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Abstract

Sample preparation is one of the most important and crucial steps in the whole analytical
process for the determination of some contaminants in food samples. It is not only to
isolate the target compounds from the samples, thus reducing or eliminating the
interferences originally present in the sample, but also simultaneously to concentrate the
analytes to facilitate their determinations at low levels. Since conventional extraction
techniques, such as solid phase extraction, soxhlet extraction and liquid liquid extraction,
are laborious, time-consuming, and need large volumes of samples and toxic organic
solvents, they could not meet the need of some analytical methods. Therefore, it is
necessary to develope some new sample preparation techniques, which are time-saving,
effective, and environment-friendly. At present, solid phase microextraction and magnetic
solid phase extraction methods have undergone a rapid development and have shown an
extremely extensive application prospect in food, environmental, material, biological and
pharmaceutical aspects.

Graphene (G), with high theoretical surface area, rich stacking m-electron system, both
chemical and thermal stability, and ease of modification, has a potential to become an
excellent adsorbent for analytical purpose.

In this dissertation, several analytical methods were developed for the sensitive
determination of some contaminants in food samples by both solid-phase microextraction
and magnetic solid phase extraction techniques with grapheme-related composite as
adsorbent, coupled with gas chromatography (GC). This dissertation is mainly concerned
with the following aspects:

(1) A graphene-based Fe;04 magnetic nanoparticles (G-Fe;O4 MNPs) was synthesized
by chemical coprecipitation method. The G-Fe;O4 MNPs was used as the adsorbent for the
extraction and determination of eight pyrethroid pesticides in water samples followed by
gas chromatography-electron capture detection (GC-ECD). The main experimental
parameters such as the amount of G-Fe;O; MNPs, extraction time and desorption
conditions were optimized. Under the optimum conditions, the limits of detection of the
method for the eight pyrethroid pesticides ranged from 0.04 to 0.40 pug/L.. The method was
successfully applied to the determination of the pesticides in water samples. The recoveries



of the method for the analytes were in the range of 80.7~105.3%, and the relative standard
deviations were in the range of 3.8~6.0%.

(2) A sensitive analytical method for the four fungicides (procymidone, folpet,
vinclozolin and ditalimfos) in water and juice samples was developed by using magnetic
solid-phase extraction (MSPE) with magnetic graphene nanocomposite (G-FesOy) as the
adsorbent followed by the determination with GC-ECD. Some parameters which affect the
extraction efficiency such as the amount of G-Fe;O4 MNPs, extraction time, ionic strength
and pH of the sample solution, and desorption conditions were optimized. Under the
optimum conditions, the enrichment factors of the method for the analytes were in the
range of 1495~1849. The limits of detection for the fungicides ranged from 1.0 to 7.0 ng/L.
The recoveries of the method for the analytes were in the range from 79.2% to 102.4%.
The developed G-Fe;04-MSPE method was simple and efficient for the extraction and
determination of the four fungicides in water and grape juice samples.

(3) A sensitive method for the determination of the chloroacetanilide herbicides alachlor,
acetochlor, pretilachlor, butachlor and metolachlor in water samples was developed. It is
based on solid-phase extraction using magnetic graphene nanocomposite (G-Fe;O4 MNPs)
as the adsorbent, followed by GC-ECD. The main experimental parameters such as the
amount of G-Fe;O4; MNPs, extraction time, ionic strength, the pH of the sample solution
and desorption conditions were optimized. Under the optimum conditions, the enrichment
factors of the method for the analytes were in the range from 649 to 1078. A good linear
response was achieved in the range of 0.20~20.00 pg/L, with correlation coefficients (r)
varying from 0.9964 to 0.9998. The limits of detection of the method ranged from 0.02 to
0.05 pg/L and the relative standard deviations were below 4.5%. The method was
successfully applied to the determination of the herbicides in water samples. The
recoveries of the method for the analytes in reservoir, tap and rain water samples were in
the range of 80.7%~105.3%.

In order to further improve the sensitivity, a method for the determination of the
chloroacetanilide herbicides, alachlor, acetochlor, pretilachlor, butachlor and metolachlor
in water samples was developed by coupling the MSPE with dispersive liquid-liquid
microextraction followed by GC-FID. The limits of detection for the herbicides ranged
from 0.01 to 0.03 pg/L. The enrichment factors of the method were in the range of
3399~4002.

(4) Graphene oxide and hydroxyl-terminated polydimethylsiloxane was mixed and
coated on the surface of etched stainless steel wire by sol-gel technology, which was
installed in the modified microsyringe and used for the solid phase microextraction fiber.
The GO-PDMS coating fiber was used for the direct immersion extraction of polycyclic
aromatic hydrocarbons (PAHs) from water samples. The surface structure and thermal
stability of the coating was characterized. Several important experimental parameters that



could influence the SPME efficiency such as desorption time, desorption temperature,
extraction time, extraction temperature, ionic strength and stirring rate, were investigated
and optimized. Under the optimized conditions, the limits of detection were in the range
from 0.2 to 0.8 ug/L. The linear range was 0.001~0.250 pg/mL for naphthalene and
fluoranthene and were 0.005~0.250 ug/mL for others. The linear correlation coefficients
were in the range of 0.992~0.998. The results indicated that the homemade fiber had the
advantages of high extraction efficiency, good thermal stability and reproducibility. The
coating was successfully applied to the analysis of PAHs in lake, tap and mineral water
samples.

(5) The etched stainless steel wire was first coated with sol-gel poly (3-aminopropyl)
triethoxysilane, and then with the sol-gel mixture of graphene oxide and
hydroxyl-terminated polydimethylsiloxane, which was installed in the modified
microsyringe for solid phase microextraction. Then, the fiber was used for the direct
immersion extraction of four triazole fungicides from tap, lake and rain water samples. The
coating was characterized by scanning electron micrographs. The results showed that the
coating had a highly porous structure. Several important experimental parameters that
could influence the SPME efficiency such as desorption mode, extraction time, extraction
temperature, sample pH and stirring rate, were investigated and optimized. Under the
optimized conditions, the limits of detection were in the range from 0.01 to 0.03 ug/L. The
linear range was 0.300~100 pg/L. The linear correlation coefficients were in the range of
0.9920~0.9970. The relative standard deviations for fiber-to-fiber variations were between
8.5 and 10.7%. The lab-made fiber was successfully applied to the analysis of the four
triazole fungicides in water samples with satisfactory results.

(6) Poly (ethylene glycol)-grafted graphene (PEG-g-G) was prepared by sol-gel
technology and coated on the surface of etched stainless steel wire, which was installed in
the modified microsyringe. Then, the fiber was used for the extraction of seven volatile
aromatic compounds (VACs) from tap, river and mineral water samples followed by the
determination with gas chromatography-flame ionization detection (GC-FID). The
PEG-g-G coating was characterized by both the thermo-gravimetric analysis and scanning
electron micrographs. The results showed that the coating had a highly porous structure
and good thermal stability. Several important experimental parameters that could influence
the SPME efficiency were investigated and optimized. Under the optimized conditions, the
limits of detection were in the range from 1.0 to 6.0 ng/L. The relative standard deviations
for intraday and interday variations were in the range of 1.8%~5.8% and 6.5%~8.3%, and
for fiber-to-fiber variations, were between 6.5% and 11.9%. It can be reused more than 200
times without a significant loss of extraction efficiency. The results indicated that the
PEG-g-G fiber had the advantages of high extraction efficiency and good thermal stability
and durability.



Then, the extraction performance of both the lab-made PEG-g-G and GO-PDMS
coatings was compared by using them for the headspace solid phase microextraction of
five VACs (chlorobenzene, bromobenzene, o-dichlorobenzene, m-dichlorobenzene and
1,2.4-trichlorobenzene) from water samples followed by the determination with GC-FID.
The results showed that The limits of detection by PEG-g-G coating (1.0~6.0 ng/L) were
lower than that by GO-PDMS coating (0.5~1.0 pg/L), and the linear range by PEG-g-G
coating (0.01~10.00 pg/L) was wider than that by GO-PDMS coating (2.5~500.0 pg/L).

Key words: Graphene; Graphene oxide; Magnetic solid-phase extraction; Solid-phase
microextraction; Gas chromatography; Pyrethroid insecticides; Chloroacetanilide

herbicides; Fungicides; Aromatic compounds; PAHs; Food
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AEREEFNEFNIREP  ARPIERFVHIZIARKAES HEPESBEXES
VSEVEREDPASEMNAED R , AT LIB |, KR , KSEMITE, XEH
ViSEVRAEHEPHNESELERR , AeTCAKEAFRE |, AT EEYARPER | #m
FMERETE  MNMEEEMALRRNEEHRE, Al  F2ERNERTLAF
BRPHELSEN  NERREMGIZHRETE, —LERMEARAAREIEERE
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HEMEEERAKEERA) "RETESFRAKPRELESEEE  RERAUARFESE
BEVFHEZESRYNRERE , LLINHFGHN2RBAST 001 mgL , AXSER
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Drinking Water Standards) “SH{RFEKFESH , alF=ESENENLEY. B
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HRES . SR , SEEY  BFEHR, RESF, AILEIMNZE, RE, BN
SMBEREXEEN,

MAN BRI DR ESEBREAKRIS HFREIIEFS A5 AT
E. BEIRMNATNEBVSEVN A EZBEMERKE ( Capillary Electrophoresis,
CE) ™Y S¥RMEEE % (High performance liquid chromatography, HPLC ) ¢, &
[Ei&% ( Thin-layer Chromatography, TLC )V, #BIlf SRR & 1&;% ( Supercritical fluid
chromatography, SFC )", E§EX%J&;% ( Enzyme-linked immuno sorbent assay , ELISA )
PIF1S#EE %% ( Gas chromatography, GC ) """, RFSEEIENETLGNEIELTN
FELME, WRRENYR  EENFREEM AN ARREN YR T AiEiT
HEMTENFREHTUIE MEASHESEBRAEIBNES. nINEER, FRAEDL,
RNRBES. EFHFFES  BAMEEmsS. amtI. ERIE, HEE,
EVMEEFSREFE T IZRRMA,

HRNFIEED T AEPATRON—25 HFRAENTFIFEEZNERP
FNESNENRLER, Bt , FRAILCERRKLEMAERANTERH—1MESE
FHE, FRNFRILERABZEREIE, EMiE. BMHEZER (SPE ) RIKER
(LLE ) BFXHER, =@ RS, XEEZRILAIESEE EEGIRIEED
N, EEME RENMNERSEER  MXEERERXBEIET , ZI0RE
ARHSKEER  hRSHRERNE, Al , FRNEFREILERASTERZUNR
BEmA T AENRE.

EER —EHAFRECIERARRN EZBRMEEZEE(Micro-solid phase
extraction, u-SPE) "¢ E#E#Z=HX(Solid Phase Microextraction , SPME) "1 Figts

1



E#E2%EY(Maganitic solid phase microextraction ,MSPE)"**?"_;&AB#ZEHY(Liquid-phase
microextraction , LPME)**Y_ BRZZHY(membrane extraction , ME)> 2% #BIiG F7RZE
Y (Supercritical Fluid Extraction , SFE) @7 ¥ #% % 48 B 35 Y (Microwave Assisted
Extraction , MAE) ?* % B R%;81% £218(Gel Permeation Chromatography , GPC) *'1,
E R B85 81ZEBY( Matrix Solid Phase Dispersion , MSPD)*> ¥ &, Hoh#E+EZEET
HNEREHRE ERESHPNAEE—ENBRME. MRS ERAZAREAET
RAEL, s, S5NEXUMELBANLR  BEE—REBE—MIKIRITHIE
B thE LR BEHRE | #NRK  ERANKYEEBRE", BlaRix
FRERMARASSTRESE  ABRSMERY  RSEIMRHHR, EERLE
BN RNERES. MEANBIEFRRARR, NN ERSERST
ENNAY, BRSEREEGREGR TEEEM  EMCE L, BEE
RN —R  BANFNSBRR  AEFEUIBE S FRINEN, SN FR
SHEENEEVAS S . BEREHES BENSAEBAZ RN —T TN (B
FERFEN, /LR | BRMERNRAFEEERAZERRAGE TRELRE, EHERM
FERA , 83X, FE RE, #FT K, EFET  EESSIERNIZRE
MEE , EBSSMHE, SHE-AE. R/E, RE-RESFNEEE | REZ 2T
fEEXE  MMEHEZENEETERZFNNHEFREGERA , RN SN
MR DBINES  RENZENRALEIIARE  RIEEE  SXKE8S,. X=M
HRILEZRR - IMHENERMEBNEATREY BEEXFBVET  NIFER
¥,

M EARZE R FIEHEMEZERN PR BZN2RMME SEFEENSERNEN
IR R BEEREHDTHZENEE, BalEXAMHEILESER  EEHE
HOIRBRFIE MBI EME R Y, K E ( Carbon nanotubes , CNTs ) P A &BIE
( Graphene G ¥, BF& /B B F A lonic liquids JILs ;Polymeric ionic liquids ,
PILs ) ¥ SFEMBREY (Molecularly-imprinted polymers , MIPs ) 7 £
BHAHEZE ( Metal-organic frameworks , MOFs ) "™, HEiXUEHBF , G ER—
BRI R TR LB ZXE. LTS |, ERTTeHMEEEZEE
HERERNREMFF G H—AaZ2RERAGIE  CARENE S TSR N
F.

1.1 #4tEEHEEEEY ( MSPE )

HMERZEER NS BRALEME 2UBEBEZECHERN —MEHNE R
RIRLIRR K, WD BRAZGEIMANER  BARRMMERIMIFHIT S BH— i
AP, S BRARRNBEEYROY Mgk, ZYEE. EARKRMNS BT,
MEEHE. MERENE. ZEBYE. BEES ™, & 199% F , Towle'EAH
PR MEARK IR IR FAEIB/KR Ra , Pb F1 Po FIEEE , HHA—MHLEIGHEMELNK IR
PGS BLER , BEEE |, RE , afSRMARRKES . Bl , S BRAAE

2



B NSRRI IERE RSP, 1999 &, Safarikova F1 Safarik™2H T
Magnetic solid-phase extraction I X— 3 | Bl EHEZER , iR ESBHNEMERE
BRPIAFEEIRMEF |, EH B E R SFRA R S i —ERnf e |, E
R IR B EFNMERE | ET MRS R TIEFRERS E | BRgTETINE S
Y EIREME R B U R AT TR e BRI ARAEE g S AT E, BT HMEER
EHIRMEEE , RE , REES , R4  STEa . BEVETAED | Wik
BRIFNEEY, BFHX—RHABIRELRR , B/ Z0MN ARSI,

1.1.1 HMHEEZERLTTE

i e AR R R ELR DA B M4 3 BT R AL B AT o DR B B R B9 — PR EAR ZE B AR,
£ MSPE #2FI 2 , MM RMFAIFAF A ERARDIEEZREFR |, M2 ERRINEF
BEBERR (FRARTFNESERENEFHETNRELHNEZFY UM
RRFERKNEM ), TR EMNRS RS , EARRMFES , BIRHHY
TR RIRFIRIIRFFIBIRE SRS ERHEIZRME A T 45 5 BRI IRFIFIR EFHE
H@mEBRDH. &ERAENTATIEEE RS IR LR T R =] CAE T 24,
HEFRGIIZME 1 AR,

—_— _— > B u

HER AR R SHIRH BE SR MO B ) BHILNTHD  KRERER
- NEE BERIEBEN
L
AR
B IR )
EEEA
P e
“;m?\\\\\\. |
5EmH V‘_
@ = 0 Btk
53 R AT FIROVRBA 7

| MSPE ZERUTRRERE
Fig. | Schematic diagram of MSPE



1.1.2 #itEEHEZERNR IR

FiME EAEZEE R IR S EAEZEERARML | SRAGE MM, &R RIS A&
HITER, 7B, 4t , R—MEEREFERENYEERTRE | RETFBEFRSY
EHF AR BRI | AR BRI IR R AT AT Z @ & o i iE, thaTid
REEUBBF—HEENEETE, AERERMEWRRMTELNT

HAPEF, Co Ml Coy NRIRTEEREE , BITEFPREFNENRE | KEREF
YIBIRE.,
ZEEREIKRERATEARNOT

R% = Lol 100

“ag " aq

B R% , 1V, # V,, D RIRREIER |, BHTAFIERIRFIRIAREAT,
1.1.3 WtEEMEZEERINA

MSPEFEE h— i mei B AR SSPEMELL , EE2EMBEUT = EAL,
—RMSPEERUTIZE R , EREWRMIFRE, HRLEH. B, REEIRE
— RO UENEZRPHIEFRSITY  AFEFEEN O =2 ERMLEER
HBRL JIFEARFETIRSE BRIV S5 S MFABE, 54MMSPE
S SHEEIEN REGIEN. RITASAAET. BREBESEFIRRIE
NEZS MU  MSPEFEES A . Em. MR, M. &Y. EAFEHR
RTREZHMARR, JFLFE  BHETEEHIKRIEMSPE BANAERRS
RO  EAYWERE. BISEYRE. EBEEFURMEHE SR &N S
WRART KEHNHR L,

Safaitk F I FRESMSPER AR 92 A N EE N K EF RPRRENB IR T —
—AERGNERE , BIERIT. RodriguezZ! " FIMSPER AL SHPLCIGIFER |
B HI89Si0,-Fe: O, ME FNHFRF AR RE(TC) AMKE , HEHEIKRERSIA
97.0%, Ibarra!”'E R &M EEEREMEIRMFE N NFRFHORREAVRE ,
Hi8 HPRE2-9 ng/LEEIR, ZhangE /5l & C-Fe;0.ZFBUK R ZIF S F(PAHS) ,
ZRHIEFIEH PR 70.2~0.6 ng/L , EES MBI NAN FELZ T ERGIAEEHH,
HuangZE ' EHE FRE = B EE T I%(gamma-MPTMS) il ik et bE i 40 K B S
KHTe (1V) , HAEHPE$0.007 pg/L,

EEEMEERREAD R ANERSERER LR ANRSZ— S



IR R EZ /WA O S FEMERAR SRR, ALY
MRS SRS N RS AR, AR B A Ar a1
BRXEINFRIF, SEMBNSHEANALGELTHROTE. S, T8/
Z AN A S BRA PR BRI NI BB HFANE R,

® | BMEIEFINR A

Table 1 Applications of magnetic solid phase extraction

Analytes Matrix Analytical method Magnetic materials LOD [MAC]' Refs
Malachite green ,
Water uv Copper phthalocyanine dye <1.0 pg/L (73]
crystal violet
0. 065 mg
CiZ IR (DES) Water uv G/ Fe;04 . (78]
(79.6 mg/g)
Leuco-malachite ) P
Fish LC-MS/MS Oleic acid <0.1 ng/g [105]
green
o 3.9 ng/L
Allura red Food Spectrophotometry polyacrylic acid [100]
[16.9 mg/g | '
TCs Milk HPLC Silica 10 pg/L [74]
TCs Milk HPLC Phenyl silica 2~9 ng/L [75]
Sulfamethazine Milk CE MIPs 1.1 pg/L [85]
. Octadecyltrimethy lammonium
Sulfonamides Water HPLC-UV ) 0.024~0.033 pg/L  [101]
bromide
Sulfonamide -
o Water HPLC-UV Fe;:04a@ Si0,/G 0.09~0.16 ng/mL [106]
antibiotics
Sulfonamides Soil HPLC Alumina 0.37-6.74 ng/g [88]
Gatifloxacin Serum HPLC Carbon nanotubes [192.7 ng/mg]| [86]
Puerarin Rat plasma HPLC Fe;04@S10,-C g 0.05mug/mL [95]
) ) Fe04@Al,05-Sodium dodecy!
Trimethoprim Water HPLC-UV 0.09~0.24 pg/L (102]
sulfate
Fluoroquinolones Honey HPLC Polyaniline 0.4~14 ng/g [103]
. Pharmaceutical .
Vitamin B, : ICP-OES Sodium dodecy! sulfate 1.0 pg/L [107]
formulations
) Biological Cetyltrimethylammonium bromide
Antidepressants : HPLC-UV 3~5 pg/L [104]
fluids (CTAB)
) Proteolytic .
Phosphopeptides ) Nano-LC-MS/MS Fe:0,4@TiO, (89]
mixtures
Phosphopeptides Water MALDI-TOF- MS Fe;04@mTiO, [225 mg/g] [90]
Phosphopeptid H Nano-LC-MS/MS Fes0s @ ALO;
1osphopeptides uman serum ano-LC-MS/}
s Fe;0, @ TiO, 121
) TiO;- poly(acrylic
Phosphopeptides Water Nano-LC-MS/MS [92]
acid)-functionalized carbon
Endocrine ; ;
) ) Poly(divinylbenzene-co-methacrylic
disrupting Water HPLC . 1~36 pg/mL [99]
; acid)
chemicals




Plant growth
regulator
Bisphenol A (BPA)
BPA
Chlorophenols(CPs)

4-CP, 2-CP

Phenolic

compounds

Oxadiargyl
Phthalate esters
Phthalate esters

Organic dyes

Methylene blue

Methylene blue
Cresol red
Methylene blue
Neutral red

Carbamatcs

Glyphosate
Organophosphorus
pesticide
Chloroacetanilide
herbicides
PAHs
PAHs
PAHs
Phthalate esters

Phthalate esters

Neonicotinoid
insecticides
Phthalates
Triazole fungicides
Perfluorinated
compounds
Estrogens

Dicofol

Diethyl phthalate

Water

Milk
River water
Water

Water

Water

Water
Water
Water
Water

Water

Water

Water

Cucumbers
and pears
Guava

Vegetables

Water

Water
Water
Water
Walter
Water and

beverages
Water

Water
Water

Water
Milk

Teas

Water

HPLC

HPLC-MS/MS
HPLC
HPLC

HPLC-UV

HPLC

GC-MS
GC-MS
HPLC
HPLC-UV

Spectrophotometer

UV- VIS

UV- VIS

HPLC-UV
CE

ICP-AES

GC-ECD

HPLC
HPLC
HPLC
HPLC

HPLC

HPLC-UV

GC
HPLC

HPLC
LC-MS/MS

GC-ECD

HPLC

Fe;0;-magnetic submicron particles

Fe;04-magnetic submicron particles

Fe;04@MIPs
CTAB

OMMT-Fe;04@PSF

CTAB and cetylpyridinium chloride

(CPC)

CTAB and CPC
MWCNTs
AlgaC g- Fe;04-Ti
G- Fe;04
Poly(gamma-glutamic
acid)( PGA-mnps)

C-Fe 304

GO-Fe;04

G-Si0, @ Fe;04
Fe 104@A 1 203

FE;O.]@ZTO;

G-Fe 304

Fe;0,@GO
C-Fe;04
Tonic liquid (IL)- Fe:Oy
C-Fe;04

G'FQ;;OJ

G-Fe 304

Polypyrrole
G-Fego.[

CTAB

Polypyrrole
Molecularly imprinted
microspheres
Poly(ethylene glycol

dimethacrylate-viny! pyridine)

0.06, 0.02, 0.04

mg/L

1.0 pg/L

0.05 ng/mL
0.11~0,15 pg/L

1.52 ng/mL
1.07 ng/mL

12 ng/L

29 ng/L

34 ng/L
0.005 ng/mL

0.08~0.47 pg/L
11~46 ng/L
[20~60 mg/g|

78.67 mg/g

4438 mg/g
11.22 mg/g
190.14 mg/g
140.79 mg/g

0.08~0.2 ng/g

0.01 pg/g

44 gL

0.02~0.05 pg/L

0.09~0.19 ng/mL
0.2~0.6 ng/L
0.33~8.33 ng/L
0.08, 0.1 ng/mL

0.01~0.04 ng/mL

0.01~0.06 ng/mL

0.006~0.068 pg/L
0.005~0.01 ng/mL

0.31~0.091 ng/L
5.1~66.7 ng/L

0.05 ng/g

(108]

[109]
(87]
(68]

[110]

[111]

[112]
[79]
[113]
[114]

[115]

[116]

[117]

[118]
(93]

[94]

[84]

[42]
[76]
[119]
[80]

(81]

[82]

[120]
[83]

(121]
[122]

[123]

[124]




River water uv CTAB
2-Mercaptobenzothiazole/sodium

Amaranth [1.05 mg/mg] [125]

Ag Water FAAS dodecyl sulfate immobilized on 0.56 ng/mL [126]
alumina
Cold vapor atomic
absorption )
Hg Water Thiol-Modified Magnetic Silica 0.06 ng/mL [96]
spectrometry
(CV-AAS)
Cd. Cu, Hg, Pb Water FAAS Fe;04-Si0; [97]
Pb Water FAAS Reactive blue 19 [127]
a W RS Activated Carbon Modified with 4
ater 3 ng/L
Sodium Dodecy! Sulfonate [228]
Alomic
Ca Water fluorescence Amino-functionalized silica 3.15 ng/L [98]
spectrometry
Pb Water ETAAS Iron oxide nanoparticles 0.8 ng/L (129]
As(V) Water ICP-MS Amino-modified silica 0.21 ng/L [130]
Cu, Cd, Ni, Cr Waters, foods ICP Salicylic acid functionalized silica 0.11~0.27 pg/L [131]
Water and
Mercury(II) ICP 1.5-Diphenylcarbazide 0.16 pg/LL [132]
plant ’
Dithiocarbamate modified
Hg Water ICP . [25 pg/g] [133]
amorphous silica shells h
I'-mercaptopropy ltrimethoxysilane
Cd. Cu, Hg, Pb Water ICP-MS 24~107 pg/L [134]
(y-mptms) modified silica
Te Scawater ICP-MS Gamma-MPTMS modified silica 0.079 ng/L (77]
Pb Atomic absorption ) [19.44 mg/g]
Water Natural zeolite [135]
Cu spectrophotometry [6.20 mg/g]
Cr Water Spectrophotometry NH, modifed Fe;0, [25.58 mg/g] [136]
GO cross-linked with ferric
Arsenate Water ICP ) [23.78 mg/g] [137]
hydroxide ’

' MAC |, the maximum adsorption capacity

1.2 EMEHMEEB ( SPME )

EIfEMZFEE (SPME)RE_HHHLEN+FERAMEN—MFFANFERALESE
ERAR , ERFEHINE KX Waterl oo K FBIPawliszynBUR IR/ AT 19890 F B )R #H1T
AEHRR"™ , AEI10RFERRLEEMTE, X—HRFICERARERE, ZFE
KA, #ETF—IK O BEBIREERAE , EFEN , RYE, BBESHFR. Bt ,
EEMEZENRALRRRIR 25 H1E , #ER. MR, BYHH, FELESHHEE
BT ZMMA,

EEMEZERESMER |, NFEX , X, T80, HEX | HESE, F4X
IR ERABRFAREA JFTHBADFRPREFROINE TR,
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EAERXERNENTD , EE—MRIPLENERMER , SERKSPMERBHMELL
BIFLIODRTHS DO E BTFENAELIREFIABBUARE DB S
wEpEE Y EXRIEAEABIEMAENAE , N\FE T EAS TR
A (Capillary Microextraction) , ¥i.Z 7o & A EAH M ZE B (In-tube SPME 3% In-needle
SPME)'" ; BABRARRFIEERATESREAE , EENEREPIAFRTRE
EEXRIGEIEMAER , RABASMEN AR NERFHTER"Y |, BFER
HEEMRERERKA , NMTERBERS ; RHEZENZRENARAERHFEL ,
BT I EEFRPHETHEAERN | REAT RN T & , AMm4EETEate , X
P FE R ERBZEEN(Stir bar solid extraction , SBSE)!'Y, BB AR ERRSHSPME
2R, EENENREE —XERAEREEHEN , N R EEHRAES 4 |, BIE
R HMSHESFNERE, REZFEPAE 2 HERA AR |, BIAELSPME
2, BLATESNBFHEXEEMEZER , B EEMZEEL,
SPMEFZBEB/MNIRE | HREZEFISFIRM, TiFSPMEH ERIFHFEA
FIFRER | EERSHEHHERANSIHRERSE FTHRINZED |, FMNA S MER
CLAEER , —ERA 8B ERSLELERISPMESHES , FIESPMEHE MRS
K REETEEHFNASNZERNLERER E DT EEHF = P TIRME 54.

