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influence the biosynthesis of amino acids in weed. The main representative varieties of amino acid organophosphorus
herbicides include glyphosate, glyphosate, bialaphos, glyphosate-trimesium and so on. These herbicides are widely
used in agricultural activities due to their broad-spectrum weeding capability and economically accessibility.
However, excessive and unreasonable utilization of these herbicide cause environment and food safety hazardous.
Due to the low residue of the herbicide, possessing high polarity and lacking chromophores in spectrum, it is
challenging to determine these herbicides by using conventional analytical methods. Additionally, there are complex
matrix components in various plant-derived foods with low residues, thus, for purpose of improving the accuracy and
sensitivity, it is very important to select appropriate analysis method based on characteristics of monitored samples
and analysis requirements. This article summarized the traditional and novel sample preparation method and detection
technologies excessively applied for determination of amino acid organophosphorus herbicide and metabolites
residues in plant-derived foods at home and abroad, and prospected the advantages, disadvantages and development
trend of analytical methods, so as to provide support for formulating simple, rapid and accurate new technologies and
methods for further study on food safety control.

KEY WORDS: foods of plant origin; amino acid organophosphorus herbicides; sample preparation
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VAR, EWNIMAERRE 33 1, FKE GB 2763-2019
(M ERRE B PR ATR R ) PIxtHH
JRlE RN e Jle ) Joe KBk B B 14310 1.0 mg/kg 1 0.5 mg/kg,
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Table 1 Comparison of standard limits at home and abroad

" i B R I K5k B PR R/ (mg/kg)
= PN SR v PO - - - — —
I 56 el &Y SRR S e KR Bkt Ok TRKE R
B B O 3~30 7~40 - 0.05 2~15 - - -
[ B £ S A T »
R 0.05~0.9 0.05~5 0.05~0.4 0.05~1 1.5~8 - 0.3 0.1
" O 0.1~5 0.05~7 0.2~3 0.1~0.5 2 1 - -
L 0.05~0.9 0.05~5 0.05~0.5 0.05~1 1.5 0.2~0.5 0.3 0.1
HOH 0.1~20 0.1~20 0.1~ 0.1~0.5 0.1~10 0.1~2 - 0.1~1
[l ¢z]
T 0.03~0.9 0.03~5 0.03~0.1 0.03~0.9 0.03~1.5 0.5 - 0.1
2 B 0.1~200 20 0.1~5 0.1~0.5 2~30 1~7 1.5 1
R 0.2~2 0.4~1.1 - 0.05~0.3 0.9~5 0.01 - 0.5~0.8
- O 0.1~30 30~40 0.1~0.5 0.1~0.5 15 1 - 0.2~1
L 0.1~3 0.05~5 0.05~0.7 0.1~1 2 0.3 - 0.1
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Table 2 Inspection standards of amino acid organophosphorus herbicide residues in plant-derived foods

Kt R

E R

Rl [zt i i 5 i T Y 225 3k
/(mg/kg)  /(mg/kg)
. - " B KA RE
OB e IR NY/T 1096-2006 SPE-fif4:-GC-MS G K 0.02 [14]
e " . R KRR
wHBE EFHEBER GB/T 23750-2009 SPE-{if4:-GC-MS s 2% & 0.05 [15]
. . BRI KA RE.
B R SN/T 1923-2007 SPE-fii4k:-LC-MS o 2% B 0.05 [16]
FH B A LR SN/T 1923-2007 SPE-fif/E-LC-MS At 0.1 [16]
X B3 KR RE
B IR o4 H R SN/T 3983-2014 SPE-{ii4-LC-MS jz't;i,k . AR 0.05 [17]
X SN N
o . BE KR RE
R IR SN/T 3983-2014 SPE-fijA:-LC-MS Gk 0.05 [17]
, " B, KR RE
B PR SN/T 4655-2016  QUEChERS-SPE-HILLC-MS =~ kR R 0.05 [18]
g% &t
N-Z. i B4 B KA R
Fg ) _ SN/T 4850-2017 SPE-HILIC-MS o 0.05 19
3-( LR % 1]
N-Z b5
L3 ; _ SN/T 4850-2017 SPE-HILIC-MS Uy 0.1 19
3-(FE L N e A [19]
e g GB/T . B KR RE .

