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Table 1 Mass spectrometric measurement conditions of 44 organic compounds in multi — reaction monitoring mode ( MRM)

157 ] . TE B TR EMER T FE Bt EMER T
hiacs La . MR . .
(min) (m/z) (m/z) 3L (eV) filf A L e (e V)
1 2% 4.435 % - dg 128.1/102. 1 128.1/78. 1 20 20
2 B 4.651 %8 - dg 109.0/79.0 144.9/109.0 10 10
3 2,6 - fifFH 2K 5.848 ZE-d 165.0/63.0 165.0/148. 1 15 25
4 A 5.886 Z-dg 152.1/126.0 152.1/102. 1 30 30
5 i 6.102 ZE-d 153.1/77.0 153.1/127.1 30 45
6 2,4 - TRYILE 6.324 28— dg 165.0/63.0 165.0/119.0 5 15
7 Vil 6.764 %5 - dy 166.1/165. 1 165.1/164. 1 15 20
8 o —666 7.606 Z-dg 216.9/181.0 180.9/145.0 5 15
9 VAY B3 7.741 ZE-dg 283.8/213.9 283.8/248.8 15 30
10 LR 7.793 3 -d, 149.1/77.1 149.1/121.1 10 5
11 B - 666 7.987 dE-dy 181.0/145.0 216.9/181.1 5 5
12 y - 666 8.11 I -d 181.0/145.0 216.9/181.1 5 5
13 E[5 8.304 JE-dy 178.2/152.1 89.0/63.0 25 10
14 J 8.379 JE-dy 178.1/152.1 178.0/151. 1 30 25
15 5 - 666 8.462 dE - dy 181.1/145.1 217.0/181. 1 5 5
16 HAEW 8.539 JE-dy 265.9/133.0 265.9/230.9 20 30
17 2,447 - =R 8.994 4k - dyp 256.0/186.0 186.0/151.0 25 25
18 FH L6 B 9.093 dE - dyo 262.9/109.0 125.0/79.0 12 5
19 L4 9.287 JE-dy 271.7/236.9 273.7/236.9 15 15
20 2,255 - PG g 9.557 dE -dy 289.9/219.9 255.0/220.0 25 25
21 LRIBR 9.683 3k - dyo 126.9/99.0 157.8/125.0 15 5
22 FHopuE 9.900 4E —dyg 196.9/169.0 198.9/171.0 15 15
23 W 10. 664 JE-dy 201.1/200. 1 202.1/152. 1 30 30
24 2,2,4,5,5 - AR 11.061 4k - dy 253.9/184.0 325.9/253.9 30 30
25 i 11.129 JE-dy 201.1/200.0 200.1/150.0 15 25
26 p,p’-DDE 11.557 3 - d, 246.1/176.2 315.8/246.0 15 15
27 2,344 ,4%5 - HABEHE 12.158 4E - dyy 325.9/255.9 325.9/253.9 30 30
28 p,p’-DDD 12.299 JE-dy 237.0/165. 1 237.0/200. 1 15 25
29 o0,p’—~DDT 12.373 3 - dy 237.0/165.2 235.0/199. 1 20 15
30 2,24 ,4°5,5 - NEWE 12.545 3E - dy 359.9/289.9 287.9/217.9 25 25
31 p,p’-DDE 12.959 3 - d, 235.0/165.2 235.0/199.2 20 15
32 2,23 ,4,4°,5 - NEWE 13.042 3E - dy 359.9/289.9 359.9/324.9 15 30
33 K[ a] B 13. 847 JE-dp, 228.1/226.1 114.0/101. 1 30 35
34 it 13.934 Jt-dp, 228.1/226.1 113.1/112. 1 30 40
35 2,2,3,4,4,5,5 - LEEBE 14212 Jb-d;, 393.8/323.8 393.8/358.8 30 15
36 AR HER2 - (ZIECIH)EE  14.321 db-dp, 149.0/65.0 149.0/93.0 5 20
37 2,2,3,3,4,4,5,5 - )\EBOE  15.809 JE-dp, 427.8/357.8 427.8/392.8 15 15
38 HIH[b]Em 16.213 € -dy, 252.1/250. 1 252.1/226.1 35 30
39 HI k] em 16.265 JE-dp, 252.1/250. 1 252.1/226.1 30 30
40 2,2,3,3°4,4°5,5,6 - JUABEA 16.452 Jt-dyp, 461.8/391.7 463.8/428.7 15 30
41 HKIflall 16.851 JE-dp, 252.1/250. 1 112.0/111.1 35 10
42 Bidt[1,2,3 —cd]iE 19.136 b -dp, 276.1/274.1 137.0/136.0 40 10
43 —HIf[a,h ] 19.142 JE-dp, 278.1/276. 1 125.0/124. 1 35 10
44 I g,h,i]dk 19. 628 dE-dy, 276.1/274.1 137.0/136.0 45 15
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Fig. 1

