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DPX M6316 (Hannony®) was cxtractcd from soxl and dctccted usmg a rcvcrsed phase

) HPLC mcthod and UV detection. The quanmatxon 'Jimit was 100 parts per trithion (ppt). 'I‘he
’ cxtracuon procedure mvolved agnauon of the soil i in the presence of organic solvents, con-

" . centration and'a samp]c clean-up prior to analys1s “The HPLC separation for ana1y31s unhzed both

~ eluent and column’ swuchmg (Reference Do allow UV detection at 230 nm. Sevcral typcs of soil

samples were analyzcd to determine method ruggcdncss Thcsc samples were obtamcd from :
Sweden, cIa551ﬁed as Organogemc Sand, and Clay ) :

B
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 INTRO D_'”gm"m- SR 'j B
A method for 51mu1tancously cxu'acnng and ana]yzmg DPX M6316 (Harmony@
E Fxgure 1) Herbicide in soil has been. dcvcloped The quanutauon limit is 100 parts per trillion (ppt)
‘on a 400 gram soil, sample. The method involves a mcthylcnc chloride and acctomtn]e cxn-acnon :
of the soil, requiring wgorous agitation for 2 minutes, a concentration and clean- up step followed
by reversed phase HPLC analysis and UV detection. Column swltchmg, betwcen a phenyl and an ™
ODS column, was coupled with eluent switching between an acidic and basic aqueous mobile
phase (Reference 1). This provxdcd a background adcquately low as 1o allow UV detection of
M6316 at the 100 ppt levcl in several soﬂ typcs . -
A vahdatmn method usin g thcrmospray LC/MS wnh the selcctcd jon monitoring can be B
incorporated for both detection and confirmation for samples yielding positive rcsults The same
" LC separation is applied, replacing the UV detecuon w1th the mass spcctromcter for conﬁrmatlon e
of positive resuhs ' '
Recovenes of M6316 in three dlfferent soil types were detcmuncd using the above
method The addmon of H20 to the sample enhances recovery of M6316. Optimiia recovery of - '
- M6316 from each soil type was achieved at spec1ﬁc % moisture ranges.: See Tablc 1for% °

moisture content and % recovery data for each soil type. Average extraction rccovenes for. frcshly’ -

* .- fortified samples at the 100 ppt level i in the various soils are as follows: '

Orgunogcnic: 87%
.. - Sand: 87%
. . Clay: 88%

Aged séimf)les will bc examined in the future.

Thcse valucs were obta.med by extraction of rad1olabeled C 14 compounds and hqmd scmnllauon o
. counting. For UV results, see Table 2.. ) ) |
.. . Two questions routinely arise in trace level analyses: confirming the identity of the
B analytc and contamination of the sample. The method discusses both the. extracuon and -

- chromatographic procedure as well as the possible sources of contammanon mvolved in domg this -
analys:satthclevelsofdctccnonrcqu:red e T



CL . ¢ - Du Pont Report No. AMR-1550-89-

Contammauon is 2 an 1ssue whlch requues the utmost in analyncal techmque and care 10

av01d Agam at the levels in questlon contarmnanon is best avoided by conducting the extractions "

and sample preparation in a "clean lab". Also, wclghmg and fornfymg the soil sa.mples shou]d o
"takeplacemseparateareas oL T S '
- The extracuon procedure is as follows

1. wergh out 400 grams of sorl

- 2. divide into 50 gram portions into cach of 8 200 mL glass cemnfuge Jars . E
‘3, adda _known aliquot of water to the soil to ensure a mmsture content appropnate -

. flfor the soil type (see Table 1). L : . _
4. add 50 ml of acetonitrile and 50 mL of methylene chlonde 0 each 50 grarn '
) “pomon ofsoil.” . - - S D ‘

. homogenize with Tissumizer® for 2 minutes.
~ centrifuge for 5 minutes at 2000 RPMs. ‘ .
decant and combine solvent from each j jar into a 500 rnL round bottom ﬂask
' rotary evaporate to near dryness. : . _
"nnse the sides of the round bonom flask thh methylene chlonde thoroughly to-
" concentrate extract at the bottom. ' ‘

o 00N o

~

10, concenuate extract in the round bottom ﬂask toa volume of 2 mL under a srream
| of mtrogen . ' ' o L
'1.1,_. _ quanntauvely uansfer the extract toa 125 glass separatory funnel usmg two 5 mL
. portions of carbon tetrachloride to rinse the round bottom. C
' .12, add 10 mL of 10 mM KH2PO4 buffer pH ad_]usted to 7 wnh 80% NaOH and
shake v1g0rously for 2 mmutes o T
13. discard the organic layer o . S S
14 collect the aqueous layer into a 50 mL centnfuge tube.
15. centrifuge the aqueous layer for 5 minutes at 2000 rpms ‘ T
. 16. ‘inject the entire 10 mL.intoa 5 mL sample loop to adequately fill the loop The :
| sample is mrroduced via a glasssyringe; a 0.45 um PTFE ﬁlter is attached 1o Lhe T
syrmge to remove any parnculates