121 EHEMERNRE

RYINERNENSZ2 LA RATERRANFRARPHEITENGESHEE
HOBERN  EXMRMEPBZICHESSRHA | XHFMISEM THAIERSE  MBR
YEZEB S, Pawliszyn! MU NAGLT R R S RIT 5 BESEEERMENRANS
EERRE , NIFEETE—MERNEINRE, TERREFRMEHFRMEEMEER
RENTEE,

3 4

] | #

2 MRPBEENERRE (1. FES; 2, #3530 §#E; 4 #HE)
Fig. 2 The converted device of SPME (1. Fiber; 2. Needle: 3. Syringe: 4. Rod cap )

AFZRBEREER  EAHE  ERXFEFES K, AMERBNIENSES
—2HM , ESEITZXE. Supelco A B EFZREBMZITRRE , F1993FHHE
FBEMERMZEZERRE (B3 ), hEMRNEZERRANNALRLS T & 4. EFafE
HFBRIIRNEEMZERRE  BIRBABIFNAA : —=0I A ERIREZER
KUURBARENAHEE | MEF AR ENIETERSHRENKE | =28 LETM

8



REREZRSLHME (FEMENERNLIRRABAR ) EFREERBRR
BBt , D AFHMBNER (BBAFAEFR), BIFMRERSGCH
A FIHPLC AT £, FMATRERUEEZEESL |, oI KAEA. FELE—
RAE—ERE. TEGEEEHESRMTLIREN cm KIS AT HEL | EEE
— M ARFERNL £ SIEEFTERIPERNPFSAEWNE., FHLIENERNBEHHLE.
ZHE  BEAKBATNENER , SAFNERFFRAMPIFBESHITRELTHM
AFEWNEPREL , ZREAE , BERSBREENAFNER , MRRPKL,

¥ 0 Rt 3k

A
FHiIG
T A

SR AT RETH
Pttt

B

A AsHAER

PE R Sk A §

SPMEZERY &

SPME # B 3L

SPME -4

3 SupelcoA )RV FaANAFEHENZEMRE ( FIHFZERLLIER )
Fig. 3 The structure of Supelco SPME manually device (holder and fiber).

1.2.2 EMEMZERNNAR

SPME ZEIS YN F2E=MEZE  {IFEFRAR. ArHELEKE. @955
HRERNENN, sIRXRA=ZMEXAN#TERN . HEEZB(Direct immersion
SPME , DI-SPME) , il & %£ HY (Headspace SPME , HS-SPME) , BE R #P ZE EY
(Membrane-protected SPME),

EEER



XFRZAZERY m%ﬁﬂ%EEEAﬁmﬁm¢%$ﬂ§h‘ﬁm BiR7 T
ERMAFRERPEBIRESR 21T — R ERIE (FTLARIS B4 , thal R
AR ), ERENST, meﬁﬂﬁﬁfﬁﬁﬁﬁﬁ ERZHERT S

FREVKIEK, FERSNEZERUKER SN , Re]gERVNTZ AR, EERER
FEZEREHBFSTYNERERIARENERITREES , BE=1d12 &
BEREAER. BERSRRENEHEME RS TIEREFHT 8. HFRERN
WRERIAEANT BUEERR  BEERSAEZENERRE  XR¥WTE
EEHXBS R, EREETREREFEN" HEH (Prandd Y ARE (FRLEK
DFRE) ", SIYFLXEKD FEATIRREEE | feEFHnETiK, tha
PASBINE R | R48%E T @A 8],

THZSZEEY

EMEFZRRAF | ZRAASHFRERER  MREFR L ANMEP#TE
B, X—RNESEERFRXEFRENFRP ZERRFIELELEMHE
B, AM=FRPEE=1TTE SN EREREAZINZE., ARET BERE.
EREPE B E?Eﬁ%&%ﬁﬂﬁ?¢%ﬁﬁﬁﬁ%%ﬁ ELE AT SR E BT
REMZMEFHRRACHZME L& EIXE, FIARANFERERANER, 85
HRERAR. BRMEHSRIMRERER, WFELMEYR  BIEGELLERRA
AR &R (838 | FIR th el@E T RN = R SRR ENRIZ S FE B R N4 58 T
BHE] ; WFHELMYE | FTAET RESHFREEN BN REFRTENEMES
ZEER R,

ARERIPEEEN

RFIPERNEZENRA T ESARENFREMXAEARARANA
%ﬁﬂ%ﬁ.Mﬁﬁﬁ%ﬁﬁﬁ%ﬁ#ﬁﬂ%ﬁ$mﬁ%aEﬁﬁ#ﬁﬂ¢,&%§
HNERR—MP=ERIFEARBLIPE | IFETRAVMRSRES . B  F=E
HBEa FHMAEN | IEFSENRT RSN S ITWEEREYE. XMEALERE Eﬁ
A ETF EENEEHER ENYIR. ERTFRNTFE  ESTPEREFREZE
RIS FURR S , F&EER, ME , RE , FREE , IFETENEMmEK,
BT A EIR S ZERRERIESERER, Bt , RENEFERFRER
BEE A M= ZEENFN B F R 2R ENAY A 2R A,

123 BEMEREFERRARNRE

ERMERZ—MERNERLESE  BEREESE. RE RHES. £
BENER, ZTZMHUBHRANER  HEFREGIRERRE, EXNRERET
HRERTES SEEEREZANTEHERE. NEMBES REZERSHY
BRAMAENERIE , —2RM , —2RE, IREZS T BBIBNRETR | R
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MR 2 EEREORE. —RIBEAT RIEKREERIIEZCARECDE MNPDMS
FIPAIRE , BMRRE—RRUARFI 2 E , YIPDMS/DVB, CW/DVBREE!",

WR WS 25 BY i 72 69 53 S S 8

WFEREZR Ao RERERBE—RERNTERE, TE&TCAAR
BTEEERRRT.(REZNTMN STVEFRERTARE LMAR S ETE, )

eV, =V, +c5V, (1-1)
X, o Flc” SRR TERRE ERRRTEFAHMMRE, V,FV, 5315

H@RARNER,
AIERBRNEFERERPHSERBL B

; (1-2)
Ky :E{‘
B2 XEHaUER 0 <
o_ . Kb
N Ky, +V, (1-3)
MRE EHZFRR B2 IR YRNE R
n=c,V,=¢ KV, (14)
TR YAV,

M ERXFEIAE L |, FRE LWENRNS YR EFD TIEBRPRYER
Eco@RLIEEERY |, X th 2 EEMAEEE 8 5 eI 2,

WFIMEZE , B RE=HFE  RE. METIEER. REPERSTIE
BS50MYE=HATHNETGEX MAoTYE=HTNEBEZRIEPRRFE
&, RERETEER, B

eV, =c.V, + c_}"l'f +e, Vy (1-5)

X TV, 7250 AR EHR INESEREMMEFRR, ERUERENS
HENSERARK,  SHEFRERENSERBEN K,  WRE LBRZERRS
TR ERTE QA 1-6FTR.

C:II C"z

S e LG
Kﬁi T ® Khs ==
Lh c.\'
Kﬂ:KfrsI/J.vI.f

Kh,\'l' f,f' + KJJ,J.;: + L’r ( 1-6)

o r

A=Co¥ ;=0

0
PN

1L
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MR BEEAZFSABNRERNIE , B

K .FJ)'\'I.".F'
K.=K_K _ , ¢ —_—

5 s 0= 7 ’e 7
K_I.E'L + Kf:,s'I h +F 5

(1-7)

SR ESS:VBURES: Db SR i

WP 57 L RO BN B AR 2 AT 00 @R EFI R FRPEIREX R °T AR SR
LKA, BRAPDMS/DVBFICW/DVBUAKAR-BIRHISHPRZS AR | fibl]
H S @122 BN F2 5T A LangmuirlR Bl SR 4R R, IR Y M A FASREREN
B RSB R , &= EIRMIEIESA

A+Se>Ay

FEERZFNIET , SR TERAREPHFNSHYIONER
Co.—IK SI:VI (C_I'm:lx _{';I)

Ky (C.I'mm —cy ) ¥, (1-8)

N8, nFRBERFUSIFTIRE | ¢, BNRIRE | ¢, HRELRHMZIS
BRARE |, o, ARRPHENSHVNTEERE , K, ARMNTEGEER , V, IFERER
K1, V, RARERERR, HERPITYRERRSCTUAENFEMARNG , ERE
REUSTRE ¢}, < ¢, W, EMEnSHRIRE ¢, RIELL,

MZEEMZENARP , AT EGHREFHFUSTINE R

ca-iK ;f,-l K J;;I' ;l ’f (Cfmux B C;I )
KKtV (€ ma — €5 )+ KV, 4V,

HA

llx‘ _’ —_—
n=c,V, =

p— o F g
”_C,HII =

(1-9)

LERP, K, FHenry B , K, BFMVINIRZE SHEEIRE LRIRMTEE L,

BT A ERITHERTBAE H |, TR WMHE 2RI , EEZFRNAZEHEEEY , MR
EENRHSMSENMMNERENFUSTVNERE X ESRMEFHNSLERGSE
*0

1.2.4 EMERMZEERINA

SPMEfE Jo—FRL BB RATEREAR FIASSHEEEN " ™ i)™
W EERX Y, BEBSEEFRRAIE Y PSS MUESEE | ERAKE
[156, 157]‘ ﬁﬂ:ﬁﬁm[lsg-l&l\ ﬁﬁﬁ;ﬁﬁﬁ[]é}lﬁi]\ ﬁiﬁ%mu[h’)ﬁ-lﬁﬂ\ }‘Ew*ﬁ.imu[lﬁ& ]?0]\
AW IGRAR SR EEE ZHNA,

Correia! **'& &3] T SPME-GC/ECDMEBE A MBS ERRAKBHIAE, [\
MAEF, —MHREANNBEHFRBFETERSW , KET RIFNZETEE , CHR
RFEEEEPHRAPRE, Zambonin'! &R FSPME-GC/MS /& RIEAL MR +F0
EPREVBRANESE, RTPEVBEREEHRSEEIRE2~90 ng/mL |, ;HPEIE H
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PR7E2~33 ng/mL, Djozan'""'&E& LI R-H FEMERSWIERNSPMERE |, WL
SRR REMEENRERFITIE, BEEHPEE20~88 ng/mL2Z 8], XM7iE
SN A SMEKEE , FRMAKPMAEESE, Lecanu! ™ 'E R FHS-SPMER 411
REMANBPINESYRSBHOTNL, SteffenFlPawliszyn!" 'R AHS-SPME-GCH
WA RESEMTHERBRLEY. AchouriERAHS-SPME-GCIIE T 24
BIXIRLE S |, T T =M@ GRENZERNR, HTF" " EXFHPERERTRHR
BRESDHITON  RE T 12N EERKRAS , AN SESHITER, HEH"VER
FASPME-GCMC A AW IREF T RIKEA N HITHBENLEE , XI—EREET
SPMEZENEERIK AN ARPHIR A, Gac'“'& @I THS-SPME-GCH K+ I0fh 5
VB CESYRNE AL , HiEHR(Sn)TE0.02~56 ng/LIEE , KEB5 HI4E HERIKTF0.2
ng/L , BEAEFTURFAKENMEVERPENBLSYINE, Mishra" SN
SPME-GC/MSH#Ti8/K, ERFEMHRFR (I ) MRERNESE  RiITREERE
[, ZERTE), ZEEUEEFpHENZENNENEW , ERMICFHET , FHR (He)
43 51350.02 ng#00.05 ng, Gorecki'**'E & XK FHS-SPME-GCIllE K H#EFRBIZES
7 PAPDMSEF L 1TZERY, I Pb™ BIAS PR /9200 ng/L JOZ EREVAE PR A0.1 pg/L,
BREE'ENASPMES SFEHEEESNREREEEAZSPIEL BT
M, B ORE, BE, ZBENEESRY LHMENEHRERS., Natangelo'”™
E R ADI-SPME-GC/MSHT KR IUFMRE ( ZERK, . FaE. BEW)H
S8  EETIOMEWREN R AMNZFNNE |, SRR UMPRAZERR
FHIRCW/DVB, Chafer-Pericas! /&R BIn-tube SPMENIEKAIR R Efh4E#E _—H
BRER , HAQHPRM1.0 pg/LF2.5 ng/L , MATEHFREN 9100 uL, Mudiam''*'& R F
HS-SPME-GC/MSEMRASHYRIIM R, MIEREXR , BEX , ZREFENINER
EEYIRFRIELNRA8 h/T , 1£65 *CAHSPMELFEFEEN30 min , HIEESEHEOR
. HAGHPREE0.010~0.023 mg/L, TE4NHRAPN =4 FRE9NE B EULER 1578% ~82%
(HA) ,76%~81% ( B8l ) , RBIREPF=FRHIEKESDF1H}91% ~96% ( B
A ) 87% ~92%( H 8] ), iXF75iE R AR FRTEA M/ N EVH R P BBV, Bojko'' ™!
ETH—ME5EMEBHTFNCRERADI-SPMER 7 A2 M 3z 42 MERE S
B, MERLFFILCEEMHITERN , RBEERBJMNMOEM, HiGHRR0.5 ng/mL R
IR BT A TR BREDNE,, It 7555 0T A S8 AT TE & B AR A48
., A , SPMERISEM B , WFIER LR AR S TEMSEE X, Broeders! ™
3237 7 —Fnd-SPME ( negligible depletion-SPME ) i 5HPLCEASNEBREATHR
AENEE, XEP , METERRRERZEEE. FHEE, BEENMAESFZN
HR., FRRABEQNEE  AEMERMZERL AN ERENRMN, X—75E]
MEZEBNFEPEAENRE, Togunde! "I KA EMEMEZENZBEFNLC-MS/MSEL
BANES8EAFPNAYEKE (3BT , € , ZHEH)  HREHAPDMS , WH
D948 i FRTE0.01~0.26 ng/g , EL BB/ B HEHIRSDTES% ~16%, Ferreira' 'K SPME
BT I 0% 48 SR AG T 42 2 MR BR DA BE T HA 1B B RV Z B, 1R 41RI B GC-qMC
( quadrupole MC ) FERMNFSAZAGFFHITNE , WEREIFEH B PI{20.8 ng, SPME
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HFREER, 23T  XMAEEFEI —MERGHEERRABYZRENNESXEEE
LRLLHITI IZRIN A,

FEERMEZERNRER  ZOIBR RELIRE. RERENRBENEEREMER
BSEMNEE. EVEEESMNEINNE  SMNMARMATRENR  KNEREFGUR
5a9488NMEED. BRiSANESRICERSB M :PDMS ,PA ,PDMS/DVB ,
CAR/PDMS , CW/DVB , CW/TPR , DVB/CAR/PDMS, E PDMS F PA JiRiKik
Bttt hBEERZILARE. BFMINERERE , MESH | EFME—R , ZEH
EEGHNERNEIEHNBEHE—TRS  XEENAZRI—ERH. BRiXES
EEM, SREMNSNNABRULEREHE—EEMANAR | tBE2EHEMEREY
BARAREHXE, ESHIE, CHAHSHHFERE  ENWAE". BIERE
misE"", SEHENESYSRE"". BNENERERE"". EERESLYAR
B o FENE&E MR KRR E,

HARABHMESEAZAMMNGIZHEEX MEEEMNRRAENEREG
ZFENE, Bal HIEZEHENEZERREEZEMAE BAFINIE(Electrochemical
deposition) '7* ¥ #9188 %% (Physical coating method) 7% 177 183 181 SR %
(Sol-gel technique) "7 ¥ 1¥-1%1 43 Z EM5a % AR (molecular imprinting technique) "%,
REARZFERLRHE  ERRARSE SPMERNNAEEHL#FE—SH X, s[A%
MNER., K TIB K5, @@, R, EVYHERSE,

TRERBENEMGE  REMBEARN , #RER , YR , RHREIH |

H—wtLt,
*® 2 EAENEINNE
Table 2 Applications of SPME
) ) ) Preparation LOD
Analytes Matrix Coating material Refs
technology ng/L

Pharmaccutical

. Fish tissue PDMS 0.010~0.260 ng/g  [170]
residue
: Electrochemical
Citalopram Blood serum Polypyrrole —— 46 (178]
deposition
Ibuprofen. naproxen Poly(ethylene )
) Water Sol-gel technique 7~30 [179]
and diclofenac glycol)-g-MWCNTs
Volatile Biological and .
Elechirochemical
organosclenium environmental PbO, ) 16 [180]
deposition
compounds samples
Caffeine Human serum MIPs Sol-gel technique 0.1 pg/L [181]
. Chemical
PAHSs Aqucous sample SBA-15/polyaniline o 2~20 [183]
polymerization -
Organochlorine Physical coating
o Yam Carbon nanotubes 1.98~12.24 [176]
pesticides method
Methanol, cthanol, Unleaded . . Physical coating
) Nafion perfluorinated resin sub-ppb [184]
and 2-propanol gasoline method

14



N-Alkanes Aqueous samples
Chinese chive and
Sulfur compounds -
garlic sprout
Diethylstilbestrol Milk products
Human blood
) serum, nonfat
Phosphoproteomics )
milk, and egg
white
Hg Water
Benzodiazepines Human plasma
Fluoroquinolone
s Aquecous samples
antibiotics
Chilli tomato
Sudan [-IV sauce and chilli
pepper
- Echinacea
Chlorogenic acid
purpurea
Polar biological )
Ant and coriander
VOCs

Phthalate esters,
Aqueous samples

PAHs
Organophosphorus Water and
pesticides vegetable samples
Btex Water
Amitriptyline and Human plasma
doxepin and urine
Polar adenosine Human plasma
) Wine, berry, and
Phenolic compounds
grape
Organochlorine .
. Rainwater
pesticides
Nitrosodicthanolamine Cosmetic products
Environmental
PAHs
water
PAHs and chlorinated  Environmental
compounds water
Tap, mineral and
BTEX and phenols

lake water

Cellulose acetate

ZnO/graphene

Multi-walled carbon
nanotube(MWCNT)

Si0,/TiO,

Poly(cthylene
glycol)-g-MWCNTSs
Octadecyl (C18)-silica glass

Polypyrrole/ MWCNTSs-Pt

MIPs

MIPs

Polypyrmole
beta-naphthalenesulfonic acid
and ppy/graphene

CNTs

Polypyrrole
ILs
Organic liquid membrane

Aptamer
Polystyrenc-diviny Ibenzenc-p

olyacrylonitrile
Graphene
Aluminum tri-tert-butoxide

Cis

Sn0O,

Vinyl-SBA-15 mesoporous

organosilica

Physical coating
method

Sol-gel technique

Sol-gel technique

Sol-gel technique

Sol-gel technique

Sol-gel technique
Molecularly

imprinting technique

Surface reversible
addition-fragmentati

on chain transfer

polymerization
In situ

polymerization

Sol-gel technique

Flame-based
preparation process
Electrochemical
deposition
Sol-gel technique

Sol-gel technique

Thin-film

Sol-gel technique

Sol-gel technique

Hydrothermal
process
Sol-gel and direct
coating

0,05~0,15

0.1~0.7

5.1

1.0
0.4~0.7 ng/mL

0.5~1.9

21~55

80

1.5~10.0
0.1~2.0
<5 pg/lL

L5

0.2~3.0 pg/L

0,19~ 1.83

I ng/kg

0.003~0.025

10-6, 10-4, 0.010

0.008~0.047
0.15~5.70

[177)

[185]

[186]

[187]

[188]
[189]

[190]

[191]

[192]

[193]

[194]

[195]
[196]
[197]
[198]

[199]

[200]
[201]

[202]

[203]

[204]
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Phthalate esters

Biological volatile

organic compounds

Catecholamines

PAlls

24-Epibrassinolide

Phthalate esters
Organochlorine
pesticides
PAHs

Aldehydes

Organophosphorus
pesticides
Nitroaromatics and

cyclic ketones

Phenols

Fluoroquinolones

Polar alcohols

Diazepam and
metabolites
PAHs

Agricultural
plastic films
Bailan flower.
stinkbug and

orange peel

Urine and serum

Water

Plant matrix

Water
Environmental
water
Seawater
Instant noodle

samples

Ecological textile

Sea water

Water
Animal-producin
g food
Polar aqueous
matrix
Blood matrix

Water

ILs

Nanoporous array anodic

alumina

MIPs

PILs

Poly(acrylamide-co-cthylene
glycol dimethacrylaic)
Self-doped polythiophene

Graphene
Gold nanoparticles
Zn0

Siloxane-modified

polyurethane acrylic resin

Activate carbon

Carbon monolith

Molecularly imprinted fibers

Halogen-based polymeric

ionic liquid

Alkyldiol-silica
restricted-access materials
MOFs

Sol-gel technique

Electrochemical

deposition

In-situ
polymerization
Free radical

copolymerization

Electrodeposite
Hydrothermal
strategy
In situ hydrothermal
growth method
Photo-cured

technology

Poly merization
carbonization
method
Packing molecularly
imprinted fibers
In situ via
crosslinking

polymerization

Adhesive method

0,003~0.063

74.48.7.1
nmol/L

0.05~0.25

0.13
0.12 pg/L

0.83~11.50

10~200

0.03~0,50

1.4~3.2

0.04~0.43 ng/mL

0.016~0.110

0.5~20.0

0.020~0.035

0.10~0.73

[205)

[206]

[207]

[208]

[209]
[210]
[45]
[211]

[212]

[213]

[214]

[215]

[216]

[217]

[218]

[219]

1.3 DEURBMEER ( Dispersive liquid-liquid microextraction, DLLME )

P EUR R EERY ( Dispersive liquid-liquid microextraction, DLLME ) @& F /& H7
BRI — MR ERA | X—HARRH Assadi THE/NEF 2006 FER
HiE, 57 ERRNEZENZRFERATISEFIREEADSEHFUI TR ER
R, REREEZEM— 1N UHRER/ 7 B/ ZRFNILERAR , XHFEFEE
FS R BIIHRBRP | FlOTPHKEEREBIEFREAR HERFE ,Z
VA B KAZE1E, BiDfE |, ZEUATIRERAREEE , B a3 BN BN o i 7
. X—TFAERM, ZFEFRET—K , BEER, RE ; ERNBIEATINER
L, AR WIMEREF ; HiERHE, ERENES  MESBIRREEREL—F

16



FHRAAREASFNSHNEH  NTHEE, BYREEE™, RFR
Bt % , EES SRR REZE ™, HIeN >, BESmSR
i SRR T BRI AL

1.4 BZFEC/RERMEEE (SFO-LPME )

B F Bt iR HE M ZEBY ( solidification of floating organic drop liquid phase
microextraction, SFO-LPME ) & Yamini”M& £ 2007 & X IEHM —F ¥ Rl IRk
AR, FMERMNZFERF—RES , BRBE , BIERE 10 ~30 °CZlE, EEETMER
SEERNINERERME T /KA , R EEFEIFIE®L , FFRARE, 95
B G E 2R BENRI #5947, SFO-LPME X, B RETF—1& , BBIEE
B, RiE, EXRERS. WIMRRFSFER  ETREXERFES . HRKZE
MERFINERRS , ERMEERE ; ZEETEIRK, SFO-LPME s[BAS GC
( GCMS )22 291 HPLCI®Y AASP [CP-OESPV BN S EE R | BIEERHRES,
AR, EBEFOIMNESSEBE T ZMRA,

