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Determination of 33 pesticides residues in soil by QuEChERS-GC-MS/MS

MA Jian-sheng'?, ZHANG Ze-yu"?, LI Li-jun'?, ZHAO Xue-juan'?
1. Shenyang Center of China Geological Survey, Shenyang 110034, China;
2. Key Laboratory of Black Soil Evolution and Ecological Effect, Ministry of Natural Resources, Shenyang 110034, China

Abstract: The QuEChERS method is optimized to extract pesticide residues from frozen-drying soil samples, including
24 organochlorine pesticides (OCPs) and 8 organophosphorus pesticides (OPPs) as well as atrazine. An approach to
simultaneous determination of 33 pesticide residues in soil is established by combining with gas chromatography-tandem
mass spectrometry (GC-MS/MS). The results show that the concentration of 33 pesticide residues is 5.0-100 wg/L, in
good linearity, with method limit of detection (LOD) 0.09x10°-0.52x107, limit of quantitation (LOQ) 0.30x107-
1.71x107, relative standard deviation (RSD) of precision 3.7%—-17.2%, and recovery 51.6%-118.8%. The method is
simple and rapid, characterized by high recovery and sensitivity, and strong resistance to matrix interference, which is
suitable for trace analysis and detection of OCPs and OPPs in soil.
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HHLFEAZ) (organochlorine pesticides, OCPs)Jg&
Vi AR RSN o2 s o/ NI DR TTIYAS A I ]
LA AR ZY , 20 TR R EEY A" g B r
HEPG. ZEAHER L IMELGET P B b2l
A WA R AR BRI AE PR B PR B A, e v
AT e 7y s e B i SRR SO S N LN 57 8 (| AN
7S T I TR A E A BRSO B 2 AR AL
Zj (organophosphorus pesticides, OPPs)J&—28 H A5 b
Fea 05 B EE A HLBERR G 731, 2 IR B
ST RBEA BRECH]. AL 25 2 E A B
B R, SR R AR R AR A
Bt ol T AR TR B 0 AR B A LR 2 — R S A
PR ARZE Dy B Wl , — BAERVE A B3R B
Wamd EEE s ETE R LR AN, mAS IR
R ke f 1) A LSRN AL A 24 80 B A BUE
FiOm A BN

I ML A HLBE A 2 5k B B4R BT v
F B R AR AR AL R A SR PR
AL IR I i A o8 JH e fim s e 79 A I
[E6] AF 2 OEAE SR I S rhax PR 245k B v i Ry
J"¥Z. QuEChERS J5 3% 58 N HRIHE (Quick ) & 57 (Easy) |
1% BE (Cheap ) . 5 %4 (Effective) , 2 & (Rugged ) | % 4=
(Safe), J&E B bl & ke ok iy —Fh FH T4 7 ik
UMKV T = T T N2 5 2 NI = B Sl S I 3
Anastassiades ZIZ 5T 2003 4T1 &, R 5 5 2o AH
033 (HPLC ) 11 [ AH 2E B (SPE ) AR AR, #0821 FH Wiz B
FIER 5 5 A A% SR ELAE P W B 2 B DA T 5 3]
FrA b i H g0 Hodh (1 & = e - N - 79 5 W ik
BE (PSA) AT A7 &4 b B 25 A7 LR L I 7 IR AR 2 Ak &
Y1, C18 Al KERIERFAEMAMEIL G, BRIl R
QuEChERS 4@ -3 16 R 24558 B, Rl [
TE 67.5%~97.9% ; 17 B2 % "2 R F M R A9 QuEChERS
PARMC P B ASY, AR ICRIA R 75%~92%
TE A 7R 25 130 1] A& QuEChERS B8 B0 5E T 135
Hr 15 R ZGERER A Al ISR B 73.2%0~114.5%.

