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Abstract; There are many types of organic pollutants in water, which exert great threat
to human health. Developing highly efficient and precise quantification method for their
detections is very important. The acrylamide, bentazone, 2, 4-D, dimethoate, picric
acid, benzidine, pentachlorophenol, carbofuran, carbaryl, atrazine, demeton, malathi-
on, parathion and chlorpyrifos are 14 types of important organic pollutants, which are
highly harmful to human body and thereby are included in important-quality-control
indicators of current standard regulations, such as Environmental Quality Standards for
Surface Water (GB3838—2002), Standards for Drinking Water Quality (GB5749—
2006) and Quality Standard for Ground Water (GB/T14848—2017) in China. Accord-
ing to the specified examination methods of these standards, they commonly need
enrichment of large volume of water samples before the further analysis. However,

there are many drawbacks for such pretreatment: 1) The process is lengthy. 2) It can
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exhaust large amounts of reagents. 3) Sometimes it can produce false positive results.
4) What is even worse is being harmful for the experimenter’s health. Liquid chroma-
tography-tandem mass spectrometry is a qualitative and quantitative analysis method
with high sensitivity, good selectivity and fast analysis speed, which is becoming more
and more popular for the determination of trace level of organic pollutants. The direct
injection method based on liquid chromatography-tandem mass spectrometry has been
applied in some organic pollutants examinations. However, there are still no reports on
simultaneous determination of these 14 organic pollutants using direct injection method.
In this study, a method of direct injection-ultra high performance liquid chromatogra-
phy-tandem mass spectrometry (UPLC-MS/MS) was developed for simultaneously
determination of these 14 organic pollutants. Additionally, the dynamic multiple reac-
tion monitoring (DMRM) mode was applied in UPLC-MS/MS. which could dynamically
allocate the retention time window of each target compound, significantly adjust the
loading cycle time of multiple compounds and improve the analysis efficiency. Specifical-
ly, the water samples were filtered through 0.22 pm of microfiltration membrane and
gradient eluted with ammonium acetate and acetonitrile. The flow rate was 0. 3 mL/min
and the column temperature was 40 C. The samples were detected by DMRM mode
using positive and negative electrospray ionization (ESI* ), and the 14 isotope internal
standards were used for quantification by internal standard method. The calibration
curves of the organic pollutants showed good linearity with the correlation coefficients
(R*) over 0.999 0. The limit of detection was 0. 01-0. 05 ng/L, and the limit of quanti-
tative was 0. 05-0. 10 pg/L. The average recoveries at three spiked levels were 77. 9 %-
114% in different environmental water samples, and the RSD ranged from 0.2% to
14.1% (n=6). This method is simple, rapid, and high sensitivity, which is suitable for
detection of 14 organic pollutants in the surface, underground and drinking water.

Key words: ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-
MS/MS); direct injection; water; organic pollutants; internal standard method;

dynamic multiple reaction monitoring (DMRM)
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Table 1 Mass spectrometry conditions of 14 organic pollutants and isotope internal standards
GBS [(aex?] B X EM&EEE ﬁ?gﬁ_ﬁﬁ BT IR )
Type Compound Ton pair Fragmentation  Collision Ton mode Internal
voltage/V energy/eV standard
EELIRER Y] T 4 T i 72.1/55.1% ,72.1/44. 1 40,40 8,24 ESIt 75 45 Bk Jie-D3
K ER 239.1/132* ,239.1/197 129,129 24,16 ESI— KEFY-D7
2,4 219/161* ,221/162. 9 68,78 8.8 ESI 2., 4-T%-13C6
IR R 230/124.9* ,230/198. 9 73,73 20,4 ESI' IRE-D6
TR 228/181.9* ,228/197.9 96,96 16,16 ESI 2., 4- Rl B D3
IR i 185.1/168* ,185.1/151 154,154 16,28 ESI* 1B Jie-DS
Fan 264.8/35.2% ,262.8/35. 1 121,126 24,28 ESI- T -13C6
Wk i 222.1/123* ,222.1/165 88,88 20,8 ESI*+ Wk I - D3
P25 i, 202.1/127* ,202.1/145 73,73 32,8 ESIt 2 g-D7
] 4 o v 216.1/68.1% ,216.1/174 144,144 44,16 ESI* B 5 7 342 -D5
PR G 259.1/61. 1% ,259.1/89 83,83 44,8 ESI! P S F 4
Ly i 331.1/127* ,331.1/284. 9 88,88 8,0 ESI*+ R D6
X T 292/235.9%,292/122. 9 129,129 20,24 ESI* X4 D10
40 349.9/96.9% ,349.9/197.9 96,96 40,16 ESI* FAEW-D10
SEaR 7| TN 3 Bt z-D3 75.1/58. 1 45 8 ESI+ —
K EfN-D7 246.1/197.9 129 20 ESI- —
2,4-%-13C6 225/166. 9 88 8 ESI- -
RHR-D6 236/204. 9 83 8 ESI* —
2. 4- TR D3 186/112 116 28 ESI- —
1B DS 193.2/174 149 32 ESI* —
HE H-13C6 270.8/35. 2 129 28 ESI- —
I 5 $+-D3 225.1/165 93 8 ESI*+ —
B 28 -D7 209.1/152 78 8 ESI* —
Bl 44 h - D5 221.1/179 139 16 ESI*+ —
PN - S- FT 231/89 68 8 ESI* —
o 37 i - D6 337.1/127 103 8 ESI* —
X B -D10 302.1/237.9 121 16 EST* —
FEAEM-D10 360/198. 8 154 16 ESI! —

