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‘Fosamine Ammonium is the active ingredient in Krenite®
Brush-Control Agent., This is a product applied as a foliar spray'

for control and/or growth suppression of many woodyrspecies.

This document describes a sensitive. and selective method
for determlnlng fosamlne ammonium in soil down to 0.05 ppm us1ng
high performance lquId chromatography (HPLC) with detectlon by

thermospray_mass spectrometry (MS).

In the procedure, the fosamine ammonium is extracted'froﬁ
the so0il 1nto 50% methanolic ammonium carbonate. The suéernatant is
passed through a C-18 solid_phase extraction_(SPE)_cartridge,to
remove most.hydrophobicecontaminants and is reduced to a small
volume by rotovapping. The concentrated'extract!is_passed through
an additionathfIB cartridge in tandem with a strong anion exchange
(SA%) certridge. The‘effluent from the. SAX cartridge is evaporated
to dryness, dissolved in water and.chromatogrephed using'a 2% com SAX
-_analyt1c31 HPLC column. | Just prior to the elution of fosamine
ammonium, the effluent from the column is directed into the
thermospray mass spectrometer Fosamlne ammonium is detected'at the
M+l ion, 171 a.m.u., using 51ng1e ion monitoring-(SIM}. séé Figure

1 for a flowchart.
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APPARATUS AND REAGENTS

The ammonium carhonate used in the extractlng solvent is
HPLC grade (J. T. Baker Chemical Co., Phllllpsburg, New Jersey.)-
The water used throughout th1s method is pur1f1ed though a M1111-Q
. Water Purlflcatlon System (Mllllpore Corp Bedford,. Massachusetts).
The methanol used_1s_HPLC grade (Flsher Sc1entific,'Pittsburgh,
Pennsylvania). The'ammonium‘acetate used in the mobile phaee is
I99+% pure available from Aldrich Chemical Co., Inc., M@lwaukee,

Wisconsin as a Gold Label Reagent.

' The rotary evaporation system is a Buchi RotovaporQ
(Briﬁkmahn Instruments, Inc., Westbury; New York) with a water bath

operating at temperatures-up to 70°C.

The solid phaserextract1on (SPE) cartrldges used are Bond
‘Elut® C1l8 and SAX cartrldges, 6 cC capa01ty, catalog #607306 and 3.
cc capacity, #618313, respectively (Analytlchem, International
Harbor City,iCalifornia).. The charging eolutfons and the eluents
are poured into a 75 mL capacity reservoir, (catalog #607500
hnalytichem; as above). The reservoir is connected to the cartrldge
by an adaptor (catalog #636001{ Analytichem, asiabove). When
hecessary, two cartridges‘are cohnected to each other through the
same type of adaptor. The supernatants are.decanted,into the
_reservoirs and through the cartridges by applying‘an indirect
vacuum. This may be accomplished: by plac1ng them on a SPE manlfold
(Supeico, ch.{ Bellefonte, Pennsylvanla)_lf the effluent is. to be

collected in a 50-mL capacity tube. If the efflueht 1s to be

—6-
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coliected in a ﬁound-bottom flask, the reservoir and cartridge are
connectea to a wide bore Luer‘lock heedle.hhiéh is fitted into a -
rubber stopper. The efflueﬁt.exits-through the needle into a glass'
adaptor which'is connected to the flask via an.additional glass
adaptor with'a-side-arm'to #acuum;‘ See Figure 2 for a diagram of
fhe apparatus.. 6 All cartridgés are preconditioned by passing, 3 fo]s
mL of methanol through the éartridgé folloﬁed ﬁy 3 to 5 hL of water

" before use,

The effluenté are collected in 50-mL caﬁacity Kimble tubes’
and concentrated to ﬁryness'ﬁsing.a Meye:'“N—Evaéﬁ_Nitroggn ‘
Analyﬁical Evaporator"(Organohation,_Northborough;'Massachuéetts).