1.5 FrBIHI#t A ——a =% ( Graphene, G )

FEEREZERFRZONZRMMH SERENSEFWNRNRMRMHBLRE
EREHESTHENLR. AEFZE2004FHREManchester KEFH)Geim/NAER
B —FRERBLBRANR AT | X R B — 2RI | SR AR IIES
BLEE,

1.5.1 AEHEIMR

BEFRBWATIMAMN AL (2D) BRRRPFEN (MEBT ), RHWETF
HEIE, —EEAKRENERA=HRENABOEER T, REBREE R3S
nm , R BRI RMEEN MY ; BigtkRERN2630 m’/g"" , STREBX
BIIRFIEE |, XAV ETE TR AIZEEN | FTAZ AR BORR ST R R AR ES 8 B
FHEER |, FTUNBBEEYRFERBOBEER"Y aRBRERFNLE
IREMMMBIREN , TN AESMHERMBANSRE ™ ARBHFISETCAARN
AR ERAERNLERTERRE WA BEETIEEMABIG T AT RER
I, LFEMR , #—TT REESTHZEPRRMA,

F{LA &I ( Graphene oxide , GO ) "RABBHRALY , EARHFEMALK
SRE2FRE, BENAEER, GOEBEENARMEHITEIHIIENAE , the]
fERIRBIFIGER , STRMIRIEL S,
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+ BRIPRSIRT A

Fig. 4 The unique atomic structure of graphene

1.5.2 ARG

AERNHERERAABIEEY BraRrEEsNEHEARaR L,
BER  AEERELZARIE TR  BIEBRER £, IMAERNED , A[iEk
BAR |, RIESCMAMRER, BHMSICRBIMEE™ , #RZTALREMZARE
[EEITRENLRIE |, HE1T1000 CAENSREIFCAARER, EIMAGIER
HER, WEAER , BFRERHGTZ , EREABHY , REBAERGISE, thaxR
RLEaME"" | XMAEEBRUSERR DL , FiBiL B M ERIR oMk
WEUS , AEESRAEZERSEAHNEER , BRARNESFERZTX, XMW
HiENSABRRNTERS NEARS RAELAEIERE NWEZEMFTRSH.
RACZSEARE NEELREEEIREE  BISESBIWLSYR
HEAER WHEFABHNAERBRTBHNRAEN B8]  HAKIRES,
BrRINAR ZEZENL-SE (B1F) LERE TREERAEIIENALaE
IBAR  AREZITFRBIARE, ARBFLHAEBHummenE™" |, Brodieii ™!
FStaudenmaieri&™l, ZMAEHERABRFRLEELE  BIARRELEY , A
FEMABERAFEITRIL  REAEHENY., HEERNGEESM , aTANEZ
M. KEB, @ RAB, SRNKRBHES, IFACaEHETEIRMEEHE
HITIER, BFXFEL-28 (816 ) -TREPTRRBHMEER , FTIRIFIELF |, B2
BRI D E RIS E 505,

1.53 AEmRIANA

ARBEN—THE, SWMORMAE , FEEBZREY 20, BRI
pAtEEFEEEEN Y ERE S BUZEBY(matrix solid-phase dispersion , MSPD)™” ¥
1EZXEY ( Stir rod sorptive extraction , SRSE )" ERF A NEAEW BIIS R,
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SEBEF Y @YY £PKRHF, SRS FIOIEMNE BB MR ZHN
A,

TR TENA> B T A EREHEREE S BN A EZIEERFNS
REXBNSEREENARENERY. MZXMREMNEHRD B 559287 ,
143~46.6 , #15.3~212.6 pg/e, BHEBHAARNA ' RARUBRENHEZEMBZ_E
“HERGREAERESVEELHHEBZIRE  WKERPRIBHNETS
I 1TEEEY , HAQ HPRTE0.005~0.429 ng/mLZ (8] , HAF A (8]l EAEN FEIIRE S
BTE12.5%FN12.6%2Z T, Yang"'ERAHZNIVES RBIRMEME R EREMKN
K, BFNERAEE  FIaMNMEEM BN ERMBRNAHETESIA1.08
mg/mg, E OGN EPNKMIKE KB RPIS BEBRT. X—1Eee(Entt
SHEERMANFEHHCHSIENBRREEAME R BERNARR, Wang™
ERORFIEARDSPEETED , WKPSWHRIRESHREEPY HTNE, HRH
BENILE R (LK, CxbEfR, BEEMAARBN S ERPAEES. ZMSEEITE10.0~600.0
ng/mL , ¥ HPEH0.61 ng/mL , EEULEFE5%~100%Z[8), DuFE & mZr0,/GH*
EEMH , B EBIESBR , WEBEIKFIZTRN, Bt AENE RENHERN
1 HPR70.1 ng/mL , HEMESEE %0.5~100.0 ng/mL,

TRIPIH T A EMH ARG EBE S RPN,

R 3 GREBESHIUEPHRA.

Table 3 The application of graphene in analytical field.

LOD

Extraction material  Extraction method Analytes Matrix Refs
ng/L
G SPME Six pyrethroids Pond water 3.69~69.4 [268]
Environmental
G SPME Polychlorinated biphenyls 47-88 [269]
samples
G SPME PAHs Water 1.52~2.72 [270]
Plunger-in-needle Polybrominated diphenyl
Canal water 0.2~53 [271]
G SPME ethers
G SPME Organochlorine pesticides Aqueous samples 0.16~0.93 (272
G SPME Triazine herbicides Aqueous samples 0.05~0.20 ng/mL  [273]
GO SPME PAHs Water 0.08 ng/L [274]
Glycine, 453 ng/g
G SPE gamma-aminobutyrate and Rat brain 23.4 ng/g [275]
taurine 67.5 ng/g
G SPE Sulfonamide Meat [276]
G SPE Sulfonamide Vegetables 6.3~21.1 [277]
Sulfonated G u-SPE PAHs Water 0.05~100.00 pg/L [278]
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Au-G
Au-G
G-Nafion

Zr0,-G
G
G/Fe;04
G/Fe;04
G/Fe;04
G/Fe;04

G/Fe 0,4

G/Fe 104
G-Si10 zJ'rF c _1.04

G-Si0,/Fe;0;

G-S10,/Fe;0y
G/Fe; 04

Fe_\O;(_{ TlOz}rGO

SPE-sensor

SPE-sensor

SPLE-sensor

SPE
SPE
MSPE
MSPE
MSPE
MSPE

MSPE

MSPE
MSPE

MSPE

MSPE
MSPE

MSPE

Malachite green,
Leucomalachite green
Hydroquinone and catechol
Organophosphors

pesticides
Organophosphate pesticides
PAHs
Diethylstilbestrol
Cu?
Acctanilide herbicides
Phthalate esters
Chloroacetanilide
Herbicides
Imide Fungicides

Neonicotinoid pesticides
Phthalate esters

PAHs
Dye
Estrone, estradiol, and

estriol

Fish tissue
Tap water

Vegetables

Aqueous solutions

Water
Water

Water

Water and green tea

Water

Water

Water

Pear and tomato

Environmental water

and soybean milk

Water

Aqueous solution
Milk and milk
powder

1.6 ng/mL

0.6 ng/mL

2~80

0.067 pg/L
0.01-0.03 pg/L

0.01~0.04 pg/L
0.02-0.05 pg/L

1.0~7.0
0.08~0.15 ng/g
0.07~0.10 pg/L
0.15~0.30 pg/L

0.5~5.0

4375 pg/L

(279]
[280]
[281]

[282]
[283]
[284]
[285]
[286]
[81]

[84]

[287]
[288]

[289]

[290]
[291]

[292]

A BHRMFOEMFFHOMIE LF e EREM ZNRATIMHEFSHME,
fEE AN AEFEM AT —T RN CERRIMBZINRNNAVERTE ZH
RIS, tHu RPN RIZ USRS,

1.6 ARBBXFBIR

RERRBOEHSAINET, £EFEEBIXR  T2ERNERLENNE
FRIFHRLEN N ERABH G IZHERETE | XTEEN '|RPSR BN
HEMS T FRAMNERRRE, MERZERAES | WiSEYBINES K thil R

S, M, SRUE, SERE REHRERE WRERIFS.

EXSRNEFNIIEFR , FRMGIER ST IEPARTRON—I, BT
R R AR NMFAFRP S E | BV HNEERERTIN TR it
TRGEINTIAZRB OB BN, RAFRAIGERARNERZER, RERN &
RENS  TREABREEYEN, ERME K XEEERAXBBIAEAIHREAR
HERERESE  FHSRHER  EAERRIRNERDTHENTE, ATCAEIIE/,
SR EEMF. REMES. WMERFIEFREIIRRARN B 5 TE 2 R e
REBEH, B, BAMERRANETERZNZARTFEESNLAEE/LFE
BTHRERR, EMRMERRA  EXF FE RE, #FF—F, BFEF  E
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IERIMAFREOIMIARENES |, EBS5SH, SH-FRE. BE. RE-FREEEKA
HREBRI M TEEXT | HEEAZNERTEHEZNNMEFRAGERK ,
BEER , RE , RHES | &F1NF  ZT8mt . BEIAHAEYL , MIMER
i, ARSI BN S BHESE A8 R M £Y. ELHFESRER
THREZHNARIR,

EFMEZERRAR , DB RN, AEHERALERER, FAAZALEIESEN
BYHIEARR, REFNCFREMAMIZEN., TR M LR AEFEE
BESMHZIHEN A —M I REIRMHIF, B 2004 FRMEETFHINE , AE
BEMZNAEBIGSEY. EEEF. &Y. EERFEVARSF. SESFEN
NEMEE.

SHEEBNUANETNNEFELEMFELYE, WAMRENYR  BEENWTFRLEMHEL
SHSHARRENY It o] BT 2T ERFERITINE, SEeESHEES
BUES, SMEER, #RABL. KNRNES, ERMFSFHR , EE@ESH.
AltTI. EHDE MREN, EMEFESNEEB[RTOZONA, B, S8
BEEZNABIERYSTPERERANNEINFERZ—,

eI AR BIHHIRFIA Y | RAEEEAZERZRAMARZRRR, RNERE
FEMRMEZERRASSHEIERA  BERYRRFERTRETEVHRELDN S
i%o

B LR , BXARUT/LAENHR

I, EREEASHRMAME , ANEEEHEITRIE. 1$SMREMIERARR
RAFERMRTFOKFRREAZE (MRBTEE. MEREREN. BEREREA ),
SR EEZERMES RETRE ASSHEERESBINXERAKEN
ERIF R %,

2, ERETAERESHHNERMEZERGERE  FEHMEHRITRIE, M
AR EHFASTYRBARNZERRDN SSHEEEHEESNEERFRPEISRY
(FEEBNY. ZHFER ) KB, F W EMEEMZEINEESBFRETRECARITR
BliREMBEIERERITITEL.
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2 Wit ENEEEES SRR N E R R ER RN X B

HABR BRI BEE R ZS ( pyrethroid pesticides ) B 20 42 70 FR AR RALIN
FI—RAESRBRRT | EUXRARABEAZEMITERSE. MREREET
[FERBA , MERRERIINMAER  HXARSNLHETEFREEL. GNE. 8
WSS 10~100 13, PRRPEPLHEHEZERERRER  EFAEBR/) , WIFRS
Fu)\, BEEUEVEBHERAN , HEasSHE™ , HREEBRBES, R
MKEZHERMRERERFENAN  FERMIMEERISE  FMPIMAZL
R, AARE , MRRBFENALNEBERE™ , MEZR45" , AnBRAE™"
FEE, At | EfRARESELEENIIRRFEERER. MEPHZERATRE.
WTO TELR 7KK FUEN P ESHENR R SEKRER 03 mgL™  REERE
TETRFIK DAERRE (GB5749-2006 ) FNtt R AKIMR R EAR A ( GB3838-2002 ) Pk
FREKFRBIHENSEBAET 002 mgL ; FE (GB83214-93) "ERPRAR
EREEBRETREPENSERET 0.5 mgke (BB, HEF ) 02 mgkeg (RE
F ) 0.1 mgkg (KR ); RFEAREMEERRW DEFRE GBZ 2.1-2007 " HE T
{EIZFT B SR ZR T HEMBUXHELN B I EHFIFRE (PC-TWA) 2518
0.03 1 0.05 mg/m’ ; EULITKFFR LR RBEHICNREHVE,

Beil , BF SRR BERANELESZEEE | EEMERY , BEE
R SBGRRMEERNT , BIEMEERDY , mEEERC” | BERERMANE
B S BRR B ERANE S Z T BESNREEIEZED , SHEeRE"E, Witk
EHEENRIIFERE BERN—INF UL ERER, HRMFMNERRREEN ,E
FERETEBAFENR, Bl , EHMEEEZENS  BFRMTNEa2E"",
BRAK BT, € PN + IR ERERWC Y | R ARES REg! Y
Z, AERSAEFEENNIRRPEEEZINEEER, XRPEaEEHIEMN
MAtEOR B |, RAMMEEMEZERS SHEEBEESKENKP/\ MR RRENSE |
EERY—MIRE, B R ERNRAKREBNENSTAE.

2.1 #RBFPEREOSHIER

WA R BB RS INE S B,

BXZEFEE(Bifenthrin) X B R EE, BEWHR. ST, (IRS)-X-(2)-2 ,2-“HE
3-2-8]-3, 3, 3-=R-1-AKE ) RIRARR-2-RE3-FEFE, ARAEEE1K,
BTRE, S5, —ERIR, ZB. BE, Bix , KPERER 0.1 mg/L (25 °C)
£ pH4~9 BTREKEBRIFIZE. A TFPIAREE. Mok, HNEOH, LEH
f, EDIME, X, RAWHEF 20 SHER, RREHRS T2 HAMRNBESER ,
TARFEZEE, BEFATE , HFREK , FRE, BRBENESHES N
ERSHPE  NRESS.

22



R B BE(Fenpropathrin) X B KR, R4, FEHFBE. 2-SE3-FRETE
2,2,3, 3-MBENRRIGERE, 4258 eER8E8 , RANFEERIKNER,
M. B BERE  EREARPARE  RETHX. SRS RESLRAM
LExiEH, BTRE. Ak, BERTHR. ZB. SHESFENEN K HEBEHR
14.1 ug/L(25 °C), ZHARBE , TEYRR , FUEK  HEXAERE2NITFSHE
BHMZHHEHERN B ERFGANR  FHiESEER,. EFHHLANER. REM
. BSN—TENEREMER , TAKR, BEER , BHESH., zanae, & B85
5, BRERE, FEXED , BLEARRNARE,

INK % BE(Cyhalothrin) , X B=FABBEE. SWARWBE. X%, 22-"HE
3-(2-8-3,3,3-= 8- 1-AEE) A RIS -alpha- S E-3-F F EFE, AR nBEEK ,
WATFK , sl BAFRSABIEN, EBREARPIRE  ERENRFELB, BT
BhiAIRTE, B, HESREY LNEDR, xR AHPESHRBT, WIREMNEKS
RIAIER, EXRFNBANIIMENE, BRE, REFA.

W B (Permethrin) , X B _RFMBER. PREBIE. FTHWE  -FEETE-2.2-
“HRE3-Q22-TEZHEE)-1-MRGREE, URAFIBESHE  ERAREEER ,
REBE, WERRE  ERETRRTERSSBEY , ZRABH TS %, BT

ARE., BX. Xt RNLSMER, SRENERKERE  NEEBZERN
fER , EXRFHTEHRE, NXT. WEFH. MaXss, gESS. WEER
5,

AR B RECyfluthin X 2 BME, SMNBE. BATE. A@RAEREN. 35
SaRInEMRY, WEATK , MBATER K S4THR. B, BXSFEIEHF. X
BRIRTE , £ pH EXTF 7.5 HEHEMARPARIRE, EEMATESER. AHXRE ,
UK, REBBUtBARSEEY. BE. RNNRX LHNHBE, $3BE8. A3
BMtEBNEER  BEREMATESER, NEaSHX  NEBthES, I824E
RE, 8 KE FEBHHEER,

FBUXFEE (Flucythrinate) , X B R BRI, PAFATHE , R S)o-HE-EEH
EFXECS)2-NZRRFREFE)3-FETRE., AR RHEeHERE. 535FR
B, B, —HX ; WATFK (65 mgL , 25 °C), WEHIEE , MEARE, B
BFRE, BX, RESEYLpASHEE  FBE. WHE, HIPESFSHESR ,
WHELE—ENHER, DR, BShE , EEEMARER , RHIE , 4%
iR, W, BEEES, BRSREE, R RE. #I5FI5F,

BUXFEE(Fenvalerate) X BiRRET. B8, S, 8% , (S)-o-BE3-FHET
E(S)2-4-8xE)-3-BETRE., RAMBBERARK , NFRETK, SEFH
*, REE. FHEEEVARN, BETRPENIZE SN RPTEKE, BTFha
HIE., WEE. 238, ¥¥E. BHPEMEREER, BEPESHEREA , 28
HRE, WBHMBEER, KRB WRELEEY  URRANBSERIE X
AIRFREER, WEE a1, XBESNHS , FRMIERE SR, HiE
REFFF1E17,
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0%” O/O*?

F

B #4588 (Bifenthrin) THh%iB8(Cyhalothrin)
H 0 O/O\O/\
0.
8]
Cl
A W% 8B (Fenpropathrin) %% B8 (Permethrin)
N
ﬁ I o
O
O O/ o
o
Cl F 0]
F
1.9 =1 %88 (Cy luthrin) M EUXFBE(Flucy thrinate)
N
|‘| " h
O
O/ ) Br
%\ O B
BUS 8 (Fenvalerate) R W %88 (Deltamethrin)

B 5 HIRRPEERALFEN

Fig. 5 The chemical structures of the pyrethroid pesticides

)R B % B8 (Deltamethrin) X BEIFRE., BER , S)o-BE-FHEETE
(IR,3R)-3-(22- TR ZIGE)-22- _RENRIRERE, ARhHEMRATIRES |
NVERBFK B BFSHENET., BENRPENRE  BETRPSEEK
g, REFEEEHIRSMARBN , RRE , YK, NHERE, E28, 2
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HE., F3E, WHE., HPESSHEREN. EEMANESFR , AFAR
R, EENE  RERZFNARER  BFHRESE, NaMERES A FeEERE.
BiE ER. FBRIZ2AELEREEEERA.

2.2 RIERS

2.2.1 EFIFOM L

BEN (50 B) MEEFHEFEAFILQE) (FERE ) WX, BXEHNE , F8%
B, Dk%E  f%E  RIBWE  ABUXHE  SUXFE  REBESFRANE
MEKBRUESFRRIPERAB( PEXE MK, AR HCI ), (LM NaOH ),
A, Z2iE. B, ZENREEMEFPIMNILEREFELRNLE (FEILER ,
http://www.cre-bj.com/ ) lI3%, SLITFZRETAR IR ER FKEB LBIEREINES
I (RFELE , hitp://www.shyarong.com/ ) HiERY) SZ-93 Bah R ZEBes i,

SR BB ERRITRERE S E1R( 20.00 pg/mL RBUARERMEGEH FHE7E 10.0 mL
FIREERIEP, FIBIMEAREE 4 CERHFTHARTE , LR, LITEP
FrERMREMREKEARMABINE , A REBFKIERMESITESRES,

KEKKBRERBEEXFKE (FREHFIL, 2010 F 8 ARE) ;| HKEBBEZE
B (REEL ) |, KEKFMHKE-18 CFRTE. FAB/KEEFERZRIEU I TTL
125 045 pm BFURERESTLIR , ARRZEEHPEITR.

222 X8

1837 GC-9790 I SAHE (X ( http://www.cnfuli.com.cn/ ) , BESR/A9iREH
RAAES osNi BFFIRIEMNEE (ECD) ,

BIBRMG : KB-5 AREMEE (30 mx 032 mmx 025 um ) , REH S%EE-
—HRESR ( Yingnuo, http:/www.innosep.cn/) , 18 : REFEFHE , YIIREE
7370 °C , 4R¥F 1.5 min ; BEBLA 35 °C/min BIINFEREFIBZE 260 °C , 188 1.0 min ;
&5, A S °C/min FHEZE 285 °C , HRIF 19 min, #FHEORBALTTHE , AR
Bf 8] 1.0 min, BEA¥ [1RE 3270 °C A&MEERE 300 °C.HS BARS 299.999% );
RIEF 2.0 mL/min ; BMRS % 30.0 mL/min ; 55%EE 1:10 , #HE8J 1.0 uL,

2.23 G-Fe;0, B8R
AEGRREETFEHREMNSEOVISHE |, G-Fe;0, 2RIELABIH T/EFBTR

EHAESHE , HFETHEREFENEHLRBE"Y, GRFEF G-Fe,0, &
R RAT :
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TERAXACEMBISTNAE, B%, [@ 500 mL GHLAPIMA 120 mLI5%iR
H,S0,s , BEBF/KAPHITAAHREN. PEE , BHEPINA 5.0 e GEMT 2.5
g NaNO; , AR EHPLEER, FAENTEL7EUE AR DBEMA 15 ¢KMnO, ,
FHRKBRFFBERE 10 °CAT. E2MAGBRKES FEESVEEETHRIR,
bEE R NENHIT I BEVEHZARKY BT HIRHEE, BE  ERIZIBHOT
@8 EEPIMA 150 mL K, BFERPEBXBIRRE  NKEEERE KB ,
M EAKBLARIEREMTF 100 °C, MERHMEBZER , 98 CTHEHHE—XK,
AR, FIRESYFINA 50 mL 30%H0, , idig , 7 5%HCl KERKF , UREHR
FREEEF  REKEEpH h 7, TRE , 7 65 CEZF& , IFEREEHN
FAEMRE,

FFAEN 5 ELE] 1000 mL KR EHI1S R 72 85 0.05%89 5 BUR, #8A( S00W
40KHZ ) &3 1 h , FLEEFEERF REALEER (GO ) |, BEIKREHEUR , It
RSB 3000 pm FEETBELOSDE 30 min , UREEPXRELEIEZNRECAE (&
BEAERNE ) BSOS ERS 12 mL KE B 7K 50% Y 14.2 mL &K 25% )
BE. BIZEHNSE | B8 (98 °C) HER 24 h RREANELEEHELFE G
BIF., &= , BAGSFVMEBLHE. Kk, ZERRTFEIAER.

ERMERGET  Fe'' 5 Fe " (B/REEA 12)ARHESAR , RARMUIEREN
RiEEREEAZERENKEEMHE (G-Fe;04 ). E=OMRPHKIXIA 200 mL 7K, 0.5
g ARBIE. 1.7 g (433 mmol ) (NHy)Fe(SO4)-6H,0 F1 251 g (8.66 mmol)
NHsFe(S04)' 12H,0 , 7 50 °C, RSRIPTEBELE (200W , 40kHz) 10 min [§ ,
ZEMA 10 mL JRE 39 8 mol/L B9 NH,OH KiZiR , LAMEHEHCNE. BaRNER
42 pH NITE 11~12 Z[8], AEHMNKBATRIEK , ZRNNEEEVHEEHT | 50
°C/ [ 60 min, SERMMBERMBREMNIZ TRENS  BUWEEFELER. B
FHBHRE GFe:0s MAPEBEABRAMR (NRERAE, &)  NEAXBHNZXE
BFKAEREMRZE. FEIF G-Fe:0, WRESHMMHBER 150 mL TKBREEX=RGE |
EES T#HITTESH,

2.2.4 HitEEMEZEELTIE

{ERMM A SBARN FIRMEKINFPRRERZRIUNT : H% , 45 500 mg
G-Fe;04 23V 5 mL REE, 5 mL BREEFD 5 mL K&E% , IOARIEE 100.0 mL #BRE
BERBAKAROBIHE R, HEIMVELRHE G, BEETFiRMNEBLES
30 min EEJL AT R FE, GHREE  AXAMEE G-Fe,0, EH KPR
£, HEXKBIVKBBRAS  BRKRND BIARF G-Fe;0, 2EPFEBEI— 100 mL
HBELRER, EBLENEME R | 18 GFe:0, S/IKEREZHE |, FIKHL
BABRARETLEIR, ARIRMBBHAF ,G-Fe;0,5 1.0 mL AELRIEES T TS
AT , ROMINEATE G-Fe:0. BAERBRENE  ARNEBERRERSBHITYNE
BRI, EEZBRRIR=X &  FUENBLRARIRENEELEER
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SHRIPTIRF, RE , ERKRWBA 2000 ul REIF , BY 1.00 uL i EASHEHBIE R SR
HTRM, ETRXERZE , FTAITA) G-Fe;04 A 2 mL RERIRER | min , KiF2
X, AR S mL K% 1 min,

23 £R51We
2.3.1 HEMEIRPA IR RERAE

6 73 G-Fe;0, # #4689 SEM El, MEIR=TAE H B BIRHLIEE Fe;0, S HER
BRERENGER L. IFWERMSME G-Fe:0, ML R BIRME , HIOFIH

LB K 612 emu/g"™ , FIRILL RAVHENE B LAF & BHITXIE G-Fe: Oy MBI SR
BRD B,

el 50kv X500 00N 100n
6 7 G-Fe;0, #4189 SEM [,
Fig. 6 SEM images of the G-Fe;0, composite.

