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environmental water and drinking water by large volume injection-gas chromatography-mass
spectrometry ( LVI-GC-MS) was established. Samples were purified with simple operation, extracted
with two different polar organic solvents, and then directly concentrated and dried for determination.
The parameters such as the extraction solvent, extraction time, ultrasonic extraction time, sample
amount and centrifugal time were optimized. As a result, dichloromethane and n-hexane, 20 mL
injection volume, 5 min extraction time by using ultrasonic with stir bar, 20 mL water sample
amount, 2 min ultra-high speed centrifugation, and NaCl- plus MgSO,-assisted extraction in case
turbid happens were selected, and the internal standard method was used. The limit of
quantifications (LOQs) ranged from 0.012 to 0.141 pg-L™", and the correlation coefficients r* were
0.9955 to 1.0000 with a linear range of 5.0 to 25000 wg-L™". This method was successfully applied to
the analysis of six different matrices of environmental water and drinking water obtained from Shanghai
and Beijing, and the spiked recoveries of 37 pesticides and environmental hormones were maintained
at 80% to 117% , while the relative standard deviations (RSDs) of 6 parallel measurements were less
than 20%. Furthermore, the aquaculture practice water samples obtained from Shanghai, Zhejiang and
Fujian province during 2014 (16)—2015 (230) were also investigated, which showed negative
results. The established method is simple, rapid, convenient, efficient and accurate with high
sensitivity and low-cost, and is also considered environmental friendly.

Keywords : gas chromatography-mass spectrometry ( GC-MS) ,/large volume injection ( LVI),
environmental hormones, pesticide, residue, environmental water and drinking water, liquid to

liquid micro extraction ( LLME).

B IKFIAR FH K K BT A AN AR M) B 1A 7 A AR I K ot 14 B i 42 4, B P 4 5 o 31 [ 2 A 4t
PARAEER , NR B R A0 A 4ERE ) TR B2 /AR A 27 0 T it R 48
AIESE 2 M TR T BRI R A B I B2 ) B A R I ] IR 2 i 22 4 O 418 o L 2B 39 T 6k 1 £ E o
K EENLIE A R R TR AR B e R B PR KRR T K rp R 24 RN IR R R 22 5% B e B
N JIAT