B B £3200.108.2018 QuEChERS f74:-LC-MS %K 0.05 [20]
R d GB/T QuEChERS fif4:-LC-MS Zent . & 0.1 [20]
23200.108-2018 : A :

TR DB/T 3301-2018 ~ QuEChERS #j4£-LC-MS et 0.04 [21]

ASSCIRGERE S BTAL BRAIRGI R 2 7RI, 288 T &
B IA DLBRBR FR R B I oA 5k, S HU AL GERE
TP HT T LI B AL, I ERf . SN E R IR B b
IRRBR R B A 5% B 04 7 1 ST R vl S AR A —
SERAE, BRORE A4

2 EIRERE

GRS WU BR FERIRERCR, W K. EELL 2
B VA VR S R M T VA A E R AL S P i R BB R, AHL [ Bsf
BOBIANGR, WK, HERE TS . MY LR SR
KL, FRUI A, BAEFE AR SR T 2OR R S
TE AETAL T A B TR R D [l R R . B R
AEPRTy A -V ZE G . BAEZEEGE | iR AR R
QuEChERS % (quick, easy, cheap, effective, rugged, and safe)
TR M A% 25 bR 32 BUEE (quick polar pesticides extraction
method, QuPPe),

2.1 B-RERUE
W -BAEIAE i AR S a2 e 2 R E AR Y

BRI R, RBERIUE AR L HE H Y. FRS 2K ER
H B At MRV IR U, # il U e a2k
Bk SR R st R AT, I s S0 Bk b gk
B 10 e A Y TR IR LA R TR L - A T e A R B
PRI, AR 76.7%~93.0% . 1R 45 PR FH K -4 A3 U
WP R, IR 79.1%~92.8%, (RK-TRZEIUS &4
FLAk, X TR0 2% B il B T A3 BT 3k R v R T i DA At Ak
D7 AN EVOIET . FRRDTIET: | IR AR Bk 25 AR e
(1% & Camul
2.2 [EMEEBCE

[P R 4 3 ) D 08 v D, L 1 2 AR e 9 P
BEHRE it P 8 B BR AL S BT I8, 3 B 75 0 R B 4
B BB PP S g I A, %
TR FERREA WLBEBR 50 A PIPE RS, e bR
BESEANZE IS fr 203346480k ity P B 8 - s ek . HAth R AR
z‘iﬂiﬂiﬂﬂ C18 $£[27,32,34,35,49] . ¥7J($Hﬁaglz‘igj*j{[Z&M,SO,Sl]Lj&
RP FECO A i, (IR — . Sk RE AT BR, AT
A1 it L R a5 B G I T A e Al A e B 343637:43:52.531
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RN C g 1S 1C-Ag A1 ERIE LI LR R =P RS A
W PR, BB EDICE 85.2%~94.0%
23 fTHEREE

TR VLR = A AR B A st A, B
et H MAAS I M A . A7 AR A T BB AT AR ) B R AE
LA SRS YA E, SRR R, = AR
MM A =W OB - W2 sk 25 B A kA
(fluorenylmethy chloroformate, FMOC-C1)-5 B 55 Ff 4 ()
GOk BRIERGUTRL il AR A TR B g
A S, AT S =R O R/ VK BR TR - IR 2.8 — H IR/
SHRCTEEROY, CAEKER. B, A&, ARE . B
S5 e S v 5 ) g (2333041403540 i e Al A 00y 4 fiE
FMOC-C1 [ i B P P4 55 A I 1 62 o 0 A0 i T S M
W, B RNANTE 5 min, FH AN ER A H BR A
3 ug/kg, BEIHE 94.0%~116.0%, X bR 4E A 22 (relative
standard deviation, RSD) W 3.50%~7.1%. FME itk
TRES S B E IR IR S pH=11 AYBERR SR 2% s RIR A
60 °C F JZ K 10 min, = H B f1 & B AL % R
(aminomethylphosphonic acid, AMPA)K; HBR 514 1.
2 ug/kg, M 86.4%~98.1%, RSD /NF 4.3%.

FE J5 A7 A 8 R B AL B A Hom AT A R SRR —
T V350 5 2, W25 — S M S IO A BT 20 ¥ ) S W [ e g 124,
e A TR o ) A L i S A ek P
K R 43 5104 0.02.,0.01 mg/kg, [T 57.6%~88.3%, RSD
H 0.3%~17.3%.

