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W OE: B9 8o H IR -8 S AOR A 35 B 56T 5 (ultra high performance liquid chromatography
tandem mass spectrometry, UPLC-MS/MS)ill & & g VLK i 10 R 2588 B b ik, 73k KHELH &
£, 4 022 pum MEFLIE BT IR, MBS RO A Gk o> B, A £ RN I AL X (dynamic multi reaction
monitoring, DMRM) i /AT, 2 BVCEChRIEMZR MR E R . SR 10 PR Z5A9HK HBR(SN=3)7E 0.1~3.0
ug/L Z I, & B FR(SN=10)7E 0.2~5.0 pg/L ZJal, 7645 HLMEEEN, BA RIFAILIERR(r20.997), 1E 5.0,

10.0 1 50.0 pg/L 3 ANEINZAKE T 44 IR TE 78.0%~109.9%2 [6], AHXTFR1E(R 2 (relative standard deviation,
RSDY/NT 20%(n=6). i€ iz rikfais . . RBUE S, 76 10 min WIS 10 RR 25 K0 43 b, "THF
TRIK Bl 245k B A DRSERS -

REA: B K ARZY; R RBOR (3 IR BT

Determination of 10 kinds of pesticide residues by direct injection-ultra high
performance liquid chromatography tandem mass spectrometry in
Heilongjiang river
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ABSTRACT: Objective To establish a method for the determination of 10 kinds of pesticides in Hei longjiang
river water by direct injection-ultra high performance liquid chromatography tandem mass spectrometry in river
water. Methods The 10 target compounds were separated by ultra performance liquid chromatography, analyzed by
dynamic multiple reaction monitoring mode (DMRM) mass spectrometry, matrix matched standard and quantified by
external standard solution. Results The limits of detection of 10 pesticides (SN=3) were in the range of 0.1-3 pg/L,
the limits of quantitative (SN=10) were 0.2-5.0 pg/L. In the scope of their respective linear, 10 kinds of pesticides
had a good linear relationship (r=0.997), the average recoveries were in the range of 78.0%-109.9% at 5.0, 10.0,
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50.0 pg/L 3 concentration, the relative standard deviations (RSDs) less than 20% (n=6). Conclusion This method is

simple, fast and sensitive. It can be used for the analysis and detection of 10 kinds of pesticides in 10 min, which can

be used for rapid detection of pesticide residues in river water.

KEY WORDS: direct injection; water; pesticide; ultra high performance liquid chromatography tandem mass

spectrometry
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FoAR Z M AT B BRI SR, A% Rk AR TR
K, [FIET32 B4 AR B3 0, AR R ™
P, FEARME AR T e R A A A R A A R AR R,
b gLy (BT P TN IR I o2 A A W S S W
AL R K R, I8 A AR R AR iR AR AT,
T YR KR, KRBT R A B a5 0, A
TR 5 8] B 4 BT %o 2 R 7K Hhofie 245 8% B il 2 T 7™ R B (A,
GB 3838-2002 (/K I BTREARIE ) HS—SeAf g e 2
WA T HEBCR BRAE, SRAEFI R IR 25 . Stk
AR A MR A2 RS, BEBCRR BRI SR M A 2 G5 &
BT RO ORI | R )RR R A 2
PLBES (el . AR | FEPEIE . £ R el . B,
R AP BRIRZE (G N B TIT 5T

T Hb K Pk 2 5% B v EEARAR, AU B HE R
AH {5,355 (gas chromatography , GO, WiAH 6 3% s (liquid
LOW | M & 3% SR O 5 (gas
chromatography mass spectrometry, GC-MS) X AH {6, 15%- 58
BX T %9 (liquid chromatography tandem mass spectrometry,
LC-MS)% %21 {H A ik S 7 1 I 5 B2 % b 2 7K Pk BE 1
RAGVATAE . & BRI OB FiAb P RT3
FAER K, XFS2E A G SRS B e, G SRR T
T 1 AICRORE £ 1 R IO B vk B R R AR AT 2 AR R I
T (1T MOA I 9 ST — Rl B R T RO (3 R
I e 2 A gk 10 Rl 25 5% B8 10 40 B ik o

AL FBEH MR R EFAARAGELT, w5
WA s AR G, T IGIRA K, 8
BMBUK P EB A ITYL, K EIRE TR A KR SR 5 R
AL BRBKTE. WTREHRMGFERE, hill—LREHFE
IKAC 2T YR A SRR R S, 3R S IR T KO T
PR LT A U] (A SR AR -

