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# E: BN 2 SMEOIE-Ri% Y (gas chromatography-mass spectrometry, GC-MS)il 52 S A H- A 85 H- i &
HFEA YR B LB R 7% B (aminomethylphosphonic acid, AMPA)M T ik, ik THIBAKEREMSZ
SRR KEREL, BRRVTIER . CEEIE S G, 5 I CRRIFFA-L o T B T AR AL RO, SR
BB, TEIEPEES T Wil (selected ions monitoring, SIMYREE T #E4T 5 H B A4 B LRk e & B il 2, b
PRk, R THIBAH P EHBEE 0.001~0.050 ng/mL 8 Bl P4 2 B0 B8 PE (¢ 250 r’=0.9993), #6: i
R4 0.02 mg/kg, 5EHBR 7 0.04 mg/kg, 7 0.04.0.08.0.20 mg/kg 3 NERNAKET, SRR F 82.4%~93.4%,
XS AR HER 22N 7.8%~9.5% (n=6); 2 F ZLBEREZE 0.0005~0.0500 pg/mL i FE P9 2 B R 4 2 o (R O R 4
r’=0.9996), ¥ BN 0.01 mg/kg, FERFR A 0.02 mg/kg, 7E 0.02, 0.08. 0.20 mg/kg 3 MEMAKFT, FH [
Llﬁz%é%j 85.6%~96.8%, HHXIFRUEM 22N 5.7%~9.3% (n=6). G %y AN Tl AR H L, #F 54k 3
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Determination of glyphosate and aminomethylphosphonic acid residue in
Auricularia auricula by gas chromatography-mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of glyphosate and its main metabolite
aminomethylphosphonic acid (AMPA) in Auricularia auricular by gas chromatography-mass spectrometry (GC-MS).
Methods Dried Auricularia auricula samples were decolorized by dichloromethane, extracted by water,
precipitated by hydrochloric acid, precipitated by ethanol, and then derivatized with trifluoroacetic anhydride and

sevoflubutanol, separated by gas chromatographic column, selected ions monitoring was performed, the content of
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In dried
Auricularia auricula, glyphosate showed a good linearity in the range of 0.001-0.050 pg/mL (correlation coefficient

glyphosate and AMPA were determined in SIM mode and quantified by external standard method. Results

r’=0.9993), the limit of detection and the limit of quantification of glyphosate were 0.02 and 0.04 mg/kg,
respectively, the average recoveries were 82.4%-93.4% with the relative standard deviations of 7.8%-9.5% at the 3
supplemental levels of 0.04, 0.08 and 0.20 mg/kg (n=6); AMPA showed a good linearity in the range of
0.0005-0.0500 pg/mL (correlation coefficient r’=0.9996), the LOD and LOQ of AMPA were 0.01 and  0.02 mg/kg,
respectively, the average recoveries were 85.6%—-96.8% and the RSDs were 5.7%9.3% (n=6) at the 3
supplemental levels of 0.02, 0.08 and 0.20 mg/kg (n=6). Conclusion For dried Auricularia auricula, the sample
pretreatment process of this method is simple, its purification effect is favorable and their recoveries are proper,
which meets the requirements of pesticide residue analysis laboratory for the residue detection of glyphosate and
APMA in Auricularia auricula.

KEY WORDS: derivatization; gas chromatography-mass spectrometry; glyphosate; aminomethylphosphonic acid;

