e T R TE D T P T L
C:e:tyl ether. AR VMailinckreez Caz #5328 '
: Hexane, Pasticide \x..a.... Coe ! 1{.;‘: o g PRI G ] )
. vy - _ta . . . .. . .
Sedium Bershydrice, Eas.. ‘an Z32 6o - ; “ A A i + Tl : :
* ! ' v - vl .
Mertr~anol, Pes.xc.de'\La.'::} -"3— L L P T
NP U e e e e T L
Sulfus:c aciz 18N : M DET LT, e
_ Mydrachleric acid, iN and IN.
Sedium hvoorixde, SN and LON I
Ammonium zhlorice, sazurates solutien (agsraximately SNhagee P M Ay L
Amm znium chloride, 1/10 saturated soluticn {appraximazely SOMM i e e ,3"‘ T P
Caticn exchange resin, Cowex 50W-X8 ar 25 50W-X3, 224--20 mesh, hyvdrogen oo -
¢arm. ‘an analytical grade cation exchamge resin) availazle from 8ic-Rad . .

Labcratcries, Richmond, CA. If Dowex 50W is used. (7 should Ye' placed in oo e
'arg- chrcrna‘ogra::hv cc!umn and backwashec a.xtn ¥ater 'to remove line : o

:) sarticles. : : : Tnwgto
Sodium chieride, saturated sojution R A N A JEE PR TR
Diqua: ditromide monohvdrate reference standard,. .,I 05%; Ziguat cation)- St el

availadle from Chevron Chemical Company, 13043 San~ Pable -\vcnue, R:c."tmonr"
Califcrnia 94304 ot
Digua: standard stock solutions, 2.5 and 0.5 mg/mi diquat cation ia water
Diquat ferzifving solution, 5.0 ug/ml d:qua' cation in water; prepare da;ly ina ‘ v ’
. clastic velumerric flask ST W P 86 (U

Diquat: reference solution, 5.0 ug/ml diquat .zation ir saturz:ed ammonium chlerice
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EXTRACTICN

Transter 50 g of sample = a 10CC ml boiling flask. Fortifv a control sample with 1.0
ml 5.0 ug/ml diquat ca:isn in water for recovery purposes. Add 100 ml of [3 N
sulfuric acid and reflux fzr 5 hcurs. (If foaming occurs, add a few ml of caprylic
alcohol and shake the flask until the soil is completely wetted,) Cool, then add [00
mi water to the flask:. Fiiter the mixture through filter paper with suction using a
Buchner funne!l. . Wash t~e Soiling flask and filter cake with two 100 ml portions of
water. Transfer the samzle to 3 500 ml gracuated cylinder and adjust the volume to

SOC ml with water. AMix, then transfer the sample to a plastic container with a :
- sqrew cap lid.

Weigh 10 grams 2f soll into a tared moisture dish. DCry in the oven at 1100 C
overnight, then reweign. Zalculzte the percent moisture In the soil.

ION EXCHANGE COLUaIN CLEANUP

Place a ;lug of g.ass w<3l in the bottom of the ion exchange cdlumn, acd 3+ ml of
settled resin in wazter a~z cap with another plug of glass wool. Keep the column
covered with wazter at 3il times. Use a freshly prepared czlumn fer each sample.

Transfer a {00 m! aliguet =f diluted sample extrac: to the column. Use air pressure
to percolate the ex:irac: tmrough the column at a maximuem flow rate ol 10 ml per
. minute. Back flush :Se resin Sed with 25 ml of water and allow the resin to resettle.
%ash the colump with an zcditional 25 m! of water. Rinse the column with 10 ml of
2N‘hydrechloric acic feilzwed by 25 ml of water. Rinse the column with 25 ml of
1/10 saturated ammoniv~ chloride followez by 36 ml of water. Discarc all column

eltates,

v Add a small quaniizy of sclic ammonium chloride to the zop of the column. Elute
diguat from the cziumn aith saturated ammonium cnlorice at a flow rate of 3.5-1.0

ml per minute {1Z 2 LI zrxos per minute). Collect ex_c:ly 25 ml of ejuate.

REDUCTION AND EXTRACTION

Add approximate!v aone :-zm of scdium borohydride to a beaker containing 15 ml of
ION aqueous socium hy:roxide and mix. Add the column zluate slowly to the
borchydride mixture wits continucus stirring. {Liberation of ammonia occurs and it
is recommended that the remainder of the reduction procedure be conducted in a
fume hcod.) Place the sample in a 65-709 C water bath for 10 minutes. Allow the
sample to cool and transfsr 0 3 separatory funnel. Rinse the beaker and extract
the sample with 25 m! ¢iethyl ether. Discard the lower aguecus layer and extract
the ether with 12 ml =2 IN hycorchioric acid. Draiz the acid into 2 second -
separatory funne! and acz 3.0 ml 5N sodium hydroxide and 5.0 ml of saturated
aqueous sodjium chloride. Mix and extract the sample with 20 mi 50% hexane in
diethyl ether. Tr-ansfer :he lower aqueous layer to another separatory funne! and
reextract with |5 m! of 529 hexane in diethy! ether, Combine the orgaric layers in
a round-bottom flask and evaporate just to dryness using a vacuum rotary
‘ evaporator and an ambiens temperature water bath. Dissoive the sample in 2.0 m!l

of basic methanci (2.6 —. SN socdium hydroxide diluted o 50 ml with methanol).
Proceed with the measure—ent. '

