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Gas Chromatography—Tandem Mass Spectrometry for Determination of Five
Emerging Contaminants in Drinking Water
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(Key Laboratory of Drinking Water Science and Technology , Research Center for Eco—
Environmental Science, Chinese Academy of Sciences, Beijing 100085, China)

Abstract:  This paper investigated the pollution of emerging contaminants in the main water
supply plants in Beijing and established a gas chromatography—tandem mass spectrometry method for
simultaneous determination of five emerging contaminants in drinking water and source water, so as to
meet the detection demand of 1, 4-dioxane, dichloroacetonitrile, dibromoacetonitrile, fenoprop and
pendimethalin in drinking water. The type, volume of the extractant, salinity of water samples, and the
detection conditions of gas chromatography—mass spectrometry were optimized. The salinity of water
samples with volume of 100 mL was adjusted to 2%, and dichloromethane with volume of 25 mL was used
as the extractant. After enrichment and concentration, the samples were separated by HP=5 ms capillary

column and analyzed quantitative by MRM mode. The linear correlation coefficients of the five emerging
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contaminants were all greater than 0.999, the spiked recoveries were 73.3%—113%, the detection limits
were 0.002-0.06 pg/l, and the relative standard deviations were 3.7%—12%. The method is suitable for
the determination of trace 1, 4-dioxane, dichloroacetonitrile, dibromoacetonitrile, fenoprop and
pendimethalin in drinking water and source water, and meets the testing requirements of the Guidelines
Jor Drinking Water Quality proposed by the World Health Organization. The method was applied to detect
drinking water samples from the main water supply plants in Beijing from 2018 to 2020, and the results

showed that none of the five emerging contaminants were detected, indicating that the health risk was low.
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Tab.1 Environmental sources and properties of five emerging contaminants
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2.1 5k

GC 2010 Plus A (35 AL L 4 AOC-20i A 3l i
FE A% 5 TQ 8040 — H DU M AT £ B Bt 3% A% ( H A
Shimadzu 2> &) ) ; HP-5 ms 3 9% F 41 4 # (30 mx
0. 25 mmx0. 25 pum, F[FH Agilent 23 7] ) 5 I A6 Bk
B s SR-2DW $iR & #E K ( H 7K Taitec 22 ) s R210 JiEH%
28 KA (Bt Buchi 24 7)) FI K-D W45 4% .

PR MERE W - 1, 4- — 0EHE (CAS: 123-91-1, 100
pg/mL) \ G ZE (CAS:3018-12-0,5 mg/mL) Fl -
M 2 (CAS: 3252-43-5, 5 mg/mL) ¥ 1y [ 3 &
AccuStandard 23 7 52,4, 5- 7 A R (CAS: 93-72-1,
100 mg) 14 H & [H Dr. E A Al ; — H Rk R (CAS:
40487-42-1, 1 000 pg/mL) g [ 3& [ 02Si 24w 5 N
b s R -d8 (999 wg/mL) W [ H [ 34 55 R B} 47 11
A PR ] I EE . LC-MS 2% (4 L, 2 [# ThermoFisher
oAl s A AR R (4 L, 32 [F ThermoFisher 23
) 5 AN ARG 4l (500 g, o FE 254 AL 2R
ABRAT]) s TEAKEREREN : 73721 (500 g, [ [E 2454
A BR AT
2.2 HmREMLIES X
2.2.1 FEARAE

FH 9056 Wk ¥ T ¥ O T 8 0 A €8 3 385 i (250
mL) SR AETKAFE TR AR , A A 5 I 0. 02 ¢/L
PUIRIMAR . 2R BYIKEE 0~4 “CREGIRTE, 7 d INSERY
3T .

