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Glyphosate and
 Aminomethylphosphonic Acid (AMPA) in Crops

Gas Chro ma tog ra phy with Mass-Se lec tive De tec tion

First Ac tion 2000
Fi nal Ac tion 2003

(Ap pli  ca ble  to the de ter mi na tion of glyphosate and
aminomethylphosphonic acid in crops at 0.050–2.0 mg/kg.)

See Ta bles 2000.05A and 2000.05B for re sults of the
interlaboratory study sup port ing ac cep tance of the method.

A. Prin ci ple

Glyphosate and aminomethylphosphonic acid (AMPA) res i dues
are ex tracted from crops by mac er a tion with wa ter. The crude
ex tract is par ti tioned with meth y lene chlo ride and then sub jected to
a cat ion-ex change (CAX) pro ce dure. The analytes in the pu ri fied
ex tract are derivatized di rectly with a mix ture of trifluoroacetic
an hy dride and heptafluorobutanol. The amine func tional groups are
derivatized to form the cor re spond ing trifluoroacetyl de riv a tives.
The carboxylic and phosphonic acid func tional groups are
derivatized to form the cor re spond ing heptafluorobutyl es ters. Af ter 
derivatization, the ex cess re agents are evap o rated, and the res i due is
dis solved in ethyl ac e tate. The con cen tra tions of the analytes in the
fi nal ex tract are de ter mined by cap il lary gas chro ma tog ra phy with
mass-se lec tive de tec tion (GC/MSD). Quantitation is per formed by
the ex ter nal stan dard method with cal i bra tion so lu tions derivatized
con cur rently with the ex tracts. In this method, a highly sen si tive
de tec tion sys tem al lows small amounts of aque ous crop ex tract to be
derivatized with out evap o ra tion, thereby over com ing dif fi cul ties
as so ci ated with derivatization of aque ous ex tracts and analyte
ad sorp tion. The limit of quantitation (LOQ) is 0.05 mg/kg.

B. Ap pa ra tus

(a) Gas chromatograph.—Tem per a ture-pro gram ma ble for use
with cap il lary col umns; with data sys tem for de ter mi na tion of peak
mea sure ment; and an autosampler/in jec tor for au to mated anal y sis.

An a lyt i cal col umn: 0.25 mm id ´ 30 m, fused sil ica cap il lary with

0.50 mm film thick ness of cross-linked, 95% methyl–5% phenyl
sil i cone phase [Restek XTI-5 (Restek Corp., 110 Benner Cir cle,
Belleforte, PA 16823-8812, USA) or J&W Sci en tific DB 5.625
(J&W Sci en tific, 91 Blue Ra vine Rd, Folsom, CA 95630-4714,
USA); or equiv a lent]. A 4 mm id, sin gle or dou ble restrictor-type (1-
or 2-piece) in let liner, packed with a 1 cm long plug of silanized
glass wool or fused sil ica wool, is po si tioned in the mid dle of the
liner. Place the in let end of the col umn within the in let liner, 6–8 mm
from the bot tom restrictor of the in let liner. He car rier gas flow rate:
ca 30 cm/s at 180°C; equal to about 40–50 kPa (6–7 psi) at col umn
head. Tem per a ture pro gram: ini tial tem per a ture, hold at 90°C for
1.5 min, in crease to 300°C at 30°C/min (20°C/min if lim ited by
in stru ment ca pa bil i ties), and hold at 300°C for 4 min. An al ter na tive
pro gram for in creased res o lu tion is: ini tial tem per a ture, hold at 60°C 
for 1.5 min, in crease to 120°C at 10°C/min, hold at 120°C for
1.0 min, in crease to 300°C at 30°C/min, and hold at 300°C for 4 min. 
In jec tion port tem per a ture: 200°C. MSD in ter face tem per a ture:

280°C. In jec tion vol ume: 2–5 mL, de pend ing on analyte
detectability. In let sys tem: op er ated in the splitless mode, with the
in let purged 1.0 min af ter in jec tion. (Note: Sen si tiv ity may be

op ti mized by ad just ing the ini tial oven tem per a ture be tween 60° and 
90°C. Ad justing other pro gram vari ables such as in ter me di ate hold
tem per a ture and du ra tion may also be help ful.)

(b) Mass-se lec tive de tec tor.—A quadrupole in stru ment, ca pa ble
of pro vid ing pos i tive elec tron im pact (EI) mass spec tra with
se lected-ion mon i tor ing (SIM) over an amu range up to m/z 650;
op er ated in the SIM, low-res o lu tion mode; man u ally tuned, F(a), for 
m/z 414, 502, and 614 by us ing perfluorotributylamine (PFTBA).
Mon i tor the AMPA de riv a tive at m/z 446; the glyphosate de riv a tive,
at m/z 611.5. Dwell time: 100 ms.