' Total sample preparauon nme is approxlrnately 2 houm, allowm g dally sample
throughput of 4 per. techmcmn e '

e R SO
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- The liquid chromatograph used in this method was 4 Hewlett Paekar'd 1090M . with -
' photo-diode array detecnon The termary pumpmg system allowed the eluent switching and
| gradient elution programming requxred in this method. In addmon ‘a separate pump was reqmred
for the eluent switching, as described in AMR-1241 -88. The purnpmg system of the 1090M T
prov:des pulse free mobile phase dehvery necessary for the low detectwn levels.. .
_ The chromatographlc mobﬂe phases used mclude 10 mM KH2P04 aqueous buffer pH

, adjusted to 7.5 with 80% sodium hydroxide, water, adjusted to pH 3 with 85% phosphonc acid,

and methanol The aqueous mobile phase pH ad_}ustments are +/- 0.1 pH umts T

The eluent switching pr'ovided a much cleaner sarnple; when coupled with the column
sw1tch1ng, UV detection at 230.nm easily detects 100 ppt M6316 extracted from 400 grams of soxl

- For a complete dJscussmn of the theory and background of the eluent swuchmg methodology, see R
Reference 1, Appendix 2, p.42..In essence, during the chromatography on this first column the +

pH of the moblle phase is switched from the initial acidic aqueous phase to a basic aqueous buffer. =
Subsequently, the amount of organic mod1f1er requ1red for elution of the now ionic sulfonylurea is
si gmficantly reduced ' B '

Three sequential injections of M6316 are made on the.phenyl column using the elhém .
switching program to establish a stable retention time. The column switching va]ve is then timed
10 accurately introduce the compound of interest onto the second column, now in series with the
“first column. The valve is switched just prior to and after elunon of each peak. See Figures 2-3
fora dragram of the valves, pumps and columns, as well as an example chromatogram
' demonstranng the times for swuchmg the valve LT :

‘ Since the sulfonylurea is elunng from the phenyl column wnh a basm aqueous moblle L e
phase, adenon of water pH adjusted to 1. 5(+-0.2 pH units with 85% phosphoric acxd) is added
at a rate of approximately 0.6 mL/min post phenyl column such that the resultant aqueous phase is
approxlmately 2.2 pH units. This is well below the pKa of the sulfonylurea (pKa 3. 5) The
-now acidified aqueous phase is mt:roduced onto the ODS column The protonated sulfonylurea '
" will not e]ute through the ODS column under these conditions..



Du:Ponl Report N.o.-AMRJ 1 550-89

After introduction of M6316 from the i)hcnyl column onto the ODS coiufnn the colurnn
. swnchmg valve is Qosmoncd such that the columns are no longcr in series. Mobﬂc phase strcngth u
is 1ncrcascd to remove any remaining impurities from the phenyl column A sccond sthchmg -
- valve is then activated, dxvcmng the flow of mobxle phasc only to the ODS column for analy51s and " o
UV dctcctlon L ‘
. Chromatographxc conditions can be opumlzcd 0 accommodate dlffcrcnt background
; profiles found in various soil samplcs Rctennon times on the phenyl and oDS columns are = -
- lengthened by decreasing the organic. content of the mobile phase. Also, the retention time is
related to the mobile phasc pH; small changes in mobile phase pH result in small retention ume ‘

* . differences and may help in rcsolunon bctwecn Mé3i6and a closcly eluting unpunty

~ SOIL SAMPLES AND S".I‘ANDA.R'DIZAILQH 5

. Soil samplcs reprcscnung three dlffercnt soil typcs were obtamed from chdcn and -
analyzed wnh this mcthod Thc soils varied in pH, organic content and ionic content.
Charactenza'aon data for each soil type can be found in Table 3. Thc chrornatographlc condmons
. which allowed scparanon and dctecnon of M6316 in alI thrcc soil typcs are gwcn in Tablc 4.