2.2.2 WAL

HHL 100 mL K FE T 250 mL A =F L 2 ¢
e 5 A L8 . A 0.5 we/mL PRl 20
pLJE PRI 25 mL Z 50 B Be kA7 A2 B, 4k 9 4% LA
265 r/min B EFE IRV 10 min, i E D )Z 1 h, 5 H
B RIS T 2647 JOK RN I HETE L v, A AN
OIHUERE 28 % 5 F K-D M4 28 E A5 2 1 mLAFM
2.3 UIEEH
2.3.1 SAHEGEHT A

o THEAE 30 "CIR 4% 5 min, LA 20 ‘C/min
2260 °C, £R4F 10 min; #EFE FEEE 150 °C5 A2

HERE 80 2 AU 99. 999%  1E AR 3 s CID
SR AGEARE 1 mL/min; £ 1 ul,
2.3.2 Juikaft

BT UR B, 3% i BB 70 eV B 7 IR
200 C; 2% FHEE 200 °C5 A6 I 4% HL 1K 0. 96 kV ;5 %71
FE IR B8] 3.5 ming 4748 07 200 22 e R g 0 AR X
(MRM), Z&fF I 2,

F2 STESRMANAAR A & KR M S

Tab.2 Multi-reaction monitoring conditions of MS

for five emerging contaminants and internal

references
A T X IEEAGEN
&Y BH BTN (mlz)
(mlz) JE/eV
1,4-— %%z 88.0>58.1 | 88.0>44.1,88.0>43.0 | 9,9,18
TEALNE | 74.0>47.0 | 82.0>47.0,74.0>39.1 [18,27,24
THZIE | 120.0>93.0 | 118.0>90.9,120.0>39.1 |15,15,24
2,4,5-TH 1N
” 196.0>97.0 | 198.0>97.1,196.0>131.9 [27,33,18
TR R (252.0>162.1(162.0>147.0,252.0>191.0(18, 12, 12|
FH2-d8 | 100.0>98.0 | 98.0>70.0,100.0>70.0 [15,15,27
2.4 FHIEWIE
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Iy —E R 1, 4- 08k RO RO
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AP B D, H 4 6 MR EE SUARER Y, &P T
BB 5o 1, 4-—088E:0.1.0.5.0,10.0.50. 0
1200 pg/L, A ZN5:0.1.0.5.0,10.0,50.0 Fl
100 pg/L, — R Z M5 :0.10.0.20.0.100.0.500. 0,
1 000 pg/L,2,4, 5= NRRA —H %R R :0.20.0.
50.0.200.0.500.0.1 000 wg/L, N A5 H& & >~ 10. 0
pe/L, W AFAEAZ O AR /NI, F IR B2 38 v TR B AR
U bR UE R AN PERE 1, 4— " 0EEE LA N BR 1%
i, AR ARV AR E i, T A HE 2R
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HOK KR T A KA 43 30l 2R 47 hin v [ i
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W BEAKSE TN B s Ak G 9 i I A %5 5 R0 A el i
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Fig.1 Total ion chromatogram for five target compounds
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WG, 1, 4- 08k . W O RO 2,4, 5-
T R AN TR RO F B IR T 68. 2% ~

89. 3%, Ifii K I 1E O e VE R 22 BGRI L % 1, 4- 1
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Fig.2 Influence of different extractants
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TERRBLN 20 mL 5 B EAK . 256 % 18 570 Hir) & 4 7] 0, B 25 NaCl v BE M 0% 34 m ] 2%,
B [ESCR e RE A BGRMRFL A 25 mL. 2,4, 5-3H N IR K [FISCR M 69. 8% T £ 79. 9% , H:
3.4 EEMIZIE il 4 Fl Ak A 9 0 IRLIRCR AR AL AS B B o T 24 NaCl ik

Oy BN R AL (0% ~ 5%) INAE BT 2% HEINE] 5% N, 2,4, 5-T6 N R 1Y 17T i A TE ]
K, 25 g BT H AR AL A W IR S ) 4 WA, 1, 4- 208 . A ONE RO R L
ILE 4, SR IR Y 0% 1 2% S ALAR TR [,

%0 FL R E A R R 1 B D 200 o7 S L . A S
VRO 2 U >R FH Tl B2 MR S5 iy SIE 0 AR 1) 2R B2 2R 07
RO RT3 A% T AR AL BUSCR . Rt A 5 ik
R LENIR N 2% .