232 WttEEZEERR SRR

SRR |, WM EAEZERNRSCIN S EUHIT THR | W G-Fe;O, AKEEHM
HERE, FEAE, BIREFSE , XS ENBREREFNRESRG. FiZL%0
i, FHERMNKERPEBEINRRER 1.00 ng/L , MHERER 10.00 pg/L , BEH
BE, S0, RAS%EE. FBUKHEE. SUXHE. REBELIREN R 5.00 ug/L ,
BNIhX : §358E  HihFERE ZLE R 1:10:5, LAIFRAE L 4 T HitEBEHFEEEEY
IR ERG.

G-Fe;O, BRI

FERHRE G-Fe;0, B8 EET G-Fe;0, EH¥RARPHIAER 5.0~50.0 mg
A I BEES R B840 |, ZEENAT (8] A 20 min , BATAFIHRE , BITFEENR 3 mL
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fEATEte) 3 min, LE5RANE 7 FiR , HuMERMIFIAE K 5.0~40.0 mg B , A8
IEEFAREOR IR BB INRERIEK |, ZB/LTFREARE BT RIEFERMS TR
RETRERIRAN , Bt , EFEFRBRPIA 50.0 mg G-Fes04,

—a— bifenthrin
—e— fenpropathrin
—&— cyhalothrin
8000000 —¥— permethrin

| —e—cvfluthrin
70000004 —— flucythrinate
1 —— fenvalerate
6000000 4 —a— deltamethrin

9000000 4

<
S 5000000+
s 4000000 -
& 3
3000000
2000000 4
1000000 -
* 1 . T 4 L) 5 1 . 1
0 10 20 30 40 50
Amount of adsorbent (mg)
7 IRMIFIEREIN
Fig. 7 The influence of amount of adsorbent
2% VB (8] (OB A

—RRUER , IIRE A IIDERMI I LRV & , TEAR S BIZEENE (8], R
FAE 50.0 mg , MDA , BAFIEER 3 mL , BBHFTEE 3 min, SLRERINE
8 PR , HZEENATB)M 10 2l 30 min LA , D HTIBIEEFRZEANIEM , A 30 min E
S0min B |, RESUXPHEFMSUXHEEERESASI)  HOEXRELRE, EFLU
LER | EFEZFEETE) Y 30 min,

AR Rt

ERARRERNBHAET (R, 28R, BE) (FRRREHF , RN G-Fe;0, IR
THIRR IR HUPR R ERETESL | SNE 9 Fi7R, BEMEIRPHFTAIE 20.0 mg , ZEERAY(E] 30 min ,
REATTIFE 3 mL , BEATEYE] 3 min, LERR|EA , REBPIBITENBET IR, MA
X E LR B PR RRERRIRRATRE SRRV S, AL | SRR |, RERIEFRRIRE
il
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—a&— bifenthrin
—e&— fenpropathrin

10000000 - r,/ —a— cyhalothrin
—w— permethrin
1 # “ ——% —<—cyfluthin
8000000 - —b— flucythrinate
—o— fenvalerate
—o— deltamethrin
6O00000 4
=
o ’,q
(-]
?; 4000000 4
[=™
2000000
4
0 T
10 20 30 40 50 60
Extraction time (min)
E 8 ZEEVAY(8)RYENT
Fig. 8 The influence of extraction time
7000000 EZZ bifenthrin
fenpropathrin
EZZ4 cyhalothrin
60000004 =N permethrin
cyfluthrin
50000004 S5 flucythrinate
E= fenvalerate N
400 (I deltamethrin

=
g
-
% 3000000
(=9

o ]

T T

2000000 - =
N
%
1000000 4 %
,. N

T/ \Z\% AN AR

methanol acetonitrile acetone
Desporption solvent
9 MTANI N

Fig. 9 The influence of desporption solvent

Kt ER T RILATIRTE A BT BRI, SREI , RHNHIRRE
AIE=IR (BXAEARE 10mL , jRER (8] | min) & , iX/\MHRBFPE/LFE
BEBSI G-Fe;0, PRI TR, HBRRZINIZR , G-Fe;0, EEZ AR , ERAITH
RHIFIS BIA 3 mL REEFEX , 3 mL KE—X. RIELRER , G-Fe;0, FIEEE
A 30X , mEHEZEEETRBHE TR,

233 FERAEIEEE. MR PR

FEUERERGT | WMAENAMEEE, HXFZRFRLRETTER , RN
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&4 iR, 8MNOYEANREEMINERL  8NMNREEEE 5 X, SRIMEMNR
4, ERSEERNEMTEE S 1.00~40.00 pg/L , THKFEEH 0.20~4.00 ug/lL , H
th 3 EEEI9 5 0.50~20.00 pg/L, HEXRBTE 0.991~0.999 X|8], #&HPR7E 0.04~0.40
ng/L Zi8l, RiFEAEMNEEE  AEREMNIRRE 10.00 ng/L , ThXFEER 1.00
ng/L , EfthFEES 5159 20.00 pg/L #TAE. EEMMERENIREREZ (RSD ) XR
A, HSBEE 3.7%~5.4%2Z (8], XLELERREE |, it EMEZEENN A F /KPR ES
EHNEEERSNRMENRIFISEINMN,

R 4 FiHEMEMEE, REPRFEX RN

Table 4 The linear ranges, detection limits and correlation coefficients of this mnethod

bR R FIRE E5 Ak Bel | HXRN IRERE 14 PR
Pyrethroid pesticides LR (ng/L) T RSD (%) (n=5) LOD (pg/L)
Pl
0.50-20,00 0.998 4.2 0.15
Bifenthrin
REEE
0.50-20.00 0.996 4.8 0.10
Fenpropathrin
Ih*x%m
0.20-4.00 0.999 3.7 0.04
Cyhalothrin
®AHnE
1.00-40.00 0.994 54 0.40
Permethrin
i FRA0 AR
0.50-20.00 0.995 4.6 0.25
Cy fluthrin
AR RE
0.50-20.00 0.991 4.2 0.20
Flucythrinate
BUk%s
0.50-20.00 0.992 4.5 0.20
Fenvalerate
REBE
0.50-20.00 0,993 4.9 0.20
Deltamethrin
2.3.4 KT R B ERSLLS

RRARHIEEREZEE G ARNERYE | ME T HKFIKEKFEIRBRESE,
MIEMER R |, HEKEKEH R BHERILE,
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® 5 MRRFEEBYS BNE U R KEKH KIS E IR

Table 5 Determination of the pyrethroid pesticide residues and recoveries for reservoir and well water samples,

_ H7K Well water (n=5) JKEEZK Reservoir water (n=>5)
HbREBHE  ERE
o N 2R ERE EHRERE SB 2 ERE AHRERE
Pyrethroid Spiked
" ) Found Recovered RSD Found Recovered RSD
pesticides (ng/L)
(ng/L) (%0) (%0) (ng/L) (%o) (%)
0.00 nd® nd"
BRFETEE
1.00 0.78 78.2 4.6 0.76 75.6 55
Bifenthrin
10.00 8.89 88.9 4.3 8.65 86.5 48
0.00 nd® nd"
AR5
1.00 0.96 96.4 46 093 92.7 52
Fenpropathrin
10.00 10.12 101.2 49 953 953 4.7
0.00 nd” nd”
WK%
0.20 0.17 85.2 47 0.17 84.0 6.0
Cy halothrin
2.00 2.01 105.1 5.2 1.82 91.2 5.1
0.00 nd® nd"
el
2.00 2.01 100.5 5.6 1.75 87.5 54
Permethrin
20.00 19.81 99.1 5.3 17.32 86.5 31
0.00 nd® nd
WE BN
1.00 0.74 74.4 43 0.72 71.6 4.8
Cyfluthrin
10.00 8.68 86.8 56 8.54 854 54
0.00 nd" nd®
HEUX TN
1.00 1.07 107.2 47 0.93 927 52
Flucythrinate
10.00 9.50 94.9 46 931 931 44
0.00 nd" nd"
BUKTBE
1.00 0.86 86.4 39 0.82 81.6 38
Fenvalerate
10,00 9.10 91.0 4.6 8.86 88.6 44
REHEE 0.00 nd® 035
Deltamethrin 1.00 0.88 87.7 5.1 1.20 853 5.0
10.00 9.38 938 4.7 9.40 90.5 52
7Eb, nd:KiEH

SLBEHIAR T iZ AN R HBEINREWER  SREINIRRE R 2.00 F120.00
ug/L , BEhiRLEPILaHIRE, BIBRBBEEEKEKMNHAKERPIIEES|FES ,
ZRBREENIRERER 3.8%% 6.0%Z |88 |, EUERTEEN 71.6%E] 107.2%, E
10 B/KEKHFEREIER , B 10A AZEKEKEEER , HREHEE 035 e/l H
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FKEXKFEFE S B , cIRe B FAFVIREAFT 5%, B 10B IR BEMFRREH 5.00
ng/L ( EthREEFIRIN ) B B97KE KBV E,

1400 -
1200 4
1000

800 4

mV

600

400 -

200+
8
0- A — A

0 4 8 12 16 20 24 28 32
Time (min)

1200 -
1000
800+

600 =

mV

400 -

200 -

=
&
o0 -
(=

L. —
16 20 24 28 32
Time (min)

10 KEKZEE (A) FI04R (B) RiE, (1, BGERME ; 2, PE%M8E,; 3, IhXWME . 4, 5% .5,
AERDE ; 6, ARXARE 7, BKPE 8, RENEE)
Fig. 10 The typical chromatograms of blank (A) and spiked (B) with cyrethroid pesticides reservoir water samples, (1,
Bifenthrin: 2, Fenpropathrin; 3, Cyhalothrin; 4, Permethrin; 5, Cyfluthrin; 6, Flucythrinate; 7. Fenvalerate: 8,

Deltamethriny

24 Zig

SCIERN TR EBIEEHEZERY (MSPE ) 5 GC-ECD 1R & RN 547K
J\FRIUBR B ER (BXFBE  FENEE  IIXWEE , FWE  AASRE  #ABKR
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85 , SUXWES RBUNE ) KRB GIE | FNAESKFRKFRNE, KRS RREA
MSPE EB#FEE, EXEERS. RURANER  MEBTAEFABRENR
BMBET] . FRAIRPFIAEL, KRERQSAHRS.
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3 WiMEEME AR SAESIE- BAEFRANEEESNEX
MR HFmPHETL AR R R E

RETEEERIPAFEHNEVEERERE. BEX , REA. ZHEEZA
MREHRETBRILBRRER  $E2RARMGAMATRIEY. BX. KREHHE
SIERER , AR EFRE, EBRTFRAGTENEFHER , EHK #A,
AREFESR  BESRIFEFIVKR, RBZERAENIXAKFHE—MREGINE
MBRABIFRER 0.1 pg/L , FEMEKPHRBRGSFAREBTL 0.5 ugL"", Bk,
BYERNERREFFRKFHMEBNNEBRERN. A  AOMRERENE
mblEIER , EEBREFmEITERFRGE,

TR NREANSFRACELERRRE, &F , BT —MHEEEE
REIE75E—HEMEEAEZEER(MSPE) ™, X 75iE S AR ENEZEEN(SPEMELL , — 4
BHENABMES BIIEE R, PR |, FrER I EBRARE AT AR BliR 57 BT A~ 78 Z 80
HEIBLSBEETIRTE  AMBERTEEHE SPE AT BRI EBFER 5],
MSPE 1B —MimZE , EERELBNAESHIET, AT XERE , X—Etts
BEARBEIRERE 2R AE R 10320522,

R TER BT MSPE FiEREIZILERS ., IEFR ¥ S MEMIERAMTHNAT
MSPE A, #l C s BAMEASERD ' 1SRG 7308 = R R SRtk ok T
HAEU M+ IR ERER AR Y, SR EMIERNART BT 2P BEEREMR
ERDHIFNRR R FRAY 76 100 N6 BTN | BRANK AT — B/ S
YVEBRSWMEEN, W iEERDY , IR ECNT) | ZEERGERED? P
*I]E%wﬁ[ﬁ-l 106, lI-I]o

ABBERRRFRANHFNR , NAEESERIRSE, BF. EL, FR:S
1B E SMMIEYES. EEBN RN EBFMEEFHREMHESHIESRRRE
ROERER L, BIELE |, A RIEFMER RIFIE SRR iR R A E MK
RPN BRR R LT RY Y,

EX—EHFKETR , FALA G-Fe;04 AR FAEWRMIFMEER D BREAR , 5
S48 ECD MBS R 7TNEKNEAE T HFEPOBRILREREN (BEF, X
B, ZHERNMRER ) NFGECFEMNE 11 FiR), FX#200 MSPE 48
BUSRR R (GFe;04 IR, ZERT(E), BFRENFRARE pH B, BREH
MRS (8] ) FHITILALC,

3.1 MFRREFIER

CIHE A (Vinclozolin) , X BIREH, HEE, RFR, £F, AmAERLE
R, 1B, 1080 °C, ZATFTRAE , 86, F , fMBTK, EREPHEKERPIR
E EWREARERIEKE, CR—FMBENERIPEFRRERER NEEERM,
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mXR. MHEEYSFEY LERABRE. ZE28E. IZEERFHRRERES IR
=R B EZNTRAFIATEA.

oSer

cl o]
Ziﬁﬁﬁﬂwmclozohn) B F(Procymidone)

Ny (
va »a

—S
o <
(@]
KEFH(Volpet) KEB%(Ditalimfos)

11 UMRERMCFER

Fig. 11 The chemical structure of four fungicides,

BER(Procymidone) , X BINKT , ERR , _HEZA, 4R hEBER B
B, 166.0~166.5 °C , #A3BRE , 1.42~1.46 (25 °C), RBF_B*¥, ", —HEH
Etiz. S5 , MATZE , HaTK BERGETRE , BES72%. BEAHAR
HREER  WEERENZEEERERIFN , EhaRH. REEMKER.
BiZzE  WERKEEERENERETRBN. ERERIPURIF. 53%HAK |, sEFELE
RHAREEE,

RE@EF(Volpet) , XFREMRIE , FHEG, WABKS , WALESRME ,
BFS  MEVAKLABEERNAER. 4RIEB4ER. 35,1770 °C. MAaTFE
PR RBTFXK(X 1 mg/L ,25 °C), EFRFHTRIZE , ZR T &8KEREKEE ,
BEANEMEYRIES B, KEAR T BERIPERER  EEZHARBEY. BX.
EWRESMHEBEKBLER | BER , N\EHH  BERER AR , AX
EiZiR , DRERER  NEBEBR. WEVEL K THE.

REB(Ditalimfos) , X B ZEW. 5. LERIESK BTIEEIR. FEL.
28, 5aFF. SR, Z2BZE. —BxE , WEIMNLIRE , & pH XF 8.0 A,
BESTRBS , IRFEMRSS. B85, 83.0-840 °C, AFPHAERMEMBMK. 3E
REER , ARIPHREN. FESHEHMEVEEREMN  sTSERERETER. BNE
REARE,
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3.2 SRIRERSY
3.2.1 i FIF0# ¥

REFREFR , KEA, ZHREZAFMKERERAERT100 ngmL)AKRR
WIRRRIPHAME, FEE. Rl. ECik. 2. S8, REMAAEE MR
SBAIERERRFL2B(PEIER)BE, KiEk(60 mmx 40 mmx 6 mm , 5000 bs)F(l
AEMARGO BYMNEERAFBEMLAEWE. KEKREREBEAXFKE(RE
521 F58) ; BRKAXLRERK ; BFTEBTHME, ABER. K@
BHESEIA 045 um YLERIEITE , RETHY,

3.221%g8

B SHEIEN GC-9790 I BELA Nig; BB F 3R 1M Z3F1 KB-5 M A REMETE
(30 mx 032 mmx 0.25 um) ( S%FE_RHREEFIRENE ) GIHBISTIEERL
8] ) ; KQ-2200 DE #BFER{XEE ( BILBFRRNEEBERAR ), HY-4 ZHiREIR%88
(SIEHERFVHER LS ) AFIR%ZEEL

BEIBERG  UBAR(99.999%)HEHAE , B8R 2.0 mL/min ; #FHEEE : 4
YRIBFEJ 120 °C(HR$F 1.0 min) , BA 30 °C/min FHEZE 180 °C , #AJGLA 10 °C/min B
NERE 220 °C , BRIGBA 4 °C/min FHEZE 270 °C ; #HFER : 1.0 uL ¥#H 1 min FH
o ERFEOFENERE 57 517 270 #1300 °C,

3.2.3 G-Fe;O, 98

FRANXBMENGESHK G, B% , FRAGEMAMNRARLEE , AT,
AHCAEEIERELGERER SHaEREMBREELAENEERER. BE . B
BERAGERFNKERERMAER. RIBZAIHRENSGZE , 1€ G SBEIEMLEER
R, AHRITERNTEE Fe'  FMMEBIARE EPY , NMEEIREMMEN A RIS
MMAKFIAL G-Fes0uo

3.2.4 FRERRIEH!

CAPRERIET AFPRIRS REF5H SUECHIAL 10.0 mL JRE K 10.0 ng/mL BIFRESR
RICETE 100 mL MIFBEERIATP , & 4 CTELRT. RIRESRRESICAT
BEBR , AUNAEHET, BERESR A PZHEEZIIRER 0.5 ng/mL , Efth
SHREFIRES A 2.5 ng/mL, BESREERR B FZHEEZIRER 0.1 pg/mL ,
Hit =MREFREZ 314 0.5 pg/mL,

B FERAR LR [ TOMARRRERESRE B RRECH 5 3I7E 200.0 mL
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JKHRARDN 6.0 , 20.0, 60.0 , 300.0 uL B iR ; Hfh=MRSKEFESDRE A RED ,
£ BIZE 200.0 mL ZKHHRND 120.0 , 240.0 ,360.0 uL A &, XEMREESBRPHIIEE
3.0, 10.0,30.0, 150.0, 300.0 , 600.0 , 900.0 ng/L. ZI&EZHFF 15.0 , 50.0, 1500,
750.0 , 1500.0 , 3000.0 , 4500.0 ng/L ;REEth=FREH,

325 MMEEEZFEGTE

MSPE BREZEEUT SR () G-Fe;0, PKTRIIE FRMIFI , MKHFERE
NS4 ; 0)RKMEHIE G-Fes0s NRFAMMNEERR B, (RBTIEIIRIM
G-Fe;Os KA BRI ; (HASHEEENE 5.

B% FEMRME 40.0 mg BY G-Fe;04 MIAZI 200 mL K@+ AR HE pH{ER 5.
REFEHE FiR%23 LIRFHZER 30 min, BRAXKAMEIE G-Fe;04 KTKL I KIE D
B, BBE—1 10 mL IBLER. PEBEEHEE G-Fe;04 AKFKA 1.0 mL ZHER
KERRIR 2 min, FAMGEAEAERMMENKKNFEBHNNE , HIEZBEEBE S —1 N
BELE, B=X HBOWHNZERE—©Z , SRR TI®RFE , B 1000 uL &
BRR;A#2 , UREX 1.00 pL i#1T GC B9,

33 £ER 5178

SKERAEMEOZHEEREZENS SHERERKANEKES 4 HBILEREREF
AT RESFENZERRE |, fOXY G-Fe;0, IRFMIFIAER, ZEEATE, BFEEFNFR
A pH R MR 7 SUFNREIR AT (BT 7 IA1E. MMSRIAZMLX 4 MBI ARSIRERZ
BNRERG

3.3.1 G-Fe;0, HEHIEN

AT ERUN DR SIZINE , LBRHFIBRT G-Fe;0, IAER 200,
30.0,40.0 , 50.0, 60.0 mg WEAREREFIZEYRMZW, SRNE 12 Fix, B
EET40 , FERMIFIAEM 200 B 40.0 mg BBEA , PITVHIEEIIE G-Fe;0,
FBREINEEIEM , AT 40.0 mg LABJLFERIFTAE, BEUERERM 40.0 mg 1F
FURBEFIR .

3.3.2 ZEEIA 8]9S0

ZEVAY B R S — N ERS R, £ MSPE JiEF |, ZE A B2 IEEHF S
AR IR IS F 155 28 £ HRS7 A Fr AR (8], SEIRRASR T ASEIZEENAT [E] (A 10 3
90 min ) HiMEA BENAKKF N OMHRETIFIRMEENNFME, EXBF , ZHEZ
FEYRER 500.0 ng/L , Bt =FREFIREF 2500.0 ng/L, AE 13 FEJLAFH |
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MO S TR0 IEE AR AEZEENAT 8] 5 10 2 30 min BSEEIA |, BER [B]AYE NG |, 30
min FIEERA/LFRIALE, FEULEEERAEER 30 min,

12000000 —e— Vinclozolin
3 | ——Procymidone
10000000 I | —e—Folpet
o
8000000 - ~a—Dielimbs
g 6000000 = x 3z
g
& 4000000 - /\‘——1
2000000
0 T T T T
20 30 40 50 60
Amount of adsorbent (mg)

12 BMARFRHKATFEENRAEAIEMRNTEN, ZHHNENUMREFIEERMMNE. FNES HR
200 mLKERPZIBEZARER0S pg/L , Rt =FPREFIRER25 qg/L ; pH , 6.0 ; BATAT , 7ER ; BRI
BFNRER , 3x1000 pL,

Fig. 12 Influence of the amount of the G-Fe;O, nanoparticles on the peak areas of the fungicides. Extraction conditions:
sample, 200.0 mL aqueous sample containing 0.5 pug/L of vinclozolin and 2.5 pg/L each of procy midone, folpet and
ditalimfos: extraction time, 20 min; sample pH, 6.0; desorption solvent, 3x1000 pL acetone.

16000000 —— Vinclozolin
14000000 - —=— Procymidone

—— Folpet
=»— Ditalimfos

aal

12000000 - + £ 3
10000000
8000000 -
6000000
4000000
2000000 -
0

Pcak area

10 15 20 30 50
Extraction time (min)

13 ZEENEYa) 3 PUFP R E AN, ZFERMG  H&R |, 200 mLKBERP ZHEEZIRE 10,5000 pg/L ,
Eth =FREFIRE 12500 ng/L ; A RIFNKHEE , 40.0mg ; pH , 6.0 ; BITET , REE ; BATETERR ,
3x1000 pL,
Fig. 13 Influence of the extraction time on the peak areas of the fungicides. Extraction conditions: sample, 200.0 mL
aqueous sample containing 0.5000 pg/L of vinclozolin and 2.5000 pg/L each of procymidone, folpet and ditalimfos;
amount of the G-Fe;04 nanoparticles, 40.0 mg; sample pH, 6.0; desorption solvent, acetone; volume of the desorption

solvent, 31000 pL.
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333 pHEMEF2ERFM

AT HRWER pH EWZEENERNFN , 7 pH 5 4.0~10.0 SBEANEMHRE
FIEEROPIOETTER , BRUNE 14 FiR. GRVARBFIBIEERE pH &
75 BHARIER A, RIBX—%R , MSPE ZFEUERARE pH BIREE 5,

—HRRUL RN RT CUBIKA RN B F8E | SRENER AR S
HEKFRBRPHARE AR TEFRERPIERENIE, EERREMN 0 18I0F
20%0Y , FFMYREIEMRZAAK, EE , EEANE,

16000000 - —+— Ditalimfos
—— Procymidone
4 sl
12000000 - L —a— Vinclozolin
| —— Folpet
8000000 -
k.
%
4000000
0 : ;
4 5 6 7 8 10

pH of sample solution

14 EERARpHEN REIRERNLIMM0, ZEFRG (R 2000 mLIKGERP ZHEZIIRE 205000 pg/L |,
Hitt =FRERRER2.5000 pg/L ;R BHERAKEE ,40.0 mg ; BATEF , AER ; BITATIRR |, 3x1000 pL,
Fig. 14 Influence of sample solution pH on the peak areas of the fungicides. Extraction conditions: sample, 200.0 mL
aqueous sample containing 0.5000 pg/L of vinclozolin and 2.5000 pg/L of procymidone, folpet, and ditalimfos; amount

of the G-Fe;0, nanoparticles, 40.0 mg; desorption solvent, acetone; volume of desorption solvent, 3x1000 pL.

334 BBINSEHFRNERE

ATRESDNREE , MZES TR ETSEMIRHIF T2 Rk TR, EKET
EH , RERATIBIRRE |, BATATIBVARRFNREIR A E1&0E1T T 1L,

KEERTARNBYAT(RE, ZEMBE)NFNINOBTER B 15 ]
BAY FAEHERMBIREF , ZRBITERBETRAN , 28 THEE. Bt , &2
& MR IRA

RITHIZIEA BRI MINE 16 Fim, AE 16 sJAES , SZREREF , 8
BATAR A 1.0 mL , BIT=K/E , TRLAAREFICSEE MM G-Fe;04 RARFAIREIR T
x.