FE N AMIFSE — L OCTE TIF R R ey & — PR B 4F FRBE A0 01 3 454 20 R o a7 B ) 3 K
B4 2 (pesticide ) FIFRIEEIER B5% B U5 J7 75 H BT RE o A4 25 5 3R 55 303 22 5% B8 o 1 A
D B SO A 1k 0 SO 3% KM B 1 K DU 4 (gas chromatography-flame  ionization
detection, GC-FID ), & i K Wl #% ( nitrogen-phosphorus detection, NPD) | ‘K %@ )& B K Ul #% ( flame
photometric detection , /GC-FPD.) | 543 # /i 1% ( highresolution mass spectrometry, HRMS) | FIXARFIIERE 27
(large volume ‘injection system ) %, ¥& A W AH €8 3% 125 20 4 1V AH 28 S0 46 T 2% (high performance liquid
chromatographic-ultra violet detector, HPLC-UV) Z¢YGK %% ( HPLC-fluorescence detection, HPLC-FL) Fll
BT AL (HPLC-MS) 3. 573 4, i A il FHECAT A TN KR 15 (liquid scintillation counter, LSC) 23 A&l i)
Fa i [A] 3 2 M BE I 52 7% (stable isotope dilution assay, SIDA) | i BX 50 % W B 0 22 ¥ ( enzyme-linked
immunosorbent assay, ELISA) /2 A% ( thin-layer chromatography, TLC) %5 733X #65 F 7 0 il AH
Pl VGl 2 OB FER TH FE i b HAB I A I R O — L85 5 B i b B 5 =X, 20 P 2
B (ultrasonic extraction, UE) H 25 £F 4E AT AR B (hollow fibre liquid-phase microextraction, LPME)
T A5 B ( single-drop microextraction, SDME) | 43U R i #E B ( dispersive liquidliquid microextraction,
DLLME) | [E #HZ£HL ( solid-phase extraction, SPE) J& /57 [E AH A< HL ( dispersive solid-phase extraction, d-
SPE) i e B 3 J5T [ 4H 43 5 A€ B ( vortex-assisted matrix solid phase dispersion, MSPD) P Z 4k i
UELE H 1 1L (rapid multi-plug filtration cleanup, m-PFC) . [& #H ## A B ( solid-phase microextraction,
SPME) 8 % %# Bh A% B ( microwave assisted extraction, MAE) . #8 75 % ) f# 2£ BU ( ultrasoundassisted
microextraction, UAME ) | I % Bl 7% 77 %5 BU ( membrane-assisted solvent extraction, MASE) | Tii %5 ( static
headspace, HS) /NEIIE2) % A% B ( miniaturized homogeneous liquid-liquid extraction, MHLLE) & %%
B (liquid to liquid extraction, LLE) JRIRHFEHL(liquid to liquid micro extraction, LLME) 4§ 45 B b 2
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FHH AT JE0# ( methyl tert-butyl ether, MTBE) \N-PA 3 2 % ( primary-secondary amine, PSA) 2Bl
BRBHAEI, IR 1 TR AR, SR (0 R il AT % fi e, DRI LR S0 45 A5 250 C i %)
FERAT L ARSI 0 B PR AR A TR , T X T M 5 8 AN 48 K A AR 2 — R 7 ol FH RO €350k 7 .
TN R R R FE S R (programmable temperature vaporization large volume injection, PTV-LVI)
PRUHE R R BE 1456 GC-MS T LA 2804 e A D SR SR | B AT A Mg b, T 1 ) B 22 42 i B o vh
R AT B PR S5 455K, R 1) 2 B BRI 11 24 282

ST e 22 MY SPE, LLE ety S e A AU ZE IO v SR T IMAE B R HL TS G BRI 45 1) R I 4
RO 2SR AR LLE FAREEAR 40 LPME SDME \DLLME il LLME 4522 fL YA 35 S 2L i 1k,
BVl /L 25 A 0] 18 ek AR o P B, 0 e EL AR BP0 T IOV ALt T 2 A7 LI 50 gl vl LA e R BIR 2
1 5 SRR RE S B AR 20 AR R TR R TR R I 2 TR AN BRI T R SR A
T TR AT it A R ARG S A T , AL B IRV BB L A7 A T R ZHOH T & /7 1.

ARSCE ETIFRIFA—DIET LLME JFUER R, W] LS5 R 98/ 45 1 20 % DA ik e S 460 A 5% 3%
Geinde DA BGS R I RIR AR S D A LR, 5 R D AR i ) B SR E B S B A
Xof T IR R AR FH K v AR 25 FNPR 8 R A B B 0 T k.

1 #ES 1 ( Materials and methods)

AHIF 5 H R KRR i 25 R 4K | R K K 7= 37 58 S BE DL RAEE B K R, SRFE 7 4K B% GB/T
5750.2—2006 AEIEARIKARUER 30 7 75 KRR R AL R AE ) A SRR HEAT K FERE i 22 X IR &)
Ji, 3 0.45 pm FHUAHIERE, T--40 CRHRIRAFEH].

1.1 MRS

37 A 2 5% B AR R PR ol TR PR AR M I RE (2000 pg - mL ™' IEC 06 2R O R R W
Pl S VRS A 1 37 AR UMEM L, A0 0 A 28 OROR SO A B IR R R 2\ 2,4-D HUR R -
INIS ISR SR FE A E L SRR B A-THORWY 2,4, 4- = SOR | ST SR e | ST A
B e BEAEME DB BE N RERE NG PRI R R I | SO W = ORER ROTIE L SR IR A5 TR |
IRTRRAE T AR AT [ a ) BEIEM ROT [ k] ZE R0 AT [e ] B8, 4300 VA J& JL IR 288 B3 () I s o T 488
24 KRB R AR ) Kext 2R R TE N FR A TR (1000 g - mL ™ PRI ) i b 522 3 R 28 Wl 4R
Bt JRAREC T KB B B Al PO Tl p . (6 1% 2 — S P e Jh ek S0 R TR 2R 2T T
IECREA i SIGMA £EPFRME 4314l NaCl FITC/K MgSO, Hh [E 24548 A 243t | R & E AL 57 (poly aluminum
chloride, PAC) HSEAVRAE, SE90 HIZK i Milli-Q $2 it