dried Auricularia auricula
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F T IR (glyphosate) & — i 7E 4 BRYE FEl A A A 1] 4 |
TR BRI, DIHAREE | R, B2 TR
HINE N I N M i RN R 22 955 NN =5 QN
SEAFEAE DI ] R 42 BRYE L P RO HE T L, S e fef
PR B T R KB 2015 AR 5D A 4141 (World
Health Organization, WHO) T J& i [E B % 4E BF 53 HL 14
(International Agency for Research on Cancer, IARC)K %o |
SN 2A EBUEY)IG, —LEEZ MM T R BH
fib . FIRREE . IR ST AR A (b sl BRI R TR, AR
FRANGRE] | B S A AN IR A ) R R B PR R
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UPIR, R B B A A s ) R 2 . BT 2009
ERATT GB/T 23750—2009 A= 5w H B ok B4
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T R it T 7k P 1) SR 2 - T v 0 ) AT
S 2 T A AR Al R 0 L o AR S e T A T
IRFR KRB 1% H R 1) FP s B0 J—ACHSHEA T H A
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ERICTTIEAY EE T BN, PIARIARE B X TR T
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ARG T A BB RE AR, SR A P e
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PRI, SR AR A 26 B4k Jr XA 02 Bk B AR HE v 24 it
BT ¥ BARL AP0 B BRI LR S = 6 IR T -
LU T R A A T AT AR A R S Y, e R - R
TS — MR | KBRS GB/T 27404—2008 52
W R R BRI ) TR, KA, R
R, T B A Hr R SE s = 4T 5 H i R ACH:
rh T R S LA 1 SRR AR e i, AR T
Tl 25 R 0 SRR AR S %
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1.1 MRS
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Ehrenstorfer A 7). 2 F JEBERRARHE S (A1 91.10%, fEE
Dr. Ehrenstorfer 24 #®)); - T EEGrHral) . &P bt
afi, g R R R R, WeERiR(12 mol/L, fi
geai, MG TR TATRRA ), ToK CBEGrirat, =25
LR FERA A, =R BB (rbraE, baim =
JRHEA R A, FPBERE s ali, Bl ib b D)L E A
FRAF MR FR(Eigat, f5EEREA R, LR KR
Milli-Q #&liK .
12 UFE5EE

JP-300C = 18 £ DI REM BEAIL (7K R T A 152 A BRZA
Fl); AE240 L4341 KF-(Fi L Mettler Toledo 24 F); Bl
(5 = Eppendorf 23 w]); MixOne {45 17 25 (5 NE A 2%
B A IR A FD; HY -6 AUZ NS T EIF AR T);
GL-21B A & i 3 %R B O WL (Bl 2 2 B AU T,
SCIENTZ-12ND HI¥ VR TR HLCT B0 2 LE MR B Iy
FR/NT]); LabTech EG20A plus T fdss % i v $ubie (b 7U3E
TAZRHMU B A PR F); KQ-500DE RIH s b 7 i 5 vk
ar(B L A GER AT PR 2 \l); QGC-36T AU X (L
S50 F]); DHG-9240A B H $HE R 8 R T4 (i —18
BB ARA A Milli-Q 28 F K &k 4 2% (£
Millipore 23 #]); Shimadzu GCMS-QP2010 Plus %U< 4H {15
JE TS (H A S HEA |
1.3 XLWHE
1.3.1 #HSara

WG BRI T gORBAZE 0.1 me) Tl BA AR,
FA 50 mL BURFELOAE R, A 10 mL — & FBE, 1857 1 min,
EIR(25 °C) iR 7, fiA 0.06 mol/L 5M&-/K ¥ 20 mL,
JRA] 1 min, ¥R$E 30 min, 8000 r/min 25.0> 5 min, B SmL F
BIHBES B0, A5 mL TKOEE, T 4 °)CTFA#K
2 h, 8000 r/min &> 5 min, 3 EBRITIEY), LRI
BHR, TR _E 50 °CZET, HEFIIIA 1 mL KB Z 3,
WAL S WG 0.45 pm K R IBIRS R A7 4R

fiite Al MERRIREL 0.05 mL ik B IR, MM F IS
BRI VAT B AT i AT A AR RO o ROW S R R, AT A/ N
F R E R T HEAFRRT, EHmA 0.5 mL
0.2%N 715 2. 0R R A, #875 RER i 0.45 pm A HLIE
JEE 2 AL/ NP REIAE .

RA PR A . IR R 5 RS L 2 VA
—3,
132 A7/ is ik e Be

PR EGE 5 T8 40 AN 28 R I 4 BE T B 0 ) B H g
S IEWERR 10 mg F 10 mL R, FHAKBHIES0E
2%, WOl BRI T N 1.0 mg/mL BIARMERE R

IRAFMEP R AERRE 1.0 mL FH bR ERE 5
W . 1.0 mL 24 B RRARVEE 4 T 100 mL 25 &0,
IR 2T, A5 FH B A0 SV 3 B R VR A A v R D
(10 pg/mL).

