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Determination of Atrazine Residues in Soil and CaCl, aq by

Liquid Chromatography—Tandem Mass Spectrometry
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Abstract: This study aims to establish the residue analysis method of atrazine on soil and CaCl, aq by UPLC-MS/
MS in order to provide theoretical basis and technical means for the detection and adsorption of atrazine in soil. The
samples were extracted with acetonitrile and purified with C18 powder by QuEChERS technology, they were sepa-
rated on the Acquity UPLC ® BEH C18 column, gradient eluted with acetonitrile and 0.2% formic acid, then de-
tected by UPLC-MS/MS and quantified by external standard method. Atrazine showed a good linear relationship in
the range of 0.001-5.0 mg/L (1>0.99). At addition levels of 0.05-0.50 mg/kg, the recoveries of atrazine in soil and
0.01 mol/LL CaCl,aq were in the range of 80.9%-115.4% with relative standard deviations of 1.5%-3.5%.The limit
of quantifications (LOQ) were 0.15 pg/kg and 0.08 pg/kg The method is simple, high sensitivity, fast and accurate,
which is suitable for the determination of atrazine in soil and CaCl, aq.
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5.00 0.30 10 90

142 FR#EEH

WA 5K« 22 S S WS I (MRM) 5 H G 55
A4 77 X ESI 5 Ze i A S LA v 2 AU ik
AW B IR 150 °C; R RN
350 “C; BN HLIE : 3 kV; #ESL (Cone) Hi JE : 32
V5 filf 48 (Collision ) HL FE : 34 V (55 22 HL 0 28 1 %
F),38 V(55 KM EMNER ) ;55 LHE s
F X} :216>95.97 .216>174.02; 55 L H) & 2 & T
X} :216>103.9,
1.5 fFmarsbiE
1.5.1 XiEHmara

FRUEL 5.0 ¢ + 4 & ORS #f 2] 0.000 1 ¢) F 50
ml 50U 56 20 HLE B0 45 L A 2 mL 8 4li gk
T, FE A 10 mL O, %37 $2 B 10 min, /il A
NaCl 1 g Fl1 JG7K MgSO, 4 g fdi Hooy )2, 4k 49k ¥ 5
min, ¥ B0 L 4 000 r/min [ 3 0 5 min, T
BCLS mL ) BJ2EW, 3 A 2 mL B .04 (& C18
50 mg F1 JC 7K MgSO, 150 mg) H', # JiE 1 min, ¥ 2
mL B 08 F L5 000 r/min (1) 3 B B0 S min, W7
BU1 mL ) FJZ W, 33 0.22 wm JEME, VA @3 E
RN, ML A o
152 AL KRERATARE

FREL 20.0 g 0.01 mol/L 58 £k 55 7K ¥ W (R ff 31
0.000 1g) , ¥ A 50 mL 5 VU5 £ 45 HIZE B .08
HIA 10 mL S $E 3, 9% % 10 min, il A NaCl 4 g
FTCIK MgSO, 4 g i )2, 4R L 4R 7% 5 min, F 5
L3 LA 4 000 v/min B 38 2500 5 min, B HX 1.5 mL



64

RIS R il — R I B R I A2 1 RN S5 /KRR 55 R Tl 5k B

139

IR HTEA 2 mL B0 (5 €18 50 mg I
Tk MgSO, 150 mg)q:‘ CIRBE 1 min, B2 mL B O
PR LA 5 000 r/min 1Y H R B0 5 min, 2 B0 1 mL
B 25 W, 0 0.22 pom P8 B, 1A PERE K38 B /)N
i, B LI E .

2 HRLt®

A6 5% 14 B B RE

208 1.2 R AR B0, TE 1 EE R 0.1 mg/L
14555 2% HEbR o 95 TR ) L R 1 7 3, AT TR
AR o 20 WO (5 A Y 3 B, 7R ESI+AE
SR HEAT F 48 2 A S P 0 ) 7 {65 5 ) 5 5
AR R R A S N A B AN T | RIE A
RE 8 55 2 M, AFuF 2 2 doe i 1 1S TR O E R

2.1

FLoRZNEEE Y, & ER &Ik E e
B 0 Rl A R S 34V, 8 Mk B 6F il FRL R
F38 V, HEFLELE A 32 VI T, 35 L nds
I U W T X kL R 00, i 7 R BRE G o N R
SlAH B Ve R BE SEAT AR AL, e T VR B ] I R
5 A5 2 500 , I HL 35 2 HEAE 5% B B 4 B i T
A RE 15 31 T R Y 2
22 HDWMAEMNEEXR

3 DA 25 1 4 SRR O .25 1 0.01 mol/L
SEAL S R OB C bR v T AR, DA S 2T R
W x(mg/L) Ry A8 A b, 2 o 25 1 1Y I 1T AR y S 90
A b 22 ] T A 2R 25 R R : 35 K HYEE 0.001~
5.0 mg/L{G N, 2t 6 R RAF AHOC R B R T
0.99( L3 2).