TR AL A ML AR 24 1 7 i 2R
FA @S ECD A FPD AG I &%, i T PR 25 AN (]
AL EERARAE T RS I I P 2 A 2 i vk 32
LR EIE BTSN, AR EAIE-FUEE(GC-MS) |

AR A — B BE TR 1 (GC-MS/MS) | A €38 — B
B 5 3% 1 (LC-MS/MS ) 25 . bk Il 2 25 140 1) ] GC-MS
BB E R 17 AR R S T
GC-MS/MS i[RI 38 5 Flof HLBE A 245 5% 78 1
Ty s A2 A VSR AR € i — EE AR IR DU AR T B 5
[P A T 4 rh 23 P HLGAR 2. M (- Rk
JE i A R R B BAMERAL BT R s S
R, HOR 83 22 Sy W B =X (dMRM) AN g ke 1
AR T RO € 1 o e A R R A T4 A
AFTERR R, 38T AR AN SR i - S vk ik
B (SIMDAAAER B 5 B/ B e MEAHER
) 850, 1 ELAER AN AR FHES T LC-MSIMS I, A 4 frids
R, PR B 2 B TR i b 24 AR 25 5% BR A
Ay BT B FAR L AR

ABFFEFR FIALE QuEChERS b b Fi LAk
NE LRI IR, ST - FR L Bh A R N
M= 33 A HLEURIA HLBE AR 5k,

1 M5 HZ*
1.1 SEENESESHR

10 S A % - = R DA AT BT A
(Agilent8890-7010B, AEI J§ ), & Wik 4 1Y (Labtech
Multivap-10), ZEWEIRZ A (CM-100), #.LAL
(Anke TDL-40b) , #B2H7/KAL (Merck Milli-Q), K
(Sartorius ) , R THEHLOET 2 SCIENTZ-30F).

g AR . IEC ke (AFEDL, Thermo Fisher
Scientific), Z & (HPLC 2%, Honeywell), Z Jii (HPLC
2% , Thermo Fisher Scientific), PNEH (&#%Z%, Thermo
Fisher Scientific), H % (HPLC 2%, Thermo Fisher
Scientific). F B IRHN . LR BH (AR AREE A ALAN A1 T wd
Y9y 4y 4l i ). PSA B N -9 3k 2 iz (SPE,
Copure ), C18(SPE, Copure). 24 Fig LA IR S FRIERS
W, HRPE 1000 mg/L (Jzs Bk -FrEM B0 ) B
T8 FRERE BTRERLEE | JEXS B X B R |
TR AR (o+s )55 8 Tl EATT RIS R BE 1y
100 mg/L (b 28 SLB R B AT PR A WD ).

1.2 KBWHE
12,1 #mbl&E
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FEEFREC L HERE L 5.0 ¢ T 50 mL B0,
A 20.0 mL AL ZIEEIR(0.1% 2 1R) , iRER A 1 min,
ke 2 B HLIERSE 4 000 r/min &0 10 min, BUH G
A 1.2 g FrEERENAN 1.2 ¢ ZBREN, W€ 1 min J57E
B3 4 000 v/min B0 10 min, /BB RIS, 40510
A 02 gPSA, 02 g C18 il 0.4 g JL/KBIBREE (400 CHET
2 h),iAJE 1 min, 4 000 t/min Z5.0> 10 min, LTS &
T, AW ds B TR IECBER 7, B4 E 1.0 mL.
123 B®ifEEst

O3%FE . TG-5MS (30 m x 0.25 mm X 0.25 wm);
HEFEM : 250 CiEFEfR . 1 pL, AN i EF: ; A2
J¥: WIHRIRE 100 °C, fR%F 1 min, 10 C/min FHEZE
120 °C,9 C/min FHIE ZE 225 C, 5 C/min FHEE
300 C,FAFF 1 ming 205 m A (L 99.999% )
i < Al /(4B 99.999% ) ; 8 AR =, I 3
1.0 mL/min.
1.2.4 [igss

