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Dectermination of Residues of Triclepyr, 3.5,6-Trichloro-2-pyridinol,
and 2-Methoxy-3.5,6-trichloropyridine in Sediment and Soil
by Capillary Gas Chromatography with Mass $elective Deiection

E. L. Qlberding 2nd D, R. Foster
North American Environmental Chemistry Laboratory
" PowElance
Indianapolis, Indiana 46268-1053

and

D, A. McNeut
Health and Environmental Sciences Laboratory
The Dow Chemical Company
Midland, Michigan 48674

A. Seopc

This method is appicable for the guantitative determination of residues of triclopyr
({(3,5,6-trichloro-2-pyridinyl}oxy)acetic acid) and its matabolites, 3,5,6-rrichlore: 2-pyridinol
{3.5,6-TCP), and 2-methoxy-3.5.4-trichloropyridine (2-MP) in sediment and soil over the
concentration range 0.01-1.0 pg/g with 2 validated Jimit of quangation of 0.01 ug/g.
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Triclopyr . 35.6-TCP 2-MP
CAS No. 55335-06-3 - CAS No. 6515-384 . CAS No. 31557-34-3

B. Principle
Residues of triclopyr, 3,5,6-TCP, and 2-MP arc extracted from soil using a 90%
acetone/10% 1.0 N hydrochloric acid solution, ,

For the determination of iriclopyr and 3,5,6-TCP, a portion of the acetone/hydrochlonic scid
extract is concentrated (o remove the acetone. Following evaperation of the zcctone, the
sample is diluted with 0.1 N hydrochloric s¢id and purificd using a C)y solid-phase
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extraction (SPE). The cluate from the Cyp SPE is extracied with 1-chlorobutanz,
concentrated 10 less than 5 ml., and then combined with the eluate from the silica get SPE
fram the 2-MP purification. .

¥
For the determination of 2-MP, a portion of the acetone/hvdrachloric 2eid extract is diluted
with water, basificd, and then exiracted with hexane. The hexane extoact is purified using 2
silica gel SPE. The hexane cluate from the SPE is concentrated to approximately 5 mL, and
then combined with the )-chlorobutane from the wiclopyr and 3.5.6-TCP purification.”

The L-chlosobutane/hexane mixture is concentrated (o less than } ml., 2nd an acetone
solution containing fluroxypyr analogs 25 intemnal standards is added. The szmple is then
derivatized with N-methyl-N-(reri-butyldimeibylsilyl)-trifluercacetamide (MTBSTFA) 1o
form the rere-butyldimethylsilyl (TBDMS) derivatives of triclopyr and 3,5,6-TCP. The
sample is then analyzed by capillary gas chromatography with mass scleclive detection
({GCMSD). .

C. Safery Precautions

1. Each analysi must be zequainted with the potential hazards of (he reagents, products,
and solvents used in this method before commencing laboratory work. SOURCES OF
INFORMATION INCLUDE: MATERIAL SAFETY DATA SHEETS, '
LITERATURE, AND OTHER RELATED DATA. Safety information on
non-DowElance products should be obtained from the container 12be] or from the
supplier. Dispesal of reagents, reactants, and solvents must be in compliance with
local, state, and federal laws and regulations,

2. Acéwne, irile. I-chlorobutane, and hexane are flammable and shoutd be uged in
well-ventilated areas away from ignition sources.

3. Hydrochloric acid and sodium hydroxide are corrosive and can cause severe buens. 1t is
imperative that proper eye and personal protection equipment be wom when handling

these reagents.

D. Ecuipment {(Note N.1.)

I gﬁ%cc' analyticai, Model AE200, Mediler Instrument Corporation. Hightstown, NJ

2. Balance, pan. Model BB2440, Mettler Instrument Corporation.

'3, Centrifuge, with rotor to acconmodate 12, 16-, and 40-ml. vials, Model Centra-8,
International Equipment Company, Necdham Heights, MA 02194,

4. Dszisicgcuor. 250-mm i.d., catalog number 08-595E, Fisher Scientific, Pitsburgh, PA
13219,

5. Evaporator, N-Evap, Model 1], Organomation Associates, Inc., South Berlin, MA
* 01549, (Notc N.2.)

6. Gas chromatograph, Modz! 5830A Series 11, Hewlctt-Packard, Witmington, DE 19808.
7. ‘Injecmr. automatic, Model 7673, Hewlett-Packard.
8. Mass selective detector, Model 5971A, Hewlet-Packard, Palo Alto, CA 54304,
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9. Mass sclccuvc detecior dnta tysiem, Model GIDS4C chlctl Packerd
IO Cm:n Modcl 0V-490A 2, Blue M Electnc Compan) Blie [sland, [L60406

v+ H V1. Shaker, variable speed reciprocating with box carricr, Modcl 5000, Ebcrbach '

. C—rpurauun Ann Afbor.MMSIOJ
lz Ulmsomc cluncr Mode! 1200 Branson Ultrasonics Como-mon Danbury, CT 06813,

’ o

13. Vacuum mamfn!d Model |pe-IZG J. T. Baker Chemical Cornpzny ?h:lhpsb\.-rg. NJ
5.

N

LU

TS Vom msz:r. Modcl G-540, SCIenllﬁc lndusmes Inc., Bohcm:a NY 1|'na

ls Wmcr punﬁcznon sys‘l'.em, \dodci Milli-Q UV P]us. Mtll;po-e Corporauon. M:Iford
MA 01757, : ~

E. Gla;uan:.md.Mamuﬂs(NoteN.l.) . , R

,. ‘ 1. Column, cepillary gas chromatography, Dursbond- I?Oi Inqmd phasc. {Omx 0.18 mm
i.d., 0.4qum film thickness, cuulog number 121-0713, .I & W Scu:rmt' ic, Folsom CA
95630,

. 2. Column, c.nplllary gulrd dc-acnvated Smx 053 mm i d caulog number 10045,
Restek Corporation, Beliefonte, PA 16823

. 120 3. Column, Cyy SPE, catalog number 7020-07, J. T. Buker Chemical Company.®
4, Column, s:lu:a ge! SPE, aulog number 7086-01, 1 T. Baker Chemical Company.
T S Colurnn connector. Pres&Tlght capdlary. catalog number 20446, Restek Cerporluon

6. Cylinder, graduated mixing: 50-mL, catalog ber 20036-50, Kimble/Kones,
Vineland, NJ 08360, e Teas

»+ 7. Cylinder, graduated mixing, 1000-mL, catalog number 20036- 1000, Kimble/Konies.