. - .
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REFERENCE STANDARD PREPARATION . . 1 ‘
et Ty e AN e e e e -
Ade 1.0 ml .2 ug/ml dxcqa in sdturated ammonium chloride to 24.0 ml of saturazed , D T
ammonium <hioride. Proceed with the reduction ancd extraction as -descrited . - P e
prev:ously. _:ssolve the sample in 5.0 ml of basic meathanol to obtain an equivalent A
diguat catior concentration of I. 0 ug/ml. Dilute the ‘1.0 uglml diquat standard with ¢ .-, - .
basic metharz! to obtai n diquat standards with concentranons of 2.05, 0. 25 and 2.50 booeae
ug/enl (refe'e"c- srandard for measure'ﬁen.). - : S e N
S e
MEASUREMEVT, - e .
+ . oot A L. PRI LA . ws 3-3 PP e e

Transfer the soluticns 30 be” r"easured to'vnals for use ‘on the automatic liguwid ... - .=
sampler. Laac the samgie tray in the {ollowing order: standard, standard, methancl ..

wash, contra. sample, forzified sample, standard, methanol wash, sample, samp e.. .. -
stancard......... Set the syringe to delller 1.3 ul. The standard vials contain "C.5C° :
ug/mi diquat ‘as the recuction, produczl. T e . - I T
B IR T L U e
- L PR S RO [P0 Rl B L I -;}.“',,‘Q N S E 7 =R SR e
CALCULATICN : ' ' TobT e s
cman e ‘:4‘ T Ce e e = aes P . gty ¥ B .
.. PR 3 - P o . - -4 - . 3. . = to- .’,
Peak Zeight fsamale) - S -1 : Co
m =z ey X 2.5uz 20 x 2.0mlx 5 x-= X Dllunon factor - -, =
PP Ave. F=ax Heignt 3tq, Fast LT LT L A0 g c” . T
)“ T f’" P S ST, B S M I PR S S A AR R 'l‘A 5 ) ' 4‘—:';
-0 cer e PEEPL A 4 e B UL oS e Dt e . ; _;
LIMIT OF DETECTION b« -1 «uh AU S aer oyt L o * P R
The Limit of .5 3pgroximatels :.:1 ppm for d;quat ;or a 50 8 501! sam:s.s
anairzed using . ..e ue5":"e<: "rocedurb. ‘ N T AL - S 8 & S T USE VI NS S
B . . ; ey ! S et I T L R i [T ¢ : L
“_»:,_..- f_','.";;;"‘\ N T T S Rl N S TSI S S
NOTZS
' ' h‘f‘\j'f"'-‘ .-l-p** ' R RN ot
I. All digiz: smandards must Se stored in the dark when not in use. The 'diiuse ™ " "7 77
fortificazan standars in water-is prepared daily.in a plastic volumetnc ‘lasx [N R
- . . . ; . -l "
minimize a>sorption. . ', _ o EEEE R TR B .—*“1..-'; I
Coodes v Ly T vy T Ty Tk ! ' com ot el

2. A fortifi=d samp[e must be apaivzed cancurrentlv w:th each set of sarnples. ;_q_ DN

Method recovery should -be betwesn 70-120% to be acceptable.. All sampie3; ey
analyzed with a fortified sample which did not have an acceptable recover: = ; “r .
must be r=analyzed or the resultsin ques.mn approved by supervnsory personne.. ; ’ N
_ ) e L o BT RO : -1, w5 "u !. d.-T?
2,  For soil =7 sediment _.vnth hxgh clay con:ent, mcrease sulft.nc ac:d reﬂux t:r"e b e e
<0 10 hours if low rezsveries of diguat cation are experiened when refluxng fzr ')_' AR
5 hours. . | e , . o - oy

Lo . . AT : vl oo

N - 1

IR, . 4.3
4, The lmea:.:v cf the. --.easurefnnnt system musTLa venhed ona dazly bas:... T N "__f
coefficie~: of wvariazion .of .the resporse:factors of the four standards pre"a =3y TR
- ’ . . LI R -

for analys-s mus: be = !"“’ or fess. - gL o tegs Clie.n ! ‘ P o S e RY SR

4 o
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3. The coefficient of variation of the standard measurements mus: be = 5.2° or le<s
to be acceptable, All cdeviations from this requirement mus: be apzroved Sv

. supervisory personnel,

&.  The methanol wash sclutions are included in the analysis sequence > preven:
. contamination of the sample ext-acts with diquat from the stancard anaiyses.

-~ .-

7. This procedure will separate diquat from paraquat. The recuction praduct of
diquat has a retention time of 3.7 minutes (Figure ) and :he paraquat reducticn
product has retention time of 4.3 minutes (Figure 2). ' '

3. Peducticn of diquat results in the formation of four products. Quanz:.tation s
conducted aon the major product which has the longest retenticn time.

Preliminary experiments have demonsirated thar the reorscucibility of the
reduction reaction is sufficient for estimation of low levels of 2iguat in sail.
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" FIGURE 2
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LIST: TINE @
3.58 INTG #
4.80 INTG ¢

. | - 0.5 ug/ml Paraquat Cation