B mRUE T L B IR (AED ; Bk (& ik
TELRE . 280 °C; B IR : 280 °C; HLFREHE: 70 eV;
AR B A 2 SOz W

2 #R5ite
2.1 FRIEEMHRIEL

T 96 R FullScan B 1551 33 Fhfe 25 1) b 1
T (B 1), WSS A A S O, B SO
Ui 5, SR B E A5 AR A R LR B s T, R i
PR e A 3 7 R e, 2
SEBNASZ O W i A R %) 33 Rl 2 kA T
FEMERE BT HT. 33 AL PR BRI A (RT) , 2 P 5
FxF(1P) S HAlf#E RE(CE) WL 3% 1.
22 EIAMEFREIMEAL
22,1 REUKFIXTEE

3 SV FH DI TR 2056 7R S 3R BGR ], B 100 g
TR AP R 2 A0S 3 1.2.2 Wikt et
FEREEERAE G LRGN , 75 31 PR R0 0 1 [l L
B2, g5 5 BN, AN D $2 0% T, A P2k 25
[l FAEARAAR ATy 27.3%0~45.9% , 47 WL A A2 0]
WCRTE 63.1%~114.4%; VL ZIEVE ARG, 335
A 245 [0 R AE 54.2%~103.7% . 16 2 175 57 o A

F AL ) 8] min

B 1 33 Fhgezh B iR

Total ion current diagram of 33 pesticides

a 1o 13

Fig. 1
1—HE L 2 (dichlorvos); 2—N WK % -S  (demeton-S); 33— W% i O
4—H B B
hexachlorocyclohexane ) ; 6—7S8 7 (hexachlorobenzene) ; 7T—PFi 457 Ht

(demeton-0); (phorate); 5— a - 75 /N 7/~ (a-

(atrazine); 8—B-757575 (B-hexachlorocyclohexane); 9— y—7X7N75
(y-hexachlorocyclohexane); 10— 8-7X 75 75 (8-hexachlorocyclohexane ) ;
11— B 3% (chlorothalonil ) ; 12— FF JE 5% i 8 ( parathion-methyl ) ; 13—
& (heptachlor); 14—DhHi G (malathion); 15—3L [ (aldrin);
16—%F W (parathion); 17—=@RWEEL (dicofol); 18— L5
(heptachlor epoxide); 19— a-%f} (a-chlordan); 20— o-fi S} (a-
endosulfan); 21— y=5J}(y-chlordane ) ; 22— p,p' - HF (p,p’-DDE ) ;
23—k G5 (dieldrin); 24—35 8K [G5] (endrin); 25— B i f}(B-
endosulfan ) ; 26— p,p’ =i i# i (p,p’-DDD); 27— o, p’ =i i 14 (o, p’-
DDT); 28—k FCHIE (endrin aldehyde); 29— FHii R £ (endosulfan

sulfate); 30— p,p’ =¥ §if B (p,p’ -DDT); 31—5 2k F& 7 Bl (endrin
ketone); 32— 458 (methoxychlor) ; 33— 52 (mirex)