8. Dessicant, Drierite adsorbent; ulalug number 24001 W A, Hammund Drierite
Company, Xenia, OH 45385, | .

‘9. Dish, aluminum weighing, catalog number 08-732, Fisher Scicntiﬁc -

l0 Filter, chm:oal cnlalog number 7972, Chrompack Inc Rnnlan. NJ 08569
(Note ERN B -

Lt. Filer, moisture, utalog b ‘7971 C" pack, inc. (NmeN3)

12 Fl!wr oxygen cltalog number7970 Chmmpack Ine. (l\oL:NS) R
13. Flask, volumetric, 100-mL, catalog number 161-8987, National Scientific Company,
“ T Lawrenceville, GA 30243, _ .
S Hoa T om0k
14, Flask, volumetric, 200-mL., catalog number 16!-8988‘. National Scientific Company.
N . - [
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15.
16,
i7.
tB.

36,

31

33
39

Flagk, volumetric. 2000-mL.. calalog number 161-8993, National Scientific.Company,
Gas, helium, 99.995% purily, Airco, Murray Hill, N! 07974,
Gas, nitrogen, 99.99% purity, Airca. )

Inlet steeve, double goosencek splitless, caizlog number 20784, Restek Corporation.

. Pipet, volumeiric, |.0-mL. catzlog number 26i-601 |, National Scientific Company.
. Pipet. volumetric, 2.0-mL, catalog number 261-6012, Nationai Scientific Company.
- Pipet, volumetie, 2.5-mL. catalog number 261-6084, Natienal Scientific Company.
-Pipet, volumetric, 3.0-mL, catzlog number 261-6013, Nationa) Seiemtific Company.
. Pipet, volumetric, 4.0-mL, caalog number 261-6014, Natjonal Scientific Company.
. Pipet, vol metric, 5.0-mL, catal g number 261-6015, Nationa! Seicatific Company.

. Pipet, valumetric, 8.0-mL, catalog number 261-60185. National, Scientific Company.
- Pipet, volumetric, 10-mL. catslog number 261-6020, National Scicatific Company.
- Pipet, volumetic, [S-ml., catalog number 251-6025, National Scientific Company.
. Pipet, vol ic, 20-mL., catalog nurnber 261-6030, Netional Scientific Company.

.- Pipet, volumetric, 25-mL, catalog number 26l-§035. National Scientific Compeny.
. Pipet, volumetric, 200-mL. catalog number 2615070, National Scientific Company.
. Syringe. 50-uL, Model 705N, Hamition Company, Reno, NV 89520.

. Syringe, 100-uL, Model 7I0M, Hamilton Company.

. Syvinge, 250-uL, Model 725N, Hamilon Company.

. Syringe, 500-L, Model 750N, Hamilion dompuiy.

. Vial, 12.mL, with FTFE-lined screw cap, catalog number B?Bﬁi-l!. Nationa)

Scientific Company.
Vial, 16-mL., with PTFE-lined screw cap, catatog number B7800-3, National Scientific
Company.

Vial, 40-mL. with PTFE-lined serew cap, catalog number B7800-6, Natianz) Scientific
Company.

Vial, autosampler, 2-mL, éalalug number C4000-1, National Scientific Company.
b

Vial cap. for autosampler vial, catalog pumber C4000-54B, National Scientifie
Company.
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I. Roageas [ . LT
a. Acclone, OmniSolv gradc. calzlog number AX0} 10- l EM Sti=nce, Glbbs:own Nj
08027
A . - B .

b. Acctumtnlc OmmSoIv gmde calalog number AXOMZ—I EM Science. %
[ Chlorobuunc OrnmSoIv grldc. cmlog r:umbcr CXO9I4-I EM Scxence
d. Hexnne OmruSo|v gmdc c:ulog number HX029S I EM Science.

’ c Hydrochleric acid. 1.0 N, ACS reagent grade, cenificd concentration, catatog
: number SA48-; Fisher Scientific. . : ce

¢ -f. Hydrochloric acid, 0.1 N, ACS reagent grade. cenificd cancentration, catalog
numberSA54 1, Fisher Scrcnuﬁc. o . . . .

@& 4= T
13. vrrBSTFA (N-mcthyl-N-(rerr—bmyld;m:l.hyls:lyl)—mﬂunruau:xanude) caulog
number 48920, Pierce Chemical Company, Rockford, IL 61 105.

«. - h. Sodium chlorids, ACS reagent gradz, catatog number $271: 1. Fisher Seientific.