2.4 B RHA QUEChERS 3%

QuEChERS J77k FE LRI, 4T ik AL, &
TN TR . BRSPS Z AR BRI AR
TERSTI £ i o 22 R SIS A AL Bk R0 7] s o 2 325 A gk
PIK 8K - B IR A R R A D SEBUA R, P44 i
AHZE O g AL RE S, AN IR AIBR K, i e
KR BARE A I EICREEAR . C 20 R b 5 B
R PR EZ 5, PSAL04L3  GeBPO MR 2 R
FRANKAT I H B o 20 T S P ORBE AS w2 i A
SR BRI A, 1 Cis. GCB. PSA ik, [Hlilk
% 80.3%~103.5%. MK QuEChERS ¥ AE4S G HE A
PP LR oRE, 1 A R D Z RERR K AT R PSA
BREFMIEBUR T AR MBS, BB ST SRR
T TR A TR Ay Gl 95%~116% . 74%~84%
98%~118%, fli i b ACRIT R,

2.5 MR APIRRZEUE(QuPPe 3%)

R B 2% B S 920 T QuPPe ¥k LA D B
T 52 Wi A 24 % 5 A A ) R 322 3 A K - R Ak PR o
BOA R, VLI 8 A SR AR RUR DY, IR 2 e 2 R

BAEBR IR 4R TP, C N A I KSR |
o N/ Iy 1 S = T LR By SR VIR T R |
R 003158620 Narong 2508 i Na,EDTA/R 1A 22 L,
454 HLB [EAHZERGSb, N TR 7 A BRI 5 B A
W, [ENR 92%~104% . Biancamaria 5P 4 QuPPe 1 Fl
[P P 2 B Y B3 S0 E e i AL 3 YA W S /N
FRRCH AR R, 2 TR IR AT A 8K, (T QuPPe ik
XoF Al AL AR (A At BR A 5, I 2R A i RE AR 5
FORBEBRGIE AT IR I VS . QuPPe JEPRE . fATE, Xf T
T HEDN R AR P 9 S R 25 ML R L 7] 5 v LA B B A
P, X HT A — e K,

3 RMFIE

£ R B2 AR W M L AR R I o
S 2B A DA 2 B A T 2P B A, R AT B PH
FES, AR T AL R, HERRA PSS, o
FE FOHERE A e 5k B o 2 RS AL R 000 5 B i P
W7 A R GRS | Ay | - R AR
A IR
3.1 YR

FRHEE L AN . PUR-PUR R Rk R
N, ARG TN B P RSO R | A A G AR
PR A 3 ) 8 A A SR A O3 OSIR  h aR A T E  )
Wi, o IR . IR IR S OO Ny K A e I R TR A
N R R AR EE, e ARAIBR A 1.15 pg/mL. [EAh
TR Al AL B9 ELISA A&, R T RE . Bk
WA, RSB 75, 15 nglkg. FETHEESH
RHIF R B 4 - T OB AR T BT PO K
RSN TSR b S A AR A, A BR 4R
9.8. 5.99 ng/kg, RSD 43514 2.03%~4.29% . 1.80%~7.30%,
51 2E e A I R U AR B RS o B A A A PR A
2 N AR 2T AT, 7528 B DL M
G3HTER BR Y S R 2 L RR REF .
32 @ik
32,1 AAMEEE

ZAT A A 3 P S SR R 2 AT WL 5k B 70 AR M R )
AT I PR ASCAH (T 2 0 2 fRT B S BT ANACR | B2 . B
EREM . BT IZEBREN ST A 2R T NE#HRTN
Rk, AL B ARSI B B I B 22T KR A
DFREAA o PR M E I T o, OV REM | &
R S BB 0 33 1 43 M7 K 5% T B J 0 % B % 9 % 5
A, KR4 14 0.05 mg/kg 1 0.02 mg/kg, RSD 4351
6.0~13.0%. 1.8%~5.6%, REEAFHERBIMMFTFE, £X
T PTRGE T R A R I VS L, BRI AR
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Lyt M AL, KR 0.05 mgke, RSD N
0.4%~7.8%.
322 RAMEEE

(DA AR €372

BIEEFRZA YIS BR R 2 A7 A b A5 21 HoAg FRAE R AT Y
Fr ) T Rl 28 MG 8 I G I A g 1242532 343947] - phgeg
T S V) PSR AMG T 257 245 nm K I oK & rp 2 H Rk A0
AMPA SR8 &, KR 1, 2 pg/ke, RSD /M 4.3%,
TR ZE AR TR S AT AR DRI A 7 K SR R P 2
FLACI P S gk ¥ 0 i, ORI 250 nm, RSP
395 nm, AN T BN LB ST A 1, Rt BR A 0.02.,
0.01 mg/kg, RSD N 0.3%~17.3%, Rojano-Delgado Z51*17¢
340 nm PEEAGTIN/INGE Hh ok BA A B R R FLARIATY, A PR
I35k 0.014, 0.025. 0.035 mg/kg, RSD N 2.7%~6.0%, 1H
43 L e WA 0 R 5 A AR AL Tk TE 4 4, X R A
RGBT B R . R