0.1% (RBUE0) 1 2R T LA = % i 1 skl 245 1
ISR AR 0.19% (RFA 80 1 1R 2 G
YR HR G
222 REAELIRFI N EXTEE

fHH 0.1% (AEFUE) 28R G SREGA 43530 A
10 mL.20 mL.30 mL, ZatamfEnrabaifE &M A
10 mL I RIPE USR8 22, A R R AT el a2, 4
SRR S G A B AR A 7853, 20 mL, 30 mL
FEFAREUS MR ZRIA K, 4R WK 3. Rk #
20 mL YERABEIE B9 R FEBUATL. QUEChERS 74
2RI Hp SR ) A B4R PSA LC18.GCB, JL
1 PSA PR ) A€ LA R Hhy IE HLAar , AR IE B far 1)
W5 /R R AL BR AR, PSA AT LUK k365 A 1 s K AL
G BERAE Y e A/ DR AR, C18 FE Y
Bl /b It , C18 =L B AR s FN R 28 45 K 45
TR E TR, GCB RILZ 4y JE ], X~ 1HI 45 44 1
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Table 1 Retention time, ion pairs and collision energy of 33 pesticides
75 H5#) £ 83 B E] /min FE R BTN (miz) Tl A i /eV EVERFI(miz) Tl A i /eV
1 Rl 5.813 109.0 - 79.0 5 184.0 - 93.0 10
2 A - S 10.691 88.0 - 60.0 5 60.0 - 45.0 15
3 A -0 10.696 88.0 - 60.0 5 60.0 - 45.0 15
4 FH Pl 11.732 121.0 - 65.0 10 121.0 - 47.0 30
5 R AVAVAY 11.861 180.8 - 145.0 15 2187 - 182.9 5
6 ANEA 12.054 283.8 - 213.9 30 281.8 - 211.9 30
7 EEEIAL S 12.385 214.9 - 58.1 10 200.0 - 94.0 20
8 [(EAVAVAN 12.516 181.0 - 145.0 15 183.0 - 147.0 15
9 N AYAYA 12.637 181.0 - 145.0 15 181.0 - 109.0 35
10 NV AVAVAS 13.21 181.1 - 145.1 15 183.1 - 1471 15
11 HIHE 13.331 265.8 - 133.0 45 263.8 - 168.0 30
12 FH X B 14.088 125.0 - 47.0 10 262.9 - 109.0 10
13 L& 14.266 99.9 - 65.0 15 271.7 - 236.9 15
14 LRI 14.896 126.9 - 99.0 5 172.9 - 99.0 15
15 LRI 15.045 262.9 - 192.9 35 254.9 - 220.0 20
16 X 15.18 138.9 - 109.0 5 138.9 - 81.0 15
17 SR 15.235 139.0 - 111.0 15 139.0 - 75.0 35
18 WA EH 15.968 352.8 - 262.9 15 262.9 - 193.0 35
19 a-SF 16.543 372.7 - 266.0 25 372.7 - 301.0 10
20 a-fi St 16.851 236.8 - 118.9 25 194.9 - 160.0 5
21 v-ESt 16.912 271.7 - 236.9 15 372.8 - 265.8 15
22 p,p i 17.419 245.8 - 176.1 35 2478 - 176.1 35
23 AKECHI 17.503 262.9 - 193.0 35 262.9 - 191.0 35
24 FEAK TG 18.073 262.8 - 193.0 35 244.8 - 173.0 30
25 Bt 18.321 206.9 - 172.0 15 194.9 - 158.9 10
26 p,p’ T 18.522 234.8 - 165.1 30 164.9 - 115.0 40
27 o, p' T I 18.613 234.8 - 165.1 30 236.8 - 165.1 30
28 S pk R 18.831 67.0 - 41.1 15 242.8 - 173.0 35
29 W FHRERER 19.482 271.7 - 236.9 15 273.7 - 238.9 15
30 p,p —TH 19.538 236.8 - 165.1 30 2458 - 176.1 35
31 Sk R 20.81 67.0 - 41.1 15 316.8 - 101.0 15
32 Sk 21.183 227.0 - 169.1 30 227.0 - 141.0 40
33 RILR 22.446 271.7 - 236.9 20 236.8 - 118.9 35



http://www.fineprint.cn

132 w5 0w R 2025 4
120
- - &l
170 = . - L ] Tl
n L e
° s s T | @ H &
= i ] ] ] .
o - - L = osnk
i R " J
i (] L L] ™ uE Be =
et u E 4
E s ® s & =
] & J 2 - =
= )
[ ]
40 = ] ] ] = @ a |
]
- |G
] 1 HLIH L 11
1II 1213 ; 'I\- |:I : W I;l III II: Il:i I‘— I‘.'\I l::- II-' I‘}‘:I\-l .';i .'II é;"_ﬂ- ;'\- _I'f ;:':I}u_:i‘ ;II -;I -:C':- !
ek LREE] u 0 il
2 1 {5 B /mL
K2 A[ERIBGR T 25