LESh | XSRRIRET B3 AT IREAT Rt T 5. ME 17 FILAEL | ##
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FTBY [B)7E 0.5~3.0 min SEEIARY , SHTRVIEEIRTE 2.0 min FHARIR K , REJLFR
B/AL, Al , EFARIRAE X 2.0 min,

16000000 - + O Vinclozolin
B 0 Procymidone
12000000 | P maliil== = Folpet
= malll|= (@ Dialinfos
g = H|IE —
OO — mlll= .
—é — = IE
a = u|ll|= ima
4000000 = = H
—— { | —— |HE
— 1 — 1]
— = — 11
] e —] 1]
0+ R | ma
Acetone Acetonitrike Methanol
Desorption solvent

15 BRITATIN R EFIEENOMNE, RS B8R, 2000 mLKARDZHEEZRIRE}0.5000 pg/L , B
e =FRERREF2.5000 pg/L ; BHEAREHKAR , 400 mg ; pH , 50 ; BHTATER |, 31000 pL,

Fig. 15 Influence of the desorption solvents on the peak arcas of the fungicides. Extraction conditions: sample, 200.0 mL
aqueous sample containing 0.5000 pg/L of vinclozolin and 2.5000 pg/L each of procymidone. folpet and ditalimfos;

amount of the G-Fe;0, nanoparticles, 40.0 mg: sample pH, 5.0; volume of the desorption solvent, 3> 1000 uL.

| ODitalimfos |
B8 Vinclozolin
16000000 0 Folpet
B Procymidone
12000000 -
g 8000000 - v
4000000 | 5 g
= Z
= %
s LB
3003 600%3 10003 1200%3

Volume of desorption solvents ( pL)

16 BRATATURION AEAEEARM NG, ZEUEG S |, 2000 mLKBERP ZIFEZIRE 10,5000 pg/l. |,
Hith 7325000 pg/L ; pH, 5.0 ; BMEERIBHKER | 40.0 mg, BITEN , 285 ; BITATER |, 321000 L
Fig. 16 Influence of the volume of the desorption solvent acetonitrile on the peak areas of the fungicides. Extraction
conditions: sample, 200.0 mL aqueous sample containing 0.5000 pg/L of vinclozolin and 2.5000 pg/L each of
procymidone, folpet and ditalimfos; sample pH, 5.0; amount of the G-Fe;0; nanoparticles, 40.0 mg; desorption solvent,

acctone; volume of desorption solvent, 31000 pL.,
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6000000 —— Virclozolin
—=— Procymidone

5000000 - —+—Folpet
—e— Ditalimfos
« 4000000 - L
__i 3000000 - j :

&£ 2000000 - /‘—‘

1000000 -
0+ T T T
0.5 1 2 3

Desorption time (min)

17 MRARRS X RE SN N, ZFEARG &R | 2000 mLKERPZHEEZAIRER0.5000 pg/L , H
e =MREFRER2.5000 ug/L ; pH , 5.0 ; HMERBRKER , 40.0 mg ; BITAET , 288 | BATATIER |
3%1000 puL
Fig. 17 Influence of the desorption time on the peak areas of the fungicides. Extraction conditions: sample, 200.0 mL
aqueous sample containing 0.5000 pg/L of vinclozolin and 2.5 pg/L each of procymidone. folpet and ditalimfos: sample
pH, 5.0; amount of the G-Fe;O, nanoparticles, 40.0 mg; desorption solvent, acetone; volume of desorption solvent,

3x1000 pL.
3.3.5 G-Fe;04 IFFIBLE

ATHMRIZNSH , ERATFIG-Fe;OANKTMALTFEZAME (2/X3 mL~1 min)
FIK (1R>3 mLx1 min ) FKFREBEEER, KRZRE , RBEENBFUYZE,
G-Fe;O.ARTAFIAZEEFEAEL300R , HEFREEN R BHENRZ,

33.6 EEEERMGEMETE

EMETRENRERER  WEEBREH) MG ENE RS KA R
(LODs), &MSBEILR), AXAR(NUARBAMBENGZBREHITTHA  BUE
AR 6 P,

EF ARARINBIMEF SRR ECFNNBERFRFDTRECL)
ZEER,

EF = (¢

o

aq

RBEXLBRER  IMREFNSREREM 1494 B 1849 SBEIA, HREFTIFRO
h,

EREHRRFET | NRIRERESRIREL /5 iE# TR, ME , A
ERWREMITERLZ B NREKEFETUE S X EEZEXZRMBXRANER 6,
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4 FRAREFIE 15.0~4500.0 ng/L ( ZIEEZAF 3.0~900.0 ng/L ) SEEINE B RIFHE
MRR , BXAB(r) 7 0.995~0.999, FHiEBFIMEHPRE (S/N=3)TE 1.0~7.0ng/L Z[8] ,
X—RERRFEREBNIXAKPREFNAEREE —MREF 0.1000 pg/L , RE
EFIEIRE 0.5000 pg/L),
meRIEFEEBAMBEREIY , CLZHBEZRBINAFKRE R 500.0 ng/L ,

Hith =fREFIINARKRE R 2500.0 ng/L HITNE, HHEBRGET , B—XEEAFE
1TME SR , BREAAREINM ; HERMEESNE s X , SR EENE, BEEWNR
Z{E5NFE6 P,

*® cHMEEFIRRENNSTSBBER.

Table 6 Analytical performance data for the fungicides by the MSPE method.

BREMRERE BiEENRERE

REF LieE BXRH KR  EEE=E
Intra-day variation  Inter-day variation
Fungicides LR (ng/L) r LOD (ng/L) EF
(RSD) (%) (RSD) (%)
ZIiREZA
3.0-900.0 0.995 1.0 1494 4.2 58
Vinclozolin
BEA
15.0-4500.0 0.991 50 1765 38 47
Procymidone
KiEf}
15.0-4500.0 0.999 7.0 1849 4.5 a5/
Folpet
R
15.0-4500.0 0.999 5.0 1584 4.0 5.6
Ditalimfos

3.3.7 SEERHERSIT

RNEZEFEERAYE, NARNEFRER  BRK, KEKNESHPHEMR
BFHTERINE, ARERREA , EERKNEETHEBERNEIRATIRE ;
BFEKEKEMNEIEZE 100 ny/L NZHBEZA, WNEH#RRAMENAZE (2%
BIZARE S 5175 150.0 F1 600 ng/L. Efth =FpRXEFHIRE S BIHIA 750 13000 ng/L )
ELTME 5 IR, PERINTFR 7 . A EFDIAREURERTE 79.2%~102.4%CEZ
18] , ENIRERETE 3.4%~5.1%2[8), HEMIGEEMENHS AR,

18 LA T IAREIEKEKANREFNEIEE,
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®7 BRK KEKNOBETPRERRBNE

Table 7 Determination of the fungicides residues and relative recoveries for tap, reservoir water and grape juice samples.

_ WET ( Grape juice ) B 3R7K ( Tap water ) 7KE7K ( Reservoir water )
MRRE
(n=35) (n=5) (n=3)
REF Spiked
. gt RlE RERE O #E EUWE FERE O KYE [BRE IERE
Fungicides (ng/L)
Found R" RSD Found R RSD Found R RSD
(ng/L) (%o) (%) (ng/L) (%0) (%0) (ng/L) (%) (%o)
0.00 nd” nd 10,0 48
ZIREZA
150.0 123.3 822 5.0 136.4 90.9 34 1554 96.9 4.6
Vinclozolin
600.0 540.0 90.0 46 570.0 95.0 4.5 557.2 91.2 43
0.00 nd nd nd
BEF
750.0 6008 80.1 42 768.0 102.4 48 654.0 872 5.1
Procy midone
3000.0 2856.0 95.2 43 2043 0 98.1 46 2979.0 993 43
0.00 nd nd nd
REH
750.0 5940 79.2 4.1 745.5 994 49 6622 883 44
Folpet
3000.0 2859.0 95.3 38 2898.0 96.6 43 2955.0 98.5 39
0.00 nd nd nd
KEH
750.0 672.0 89.6 44 738.0 98.4 4.0 7102 94.7 49
Ditalimfos
3000.0 2796.0 93.2 5.1 3018.0 100.6 3.7 2898.0 96.6 4.5

JEaR, AEEIWE jEbod, FREH,
33.8 MSPE A5 E A &R

MM ERZEN S ES Hih5AERERFEE. SEEER. MHPR. A8t
FE#FTWE., BEEMNERTEERBAERNGES 2 LIBER-BZER(MMLLE)
tol | EFE M EZRN(SPME) M, R LT AERAHMZERN(HF-LPME) ™ |, SERZ AR iR AH R ZEEL
(CSM-LPME) " §1E4HZEEY(SPE) I, LERIIER 8 B, MSPE 5L EHELER , B
ERVEHRBRIMESHNEEER, 5 SPE HHEEE: , MSPE BEE /L BHIWRIFIFIRE
i,

=8 HMEEERS SR EUEREALR

Table 8 Comparison of the current MSPE method with other sample preparation techniques for extraction of fungicides

] . IR HIEEE ZEHYBYj8]
A& {28 ZERVFEL EREE

LOD LR Extraction

Method  Instrument Extraction tool EF Ref.
ng/L ng/L time/min

MMLLE HPLC I-chlorobutane 1.0 0-1000.0 118 - [339]

PDMS (100 pm)
SPME GC-MS 0.001-0.060 0.1-10.0 - 30 [340]

PDMS (30 um)
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PA (85 um)
PDMS-DVB (65 pm)
CW-DVB (65 um)
HF-LPME GC-ECD Toluene (3 pL) 0.004-0.025  0.1-10.0 135-213 20 [341]
CSM-LPM  micro-LC Acetonitrile(100 pL) L.1-1.9 2.0-100.0 55-59 20 [342]
C18 cartridge (500 mg)
SPE GC-ECD  Acetonitrile—dichloromethane 0.1-15 0.5-800.0 - 30 [24]
(5 mL) and n-hexane (2 mL)
0.003-0,900

G-Fe304 (40.0 mg) for Vinclozolin This
MSPE GC-ECD 0.001-0.007 1494-1849 30
Acetonitrile (3 mL) 0.015-4.500 method
for the others
1200 - ‘ 1200 4
B
A
1000 - 1000
50 l . 800
- 1 E
B 500 - 600
400 L l 400 |

VIR T TN -

T Y — T T T T T T
0 2 4 3 '] 10 12 14 16 0 2 4 6 L] 10 n 14 16
Time / min Time / min
1200 B
C
1000
800 -
» 1 3
-
B 600 4 4
3
400
200 -
0 2 4 [3 8 0 12 14 16
Time ' min

I8 IRHRIEEA , RIRSYERRES S AZBEZR03 mgL , BEFILS mg/L , KEFILS mg/l , KEH
1.5 mg/L, BHMICH B RKEKIRFIEHEIER (MMHNRERZHEZI03 pg/L , BEft15pgL ) 1, ZHEZ
B2, BWA 3, REM 4, KEHK.
Fig. 18 The typical chromatograms of (A) the standard solution with 0.3 mg/L of vinclozolin and 1.5 mg/L each of
procy midone. folpet and ditalimfos, (B) reservoir water sample and (C) reservoir water sample spiked with 0.5 pg/L of
vinclozolin and 2.5 pg/L each of procymidone, folpet and ditalimfos. Peak identification: (1) vinclozolin. (2)

procy midone, (3) folpet, and (4) ditalimfos.
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3.4 45ip

B TR EBFEMEZER (MSPE) 5 GC-ECD ExF IR 4650 53 47 FU AP Bt L i%
XREARER. KB, ZKHEZRFRERE) KB AE  FNAEKENE
FTXFFEFRINE. KEERRA  MSPE HiZABRFER, EXEERS. A
RS MEBRTAREFREBRBILMEET , FRCARMAIAEL, SLRERS
ABR,
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4 ﬁ%’ﬁlﬁl*ﬁ‘ﬁﬂﬂ-‘%%*E@i%%giﬂﬂimﬁqﬂEI’JEEHE?EB,%E??IJ?R
5% B8

HREOMGEEENMNDITTRERERARR—INEENTR . ENMUER T H#ERE
PREZER  METEFHFNMESE  AMPEEEHRE. a1 , REBIFSMEN
BR , NARSHHRMCIERARNARRKEER (LLE ) P9 MIFIEH8ZEEL ( SPE)
BB SRRZERNARLL , ENEERRAEZBIATIREL, BEGEMRLIER
BRIFSMHE"Y, RiE , MIARHT —HHREMBZERA |, ©ER M
ERMEIREEF |, Et S Bt ERZEEE AR (MSPE ) Y, I7E MSPE AR B iZNA
?ﬁ*ﬁ1t$$ﬁﬁ;3zrl-3zz. 348]0

MAIRFIAM R H TR & L REBAFIRFRBOMR |, AR SZEENEE
7. BEIERREMNSENNENFE, IEFHELESITEENERA THA
Ba, B, ARBBEIFRBRAKAIRS| TESHXE, Chen™EANHEGEE
EREMENEZRRE (RE 6-8um BE) AEAGEATNL L , AUAMIRES
BERVZEEY , NS TEEAARMp A a4 (R -HERSIR 100 um ; RTHEESIR/ 2
HER 65 um )ESMRENR, TEHAR/NMAESH T ABHFPAKEIEM I G-Fe:0,)
WAKHPHNRERRERRAGHITMEE, IHAENRBELLIBL S BUR-RME
NN RN, RE SRR MEN RSN ERES.

BERZZERREF  fER—LBEBHREN , #PERWLEH T ZHMA |, iz
ARMEYHRH—L—FEBEMBEHRAE Y, RIFNMFARE , BIRREREFF
NSRS BASHEIRPIAKEE 2 AR, HRDEHLLT,
TERNEREFRR U (FTEREEN )  ZERMRREERNENR N (BHNE
=) P MERBKPRERNSBAET 10 ug/L , RERNSBTREBIT 20 ug/L,
BREBE L7 T KREBMHRAGMBARIFRE  HRKPHUEASENRN | ng/L , IRAK
RHRASER 0.1 pL™, EANAEMKREN (RER. Z2ER. RER. B8R
RERFT Ei% ) BEREMINE 19 FR5, BTFREFPESERREN , S
AEFPHECHEBFIRARMNEZIEIT - HBEIEA,

RHE—EH B G-Fe;0, KM FEINF , 1§ GC-ECD fEREM TR , A G-Fe;04
YRR K FIE R EEZEEN IR BT , WK ( BRK, KEKFIFZK ) FEE LR
AMEIRERER, ERRE , FERAMEMEERAZERE AN KK EFEERPRIA MR
BEEBREFI A ERET Y,
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FAEiR% ( Alachlor ) Z BB ( Acetochlor )
0

C'\)kN/\/O\/\

gen

AEE ( Pretilachlor )

TE% ( Butachlor ) SABER ( Metolachlor )

19 MBREREFLMCFEEN

Fig.19 The structure of chloroacetanilide herbicides

4.1 KERS
4.1.1 FIFOF R

AEN (50 B) MEEFRHEREARLE (PERE ) WX, BREFRER ( H
Bk 28k REER. FRPEERAT SR ) RGN RZR UL ESHRRP
BRAS (FEXZE) W%, #HE (HCl) . SFAWM (NaOH) . RAEH. ZHE. B
iz, ZEMAEEMIEFIEIMNIEREREIATAE ( PEIER | hitp://www.cre-bj.com/ )
ME, KBITEPAANZAEZBFKELBIRECNEL (PELE,
http://www.shyarong.com/ ) HiER) SZ-93 Ba) ZIRFZEIBEZAEH,

EMREFINREMESER (10.00 pg/mL ) BLAREIHAT , 657 10.00 mL
FIFESERP, MIBEINEARERE 4 CEEHETEARTE , LR, KidEP
FrEAMEMKREKSRINAIE , AXAEBEFKEBRMESIESRES,

KEKKRBREBEBXFKE (FEAIL , REF 2011 F7H) ; BRKEF
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MIEHEZE (FREGEEE ) MY ; AKEFGRT 2011 &F 6 BEREIRUEE | KEKFIRK
£-18 CTRTF. FrEKEEERZEESUIETILIZA 0.45 um FNRERESTIE |, UA
PRZEH PRI,

4.12 128

B3I GC-9790 I SAHEIE{Y ( http://www.cnfuli.com.cn/ ) , BB R/A 5T HE
ARG5S Ni BFFIREMEE (ECD) .,

BIEEG . KB-5S AREMEIE (30 mx 032 mmx 025 um) , REH S%KE-
— RS (Yingnuo, http//www.innosep.cn/) . 1R : REVZFFIE , MIKRE
7370 °C , f&%5 1 min ; BEFLA 15 °C/min BINNHGREFRZE 230 °C; ®fG , LAS °C
/min FBZE 270 °C , FREF 8 min, #HMHFOAREARDREH , A77RETE | min, 2#
MOBER 270 °C , #MEFEE 300 °C, HS : BARS ( 299.999% ) ; RiEH
2.0 mL/min ; BMS 7 30 mL/min ; %KLL 1:10 , 3R K 1.0 uL,

4.1.3 G-Fe;0, ISR

AEGRETERENSGZED TSN |, G-Fe:0, RIRBLABIFIRBRI 5%
HITER , FBTARAE FEMBRARRBIE"", SMA5ER 223,

4.1.4 WEMEENEZERGT 2

(EFM MR R|IFNRAFIRMNZANAFPHBRERZRINT : % , 15 500 mg
G-Fe;04 7 BIF 5.0 mL AER, 5.0 mL BEEF] 5.0 mL K& , IOAZIEE 200.0 mL B
IREREFIKARNVERIAR, AESTYT2RME 6, BEETFIRMNSB LES
40 min ERE LA R T8, 1SHRHE  BAXKAMEG G-Fe:0, EHIHREIR
£ | HRBRBRIKAREE | BRIRKRLDEARH G-Fe;0, 2EFERE—1 100 mL
HREMIEPR, EEOEIIENE R , GFa:O,NEBRARESEZEKERS
PE  FRNLEBERARETLBR, ARIRMBENA , G-Fei0, 5 1.0 mL REDR
hiE 2 min R TIT 2B , BIMNNEIAE G-Fe;0, BXARESERET2HE , AN
BIRREFESEINTYNREEZ R, EEZBRRTE=X. &5 , FWRENRBRER
AEAREMEBLDEEASERKIPTRTF. A, BRKRWAA 1000 uL REEF ,
BY 1.0 uL JEASHEEERRAH TN, & FRERZA AT G-Fe;0, A 5.0 mL
BRI | min , K& 2R, ABH 5.0 mL K% 1 min,
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42 FR511e
421 HHERAZENSEZNRGE

FURSKES | WO EMRZEESHIE SHHITMA | Il GFe:0. KBS
MBS , ZEEE] , FEERE pH , BFaEFRMFRAES |, COIRGZEEEAR
EKREFNRERG. KB , AERANKERTEEBHEBIRERENNRE
7350 pg/L , CARFRANE SRS F4F Pt EMR R RERF,

G-Fe;04 BRI

FEFHBE G-Fe;0, & |, IR1T T M 5.0-75.0 mg G-Fe; O, TEBRPHVERE, &
RINE 20 FiR , 2 G-Fe;0, BB M 5.0-50.0 mg , HHTYHNIEEIATEEK |, ABJL
FREFAL, At , HBINAR#FRBRFPIA 50.0 mg G-Fe;040

3000000 r =o— Acetochlor

/&—*1 —o— Alachlor
2500000 + e Mt
2000000 | :ﬁ:‘;‘h:‘““
1500000 |

1000000

500000 |

D 1 1 1 1 l L
5 10 20 35 50 75

Peak area

Amount of adsorbent (mg)

20 BRPF G-Fe.O, BEMWMREFIBEREM (0=3 ) FWFRMG il , SEENREFRER 5.0 pg/L 69
200,0 mL 2K7&i® ; ZEENATIE] , 30 min ; &R pH , 7.0 ; BRIRIAET , 3%1.0 mL AE
Fig. 20 Influence of the amount of the G-Fe;04 MINPs on the peak areas of the herbicides (n = 3). Extraction conditions:
sample, 200.0 mL aqueous sample containing 5.0 pg/L each of the herbicides: extraction time, 30 min; sample pH. 7.0;

desorption solvent, 3x1.0 mL acelone.

ZEEN A (6] R R AT

—RRULR , RIS ITERMF ERILM S TR RS RIZEEA (6], NE
21 FiiR , HZRERA(E]MA O Bl 60 min TLES , SATVIRVIEERASIENN , 2 40 min BY
RBEXE , ARNTFREARE, ERER , # 40 min HEARGMN TS, EFLA
EER | WFLATRISEIR | & ZFZFEETE] J9 40 min,
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3000000 —o— Acectochlor

—o— Alachlor

i —A— Metolachlor
" 2000000 —x— Butachlor
E | —o— Pretilachlor
% 1500000
&

1000000

500000
0

20 30 40 60

Extraction time (min)

21 FEATENRETIEEROMA (n=3 ) FEFH : i, SESHRENRER 5.0 pg /L £9 200.0 mL
7B ; G-Fe;O, AR , 50.0 mg ; A& pH , 70 ; YA , 3%1.0 mL AR
Fig. 21 Influence of extraction time on the peak areas of the herbicides (n = 3). Extraction conditions: sample, 200.0 mL
aqueous sample containing 5.0 pg/L each of the herbicides: amount of the G-Fe;0y: 50.0 mg: sample pH. 7.0; desorption
solvent, 3x1.0 mL acetone.

BF58EH pH 1M

M EIMEZERLTIZS |, HRIAEN pH 2 — MNEMKERP LSRN E
ZERE , ARA&EE pH Mo TR ESMEERS. BELHIST pH&E 4 2
9 B IR B 7R AR B AE 2E PR E BV IRHIE R ( PhET SR s B A R RIATIAR
pH) . ME 22 STUEH , 7 pH B S RHEASHYNIEERE KR, I, iIBTHKE
BB pH 3 5, LAIRSEFEEIEER,

FMARBFEERC SR ERNEN | ERERTILM (NaCl ) ReqTHR
BRNBEFEE., ERRA , 3 NaCl JREE 0%-20%0 , BFEEMEL SR
IR eI ABEERY, Elt , RAREFSERPAI NaCl,

LS

ERERAARRNENET (R, ZB. REMNZE) FABER , IRMA
G-Fe;O, IRFIFIRRIRPRESFINE R, LRTEB , ZIEFIREREIMEEENRML , HEBELER
BRI Z B BtAR LR EFIRVBATEE DB 2, XL |, REIH A RIE D RIRkE
7o

XA T MRRE T R ER Y A B FRRATE B AMMRERZEN N, SREM
(B 23), WAFIAREEHE=X (8K 1.0 mL) 5, AMBREFI/LFTLEBM
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G-Fe;0, FREWR TR, JoiBkRBRMTERMF_ BRI |, £ G-Fe;0, TIXEREI ,
SR AT RIS RIA 3.0 mL RERERX , B 3.0 mL Kk—RX, ZHEIZE ,
MM AZRER , TRETUAERER, RIBESLIEE | G-Fe:0, sIEE{EMA 30
X, MBHEZEEEREHE TE,

IEsh , FRRF G TR E ZERR BN, ERHTAEM 0.5 2 4 min
FEEER ,2 min B RRIREFEARIRKIE .2 min ZFEHEMREFIEEDRL RS
A%, EE , EFERRIRATE S 2 min,

4000000

—o— Acetochlor :

3500000 | —o— Alachlor

3000000 | —a— Metolachlor
5 | —»— Butachlor
E s | —o— Pretilachlor |
g 2000000 |
o

1500000 f

1000000 |

500000 |

0

4 5 6 7 8 9

pH of the solution

22 A& pH WIRERIEMANEN (n=3) ZFHEH i  SESHREFIRENR 5.0 pg/L £9 200.0 mL &
R ; G-Fe;0, & , 50.0 mg ; ZEAXAYIE]) , 40 min ; BRORFEF , 3%1.0 mL M
Fig. 22 Influence of plI of the solutions on the peak areas of the herbicides (n = 3), Extraction conditions: sample, 200.0
mL aqueous sample containing 3.0 pg/L each of the herbicides; amount of the G-Fe;O,: 50.0 mg: extraction time, 40 min;

desorption solvent, 3x1.0 mL acetone.