Mass spectrogram of organic pollutants in multi —

reaction monitoring mode ( MRM)
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Fig.2  Average recovery rate of organic pollutants extracted by dichloromethane and n — hexane
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Fig.3  Average recovery of improved QuECHERS and liquid - liquid extraction
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Table 2 Detection limit, recovery rate and relative standard deviation of the improved QUECHERS method
s o K B [ KB H2EIR bR MEIES RSD
(pg/’L) (pg/’L) (%) (%)
1 %% 0.07 1.0 86.6 ~115.3 3.3~6.8
2 FRCR 0.02 0.05 75.4 ~121.6 2.8~4.8
3 2,6 - AR 0.07 0.10 89.5 ~110.4 2.6~5.9
4 % 0.01 - 84.4 ~108.6 1.7 ~4.6
5 JieA 0.01 - 79.2 ~100.8 2.3~6.4
6 - RO 0.10 0.10 84.4 ~104.0 3.2~6.4
7 % 0.01 - 78.6 ~101.5 2.1~5.8
8 o — 666 0.01 0.01(666 i tht) 80.0 ~112.4 3.9~10.5
9 ANHEK 0.01 0.01 87.6 ~104.7 2.8~6.0
10 D 0.04 0.05 86.3 ~110.3 3.8~9.4
11 B - 666 0.01 0.01(666 i) 88.1~108.8 4.1~9.7
12 y 666 0.01 0.01 83.5~114.4 4.6 ~10.2
13 E[8 0.01 - 82.6 ~115.1 2.7~5.8
14 B 0.02 1.0 86.9 ~99.4 3.3~6.1
15 5 - 666 0.01 0.01(666 ) 84.2 ~104.8 3.7~8.7
16 A 0.01 0.05 82.4 ~104.6 6.1~10.2
17 2,44 - ZHBEH 0.01 0.05( ZHE M) 81.8 ~96.7 1.8 ~4.1
18 FH 0T 0.02 0.05 78.3 ~110.3 2.4~4.7
19 o 0.01 0.01 86.1~103.7 3.2~6.2
20 2,25,5 - UG EE 0.01 0.05( ZABRBE) 82.3 ~103.4 2.3~5.0
21 DR 0.02 0.05 80.6 ~109.7 4.2~7.2
22 AT 0.02 0.05 85.6 ~ 1016 4.4~8.3
23 D3 0.02 1.0 79.5 ~112.5 3.7~6.9
24 2,2,4,5,5 - LA 0.01 0.05( ZHABIR M) 84.5~108.0 2.4~6.3
25 [ 0.01 - 81.2 ~114.4 2.0~5.5
26 p,p’-DDE 0.01 0. 01 ( J5H{H 1ofs Je ) 81.6 ~104.3 3.6~9.4
27 2,3,4,4,5 - LEEHE 0.01 0.05( 5 M) 89.8 ~98.7 2.5~5.1
28 p.p’-DDD 0.01 0. 01 (I Ik 1o b Jat 81.5~107.9 6.6 ~10.2
29 o0,p-DDT 0.01 0. 01 (I I 1o b Jat 79.8 ~114.1 4.1~9.6
30 2,294,455~ REEE 0.01 0.05( L&A ﬁ) 83.5 ~108. 1 2.5~5.3
31 p,p’-DDT 0.01 0. 01 (I A ) 81.4 ~111.5 5.1~7.8
32 2,293,445 - NEBE 0.01 0.05( L4 L) 91.4 ~105.3 1.9~4.2
33 #It[al B 0.01 - 84.2 ~107.4 2.6~6.8
34 Jii 0.01 - 86.4 ~98.7 3.4~7.4
35 2,2%3,4,4,5,5 - LA 0.01 0.05 ( ZEBF E) 87.9 ~99.4 2.3~6.5
36 SRR 2 - (L) Mg 0.07 3.0 88.2 ~120.7 5.8~12.7
37 2,2%3,3%,4,4%,5,5 - )\GUE 0.01 0.05( L4 ) 90.1 ~108.7 2.0~6.3
38 HIE[b]Per 0.02 0.10 86.9 ~111.4 4.1~6.3
39 I K] DR 0.01 - 81.9~102.5 5.2~7.5
40 2,2%3,3°,4,4°,5,5,6 - JLATHE 0.01 0.05( ZABRBHE) 92.8 ~110.7 3.0~5.6
41 HlaltE 0.001 0.002 86.4 ~104.8 2.5~6.9
42 Bidf[1,2,3 -cd]iE 0.01 - 82.4~107.3 4.1~9.5
43 Z % IE[a,h] B 0.01 - 83.6 ~105.1 5.2~10.6
44 ﬂiﬁ[g,h,i]jb 0.01 - 84.1~114.2 3.7~8.4
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Table 3 Comparison of advantages and disadvantages between
the improved QuUECHERS method and liquid - liquid
extraction method
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Determination of 44 Organic Pollutants in Groundwater by Gas
Chromatography — Triple Quadrupole Mass Spectrometry