Fig. 2 Results of different extracting solvents
a— N il (acetone ) ; b—. M5 (acetonitrile ) ; 1—HEEH (dichlorvos ) ; 2—
W% -S (demeton-S); 3—N M % -0 (demeton-0); 4—H1 £
(phorate); 5— a —75 75 78 (a-hexachlorocyclohexane); 6—7N 44, 7K
(hexachlorobenzene ) ; 7—F % i Ht (atrazine); 8— B-7S7578 (B-
hexachlorocyclohexane ) ; 9— =75 7575 (y-hexachlorocyclohexane ) ; 10—
3-757575 (3-hexachlorocyclohexane ) ; 11— #{#% ( chlorothalonil ) ; 12—
A 35 %6 B 8 ( parathion—methyl ) ; 13— 44 (heptachlor) ; 14— 37 i i
(malathion); 15— [G5 (aldrin); 16— &% #§ (parathion); 17—= 4
AW (dicofol ); 18—FF 48 -£ 44 (heptachlor epoxide); 19— a—%JF(a-
chlordane); 20— a—#i S} (a-endosulfan); 21— y—5 S} (y-chlordane ) ;
22— p,p' - (p,p’'-DDE); 23—k FE 1 (dieldrin) ; 24—5 2k FGH
(endrin); 25— B-Hiif+(B-endosulfan); 26— p,p’~iH (p,p’-DDD);
27— o,p’ -l (o,p’-DDT); 28—F Ik FE I (endrin aldehyde);
29— FHRIRE: (endosulfan sulfate); 30— p,p'—TiiGE: (p,p’-DDT);
31—5F 2k G i (endrin ketone ) ; 32— 44 54 (methoxychlor) ; 33—K
Y R (mirex )

XIFRPELE A 25 AT B W VR . &S 86545
ARG ESCR TR, BRI R GCB 1E R A5,
LA I8 33 PR 2 NS A, B 2 i AL 5
4 MgSO, M AT 0.4 g, PSA il AH N 0.2 g, C18
AR 0.2 ¢.
23 FRETIEMZ

B 24 FA HLEALR DR GAMER TR | mL. ARG
SRR 1 mL & 100 mL 258, IAGE & k%
ELS, 1SEIHEE N 1.0 mg/L 1Y 33 R 25185 bRt
W 4y B 5.0.10.0.20.0.50.0.100.0 WL A% fEfiE
HBWIMECKEERZE 1.0 mL, B s TAEZ,
W43k 5.0.10.0,20.0,50.0,100.0 pg/L. ALK
JEARE] 33 PR 2GR A FE QNS 2 i MG R AL

B3 R A X R 1 5
Fig. 3 Relationship between recovery and reagent dosage

R* ¥IRT 0.995, 2k itk 5 2 LI
24 FERHR. ESRBEE . EKE

DI B 7K (5.0 wgf/L) BRI EN 2 1A BERVRE b
Hr H R 1.2.2 T EREALBRRR SO ALK, A 3 A5
M Eb (SINDAE R 5 BaA6 HBR (LOD ), LA 10 475 {5 M e A
M7 E R (LOQ). 33 R 241 LOD i [l 24 0.09x
10~0.52x10, LOQ ML} 0.30x10°~1.71x10".
ML (10.0 pe/L) .1 (50.0 pg/L) F(100.0 pg/L)
3 AN BE R BOARUE , BELEAE LTI AE 7 Wk, 1SRRG
P (RSD) T BN 3.7%~17.2% ; AN 538 Bl K 51.6%
~118.8%. 33 FhAfe ik th R e R HE 2 L L Il
L 3.
2.5 SEBREEmIER