422 HMREBEENNERRETF

A VG PTIR BB BEAE 2R BN AN T A M B AR SRR E AR R ER ARIE SR
LAiE™  ERAF (EF) BTHENT
EF = (i
o
Hi G, I Coy FRIRSHYE 0.10 mL REFRENREFNEKERRPIVIRRE,
RIESKRETHHESR , ARERGT , AMREFOERMERTE 649 7 1078 Z[8)
(TR 9) A MSPE HEFRBHNEEREER , LLAS FELEREY) (MIP ) 1EIRFIF ,
FEER-R-EMZEE (LLSME ) EEBREREN HENEREREF,
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® 9 HIENSLEE, BEGE, KRUREXRE

Table 9 The linear ranges. EF, detection limits and correlation coefficients of this method

PRE ZisaE biEEF N ERE PR BEEXR
Herbicides LR(ng/mL) r RSD (%o)(n=35)  LOD(ng/mL) EF
E2h=1:
0,200-20.0 0,9995 3.7 0.020 649
Alachlor
&%
0.200-20.0 0.9998 4.5 0.050 1003
Acetochlor
AERR
0.200-20.0 0.9964 3.8 0.050 805
Pretilachlor
TERR
0,200-20.0 0.9996 4.4 0.020 1078
Butachlor
SARER

0.200-20.0 0,9973 43 0.050 1053
Metolachlor

423 FHENSMESEE. SMEFR LR

HEULRERGT K MIRATREEERSH  ELEMEE. xR (r) e
MPR (LOD), £RINFT 9 B, METAMREN (FER. Z2ERKR. RER. &
AEBRER T S8 )iRESEEE 0.20~20.00 ng/mL BIEMREKIE(0.20 ,0.50 ,1.00 ,
3.00 ,5.00 , 10.00 #120.00 ng/mL ) FIRIEH L., HHXZRE (r) SEEITE 0.9964~0.9998
28], E8REL(S/N) B 3 BREFIREHRSEE S 515 0.020 pg/L ( FERFT %)
005 p/L (28K , RERK , RFRBPER ), MIHMERZENERE , @dhXF
1TEZEUNE B 5.00 ng/mL BREFIFINNRER , AR T HMEHEZFNNENE, ™~
MEIMMERENIREREZ (RSD ) 'R , HIGEE 3.7%% 4.5%22[8), XLELERRE ,
WMERER R ZEESRNEN RIFIEINITE,

4.2 4 IKFEERI M R EIU R L8

PR EBEEZER S IERE AN | ERIZAENK, BRKFIKEKPHEE
REBREFSEHITTIE, MENERERI , BRKAMKEFREBRETKE ;
MEKEKPERIMZERREHR 0.12 ng/mL,

TE /K P BEAR 2 PRE USRS IRAE 1.00 #0 10.00 ng/mL FNKREKEL HRT
ZRENREFNEWE, AMREREERK, KEKNRKERPHEKETF
X" 10, EREREBAMITERET 32%3 5.6%ZE6 , BAKRERTBER 80.7%F
105.3%, B 23 ENAMBREFKEJ 3.00 ng/mL BI7KEKE R ZERN A MEARE
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PREFNEEE,

& 10 REFAZRBYNSENEURKEK,. BRKHMKIHENERE

Table 10 Determination of the herbicide residues and recoveries for reservoir, tap and rain water samples,

Rain water (n= 3)

Tap water (n=5)

Reservoir water (n=3)

. Spiked
Herbicides Found R" RSD Found R* RSD Found R' RSD
(ng/mL)
(ng/mL) (%) (%) (mg/mL) (%) (%) (ng/mL) (%) (%)
0.00 nd® nd” nd’
Alachlor 1.00 087 865 40 085 847 42 085 852 46
10.0 916 916 56 102 1022 40 935 935 45
0.00 nd® nd" 0.12 5.2
Acetochlor 1.00 0.80 90.1 5.2 0.83 828 438 0.94 823 5.0
10.0 104 1038 50 103 1034 43 850 840 43
0.00 nd® nd® nd®
Pretilachlor 1.00 103 1030 46 084 843 49 081 807 40
10.0 105 1053 44 105 1051 38 950 950 4.1
0.00 nd® nd" nd®
Butachlor 1.00 081 813 41 081 814 46 087 870 47
10.0 101 1007 3.7 991 991 43 962 962 46
0.00 nd” nd" nd"
Metolachlor 1.00 088 878 51 087 870 33 084 844 32
10.0 867 867 47 985 985 36 883 883 34

ifa:R, EWE; Eond, ®EH,

425 ARFHMENAME MSPE SREHRAIGERARER

¥ MSPE S53HpIEMEFRAILE (MNETFH FENLTEARIR S B EEMZER
MIP-LLSME™" . SDMEP*® SPE-DLLME"¥!, SPMEP* ) fEZEB A4 %), LOD, RSD,
EF FORBABTE LA AE#ITI L. FAERIEHFR 11 ., MSPE 894 PR EERR

MIP-LLSME CASMHY R FIE B AR E S, B2 .

HigHRIEZZ R FERRBERARIE

FIRREFIEKPHRIEFRE , B , MSPE Fi A& B]EEER SDME CASM ELAth 757538,
SHthpILEANMELE , MSPE EBLTHFEHAEHN , RMFIAELBHNS. B,
MSPE BARIRMEER , HEREERE  TFAMR IR
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23 (A ) ZKEZKEEHD ( B ) MIABBEREAARERED R 3.0 ng/mL FZKEKEMEREEE, SEMRARY
BR:(1) ZEE& ,(2) BERR ,(3) RAPER ,(4) TEER ,(5) RER

Fig. 23 The typical chromatograms of (A) reservoir water sample and (B) reservoir water sample spiked with cach of the

chloroacetanilide herbicides at 3.0 ng/mL. Peak identification: (1) acetochlor, (2) alachlor. (3) metolachlor, (4) butachlor

and (5) pretilachlor.

# 11 MSPE 5EAha1 B A N EN BRI SR ZE M RERIEL SR
Table 11 Comparison of the current MSPE method with other sample preparation techniques for the extraction of

chloroacetanilide herbicides

iR ZERREY (8]

hi& FEEU A BxRH WEE=R &5t
LODs Extraction
Methods Extraction materials RSDs (%) EF References
(ng/mL) time (min)
MIP and toluene
MIP-LLSME-HPLC 02-2.8 3.1-45 70-210 80 [357]
(100 uL)
SDME-GC-pECD 1.6 pL toluene 0.0002-0.1140 3.9-11.7 - 15 [358]
Multiwalled carbon
SPE-DLLME-GC-MS 0.01-0.03 2649 — =100 [359]
nanotubes (100 mg)
Polydimethylsiloxane
SPME-GC-MS 0.001-0,003 4.6-8.6 - 60 [360]
fibre
MSPE-GC-ECD Graphene (50 mg) 0,020-0.050 3.74.5 649-1078 40 This method

4.3 HMEEREZERSSFECER R BMERESNEBRRERE
il

ATH-TREFENRBE RXELTRRERM 555 BFECERMRES
BENESNERRERER, HREIROT :

58FEEEE  RBU ESKRPOMARYE  Bilta 2 KPEIRE
PREESTILET —ERAY (BB FH /S , AREREITREAT. S BBMBERENNRAIRE RS
HEISE—TEKFERNBLEP , ATARpHE , IMA—EBFNH, 2id—ERA
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BIFRAEZER, BiL/E  BELEFEESH KRG PR, FZERGREMEIRE
BEHEY , #—NMNEOEPRE , AREHFEFFEL 1.0 L FHEEEN, 7FESREITIE
R, AR TBITATAER., KERBSEZERFIAENXER . AR pHE , BEFEER
ZEGT , ZEFIAE | ZFEE e, BRLEENERTSAHRE  HRBERS
e, HREA H—  HENEBRSERITIEZRFSKEZEINSERL |
BHFHEZNAPHERERK  WSHBNBEERANGE , BILERERNE, H
Z L BFEIRIEKPE-—EARE  EBMATIGR, KERMZERIHAEMLSE
HTEZERAAERA , WEFRSHZEIRER , AUNAHZRFINERIER, Bt ,
MM EARENARES BIZELNENESRIES T REE.

SR BOBEDNMENESZEY : KRB LLBRPRARYE Bl aE
IS4G K P ER AR SEPRE 28 — ER A (8] BUIRF 5 |, AREREITRENT, 1SS BERERE
FIWAREBS RSB EE —EKERNBLED , BTHAR pH B , MA—EBZEE
Hl, ZiT—ERRTEBmiE S BLER , BEED , BINES OB R IPFIZERT A ME#H
FEEREY 1.0 pL #HEDH, EiX—KEP , AR TAKEIR, ZFEG, ZEGIHRE, ZF
HUAf(8), Bk pH 18, BFEENFEINERNEM, DLLME B G AKIER
100 mL , ZEERFI S , ZFENFIA®R 350 uL , ZXELAG(E] 1 min , AR pH ER 50,
i, HERERNRHENERS  GRSAFE, HWEBIBIIF TR 129,

& 12 MSPE 5 MSPE-DLLME AT EERE, QMR EOLER
Table 12 comparison of MSPE with MSPE-DLLME methods for EF and detection limits.

MSPE MSPE-DLLME
BRET
o WUHPE LODs EEEX KUYPBRLODs EFEEH
Herbicides

(ng/L) EF (ng/L) EF
FAEEIfE Alachlor 0.020 649 0.015 4002
ZERlE Acetochlor 0.050 1003 0.010 3490
AE % Pretilachlor 0.050 805 0,030 3896
TE /% Butachlor 0.020 1078 0.010 3399
FRARER Metolachlor 0.050 1053 0.030 3647

XA BT A REHEEEZERG AN N A FKEFER A BARERR
B (HER. 28K AER. FARERNTER) ER, BTAEBNKH
FIRMMERX , AL EZFRIBRL RN, #EEERZERG AT UERE
BENFBEFERETASOTRRE  BSEES S, MEERZER T IHRRS
BMENSSNEKFPAMBRERER AERERATEIMN NEKLHPREEE
RYEEN, XLERIIAETAEROBEMEEBEENGEZRBEN , FETFR



BROABNEZENES ENATARHFRPENAEMEERIFEZIMSRMABRRY
REEN,
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5 St AEGEEMERRES SHEERANEXKFSUHERZ

ZIR5E R (polycyclic aromatic hydrocarbon , PAHs ) @R FHREBEH NI E
B EHUBRF AR EBEE—EN—RNBRRECEVRETLEY . ESHIEELRN
400 2, EEARPXRNCEMEFEEEVIEMRH. KB, XERRBSERAR
EEXRS. KRLIIEPRH PAHs SBIALRE—MISHFR , ATRFRIEEIKREKX
T, BRIFLER , FEEAREZSHOINE , TUW A (NGE, GaisE. Big
8). BYYABSATSRE (INEERERE, nHREE,. EVRR) SEEXEN
PAHs , IR T HEhA AT , FHKBIEHM , MER, EYRRcH , BTERNX
SHEABIAE,

PAHs EESMH. BAUNKER TR , cBBE B8 , JRT , mH5
ANEEFAMENISEY (POPs) , TEEENH 500 SHEUEYS , B 200 SHHS
EREXY | PAHs B HBENNRRIE, PAHs NREECS|ERIZRINBTRE
IIXIE. ERMIE 6 # PAHs fERBEIRISEY ; 1990 FHERHBIKPMIES
B 68 FSHEMP , SMBREMNEVE 7# ; EFFERRFDIARC) (1976 F)FIH
#) 94 FYSLIETHVMBENLEYRE 15 MBFSUHER ; 1976 FEERREREH
B 120 ¢ LEISEY B, SHBRENEYSE 16 7, BIF :F(Nap). EF(Acpy).
[E(Ace), Zi(Flu), FE(Phe), B (Ant), RE(Flua), FE(Pyr), FFH[a]BE(BaA), JE(Chr),
FHRBEMBOF), FFH[KRBE(BKF), EFH[a]tt(BaP), EiFF[1,23-cd]tE(IcdP), ZFFHF
[a,h)B(DahA), #FF[ghi)FEBghiP) ", SHHRFEKEKPETE MR | IRHIER
FMER L  BRTK ; 2AMKRD, CHNRKPHSIHBRE 20 £, BT
IKFLBKPHAEN T SHER, Bt , EWKPSHRERAOSEHFTEN,

PEERIERARNREHE | SHF RN A EhERKLEBTL , AFRE
HRM e, feig BFEEIE (TLC) MERSERE (GPC) "RRIINSH
SHeEE (GC) ", RIESXRERIE (RP-HPLC ) ", RigSFHEAR , RS
M AEZBNBBEAE, ELERSUBS RS HAZLRRE , 1 T0M
EAEENATIZEERY, EMEMEERCC, BIeFRAaD , mEsERCYES NS
WA, MEMEMERRAEFEHERSE, ZE KR4, #¥EF—1K, BIRMEER
EEATNE SRS ST TEESHNEE,

ARFRSBF MW AEN , SBANEBEE « BFHIEERSR | FTLAISEHEY
FRFEARZIMABEEER, PAHs ZEBEFRIEN , WAL KHHIRIKRR |, 7 PAHs F14
BIR Z B[4 n-n HEEA | BLbARE T CAE R PAHs RIFRIRFEFIN KAKS
FERHY PAHS #{TEEEY,

XERABARBERAAE  BEAXGEREHZRERFIEEERESHE
GO- PDMSEEMEINZEAEEB RGN FWTHE L | SILEEMERT 4 |
TRES WLREBHERPELHEEMNEZERNRE, MEMMRERK , fiEHR , £H
FHin k., 1528 A\-EMEMZEER ( DI-SPME ) 5GC-FIDES K& N KPMEBPAHSKH S
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io
5.1 SERS &Ry
5.1.1 idFUFIM

#5(Naphthalene) bp , 221.5 °C , BXZ(Biphenyl) bp , 255 °C , J&(Acenaphthene) bp ,
277.5 °C ,Z3(Fluorene) bp ,293.6 °C ,3E(Phenanthrene) bp ,337.4 °C ,Z& B (Fluoranthene)
bp ,375°C , AR , FE=BAHEFRMTMOS) , FinERERFEEIRHO-PDMS) ,
FCH AZEMRGOE)FIEMIXFIME EEIMIATI LB, RFEWLG04 0.d.310 pm)
5.0 L EiEFREWE LIBSHTRABRAE.

AMZRERUESUINEMSZRAREAREE100.0 mLAEBEEEBITP , RE
7a151.00 mg/L, BfttfERTESRAREHREZEN LIVESRIIFFBRE. BT
EARMLEARERELSY CiRTF. BRKEBXRRE M RAKEEHMET |, AKX
KEBIK, FrBKEEERRENET0.45-umiI NIRRT IR IE,

SEIT 2R A A ORI K A LB I SRE N EE 2 RIRISZ-93 BE WE LK
ZIEN B,

512 1X&8

1B GC-9790 I SAHEIB{Y ( hip://www.cnfuli.com.cn/ ) , BB R R/A 7 RERF
AGSSBEFXIERMES,

BIESG  KB-waxBREHEE (30 mx 032mmx 025um) , REERIZ
E2(Kromat, http://www.kromat.com.cn/), ;8 : REVZFH BRI YREE RS0 °C,
AR5 min ; BEELAS °C/minBIINFGERRFARZES0 °C ; &fg , B30 °C/minFHRZE25S
°C, #HFEORS MR , HiFtb1:10, #HFECIBE R250 °C , MBRAE270 °C,
HS . BARES ( 299.999% ) ; iFiEH2.0 mL/min ; BIKXS 530 mL/min,

85-2BEU\E;BHE I ¥ 88 Jinyi, http:/jtyl testmart.cn/) , #BFS K5 % 88(SK5200H,
KUDOS, http://www.kudoschina.com/), TG209F1 4 & 53 #7 {X (NETZSCH, EH) ,
JISM-7500F BB $8(JEOL, BZA) , FTIR-850 HEM BRI AIEN (8% , FE
XKi#),

5.1.3 EMRMZEELT 4RI BIE

BREIS AL

BASHAENMHTEAINAALEER (GO) ., GORAZHIA , REDN
REEREA,
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ARRBUTTRSHAEMHEMZEIRRE. 20 mgGO5100 pLEIMTMOS , 100 pL
BJHO-PDMS , —EEMARMEBELED , BE30minfEERELRES, BEE0 uULH=F
28 (TFA , 85%817K) MARIRNAEZR , Bi8FES min, FIEARAHISEREMNE
BURERBRA R,

BEE LT RS &

E27310 yumBIARFENLETKPEA2 cm , BERBIATENLER 140
um, BEREHRATWLR ZRGREKHITER  AETREPERTIE24 h, MO
AEARFEPREFIEINFHEFNRE 2 80 FE R mE R,

BEBMIREEBABBBIRERIEIOmnfg , BRABREASHLEREMH. T2
30minfgd , BRGAENABWNLEBAZBRERT , ABRHIL , BTR, AEIE
o[B8  BIARERAEEENLE. RIEREKERNLS cm, FRFHNTHEETIRES
PERTFE24 h, AEAMNGABRBFNT EERSFTEPHITIENW 1100 °CRFEF 1h,
200 °C4R¥F 1h, 300 °C4R¥F 1h,

Fs-WLPREHFBRACEE , BHiIFEEHE om, EBECHFNAERRIINE
FEAEEEP |, MALEMEMEERNRE,

5.1.4 ZEELTIE

31.0 mLEYIRIBHEIOA30.0 mLKHE , AMEZRSREFRIRE S 51350250
ug/mL , DIAMEF, IHEIZENASF B A BIE#1TH R LLHFRIELR, EEMIENER
BEAZ/NMEBAZEKS | GEEAMEZEIREREY, (ZRREBER3S °C, R
MN#E. ) BAS00 rpmiE 40 minfg , HABREEZEEBESE PR , IMNIRIBHR
ik | BARISHEFEED |, 255 °CRI54 min, HFLHRRHEOE |, MENBHE
FHIR.

BRAALE ZET , BAEESHEFERDO255 °CEH30 min, EBASLREHE—
KEITRRANT , RESHEPEETINER.

52 ER5H5Hh
521 REREEE

5T RAMIRRIEGO ( E24A ) FIZ T ARG RE (El24B ) FIAE ML ENE
24FiR. HMBEZASHEIPT , LL10 °CUminBIFHEEREFHZES00 °C , R7F50~500 °C:8
EXEMHFEREERR, BR24a R EBEGOMMENLE , Bh24bRRHIZ R
ECGOMMEE L E, EiiL24b9 |, JBEE150~200 CX B E—NHELE ,
XEHFCGOFHELSFAEFAMBIRISM, MEE24aF24BREX—BEX

39



Weight (%)

EJEEREXE | FTREATREE5RNMNGOPHARE, RESEARSIALIER
BELHkR, EER24BRERT350 CHEFR/LTLBEXE , WRMSMENRERRZE

M, BEBA R SHESTHRREMNZE K,
100 100
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80 80-
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24 GO(A)FIG-PDMS;AE(B)ITCGA L
Fig. 24 TGA curve of GO (A) and G-PDMS coating (B).

E255a, b7 B AGOFELEGO-PDMSAERLIIMER], AKBrER , BiEE
El4000~500 cm™, Elaf7E3422, 1684, 1400, 1213, 1070 cm &% 5 %-OH, C=0,
REPHC-0R, BMHC-0R., FEENRWKIEE, FEbF , -OHIEHIMAE3443 em™
Si-O-SifRUIEHIRET101, 1022F1801 cm™' &k, C=OFNEEHPHIC-ORIRULIE S F!
F31636, 1263 cm™ , #HBBGOSHO-PDMSHZ AL BR BB S — 2,

a

53 b
(5]
(5]
=
s
E
£
]
=

" I " 1 ” 1 - 1 * 1 " 1 ' 1

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

125 GO(a)F1GO-PDMS(b)BYEL 4hik &
Fig. 25 FT-IR spectrum of GO (a) and GO-PDMS coating (b).
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AR ASEMEIRRIE. E260A , HIREHMRESEME , a ATEN
G4t , bRIREMRE, EAFWTHE ERTAERIHREKIRDAIFIMIE |, IBINRELT
Gz EMNEMER  BREAEHMNEED  bPRAEMERERALEE , HFE LA
A, E26BRARERESH , AENRIMERAT  S2ERR  XATUEERENR
ER , NMRFALTHRIZEENEEN.

26 G-PDMSAEFHIRHBRHEE (ANRMASORE , BRIRA00{ZE )
Fig. 26 Scanning electron micrograph images of G-PDMS coated fiber at a magnification of (A) 500-fold and (B)
5.000-fold.

RERERGD

EHERMEZEEAENERSGREEXMESLFNAN—IMEERR. RETESH
FREGBVER , KNSEPERHR, KEIEPERHLREERARF
EA200X /5 EF MR S BHE IR,

B ERMARE WAERREBKNIMR , HZEARTPO0.5 hEXTEK,

ERAFAEMEMEBACRE ZEMNBRNEMER  KIENREEE |,
AR GO-PDMSHIMK, AT RIFAIRIZEN | FHTEERKAOERES.

522 SIS

Se RBATAE T RAL., SRR : 31.0 mLEYIBIBHR R ANA30.0 mLAKEE |, /<H
ZMERHERINRE DB F0.25 pg/mL , IDAMF, BEHFRIEEFNSLRERE (Z
B ) , ZERUATY(E]30 min , ANHNEL,

R RERNRE

BATRENAN : BREAENMIZEY , STYNERMULEASHENSR
ERATERRE , CRITEEEHITEIS0RI255 °CZ(8 , BEIERBHTHIE A5 min, K58
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LSRRV, FEERITERELIEN , SYIEERBEHIEM, 255 °Ch , AM2
RERNEEFRATIEX , BEH#HTESRAN , RERINS WX EEEERMNE
ENeTeE B, B, RERITEE 7255 °C,

EE R EEERLT R AF O O RFSAT (B A0 R, BEIERRTIRE 7255 °C , iXB|4F
BEHHE O RRIFHBAO0.5 minZ0.0 miniE{TNE, HEBXEERITE  BEE
R —X  DRERDES TR RKRELTE L, BNNARIEEREER , &Y
FEEFZARIEI , 4.0 minbAf5E , IBEREEARLT , MALE , £ XBETET A
RN EBRWIER, ELGERTE2SS °CHY , fBH74.0 minJott 4R
BIERFA (8],

ZENRAFHNRN

EEIRMT , WERAE, ZFERE, FORMEFRENFMET TR,

ZEEVAY (B BURZA ¢ E127 HZXENAY B HORZA0, EEENAY (B2 M ER RN -1 E
ZER. AERRABEMENFEZERSTYEFRERMALEREZEAIBEE
AR FE, BTERAEREAEMRNFESKSFE  EERSTYNERERER
EREIBEERE, PARENTENERK, NEPRTUEL , SR EREK ,
BOYRIERFLRRIG , E60F70 mink , EYRMVIEERRBILARK, HBAEGCO
minf} , SYIRPIZFMERATTH , EUEER60 minfF &R EEZEERR (6],

800000 = —e— naphthalene

—a— biphenyl
—o— acenaphthene
600000 4
o —»— fluorene
g —8— phenanthrene
400000 F
é —o— fluoranthene
(-

200000 ¥

0~
20 30 40 50 60 70

Extraction time (min)

27 DI-SPMEFRZEEY it 8] 84 8

Fig. 27 The influence of extraction time in DI-SPME.

ZEUREREM : B8 AREURENZM, REMBNERFINRES , £F
@t E4E5E, BR—A0E , REN S HYREHE— P BREE | BENEBINES
HoimaErENFRZE 2 ER ST E, HLEEXFAMNEROENERHT
RACKRRERSNRBE, HEFR 7202140 °CAFEREFISINIEEAZRIEX ,
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40 °Ciablia E R IEINIEEFUEEH FE, XiHBATE40 °ChY , ZERUTIZEIAYE ,
EtiEA40 °C,

BHRENEM . E2ohHEHERNEN., ERNRHEMTRSEAEREN
BESFE  EHRERREREZEEREEMR , BRFHEETERE, HEFMHR
A, FRRAES00 rpm AT EXRBEE R AR AE  MEMMIRAES rpmBlFIEER T
AKX, EIERERE 500 pm AREFRR G,

00000 9 —o— naphthalene
—a&— bipheny |

600000 - —e— acenap hthene
—»— fluorene

Pecak area

400000 —o— phenanthrene
—&— Muoranthene
200000 'ﬂ—/'__‘\\

{} ¥ T T L) 1
20 30 40 45 50 60

Extraction temperature (°C)

28 DI-SPMEFZEELE E 120

Fig. 28 The influence of extraction temperature in DI-SPME.

900000 - —e— naphthalene
—a—biphenyl
750000 - —a&— acenaphthene
g —¥— fluorene
=% 600000 - —a— phenanthrene
S
A —o— fluoranthene
450000
300000 + T T ]
350 400 500 600 700

Rotation speed (rpm)

29 DI-SPMEFR% £ 803
Fig. 29 The influence of rotation speed in DI-SPME.

BFEENPW : E30REREFEENERRNEZM, EE5RFIMANCIEK
TARNBFEE, FEREABBERNENF , RAMBERFEEPAHTE KSR
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BARE MM RIBINREITPAHSEIRMHT , (B3 —FEMNB TSR AEREHS
RENVIZEM S BORERR , ABSFRENBINNFERIELSHIIPAHE
WEEMASZEZW ", BE , ANNARESNAEREE —ERENET,
MEFREIAEL , SINANSYFRIEERAZMAK, FELEREANE,

900000 —e— naphthalene

—A—biphenyl

—e—acenaphthene

S —»—fluorene
_g 600000 —8— phenanthrene
& —o— fluoranthene
(3 + ¥ : 3
300000 T T 1
0 0.5 1 1.5 2
Dosage of salt (g)

30 DI-SPMEAFR B F 3@ E R0
Fig. 30 The influence of ion strength in DI-SPME.

523 AERNSKMEEE, SWHEFIE TR

EREMCRIRERGT  MERNEZNSMTEE , X8, LR, BA,
BEFF 42z EFEMEATUE, FRFERENFRIZE,
R BA-BEMERGZPAESHERESVISITRIE
Table 13 Analytical performance data for the PAHs by the DI-SPME method.

LR* RSD (%) LODs
PAHs r
ug/mL Intraday Interday Fiber-to-fiber ug/L
#(Naphthalene) 0.001-0.250  0.992 3.6 48 75 0.2
BXZE(Biphenyl) 0.005-0.250 0,994 4.9 6.2 84 0.8
T8 (Acenaphthene) 0.005-0.250  0.995 55 7.5 8.6 0.8
#(Fluorene) 0.005-0250 0996 52 6.4 9.2 0.4
3E(Phenanthrene) 0.005-0.250  0.997 4.7 8.8 108 04
Z B (Fluoranthene) 0.001-0.250 0998 4.3 7.1 8.9 0.2

iEa LR, linear range.

EMRBENEMSERETE0.001-0.250 png/mL , EfthPAHSTE0.005-0.250 pug/mL3EE
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A, KR ETE0.992%10.998 2 8] ; PAHsBIFE H PR T F0.2-0.8 pg/L2Z (8] ; ANEHHEIREF
SRR IR EREET 5% 10.8%2 8 ,BEattNE T H AR B EE 4 ReH80 4R
HIRE.

