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Abstract . Glufosinate ( GLUF) and glyphosate ( GLY) are nonselective phosphorus-containing

amino acid herbicides that are widely used in agricultural gardens and noncultivated areas.

These herbicides give rise to a number of key metabolites, with 3-methyl phosphinicopropionic
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acid (MPPA) , N-acetyl glufosinate ( N-acetyl GLUF) , aminomethyl phosphonic acid (AMPA) ,
N-acetyl aminomethyl phosphonic acid ( N-acetyl AMPA ), N-acetyl glyphosate ( N-acetyl
GLY ), N-methyl glyphosate ( N-methyl GLY) as the major metabolites obtained from GLUF and
GLY. Extensive use of these herbicides may lead to their increased presence in the environ-
ment, especially aquatic ecosystems. An increasing number of research studies into the toxici-
ties of GLUF, GLY, and their metabolites have shown that these herbicides are potentially toxic
to aquatic biota. GLUF and GLY, as well as their metabolites, are extremely polar and water-
soluble, and they lack chromogenic and fluorescent groups; therefore, their concentrations are
difficult to determine using conventional methods. Most analytical methods used to date have
largely depended on derivatization procedures, leading to overall determination processes that
are tedious and time-consuming. Therefore, establishing a quick and sensitive method that does
not require derivatives for determining GLUF, GLY, and their metabolites in water environ-
ments, including surface water, sediments, and aquatic organisms, is an important endeavor.
In this study, a new approach was developed based on pass-through solid-phase extraction
coupled with ultra-high performance liquid chromatography-tandem mass spectrometry ( UH-
PLC-MS/MS) to determine GLUF, GLY, and their metabolites, including MPPA, N-acetyl
GLUF, AMPA, N-acetyl AMPA, N-acetyl GLY, and N-methyl GLY, in sediments. Samples were
extracted with 4% (v/v) ammonia water and purified using PRIME HLB pass-through solid-
phase extraction columns. The extracts were filtered through a polyethersulfone microfiltration
membrane and analyzed by UHPLC-MS/MS. Compounds were separated on a Metrosep A Supp
5 column (150 mmx4. 0 mm, 5 pwm) using gradient elution with water and 200 mmol/L ammo-
nium hydrogen carbonate solution containing 0. 05% (v/v) ammonia water as the mobile pha-
ses. Analytes were detected using MS/MS with a negative electrospray ionization (ESI™) source
in the multiple reaction monitoring ( MRM ) mode. A matrix-matched external-standard ap-
proach was used for quantitative analysis. GLUF, GLY, and their metabolites were detected
within 15 min with good peak shapes and high responses. Calibration curves were linear in the
range of 2. 0-200 pg/L, with correlation coefficients exceeding 0. 995. This method delivered
limits of detection (LODs) and limits of quantification (LOQs) of 5 pg/kg and 20 ng/kg, re-
spectively, for GLUF, MPPA, N-acetyl-GLUF, N-acetyl] AMPA, N-acetyl GLY, and N-methyl
GLY, and 10 pg/kg and 30 pg/kg, for GLY and AMPA, respectively. Average spiked recoveries
at three levels (LOQ, 5LOQ, 10LOQ) in sediment with low organic matter content were in the
range of 78. 5%—-107%, and the relative standard deviations (RSDs) were in the range of 1. 32%
-14.7% (n=6). Average spiked recoveries of 76. 4% —113% were determined for three levels
(LOQ, 5LOQ, and 10LOQ) in sediments with high organic matter contents, with RSDs of
2.60%—-11.2% (n=6). The developed method was used to analyze GLUF, GLY, and their me-
tabolites in ponds, lakes, reservoirs, and river sediments. No target compounds were detected
in any sediment sample obtained from a lake, reservoir, or river; however, GLY and AMPA
were detected in one pond-sediment sample at levels of 31. 7 and 52. 3 ng/kg, respectively. The
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developed approach is simple, fast, and green; moreover, it offers advantages, including high

accuracies, high sensitivities, and good reproducibilities. Accordingly, the developed method is

suitable for determining GLUF, GLY, and their metabolites in sediments and can provide tech-

nical support for studying residue characteristics and environmental behavior in sediments.