TEARTI X CRAE 7 Al HHERE N, Sl ) 4% I
1.2.2 A EE S EAURI, For 1 28 -3 A B
PO FE E, AR EESh 0.06x107°,0.03%10.
Ko HH AR A S P DL 4, FRBHAAIFGY 7 23 A 1 4
Ha A 24 (R ARG

3 #ig

S FPEAE ) QuEChERS 3254 Bt 4 358 vh 4
yREE, FELE A A ETE = R I DU AT TSR T
SEMEE RTINS T2 iR R A A -
w33 AR 25 ARSI Jr v . SR Rk i 4 ek - 3
FE AR S S KA, FRAE S AR X A/ ) s )
T PSA.C18 SR A i, 188 T 40 M AR e 1= 4
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Table 2 Linear relation of 33 pesticides WSS X B A% R R AR ARG R JR 8 A4 SR A1 B T

S B LR R i SERR RO R, & ATt E A I b 2Rk 2 5%
1 e y=054.971424x-2982.153453  0.9993 B BRI . bR AR AR R B AR, R TTIR

2 PR -S y=542.940276x-2149.645170 0.9994 PR P R AR B 3, ASBE AP g
JEIG YL T R RNA B, RIS AR 5 TS

3 W -0 y=546.862972x-2248.756143 0.9990
v ». P — \ \) —
\ Gl AP A 7 M A 3 2
4 FPERE y=3155.573236x-9953.105161 0.9995
5 Y AVAVAN =4463.121959x-8201.176879 0.9996 X
e y S % 3Lk ( References ) :
6 RER y=4889.302916x-2846.450065 0.9995 (VIR , 35 3ok e HLAR 215 G R KA B AR [T ).
7 LR EIAEH y=645.170046x-2003.351126 0.9993 HUpTTIABE, 2019, 43(1): 32-33.
. Wang X J, Cui F Q. Present situation and detection technology of
8 S EVAVAVAY y=2116.091199x-4650.044009 0.9990
organic pesticides pollution in farmland soils in ChinalJ]. Heilongjiang
9 R EZAVAYA y=4679.588856x-2955.255333 0.9995 Environmental Journal, 2019, 43(1): 32-33.

10 LV AVAVAN y=1257.065089x-4818.657801 0.9990 [2]FEE4, KRR, 4, 55 R WG YL Py xd PR5E 04 5 0 Kkt
LI TS B, 2007, 16(4): 293-296, 315.

11 AR y=199.811442x-908.081958 0.9992
Wang B J, Zhang T M, Yan D, et al. Persistent organic pollutants:
12 HEEXRIwE y=153.757221x-543.189911 0.9990 )
Influence on environment and countermeasures [J]. Geology and
13 L& y=4004.033239x-3091.692071 0.9997 Resources, 2007, 16(4): 293-296, 315.
14 R y=340.136603x-1241.713805 0.9992 [31BFM, /5=, BRI, 55 BRI G LA 24 5% B Rl
LR SR ] AN TR, 2022, 20(1): 95-103.
15 LI y=1652.838794x-2444.855163 0.9997
Liao Y T, Lu Y C, Lu L X, et al. Detection of organophosphorus
16 B y=242.753591x-873.749417 0.9986 pesticides in environmental matrices: A review[ J]. Chinese Journal of
17 =& y=7134.044840x-19021.881159 0.9987 Bioprocess Engineering, 2022, 20(1): 95-103.
18 e y=760.315969x-1080.065205 0.9997 [4]Grilo A, Moreira A, Carrapico B, et al. Epidemiological study of
pesticide poisoning in domestic animals and wildlife in Portugal:
1 RS =1018.977873x-1720.26371 .
) y=1018.977873x-1720.263715  0.9998 2014-2020(J ]. Frontiers in Veterinary Science, 2021, 7: 616293
20 a-fift y=193.640266x-183.437240 0.9989 [5IVPRS, WoAEM, VFim, 55, APLBERZY th a8 IR A DLBEG I F
21 N5 y=1458.351695x-2581.447800  0.9997 LML ). AL 2021, 43(7): 857-864.