D7 T ek R 8 PR AR S5 55 359 oA ISP e %9 8 T Y R 0 DX 8 A 3 O S Tl R R B DK 5 Vg T
FERF RN AR Tl LEHNR G HI7KEE K 225 0.45 um BEREHNIE BT 4 CIRAE.

1.2 5%

Agilent 6890N-5973B VU A B FHIX ( S5 Agilent 2 7)) , HITACHI CR22N 8 i5# B5 .0 ML ( H A
HA 2wl HAE 16 Cos™ FHEEREE S ) OPTIC 3 Large Volume Injector 7 2 A2 i B 78 & K28 &1 O #%
(PTV-LVI) (faf 2% ATAS GL A7) /N EA B R 2 O ML BE ) B Pk 2 IR TR & 4% B 5
PBEH VA 1 2R ml B AL, 4B KV B 98 [ Sartorius 24 A 4.

1.3 HEahETAb

HURE S 20.0 mL(CK5#5%] 0.1 mL) , BT 50 mL 3R DU 3R £ 45 12058 55 25045, JE i A 500 mg PSA |
200 mg PAC F12 g NaCl ¥£2)J5 i E 3 min i 0.45 wm /KAHERS , B0 10 mL 50 FF b v JE i A
30 s JAJE 1 min J5A 10 mL A—AHLAH, FE 5 min J5IRGE | min, =500 D FEE A 3 min IR2).9%)5
L4 10000 remin™ S5 B0 2 min, B S mL bR 23 B 045 T R S5 HUAE TR 25 10—l
FRRFEHL S mL AHUAHAS TR E.0E P A IS S AN EEEARE T, 2 mL EQREE R G IE
Ziit 0.45 wm F10.22 wm A HUAHIEREHEIE EAURIN ;25 A DU VR sl B S 0R ) FE e, S 2 ¢
NaCl 1200 mg MgSO, ] 5Lt ERAT FIBR ARG Wk T8 25 iE_ AU AR A5 2L BR AN 1 .
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| B 20 mL BRBERAET S0 mL BRI BLOE

20 mL water sample, in 50 mL plastic centrifuge tube with cover

il 50 mg PSA Add 50 mg PSA

il 200 mg PAC Add 200 mg PAC

il 2 g NaCl Add 2 g NaCl

%49, #+E 3 min Stand still 3 min

3t 0.45 um KA ENE )
Pass through 0.45 um water phase filter

B RUR B B |

Schematic of LLME BN 10 mL — 4§ Add 10 mL DCM |

# A 30 s Ultrasonic 30 s
i 1 minVertex 1 min

50 mL WORHE L | A 10 mL IE 244 Add 10 mL HEX |
50 mL plastic - - -
centrifuge tube #+# 5 minStand still 5 min
A% 1 min J5HgEE# A 3 min
10 mL AU 1 Vertex 1 min and ultrasonic 3 min
10 mL organic T 10 mL A HLHIIFLL 10000 r-min | 3 4
phase 1 2 min Remove 10 mL organic phase and centrifuge for 2 min at 10000 r-min™"

20 mL FREEKFE

20 mL environmental

water sample =
10 mL ALK 2 %ﬁ@ﬁgo‘%ﬁ&HNMd 5% S mL AHLF E‘dﬁ¢§mm%?
10 mL organic phase 2 Add 200 mg emoye 5 m Exi[ract again o the H
#:F Rotor MgSO, Qrganic phase remaining water phase and
. organic % hase, cent5r1f11 e
ﬁijﬁﬁﬁé%% | fi‘ﬁ)ﬁé 30 s Ultrasonic 30 s WEVE If clean again and remove > m
Magnetic stirrer | Wi 1 min Vertex 1 min AT organic phase and combine