Key words: ultra-high performance liquid chromatography-tandem mass spectrometry ( UH-

PLC-MS/MS) ; pass-through solid-phase extraction; glufosinate; glyphosate; metabolites; sedi-

ment; non-derivatization
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~12.0 min, 95% B; 12.1 min 10% B; 12.1~15.0
min, 10% B,
1.5.2  fpuig st
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(MRM) ; %55 Fi Hs . =2 500 V; 2§ TR EE 600 C;
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Table 1 MS parameters for the eight target compounds
Parent ion Product ion Declustering Collision
No. Compound Compound abbr. (m/z) (m/z) potential/V energy/eV
1 glufosinate GLUF 180.0 63.0" -60 -68
85.0 -27
2 3-methyl phosphinicopropionic acid MPPA 151.0 63.0" =50 =50
133.0 -19
3 N-acetyl glufosinate N-acetyl GLUF 222.0 63.0" -40 -86
136.0 -27
4 glyphosate GLY 168.0 63.0" -40 =37
79.0 -60
5 aminomethyl phosphonic acid AMPA 110.0 63.0" -60 -26
79.0 -34
6 N-acetyl aminomethyl phosphonic acid N-acetyl AMPA 152.0 63.0" =50 -42
110.0 =20
7 N-acetyl glyphosate N-acetyl GLY 210.0 63.0" =70 -53
150.0 -19
8 N-methyl glyphosate N-methyl GLY 182.0 79.0" =50 =50
63.0 -83
* Quantitative ion.
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Fig. 1 Chromatograms of the eight targets (20 ptg/ L)

in the mixed standard solution
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Fig. 2 Effect of volume fraction of ammonia water on the recoveries of GLUF, GLY and their metabolites (n=3)
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Fig. 3 Effect of extraction temperature on the recoveries of GLUF, GLY and their metabolites (n=3)
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0.995, &L 3-H ILBEIR WL N MR | N- £ Ik o 8k
Ji N- 2. BRI IR  N- 2 e H il V- s
BERRE R R M 5 wg/kg, E wEFR M 20 pg/kg; B H
i A LR A AG H BR M 10 pg/kg, 22 E=BR A 30
pg/kg, AT ERBE R, & HFURY b
GLUF \GLY M AR 43 Hrill 2 .
252 EREFEEE

DU T A HLIT X GLUF , GLY K AR
FEAE R SR A AL B e H bR 4 4 R i L
A EBW, BRI LTS 1S TR &
(AP R 2.32% ) s A LIBT3 & 125 [T
FURES (AN S8R 7. 81%) , BEE 3 IMndrok
F-(LOQ,5LOQ.10LOQ) , H:H GLUF MPPA N-ac-
etyl GLUF ., N-acetyl AMPA, N-acetyl GLY. N-
methyl GLY #/iliA57K-F- 7351k 20,100,200 pg/kg,
GLY . AMPA b5 7K 43 5] 4 30,150,300 pg/kg,

% 2 GLUF.GLY R ERBIWHL LR AL X RE G HRMNESR
Table 2 Linear ranges, calibration curves, correlation coefficients (R?), limits of detection (LODs),
and limits of quantification (LOQs) of GLUF, GLY and its metabolites

Compound Linear range/ ( ng/L) Calibration curve R? LOD/ (pg/kg) LOQ/ (pg/kg)
GLUF 2.0-200.0 y=2721.544x+508.802 0.9988 5 20
MPPA 2.0-200.0 Yy =28554.852x+3261.535 0.9992 5 20
N-acetyl GLUF 2.0-200.0 y=11588.026x-135.112 0.9995 5 20
GLY 2.0-200.0 y=1208.219x+531.743 0.9975 10 30
AMPA 2.0-200.0 y=1301.5552+1905.21 0.9956 10 30
N-acetyl AMPA 2.0-200.0 Yy =5092.339x+2308.535 0.9977 5 20
N-acetyl GLY 2.0-200.0 Y =2936.293x+468.666 0.9974 5 20
N-methyl GLY 2.0-200.0 Y=2622.722x+5109.891 0.9983 5 20

y: peak area; x: mass concentration, pg/L.
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TIPS 6 A FATHE, e A J7 i B AT MR FORG
BRI, AR 3,

H12¢ 3 Rl ARA P & =R 8 Fiik &
Wy 18] 0 Ky 78. 5% ~ 107% , AH X bk 1 1 22 Ky

1.32% ~14. 7% ; A ML & m UURYI 8 Ak &9
() TSGR A 76. 4% ~ 113% , A1 X b v I 22 4 2. 60%
~11. 2% , F W% 05 2 0 DS iy, 38 PR, W L 5
EER

®3 FREHNRESENRY S 8 FERYWH I EIEZE (n=6)

Table 3 Recoveries and precisions of the eight targets in sediment with different organic matter contents (n=6)