+ -i. Sodium hydroxide, 2.5 N, ACS reagent grade, centifie concdntration, catalog
. . aumber SS4I4-1 Fxshcr Sc:ennﬁc.. TR - o
Y. Siandards : L T 4 -
STy wiclopyr (((3 5. 6-mchloro-2-pyndmyl)oxy)lcenc acid) ’

- " (2) 3.5.6-wichloro-2-pyridinol (3,56TCP) - < ¢ -
(3} 2-methozy-3.5,6-trichloropyridine (2-MP) . = " i+ .5 17,
{4) Ruroxypyr (({4-amino-3.5 -d:chloro-ﬁ-ﬂuom-z-pyndmyf}oxy)meu: acid)
{3} 4—am|no-3.5-dachlom-6-ﬁuom-2 -pyridinel (ﬂumxypyr-DCP)
(5) 4-ummo-3,5-d|chlom—6—ﬂnom-2 methoxypyndmc (ﬂuroxypyr—MP)

Obtain from Test Substance Coordinator, DowElanco, 9330 Zionsville Road,
Bu:ldmg 3060’Al Indmnapohs,[N 46268-1053 L f

2. Prepared Solutions B
2 90% acetone/10% 1.0 N hydrochloric acid solutioh (vv). ~** + - ',: '

Pipet 200 mL of 1.0 N hydrochloric acid into a 2000-mlL volumetric l'lask
o - containing approximately 1500 mL of acetone. -Swid the flask, and allov. :o -
© " equilibrate 1o room lcmpcramrc Dilute to volume with acetonc.

-

A W W .

. o0 [
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b. 80% acetoniirile/19% water/1% 1.0 N hydrochloric acid solution {viviv).

Pour 800 ml of acetonitrite intg a.1000-mL graduated mixing cylinder. Pipe:

10.0 mi. of 1.0 N hydrochloric acid into the same cylinder; then add approximately
150 mL of water, Swirl the cylinder, and allow 10 equilibrate to room temperature.
Dilute to volume with warer.

€. €0% acctonilrile/59% water/1'% 1.0 N hydrochloric acid solution [wivhv),

Pour 400 mL of acetonitrile into 8 1000-mL graduated mixing cylinder. Pipet

16.0 mL of L.O N hydeochloric acid into the same cylinder; then add approximately
500 mL of water. Swirl the cylinder, and allow to equilibrate to room 1Iemperanure.
Dilute 10 volume with water.

G.  Preparalion of Stangards
1. Preparation of Seiking Solwtions/Calibration Siandards

. Weigh 0.1000 g of wriclopyr analytical standard and quantisatively transfer to a
100-mL volumetric Mask. Dilute to voleme with acetone to obtain a 1000-ug/mlL
stock solution.

b. Weigh 0.1000 g of 3,5,6-trichlaro-2-pyridinol 2naiytical standard and quimital.ivcly
transfer to a 100-ml. volumetric flask. Dilute to volume with acetone 1o obtain a
1000-ug/ml stock solution,

. c. Weigh 0.1000 g of 2-methoxy-3.5,6-trichloropyridine analytical siandard and
quantiatively transfer to a 100-mi, volumetric flask. Dilute to volume with acetone
10 obtain a 1000-pe/mL stock solution,

d. Pipet 20.0 mL of each of the stock solutions in Sections G.1.a <. into a single
200-mL volumetric flask and adjust 1o volume with acetone to cbitain 2 solution
containing 100.0 ug/mL of each compound.

€. Prepare solutions for spiking soil samples by diluting the solution from
Section G.1.d with acetone as follows:

Aliquot of Final Soin. , -Spiking Soln, Equivalent
Initiai Soln, Volume inal Conc, Sample Cone.®
mi, mL pg/mL ug/e
0.050 200 0.025 0,005
0.100 200 0.050 .0.010
0.250 200 0.125 0.025
0.500 . 200 0.250 0.050

Y00 200 0.500 0.100
2.50 200 1.25 . 0250 .
5.00 200 250 0.500

10.00 200 5.00 1.
* The equivalent sample concentration is based on forulying 2 5.0-g soil sample
with 1.0 mL of spiking solution,
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f. Piepare calibration standards by dispeniing 200 kL of the solutions from
.Section G.).¢. inlo 12-mL. vials containing 0.5 mL of 1-chiorobutane and
derivatizing according to the procedure described in Section L1.gg.-kk. The
conceatrztion range of these calibration standards is from 0.005-1.0 pg/mL.
: ot
Chemical streciures of the underivatized and derivatized teiclopyr, 3.5.6-TCP, and’
2-MP are shown in Figure 1. . P SouRr

+.2. Preparation of Intemal Suandard Solution =7 - WSt

- O ] o - R L

a. Weigh 0.1000 g of Quroxypyr analytical standard and quantitatively transfer to 2
100-mL volumeirie flesk. Ditute 10 volume with acctone to obtain 3-1000-:g/mL
stock solution. ' !

b. Weigh 0.1000 g of 4-amino-3,5-dichlore-6-fluoro-2-pyridinet analyticat standard
and quantitatively transfer to a 100-mL volumetnic flask. Dilute 1o votume with
acetone 1o abtain 3 10004ug/mL stock sclution. .

(4

. Weigh 0.1000 g of 4-amino-3,5-dichloro-5-fluoro-2-methoxypyridine enalytical
standard 2nd guantitatively transfer o 2 100-mL volumetric flask. Dilute 16 volums
with acetone to obiain a [O00-pg/mL stock solution. , -

- - . e - T . LA .