An cxamplc chrornatogram of M6316 standard is glvcn in Flgurc 4 Sand clay and

_ organogemc soil samples fortified at 100 ppt are given in Flgurcs 5-7 with supcnmposed non- '_ ce

fortified samplcs The UV proﬁlc of thc non- fornﬁcd samplc was clcan in the area where M6316
elutcd ‘ ‘ '
Extraction efficiencies were determined by exmracted C-14 radiolabcied M6316 from the | "
" threc soil typcs at several foruficauon levels. qumd scintiliation oountmg was uscd to dctcrrmnc o

the efficiencies. Results are glven in Table 1. ‘

- Standard solunons of M6316 were made by 1mroducmg different ahquots of a 10.
pg/ml stock solution contammg M63161 into 100 mL volumetric flasks and dﬂunng to volume wnh
.10% methanol/9%0% water. These solutlons were used to construct an example calibration curvc
(see Flgurc 8) The dottcd assymptonc line reprcscnts the 95% confidence values.
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Reproducibility of the M6316 retention must be monitored by.injecting a standard
solution after every. two sample injections. Due to the complexibility of this separation small
changes in pump perfonnance, pH of mobile phases or matnx effects will affect the sulfonylurea

Lol .
- . ) A ' : L . - . - T . . -
. . . . . . - . .. B . . B - R . . - . .
- o . . ¥ . -
: . - - ' - M A B . Lo K .

At the low levels detected in' this method, cross contamnination fiom various sources in .
_ the laboratory is a real problem In order to minimize eontammauon and insure the mtegnty of the
. results the followmg pomts are reqmred Y

1. DO NOT wezgh M6316 in the laboratoxy where the sample preparanon is to take
‘place : .
" 2. wash all glassware with reagent g'rade nitric ac1d followed by rmses wnh hot
" water, distilled water, methanol and methylene chlonde - B L
3. keep all glassware covered when possible. - . . ., oL e
- 4 use a separate Tlssuenuzer® probe to agltate the foruﬁed samples and non fortlﬁed
o samples. o ' . S _
5. usea very clean synnge to introduce the samples and standa:ds mto the LC
- preferably, use a separate syringe for each type of sample. ' . _
- 6. make sure the 5 mL sample loop is very clean before mtroducnon of next sarnple -
: Sulfonylureas have been known to adhere to stamless steel lhereby affecnng the

. method reproduc1b1hty
. M.Mmﬂ o

' Quanntanon levels of 100 ppt M6316 (Hannony@) present in several Swedish 5011
| samples were achieved with this method. Method recoveries were above 80% consistently for all
soil types; extraction efficiencies were vahdated usmg C-l4 radzolabeled M6316 and hqmd ‘
scmnllauon counung '

Liquid Chroniatograph .2 hqmd chromatographic system with dual pumps, column oven and as.
| ' . _ ' _ ml.. injection loop is needed. The system used.for method development -
. —— o o - was a Hewlett Packard 1090M.



Detector:

’ Switcﬁing V‘alvcs_:”

‘Columns:

Integrator/Recorder; -

- phmeter: -

| Tekrnar® Ti_ssur.nizér®. '

and Shaft:

; Moblle Pllas_c 'Wat'ér: :
-Pllosphoric Acid: '.

: lMetha.nol:. : |

. ._Rot-al? Evaporator: ‘

Filters: -

. " Representative Soils:

Methylene Chloride:

 Organogenic, Clay and Sand obtained from Sweden.

* Du Pont Report No, AMR-1550-89 -

L a vanable wavelcngth UV dctcctor is. needcd The chlctt Packard
- 1040A photo-djodc array detector was used in thxs method

| "-.,_6porl Rhcodyne smtchmg valves were mstallcd and controlled v1a ' ;_‘
. contact swnchcs o - _

[

a Zorbax® phenyl column 25 ¢m x 4.6 mm was the ﬁrst column in thc
" series. The second column was a Zorba.x® ODs column, 15 cm x 4 6 -

mim.

thc chromatographlc data was colloctcd and mtcgratcd on n the 1090M

data systcm Chromatograms were rccordcd ona Héwlett Packard ‘
-Think Jet pnmcr

4

2 Bcckman Modcl 44 pH meter was used 10 measure pH of the aqucous -
) mobllc phase ' '

Soﬂ samples werc homogemzcd wuh Tlssunuacr® and SDT182EN
shaft ' : ‘

-AM_illi-Q@dcionizbd,_disti]lad'watcr. I

+

- 85% sovlution., HPLC grade, Fisher Scientiﬂc,‘ Klng of Prussia,'PA. .
_ HPLC grade, EM Science, Cherry Hill, NJ.
o Buchi Modcl 011 Ro'ta_vapor.