Sediment with low organic matter

Sediment with high organic matter

Compound Spiked/(pg/kg) Recovery/% RSD/% Recovery/% RSD/%
GLUF 20 88.2 3.42 82.2 6.23
100 92.3 5.01 9.5 6.08

200 96.9 3.04 92.4 4.57

MPPA 20 101 5.8 89.9 4.91
100 95.6 3.85 103 1.2

200 89.8 5.20 90.6 2.74

N-acetyl GLUF 20 105 2.65 102 3.85
100 107 4.89 109 422

200 102 222 13 8.07

GLY 30 88.8 8.20 76.4 7.62
150 78.5 6.13 825 5.41

300 83.7 3.92 85.6 4.80

AMPA 30 91.2 7.83 93.5 8.27
150 93.0 9.79 96.2 4.62

300 94.8 2.38 90.6 5.15

N-acetyl AMPA 20 87.3 1.32 85.5 5.33
100 93.7 3.80 89.1 2.60

200 98.3 414 96.2 5.23

N-acetyl GLY 20 95.7 7.51 101 8.11
100 101 4.58 97.4 5.24

200 103 5.02 108 6.07

N-methyl GLY 20 85.5 14.7 82.1 8.16
100 85.3 6.23 79.6 5.02

200 82.6 4.04 86.1 9.05

2.6 SEEREESRAT

T 2 B8 UE Ty vk 38 N 1, SR AR O
R VD M XA 10 ST IS TR AR i (A DL &
TN 2. 14% ~5.02%) , 5 D EITA TR EE S (A L
Bid il 2. 56% ~6. 15% ) |5 DK IETURIHE S (F
HUF SN 1. 57% ~4. 51% ) LU K 5 AN T ARk
i (CEPLET S B 2.38% ~ 5. 26% ) FE AT 43 A 46 )
ZERER A KPR T TR AR S A AR
GLUF \GLY FHACH, 1 A S DO RE 5 b A
f GLY F1 AMPA, & 4 & 53514 31.7 pg/kg i
52.3 pg/kg, dE—H A LI, %I VIR Y R
AN R/ 0T N: N e bR VAR BN 2 B o 1 B i
A 25 2% el il 5 I R 7K DA - SRR P (A )
FOKMA HENER | ERIEIRY

3 it

AWFFEESL T —FpERT A A D I 2 TUAR

GLUF \GLY K HARE 0 07 ik, SE5%HRT 4
WITEALE %07 i BAT A PR s R OR R A
JE s ARG, AT LA AN R A LB BT
B+ GLUF \GLY KA At phode A 0,
WFFE AR TURR Y 75 YOIR BN RS AT 4R it 1l
SRS

S Xk

[1] Sun WS, Zhou T T, Zhu J J, et al. Journal of Food Safety
and Quality, 2020, 11(6): 1722
INSCIN, J it | IR, 45, Bdb R Brm il 44, 2020,
11(6): 1722

[2] Liu T, Jiang HZ, Zhang H S, et al. China Animal Husbandry
and Veterinary Medicine, 2023, 50(7) : 3026
XUH, VLI, KRR, S P EERCEE, 2023, 50(7)
3026

[3] Meng X R, Song Q M, Wang F, et al. Asian Journal of Eco-
toxicology, 2021, 16(3) . 144
MR, R, K, S AR R, 2021, 16(3) : 144

[4] Shen LY, Peng Z R, Dai Z. Agrochemicals, 2020, 59(1): 6



552

W WL AE

3 e X R 2 B - R AR € - AR B T
‘iﬂlﬂmuﬁh%*i%ﬂ? R R AR

- 163 -

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

LEIE, AR, W, K2, 2020, 59(1): 6

Lin L M, Zhang J Y, Xiao F, et al. Journal of Instrumental
Analysis, 2022, 41(11) . 1702

ARENEL, SREERE, M B, S AT AR,
1702

Zhang W D, Zhang W W, An D, et al. Chinese Journal of
Health Laboratory Technology, 2023, 33(20) . 2433
SRAEAR, skfhRl, i, 45 PEDARK R, 2023, 33
(20) ; 2433

Yang Y Q, Li YY, Cao X, et al. Journal of Food Safety and
Quality, 2021, 12(22) . 8674
BEE, B, 855, & g%
12(22) . 8674

Luo HY, Song Z, Ji Y P, et al. Physical Testing and Chemi-

2022, 41(11) .

oA DU A 4R, 2021,

cal Analysis Part B: Chemical Analysis, 2023, 59(11): 1332
Bk, KM, FHCF, S AR -k 2E a1, 2023, 59
(11): 1332