( c )  P i p e t s ,  a i r - d i s  p l a c e  m e n t ,  s i n  g l e - c h a n  n e l
(Eppendorf-type).—Vari able-vol ume pipets with dis pos able plas tic
tips. Used for han dling underivatized aque ous stan dards, ex tracts,
and derivatized analytes and stan dards. Vol ume ranges: 10–100,

200–1000, and 500–2500 mL.

(d) CAX col umns.—Prepacked, dis pos able analyte prep a ra tion
col umns filled with 2 mL bed vol ume of strongly acidic cat ion
exchanger, 8% crosslinked sty rene divinylbenzene resin (AG
50W-X8), H+ form, 200–400 mesh [Bio-Rad Poly-Prep No. 731-6214 
(Bio-Rad Lab o ra tories, 1000 Al fred No bel Dr, Her cu les, CA 94547,
USA), or equiv a lent, is suit able].

(e)  Caps and derivatization vial.—Phe no lic plas tic,
polytetrafluoroethylene (PTFE)-lined, with 13–425 threads
[Wheaton No. 240408 (Wheaton Sci en tific Prod ucts, 1501 N. 10th
St, Millville, NJ 08332-2093, USA), Supelco No. 27141 (Supelco,
Inc., Supelco Park, Bellefonte, PA 16823, USA), or equiv a lent are
suit able]. Caps made from nonphenolic plas tic such as
poly propy lene are softer and may loosen dur ing derivatization.

(f) Vials, derivatization.—4.0 mL, screw-top, glass [Wheaton
No. 224702; Fisher No. 03-340-5N (Fisher Sci en tific Co., 2000
Park Ln Dr, Pitts burgh, PA 15275-1126, USA), or equiv a lent is
suit able].

(g) Evap o ra tion man i fold, with heat ing block.—Man i fold
ca pa ble of de liv er ing a gen tle stream of N to mul ti ple 4 mL vi als

main tained at 40°–50°C [Evap-O-Rac (Chem i cal Re search
Sup plies, PO Box 888, Ad di son, IL 60101-0888, USA), Techne
sam ple con cen tra tor (Techne, Inc., 743 Al ex an der Rd, Uni ver sity
Park Plaza, Prince ton, NJ 08540, USA), or N-Vap (Organomation
As so ci ates, Inc., 266 River Rd W, Berlin, MA 01513, USA) is
suit able].

(h) Lab o ra tory ho mog e nizer (ro tor/stator-type).—Lab o ra tory
ho mog e nizer/mac er a tor ca pa ble of hav ing the blade mech a nism
dis as sem bled for clean ing; or (i) be low.

(i) Lab o ra tory blender (War ing type).—Lab o ra tory blender
ca pa ble of hav ing the blade mech a nism dis as sem bled for clean ing,
with ca 1 L (1 qt) ca pac ity.

(j) Dis pos able poly propy lene cen tri fuge tubes.—50 mL.

Grad u ated, with screw cap, 28 ´ 115 mm [Corning No. 430291
(Corning, Inc., 45 Nagog Park, Acton, MA 01720, USA), Fisher
No. 05-539-9, or equiv a lent is suit able].

C. Re agents

(a) Sol vents.—Ethyl ac e tate, meth a nol, and meth y lene chlo ride; all
of high pu rity suit able for pes ti cide res i due anal y sis.

(b) CAX mo bile phase so lu tion.—Com bine 160 mL wa ter,
2.7 mL HCl, and 40 mL meth a nol.

(c) Acidic mod i fier so lu tion.—Com bine 16 g KH2PO4, 160 mL
wa ter, 40 mL meth a nol, and 13.4 mL HCl.

(d) 2,2,3,3,4,4,4-Heptafluoro-1-butanol.—98% (Aldrich
Chem i cal Co., PO Box 355, Mil wau kee, WI 53201-0355, USA, No.
H160-4, or equiv a lent).

(e) Trifluoroacetic an hy dride.—99%.
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(f) Citral.—3,7-Dimethyl-2,6-octadienal, 95%. Pur chase citral
in small quan ti ties, and as sign a shelflife of 6 months; keep
re frig er ated. A yel low color in di cates pos si ble poly mer iza tion;
re place dis col ored re agent.

(g) Citral, 0.2% in ethyl ac e tate.—Com bine 200 mL citral with
100 mL ethyl ac e tate. Pre pare fresh monthly.