0. 45 um Teﬂon filters, SM-256 for orgamc solvents, Bodman
- Chemical, Aston, PA. - L.

'HPLC grade, EM Science, Cherry Hill, NI. . *



' _Hann@ny@:

Carbon Tetrachloride:

‘ ‘Potassium Phosphate:

Sodium Hydroxide: -

Acetonitrile:

‘1

" Du Pont _Rcﬁért No. AMR-ISSO-'SQ R

'DPX- M6316 ana]y’uca] standard grade, Du Pont Agncultural Products
‘Dcpartment, Expenmental Statlon Wﬂrmngton DE

. Rgagent gradc, EM Sciende_. Cherry Hill,' NJ .'l .
| Monobasic, KHzPOs LT, Béke’r Scientific, Phi_l'ipsb.in"g{ N:'J_:

' 50% solution (w/w), "Baker Analytized" Reagent Grade,] T. Baker | -'*
' ‘Sc1cnt1ﬁc, Phlhpsburg, NJ o

"~ HPLC grade, EM"ScienCe, Cherry Hill, N.J.
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I H Larochellc, L iR MaJor M. J Sornmers L. Thomton and D. E Walker'.
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1. Analytical Method for the Quantitation of DPX-E9636 in Corn (Fbragc and Grain), Du-. . :
- Pont Report No. AMR-1241-88, J. H. Larochelle, L. J. Major and P: G. Rossi; May, "

© 0 1989.. O S Y S
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CsTme M Cotn B wil | Recavéry

Sand ‘air dried L e o7 1ppb o 2 19%
0 lS%(watcraddedbcforespﬁung) ‘ 1:ppl_5,' e 96% _
18% (water added after spiking) - © lppb - 91%
e L %RSD=03 -
N . 18% (asreceived) .- .. . .100ppt - - 88%
Clay - 36% (as received) S ..t o10ppb - . . 81% .
. 36%(asreccived) - - - . lppb L R% -
36% (as received) - S 100ppt o - 87%
16% (watcraddcdaftersplkc) P 'l,ppb T 69% L
- 18% (water added after spike) . - lppb =~ =+ " . "73% -
20% (water added afterspike) - .~ 1ppb. .. - - . 70%-.
24% (water added after spike) . - lppb - - ... 68%
 40% (water added after spike) Lo 1ppb . L . 80% -
'50% (water added after spike * Cdppb ‘ 76%
I - ,_60%'(watc_raddedafter_§pikc)" ~olppb & . T1%
" Organogenic ~ airdried. .- R . «.lppb - - L 64%
o ‘_59%_(asreécived)' b L 70%.)
- L o  %RSD =0.7%
_59%(asrecelved) | . 100ppt . ... 68%
79% (watcraddedaftcrsplke) T € L T3%.
. 89% (water added afterspike) . lppb . . 83%
© 99% (water added after spike) . . - lppb. - . < 8% .

, % moxsture = moist 5011 wt. - dry welght :

dry weight -

12-



" Clay

Organogenic -
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TABLE 2

UY RESULTS : 230 nm

-" . -

. Sppb -
1 ppb
. 1ppb .
1ppb. "
100 ppt
non-fortified
. 100 ppt

non-foriified

100 ppt
100 ppt N
100 ppt

- _-non-forliﬁ‘e_d‘

-13-

84%
9%

C103%
9%
80% _

' rion-detected ;

- 114.2%

non-detected

- 78.0%

79.6% . .
- 1153%
- non-detected
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" TABLE 3

HOm@ chorutonoaho L

udFuuhSnuLBoxu!arLhum\NEﬂHnl-

REPORT
OF
<. . ANALYSIS

.| Submitted By

Subemitted For . RN

€.1. DU FONT DE NEMOURS
F.0. BOX BQ4OD
-SID GOLDBERG-AG
WILMINGTCON, DE

19880

POQ;&SB&:QD swznsn

Y Dute Recelved |

7" Date Reported

Sampies Will Be Siored Until -

£.0CT-1989

21-0CT-19R9

14-HOV-

~en41BRS

o AR
$00071582
~ CLAY

500071581
SAND

S00071583
ORGANOGENIC.