. Sha O, Yao ] W, Xu L, et al. Research progress on organophosphorus
22 p,p/-THTHB  y=9360.289091x-23005.017779 0.9995

detection in patients with organophosphorus pesticide poisoning in

23 ARG y=775.879428x-916.301725 0.9997 diagnosis[J ]. Chemical Reagents, 2021, 43(7): 857-864.
24 RIKIGH y=529.690512x-899.186118 0.9997 [o IRk, HIK, R4, T3P A HLEUR 2SI ATAL By 20 1. 40#r

I E, 2022, 41(10): 1234-1240.
25 B-Hi St y=425.642809x-455.163541 0.9991 A (10)

Zhao Q Y, Xia Y, Zou B D. Pretreatment of organochlorine pesticides

26 p.p'iHEE y=7466.023972x-20809.797969 0.9989 in soil [J]. Chinese Journal of Analysis Laboratory, 2022, 41(10):

27 o,p’ —THTHE y=6113.323815x-22885.997996 0.9984 1234-1240.
28 SAKAAIE y=835.183455x-1742.873843  0.9991 (TURTEE, 293, H, S5 SRGERE AT HLORAR 25 R I AT AL SR
) ARk T]. L, 2021, 47(9): 52-60.
29 BSHEREEE y=432.646909x-1160.414848 0.9989
Zhu X P, Wang Y, An Y, et al. Development on pretreatment
30 pp-iEEE y=1743.835412x-6872.745864 0.9982 techniques for detection of organophosphorus pesticide residues in
31 Rak=HIER y=726.586263x-1383.384902 0.9991 environmental samples[J ]. China Measurement & Test, 2021, 47(9):
52-60.
32 k=g y=1561.131516x-6277.471208 0.9981

[8IBRARE, WITESE, F2&, 4. MR FAAEIBUTR @il 2 28 SC b
33 KL R y=7074.680738x-7630.548028 0.9982 R AN ERZGFEE[T]. R, 2021, 34(3): 69-72.
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Table 3 Limit of detection, limit of quantitation, relative standard deviation of precision, and recovery of 33 pesticides
10 pg/L 50 g/l 100 pg/L
Hix¥y LOD/10° LOQ/10°®