D. Prep a ra tion of Stan dard So lu tions

(a) Glyphosate stock stan dard so lu tion.—1000 mg/mL. Place a

known quan tity (±0.1 mg) of ca 50 mg glyphosate into a ca 118 mL
(4 oz), nar row-mouth poly eth yl ene or poly propy lene bot tle. Add to
the bot tle a known amount of wa ter to pro duce a so lu tion con tain ing

glyphosate at 1000 mg/mL. Cal cu late WW, weight of wa ter needed
(g), as fol lows:

WW = 
W P D

C
S S W

S

´ ´

where CS = con cen tra tion of analyte in the fi nal so lu tion
(1.0 mg/mL); WS = weight of ref er ence stan dard (mg); PS = pu rity of
the ref er ence stan dard (100% = 1.00); and DW = den sity of wa ter
(as sume 1.00 g/mL).

(b) AMPA stock stan dard so lu tion.—Pre pare as de scribed in (a),
but use the AMPA ref er ence stan dard.

(c) In ter me di ate stan dard so lu tions.—100, 10.0, and 1.0 mg each

analyte/mL. Pre pare a sin gle in ter me di ate cal i bra tion so lu tion

con tain ing both analytes, each at a con cen tra tion of 100 mg/mL.

Using dis pos able poly propy lene trans fer pipets, trans fer 5.0 g

aliquots of each stock stan dard so lu tion, (a) and (b), into a sin gle,

tared, ca 118 mL (4 oz), nar row-mouth poly bot tle. Di lute with wa ter 

to a to tal weight of 50.0 g. In a sim i lar man ner, se ri ally di lute the

100 mg/mL in ter me di ate stan dard to pro duce stan dards of 10.0 and

1.0 mg/mL. Add 2–3 drops HCl to all stock and in ter me di ate

stan dard so lu tions, (a)–(c), as a pre ser va tive biocide. Store

re frig er ated at <5°C, and as sign a shelflife of 6 months.

(d) Working stan dard so lu tions.—225, 36, and 4.5 ng each

analyte/mL. Pre pare by se rial di lu tion, us ing au to matic pipets with

dis pos able tips, B(c). Use CAX mo bile phase so lu tion, C(b), as the

dil u ent for all work ing stan dards. Pre pare the 225 ng/mL stan dard by 

com bin ing 1.8 mL 1.0 mg/mL in ter me di ate stan dard, (c), and 6.2 mL

dil u ent. Com bine 0.80 mL 225 ng/mL work ing stan dard with

4.20 mL dil u ent to pro duce the 36 ng/mL stan dard. Com bine 1.0 mL

36 ng/mL stan dard with 7.0 mL dil u ent to pro duce the 4.5 ng/mL

stan dard. Pre pare fresh daily. These work ing stan dards will be

derivatized, E(e), to pro duce cal i bra tion stan dard so lu tions at 50,

8.0, and 1.0 ng/mL.
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Ta ble 2000.05A. Interlaboratory study re sults for de ter mi na tion of glyphosate in crops by GC/MSD

Ma te rial pair ID 0, mg/kg
a

No. of labs
b

sr RSDr, % sR RSDR, % HorRat
c

Re cov ery, %
a

C1 0.045 11 (1) 0.0067 15.0 0.0067 15.0 1.1 84.5

C2 0.368 12 (0) 0.0413 11.2 0.0680 18.5 1.0 87.5

C3 1.706 12 (0) 0.1809 10.6 0.3716 21.8 1.5 89.7

S1 0.046 12 (0) 0.0079 17.0 0.0091 19.7 0.8 88.1

S2 0.407 12 (0) 0.0427 10.5 0.0617 15.2 0.8 96.6

S3 1.774 12 (0) 0.1451  8.2 0.2905 16.4 1.1 93.3

W1 0.051 10 (1) 0.0046  9.0 0.0046  9.0 0.7 97.3

W2 0.386 10 (1) 0.0235  6.1 0.0441 11.5 1.3 91.7

W3 1.767  9 (0) 0.1970 11.2 0.3519 19.9 1.4 93.1
a

Cor rected by sub trac tion of the amount found in the con trol.
b

Each value is the num ber of lab o ra to ries re tained af ter the elimination of out li ers; each value in pa ren the ses is the num ber of lab o ra to ries re moved as out li ers.
c

HorRat = RSDR (found)/RSDR (pre dicted from the Horwitz equa tion).