E:x NERET



256 i A A3
1201 ggo 2 PRI oo b 6003 P
2 ol 72.1>55.1 g 239.1>132.0
g s 60F
E 40r E
20r
0 T T T T T T T T T T
4 8 12 16 20 4 8 12 16 20
Time/min Time/min
100k € 6.914 2,41 100k d 7.621 R
z 219.0>161.0 z 230.0>124.9
£ 60r 2 60
E E
20f 20
T T T T T T T T T T
4 8 12 16 20 4 8 12 16 20
Time/min Time/min
100 ¢© 8.176 kR 100k f 8.196 B
z 228.0>181.9 2 185.1>168.0
s 60 s 60r
E £
20r 20r
T T T T T T T T T T
4 8 12 16 20 4 8 12 16 20
Time/min Time/min
10k & 10986  FAH ook I 11.149 W I 5}
z 264.8>35.2 z 222.1>123.0
£ 60r 2 60F
£ E
20r 20r
T T T T T T T T T T
4 8 12 16 20 4 8 12 16 20
Time/min Time/min
i K 12.001 .
100- 11.663  pizepy 100 BB
g 202.1>127.01 g 216.1>68.1
2 60k = 60F
e 2
5 S
20r 20
T T T T T T T T T T
4 8 12 16 20 4 8 12 16 20
Time/min Time/min
k 13.273 I 16.794
.., 100F L ., 1001 R Rt
= 259.1>61.1 G 331.1>127.0
£ 60F £ 60
£ E
20 201
T T T T T T T T T T
4 8 12 16 20 4 8 12 16 20
Time/min Time/min
m 18.359 n
2 100 L 2 100 I
‘Z 292.0>235.9 ‘Z 349.9>96.9
5 60F £ 60
£ E
20r 20r
T T T T T T T T T T
4 8 12 16 20 4 8 12 16 20
Time/min Time/min

B1 14 #MENSEMESHREREN MRM &iEE (0.5 pg/L)
Fig.1 MRM chromatograms of mixed standard solution of 14 organic pollutants (0.5 pg/L)
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Fig.2 Standard curves of 14 organic pollutants in water
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Table 2 Linear ranges, regression equations, correlation coefficients (R*), LODs, LOQs and

standard limits of the 14 organic pollutants in water

- AR Hiy 2 7K BRAEL i g AR R K
ZRTER . . . 7} X
. Ltk EX 44 Kt B i R Surface FR{EL
=z Linear ) Underground
Linear Correlation LOD/ L.OQ/ water Drinking
Compound range/ o water limit/
equation coefficient  (pg/1) (pg/L) limit/ water limit/
(‘ug/L) (;},g/L)
(R») (,Ag/l,) (yg/L)
IR A3 0.5~100 y=0.0552—0. 030 0.9993 0.01 0.05 0.5 — 0.5
DR 0.5~100 y=2.7452+0. 303 0.9991 0.01 0.05 — — 300
2, 4-T 0.5~100 y=0.1242+0.097 0.9990 0.01 0.05 — 30 30
R 0.5~100 y=0.589x—0. 224 0.9995 0.01 0.05 80 80 80
N 0.5~100 y=0.0022x40. 001  0.9990 0.01 0.05 500 — —
T 7 iz 0.5~100 y=0.1722—0. 021 0.9994 0.01 0.05 0.2 — —
TG 0.5~100 y=0.053x—0.029 0.9996 0.01 0.05 9 9 9
I g FF 0.5~100 y=0.2532x—0. 147 0.9992 0.01 0.05 — 7 7
25 g, 0.5~100 y=0.1152—0. 117 0.9992 0. 05 0.1 50 — —
TS E RS 0.5~100 y=0.6092—0.562 0.9994 0.01 0.05 3 2 2
N I iy 0.5~100 y=0.0192—0.018 0.9995 0. 05 0.1 30 — —
TRFEHE  0.5~100  y=0.0590—0.058 0.9992  0.05 0.1 50 250 250
PORiR T 0.5~100 y=0.083x—0.099  0.9990 0.01 0.05 3 — 3
5t i 0.5~100  y=8.019x—9.076 0.9995  0.01 0. 05 — 30 30