A IHFIA AN 40 ‘CHE K ZE T Remove organic phase and concentrated to dryness at 40 °C |

{

A 2mL IE ChtEAR)E , id 045 um HHAIIBILE , FFid 0.22 pm HAUHIERE , AU
Resolve to 2 mL by using HEX, pass through 0.45 um and 0.22 pm organic filter,

GC-MS/MS-SRM analysis

Bl 1 TR Ok B s e R i A
Fig.1 Protocol of the optimized LLME-LVI-GC/MS-SIM method ‘and' the|schematic, DCM =dichloromethane, HEX =n—hexane

1.4 @&

A . 3 H HP-5 MS SR A 8 BATHE(30 mx0.25 mm,0.25 mm) ; FHRFF . 60 °C f4F
1 min, Pl 25 C-min' A ZE 180 C ,1%}‘?1“ 0.5 -min, #5213 °C-min' F & 220 C ,Z/ﬁ}‘ﬂ“ 0.5 min, H L
25 Comin™ FHZ 280 C, 4+ 4 min; FT(He) ik 1.0 mLemin™' , #FFE & 20.0 pl; KARFIERE
1.5 Bt

B TR B TR T0ve Vs (B ET LR IR B 280 °C ;B TURIRJE 280 °C ; R kL

(full scan) 53X, & it el 8 2 F W A% 5 (selected ion monitoring, SIM) ; Jit = 4945 ¥ Fl m/z 35—
500, fHiHES 15 B2 LKk 2,

R2 37 PR INFRETM R 14 S S SO R B 1 1)

Table 2 Mass spectrometric acquisition parameters and the retention time of the 37 pesticides and environmental hormones

N e PE VG . ; FE R
o ERET LR
&Y B e jfn ETEE Concentration i‘ﬁf’:ﬁ Limit of
O Retention Mass r .

Compounds Abbreviation | .4 range/ quantity/
time/min -1 4

(pg-L™) (pg-L™)
%%, naphthalene Nap 5.3 64, 102, 128 5—5000 0.9990 0.073
LR, dichlorvos DDV 5.5 79, 185, 109 10—10000 0.9995 0.031
T F1 &L, carbofuran CBF 5.9 131, 149, 164 10—10000 0.9996 0.050
WP | biphenylene 2-PCB 7.1 76, 126, 152 10—10000 0.9991 0.012
ZEEV 3R, acenaphthene Ace 7.4 76, 154, 153 5—5000 0.9997 0.101
% , fluorene Fl 8.2 165, 167, 166 5—5000 0.9990 0.102
2,4-7# ,2 ,4-dichlorophenoxyacetic acid 2,4-D 8.6 175, 234, 199 5—5000 0.9998 0.015
TR R, rifluralin TF 8.9 43, 264, 306 25—25000 0.9988 0.031
a-7N757 , a-Hexachlor BHC 9.5 282, 286, 284 10—10000 0.9991 0.022

NFAK  benzene Be 9.7 93, 125, 87 5—5000 0.9994 0.030
2, dimethoate DM 9.8 58, 265, 200 10—10000 1.0000 0.051
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Compounds Abbreviation ‘Retent-mr_l] Mass range/ r quantity/
time/min 4 e