Ta ble 2000.05B. Interlaboratory study re sults for de ter mi na tion of AMPA in crops by GC/MSD

Ma te rial pair ID 0, mg/kg
a

No. of labs
b

sr RSDr, % sR RSDR, % HorRat
c

Re cov ery, %
a

C1 0.046 11 (0) 0.0111 24.1 0.0111 24.1 1.0 87.5

C2 0.374 11 (0) 0.0413 11.1 0.0874 23.4 1.3 88.9

C3 1.699 11 (0) 0.2469 14.5 0.4215 24.8 1.7 89.4

S1 0.041 12 (0) 0.0097 23.7 0.0175 42.9 1.7 77.7

S2 0.364 12 (0) 0.0729 20.0 0.0872 24.0 1.3 86.6

S3 1.649 12 (0) 0.2501 15.2 0.3340 20.3 1.4 86.8

W1 0.048 11 (0) 0.0077 15.9 0.0135 27.9 1.1 92.4

W2 0.354 11 (1) 0.0400 11.3 0.0541 15.3 1.6 84.2

W3 1.671  9 (0) 0.1801 10.8 0.3883 23.2 1.6 88.0
a–c

See foot notes in Ta ble 2000.05A.



Note: Glyphosate (and to a lesser ex tent, AMPA) ad sorbs onto glass 
sur faces. This phe nom e non is es pe cially pro nounced with stan dard
so lu tions, but less pro nounced when ma trix is pres ent and af ter
derivatization. Vol u met ric glass ware can not be used for the
prep a ra tion of stan dards be cause glass ware can not be washed
ad e quately. Pre pare stan dard so lu tions on the ba sis of weight, us ing
an an a lyt i cal bal ance. Use au to matic pipets (Eppendorf-type), with
dis pos able plas tic tips, for han dling most aque ous test sam ples and
stan dards. Cal i brate au to matic pipets as di rected by the man u fac turer.
De vices for han dling test sam ples are given in ap pro pri ate sec tions.

E. Prep a ra tion of Test So lu tions

(a) Crop ex trac tion.—Place a 25 g test por tion of a ho mo ge neous 
crop into a wide-mouth, ca 236 mL (8 oz) poly bot tle. Es ti mate the
mois ture con tent to within 10–20%. (Values from nu tri ent ta bles are
ac cept able.) Af ter tak ing into ac count the amount of wa ter in the test
ma trix, add vol ume of wa ter that would bring the to tal vol ume of
wa ter to 125 mL. For ex am ple, a fruit crop that con tains 80% wa ter
would re quire ad di tion of 105 mL wa ter.

Mac er ate at high speed for 3–5 min, us ing a lab o ra tory

ho mog e nizer, B(h). Cen tri fuge for 10 min at ca 2000 ´ g. Use a
dis pos able glass pipet to trans fer 20 mL aque ous supernatant to a
50 mL dis pos able poly propy lene cen tri fuge tube, B(j). Add 15 mL
meth y lene chlo ride to the tube, and shake 2–3 min. Cen tri fuge for

10 min at ca 2000 ´ g. Use a 5 mL dis pos able glass pipet to trans fer a
4.5 mL aliquot of the aque ous layer to an 8 mL glass vial. Add 0.50 mL
acidic mod i fier so lu tion, C(c); cap and shake vial. Cen tri fuge for

10 min at 2000 ´ g.
Al ter na tively, place test por tion in a War ing-type lab o ra tory

blender jar, add wa ter as above, and blend at high speed for 3–5 min.
Trans fer ca 40 mL crude ex tract to a 50 mL dis pos able

poly propy lene cen tri fuge tube. Cen tri fuge for 10 min at ca 2000 ́  g.
Trans fer 20 mL supernatant to a clean 50 mL poly propy lene tube,
and con tinue with meth y lene chlo ride par ti tion ing step as de scribed
above.

(b) Ma trix-spe cific mod i fi ca tions.—(1) Dry crops.—For crops,
such as straw, that ad sorb large amounts of wa ter, re duce the test
por tion size to 12.5 g, leav ing the ex trac tion vol ume un changed.
Ad just the other aliquot vol umes as shown in Ta ble 2000.05C.
Pre pare work ing stan dards, D(d), at con cen tra tions of 150, 24, and
3.0 ng/mL. Pre pare cal i bra tion stan dards, derivatized in E(e), at
37.5, 6, and 0.75 ng/mL. (2) High pro tein crops.—For crops such as

dried beans, add 100 mL HCl to 20 mL aliquot of crude ex tract; cap

and shake vial. Cen tri fuge at ca 2000 ́  g for 10 min. Trans fer 15 mL

supernatant to a clean, 50 mL cen tri fuge tube, and con tinue with the
meth y lene chlo ride par ti tion ing step. (3) High oil crops.—For crops
such as nuts, use a dis pos able glass pipet to re move the or ganic layer
af ter the par ti tion ing with meth y lene chlo ride. Add a sec ond, 15 mL
aliquot of meth y lene chlo ride, and re peat the par ti tion ing.