K2 SWMAENEMEXR

S A 25 AN HHRZEL AMAE Fl(mg/L)
FH st I y=286 910x+28 970 0.9953 0.001~5.0
25 | IR IO 5 y=34 754x+1 147.3 0.9927 0.001~5.0
251 0.01 mol/L & AL /K T F5 R y=149 879x+15 514 0.992 6 0.001~5.0

23 KHR.EEMR

FEZ5 FURE S oA — 7 5 TR & bR TV
Tl BN B BHPERE &, $2 BR 15 B9 7 kR AL B, DU
W 31 FLEE E AR A0 TR T B A PR
(LOD) ; LMEME LY 10 1 B B AR 0 ot s v B, 1
AR (LOQ) o 455 IR : 35 23 H /e - 581 0.01
mol/L SAALAG /K Hh 0K 1 BR A 0.1.0.02 pg/kg, 22
R4 0.3.0.06 perkg.

24 FHEBKE BEE

LA 7 LR Y A e R R A o A BR PR =
HL 4 1 1 0.01 mol/L 48 1k 5 7K ¥ WL, 43 ) 3 17
0.05.0.1.0.5 mg/kg 3 /> 7K (A b o]0 % 38 56
B WS ACE I 5 50K, #e BE T AR AR i Ak B
AT, A A IR M E LS R LR 3. &
W . 55 L EAE HHEM0.01 mol/L 58 1k 45 /K 75
) (8] i R 7E 80.9%~115.4% , FH % bk E i 2 15

R3 FEEELEMO0.01 mol/L SALEAKBE K P HIRMEIY Z  FHEMBENIRERZE

, . [T % (%)
FEPTE A M (mg/kg) 5 3 . FHIE (%) RSD(%)

+ 1 0.05 82.2 83.0 84.9 80.9 82.9 82.8 1.8

0.1 115.4 110.1 105.3 112.5 113.7 111.4 3.5

0.5 93.2 87.6 90.5 89.4 92.4 90.6 25

0.01 mol/L & AL /K % 0.05 88.5 88.6 89.7 89.5 86.3 88.5 1.5
0.1 91.0 87.5 91.4 87.2 88.7 89.2 22

0.5 86.9 86.7 84.7 88.8 92.6 87.9 3.4

1.5%~3.5% , 7 A AR 245 5% 78 160 v ) ) frg 25k 3E FH TG DU 4 458 1 0.01 mol/L & Ak 45 7K 1 Wi b

3 4 #®

AR 36 SR FH 35 280U AH 8 — B B T S R A
RS KRR ST T 35 R E R B AT
. LOQ{H 43 %10 0.3.0.06 wekg, Al LIF Hi% )7
BRA R RAEE, XS EE T LR %

()55 LR . 55 25 HEAE 0.001~5.0 mg/L 1 Bl N
LM R (1>0.99) , £ 0.05,0.1 ,0.5 mgrkg 34
ALV BE KO TF 33 56 Joit ) [l i 3R AE 80.9%~
115.4% , F0 %] b 1 O 25 78 1.5%~3.5% . 7 i 55 45
R HE I F5 25 HEER B A b O T B AR R
LF R RO AERG R R S M L W R B T



140

AoAb A& e BE s

484

71 B EOR 3 T SR SR S K R B 5
A, g - e 55 2 i ARG I R B B 3t T
PR AR HE A AR T B

S Uk :

[1]

[2]

[4]

[5]

[6]

[8]

[9]

[10]

[11]

[12]

Francis A G. The triazine herbicides[]J]. Residue Review, 1970,
32: 40-42.

K S0, R SE, BRI, 45 35 2ot R R R R R
2403 VA ORI A BRAE bR 1 52 0 [J]. AL AL B o, 2021, 46
(6):74-717.

A o A B TR BT R L A R R AT S B AR S
SR HE R, BA K223, 2007, 34(3) : 451-455.
B, R R L 35 2 TR T O Y R R B B BRI A
W1 AAe gl #12%, 2018,43(3) : 28-31.