Tao X M, Zhu H X, Gao L H, et al. Chinese Journal of
Chromatography, 2019, 37(9) . 1004

PTG, RLLE, WALLL, 45 @5, 2019, 37(9): 1004

Luo T, Fu W W, Guo LY, et al. Journal of Food Safety
and Quality, 2018, 9(1): 161
B, I35, B m, 55 /il
9(1): 161

Zhang L J, Liu L J, Wang Y, et al. Food Science, 2023, 44
(2): 345

sarAE, XUmE, EEE, S SRR, 2023, 44(2) ;345
Lopez S H, Dias J, Mol H, et al. J Chromatogr A, 2020,
1625. 461226

Wan Y W, Yang X, Xie Z G, et al. Journal of Natural Sci-
ence of Hunan Normal University, 2024, 47(2) . 136
TIVESC, B, R, AR R UIIE K B ARBR R
2024, 47(2) . 136

Wang Y, GaoWJ, LiYY, etal J Agric Food Chem, 2021,
69(28) : 7969

Chen L, He X W, Li X B, et al. Chinese Journal of Analysis
Laboratory, 2021, 40(5): 535

Wriw, s, 2200, 45 rikseEs, 2021, 40(5) : 535
Huang Y S, Shi T, Luo X, et al. Food Chem, 2019, 275.
255

Li Z Q, Yang M, Zhang X Z, et al. Journal of Tea Science,
2023, 43(2): 263

BHY, B, B, & 28R, 2023, 43(2) ;263
He S H, Cao X C, Wu H J, et al. Chinese Journal of Chro-
matography, 2019, 37(11): 1179

far45ifg, /NS, R, S A% 2019, 37(11) .

G BRI AR, 2018,

1179

[19]

[20]

[21]

[24]

[25]

[26]

[27]

[33]

Geerdink R B, Hassing M, Ayarza N, et al. Anal Chim Ac-
ta, 2020, 1133. 66

Demonte L D, Michlig N, Gaggiotti M, et al. Sci Total En-
viron, 2018, 645; 34

Sun W S, Zhu J J, Zhong H H, et al. Physical Testing and

Chemical Analysis Part B: Chemical Analysis, 2021, 57
(4):5

INCIN, HIRAS, BhFENRE, 45 BRI . fba i, 2021,
57(4):5

Ping H, Zhao F, Li C, et al. Chinese Journal of Chroma-
tography, 2022, 40(3) . 273

e, BT, B, SF @, 2022, 40(3): 273

Zhang Y F, Zhao S, Chang J, et al. Journal of Instrumental
Analysis, 2021, 40(4) . 571

(SN Fo S S HTIAAER, 2021, 40(4) @ 571

Algs ot
I,

Li Z M, Kannan K. Int J Env Res Pub He, 2022, 19(9):
4966
Zhang H, Dou J R, Miao R F. Anal Methods, 2023, 15

(13); 1668

Yue C, Zhao C Q, Mao S H, et al. Chinese Journal of Chro-
matography, 2023, 41(9): 807

R, BEAE, B, 55 6k, 2023, 41(9) : 807

Guo T R, Wan Y P, Sun L, et al. Chinese Journal of Ana-
Iytical Chemistry, 2022, 50(2) : 271

Fusse, T, VAL, S ArBTikaE, 2022, 50(2) ;271
Li Y, Wang H B. Journal of Yunnan Nationalities Universi-
ty: Natural Science, 2013, 22(6) : 399

2, BLOR. mE RIER M (AARER) , 2013, 22
(6): 399

Zhou Q, Wu Y M. Chinese Agricultural Science Bulletin,
2020, 36(27): 72

JEFE, REAM. PERSETR, 2020, 36(27) : 72

Sun LS, Wang N, Kong DY, et al. Journal of Ecology and
Rural Environment, 2017, 33(9) . 860

I, TR, LA, 4 AN SRR, 2017, 33
(9): 860

Yang M, Sun S, Liu W F, et al. Food Science, 2019, 40
(10): 337

Ty, PME, XISCEE, S BWARE, 2019, 40(10) ; 337
Zhang Y, Shu P, Lu M, et al. Journal of Food Safety and
Quality, 2017, 8(4) . 1422

sk, &7, RREL, S BRI R, 2017, 8
(4). 1422

Yang X, Wan Y W, Huang H W, et al. Chinese Journal of
Chromatography, 2022, 40(7) : 625

Wi, I, B, A @3%, 2022, 40(7) : 625