* % Sand

% Clay - -

*x 511t

Yigture

Hitrogen, Total

Avail. Salts (Saturation)
Magnesiun © o
Potassium
Calcium

" Bray 1 Fhosphorous

Organic Matter

Hoisture

Cation Exchange Capacity
Holding Cap. (173 Bar)
Holding Cap (15 Bar)

PH

X Sand

-% Clay

% Silt”
Texture
Hitrogen, Total

.. Avail. Salts (Saturationl

Magnesium
Potassium
Calcium

“Bray 1 Phosphorous;

Organic Matter

Moisture

Cation Exchange Capacity
Holding Cap. (1/3 Bar) - .
Holding Cap. (15 Bar)

pH ‘

. % Sand

% Clay
% S1lt

. Texture

Hitrogen, Total
‘Avail. Ealts (Saturation)

. Magnesiun

Potassium

Calcium

Bray 1 Phosphorous
Organic Matter
Moisture

" Cation Exchange Capncity
. Holding Cap.

t1/3 Bar)
(15 Bar}

1

Holding Cap.

F

.7-_‘14 )

92.68 MEQ/100G

T e.40 %

19.52 x
&.7

81.6

10.0

8.4

LOAMY SAND
9.11 %

1.90 MMHOS/CH:
€9 PFM

158 PPM

1329 PPH-

- 124 PPM

1.3 %
1.33 %

10.01 HEQIIOOG
2.09 %

3.13 % .
INSUFF. 3AMPLE:

S0.4

11.6

38.0

LOAH"

1.3¢4 %

3:60 MMHOS /T
153 PPM .
105 PFPM

1814 PPM

- 29 PPM
7.9 %

38.23 %
116.85 .MEQ/100C
71.74 %
15.59 %

¢ "I nbotwtory No. 3TFS
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_ " Flow:

. Solvent A:

B: .
C:
~'Oven Temperature:
Max P,rcssﬁrc:‘

Time (rrﬁn.)
0.01 Solvent

002 . Con’tacy

- 7.00 - .Cbmact

7.0 _Solvent
7.02 ‘ Sqlvcnt'
16.90 ~ Solvent

17.00 Solvent
23.50 - Flow:

- 23.60 Flow

2400  Column

2900 °  Column -

2910 Flow
5920  Flow

2920  Solvent

30.00 Solvent -
35.00 - Solvent

~40.00 .' Solvent
- 42.00 - Contact

zrErrTER

1.400 mL/min. ) " Stop Time:

95.0% pH3.HO -~ - . - PostTime: .-
0.0% pH 7.5 10mMKH,PO, - . . Injection Volume:
_5.0% MEOH - =~ - . Min.-Prcssure:- 5
40°C - . ColumnSwiwch: -
400 bar B o R :._'Cbnt‘ac'ts: '

" Slowdown;

JOUID CHROMATOGRAPH TIMETABLE -

. 950 B 00% _ C

~on
off .
95.0%  B: L 00%  C
| 45.0% @ B: 00% G
450% B 0.0% . C
00% - B: 80.0% -C:
. 1400 *
| ~ mL/min.
. 1.000 -
1
.

1.000

1.400
ml/min. |
A 0.0% °© B: 80.0% C: -
A 200%  B: 00% C -
A 200%  B: 0.0% C:
A 60.0% * ' B:. 0.0% - C
-2 “on S T -
-15-

. 'Du Pont chqﬂ No._AMR—1550—89 o

-65.00 min.

0.00 min.

. 00pL
coff
o0
© 0000

2

50%

. 50%.
. 55.0% -,
55.0%

20.0%

20.0% -

. 80.0%
40.0%

40.0%
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‘Flow:
Solvent A: -
o B:
G
Oven Tcinpcxﬁmre:
. Max Pressure:

+

65.00 Contact

65.10 Solvent
70.20 . Solvent N

off

>N

-16-

1400 mL/min. ~©~ . StopTime:
95.0% pH 3. H20 . PostTime:
0.0% pH 7.5 10mMKH;PO4 - Injection Volume: | -
50%MEOH . Min. Pressure:
awrcc ~* Column Switch : -
400 bar . o . '.'Contacts;

o ‘ 4.Slc>_‘wdowh:

60.0% ~ B: 00% - G
- 95.0% B: 0.0%  C -

65.00 min. .
0.00 min. . ‘

00pL

off
0

\.2'

" 40.0%

5.0%
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