. d. Pipet 2.5 mL of each of the stock solutions in Sections G.2.a-¢. into a single
200-mL volumetric flask and adjust to volume with acetone 10 obtain a solution .
containing 12.5 ug/mL of e2ch compound. . . e

;. Chemical structures of the undcrivnﬁzed and derjvatized fluroxypyr, fluroxypyr-DCP,
and fluroxypyr-MP are shown in Figure 2, - t -

H. Gas Chromatography/Mass Spectrometry - Yoo -
' e ) M 4 1y ...',:,

Connect the guard column (Section E2.) to the capillary column (Section E.1.) using a
Press-Tight column connector (Section E.5.). Instal! the splitless column infet sleeve
(Section E.18.) and capillary column assembly in the split/splitless injection port of the
GC/MSD foliowing the manufacturer's recommended procedures. -

2. Typical Operatine Conditions — ~ ) _ -l
Hewlet-Packard Mode] 5890A gas chramarograph
". Hewlett-Packard Mode] 7673 automatic injector
- Hewlett-Packard Model 5971 A mass selective detector
¥ .. Hewletu-Packard Model G1034C data sysicm sofiware

Instrumentation:

Columns; i:'".‘!_ . '
\ -
Guard " | Restek fused silicz capillary
LT . 5mx053mmid.” 7. o
o o deactivated | .. | boZa e

Page 7oL 47
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Analytical

Temperatures:
Column

Injector
[nterface

Carrier Gas:
Head Pressure
Linear Velocity

Injection Mode:

Puarge Delay
- Spliter Flow
Seprum Purge

injection Volume:

Deitector:

Calibration Program
Electron Multiplies

Ions Monitored:

Triclopyr-TBDMS

3.5.6-TCP-TBDMS

-MP

Fluroxypyr-TBDMS
Fluroxypyr-DCP-TBDMS

Fluroxypyr-MP
Dwell Time:

DowElanco
Study ID: RES54145
Page 29

GRM 95.19

J & W Scientific fused silica capillary
Durabond- 1701 liquid phase
tOm=x0.18 mm i.d.

0.4-um film thickness

60 °C for 1.0 min

60 °C t0 255 *C &t 10 °C/min
255 *C to 290 *C a1 20 *C/min
290 °C for 2.75 min

260°C
280°C
helium
50 xP;
approximately 25 em/s

splitless

2 ul.

clectron impact selected ion monitering

maximum sensitivity auorure (Note N.a4)
1775 volts (= 280 voits above autotune)

m/z 312 (qua.nlil‘.alior-\)

m/z 254, 256, 314 (confirmation) (Section M.2)
m/z 254 (quantitation) .
m/z 256 (confumation)

m/z 211 (quantitation)
‘m/z 182, 210, 212, 213 {confirmation} (Section M.2))

m/z 311 (internal standard for triclopyr-TBDMS)
m/z 253 {internal standard for 3.5.6-TCP-TBDMS)
m/z 210 (internal standard for 2-MF)

15 ms

Mass spectra of the sbove wiclopyr and fluroxypyr compounds are shown in

Figures 3-8, respectivety,
. Calibration O

'rypicai calibration curves for the determinztion of -triclopyr‘ 3,5.6-TCP, and 2-MP arc

shown in Figures 9-1], respectively.

Page 8 of 47
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Typical chrornalograms ofa sundnrd fontrol sample, and 2 0.010-up/g recovery
sample far the delcrmination of triclopyr, 3.5.6-TCP. and 2-MP in sediment are
illustrated in Figures 12-20, respectively. None of the control samples in the method
validation study contained mlcrfcrcncc peaks at the retention times of the nnalytcs or
intemnal standards. . . I )

I_ : . . [E - 4‘[2- -]V : ![‘1 . E s l s.
I. Breparation of Recovery Samples ) -~

. Weigh 5.0-g portions of the prepared conteol 5il into a series of 40-mL. vials.

o

b. For preparing fortified sampics, use some of the samples 25 controls and fortify
the remaining samples by 2dding 1.0-mL aliquots of the approprisle spiking
solutions (Section G.].2.} in acetone to oblain concentrations ranging from
0.005t0 1.0up/s. A n:agcnl blank, conuining no sail, should be camried through

the method with the samples, - f

¢. Add 25 mi. of the 90% accwndlﬁ% 1. 0 N hydrochloric acid exm:uon soluuo':
10 the vial.

d. Cap the vial witha PTFE-tined up. nnd sonicate the szmp!e for approumalgly
5 minutes. oL ‘L ~1

c. Shake the sample for a minimam of 2 hours on a reciprocating shaker at

approxlmalcly I80 excumonﬂnnnum . C e
i : T
I

C:mnfngé th= sample m.l for 5 rrurmte.s at 2500 rpm

e

g Teansler the acemnefhydmchlonc acid solution into a clean S0-mL xrndnau:d
mixing cylinder. . Joay 1

.- ‘h.Répest Slcps Lle. -l' with 15 ml..ol' the: 50% acetone/ 10% 1 0 N hyd:ochionc
acid extraction selution and a 30-minutc shaking time, &

i, Combine the acctone/h drochlon: acid solution from Step L Lh. with the 25 mL
from Slcp I.l & and adjust to 40.0 mL with additional extraction solution.
‘ e ‘“‘f noa [

mmummmm D
{

'+ -j. Transfer an 8.0-mL portion of the ue\ondhydtochlonc acid soluuon fram
Step L.1.3. into a clean 40-rnL vial., .

i

-

k. Add §0 mL of dlsulled.fdmomzcd water :nd 10mLef25N sodlum hydrox:dc to
,.the sample vial. Cap the vial with a PTFE-lined cap, and vorniex lhz sample for
*"10-15 seconds. P

1. Add 5.0 rnLol'hcxmc 1o the sample vizl. Cap the vial, and shake th sample for
20 minuies on 2 reclprocaung shaker at approx:matc!y 180 cxcursnonsrmmmc.

! rn Cenmfugc lhssample ual fur 5 mmules at 2500 pm; T
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- Transfer the hexane (top] layer into a clean 12-mL vial,

©. Add an additional 5.0 mL of hexane 10 the semple vial. Cap the vial, and shake
the sample for 20 minutes on a reciprocating shaker ar approximately
180 excursions/minute.

p. Centrifuge the sample vial for 5 minutes at 2500 pm,

0. Combine the hexane tayer from Step L1.p. with the hexzne exirazt from
Step L1.n. and mix thoroughly.

r. Purify the sample using the following sitica ge! SPE procedure (Section M.4.3.):
4] Place a silica gel SPE eolumn on the vacuum manifold.