(c) CAX cleanup.—Pre pare the dis pos able CAX cleanup
col umn, B(d), by shak ing the capped col umn and al low ing the resin
to set tle to the bot tom. Let col umn drain, us ing grav ity elu tion for
this and all other elu tion steps. With grav ity elu tion, the flow should
stop as soon as the liq uid reaches the top of the col umn bed with out
drain ing the col umn bed. Pro cess test sam ples in a timely man ner;
do not let the resin be come dry. Mul ti ple test so lu tions may be
pre pared by us ing an ap pro pri ate solid-phase ex trac tion (SPE)
man i fold, but do not use vac uum. Wash the resin with two 5 mL
por tions of wa ter. Use an au to matic pipet, B(c), with dis pos able
plas tic tips to trans fer 1.0 mL ex tract (rep re sent ing 0.18 g nor mal
crop or 0.09 g dry crop) to the col umn res er voir. Be cause the ex tract
may wet the sur face of the pipet tip, equilibrate the tip by
with draw ing and ex pel ling ex tract be fore add ing ex tract to the
col umn. Use care to min i mize dis rup tions to the col umn bed when
mak ing this and sub se quent ad di tions to the col umn res er voir. Elute
to the top of the col umn bed; dis card the eluate. Add 0.70 mL CAX
mo bile phase so lu tion, C(b), to the res er voir and elute; again dis card 
the eluate. Re peat with a sec ond 0.70 mL por tion. Elute the analytes
with 12.0 mL CAX mo bile phase so lu tion, col lect ing the eluate in a
50 mL round-bot tom flask. Evap o rate just to dry ness, us ing a ro tary
evap o ra tor, with the wa ter bath set at #40°C. Al ter na tively, col lect
the eluate in a 50 mL cen tri fuge tube, and evap o rate us ing a vac uum
Vor tex-type evap o ra tor. Dis solve the res i due in 2.0 mL CAX mo bile
phase so lu tion (for dry crops, use 1.5 mL). Dis solve the res i due by
swirl ing the flask to com pletely rinse the sides (only up to the neck);
then stop per the flask, and shake well.

Notes: (1) The method may be in ter rupted be fore evap o ra tion of
the CAX eluate. Ex tracts may be stored re frig er ated for #7 days
be fore the method is re sumed. Prederivatization ex tracts (af ter
evap o ra tion of eluate and redissolution of the res i due) may also be
sim i larly re tained. Do not store dried res i due with out ad di tion of
sol vent. (2) Low re cov er ies may be im proved, or prob lem atic
in ter fer ences may be re duced, by al ter ing the CAX elu tion scheme.
To the CAX col umn, add an aliquot of an ex tract from a con trol
ma trix for ti fied with analyte at ca 2.0 mg/kg; elute with 15 mL CAX
mo bile phase so lu tion. Col lect the first 3–4 mL eluate in 0.5–1.0 mL
frac tions. In crease vol ume to 1–2 mL per frac tion for the re main ing
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Ta ble 2000.05C. Pa ram e ters for cal cu la tion of fi nal crop-to-solvent ra tio

Pa ram e ter Sec tion Nor mal crops Dry crops

CCS = Fi nal crop:sol vent ra tio, g/mL G(a)      0.02 0.015

Wtest = Wt of crop ex tracted, g E(a), (b)  25 12.5   

Vsol vent = To tal vol ume of crop ex tract, mL E(a) 125 125      

Vcrude = Vol ume of crude ex tract aliquot com bined with acidic mod i fier, mL E(a)     4.5 4.5  

Vmod = Vol ume of acidic mod i fier added to crude ex tract, mL E(a)      0.50 0.50 

Vcax-aliquot = Vol ume of ex tract aliquot sub jected to CAX cleanup, mL E(c)     1.0 1.0  

Vcax-final = Vol ume used to dis solve re sid ual ma te rial af ter evap o ra tion, mL E(c)     2.0 1.5  

Vderiv = Vol ume of pu ri fied ex tract sub jected to derivatization, mL E(e)       0.050 0.050

Vfi nal = Fi nal vol ume be fore anal y sis, mL E(e)       0.225 0.200



eluate. Derivatize an aliquot from each frac tion, and an a lyze to
de ter mine the elu tion pat tern of analytes and in ter fer ences.