QB FaigE

B OGSk T AT A A RO, W T R A A v
AIAHE R, LIBIBHE 3L B 50 #50h R, RRACIT A
WA 4 A TC K L AL B ). AL DL bR B
Rk AL, EER P RER B, &AM
F OGS IR SRR B R B B, DA IR 4035 1) K T
SE A 7K SR F T R A R L R B R A I 1O, A o PR
0.09 mg/kg, RSD/NF 1.4%. [P HATC @b s Ji%
(ol NS AN S BN 7 L RN 2 e S R 7 A
ARARAE S TR Z b R B 350 B LA Rl A H
XA . AR AR R T L 2 R R R e R T
A3HE, TR BRAY B 0.047. 0.033 F1 0.05 mg/kg, RSD
$0.91%~12.5%.
3.3 BIE-FRIHKAE

A K ST T A ) g E I A BT AR R TR R, )
B2 T SR, P M A - R 1
PO BRI S B R 2 WL RR R sk e e k. B
W 22 0 F 0 66 1% - v R B S - sk . )
AHRAE RS- BTRE k. 8 1% - Bk R K AR -5
i/
331 AMEHE-Figk

- A AT A S R O R AR ) E A e
FREA B R ERHEE T, E A0 00E £ 5 5 H B
HACH A bR e ) e BB 0.05 mg/kg. HEPRE
FREACR AR BN 8 F 55 52 Z2 0 T Hh IR PR 45
SE DU R RO R BT, 2SR
TS H BT R S B B N W X, S5 AR
BFAD . e B X AR B L, AT e A i e R R Y
BOH A B IR, R R R, AR AT

0.01. 0.005 mg/kg, RSD 4 3.0%~7.3%.
332 RAREE-ikE

(1) S AH AR (% - o 1 1k

RS PR A A 5 5 AR AL I RE MR . R A,
TR B B N 2T S BRA AR 2O I 5
FURIE B 22 5 o W DA 3% 2% ARSI A7 A= AR
FPEEIR A WL R R R B . SRS T 1k &
BHLG B T4 A5 20 AT A AR i 1 S 04 i BT, R H
BN 0.5 pg/kg, RSD 4 0.6%~8.9%. Dasharath Z 2813t T
HLIE 5% B VR 60 PR A . RO KT AR
ohoRCH BE . AMPA | FEEEBE . 3-(FH L) N m
(3-methylphosphinicopropionic, MPPA), N-Z.Tt 544 sk B3
FIJTEE, BN TR R A A RIS B H g . AMPA | 4%
JlE B R K 0.5 pgrkg, KEFZEH K 2 pg/kg, MPPA Fl1 N-
BRI 2 B R33N 50,100 pug/kg, RSD M 2.1%~27%.
A LA AL PR b A BB 4T O mT o e R AT
EEMEYE G | /N | RS PR SR PO TR
2OV Sy YR €00 i - S IO JOR R 0 2 2 0 D A 2 v ke B )
FHE . MPPA | N-Z EREEE I . 2-(FF JLBEIL) 2 2 (2-methylpho
sphinico -acetic acid, MPA), #; B2~ 0.005~0.01 mg/kg,
RSD K 2.6%~6.3%, FHHh MPA T AN A o v 25 e i
PRI R 534, R DU i T R AL 2 St

Q)BT sk

B F 4 3% - T 3% 3 (fjon chromatography mass
spectrometry, 1C-MS) H # x AEA7 A= BIFE S 5 22 5% FH 4
FHEAE, X R BB LRI DU R R )
S A E B R T 40T . I IC-MS TA I ST AL
A, A AT S, B AR . B D PR R
TR, KRR 0.03 mg/kg, RSD 4 6.2%~12%, REH
JER IR, E MY IC-MS B0F58 E MR A HLERR L
FIER BB A, CAESY . KR B P13 3]
JHB26061 - Adams 25107 Melton 2561454 QuPPe Rij&b 3
TR KR PR (AMPA . N-Z 5t AMPA)FI
LR (MPPA . N- 2Tk R0 19 ) 5% B3 1 O i, s ARl 4
N-Z BB H B, #5857 QuPPe-IC-MS 32 (% Wil 3 Fil, B&
AMPA F1 N -1k AMPA £ B4 0.05 mg/kg Fb, HARFRE
F R HAR SRS 1 B4 0.01 mg/kg, RSD K 1%~12%., R
IC-MS 7 & JFe 11 2 2 J5t PRI B - (3 A3 1) AR J8 R AN
SRR O R RE R ) SR KA - RS