XU, T B T, AR 25% A S LR - 55 25 ]
ST R 0 X T K P W M 2 R 9 8 2 A MR SR (D). AR
Rl R, 2020,45(6) : 82-85.

B GRE G T AE L S e A W BRE B DL B R SR R PR AT 5
[D]. 4650 . i [E Al B2 B, 2005.

Smith J A, Galan A. Sorption of nonionic organic contaminants
to single and dual cation bentonites from water[J]. Environmen-
tal Science & Technology, 1995, 29(3): 685-692.

TR TE . AMIE AR X 5 P R AE - 5 T W B b B A 1Y
SEMAD. 43I0 B K2, 2009.

Leblanc A, Sleno L. Atrazine Metabolite Screening in Human
Microsomes: Detection of Novel Reactive Metabolites and Gluta-
thione Adducts by LC=MS][J]. Chemical Research in Toxicology,
2011, 24(3): 329-339.

Ji F, Zhao L, Yan W, et al. Determination of triazine herbicides
in fruits and vegetables using dispersive solid—phase extraction
coupled with LC-MS[J]. Journal pf Separation Science, 2008, 31
(6-7): 961-968.

Ross M K, Filipov N M. Determination of atrazine and its me-
tabolites in mouse urine and plasma by LC—MS analysis[J]. Ana-
lytical Biochemistry, 2006, 351(2): 161-173.

Koivunen M E, Dettmer K, Vermeulen R, et al. Improved meth-

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

ods for urinary atrazine mercapturate analysis — Assessment of
an enzyme-linked immunosorbent assay (ELISA) and a novel
liquid chromatography—mass spectrometry (LC-MS) method uti-
lizing online solid phase extraction (SPE)[J]. Analytica Chimica
Acta, 2006, 572(2): 180-189.
Ferrer C, Gomez M ], Garcia—Reyes J F, et al. Determination of
pesticide residues in olives and olive oil by matrix solid—phase
dispersion followed by gas chromatography/mass spectrometry
and liquid chromatography/tandem mass spectrometry[J]. Jour-
nal of Chromatography A, 2005, 1069(2): 183-194.
Azevedo D D A, Lacorte S, Vinhas T, et al. Monitoring of prior-
ity pesticides and other organic pollutants in river water from
Portugal by gas chromatography—mass spectrometry and liquid
chromatography—atmospheric pressure chemical ionization mass
spectrometry[J]. Journal of Chromatography A, 2000, 879(1): 13—
26.
Jang H W, Lee J, Choi H, et al. Analytical method validation for
terbutryn using gas chromatography/ion trap, gas chromatogra-
phy/mass selective detector, and liquid chromatography/triple
quadrupole mass spectrometers[J]. Food Science and Biotechnol-
ogy, 2018, 27(5): 1525-1530.
WRER S, 22 B T, VOB I YOI AR I~ v 2O AT (3 i )
Hb K P B RERLEE ). FREE 5 R, 2018,30(4) : 140-141.
X R A R — i RO A (i 0 b K B R
HER R 2R BEUR Y 2 5 PR 4R, 2015(3) : 79-81.
SRARAR SRAGAL  JE /NI . R P A IR AR (35 R AR 1
e e J0 v G B RIS 2 Y AR B )] AR BT S N
2018,30(1):114-118.
2SRRI R SRR IR AT o B A A R
Wi KL HETD]. 3650 s v A B 27 B, 2017.
HREE K B a5 R KL RS
FERTE v S v B Ak PR A R R A XUR: PEA )] 4 24, 2022,
61(7):507-512.
Fh A RS R Al A A T L(NY/T 788-2018) 4 A ) 4
25 5% B R [S). L5t b ROl i AL, 2018.
(wiE%it. £

£)

(EEF120R)

[19]

[20]

[21]

U2 PR K COL R X TR (BRI L 5G4 s
AR EE IS SRR ,2013,38(6) : 11-13,75.
LR, AN G, TR, AL PO A B A B R e Ak
BEAFPET]. 5 H X A AT, 2015, 33(2) £ 102-105.
FAR, EURL, B4, % A6 H OGRS N O, R E X

[22]

PG P A A R S A (). A R AR S R (A AR

), 2000,4(2):122-127.

FEAR, A I, 5F i T CO, e b it AR

K& B R PER 2w AL 75 2, 2015(15) - 40-42.
(FTHERHHE 2)