{2) Rinse the SPE column with 2.5 mL. of 1-chlorobutane, (Do not allow the
column bed to dry.}

Condition the SPE column with 2.5 mL of hexane, (Do not allow the column
bed to dry.) .

Place 2 16-mL vial in the vacuum manifold to collect the el*am in the
Iellowing step,

Transfer the samglc solution from Swep l.l.i]. ta the SPE column, and stowly
pull the s2mple through the column with the #id of vacuem. Collecs the
tluate in the [6-ml vial, (Do not allow the celumn bed to dry.)

. . (6) Rinse the sample vial with 4 ml of hexane, 2nd when the sample solution in
Step L.1.r.(5) is within 2 mm of the top of the column bed, transfer the rinse r
10 the SPE column. Slowly pull the rinse solution through the colamn with
the aid of vacuum, collecting the cluate in the same 16-mL vial,

3

—

(<

—

{5

e

s. Concentrase the hexane from Step L 1.4.(6) 1o approximately § mL using an
N-Evap cvaporator. {This extract, containing the 2-MP, will be further treatcd as
described in Siep 1.1.ff.) .

t, Traasfer an 8.0-mL penion of the ecctone/hydrochloric acid solution from
Step LLi. into a clean 1&-mL vial,

v. Concentrate the solution from Step 1.1.1. 1o less than 2 mL {but tot 10 dryness)
using ar N-Evap cvapomator. (Note N.2.)

v. Add 15 mL of 0.1 N hydrochloric acid to the sample viat, Cap the via), and
sonicate the sample for 10-15 seconds.

w. Purify the sample using the following Cy SPE procedure {Section M.a.b.):
(1} Place a Ci1g SPE column on the vacuum manifold.

{2) Rinsc the SPE column with $ mi of acetonitrile. (Do not allow the column
bed to dry.) .

*{3) Condition the SPE column with 5 mL of 0.1 N hydrochloric acid. (Do not
allow the column bed 1o dry.)

Page 10 of 47
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(4) Transfcr the sample solution from Step L.1.v, to the SPE column, and slowly
. pull the sample through the cotumn wuh the #id of vacuum, (Do not allow
© .. thecolumnbedtodry) . R
f (5) Rinssthe .umple. vial with 2'mL of 0. I \' h)dro:hlonc amd and Iransier the
rinse to the SPE column. Slowly pull the rinse soluuon through the column
with the aid of vacuum. KR sl

(6} Dry the SPE column undet vacuum fur | minute. - \
"™ " t7) Rinseihe SPE coluimin wnh 40 mLof a 20% secronitrile/S9% watcri]‘i
1.0 N hydrochloric acid solution, discarding the efuate. )
i 117 (8) - Elute the iriclopyr and 3,5,6-TCP with 3.0 mi of an 80% acclo:;ltnldw%
water/1%.1.0 N hydrochloric acid solution, collecting the cluate’in 2 40-mL
vial,

R R

e R T n i

B X. Add (] ml.ofO IN hydmch!onc acid, 5 guf sodium chloride {enough to saturate
. the solution), and 5.0 ml of 1-chiorobutanc to the sample vu] [

y. Cap the vial with a PTFE lined cap, and shake the samplc ro. 30 minutes on a
.+ reciprocating shaker ar approximately 180 excu-slo-uslmmmc N

z. Cenwrifuge the g_a!mp!e:vn.l for § minutes at 2500 rpm. e
toeg C e B PR

i R
‘ aa’ TFransfer the 1-chlercbutane (top) layer imo 2 clean 12-mL vial. {Note N.5.)

-bb. Add an additional 5.0 mL of j-chlorob to the sample vial: Cap the vial, and
shake the sample for 30 minutes on a mmprocaung shaker Rl #pproximately
180 cxcursnonslmmute. : .

ce. Cemnfuge the nmplc vial for 5 minutes a1 2500 rpm.

. dd, Combi t.hc tchlorobutane layer from Step L1.cc. ‘Wwith the 1- chlorobuune
extract from Step I, ).2a. and mix thomughly (Note N5}

_ ex. Concentrate the solution from Step LL. dd o npproxlmndy 5 mL using an

N- Ele evaporator. \
" B

E‘[‘ Tmnsfcr the hexane solution from Step L.L.s. io the abovc vial containing the
I-chlerobutane extract. Continue concentrating the solution to less than 0.8 mlL
{but not 1o dryness) using an N-| Evap €vaporator. (Nou N2}

g8. Add 100 pL of the internat siandard solution (Section G. 2 d.) and 100uL of
.. MTBSTFA derivatizing reagent to the sample vml v

hh. Adjust the volume in the sample vial 10 1.0 mL wuh l-chlombulane and firmly
. seal with a PTFE-lined cap, Vortex the sa.rnplc for S-IO scconds, and then
sonicate the sample far 5- IO seronds. s

. Place the sample vizl in an oven sct at 60 °C and nllow the mixture 19 react lor
60 minutes,

. . Remave the sample vial from the oven and allnw the r:::cnon “mixture 1o cool 10
room temperature.
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kk. Transfer the sample to a 2-mL sutesampler vial and seat the vial with 2 cap.

Il Analyze the calibration standards from Section G.1.[. and samples by capillary

gas chromalography/mass spectrametry as deseribed in Scetion H.2. Delermine

the suiiability of the chromaiogrzphic sysiem using the fotlowing pérformance

critena:

(1) Standard curve binearity: Determine that the comelation coclficient equals or
exceeds 0.99 for the least squares equaiion which deseribes the detector
responsc 2s a function of standard curve concentration. Il power regression is
used, the power exponeat should be betwean 0.50-1,10.