RSD/% [ 1% RSD/% [l 1% RSD/% Al %1%
R 0.15 0.50 5.5~14.2 54,0~104.4 3.9~11.2 65.1~110.3 3.9~9.6 72.4~1185
PN - S 0.15 0.50 5.4~13.4 63.8~118.2 3.7~10.9 66.6~113.0 3.9~11.2 74.8~100.1
P -0 0.19 0.63 6.5~16.3 73.4~110.3 6.9~11.5 85.6~111.5 4.4~15.1 73.3~110.2
ERET 0.52 1.71 43~16.5 66.7~111.2 4.1~108 70.2~103.0 3.7~9.3 74.3~99.8
L AVAVA 0.09 0.30 5.2~10.9 74.9~114.2 5.5~11.8 68.5~108.3 4.4~9.6 72.3~115.0
REK 0.09 0.30 5.2~16.9 75.3~109.5 5.4~11.6 79.1~118.6 3.8~9.4 71.0~113.2
[ESE Az 0.15 0.50 4.4~126 65.3~123.3 5.2~17.1 70.4~103.5 4.1~9.4 73.8~116.2
(B AVAVAY 0.15 0.50 5.9~11.7 66.7~99.7 42~115 72.9~103.1 3.8~12.2 73.3~95.2
N RZAVAVAN 0.15 0.50 5.5~11.6 61.0~105.3 4.7~10.1 61.6~116.1 3.9~10.6 71.4~1115
N EVAVAVAS 0.09 0.30 5.0~13.0 68.7~105.5 4.2~10.2 65.2~106.9 4.1~8.8 82.6~105.2
H R 0.50 1.69 5.5~14.9 65.8~99.5 3.8~10.9 56.3~118.8 3.9~9.2 73.8~107.5
R BET G 0.38 1.27 43~12.7 64.7~117.3 4.4~11.9 79.2~115.3 3.7~12.9 71.9~98.2
& 0.10 0.33 6.9~16.4 57.5~113.8 42~11.8 63.5~114.6 43~12.2 71.9~98.9
8 RN 0.28 0.93 5.0~10.6 67.3~113.9 5.2~8.5 76.0~100.9 4.4~16.5 74.7~112.8
IR 0.15 0.50 4.3~9.6 52.9~115.2 4.0~8.7 63.6~102.3 5.6~11.8 67.8~98.9
X B 0.22 0.73 45~116 54.2~115.3 41~17.2 51.8~109.2 4.6~8.8 67.6~116.5
PN i 0.11 0.33 6.4~15.7 51.6~105.6 4,0~11.6 63.5~106.5 45~9.2 74.6~107.8
W LA 0.13 0.41 41~12.1 76.2~113.1 4.6~10.9 64.2~118.2 5.6~8.9 72.6~113.9
=S 0.13 0.41 4.6~13.2 69.0~103.7 4.0~11.1 71.0~116.1 43~12.2 71.3~1125
a-fi St 0.17 0.57 4.3~15.6 69.6~104.4 3.8~12.1 77.8~114.9 4,9~9.6 72.2~116.2
-5t 0.15 0.50 45~9.6 70.9~98.7 5.2~10.7 71.4~96.5 4.1~10.6 73.4~116.5
p,p' -G 0.15 0.50 43~9.3 62.2~110.3 40~8.8 78.1~111.2 5.2~11.2 79.8~115.2
il 0.16 0.50 5.1~12.0 66.7~101.9 3.6~10.8 72.3~97.8 3.1~10.2 82.8~103.8
SR 0.18 0.60 5.4~9.8 64.2~112.5 41~7.8 77.9~97.8 4.6~8.2 71.2~105.3
B-Hi St 0.18 0.60 43~9.6 68.3~116.8 6.3~10.3 74.8~108.5 5.1~8.9 87.1~105.4
p,p' - R 0.10 0.30 3.9~15.7 60.2~95.5 5.7~10.3 61.9~110.3 5.2~10.4 71.0~114.6
o, p' T 0.13 0.41 5.7~14.3 74.0~118.0 3.7~9.7 65.1~104.2 4.3~9.2 72.4~117.2
SRk 0.20 0.67 42~14.8 53.8~108.9 3.8~11.7 66.6~101.4 5.3~9.2 74.8~105.6
B pHR iR ER 0.17 0.56 4.1~9.7 53.4~98.5 6.0~14.9 75.6~100.9 4.4~10.1 73.3~113.9
p,p' i i o 0.15 0.50 45~8.1 66.7~103.5 5.1~10.7 70.2~114.8 5.3~12.6 74.3~105.2
Sk 0.13 0.43 42~11.3 64.9~110.9 5.1~10.8 78.5~105.3 4.8~9.3 72.3~98.5
AR 0.13 0.43 5.9~13.2 55.3~94.3 4.1~9.9 69.1~108.2 4.2~8.6 71.0~116.3
TR 0.11 0.30 43~10.4 55.3~98.6 45~11.2 70.4~97.6 4.6~9.1 73.8~100.8
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Fig. 4 Mass spectrograms of atrazine and chlorothalonil in samples

a—PEERIHEE TIC [ (TIC diagram of atrazine); b—PFlkEhiHE ESI (ESI diagram of atrazine); c—PF4SHrE B 76 A Fiff FLIE (fragment ion mass-to-
charge ratio of atrazine ) ; d—F 1 TIC & (TIC diagram of chlorothalonil ); e—H Fi i ESI & (ESI diagram of chlorothalonil ) ; f— 4 BV B -0 A 5 faf

HE Pl (fragment ion mass-to-charge ratio of chlorothalonil )
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