(3)AEAKAE - o i ik

K W P 2 AH 1 3R K AE A 3 (hydrophilie
interaction chromatography, HILIC)TE> 1% 58 SUA HAH (3,
TEANOR B AR e AL G ) A B S, RSN A T B,
T o AR B P9 A AT ] HILIC-MS JEAGAR 1k
AR RS b RS0 e Py R B A I
KA (AMPA) | R8I A (MPPA | N-Z T 5
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E W C AT IBRAEL S, BRASHAG R 0.1 mg/kg AP,
HA A R R 0.05 mg/kg, F44 GB 2763 FLAE BRI
BR o BRI AR ZGBR B S S0 = AN B 7 QuPPe Al vk
Pk, ANWE 3 & SRR AR S . BRERIA RIS S,
FHMUETT S e OO S . R . T R
AER E G, R HILIC-MS 358 KB/ 80% £
ST R A 0.1 mg/kg Ab, HAym Gk E & ah 2B
HBR 9 0.02 mg/kg, RSD 9 1%~12%, o PIFRIETT 15 R
A, R
34 EMEBKE

EYNE Bk Bh o R B R, AR e
BRGNS b DRI B A L 25 AR A2 . AN SR R
BAAT B VKB, Yoshiaki 271 S CE-MS J5 3k H %
ERMHEHBE . AMPA ., L. MPPA FUBUN 25

BRBH, TR ST PR E R AL, & tHBRA 0.5~10 mg/kg, RSD
N 1.3%~27.7%. Sung 577 R R . AMPA Fl
TR B UK, BB 1~10 pg/keg, RSD K
11%~24%. Gotti 253N SPE il Jm 11T A= 1/ INZE B S AEiZ
SRH BB AN FLUK R 2 A R T IR R P R IR R i AR B, A
HBRA> 3124 0.1 #10.05 mg/kg, RSD /NT 6.5%, Wei &P
VS B BRI B R B A VG 2240 L K TR RE S E A B
TR BN IKAL, 65 s BRIl SEBUAGI 2> 8s, #6 i
B 43511k 0.05 1 0.02 pg/kg, RSD H 1.1%~3.4%. B4,
VKA . AT S8 FRAR T, 2 SR = 5
FH, BB 2 b P S R S B o R 5 1 11
BRI, ATHHEA — 7 R TR .

I A SR A A U £ P U R A ML B R A% B
SRR IE A DL gE gk 3.

&3 EYRME ST EERXENBRERNRE DN EARR

Table 3 Overview of analytical methods of amino acid organophosphorus herbicides in plant-derived foods

1T hh L [IPLELYIRES VA IWIRES ik
i - IC-CD [69]
PU - CE-MS [71]
kL. T - LC-MS [70]
i i SR - HILIC-MS [40]
KR B - it A A S [63]
Znt - A2 5% R A [64]
FkK. MNEL KT - ELASA [65, 66]
SR LG - PCAG IR [67, 68]
BN ZEnt QuEChERS LC-MS [56]
KR B QuEChERS IC-MS [57]
a. KR B QuPPe HILIC-MS [62]
/NI LN QuPPe IC-MS [60, 61]
EWEE | N SPE;QuPPe LC-MS [51]
K& QuPPe+SPE HILIC-MS [50]
fEk . KR B, ARt SPE HILIC-MS [48, 49]
FAE B, KES SPE IC-MS [52]
KE. KoKk, wB. 5. . Zmk TR HE BU+SPE IC-CD [34-37, 43]
INEE TR ZE AT A LC-UVD [39]
[V A NISA TR BT A CE-LIFD [38]
Znt QuEChERS+HiTE GC-MS [30]
Be. KR B, wY . FEn QUEChERS+{i74= LC-MS [29, 31, 41, 54]
KR B SPE+{i4: GC-ECD [44]
R SPE+i} -FPD 46
Pl " INEE ! SPE+;¥;i SEC-UVD {531
(FiAE ) .
At SPEHiTA: LC-MS [42, 45]
MG T BU+SPE+HT A= GC-FPD [33]
SR, by I % 2 BU+SPE+i7 A= GC-NPD [23, 27]
N I % 2 BU+SPE+i7 A= LC-UVD [25]
. SR, &Y TR A BU+SPE+HATAE LC-FLD [24, 32, 47]
LTk 5 NI L 1 TR A I+-SPEHIT A= LC-MS [26, 28]
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4 RESRE

IR A LB 70 B R SRR IR, R R 2 A
i — s MERE, BT RS v ARSI 7 125 18 R AR 22 PR
) e LA, S X £ i R 2 5k B A T
DRI, AR5 3 9 40 5 9 0 48 e A O 194 At 38 A R
[ CEPQE

TRRAE BRI R S B4, (HRAAAEA DA R 15
QEIRSEAF BT, ARAC IO B0 . TR, i 2
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