2 MHEREE

21 NHBEE5RF

6460C A =1 S5BAR {0 % = B DU G AT A I S 1 e A
(3 Agilent 22 7)); F-oh BRI (GEE RAININ 2 H]);
Allegra X-15R B0 L (1% E Beckman Coulter 23 7]); /KFRJE
T AL (0.22 um, FE Dikma 2 F]),

chromatography,

BEALME ., SHRME. TR, SEB. RERERR . &
PIEL. — W, AL . L RewE AR (A R K
F 96%, 1% [E Dr.Ehrenstorfer 2\ #]); HEE . G (s, 14
[E Merck 2Ad]); HER(EGIE4E, HE DiKmapure 2 Al); #
Bk (FEFE CNW 2 7).

FRUERE £ 23 BIFREL 10 mgCRE B2 0.00001 )54
bR dEah, W B B, €4 2 10 mL, Pl
1.0 mg/mL A AARAE TR, 43 BIHERH IR 10 FhERAR A 4]
100 uL T 10 mL &I, HPEE R R Z1Z, S
10.0 pg/mL WIRFRERTR, GEFF T 4 °CUKAE .

SEFRERMEM 2L RFEWI 10.0 ng/mL ATRARME R
W, RO R Y 0.5, 5.0, 10.0, 50.0, 75.0,
100.0 pg/L RFNFLICACAILL, F 2.2.1 AERZS FKFEE S
22 ZWHE
221 KRAEGYKRERAES

KEERE L, ZORTENTE B . WKEE . K
RS TCIRMEAL, AT Y Sk A S EORAE A, 7R
BRI 1~2 m, JKIR 20~50 cm IREAL, SRR A TTEL
YT KFER AR o Al —RAE U 0.5 h RAE 1 IR, BUCR
B 500 mL ZKEE, BECORFEREA DT 81Kk, B ITBUKAEIR S
5], %R 1 L BOERAR OIS, FimAE R
HUR MR, MUFFRIC. HEALCRER IS % A Is i, 4 °CUKAR
fitife, MRLIRELIRE, 24 h RIS
222 HenthmE

(LR S A Ak 3

BEBUKFERES, 20K RJE T 0.22 pm MFLIERET E,
B NFERE/ M B4 UPLC-MS/MS 4347 .

Q)i

Agilent Eclipse Plus Cig {075 #1 (3.0 mmx50 mm,
1.8 um), HEE: 40 °C; Fisht: A: HEE; B: 0.1%H iR+
5 mmol/L ZBREZ/KIEW; W#: 0.3 mL/min; ¥EAER: 5 uL;
TSR LR 1.

(©))5isi: s

B IR HLBESE B T (electron spray ionization, ESI);
e or =0 8 A& £ &N M W (dynamic multi reaction
monitoring, DMRM); % ESI#x; B4 E: 3000 W
(GE. ), THSREE: 220 °C; THSH: 14 L/min;
SR : 350 °C; RlHESURE: 11 L/min; E 5 AMg
PoER. FIESHE 2.
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#1 UPLC BEEREH T (MS2 scan), FRAFAHN A BEE T, HEF & FR
Table 1 Gradient elutisfoﬁlaiieg:‘;;x;tm performance liquid Ijéﬁ}ﬁil’fl?ﬁ’i, AR B, AL B R R i
o] /min N 5% FETEES T, FEA T G R R S S HOEA T A, A
PAFERARH MRM B TR0 5544, itk &
0 10 %0 {RERE R 5L, 10 FPARZE0 DMRM i ri,
1 20 80 RS SHOLE 2, 10.0 pg/L AR 2538 IR A bR AR B
2 60 40 ) MRM 35 & WL 1,
4 60 40 32 @iERHMK
6 70 30 321 RshMeyLE
8 95 5 SEE AL T W EE K (@) IR R L HEE-0.1% 1 F R K (b)
95 10 90 1A Z FTH -0, 1% H R 5 mmol/L [ Z;M@7J((§{&(C)M¥/%ﬁj\
10 10 90 FVERTEBAH, X 10 Fh 25 Agm R, WEml | RS TT
TR0 o 85 R R, (a) IR RAE AR S ARRT, Mt R el Fi
3 HR5SH AR SRR BTV M S O, T (0) IR R A KA oA
0.1%F R, AREE T XFMEN. E D). (o)fishiikR,
3.1 FRIBFHMIL