524 EFRKEDT

FAE MY BT ERIRT{THE |, 8 DI-SPMEFSERM BNEBRK , #KMi RKP
NMPAHSILEY, #3IME TKERPAMOTIRIEMRINKE (0.010F10.250
ug/mL ) BIEIURER |, BETFRI4P, HEEUWERAET.6%~103.6%2Z(8) , B IR ER
Z71£3.9%~58%2 8], B3 1A TRKPAMPAHSHIBIEE , HPARZEVIFETHE
FIEIEE , BARIKREZYFEIMNR0.050 pg/mLEIEEE],

T 14 BFRK , KT RKPSAERAENOINE

Table 14 Determination of the PAHs compounds and recoveries for tap, river and mineral water samples.

PAHs Spiked Tap water (n = 3) River water (n=15) Mineral water (n=3)

(ng/mL) R? RSD R? RSD R? RSD
(%) (%e) (%0) (%) (%) (%)

= 0.00 nd” nd" nd"
Naphthalene 0.010 93.1 5.2 90.3 5.6 935 4.6
0.250 101.5 46 102.3 48 99.5 50

B 0.00 nd nd" nd"
Biphenyl 0.010 945 44 922 39 95.6 5.1
0.250 102.1 4.7 103.6 44 102.4 4.6

e 0.00 nd® nd"” nd"
Acenaphthene 0.010 94.1 42 89.7 53 97.2 45
0.25 95.6 4.5 92.5 5.1 97.6 54

% 0.00 nd® nd" nd"
Fluorene 0,010 90,1 43 843 4.7 94.7 4.6
0.250 95.4 5.2 86.7 54 939 43

T 0.00 nd” nd" nd"
Phenanthrene 0,010 929 43 79.6 52 96.5 46
0.250 88.6 58 879 5.1 924 5.0

e I8 0.00 nd® nd" nd"
Fluoranthene 0.010 90.5 4.9 86.7 43 91.4 45
0.250 101.2 4.6 93.7 54 96.8 50

EaR, HiEEKRE Ebnd, FEH
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31 HReRE, AZBFH , BIWRRER0.05 pg/mL, (1.5 ; 28E ;3.8 ;4% ;53 ; 6.3¢8)

Fig. 31 Chromatograms of blank fiber (A) and 0.05 pg/mL for each compounds (B). (1. naphthalene; 2. biphenyl; 3.

acenaphthene: 4. fluorene; 5. phenanthrene; 6. fluoranthene)
525 GO-PDMS ZESBEWRENEL
E32n86AESEWPDMS (100 um ) REN 7SHPAHSZENIEm IR A9 ELE,

SYFRRER0.250 pg/L , RABNEERMAHOFEFTEITUE. NEFEICAEL ,
BHlREN SPAHsHIZEENZE L B LR EPDMS 24,

800000 -
PDMS
600000 - 2 G-PDMS
400000
\=
200000 - §
0 - = N ~=
Y & &
& S s
N é@' ¥

B 32 BHFESHIRENNEE

Fig. 32 The comparation of homemade coating with commerial coatings
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53 &£

SKEEY T —MNMAGO-PDMSREAEMNERSIKFERAMSUEF RS
BY757%. 1 GO- PDMSIRERAABAR R 75/ I AR R BRI A B NE BT 4
t ., ANARRAZAEBMERNANMNEAFHPAHSEEY., SMAIGO-PDMS
ARTEEESNEINE , RIEOEHR  RENKMTEE , IfaTAERA
—EZHMFEFFES NS, SHNTFHEMSE. K AT , BAREN
REMMFIA , sJCAEA200X A £ BZERER S BHENNE, Bt , k5%
RABNEEMKEPERMEFERESEENSY , ABEENNANE,

BEAHEAENTER  ERE—TEE , FEEEZXNAE., ATHERX
=R, O#ITTATSRE , N EEREEIREL,
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6ﬁ%E%ﬁEE@EW%%@?%&%MEK#¢E@%%
i

ARIEREFTE  RABAKEBER. BERANASEERERERAHEAZIRE
VAR |, EMENERRE.

=M KB M(Triazole fungicides)Z—E %, S, K8, REARENHA
RARET  BEEEHER. KEREMEPHZEAYY, XERBHORELE
B, FENZRSKHATSME® , MAEBTRAS SRR ALREEHZM
W@ BRI MR 2RSS RIS RALEMUEZNKE | BlEK
KR =R RAKE BN S I RANNBSERE,

BRISESMNESEFRNKP=WERBAFRE , NSBURERIE
SHEEECY EReEN RRERBHEIE NS, BRTFZMERERIEKE
HEEERE EFERE - LCHERAILIENAIERNFTINFHITESE, Ed R
MEFNIERANAHERPR S BFRESFNYR  mMBZERLSERERTIN. EHEM
FHFAR 20 48 00 FRLRERL —MERFE, FZEL REE. #HFETFT K, BE
BEAE , TEANOFHUFRENCBEARTY | FEIEN =MW R I th B RN
B78.383. 351 (BFERNE L ERMFRT EEEERENTE. RBER. FASFGE.
MERRENR  EENARY—ERE, BrRicEESEREN, SREMMSMR
EREEMEZERRALZENXE,

A=/% (Graphene, G) EEAMIBICLELREAR. BiE « BFHEER. BRIFN
HEREMNMRENSE R EZER ML RBIRMIFIT Z8 R R 5 A A il 4
Y, (BRI AEERMEINFEAEN =MERBERNSELRLIRE, BF=WE
REFXBLBARZEFR (OMREFOCZEMMNE 33 FiR ), TR A REAZAL
SEZIMMEEIER |, XHFEAER T B BERBIRMNX U =MERET.

XA E BRI GO 5 HO-PDMS XA AR AR ABEMBERARE
=Z2REERENATENL B ERMERT S  RAZAXBEEMNER  S54E8
FHEFRACMZS BRI 7MDK RO =ML REF ( =MEE , DM |, FlEE ,
R ) IR GE,

6.1 SEIERSY
6.1.1 XFIFIMH

=MEd ( Triadimefon ) , M ( Hexaconazole ) , (&M &% ( Diniconazole ) ,
AR ( Propiconazole ) , Al , SRR=ZFEIR (APTES) , RIsERREHEEER
EEfE (HO-PDMS ) , [EEBRZEE (TEOS) , RAEE , =FZE (TFA) , “HRE
EFEtBZ (DMF) , SI{LHh , AEME (508) MEMEBWEEEREAFLASE., &~
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WL (304, 0d. 310 pm ) F5.0 pLMEFFBEWE LiBHBTHBRAE,

MOf=MEREARGFFEBE R ZRUESHRZRIPERLQE (FEXZ) .
HinERMES RS 2IAREEZERE10.0 mLAEEEERT  REH51510.00 mg/L,
HitvER TEARAARBREU LARVESRIABRE, FAEREESRMLIESR
g4 *CIRTF. WKRBEBRERFE (FEIL , 2013688 ) ;| BRKEFEMNLLE
Z (PEAAL) MEY ; MKFET203FSAEREZEWE |, HKFMRKE-18 °CF
R1F. FTBEKEFEEAELZIT0.45-umBIYNRERIT B AL IE,

KBS REFEAR ZIXFEBKA LBIRENINE A BIFISZ-03 B EMWE LK
BB,

O \C[]Yk

Z=ME ( Triadimefon ) J#¥£ES ( Diniconazole )
CH;
Cl \|
Cl
¥ > \EI(
N
I\
N
C.MEZ ( Hexaconazole ) AP ( Propiconazole )

33 PR =MESERERIBEHN

Fig. 33 The structure of four triazole fungicides

6.1.2 ¢&8

f83L GC-9790 I SHHEIBX (http://www.cnfulicom.cn/) , BERIR/A DR
BFRASNIBFBIKIENEE (ECD ),

BIERHE  KB-SAREMEE (30 mx032 mmx025 um) , REBES%EE-—
RREZARLR ( Yingnuo, http://www.innosep.cn/ ) , 1R : REIZFHEERER , ¥188

69


INNOSEP
高亮

INNOSEP
高亮


FE 3370 °C ; BEELA30 °C/minBIINFGRZFE AR 220 °C ; &/fg , LA10 °C/minFiB E280
°C, HHORESIRENE , fiktb1:10, #HEDRE 270 °C , #NBFEE300 °C,
HS . @AASR (299.999% ) ; RiEH2.0 mL/min ; EBKS 30 mL/min,

85-2BRYNE ;B8 ¥ ¥ 88 (Jinyi, http://jtyl testmart.cn/) , #BFS &S % 288 (SK5200H,
KUDOS, http://www.kudoschina.com/), TG209F1 & ZE 7 #7{X (NETZSCH, £EH) ,
JSM-7500F BB (JEOL, HZ),

6.1.3 EEMZERLTERNGIS

BB S AL

BAABAE|EMHBTRABMENCEAER (GO) , AMMFMAGOEE,

ARERBUTTSRENEHEMZEINREARER, FREE (IPA,200uL), &
AE=HFEMEIR (TEOS , 80 uL ) —EMALS mLANBEOEF , #BES minfE
ZRMBE. ABMAS0 UL TFA ( 855%897K ) , B#FE15 min , FZR95I80ER
KB R (),

20 mgGO5300 pLBIDMF—#2M A 1.5 mLEIBEOEPR#BAE1 h , BI0A200
uLTEOS#180 uLEYHO-PDMS , BBE 1S minfEER RS, BEEIFS0 uLBITFA ( &5%
BI7K ) IOARIRRRR |, Bi#8AS min, FI1SAIRRHI&EHRMEIRENARER
(b)s

B REENLT R &

BEZA310 yumBIARFENLAETKFREA2 cm , BIEBHEIRFENLER F140
um, BIREHNAENLE B KGHITRAR  HETREPEBETFE24 h, M
AENAENREIGEINF LR EZ B8 EE R,

BRIMIREERAARKEAR()FFS minGH , SRAETREEBEEEAN—
R BREFEBATIDL)IRT |, F530 min , AR , FR—EBNEEEXEA ,
SEEFEMBEAERAERREE L, RIERAEKERNLS cm, HRFHFHESS
RF212 WEERSSEAHITIEL : 100 °C4R$F 1 h, 200 °CIR$F 1 h, 300 °CIR$5
1 he

1F5-uLB B HF R ADER |, FHIRER om, EFECHFNAELRIINE
BEEE |, WAL ERMERNRE,

6.1.4 ZEELTTE

REVENEZERL, 12.0 mLAYRIBHEPHIOA10.0 mLK#H | Ofp =M 2K R EFFER
FERE S 315120 pg/L , BT ERpHA6.0 , IIAMF, JEIZENBEELRIEHRIT
HRECABALEHRIEER, EMEMENRBHBAZNLZAZRESF | FEMEBERR
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FEiEH (AR, Ao0E ) o BA1000 rpmBE A HEF¥45 min/g | HARBEBOEHEFBRE
B9, ZEMIRIRIRRERE | BARISEREED |, 270 °CIRFF3 min, HEFAEBDIH
#OJE , MEEMEFAIE.

BXRAESKI 28 , LA SR 270 °GEL30 min, HEIXKKEE—
XBEITRRIT , AR HFRBE T IRARMR,

6.2 EREHSH
6.2.1 RENIMERE
BREMMNEMESEMEIREIE, B34A, 34BH 3 IR ERIALKS,00012F1400

fERSEME , AR EIRETABEARRAMOARYE , @I TRERER , K=
DASBINLT L SHFMBRIVIZRMER | BALTHEZFEIEET.,

o -~ =

. . o |
’ & p

. 2"‘%“

;s "-f. .

i

‘i

» .

. 4 { J
— 1pm 3 -— 10pm 9/16/2013

X 5,000 10.0kV WD 7.5mm X 400 10.0kV WD 8. O0mm

34 G-PDMSAEAEMRIEEEE (ARKAKS000ZE , BAMRK400ZE )
Fig. 34 Scanning electron micrograph images of G-PDMS coated fiber at a magnification of (A) 5 000-fold and (B)

400-fold

ST AR RENASEHLEENESFIR. #FRERKSEPT , BL10 °C/min
BFHRIREFZES00 °C , fR7F50~800 °CREXBMHRKLEE N, EEPRE400 °C
ZERBEREXE | HEMESMMNAERIZENT , B HBESHESTRIRTE SN
ZFR,

EHMZERAENERASGEEZNELIRNAN—NEERER., RETESH
FREGTEVAR , KNS BPERRIR, SLETEPERBILREEBAEILH
FERISOREEHENNRSGHIHEENNT,

IBABBMARETR30 min , REAEL LA,

FRAFAENEBMESBEASER ZEMNRAMEMER , KENAEEE ,
ARz GO-PDMSEIfii K, TBFIFRFIAREN , FLAEBTRKERE.
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35 G-PDMSRAEMTGAR £
Fig. 35 TGA curve of G-PDMS coating.

6.22 SEIEFEHEHMMRKL

e RRATAR NI T, SRR ¢ 12.0 mLEVIRIBHA-RAOA10.0 mL7K#¥ |, [Ufk
SMERBAFRIRES 51712 pg/mL , IMA#F. BEEMFEIFEE (1400 rpm )
FISKHNRE (28 ) , ZEELRY[E)45 min , ANNE,

e R

BATRERAL . BERIABEMNAREY  SHVHNELRHULRENEHENS
SRAVHEREE | IERITERZIZEHIE2008)270 °CZ[8]) , BEIEMAT 8 295 min, K38
LSRR, EERATREREN , STYIEERBZANEN, F260 °CAY , JLFR
EFINEEREAZIRX  BEEEARE, BT RIESTVERE LTS BT,
ERRITRERBEE270 °C, FUREHTEERAN , BBERMH T EEEIE
PZEENLT4E |,

EFERZEERLT 472 A O RO IRFS B [B] BE SR, BEIEMATRE 39270 °C , INZRET
BEHHE O RRIFEBMO0.S minZl5.0 miniE{TNE, HESXEERINE  BEES
BT —R , URBEREESMYERESE L, BITAIAREENENEK , &9
FRIEEFLERARIEN , 3.0 minbAf5 , IBEREERT , MALER , £ XBRHTECA
MRS E EB I THRR. EUEREAE270 °CHY , #8730 minkiFHEEHFED
BIERFFAE] K,

ZEFREMRA

ERNEPEERRGRICT RN E, FEGRE, SSRpHE, HENETSE
451 Z 0N
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El36 0 Z2ENAY (8] B9 RZNE, ZEENRAFRBERRE H30 °C , §%iE1400 rpm , ANONE
AipH{E, 7EDI-SPMEMESHMII , ZFER B 2 X MBNNERN—NEERR,
ErE-—BNEASTYESRRERMTEREZEATIREEARTE. BAFER
EREFAEANBSKSFE  FERSTYAERERIAEROIBEERE.
FIRENT&EK, NERTUEY , ARMEERENER , SHHYHIE
EFRZARIEIN | $45 minAfIEERER LIAZIR A, MR —FRETIE , FRAIAELES
B LEAINEMYFRRIEEREEE FiE , ELER4S minfF R EZEEN 8],

1000000 =

200000 <

600000 -
—s—Tnadimefon
—e— Hexaconazole
—&— Diniconazole
—w— Propiconazole

Peak areca

400000 ~

200000

T v T v T v 1
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Extraction time/min

36 ZEEVATa]p98 M

Fig. 36 Influence of extraction time

E37 0 ZEEUR EREM, BEMENERFINRES , EF &0 E%EE, B5
—HHE , RENSHTYINERME— M RRTRE | RENEBNSSRSIIEREN
HmZEDERA T, ELERNXAMHEROEZNERETRRRISRSE
RYE. AEPFTR , F202130 °CHRFEEZRENIEEMAZREEX , #£30 °CEHEE
FEREINZmARZH T iF, ELERM30 °C,

E38 R RpHR RN, ARIpHER B AT KPOFERS , Ak E
MAREZEMEEER , WAEN SR ZEENE, MERETAE N FEl
BERA , ABRpHENZEN ERMAK, BN FRM=FME , EERMEEERG
T WAREREBN , MEpHAK , EERES , HAEIRTEREIN=
MYRNZENNERS , BEFpHo hRERGFZ—,

AARPIMANCERAZARNBFEE, FEERABBMERTS , 240
wh BN FIREBVASVEKPHARENMSIBINAEN BIEIRKN , B5—
HEMNEBTERNTARRAMSRENYIZEH SR BORRIFE , mE&MN
AMTERE P RERE —EIRERMRIF, EULEEANINZ,

73
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—&— diniconazole
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Fig. 37 Influence of extraction temperature
—a— Triadimefon
—=&— Hexaconazole
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= 7000004
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[ 38 pH FY%00

Fig. 38 Influence of pH of solution

E3o R R RNFM, BRNRHBYTRASAERANGRESS FE | EF
BEREREZEERHRENR BRI TF4EETEE, AEPRR  5%EHE1000 rpm
REMREANEDRAZIRKE  BEEERFAE , BLEAEIEH 1000 rpm
ARERRRMG.
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1100000 —&— Triadimefon
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1000000~ o Propiconazole
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T00000 -
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39 RFERNFEN

Fig. 39 Influence of stirring rate

6.23 FIEMEMTEE, JIMMHEFEHE

EFRERCENSERHET , X DI-SPME ZENf =M ERBFINEHTE ,
HXZ% , RHR , BAMARHXFEZ BB HITIE, FEBUETITE
15 B, MAETOM=MEREF (=WEE, CRE, FYE "RUHK) RESGEE
0.3~100.0 pg/L BYRNREKFE (03,60, 120, 60.0, 80.0, 100.0) BIKIEML,
HXFHH (r) & 0.9920~0.9970 Z[8], 1E8ELE (S/N) B 3, KBTI HREES
7175 0.03 pg/L ( =MEFISKEE ) #10.01 pg/L ([EHE, BATEM) , @ETRRFET
FEHUNESH 10 pg/L REFIMMIRER , AR T DI-SPME RIEIME, F=YEIMMKE
BN R EIRZE (RSD ) TR , HIBEIE 4.3%%] 7.7%2ZI8), R T ANEHLRLTLER
FIMHA RSD ®x , SEEA 7.4%%F) 10.7%22[8), XLEERRE , BHRERB
DI-SPME 73 iZZFUKPOM=HERBANEERSNRHEMNRFHEM I,

® 15 HENSEEE, BEGE RUBIEXAR

Table 15 The lincar ranges, detection limits and correlation cocfficients of this method

RSD(%)
Linear Range LOD
Compound r Intraday Fiber to fiber
(ng/L) (ng/l)
(n=3) (n=5)
Triadimefon 0.3-100.0 0.9970 0.03 6.5 74
Hexaconazole 0.3-100.0 0.9920 0.03 43 96
Diniconazole 0.3-100.0 0.9952 0.01 7T 85
Propiconazole 0.3-100.0 0.9957 0.01 5.3 10,7
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6.2.4 GO-PDMS RESEWHRENEL

El40hBHRESEthE AR R EFZENER RN EEE, SYRRE
12 w_.,/L RABNZERMEHEGETHTIE, NBFRTUEL , BHREN
SSMWEAREFINFERMELLFWAESS umBIPA, 100 umBIPDMSFI65 pmkY
PDMS/DVB%ﬁo

1000000

// // Triadimefon

m Dlrucummle
800000 E=3 Propiconazole
600000 -
o
g
% 400000
o

200000 4

PA FDMS PDMS/DVB GO-PDMS

B 40 BHRESHWREFINLL

Fig. 40 The comparation of homemade coating with commerial coatings

6.2.5 IKFEED T BB U ZE SR 58

AHRARBEH GO-PDMS JREFE DI-SPME FiaBNEAM , FRAZAGENRK, B
SKFHAKPROFF =ML RXEH B HITTINE, MEMNEREI , BHRKFK
HEEBREFZRE ; MERAKPLRILCHEIRE R 0.10 ug/L,

KR =ML REAREBRTE 10.0 71 50.0 ug/L NKEKEL , AR TZ
FENRBEFEIWE, MBRENEERK, HKORKEERPHEKERTTFER
16  EREREEMTERETF 1.6%3 7.5%Z 88 ,EURERBE R 76.2%F) 109.4%,
41 R MNAMBREFKEH 10.0 pg/L BAKERPZER N R E T &% E,

63 it

SRIGE Y T — M N A GO- PDMSIR [ £F 4 T B 3K /KA AR b = M S8 R B I B9
Fit. EGO-PDMSRER AR RRE AR THEV AR TEEI B IREV N & BT 4t
£ ANARIRAZABRMERNANNEMNF=MEREF. SHEIGO-PDMS
AR HERBBNEZEINE , REIEHR , RENZMTE, SMBITHERSE.
MK, AR , BEERSHREMMIFIAY , sTAERA 150X A £ BZERIREHH
BN, Bt , WHAETRARAZRWKFEFSESEERRNLCEY  BBE

76



TN AMME,
ATH—TRESERMZENFENEHR |, O RBEETNE  NAEINZE
BRMEZERTIESR,

&/ 16 #K , BRKHRKPR=MIERBRNE

Table 16 Determination of the triazole fungicides and recoveries for lake, tap and rain water samples.

Lake water (n=35) Tap water (n=5) Rain water ( n=5 )

Spiked
Compound  (ug/L)

Found R RSD  Found R RSD  Found R RSD
(ng/L) (") ("o)  (ug/L) () ("0) (pg/L) (") (%a)
0.00 nd nd nd

Triadimefon 10.00 10,04 1004 49 10.71 107.1 3.5 7.94 794 8.0
5000 5449 1090 3.0 48.26 9651 40 46.17 923 4.7

0.00 0.10 nd nd
Hexaconazole 10.00 10.80 107.0 1.6 7.90 79.0 4.8 7.62 76.2 4.6
50.00 5444 1087 3.9 47.08 94.2 6.9 43.60 87.2 4.7

0.00 nd nd nd
Diniconazole 10.00 9.59 95.9 45 1035 1035 438 8.74 874 4.1
5000 5465 1092 38 5061 101.2 6.7 5208 1042 36

0.00 nd nd nd
Propiconazole  10.00 1025 1025 36 1084 1084 7.5 748 74.8 38
50.00 5469 1094 47 51.07 102.1 3.1 50.54  101.1 4.6

B - 800 4
g 4 . B
700 < 7004
h 1 2 3
600 ~ 600 - %
500 500
o 400+ . 4004 4
=] 1 8 ]
300 = 300
J 1 4
200 4 200
100 - 100 4
i 2 4
n_.&-v—L——M——.-_.lﬂ,—___ ﬂ_.;u._'Jl._\_,.L_a..a\r\_ \‘w—&J \,__]
d T ™ T ™ T T 1 T A T ¥ T 1
6 8 10 12 14 6 8 10 12 14
Time (min) Time (min)

41 HREEE, AZEMK , BIMRRER0.0 pg/L, (1. =M ; 2. CHE ; 3 /HIEE ; 4 BAFY)
Fig. 41 Chromatograms of blank lake water sample (A) and 10.0 pg/L for each compounds (B) in lake water sample.

(1. triadimefon; 2. hexaconazole; 3. diniconazole; 4. propiconazole)
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7 AER-RZZEBRBMEIRES SEEXAMNEKFEHHE
EMEEXREIY

FERUEBVR—EESE—NISIFHFNELEY. LEKEMPRSHT AL
BEEE , LLNRE , BE2SH , TTREASSRHERKB, XERERIPE (EPA)
MEREAKPRARE"Y , ¥R 1.0mgL. ZEH 07 mg/L, FEH 0.1 mg/L, 4B
—SF 06 mgL, 124-=8F5 007 mgL, PEERFERIPEE (SEPA) £
E4R GB3838-2002 " HRHMIER, ZFK., &X. P-EXK. —EFXNRERES N
0.7, 03, 03, 1.0, 002 mg/L, At , BI—MEER, BEREYUENUIRAEKPE
BEERNUEYN R ERBBMVER,

EIEMZER (SPME)RE _THENTERMEN —FFNERIILESE
EFRAR, BTSPMEMRIFEMEE"" , EXRMEF, L RE. #FEFT—IK , BFET
BEFSNH#RPIUZRENESE  sJ55HE, RBESHA , SSMBoht. ESPMER
A, EMEMEZERAERREZNIS , EUTNEESHNENNE , SHMARME
FIRREM , KNERFGURSHHBERNMEEEN, Bal , —LHEM RIS
W, wnEaeg!™ | BepRY  BERDY  BEFREDT , S FEEREDY , ARk
BEFHMEERE N EER , M — M IRESEE—R 2% (G) °lfE
F—H EIFRIRMN , NAEBEEMIENT 4 L,

SR EENERRMNM B EEABEAMORTESESEL L  BEAENS
FEBSEAREDY, MERAREDT, SFTEREARY , BeAREY | AR
BGEW ) E EAES , BRERE S Bith A EMEELEEIXERNE |, B
MR G , FIFEENRAEEESHNMANMATMNREN , SttRER , 27
Egggml-lmlo

B A EEEEBMARTE L | BRARTESE  BIEST/ID, B9,
BAGRESITHE L3I | XERTHANEREGRE"", ITRRAELTH
SRS | IMHESBAAS I BRaRgYH , Mg, geY7 , 4™ | 8
HESL | SSaFH"Y | SHBaat g4 RgWgl g, xu
EEFUHEP , FENTFRELAEFAENERR  HRIFHEE , £8 , HAMEMU
REHMBLEH TEEESHXTE, NRERFWNLHTEM , FSIENRE
MERZEIEMER , AMIBILRETHEZ BRI ERESN |, #mE KT HNER

PFRo

RABREBRENBEAPTNLEESH &L EFEERNZIRERILLES
HEhaAMEEaEREENERRENERER,

FEHIAARTR , RASKEREZERHRERZ_BUEMNBHN AN ERGRE
BB IRRI AT 2 £ A& EMEMERLT 4 , H3WRE (PEG-g-G ) BYMEsE , 10
MR AFIREY , REEH , SMHEHEZENNERSHITHR. AERMAHEH
HEMEMEZERTHERSSHE-SAEEFENSNKPEMELRMEELEY (F,
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2, \(E ,RE  BTHEE , B°HE, 124-=8F) #HTE , ERESARBE,
7.1 SRIGERS
7.1.1 SERRFOAE R

BE ,Z2F, 8, RE NIHEX, (°&X , =8F , Al , RRERZ
"B (HFE6000), BE=HRHEEER , ISKE , =FIK (99%), IRBS .,
SR HER  AEMKR(SOB EMIXAMBEEEIMANLE, RERNL(304,
o.d.310 um ) FS pLNEH#FREME LIBSHTEERLEL

tHEERCEVINEMSRARIAREE100.0 mLABEEERP , RES
B591.0 mg/L, EfhERTEARAREHBREULINESRIAERE, MBNES
BRI TEARERLS CIRTF. BRKEEXREE , M RAKEZEHMET , #IKRE
BEi7K, FRB/KEEEREIEREZIT0.45-umBRBREIT B ALIE, BRRFNIU Sk 7E (&
FRI# T ISR SR,

LR F2 AR E A B R R IBKA LB TR A (LN 88 2 BIRISZ-93 B R AN E 47K
ZIBINBI &

7.12 {88

183 GC-9790 I SHHEE{X ( http://www.cnfuli.com.cn/ ) , BB S R/A D iR
RAASEBFXIEENE,

BIERG  KB-waxAREMAEF (30 m>x0.32mmx025um) , ABERI_E
(Kromat, http://www.kromat.com.cn/), 1@ : REFEFFIREREI , ¥IREE RS0 °C,
REF1 min BEFLAS °C/minBIINFRFEFIBZES0 °C ;&G ,LA30 °C/minFHiBZE255 °C,
O SREGR#AE | 2iEe1:10, #REEOIRE R250 °C , MEERE270 °C, S :
SRS (299.999% ) ; iRKiEA2.0 mL/min ; BIRS#30 mL/min,

85-2B BY i 17 #5% #¥ 88 (Jinyi, http://jtyl testmart.cn/) , #8 B JK /5 %% 88 (SK5200H,
KUDOS, http://www.kudoschina.com/) , TG209F1 4 E 4 #7 {X (NETZSCH, {&EH) ,
JSM-7500Fi 3B $5(JEOL, HA) , FTIR-850 {EEMH TR NIEN (8% , PE
KiZ) , SZ-3EmNNEA/KZEBN (IRENL , PELE) .