TRGPRE TAERR: 20 10 pg/mL FoH BRI 2
FH L IR IR S b P RT3 5.0, 2.0, 1.0, 0.5, 0.2, 0.1 mL
T 10 mL 500, FHZKEZS, 15 5.00 2.0, 1.0, 0.5, 0.2,
0.1 pg/mL IR GARETARR R . W 0.5 pg/mL % IR G 45
WETAER W 1.0 mL T 10 mL A8, FKESR, 5
0.05 pug/mL IS IRl TAEV R
133 AAEE-RiksEst

A DB-5SMS BT (30 mx0.25 mm, 0.25 pm);
B ARHE =99.999%), FH: 1.0 mL/min; JEEE MR
BE: 200 °C; #EORAEE: 270 °C; #ERE R TR ERR;
FeiE: 1 pL; JHERF: 80 °CHAEF 1.5 min, L 30 °C/min J+ %
260 °CH#3%5 2 min, FELL 30 °C/min F+Z 300 °CH£45 2 min; ¥
FIAER: 4 min; BFIRIRES: 250 °C; = BFEd
(electron impact, EI), 70 eV; MxZ = BE8E 1 Wik
(selected ions monitoring, SIM). HLH B Fl 2 H R iR it A= 1L
PR R L 1,
134 BAFHLTEHBATARRSZTE

BT i R B IR e B A SR (TR

X :CxfoXIOOO

)
mx 1000
o, ORI 7, HARRRAS(2)3H 5
f:V2><V4: 1x0.5 N )
VixV;  5x0.05

Ao XS T2 4 5% B i, mg/kg; C-AIRJTTARHE
AL AR S _E LI P 4 43 e B, ug/mL; V-
PRBGA MR, mL; m-RE SRR, g5 V-4 BUA M I 1A
H, mL; V- b A E R, mL; V-5 b BV
FTEERA, mL; VA4 J5 € R, mL.

®1 EEHBMSRERRITELCSINRERBRENEFER

Table 1 Retention times and monitoring ions of the derivatives of glyphosate and AMPA

Fa N2} {5 63 5[] /min WS - (m/z) W Es 12 /%
1 O 5.12 611%, 612, 584, 460 100:78:54:52
2 S TP AL R 4.45 446* . 372, 502 100:55:37

T N ERE T
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14 HimEkhiE 0.12 mol/L #hFR-/K AT I FLIBICR . AR

K JH Excel 2007 #EA7£k U404, SR SPSS 17.0
RA% AT 22 50 FIAR Gk 2 # o

2 GER5HH

2.1 EIRCIRSZLL
2.1.1  REGEA AL

P T T R LA = R SR MR, S TOK,
R EABF RO IBGR, HAs T 7K. 0.06 mol/L £RFR-7K |

120 106.48+6.80? 104.18+6.91°
99.82::4.06* \\} 1

100 | N\ \
S ot §
-
X
= 60 F
=
w40

20 |

0

7K 0.06 mol/L HCI-7K  0.12 mol/L HCI-7K

0.50 mg/kg HRRARE MBI S R, PR A ET AL PR 45—
H, A LR 3 FIARHREGE R 20 mL, #ME 1.3.1 247
AP, ZERWE 1, BB 1 A%, K. 0.06 mol/L EhFER-/K .

0.12 mol/L #h-/KIREUS, FH BN SRR Ay s hn [l
BEET 90%, 3 FMRBURT = H BRI 25 N B 2
(P>0.05); T 0.06 mol/L £RfZ-7K A1 0.12 mol/L £hlz-7K X H
FEBERR I FEIBERIR 22 AN 135 (P>0.05) o PRIB AR H i S5 /K
PR, INAERRR A ST R IR BOR P R R, 55
&, AHFITIRLER 0.06 mol/L ErfR-/K1E 4R BAT .