F3 3NMIRAKET, 14 FEHIS YR MMARE K RNEZE (n=6)
Table 3 Spiked recoveries and RSDs of the 14 organic pollutants at three spiked levels (n=6)

&K Low(1 pg/L) tH & 7KF Middle(50 pg/L) 257K % High(90 pg/L)
=27 £ 9511

Compound Matrix ENES G 9 B ElES R ElES K
Recovery/ % RSD/ % Recovery/ % RSD/ % Recovery/ % RSD/ %

TR o 7k 98.7 5.5 100 0.6 99. 6 0.5

Tk 93.1 9.7 99. 3 1.0 98. 2 4.8

A& R K 104 8.8 98.0 2.6 95.7 5.9

KFLHR 2Rk 81.3 5.6 105 8.0 87.8 3.7

R K 91.3 12.3 96. 6 5.6 90.0 4.5

A E R IK 93.0 10. 8 101 4.0 98.5 1.8

2., 4T Hh 22k 99. 8 8.8 90. 1 8.2 86. 7 5.2

H 7k 101 13.9 92.9 11.5 87.1 3.4

A TE KR K 107 7.9 96. 0 8.4 94. 7 4.9

SRR ik 98.0 4.2 99. 7 3.0 88.7 0.8

TRk 94. 2 11.8 97. 2 7.0 94. 3 6.6

HEE TR K 87.4 8.4 99. 6 1.4 89.9 1.1

R R Hh K 102 8.0 105 5.1 98. 7 2.0

H R 7k 107 3.9 111 7.4 95. 1 3.5

AT R K 84.9 9.3 97.7 3.7 98. 1 1.5
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gik3
K Low(1 pg/L) 4K - Middle(50 pg/L) &5 7K 5 High(90 pg/L)
L& B o
Compound Matrix ENES 5 ] i H ] i 5
Recovery/ % RSD/ % Recovery/ % RSD/ % Recovery/ % RSD/ %
10 4 g Hh K 99. 3 6.4 103 5.2 88.7 1.2
R 7k 92.0 13.7 110 0.8 86.5 3.5
A IR T K 102 8.8 99. 7 1.9 95.6 4.3
AT K 93.5 5.0 101 3.7 98. 4 2.0
K 102 13.2 97. 1 5.9 96.9 3.9
A TR K 105 13.6 97.2 3.7 97.5 2.2
0 1 % Hh 2 7K 99.5 6.3 104 5.6 88.0 1.6
H T 7k 88. 8 6.7 85. 1 11.5 89.5 0.7
A3 R A K 105 10. 4 98.5 2.5 82.5 4.5
LI Hh K 112 10. 5 103 9.7 99. 2 1.9
T ok 77.9 7.1 98.6 3.4 92.5 .6
A IS R K 82.5 6.9 89. 1 7.9 98.5 2.1
SIESE AR Hi 3 7k 109 5.9 99. 2 3.0 98. 8 0.5
7k 103 14.1 101 2.9 99.6 1.7
AR R K 101 10. 8 97.9 1.0 101 2.3
oA I T i K 105 5.9 99.9 5.1 98.8 1.2
HF 7k 106 4.5 101 0.9 98.1 2.1
A 3 AR K 96. 4 10. 5 97.9 2.1 103 2.6
R R K 107 7.8 101 6.3 96. 0 0.2
T K 88.5 10.9 96. 4 9.1 98. 8 1.7
AR R K 98. 7 10. 1 92.8 0.4 103 3.1
X L 2K 93.5 8.9 103 2.0 99. 6 1.5
Hi T 7k 95.9 13. 4 96. 5 5.0 102 1.1
A& R K 92.3 12.2 99. 3 2.6 95. 8 2.8
A AL I Hh K 114 4.5 93.5 6.5 103 5.1
T sk 89.6 9.4 93.9 3.5 94.5 3.3
HE TR AR K 102 13.0 99.3 1.9 102 2.1
2l 3 it
J16.1708 1% AR SCHEST T — i T L IBE 55 L B VR OE L 7
B ShAS 2 SO0 W | [R)E R N BR E )
2r A F9 R i SO € 3% - R R B3 20 B O s T
£ WIS 14 A LIS ey 7 TR A K
= FE R AR A AT (5 e | R L O VR
L AAIAR ] Wi 2 B A% T A2 15 5 s o 1) Joi 42 ) 22
SR BIR e A I 5K, n] Ay At e [R] EpR s A
MK HE TR KR A IS AR TR 14 FlOA BLTS B

78 80 82 84 86 88
t/min
3 BEME MR KR G P BT SR E B9 MRM & % E
Fig.3 MRM chromatogram of atrazine

in a positive surface water sample
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