(d) Prep a ra tion of chilled derivatization re agent.—Pre pare the
derivatization re agent in a glass con tainer of suit able size with a
P T F E - l i n e d  c a p  b y  a d d  i n g  o n e  v o l  u m e  o f
2,2,3,3,4,4,4-heptafluoro-1-butanol to 2 vol umes of trifluoroacetic
an hy dride. Do not fill the con tainer to >75% of ca pac ity. Cap the
con tainer, and gently in vert con tainer 3–4 times. Care fully loosen
the cap to re lease any pres sure. Pre pare the re agent mix ture fresh
daily. Use a 2 mL dis pos able glass pipet to add 1.6 mL por tions of the 
derivatization re agent mix ture to 4.0 mL screw-top vi als, B(f). Cap
the vi als, us ing phe no lic plas tic, PTFE-lined caps, B(e). Place the
vi als in an alu mi num heat ing/cool ing block with 15 or 16 mm diam.
holes. Place the block on a slab of dry ice or in a pan con tain ing

crushed dry ice. Cool the vi als to –40° to –60°C, as mea sured by a
ther mom e ter placed in the block.

(e) Analyte derivatization.—Note: Use cau tion when han dling
chilled vi als; wear gloves. Use an au to matic pipet, B(c), with

dis pos able plas tic tips to add a 50 mL aliquot of ex tract or work ing
stan dard so lu tion to the prechilled derivatization re agent, (d), in the

fol low ing man ner. With draw 50 mL ex tract or stan dard into the pipet
tip. Place the pipet tip un der the sur face of the re agent, and slowly
re lease the con tents. Im me di ately rinse the pipet tip by re peat edly
with draw ing (3–4 times) re agent into the tip and re leas ing it into the
vial; al ways keep the pipet tip un der the sur face of the re agent.

Note: The vol ume of ex tract or work ing stan dard added to the
re agent mix ture must re main con stant for all derivatizations within a 
set.

Cap the vial, and re turn it to the cool ing block. Af ter all ex tracts
are pro cessed, re move all vi als from the block, and let vi als

equilibrate to room tem per a ture (25°C), check ing to en sure the caps
are tight ened se curely. Place the vi als for 1 h in an alu mi num heat ing 

block (15 or 16 mm holes) main tained at 85°–90°C. Af ter 5 min of
heat ing, check to en sure that all caps re mained tight ened se curely.
Shake vi als ev ery 15 min; en sure also that no evap o ra tion is
oc cur ring by check ing the level of re agent in the vi als. Af ter heat ing, 
re move the vi als from the heat ing block, and let vi als cool to room

tem per a ture (25°C). Evap o rate ex cess derivatization re agent un der
a stream of N, us ing an evap o ra tion man i fold, B(g), to fa cil i tate
pro cess ing of mul ti ple vi als. The N de liv ery tube of the man i fold
should be placed just within the neck of each vial. Dur ing

evap o ra tion, the vi als should be main tained at 40°–50°C. Once
ap par ent dry ness has been achieved, keep vi als un der the stream of

N at 40°–50°C for an ad di tional 30 min, be cause re sid ual
derivatization re  agents or by-prod ucts can af  fect  the
chro ma tog ra phy of the analytes. Af ter evap o ra tion, cap the vi als,

and let vi als cool to room tem per a ture (25°C). Promptly add 225 mL

ethyl ac e tate con tain ing 0.2% citral, C(g), us ing a 250 mL glass

sy ringe. (Add 200 mL for dry crops.) Min i mize ex po sure of res i due
to air. Cap the vial, and mix on a Vor tex mixer for 20 s to dis solve

con tents. Use an au to matic pipet (10–100 mL) to trans fer con tents to

a crimp-top autosampler vial con tain ing a lim ited vol ume (250 mL)
in sert.

F. De ter mi na tion

(a) Mass-se lec tive de tec tor tun ing pro ce dure.—Note: In place of 
the stan dard tun ing pro ce dure, the fol low ing pro ce dure is given as a
method for in creas ing the sen si tiv ity of the de tec tor. In ad di tion,

op ti mum detectability of the high-mass frag ments is achieved with a 
clean MSD elec tron source unit.