YU Lei, ZHANG Xiao - yi
( Xinjiang Research Institute of Mineral Resources, Urumuqi 830000, China)

HIGHLIGHTS

(1) The application of gas chromatography — triple quadrupole mass spectrometry with high sensitivity and low
interference was the key to simplify the pretreatment.

(2) The application of QUECHERS method to the water sample treatment simplified the pretreatment and reduced
the background of phthalate.

(3) The method was applied to the practical work of groundwater, and the work efficiency was improved.

ABSTRACT

BACKGROUND: Organic pollutants such as organochlorine, polycyclic aromatic hydrocarbons and phthalate in
groundwater are potential threats to the ecological environment and human health. The development of efficient,
accurate and rapid detection methods has practical significance. The organic pollutants in water are extracted by
liquid — liquid extraction and solid — phase extraction, for example, and are determined by gas chromatography, gas
chromatography — mass spectrometry, and liquid chromatography — mass spectrometry. It is not possible to measure
multiple types of organic pollutants with low detection limits.

OBJECTIVES : To establish a rapid and accurate method for simultaneous determination of multiple semi — volatile
organic compounds.

METHODS ; An improved QuECHERS method was proposed to pretreat the sample. The organic phase was taken
directly from the water sample after a small amount of organic solvent was added to the water sample without
purification. Multi — reaction monitoring mode ( MRM ) of triple quadrupole mass spectrometer was used for
qualitative analysis and internal standard method for quantitative analysis. The improved method achieved the
simultaneous determination of 44 organic pollutants. The conditions of mass spectrometry were optimized, the
extraction effects of different solvents were compared, and the advantages and disadvantages of traditional methods
and QuECHERS were compared.

RESULTS:; The results showed that the linear relationship of 44 organic compounds was good in the concentration
range of 1 —200g/L, and the detection limit and recovery of each organic compound met the requirements.
CONCLUSIONS; The method has the advantages of simple pretreatment, high sensitivity, low background of
phthalate and simultaneous determination of multiple types of organics and can be effectively applied to the

determination and evaluation of trace organic matter in groundwater.

KEY WORDS: groundwater; organic pollutants; QuECHERS; gas chromatography — triple quadrupole mass

spectrometry
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