120

95.10+1.54% 99'587i3'08a

-

100 | 92.67+3.07°

B

60

40 +

R BRI/ %

20 +

0
7K 0.06 mol/L HC1-7K  0.12 mol/L HC1-7K

T BB LR VR IR B 3 0.50 me/ke; a~b: R FI/ING FEFREUE AL A G422 5 (P<0.05),
P 1 AN]SR e e (2 ) R Y R TR R () R B IR FE 88 (n=3)
Fig.l Comparison of extraction efficiencies of glyphosate (left) and AMPA (right) with different solvents (n=3)

212 At Xk

2 8 5 T ) A HE R e W K 3 i TS, R g
W 2H 43 AN 2 B L IR AT 0.06 mol/L hER- /KW
PG, SETFEIRQS °C)FH A beid il st it
AEFR ., AR R T B EAE K T IR R, AT K
Fo R B S 5 e R A R AR R A R A IR, RIE T R Ad
FERE R P WA AR AR (>S5 mL)

SR K M 2R 2 BT vk AT 5 RO
AT 5% T A [FHARF 50 2 B B A B4R BB A 7k v
LW TIE AL RE 1 S HL 0.06 mol/L R1R-/K $2 B 5 mL
FeEd, 9nA 056, 1.25, 2.14, 5.00, 20.00 mL
ToK M, PR 10%. 20% . 30% . 50% . 80%
M ZEEIVEMR, T 4 °CF¥H# 2 h, 8000 r/min B5.0> 5 min,
- LI, BORUEYH ki, TR TR
AT A FSFRE . SCIRZE IR, W& R R 50
WK, ZVEUTEY E R SR IES, 4R A B
F 50%LL L, ZHEUTEYEEIMAELS, HE 50%H
80% £ BELVE J i 15 B AR Hovh ZHISE D) I T L 22 R AN B
F(P>0.05)(E1 2). I, ASHFST e Zeit FHIRFL 040 50%11
CEIUTETRAE N SR K I P 22 W 0 25 BRI

30
2.76+0.09*
28 2.61i0.10"/i
2 2.6 |
£ 94t 2.26+0.132
]
f# 2.2
|
® 20}
18l 1.83+0.12°
16 F
48+0.16¢
1al 1.48+0.16

0 10 20 30 40 50 60 70 80 90
LBHRBGY 0%

T a~d: AFV/NG T RERORBUE R A G712 22 57 (P<0.05).
B2 ANE LA TR G B Kk 2 B £ Bk BE ) (n=3)

Fig.2 Removalability of water-soluble polysaccharides with
different volume fraction of ethanol (n=3)

22 ZMHFRESKERRESR

AR 1.3.2 FIR-AARE TAER 0.2 mL F 2 mL %
i, F% AR ARt E R B A,
TAC o) 3G e A 2 R B IR ST R VR Sl 0500, 0.200
0.100. 0.050, 0.020, 0.010, 0.005 pg/mL [H:FARME LAE
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W o VAAKCRERTR, VA3 v T 0 0 T ) 1 5 5 b ofe
TAR—3K.

FEHE 13,1 FATAE AL Bt B b T AR AR e
TAEHATRTAE, P f A=A LIRS = e B 43 3
0.0500.,0.0200,0.0100.,0.0050.,0.0020.,0.0010.0.0005 pg/mL.
DL B ML B B U B D R AR BR (X, pg/mL), HARME G W) E &
BB NIRRT . 2R KW, it
bR ME TARMROE B RAR B FOAR vl LARWR, R e
LI R AT A AL - 3 it AT IR MG R, MR
B S FEURIAE OC R B L3R 2.

A& B &Y & 8 T OGN E R T 3 5
{5 M LG (SN, X 17 e Bl s 7K~ S 75 v i BR (limit of
detection, LOD), Wi AE KT 10 f5{5ME HL(S/NYIE, SR it
BIPRAE AJ7 EE # PR (limit of quantitation, LOQ), |
AEPEH BN LOD A1 LOQ 43514 0.02. 0.04 mg/kg; %
L2 #9 LOD M LOQ 435318 0.01., 0.02 mg/kg.