(pg-L7) (pgL7)
FH4t atrazine Atr 9.9 152, 176, 178 25—25000 0.9955 0.029
3k, phenanthrene Phe 10.6 176, 152, 178 10—10000 0.9987 0.098
A%, diazinone Da 10.7 179, 137, 152 10—10000 0.9989 0.034
B, anthracene Ant 10.8 176, 178, 152 10—10000 0.9984 0.081
4-T-HIE W) , 4-nonyl-Phenol NP 11.7 108, 220, 107 25—25000 0.9991 0.042
2,4,4-=5TH 2, 4,4 -trichlorobiphenyl 2,4,4'-PCB 12.0 186, 258, 256  2.5—2500 0.9999 0.019
Z. Mz , acetamide Ac 12.2 162, 223, 146 10—10000 0.9990 0.030
IR #E , methyl parathion MP 12.3 125, 263, 109 25—25000 0.9977 0.045
PP L ST A , phosphorothioic acid PTA 12.4 125, 267, 265 5—5000 0.9993 0.066
i ft% , alachlor Al 12.5 45, 188, 160 5—5000 0.9979 0.021
FEHE | chlorpyrifos CPF 14.1 199, 314, 197  25—25000 0.9996 0.033
T4, fluoranthene Flt 15.5 200, 203, 202 5—5000 0.9990 0.100
£, pyrene Py 16.5 100, 101, 202 10—10000 0.9987 0.030
N HRE , pretilachlor GST 18.0 176, 238, 162 10—10000 0.9993 0.077
JiE Bk , myclobutanil My 18.4 150, 181, 179 / 10—10000 0.9988 0.020
fiik BT , kresoxim-methyl KM 18.8 131, 206, 116 ' 10—10000 0.9999 0.032
JGMEES , tebuconazole TBZ 21.7 70, 125/256 . 10—10000 0.9993 0.024
R = 0% , riphenyl phosphate TPP 21.8 215, 325, 326 | 25—25000 0.9987 0.056
Z#I3E , benz[ a] anthracene BaA 22.3 143, 238, 226 5—5000 0.9983 0.101
ZF4, triphenylene Tp 22.4 113,238, 226 10—10000 0.9996 0.042
ICFEAGE | alstar Ta 22.6 165, 166, 181  25—25000 0.9991 0.053
FHEBEFGIE , d-Phenothrin dp 23.0 183, 184, 123 25—25000 0.9995 0.043
WA , pyridaben Pr 245 117, 148, 147 5—5000 0.9985 0.072
H [ a] BEFEM , benz[ a]acephenanthrylene BeA 25.1 125, 253, 252 5—5000 0.9984 0.127
HI[ k] T, benz[ k ] fluoranthene BkF 25.2 253, 254, 252 5—5000 0.9995 0.113
47Eﬁ“[c]ﬁf,benzo[e]pylrene BeP 26.1 126, 253, 252 5—5000 0.9990 0.141

1.6 RIKFHEHES L

HERE DRI R TR LR 55 °C i) S s, DL 16 Ces™' THEH R ME THE & 280 C ;3 N w4l
S, R il WO U A R U T ) B A I R R AT T PR AE 1 mL e min”, FEREIF[R]ICA 90 s ;5 HF
TN 120 mL-min', MEIUREA 5 mL-min™ A FVARHEZS BEGHEAE | 70 IRIRCIR 2S5 TR U 22 4%
SRR A TR R RIEHIE Ll 0T iRt v 55 R DU Bl i O B e L iR B )
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Fig.2 Total ion chromatograms (TIC) of the 37 pesticides and environmental hormones (5 wg-L™") in matrix by

using 10 mL different extraction solvents, matrix was the negative environmental water and tap water mixture (1:1)
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Fig.3 Optimization of injection volume by using large volume injector, spiked amount is 10 pg, TIC,

matrix was the negative environmental water and tap water mixture (1:1)
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Fig.4 Optimization of extraction time by using ultrasonic withsstir bar, rotor speed is 50 r+min™",
spiked level is 10 pg-L™", TIC, matrix was the negative environmental water and tap water mixture (1:1)
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Fig.5 Optimization of sample amount, spiked amount is 10 pg, TIC,

matrix was the negative environmental water and tap water mixture (1:1)
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Fig.6 Optimization of centrifugation and comparison of their recoveries,