The'fi;ters.used are 0.45 u Millex HV filter units
(Mil;ipqré Corp., Bedford,fMassachﬁSe;ts,) |

The HPLC column is a 4.6 mm i.d. x'25 cm Zorbax® SAX column
(available from Mac—Mod Analytlcal Chadds Ford, Pennsylvanla) .The
‘HPLC pumps used for through column and post ~column addltlon are.
Spectroflow 400 solvent delivery systems avallable from ABI |
Analytical, Kratos Division,. Ramsey, New Jersey. The thermospréy
LC/MS unit is the Vestec 201 from Vestec Corporation, Houéton,_fexas
which is fitted with a dry ice cold trap (éatalog #00107-10601,
#40062—981004,-and # 40062-98-005 from Finnegan MAT Corp.,
Cincinnati, Ohio) before thé roughihg pump for the soﬁrce._ The data
system used is the MS Chemétation, HP 59970 from Hewlétt.Packara,

King of Prussia, Pennsylvania.
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m p _ -i n

The samples are received and maintained frozeh unless heing
prepared or analyzed The'ore—processing is ddhe as-qhackly as
p0551ble to m1n1mlze degradat1on of . fosamlne ammonium. | The'samples
are prepared by.plac1ng the entlre contents of a sample.into a heavy
“cloth or plastic bao; The hag isopounded with a woodeﬁ mallet until
. the contents are: broken 1nto small pleces of about 1 cm or less in
dlameter The bag 15 shaken to mix the pieces. & The entlre sample,
except for stones and plant mater1a1 1s passed through a mesh 31eve
-of about 5 mm (Slze 4) or less mesh size 5 by rubbing the thaw1ng

soil against the sieve mesh,

-k
+

About 30-g of the wet sample is 1mmedlately and accurately
deighed into -a 250-mL'centr1fuge tube.l The welght is recorded and
the First portioh_or*eXtracfing'solvent is added as,descrlbed |
below. Moisture Content‘of_the soil is determined on a‘seoarate
position.of sample ao that the final calculations can be done on a.

dry-weight basis.

. EXTRACTION

The sample is extracted-on a wrist action shaker for 15°
minutes with 3 x 100 mL portions of a 1:1 mixture of 4% w/v ammonium

carbonate : methahol. ‘After each extraction, the sample is

-8-
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centrifuged until the soil particles form a cake (about 5 to 10
minutes at 1000 rpm). The liquid is decanted. into a reservoir and

passed through a ClB SPE cartridge into a round bottom flask as

described in "Apparatus and Reagents".

The combined extracts are rotovapped to about’ 5 mL. The
conoentrated extract is. then passed through a ClB SPE cartr1dge
connected to a SAaX SPE cartrldge as descrlbed under "Apparatus and
Reagents"lincluding the'preoonditioning procedure.' The Cyg
oartrldge'ie the uPpermost oartridge and all charges end'tinses are
collected in a SO—mL capacity Kimble tUbe The round-bottom flask
is'rinsed with 2 to 3 small volumes of water and the rinses are
passed through the cartrldges The Cig cartridge 1s removed Any
residual fosamine ammonium rena1n1ng on the SAX cartrldge is eluted
by rinsing the cartrldge w1th 4 L of 0.2 M ammonium acetate fhe
comb1ned rinses are evaporated to dryness on a N- Evap under a stream

of nitrogen at tempe;atures up to 60°C. The dry tubes have been

held in the refrigerator for three weeks with no sign of degradation.

The résidue is dissolved in 4 mL of water using sonication
followed by vortex1ng to aid in d1ssolut10n The solution is passed

through a 0.45 u Millex HV filter. - ' : ‘ N

CHROMATQGRAPHY AND DETECTION

The thermospray MS system must be properly tuned.in

accordance with the manufacturer's instructions.

—9_
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The chromatographic system is allowed to eqhilibrate-uhder

the following eonditions_with the'thermos?ray'in “standby" eonditioh.

Column: - S 4.6 mm x 25 cm Zorbax* SAX
' ' ' analytical column

. Mobile Phase: N : 0.05 M ammonium acetate plus
. ' 6.0 g of glacial acet1c acid
per 11ter . o

Flow rate: . _ 1.0 mL/minute
Temperetﬁre: . 40°C
fnjection Volume:. ' - 100 uL

&

The system is de51gned to mix the column effluent with a
solvent of hlgh ionic strength before enterlng the thermospray
interface to improve 1onlzat1nn

Post-column edditive: ' © 0.5 M ammonium acetate

Flow rate: - .. = . 0.4 mL/minute .

The opt1mal temperature settlngs on the thermospray
interface will vary depending on the probe used The settlngs may -
also vary with the condition of the probe.and the vacuum system. The

following temperature settings are given as a. reference.