2.3 ERMMITEMN

A5 R PR AR H I SRR HE M 2R BTE(S ) S KT
BRI ZRRER(S wen) HH LA T PEAN T ) B A R 1 L
UV (matrix effect, ME), BARIEAZA ME=(S 14/S s
-1)x100%22 . ME>0 2878 T il SR B3 ot H bs ik &4
2 A B FRIESR AN, ME<0 275 Tl A B F ot H
FRACA P02 B Ty . H2Y 0<|ME|<20%MF, i
MizERNFEUHES TR ERML, 4
20%<|ME|<50%FHt, Ry &R R T4, X4 |ME|=
50%IF, FEHHILFRON THEm A . a2 2 FrRAbRITA
AR, BORH R R P BIR N ME 2518
-13.1%F1 10.3%, 43 51| 2R 30 Ay 555 526 o 411 53 250 R 5553 2 Jot 34
SRALY o P, FESEBRAE SN RE I, AT B FH 2K S B o
SR AT PR B35 IO v o e A e R R SR R 119
gL,

24 FERWERSHEEE

PEEZS (SRR EE ARG, H IR 1.3 ik T
X AR HAE S AT e R . 0.08, 0.20 mg/kg 3

[

AR EEACE B I GRS, PATEER 6 K. S5 BUR,
AN E 7 o Sl N N = N (S I O 5 BN | T
82.4%~93.4%, MIXIRHEIRZE R 7.8%~9.5%, 2 FF SL %
R BB A8 AN B R 85.6%~96.8%, M A i 22
5.7%~9.3%, F&BIIZ I L T o SRR b oA 25 5% /Ay
BT ARG 223K
2.5 EERMEmIQN

BEALFE T b KT R ERE S 37 A, DA
AIF 5 J9T 8 ST 09 7 325 6 A o o 1 R M R R L M TR Ak
BRI AT R L AR R, A 12 A REA AR R
Jil, HA VLRI 0.058~0.904 mg/kg. B RS HAE &
T 8 ANHE A IR AG 20 R BRI IR, RS AR 0.023~
0.115 mg/kgo o H I A2 Y 3 W AR 7 28K BE v (i Ly 255
FIAEGS . BEPERE SR A 0.50 mg/kg We B 7K INARAE B Y
BT U T DU 30 I 2 R DA R A
B o 2 MR R, 12 A BE AR S B R T LA
0.064~0.904 mg/kg. M ER X A T3 45 & F B 2
i (5 5 AR ) RO 4 7 PR (0.1 mg/kg) P EA T 1,
11T AR 2 (B Hh PR R, NA AR R R 29.7%.
F T RRC T A 4 A B o O R R T SRR HE Y 2k
K, BT DL [ AR 18 S R R R g 17 P
LY B IV 1 R 7 N W5 R = < A i B 7 NI 2
Hh R R B R

3 4 i

AKX T ) AR EL PSR | W% i A
o, LRI AR, SRR AR AS BG4 7 X
AL BRBAR B A 2 BT T, A7 TR AL - i
T I 7 SRR L o T TR AN P SR R B B 1) A O 1
S5, 1205 TR AL B AR A TR BRACR I, Wl
R RE e, Tk 2 T T AR AR - e A Y S R ) A
R, AR i 3R I S 6 0 R R P R PP SR AR AR 24
PRI R RS

R2 KBEFNMBAEEREGPESBAMIPEBRITELSINEMESE. RETEMEXRY
Table 2 Linear equations, concentration ranges and correlation coefficients of the derivatives of glyphosate and AMPA in water solvent
and Auricularia auricula matrix solution

E TR /L 2y A W B Y Bl /(ug/mL) LIPEY (@)
K Y=77.715X-6.481 0.001~0.050 0.9990
HOH
JBRH Y=67.565X+13.05 0.001~0.050 0.9993
7K Y=216.82X-20.89 0.0005~0.0500 0.9994
ERR Y
HEORH Y=239.16X+113.0 0.0005~0.0500 0.9996
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£ 4000
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B3 EARE AR R (Ze) g PR IERR () Y 25 FURE G . FHAERE ST 0.50 mg/kg MITARAE il 40 5 B8 0 (15 14
Fig.3 Total ion chromatograms of glyphosate (left) and AMPA (right) in blank, positive and 0.50 mg/kg spiked Auricularia auricula samples
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