matrix was the negative environmental water and tap water'mixture (1:1) , spiked level is 10 pg-L™"
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BHPE.
R3 6 FPILET 37 A2 FIFRE R AR DR R AR AR G 2 (n=6)
Table 3 Recoveries and relative standard deviations (RSDs) of the 37 pesticides and environmental hormones
spiked in six different matrices (n=6)
e i CEA IR T i ,. g ST
et 8 JMUQ i fmﬁ{ﬁﬁ A iﬁj{ﬂ(ﬁfﬁ i Tmiffﬁ? Al WJ{I]%?B‘;‘ i T/Nfﬁ?é
Compounds Y Range B Compounds kel e o B Compounds kel e of iH
(g l™) /% Range of (L™ ven/% Range of (pg'l™) recovery/% Range of
’ RSDs/% ! RSDs/% ’ RSDs/%
5 86—107 4—10 10 8§2—112 4—16 10 87—111 2—6
Nap 50 81—110 2—8 Da 100 88—116 -7 My 100 101—117 3—11
500 90—105 6—12 1000 90—107 6—11 1000 85—106 1—10
10 80—97 3—10 10 89—114 2—6 10 94—102 39
DDV 100 89—103 2=1 Ant 100 81—115 1—6 KM 100 83—111 2—10
1000 84—100 59 1000 80—108 8—11 1000 87—103 6—17
10 91—108 1—6 25 87—109 2—71 10 84—115 3—8
CBF 100 85—116 3—8 NP 250 91—100 3—9 TBZ 100 91—110 4—11
1000 97—104 11 2500 84—111 2—1 1000 92—105 2-1
10 93—111 5—13 2.5 85—113 -5 25 97—114 3—9
2-PCB 100 89—108 6—9 2,4,4'-PCB 25 90—99 2—8 TPP. 250 99—116 1-7
1000 84—99 4—8 250 83—110 5—14 2500 92—103 1—11
5 87—112 2—10 10 92—107 1—4 5 81—105 1-9
Ace 50 92—108 6—11 Ac 100 87=99 6—13 BaA 50 93—106 2-1
500 83—100 4—14 1000 91105 311 500 80—99 2—10
5 81—106 5-9 25 97—116 1—12 10 92—108 2—12
Fl 50 93—117 -5 MP 250 93—105 5—8 TP 100 96—111 3—9
500 94—110 6—11 2500 90—100 2-9 1000 93—104 2—11
5 90—99 4—9 5 84—111 3—13 25 89—109 28
2,4-D 50 86—115 713 PTA 50 89—102 5—17 Ta 250 90—106 3—10
500 93—111 6—10 500 99—115 9—13 2500 95—112 1-7
25 92—104 58 5 92—103 1-5 25 89—113 4—13
TF 250 87107 2= Al 50 83—104 41 dpP 250 80—116 3—1
2500 93—103 7—14 500 90—112 11 2500 81—104 2—8
10 89—109. 4=11 25 8197 4—6 5 84—105 5—18
BHC 100 93—115 3—10 CPF 250 91—107 6—14 Pr 50 97—109 4—I11
1000 97—102 1—6 2500 90—115 1—10 500 89—96 6—16
5 99—116 5-9 5 97—111 3-8 5 92—I111 5—12
Be 50 91—114 5—8 Flt 50 92—102 4—11 BeA 50 89—114 4—10
500 86—99 3—6 500 91—108 2—4 500 97—106 4—8
10 83—105 §—13 10 80—97 5—9 5 85—107 3—12
DM 100 94—100 41 Py 100 83—95 6—11 BkF 50 89—112 5—8
1000 86—92 1—4 1000 92—101 T—18 500 93—100 1-9
25 92—105 39 10 81—98 2—1 5 84—105 3—12
Atr 250 81—116 7—10 GST 100 93—102 3—6 BeP 50 81—109 2—7
2500 84—111 8§—14 1000 95—114 1-8 500 87—101 1—6
10 97—109 3—5
Phe 100 81—104 7—10
1000 84—95 1—6
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Fig.7 Determination of the 37 pesticides and environmental hormones in six different matrices

by using LLME-LVI-GC/MS method, TIC
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