Tl (Stem): ) . 130°C

T2 (Tip): " 220C

Vepor: 3 .l” o S 230°C

Block: : " . 310°C N
Tip ﬂeater:' _ o : 300°ﬁ :

-10-
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After the‘systemhis equilibrated; the inte:face is kept in
a standby p051t1on and the 1nject10n is made. The retention time of
fosam1ne ammonlum is about 13 to 15 minutes and can bé found on the
day of analysis from a standabd 1n3ect10n. The ;nstrument remains
in the standby mode until ‘1 to.2 minutes before the eiotion of
fosamine ammonium. The tlmlng should be kept as consistent as
p0551b1e from 1nject1on to 1n3ect10n When the elapsed t1me is
within about two mlnutes of the elutlon of fosam1ne ammonlum, th
thermospray unlt should be sw1tched to the operate mode, the T1
temperature brought to the predetermlned opt1ma1 value, and data

collect1on begun.

rData is acqui;ed by SIM at m/e of 171 with 1ow resolution -

and a typical SIM dwell of 500.

_CALCULATIONS

The calcblatioﬁ for the amount of fosamine ammoniumgin a
sample or fortified control is made with the use of a“tespohse
faotor pased on the area the peak at thelretentiOn time of fosamine
ammonium. The response'factOr is determined‘from the average of all

standard injections'or‘from the standards bracketing the sample

being calcblated.

Calculate the response faptor’from a.standard injection
usiné 1., Calculate the ppm of fosamine ammoniUm‘in a sampie using

equation 2.

S =-11-
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Response Factor = . peak Area . = - )
pg/mL of fosamlne ammonium in the standard :

ppm of fosamine Peak Area x Final Volume of Sample. (2)
ammonium in = Response Factor X Sample Weight (g,
the sample- ~ -. - . dry -weight basis)

DISCUSSION

Recoveries were run on fortified conrrol’soil from Stine
Farm, Delaware and from. Fayettev111e Farm, North Carolina over a
range of 0.05 ppm to 1.0 ppm. These controls were fortlfled by
pipetting the appropriate volume of a 10.0 ppm standard solution of.
fosamine-ammdnium'onro weighed, dry soil in’a_oentrifuge bottle.
The bottle was shaken'briefly by hand and extraoting solvent‘was
nromptly added. Indlv1dua1 recoverles ranged from 55% to iZO%. The
average recovery was 84* + 19°'n = 20 w1th a 11m1t of quantltatlon,
of 0.05 ppm. Typical chromatograms of .a control controls fortlfled
at 0. 3 ppm and at 0.05 ppm (11m1t of quantltatlon), and a standard
,are shown in Figures 3 through 6,Irespect1vely.' Flgurelj is a
standard curve showing a linear response for fosanine‘ammoninm. See

Table I for recovery :data.

S L12-
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. FIGURE 1i Flow Diagram of the Method

Extraction with
3 x 100 mL of Ammonium

Carbonate : Methanol (1:1) . p Discard soil
. A 4 .
Pass supernatant through : :
a_C-18 SPE cartridge . > Discard
: cartridge

‘Collect chafge
and all rinses

[Rotary Evaporation to ~5 mL |

g
Pass_concentratelthrough a
C-18 SPEC cartridge in tandem
with a SAX SPE cartridge

‘ > Discard C-18
SPE cartridge

Rinse SAX SPE cartridge

with 4.0 mlL_of 0.2M ammonium acetate ) » Discard SAX
. ' : SPE cartridge

Collect charge
and all rinses

[Evaporate to dryness |

Dissolve residue in.
4.0 mL water

hromatograph J

-13-
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————— P reservoir .

~-----4 Cyg SPE cortridge

ooio--9 SAX SPE cartridge

“-$» To vacuum

FIGURE 2. Apparatus ‘for the solid phase extraction step

ot old4-
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FOSAMINE AMMOKRIUM STANDARD CURVE

0  AREA

»mM3D >

00T

UG/ML FOSAMINE AMMONIUM

FIGURE 7. Fosamine ammonium standard curve
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Table I: Recovery Data for
Method No: AMR-1107-88
Obtained on Soils from Fayetteville, RC and Newark, DE

Fortification’ : ___ % Recovery :

Level (in ppm) Fayetteville, NC ___Newar
0.05 | _ 76, 88 "~ 60, 120
0.10 R 68,84 55, 120
0.30 R 93, 67 .- 60, 87"
0.50 o 106, 110 74, 76
1.0 - 82, 89 S 79, 92

X = 84

s = 19

~20-
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