75 |

s 3.5 FAHISM IR BT ENERE
55 4 WHO %5 b7 v 5 200 I A B0 55k S 7k
60| bR ke 135 KT, LRI S5 5 Bl BB 7 R %
iy RN 25 B AT TS BT IS Y 2
R JE R 1, 4- " HEBELE 0~200 pg/L, 5 ZIETE 0~100
35 : e we/L, IR 2.4, 5—1 P R AL AR R A 0~
LA % 1000 /L3 Bl N HAT R B2V O 28 R A O

B4 RN FHH 0. 999 4~0.999 9,
Fig.4 Influence of salinity 7 R BR AN BRI AR 3 (n=7)

=3 KIFEKIME AKMIREUE(SR) FrEMRZE (SD) Xt FRAERZE (RSD) AR A iE# H R (MDL) FnE £ R (MQAL)
Tab.3 Spiked recovery (SR).standard deviation (SD). relative standard deviation (RSD). method detection limit

(MDL) and method quantification limit (MQL) of source water and drinking water samples

JiliEang7id IRYFIK HT K
waEY [/ MDIL/ MQL/ MDL/ MQL/
| SR+SD/% | RSD/% i ) SR+SD/% | RSD/% ) i
(pg L) (pg-L™") | (pg-L™) (pg-L™") | (ng-L™)
0.01 91.6+7.7 8.4 82.9+9.5 12
14-—1px 0.5 82.2+9.9 12 0.002 0.008 88.6+7.1 8.1 0.003 0.02
2.0 97.4+4.4 45 82.3+4.5 5.4
0.05 93.8+11 12 106+13 12
- 0.1 81.0+9.8 12 0.02 0.08 77.3+9.2 12 0.02 0.08
1.0 73.8+4.7 6.4 82.5+4.4 53
0.1 93.7+8.5 9.1 93.9+7.5 8.0
TIRCIE 1.0 74.1+8.3 11 0.03 0.2 73.3£7.9 11 0.02 0.08
10.0 78.5+4.8 6.1 83.7+8.5 10
0.2 90.5+8.8 9.8 84.5+6.5 7.7
2,4,5-1H N IR 1.0 98.7+6.4 6.5 0.06 0.3 91.2+6.0 6.5 0.04 0.2
10.0 94.7+5.3 5.7 102+3.8 3.7
0.2 102+9.0 8.8 89.0+6.9 7.8
R R 1.0 86.8+8.4 9.7 0.06 0.3 91.1+6.7 7.3 0.04 0.2
10.0 94.249.0 9.6 113+8.8 78

2 300 UL, K IR K AT T K S RS 4 I IR K T IR R A H PR (0. 065~2. 1 pg/LL) o
B A BR 43 901 R 0. 002~0. 06 we/L 1 0. 003~0. 04 ZKIE K FIH T 7Kk v 5 Fdsn vs e W 64 7 S R 2 )
pe/L, LT SRS R T A E 1, 4- T HERERY 0. 008~0. 3 pg/L A10. 02~0. 2 pg/L, KT WHO(IK
o BR (53531024 1. 02 mg/LA10. 36 wg/L) K ZMEAET FAK K BT E U ) v BRAEFR Y 17100 K PRI
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3.6 SERRFEMINE

XFAE TR X5 HEAK ) R T K R R K
1,4-080 . A O IR GG 2,4, 5T INTR FN
TSR RAEAT RS, 5 A H R B =L
ST IR DX FE K1 5 R TG Yl W 1 i R XU 458
AN o R B AEAN R B AT Ty A A5 I R ), 43 531) 1)
KRR AR AE RN 0. 3 we/L A 1, 4- 10K
i W ONE R OEM R R L2 peg/L 1Y
2,4, 5N R , nAs 1 05 53 51 R 83. 2%~89. 3%
H79. 7%~94. 1%, Z5 R, K i AR A 2 125
W T, v AR AT HER ARG
4 %iE

ST T VRO AR - 0R 8 — R IR T v A
AT K B AR AR Y 1, 4- e . 5 O
TARCNE (2,4, 5- VR TN R A1 W AR R A3 BT
%o TEPRARAER 53 BT 451 B S Ak, XA it i Ak 2
) AE B ) AR ORI AR BRI R 3 B (AT T4k
AL 25 mL 5 e AE 2% IR T IR T AR L, 5
i EARPAL 3 A IR KT B R
73.3% ~113%, %E & FR 4 0. 008 ~ 0.3 pg/l.. A K
IR AT H N ES L e W[ NI A R 7 27 & N el )
AW 5 43 o JE R 3 17K 2018 4£—2020
SRR K A 5 o TS G B B A | f e XU A A1
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