et 1 pg/mL A4 A 25 PR 5 R A T B S Ak :
TE SCAN T, BE# 5 2 FUR(ATEST), X454 2530k

B W 3 i B AT BA R 225, ARTECORRT T
W CHE . FEEHAERARFN AN B R P AA
Jrik e B )R RSl

%2 DMRM HEMEAT 10 MAHNRIERESH
Table 2 The MS/MS parameters of 10 pesticides in DMRM mode

e H 5 88 1 8] /min 8 X (mvz) B Rl 43 Ha /v
1 1% P g 1.93 206>164.7a, 206>116.9 ESI 5,10
2 AR 2.13 214>182.9a, 214>125 ESI 10,5
3 [ aieis 3.57 221>108.8a, 221>145.1 ESI* 15,10
4 S 4.49 194.1>95a, 194.1>136.9 ESI 15,5
5 F5 K 4.59 216>174a, 216>96.1 ESI' 20, 25
6 W 5.32 411>149a, 411>181.8 ESI® 30, 20
7 = 6.93 314>161.9a, 314>286 ESI 25,10
8 L 7.38 270>223.9a, 270>148.1 ESI 10, 15
9 TR 8.96 312.1>238.1a, 312.1>162 ESI* 10, 20
10 AL 9.06 350>197.8a, 350>152.9 ESI' 15,10

H:aRETEEHT.

x10°

1.5 1.93
i T e
E 10
gL
J:LE

0.5

4
05 1 15 2 25 3 35 4 45 5 55 6 65 7 15 8 85 9 95
£ 88 B[] /min
B 1 10 pg/L AAR 25 IR A ARV W B LY MRM (6 1% €]

Fig.1

MRM chromatogram for presidents the matrix mixture standard solution for 10.0 pg/L
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x10°
6 2.14
2 4 LR
‘El
g 2
0
05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95
A4 B4 Bt ] /min
x10
1.5 3.56
H
% 10 R
5
Z 05
0 8.97
05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95
1488 B[] /min
x103
10.0 3.75
o 7.5 SHE
bt
= 5.0
=
25
0 , . . . . . . , , , , , . . . . . . ,
05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95
{4 B3 Bt [] /min
x10
5 458
4 EEa
o 3
bt
=2
=
=
05 1 15 2 25 3 35 4 45 5 55 6 65 7 15 8 85 9 95
B4 BsF 18] /min
x103
6 5.32
e
i
Eﬁ 4
a
2,
0
05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95
£ 83 B[] /min
Z2E 1 10 pg/L AR 2535 IR A AR vV B LR MRM 8335 /]

Fig.1

MRM chromatogram for presidents the matrix mixture standard solution for 10.0 ug/L
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x10°
6.92
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™
&1
.[En?
0
05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95
FR-B8 5 6] /min
%103
10.0 738
7.5
£
= LT
= 5.0
g
2.5
0
05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95
R B 1 i /min
x10*
8.95
1.5+
e TEE
B o1of
e
T o05t
0 -
05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95
1R85 I ) /min
%103
3 9.05
B e
=
2 4
B 2
0 \'a
05 1 15 2 25 3 35 4 45 5 55 6 65 7 15 8 85 9 95
PR 5[] /min
il 1 10 pg/L MR ZGAEFUR A AR AR I MRM (4 3 4]
Fig.] MRM chromatogram for presidents the matrix mixture standard solution for 10.0 pg/L
322 ABhARAEEARAL AR A AT E . DL B AR A 00 T B2 S R A A,

T T 3 PRSI A R, SRR,
FHABEE 11, 10 min W5ERE 10 MR 25704, #Abadyiig
I3 A 34 5), oy B REACH, BERBRE 2. 3 I, 7 min N 5E
BT, AELST N BRI 55 25 Y AR ) 00, 0 S NG
P AR E VA R i S A DR P o 3 R BE R Y L3 3.

33 ZMAREREHIR
PLZS FIKFEBRC i 2510 & W n SE B An ME s ik, $6 B8

AE it B 00 107 14 €8 3 06 T R AL bR 2 i AR v it 22,
SRR, SR Mewk . REL. BEURAE 5.0~100.0 pg/L
WEESE I, HAE S YITE 0.5~100.0 pg/L ¥ BE T B P #p
HA RIFLRIECR, MR r=0.997,