Use PFTBA as the cal i bra tion stan dard, and per form the tun ing
pro ce dure rec om mended by the in stru ment man u fac turer to en sure
the proper func tion ing of the de tec tor. Af ter a suc cess ful stan dard
tun ing, per form the fol low ing man ual tun ing pro ce dure. Se lect the
tun ing masses m/z 414, 502, and 614, with a scan range of m/z
350–650. Manually ad just the fol low ing pa ram e ters. Re duce the
amu gain set ting, thereby in creas ing the band width of the 3 tun ing
masses from 0.5 amu to a range of 1.5–2.0 amu. Widening the
band width fur ther in creases the detectability at the ex pense of
se lec tiv ity. Ad just the mass gain and mass off set to ob tain the proper
mass as sign ments, al though the in creased band width helps to
elim i nate the need for pre cise ad just ment. Op er ate the
mass-se lec tive de tec tor in the SIM mode, us ing m/z 446 for the
AMPA de riv a tive and m/z 611.5 for the glyphosate de riv a tive.
Pro gram the de tec tor to switch from m/z 446 to 611.5 half way
be tween the elu tion of the AMPA de riv a tive and the glyphosate
de riv a tive. Un less a confirmational anal y sis, F(e), is be ing
per formed, only one ion should be mon i tored at a time. Ad just the
elec tron mul ti plier volt age as needed to ob tain the op ti mum
sig nal-to-noise ra tio, while main tain ing a lin ear re sponse across the
cal i bra tion range.

(b) Equil i bra tion of chro mato graphic sys tem.—The derivatized
ma trix/analyte com bi na tion re quires that a thor ough equil i bra tion of 
the GC in let sys tem be per formed be fore anal y sis so that ac tive
ad sorp tion sites are de ac ti vated. In clud ing citral in the in jec tion
sol vent also helps to main tain a de ac ti vated in let sys tem. The
in jec tion of derivatized ex tracts con tain ing high lev els of analytes is
also help ful. This is es pe cially crit i cal when a new col umn or in let
liner is in stalled. To equilibrate the sys tem, make re peated
in jec tions, al ter nat ing be tween 2 in jec tions of a derivatized ex tract
and 1 in jec tion of a 50 ng/mL cal i bra tion stan dard, un til the stan dard
p r o  v i d e s  a  r e  p r o  d u c  i b l e  r e  s p o n s e .  S y s  t e m
de ac ti va tion/equil i bra tion may be ma trix de pend ent. As a re sult,
con duct equil i bra tion us ing derivatized ex tracts of the same ma trix
to be an a lyzed in the cur rent run. If other ma trixes are to be
sub se quently an a lyzed, re-equilibrate with a derivatized ex tract of
that ma trix. Do not an a lyze dif fer ent ma trixes within the same run.

(c) Sys tem per for mance.—The sig nal-to-noise (peak-to-peak) ra tio
for the 1.0 ng/mL stan dard should be $10:1. The AMPA de riv a tive
elutes at about 4–7 min, with the glyphosate de riv a tive eluting about
0.5–1.0 min af ter the AMPA de riv a tive. The peak width (at half
height) of the analyte peaks should be from 0.6 to 2.0 s. The RSD of
the re sponse re sult ing from re peated in jec tions of the 1.0 ng/mL
stan dard should be <10%.

(d) GC anal y sis.—Af ter equil i bra tion of the in stru ment, make
sin gle in jec tions of each of the cal i bra tion stan dard so lu tions: 50,
8.0, and 1.0 ng/mL. Make sin gle in jec tions of each of the test
ex tracts. Re inject the stan dards af ter ev ery 4–8 in jec tions of ex tract.
Af ter in jec tion of all ex tracts, in ject each of the cal i bra tion stan dard
so lu tions.

(e) Confirmational anal y sis.—Three ma jor frag ments can be
used for the de ter mi na tion of the AMPA de riv a tive: m/z 372, 446,
and 502. Three ma jor frag ments ex ist for the de ter mi na tion of the
glyphosate de riv a tive: m/z 611.5, 584, and 460. Al though m/z 446
and 611.5 pro vide the great est re sponse for the AMPA and
glyphosate de riv a tives, re spec tively, the al ter na tive ions can be used 
for con fir ma tory anal y ses. The al ter na tive ions may also be help ful
for elim i nat ing or re duc ing prob lem atic in ter fer ences.
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G. Cal cu la tions

(a) Fi nal crop-to-sol vent ra tio.—Using the pa ram e ters in
Ta ble 2000.05C, cal cu late the amount of crop rep re sented in the
fi nal ex tract, CCS, as fol lows:

CCS = 
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V

V V

V
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(b) Cal i bra tion, lin ear.—Cal cu late the re sponse fac tor, RF1–3, at
each cal i bra tion level, C1–3, by us ing the av er age re sponse, R1–3,
re sult ing from all in jec tions of the cal i bra tion so lu tion at that level.