(2) Peak resolution: Visually determine that sufficient resolution has been
achieved for the analytes and internal siandards relative 10 background
interferences.

(3)" Appearance of chromatograms: Visually determine thar the chromatograms
resernble those shown in Figures 12-20 with respect to peak response,
bascline noise, and background interference. Visually determine that a
minimum signal-to-noise ratio of 5: has been anained for each analyte in the
0.01-pg/ml calibration standard (equivaient 1o 0.0 kg/g in soil samples).

2. Calculation of Percent Recovery

3. Inject the scrics of calibration standards described in Seetion G.1.£. and determine

the peak areas for the analytes and internal standzrds as indicaied below.

Triclopyr-TBDMS m/z 312 (quantitation), m/z 256 (Eonfimmation)
3.5.6-TCP-TBDMS m/z 254 (auantiwtion), m/z 256 (confirmation)
2-MP m/z 211 (quantitation), m/r 182 {confirmation)
Fluroxypyr-TBDMS m/z 311 (inlemal standard for triclopyt-TBDMS)
Fluroxypyr-DCP-TBDMS m/z 253 (interna standard for 3,5,6-TCP-TBDMS)
Fluroxypyc MP m/z 210 {internal standard for 2-MP)

b. For each standard, calculate each analyte's confirmation ratio. Usa the average

confirmation ratio for each analyte to confirm the presence of the analyte in the soil
samples. .

For example, using the data for triclopyr from Figure 12:

pezk area of confirmation ion
peak arca of quantitation jon

Conlicmation Ratio =

peak arca at sz 256

Confirmation Rafio =
peak arca at m/z 312

202

.Conﬁrmauon Ratio = Toes

Confirmztion Ratio = 1,375t

Page 12 of 47
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». ' Confirmation of the presence of the analyte is indicated when'the confirmation ratig

for the sample s within the range of £15% of the average found for the standards.

e For each smndn.rd- calculate cach analyts’ squanumuon rano: .
For cxamplc using the daa for wiclopyr from F:gute 2 T
, na e -
- N k area of quantitat
Quantitation Ratie” = - pel of quands fon on .
- peak area of internal standard i ion_

134

" Quantitation Ratie = cak area atm/2312 .
. " peak area al m/sz 311
e . 4965 ~ - - -+ e ey
2 Tt titation Ratig « = e N
T Quania L 241431

Quantitaiion Ratio = ooosu ) T

d. Prepare a standard curve for cach analy!e hy plomng the equivalent analyte.
concentration (as pg/g) on the abscissa (x-axis) and the respective quantitation ratio
on the ordinate (y-axis) as shown in Figures 9-11. Using regressian analysis,
determine the equation for the curve with respect to the abscissa, M -

. ‘ For exarnnlc using power rcgressmn (¢)] with the lr:clopyf dau l’rum Figure 9:
Y = constam x xexponent)
. . R ’ 7 llcxponcnt :
54 N X R L ) o *
- 4 sAeopstam ) o v

L llm:ponem
Triclopyr C = (lnclupyr quannlauon mlo) .

(/) eanstant
oo 1098471
Triclopyr Cone.” = (tnclopyr qu.mutanon nno)
072423

vg/p)
e. Determine the gmss coneemn.non in each recovery semple by substituting the

quantitation ratio obmncd mm the above equation md soivmg for lhc
\ ' concentration. — -

For example, using the mclopyr data Erom Figure 14:

(r.nclopyr qlumiuuon ratio

17098347
0.72423 ]
&

Triclopyt Conc. =
(gross ug/g)

PR T -
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1109347}
1 4
Triclopyr Conc. = (0;.0':‘-_7]
(gross pg/g) 072423)
Triclopyr Conc. = 0.009 pg/g

[. Determine the net concentration in each recovery sample by subtracting any
apparent triclopyr concentration in the control sample from that of 1he gross
triclopyr concentrztion in the recovery sample.

For example, using the triclopyr daa from Figures |3 and 14:

Triclopyr Conc. = Triclopyr Conc. - Triclopyr Cone.
(nct ug/e} (gross ug/g) {control pgfg)
Triclopy: Conc. = 00096 pg/g - 0.0000 pg/g
(netpg/e)
Tn'.élopyr Conc. = 0.0096 y3/g
(net)

g Determine the percent recovery by dividing the net concentration of cach recovery
sample by the theoretical conceniralion added.

@ Recovery = ComenmionFound oo
Concentration Added

00096 pg/g
Rec ———25 % |00
overy = 00100 ug/¢ x r
Recovery = 96% LT

L. Prepare reagent blaok, control, recovery, and treated samples 25 deseribed in
Section L.1.

2. Prepare a standard calibration eurve for iriclopyt, 3,5,6-TCP, and 2-MP, and determine
the pereent recovery for cach analyte as described in Section 1.2,

3. Determine the gross concentration of each analyte in each treated sample by
substituting the quantitation ratio obained into the equation for the standard calibration
curve, and calculating the.uncorrected restduc resull as described in Section L2e,

4, For those analyses that require correction for method recovery, use the average
recovery of all the recovery samples to correct for method efficiency. The following
procedure is used: . . ]

a. Detammine the gross analyte concentrations in the sample as described in
Section [.2.e. : :

Pags 14 ol &7
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b. Delermine the carrected anzlyte concentrations n the sample as follows:
oo T p ' -
Triclopyr Cone. =  Triclopyr Conc. l 'mA - J
{correcied ngle) (gruss "g;g) Average Percent Recovery
. » . Lo |
T . 100 |, .
i 40 Triclopyr Cone. = 00096 pglg X o e
 (corrected ug/g) i-106 = e

Triclopyi Cone. ="~ 0.0091 ugfg

tcun-u:md) e \

f +

K. © oS ]M isture N o

. Accurately weigh a [0-g portion of soil into a rared ajvminum wcighing dish.