K FZS AR ROIMARSEES, A 3515 L (SIN=3) T
WA R (limits of detection, LOD), LA 10 {5 W kb
(SIN=10)f%4 757 19 22 1 FR (limits of quantification, LOQ),
LM KB R R 4.
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Table 3 Gradient elution program of optimizing s PR P
078 K BEERT 5.0, 10.0. 50.0 pg/L 3 AN AKCF- ¢

apig EBRENEL O MMEF2 MBEFS EPUKHALE 5.0, 100, 50.0 ng/L 3 AT
BEFTINAR S5, JrIE 6 YR, T AR X R v i 22 [0

fmn AN B% A% BN A% B% R 10 P 26 [ 205 FEL g 78.0%~109.9%, AT i ffi 22
0 10 90 10 90 10 90 TE 0.3%~8.1%Z 8], 5L 5
1 20 80 20 80 20 80 3.5 g:lﬁ‘#ﬁﬁ:lﬂ"]*&zﬂ“
2 60 40 60 40 60 40 oL FH I S 9 7 e, b TR A SRR VT R SR 4R KR 20
4 60 40 80 20 90 10 1y, FAREVTIRISCRAEAKRE 42 kAT 10 Pl sk, 62
6 70 30 90 10 95 5 KA, BT B w50 DS A 24 T 3 IR 2 o A 243
s o s o5 s 10 % Ftths, FTHUBEACZIBR = MR 2 (A TAG KRG i 41,
9.5 10 90 10 90 HARAIARK L, 2 G 0 =gk 5 54378 0.22 pg/L,
028 pg/L, FHETRAMAAR T PERR AN, UEHAH X K
voonvo» v % K K2 F

F4 10 HRANIERLZ . SNEE. BXAREELIR. EER

Table 4 Linear equations, linear ranges, correlation coefficients, limits of detection, limits of quantification of 10 pesticides

75 LR LAMEE I/ (ng/L) Ry i AHOC R E(r) LOD/(pg/L)  LOQ/(ug/L)
1 Tt PR i g 5.0~100.0 Y=492.20X+94.14 0.999 3.0 5.0
2 AL IRR 0.5~100.0 Y=39116.62X-3934.29 0.999 0.4 0.5
3 i 5.0~100.0 Y=9 846.94X-1596 0.999 0.7 1.0
4 SN 5.0~100.0 Y=53092.12X-74657.32 0.999 1 4.0
5 5 Lt 0.5~100.0 Y=86297.56X+14546.84 0.999 0.1 0.4
6 TR T e 0.5~100.0 Y=172734.42X-36392.22 0.999 0.2 0.3
7 R 0.5~100.0 Y=162916.77X-32434.65 0.999 0.15 0.4
8 L 0.5~100.0 Y=11785.35X-2867.69 0.997 0.1 0.35
9 TE 0.5~100.0 Y=12777.21X-3686.25 0.997 0.1 0.4
10 AL 0.5~100.0 Y=7765.63X-7384.17 0.999 0.1 0.2

RS 10 FRARELR AR E BN ARE R FAE X R R ZE (n=6)

Table 5 Recoveries and relative standard deviations of 10 pesticides(n=6)

.- s 5.0 ug/L 10.0 pg/L 50.0 pg/L

(B & 7 RSD/% [l /% RSD/% (B & 7 RSD/%
1 Tt PR PR g 109.9 4.1 104.5 5.9 99.7 2.5
2 AfbRR 100.5 4.0 103.2 5.8 99.2 1.6
3 AEE 88.9 8.1 91.8 7.1 98.5 1.3
4 S 85.0 0.9 93.9 3.1 100.5 0.5
5 5 85.5 2.6 84.9 2.6 91.4 2.0
6 IR IGE Bk R fi 78.0 3.3 83.7 2.1 76.9 4.1
7 — Tl 95.9 2.1 94.3 2.0 101.1 2.8
8 L 91.3 0.8 97.0 2.4 104.1 2.0
9 T HE 107.2 3.4 103.4 1.3 101.4 0.5

10 AL 79.0 3.2 88.0 2.6 80.3 0.3




1778

B dn 2 4 R R I A 4R

81

4 HF5iTie

ABIE GRS T AR AR - OB A (3 R IR Tk

K sk vh Z R A 2558 B (0 5 1%, R R T T
(iR IR ARifE ) Zh . 10 FheR 2558 7 ks
HBREE 0.1~3.0 pg/L, ERRE 0.2~5.0 pg/L, BIYRE
78.0%~109.9%Z [0, SRS, ZITiERIER B8, RHUE
o, AT B I BRI % 5, T R K vh 2k 2 5%
B ARSI T 3R, 3 T Sk P 2 Ao 2 ML AR 2 % ok
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