RF1–3 = 
C

R
1 3

1 3

-

-

Av er age the re sponse fac tors, RF1–3, from all cal i bra tion lev els to
ob tain the av er age re sponse fac tor, RFavg. Cal cu late the per cent
de vi a tion, D1–3, of the in di vid ual re sponse fac tors from the av er age
as fol lows:

D1–3 = 
RF RF

RF

avg

avg

1 3
100

- -
´

If the de vi a tion of the re sponse fac tor at any level is >20%, fol low
the recalibration in struc tions, (d). Cal cu late the con cen tra tion of
analyte in the fi nal ex tract, CE, us ing sin gle-point cal i bra tion. Use
the RF of the stan dard with the re sponse clos est to that of the
un known, if the test sam ple re sponse, RS, is within 50–200% of the
stan dard re sponse. If the test sam ple re sponse is not within 50–200% 
of the av er age stan dard re sponse at any cal i bra tion level, use the
av er age RF from the 2 stan dards with re sponses that bracket the
re sponse of the test sam ple. Use the RF of the low-level cal i bra tion
so lu tion, equiv a lent to the LOQ, to de ter mine the back ground
con cen tra tions in con trols.

CE = RF ´ RS

Cal cu late crop res i due lev els in the orig i nal test sam ple, CR, as
fol lows:

CR = 
C

C
E

CS

(c) Cal i bra tion, non lin ear.—The lin ear re sponse range may vary 
by in stru ment. De vi a tions from lin ear ity are more com mon when
the cal i bra tion range is ex tended. A sec ond-or der poly no mial curve
fit is the rec om mended al ter na tive cal i bra tion to cal cu late CE for
non lin ear re sponses. When us ing non lin ear cal i bra tion meth ods, use 
a forced-zero y-in ter cept.

(d) Recalibration.—If recalibration is re quired, fol low the
pro ce dure out lined for equil i bra tion of the GC sys tem, F(b). If
sub se quent cal i bra tions are not im proved, pre pare new work ing

stan dard so lu tions, D(d), and rederivatize those stan dards to
pro duce new derivatized cal i bra tion so lu tions, E(e). Con cur rently,
rederivatize ex tracts, tak ing aliquots from the re tained pu ri fied
ex tracts, E(c). Re cal cu late the val ues of D1–3, G(b); if val ues still
re main >20%, use the non lin ear cal i bra tion, G(c).

H. Qual ity Con trol

Min i mum qual ity con trol re quire ments in clude ini tial
dem on stra tion of lab o ra tory ca pa bil ity and anal y sis of cal i bra tion
stan dards, re agent blanks, con trol sam ples, and lab o ra tory-for ti fied
con trols, as de scribed be low.

(a) Cal i bra tion stan dards.—Ini tial de ter mi na tion of in stru ment
per for mance in cludes the prep a ra tion and anal y sis of cal i bra tion
stan dards cov er ing the ex pected range of use. The pri mary
con sid er ation is the detectability of the analytes. The sig nal-to-noise 
ra tio ob tained from the in jec tion of a cal i bra tion stan dard at a
con cen tra tion equiv a lent to the con cen tra tion of analyte in a test
sam ple at the LOQ should be >10:1. Rep li cate in jec tions of this
stan dard should pro vide re sponses with an RSD of <10%.

(b) Re agent blanks and con trol ma trix ma te ri als.—Ini tial
re agent blanks should be run to dem on strate that all re agents and
glass ware are free from in ter fer ences. Note: This is ex tremely
im por tant be cause of the ad sorp tive prop er ties of the analytes. Run
at least one un for ti fied con trol ma trix with each set of test sam ples.
Con trol ma trixes are re quired when de ter mi na tions must be
cor rected for the amount of the analyte or the pres ence of
back ground in the ma trix, or when re cov ery data are re quired. For
re cov ery de ter mi na tions at 1–2 times the LOQ, the cal cu lated
con cen tra tion of back ground should be less than the LOQ.

( c )  L a b  o  r a  t o r y - f o r  t i  f i e d  c o n  t ro l .— A t  l e a s t  o n e
lab o ra tory-for ti fied con trol is re quired for each set to dem on strate
method re cov ery. For tify a known amount of blank ma trix at a level
equal to 1–2 times the LOQ, us ing the in ter me di ate stan dard
so lu tions, D(c). If mul ti ple test ma trixes are used, run one
lab o ra tory-for ti fied con trol for each ma trix. Cal cu late per cent
re cov ery for each analyte, cor rect ing for the back ground
con cen tra tions found in the con trol sam ple, (b). Re cov ery should be
70–130% of the for ti fi ca tion level.
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