2. Place the samphe tn an oven at 110 °C and alluw it dry for a minimum of 16 hours.

3. Remove the samplc from the oven and ptm in a dessicator comammg Drierite
adsorbent. Re-weigh the sample when 1l has cooled 1o room lempeﬂlurc

.. .

P74 Calculite e pereent motsmre(dry wc:;m bms)asfollows ol
. Percent Moistars = ——onEl oy 190 . . -

(dry weight basis) . dry soil.g

. (snmplc weight ' ) (samp]: weight
Percent Moisture before drying, g} ~ \after drying. g

(dry weight basis) sample weight after drying, g
' o 1 B B .

§

1 Détermine the analyte concenirations in the sample a8 described in S_écr.ion’], B

2, Dc:cmunclhc soil mo:smn: ag dcscnbed inSection K. , .

3. Dcu:rmme the dry We:ght analyte concentrations in the samples 3s t‘ollows

-

ol IR . 1 - o pre e T
[T T Tr::]operom: = Tnc]operonc » (l + M}
. ¥ (dry weightpg/p) ~ g/ CAe 100 . C e
' mwe L i oa ERE _
+ a1 ]
- S . R 5
L1 . - ] - 2 .-

Vi
Pape 15 el &7
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. 3

3 AssavTime

A 1ypica] znalylical run consists of a minimum of four standards encompassing the
expected range of sample concentrations, a reagent biank, a control (2 non-fortified
sample}, a minimum of 1wo fortified controls {one of which must be ar the LOQ), and
ten samples. This typical analytical run c2n be prepared in approximately ter hours,
followed by the chromatographic analysis. |

There arg several acceptable “stopping poinis™ in the method, where sa}nple preparation
(Sestion }) may be suspended withaut delcterious effects on the sample analysis. These
are indiczied below! | ! . T

a. Swep [:L.e. and Step LLh is possible to performi cither shaking operation for an
‘extznded period of time. In fact, greatest productivity will sccur when the first
shaking operation (Step L.1.¢.) is done ovemight,

b. Smpl,i.i.:._.z PR co oy AR
c. Siepl.lj. . e 3
4. Stepllg. ) ._ .
e, Step LLr(6). B ‘ ’ . . A
.f.AS'lep Lts.. °. W R . = R
g Swepllr - o
h. SteplLv. ‘
L SEDLIwBL - e .ot e et
- j- StepLldd, L e
k._‘s:;ﬁ i1 - D - i
1. Step L1M7 .
1f the ssmples are to be stored ove;-ni;ht,"u:e vials should belca.pped with PTFE-lined
caps. . AR

_ 4. Standardization of SPE Elution Profiles - oy L

 triclopyr, 3.5,6-TCP, and 2-MP.
+ "of SPE columns used to ensure optimum recovery and clean-up efficicncy. The

Variation in the silica gel and C g SPE coluthns may influence the clution profiles of
Xt is necessary to obtain an elution profile for each lot

following procedures can be used:

& Silica SPE Profile for 2-MP

(1) Toa 12-mL vial contzining 10 mL of h'cnné.'add 10 pL of the 100-ug/ml
. spiking solution (Sextion G.1d.), . e I
Place & silica gel SPE column on the vacusin manifold, .
Rinse the SPE column with 2.5 mL of {-chidrobutane. (Do not allow {_hé

column bed to dry.) .

Condition the SPE coiun'gn'wiﬂx 2.5 mL of hexane. (Do not ailow the column
bed to dry.) :

e EE TR T ¢

.
(3)

(4}
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" (5) Transfer the sample solution from Step M.4.2.(1) 10 the SPE column, and
slowly pul! the sample through the column with the aid of vacuum, eollecting
2-mL aliquots in 12-mL vials. (Do not allow the column bed (o dry.) )
{6) * Rinse the samplc vial with § mL of hezane, and when the sample solution in
Step M.4.4.(5) is within 2 mm of the 10p of the column bed, transicr the ringe -
1o the SPE column. Siowly pull ihe ringe solution through the column with
the 2id of vacuum, and contine to collect 2-mi aliquors in 12-mL vials,
(7}  For cach fraction collceted, 2dd 2.0 mL of | -chiorobutane to the sample vial.
(8) Concentrate the solutions o less than | mL (but fot 10 dryness) using an
N-Evap evaporator. (Notz N.2.} -
A (9) Proceed as deseribed in Scction 1.1.gg. through LU.IL
(10} Calculate the percent recovery for 2-MP as described in Section 1.2,

A typical elution profile is illustrzted in Figurs 21. If the elution profile differs
(ram that shown, adjust the volume of hexzne to bs collected in Step L.1.1.(6).

{n

(2)
@)
4}

15}
5y

m
(8)

{9

(10

X b. Cis SPE Profile for Triclopyr and 3,5,6-TCP

To a [6-mL vial containing 15 mL of 0.1 N hydrochioric acid, add 10 ul of
the 100-pg/mL spiking solution (Section G.1.4d.).

Place 2 Cpg SPE column on the vacuum manifold. -

Rinse the SPE columa with 5 mL of zcetenilrile. . .
Condition the SPE column with 5 mL of 0.1 N hydrochloric 2¢id. (Do net
allow the column bed to dry.)

Transfer the sample solution from Step M.4.b.(1) to the SPE column, and
slowly pull the sample theough the column with the 2id of vacuum., (Do oot
allow the column bed to dry.) : ’

Rinse the sample vial with 2 mL of 0.1 N hydrochlorie acid, and transfer the
rinse to the SPE column. Slowly pull the rinse solution through the column
with the aid of vacuum. ' ' i

Dry the SPE column under vacuum for | minwe.
Elwie the triciopyr 2nd 3,5,6-TCP with the dcetonitrile/hydrochloric acid
solution. ,

For the 40% accionitrile/S9% wéterfl % 1.0 N hydrochloric acid wluﬁon.
clute with 8 mL of the solution, collecting 1.0-mL aliquots in 40-mL vials.

For the 80% acetonitrile/19% water/1% 1.0 N hydrochloric acid solution,
elute with 8 mL of the salution, collecting 1.0-mL aliquots in 40-mL vials.
Far each fraction collected, proceed as deseribed in Section L1.x. through
LLIL

Caleulate the percent recovery for triclopyr and 3.5,6-TCP as described in
Section1.2, .

A typica clution profile ts illustrated in Figure 22. If the elution profile diffcrs
from ihat shawn. adjust the velume of the 40% acconitrile!S9% wares/1%,
1.0 N hydrochloric acid solution o be discarded in Step I1.w.(7) or the volume of

Page 13 0747
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* the 80% acetoniteile/1 9% waler/t% 1.0 N hydrochioric atid salution 1o be eoliccied
. in Step L.1.w.(8).., . . :

-~
. h

T . . .- .
.N' ¢m_ vyt PR Lok . P

: 5 - . ct A

|. Equipment, glassware. matenials, reagents, and chemicals considered 10 be cquivalant g
those specified may be substituted with the understanding that their performance must

. be confirmed by appropriate tests. Common [aborarory supplies are assumed to be

. . readily available and are, therefore, not listed. + . - gos- e f oy

. The N-Evap evaporator should be setat a water bath lcmpu:lure.;f 30°C anda
nitrogen {low rate of approximately 200 ml/min. At elevated water bath temperatores,
the 3,5,6-TCP.and 2-MP may volatilize, thereby reducing recoveries. - .

~

3. -The filters are used in the carrier gas supply lines 10 purify the heliom Enicring the gas
_chromtognph. . - B e e A

- [ TR R

. 4.-Several tning, or calibraiion, options are available for the Mode! 597X serics of
MSDs. The “Maximum Sensitivity Autotune™ feaiure was found te consistently yicld
approximately 5-10 times the sensitivity compared (o that of the “Standard Autowne”.

I D S ) +otg

' 5" In vansferring the I-chlorqb{:tnne layer, it is important not (0 remove any water from

the lower Jayer. Contaminating the 1-chlorobutane with water will have deleterious

effects on the derivatization and subsequent GO/MSD analysis.”
,. O Melegmss v . LA
. " I. HP-81CMICV Standard Appiicetions Handbook. Hewlet-Packard Publication No.
00041-90402, 1982, pp 42-48, - . T

T 2. Keith, L. B Crummett, W.: Deegan, J.; Litby, R A szl&. 1. K.; Wentler, G,
Anzl Chem., 1983, 55, 2210-2218. , o, . '

.
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The information herein is presented im good faith, but no. wamanty, express or implied, 1s given
nor is freedom from any patent owned by DowElance or by others to be inferred. In the hands of
qualified personnel, the procedures are expected to yield results of sufficient accuracy for theic
intended purposes, but recipients 2re cautionsd 1o confinm the reliability of their techniques,
equipment, and standards by appropriate tests. - Anyone wishing to repraduce or publish the

material in whole or in part should request written permission from DowElanco.
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Cl NP Cl . CII\/C!
| ' MTBSTFA_
/‘\ #~0 60°C, tir. 0/\, C(CH\)\

Q. : o] CH,
Triclopyr Triclopyr-TBDMS
Formuta: CylHaCl3NG; Formu'a: Cy3H gQ3N0;S:
Molecular Weight: 255 Molezuizr Weight: 369
I
Cl [ T Ci Cl
' ¢ . “MTBSTEA " Sy cxcH,J,
: E0°C, 1 br. [ i
L
. -l N OH Ci N/)\ CH-
. cH 3
3.56TCP " . ' 3.5.6-TCP-TBDMS
Formula: CsHChNO . Formula: Cy K ¢Cl3NCSi
Moleculzr Weight: 197 Muolecuiar Weight: 311

CIWCI

-
a” ~w" ocn,

. Z-MP ,

Formula: CgH4CI3NO
Molecuiar Weight: 211

Figure 1. Chemical Steuctures of Triclopyr, 3.5.6-Trichlaro-2-pyridinol and thc:r TBDMS
Derivatives, and 2-Methoxy-3.5 6-trichloropyridine
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-' Fluro'xy;z

.r‘= B N
Formule: CrHsClzFN20y
Molecular Weight: 254

NH,

A A0 -

=~ {1
.-"F/tn.\lAO'H T

"

Fliroxypyr-DCP .
Formula: CsR3CIFN;Q ©
Molecuiar Weight: 196+

MTBSTFA
60°C, lahr'. .

Fluroxypyr-MP
Formuta: CgHsClzFN20O
Molecular Weight: 210°
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ur

O, C(CH

- Si\'( 1
| "CH,
CH,

Flusoxyayr-TB DMS

Formula: ©)3H9C12ENZOSi
Molecular Weight: 368 -

.

NH,

Ol L Gl '
= ?(Cl"h);

A

F7ON

SSizes

Q7 | "CH,y
CH;y
Fluroxypyr-DEP‘-TB'DMS

Formula: CrH7CaFNL 05
Molecular Weight 310 1

Figuee 2.- Chemical Strucwures of Fluroxypyr; 4-Amine-3,5-dichloro-G-fluord-2-pyridinol and
their TBDMS Derivatives, and 4-Amino-3.5-dichloro-6-fluoro-2-methoxypyridine
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