7.1.3 EEREERLT 4R B &

BRISH

BERAHOEMBTEAGMRENLGER (GO) , AMEZMGOER, GORME
aE%a , REURREREA"",
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RERBUTSRSMBEAER. 200 mgGOTE20 mLEISOCLFET0 °CIRIF
24 h, BEGORAMKRER (L ABEEER, AEELD , BNEETHFRR %R AR
ZES0C, , REETRSBFEETFE,

BE , FRNG-cockBaEXE!" " SPEGR M, G-COCISS5 gPEGHE2 mL=
Zi&. 5 mL THFF115 mLEFBESARPRA , N FAEPREF0 °C/RMS2 h,
FRIRSRAREITILIR | ANERYFR R 8 AKERUBRERR N TIPEG , £F
IR TR, XHEMBENPEG-¢-GE R TEE,

MTMOS (100.0 pL), PEG-g-G (20.0 mg)FIPEG (100.0 mg)—EEMAMEBZLE
B, BES minfEERLRS, BE700 LBI=HZE ( TFA , &5%H97K ) IAZRIK
Ri{EZ , BBAES min, FTEARABIEPEG-¢-GREMHIHAKRAR,

BB MR ERLT R &

BE12R310 yumPIAFNLEETKPRA2 om , RIEBRBAFWLEIRZ 140
um, BIREMNARBNLE R BKHITAR  HETRSBPEETFIE24 h, M
A EHNARENREFIENAEFLRE Z @R E TR,

B IRIREE RN BB RRIF0 min/E |, REABERNSTNLREA N, T8
30minfg , BARBABNAENLEANDBRARTS , ARHAL  BTR. RETIE
A]EE  BEIARERABEENL, RIEREKERLS cm, FRIFITHETIRES
=R FIE24 h, EEAIIGARFNAHRERSFEPR  SAEHHFORITIEW 1100
°C4R¥F 1h,200°C{R¥F 1h, 280 °CIR¥F 1 h,

1F5-uL R RN ERE |, FHIRER cm, BIECTFNARZRIIMNE
BAEET |, ML ERMEERZEE,

7.1.4 TRZETFE

25 mLEYKHE |, B34 mLEVIRIEHR R, CMIZERMERINRES 515100 pg/L,
AOANaCI (35% , Bi5KBIREBLL ) M. VRIS R RIE 1T R AR,
IEF@RER, EEMENREBAZNLE  BREENEERERD | REEKE
INZE, BA1000 rpmB AIBAH30 minf5 |, FREROEHFBEESR , LENAIRIFHEHR
B, BARISAEBEED | 250 °CIRIF8 min, HITHBFEHEFOG , SENBHIEF
i,

BRAAKI 28 , BLFEESEFHED250 °GEL30 min , HHAITZHESHT,
CAERTE LTI B F AR,
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Weight (%)

72 RS9
72.1 REFIHEERE

PEG-g-GREEE L RIEMNAEMEENE 2R FREISHKEIPT LA °C
/minfIFHEIEE FZER00 °C , {R7F50-800 CREX B REEE R BEahiELiE
RENREHRL  BbRREECNAENMLZ, NEbPeIUEHRETALIER
PEG-g-GiRERIREMZ1E100-200 *CGREX[EE —MEMKE , ARG T AL
BHGOREH LT X —XEthBiIT20%F K E X HFIeER AT+ REEIKHIKFGO
R — LSS REAN S RSN, MESCARENABRNASHENEIHEES
400 °C;BEX (8] , LARPEGRE/Z50-320 °CX (8 , —HERHFE, XifAEX—E
EXE , #R/LFLBLE, XUEKREEIBEX ELTHRERRIFIRIBE. ,
XSRS AR EFFRE250 CREMT,

100 4 100
§0 4 80 C
60 4 - 604
S
o)
40 4 ‘S 404
a z
A B
20 4 204
b
d
D T T T T T T L] 1 0 L T T L} 1
100 200 300 400 500 600 700 800 100 200 300 400 500
Temperature( °C)

Temperature ("C)

E 42 PEG-g-Gi&B(a, b), GO(c)FIPEG(d)EITGARHL:
Fig. 42 TGA curves of PEG-g-G coating(a, b), GO(c) and PEG(d).

Bl438a, b, ¢, dOBIAG, GO, PEG-g-GFIPEGRILIIMERE, CAKBrEFR , B
B E4000~500 cm™, ZERTE3431 cm™ M EYIE 3 GO EIOHFNIR M K R EIOHIR
Wi, ZEHRTE3000F12800 cm™ Z[BHYIE F-CHIERGERULIE |, ¢ (PEG-g-G ) BRIt
IZRIIRYEEEIEKFa (G) Flb (GO) B , HBBEREFPEGRITFIE, EbH1683F]
1407 em™ JEREE P EYC=OFNC-OMRUYLE , FEcH1653 cm™ 11274 cm™ &5 5 R EEHE)
C=0FNC-OMR Ui,

FENEENREFSASEMERRIL, E£E44aR FTLAFIRRLT AR EIZ R217
um , MEBIREHNEBLTHERNGERA40 um , B ST AFIBLR EHEEL J40
um, E44bRBRY  RENREERBES A , XTURSHFRENIRER  AMEF
Lt ZEEY BE 1,
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43 G(a), GO(b). PEG-g-G(c)FIPEG (d)B9£IMERE
Fig. 43 FT-IR spectrum of G(a), GO(b), PEG-g-G(c) and PEG (d).

44 PEG-g-GiABLFERAMBEAE (a JRMA300EE , b JIRA200003E ) .

Fig. 44 Scanning electron micrograph images of PEG-g-G coated fiber at a magnification of (a) 300-fold and (b)

20,000-fold.

RENERED

ERMEZEERENERSESRFZMASFNAN — N EZER. PEG-¢-GRET]
ESHTREEBIAT , KNSEFERHIA, KBRIEPERBISREERE
RAPEA00RGEZENNERZEHENNE, ERBATFRENAREEENREN
AREN , MRARHBREEROREZEFHAMZERER , FILAERTRKE
EFA#Fn,
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7.2.2 ZEEVFNREMT SRAFE9MLAE

EMZEEEMNERF , LM ENZERRERNEZERET TR WEFER
U, ZXHRAS (), KA E NN,

R UBI AL

KT R RRATR EFNN 1T T L. FERENMIZENEE , N ITMNELR
HUAREMEFNRSATERRE , WEBITARIZHITE1502I250 °CZ[68), K3
SRRV , 1250 CRH-EMOIMTVNIEERAZIRAE , Bt , %&F250 °CfEASE
BHRRITRE,

EE R EEERAT LR FE AT O B ORISR (B1EFE 1 215 min , BEIEMNTARE 7250 °C,
ERRHFRNT , WERFTRE  BEERT—X , UEERTESMYER.
ZRER , 250 °C, FHRAEHBFDRES min/g , FRFHDHVIBRITITL , BB
R, HICRIEEMEX , BEUOERLFEAE250 °CR , FEEFOIRFFS minfBif,

TRZ= 25BN (6]

MZEMEMERG EZRB T FUYREST R, 2. URFEZERNSE
i, B, ZENE2EZNENRN—NMEEZEFE, THTREEENERN ,
KBBRPEMELRRFEEYFERIRER10.0 ng/L , INEKFR 7250 mL, ZEELAT§)
FalA10, 20, 25, 30, 50F1120 min, AE4SFRILAFH , 102130 min , FFE
BYIIEERFEE Z R BRI MNMmIEM |, XZE/LFALE, #aiEH , &30 min
ERFHUARIFE, XAENERNESETERENNRE (£940 yum ) PFEEZFLH
K, BFX—4R , %EF30 mink N ZEELE (8],

KESTMZEAIREL

ARFEMNZNARIEZEE MO ETHN S M E2HNEAR. EINRZERE
RATLMERE R TN RBREASHEL R EENBY , XREE SN TEASHE,
RMANNZARRESBREINY , ERZPSSTRERR , WmbHESH R 8K
E. Bt , BSREAR—ENFET , KEFEEFERNZLSENERNNERNE.
FHEBRHMERER B340 mL , REARERRKERPESHRENRE , R
AFRA10.0Z1£128.0 mL , RRINZMARARRBEN ZERNZ M, B4R E
AEMATRIEERTEEREIRA10.05EINEI25.0 mL2FFIEINE , BE25:EM
28 mLAY , IZEFARZ2RALE, BEUE , FERARBE 250 mL , XEKFESHZER
Rtk R25:9,
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120000 -

SR S §
18
800004 + 13
8 y 1 i 4
E 3 _.,'(i' I
= 600001 * i~
G >
2 : ; .5
40000+ P = s ig
i—-:r‘-‘f —F—— 5 %7
R
1 e —

0 20 40 60 8 100 120
Extraction time (min)

E 40 ZFHURTERYREAN, ZFEEURE  H& , 250 nLEVKAREB S HITWENRER10.0 pg/L ; BRAFAETE , 8
min ; FRATRE , 250 °C ; AA0E.
Fig. 46 The influence of extraction time, Extraction conditions; sample, 25.0 mL aqueous sample containing 10.0
pg/L for each compounds; desorption time, 8 min: desorption temperature, 250 "C; no salts. ( Identification:1.
cthylbenzene; 2. trichlorobenzene; 3. m-dichlorobenzene; 4. o-dichlorobenzene: 5. chlorobenzene; 6. toluene; 7.

bromobenzene. )

100000 1
80000 - 2

3

=
—g 60000 - 3
A 4
40000 - 3
17

20000

1024 1519 2014 2509  28/6
Volume ratio of water to headspace
B 46 HRARANEM, FNRG : #58 , KESREFEHFYEVRER10.0 pg/L ; ZEHRATE) : 30 min ;
retia] , 8 min ; AR |, 250 °C ; AH0EL.
Fig. 46 The influence of volume of sample. Extraction conditions: sample, aqueous sample containing 10.0 pg/L for
cach compounds; extraction time, 30 min; desorption time, 8 min: desorption temperature, 250 "C: no salts.
( Identification: 1. ethylbenzene; 2. trichlorobenzene; 3. m-dichlorobenzene: 4. o-dichlorobenzene; 5. chlorobenzene; 6.

toluene; 7. bromobenzene. )

BFEENEm

WFRZSEBEILEMRMA | EEHRENEBNEDKPRERERMEE, 18
ERERFREESHINKPEBRZSH, W (NaCl) BERARERKE
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BPBFRE, EXRPHAR T NaCIFURE ZFERIRAFM , RAKERPEHIRE
Cmvaci/ve ) MOZALEI35% ( BARLIEH ) . B7FR , FRE 2 TRIEERES &%
EREMmEM, Bt ,35% KERINaCI , B125.0 mLEFRBRFEE0gq , EA
HREFRGE.

180000 ;1

150000+ . g 4

=12

1200004 i : 13
o =y ! :
o 1 + P2
& 900004 =4 6
g - & i -
8 {1 ﬂ—i./ 17
% 60000 :

33—
T e
300004 *

|||||||||

0 5 10 15 20 25 30 35
Salt concentration (%)

47 BIRERMM, FIFEG HR 250 mLKBAREBEEHSHMENREN]10.0 pg/L ; ZEERES (8] 230 min ;
BEAREE] |, 8 min ; BARIREE |, 250 °C,

Fig. 47 The influence of salt quality. Extraction conditions: sample, 25.0 mL aqueous sample containing 10.0 pg/L

for each compounds; extraction time, 30 min; desorption time, 8 min: desorption temperature, 250 'C. ( Identification:1.

cthylbenzene; 2. trichlorobenzene. 3. m-dichlorobenzene: 4. o-dichlorobenzene; 5. chlorobenzene: 6. toluene: 7.

bromobenzene, )
723 PEG RES PEG-g-G R EHIELER

HPEGARESPEG-g-GREN EMERME EHSVINZEENEENHIT 73T, &
MARBRERRRE T EMYFEITNE, NE48H , PEG-g-GREX CHYIFEE
ERERmRZKFPEGHEN CHYRIZER, XEHATCRBEREMN S BIIER
%, 5SEENUSVZEBERENERT , NEREIZEEETIHEI,

7.3 FANEIEEE. EMAER TR

AREMCENRESRGT  NAENEEERE. HXZ %, SHE. BA.
HEFLF 42 B R EMIEHRITE, FrEHEIFRITHR,

REMEMSEE 50.05~1000 pg/L , Rt A AMEERLESYNEUTEE R
0.01~10.00 ug/L, EMEXZRETE0.9915)0.998 28 ( SIN=3 ), TR HPRTEL0
Fl6.0 ng/Lzi8]l, HARFNB EEINEFEECEIRSD , n=5 ; SYFRE , 10.00 pg/L)
737 791.8%~5.8%%16.5~8.3%, {ERANRLTHEINE CHYRIEIMMERSD, n = 5)
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SEE$36.5%~11.9%,

BY , REAHMIINE ZEVERIRBIE2000R , ABEJLVESEBENSR |, XiiH
FEBRKIERED.

IXLELE R | IEPEG-¢-GRETFENAENMTEENEN CHIELRHSEES
VULEYMREER , BEERKNERSEG. ReONZENNENBIFHNENY, Ak
B94E H PRI AR FEPA P FISEPAL™IHIE BIK P-E MR R K R IFRE,

180000{ o CIPEG
| [CZ1PEG-g-G
1500004
_ 7
. 1200004 ¥ %/ 1
S 90000+ _ >
-
2 600004ff )
300004 :
0- WZINZE . %
] 2 3 6

[E 48 PEGHIPEG-g-GiREHILEER, ZERVEM (#8250 mLKEREB S SHEIRE 100 pg/L ; ZEEET (8]
30 min ; FEHFATIE , 8 min ; BEATIERE , 250 °C ; & : 35% NaCl,
Fig. 48 Comparison of PEG coating and PEG-g-G coating. Extraction conditions: sample, 25.0 mL aqueous sample
containing 10.0 pg/L for each compounds: extraction time, 30 min; desorption time, 8 min: desorption temperature, 250
“C: salt: 35% NaCl. ( Identification:1. ethylbenzene; 2. trichlorobenzene: 3. m-dichlorobenzene; 4. o-dichlorobenzene: 5.

chlorobenzene; 6. toluene; 7. bromobenzene, )

® 17 ERENERAEPNESSELCSWRS TSR
Table 17 Analytical performance data for the VACs by the SPME method.

LR? LOD RSD W
Aromatic compounds r
(ug/l) (ng/L) intraday interday Fiber-to-fiber

Toluene 0.01-10.00 0.998 1.5 1.8 5.1 6.5
Ethylbenzene 0.01-10.00 0.998 1.0 47 6.0 8.7
Chlorobenzene 0.01-10,00 099 2.0 58 7.2 9.8
Bromobenzene 0.05-10.00 0.996 6.0 5.1 6.4 8.4
m-Dichlorobenzene 0.01-10.00 0998 4.0 4.5 7.6 9.5
0- Dichlorobenzene 0.01-10.00 0997 4.0 52 8.3 11.9
1.2 4-Trichlorobenzene 0.01-10.00 0991 1.0 34 6.2 9.9

iEa LR, lincar range.
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7.4 SERRKIED A

PN EHFIERRTH | B AENBENEBXRK |, #KMY RKPEHiE
EZMBEENLXEY. HNETKERPEMHIFTYWERIEMRIRE (0.108110.00
ug/L ) BIEINER , BUETIFRI18P, HEIUNEER3 . 2%~111.8%2Z[8] , HW I ERE
#3.6%~5.9%2ZI8, THYIREKFERPHERED.

B4/ TRKPEMEZEEM S S EVHNEIEER , EPARNZHAKEIEE ,
BAZYIRINFR.0 ng/ LRV B EL,

& 18 BRK , PKHT RKPEEXLSWRINE

Table 18 Determination of the aromatic compounds and rccoveries for tap, river and mineral water samples,

Spiked Tap water (n= 5) River water (n=5) Mineral water (n=5)

Aromatic compounds (ug/L) R? RSD R RSD R RSD
(%) (%) (%0) (%) (%) (%)

Toluene 0.00 nd” nd” nd"
0.10 103.0 4.6 109.4 5.0 108.5 4.1
10.00 91.2 37 1022 5.9 89.8 4.0

Ethylbenzene 0.00 nd® nd" nd"
0.10 101.6 4.7 106.3 5.8 83.8 4.3
10.00 111.8 4.1 109.7 45 106.0 36

Chlorobenzene 0.00 nd" nd® nd®
0.10 94.1 406 100.7 5.2 95.5 4.0
10.00 86.7 4.9 90.1 5.0 87.6 44

Bromobenzene 0.00 nd® nd" nd"
0.10 100.8 42 95.0 46 94.7 45
10.00 832 49 85.5 5.2 84.0 43

m-Dichlorobenzene 0.00 nd" nd” nd®
0.10 96.9 4.5 93.4 5.0 105.6 42
10.00 88.9 48 104.9 5.6 1023 4.0

0- Dichlorobenzene 0.00 nd” nd” nd®
0.10 108.0 4.7 924 49 102.6 44
10,00 889 44 944 52 89.8 46

1.2 4-Trichlorobenzene 0.00 nd” nd" nd"
0.10 100.2 5.0 102.3 52 108.8 5.0
10,00 101.3 44 1008 4.6 98.2 4.3

i aR, recovery of the method.;E b nd, not detected.
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B 49 PIAOKEEIEE, AREA , BIMFRERI00pg/L, (1. FE;2 2% ;3 %4 8E ;s i@
ZHE; 6 BIRE; 7 I24-ZEFE)

Fig. 49 Chromatograms of river water samples that spiked nothing (A) and 10.0 pg/L for cach compounds (B). (1.

Toluene: 2. Ethylenzene; 3. Chlorobenzene: 4. Bromobenzene: 5. m-Dichlorobenzene: 6. o-Dichlorobenzene: 7.

1,2,4-Trichlorobenzene)
75 5 GO -PDMS &ENEE

KAMZEAGO-PDMSAEN AR, RE, F°FFX, BIZRE, 124-=8F
FMYFHITIE RE T #MGO-PDMSAZEFERMMIRAENTE 4  KEKF120.0 mL
(B4KF340mL ) , MNEEE4 S g, [RZEAFE) 15 min , 538500 rpm , ZEELEE20 °C,
ERMACFGHTEIEHRE  ZHETENFTRIOPR, NRPHIBETUEL , T
EIfPEG-g-G% , HHPREEPEG-¢-GEIE,

® 19 BHANREHERUEFELESWEMENTLE

Table 19 Comparison of the two homemade coatings for extraction of the volatile aroma compounds

GO-PDMS PEG-g-G
Volatile aromatic
Linear Range LOD Fiber to fiber Linear Range  LOD Fiber to fiber
compound
(pg/L) (ng/L) RSD (%) (ng/L) (ng/L) RSD (%)
chlorobenzene 2.5-500.0 1.0 14.9 0.01-10.00 2.0 9.8
bromobenzene 2.5-500.0 1.0 9.6 0.05-10.00 6.0 8.4
1,3-dichlorobenzene 2.5-500.0 0.8 6.8 0.01-10.00 4.0 9.5
1.2-dichlorobenzene 2.5-500.0 0.5 7.9 0.01-10.00 4.0 11.9
1.2,4-trichlorobenzene 2.5-800.0 0.5 8.4 0.01-10.00 1.0 9.9
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7.6 SEBMENFREMKREEGEFIIILE

FEMBIPEG-g-GREFEFE AN BB M ZEENLT R M gE3 1T T X EE a0
PDMSH?, AMTEOS/PDMS "1, SWCNTS *' , PEG-g¢-MWCNTs "2, Lt
BREEHFR209, BRAPEG-g-MWCNTsHIE B Z FB94E H BRIEF L A ER A H
PRSh , FAPEG-¢-GIREMNIE K E b FREVIE L PRED 2 &R KA.

] 20 SHEEREMFEINTE

Table 20 Comparison with other fiber coatings for SPME methods.

Detection  Materials thickness Analytes LODs(ug/L) Extraction time (min)  Life times  Ref
GC-MS PDMS m-Dichlorobenzene 0.006 30 - [419]
100 pm o-Dichlorobenzene 0.006
1.2.4-Trichlorobenzene 0.004
GC-FID AMTEOS/PDMS Toluene 1.2 20 =150 [420]
85 pm Chlorobenzene 1.5
o-Dichlorobenzene 38
GC-FID SWCNTS Toluene 0.013 20 >120 [39]
Ethylbenzene 0.011
GC-FID PEG-g-MWCNTs Toluene 0.002 30 >200 [402]
Ethylbenzene 0.0007
GC-FID PEG-g-G Toluene 0.0015 30 =200 This
40 pm Ethylbenzene 0.0010 method
Chlorobenzene 0.0020
Bromobenzene 0.0060
m-Dichlorobenzene 0.0040
o-Dichlorobenzene 0.0040
1,2 4-Trichlorobenzene 0.0010
7.7 iR

SRR T —MNAPEG-¢-GREFHENEKFEFEHEREFTEENLSYN
Fi%. B—IXIGPEG-g-GiRE R A R REY /AR INFAR R R B IRR N F N BT
#E, ARTFNZEEMER-SELBENELHELHSELLEY. SHH
PEG-g-GARRTHERB/IEINER, REHR, RENELTE  XFaTAE
BIR— X R S S FLIGEH, FERBRSNIBEMMMAYE , sTCAER
200)RCA £ BEEEEGBHAEMNE, Bt , MAX—HERNAE#ETEME
RUFERUSVABEENNANE,
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8 4 1

EXELE. R T BAEIHEEEREFN R R A B it EAEZE RN A BB M ZE AV %
AE R, BEERS, SFNBMELREIISMOEM L | I8 THMa R ERKM G
FREENEZENTHERE, FHMEERZER, BRMERRASSHEHEEHEES B
MTERFRPHIREBEEL. MEREREN, BIREREN. =MEREAN. IZF
EMFSEXENY. PAHs EEEYEREBIENSGE,

FELELWNT .

1 . CAEEME A EIE KR F AR | St ERZERNS SAEEIE-B F R
( GC-ECD ) 8B T IAR/KEFKHFR )\ MR BRFEERERAKBIONERHE
%o FZ0mEE 4 BEARZE EYRYSE 3G SRR 1T I, ERESRIEFEF TNE )/ \F bR BB EERY
FMIHPRTE 0.04~040 ng/L Z (8], L£RRTE , ZHZEBEEEE, AR, RBES
FH R

2 . BY THMEMEZERS SHEEBEESNE KBS T PHUMEBEERE
il (BER , REA , 2HEZF , KEBE) WAL ERCENIEREEGT A
EN B NYNEEGES  MHRIE. SRRE , UM S 215 SR TIBME1E
EMEZERAENEKENEETPROMEREREN , BIEHR, BB, 5%

3 . JGHEME EMEZE LS SAHER F IR MIES GC-ECD S8NE 7 KRB IZE
PBREFZE (FER 28R RER. TERNEAFEER ) SSERREMA
EE , MUHRREMAER  RBES., Mt—PREAERBE |, 1FttEHEZE
57 BIRRMNMENGSZEIX AMBRERER, SRRE AGHMEEHEZERS 5
BRMENSSEHGHRRE K ERERES.

4, RABBRKZEAEHFAMLYS PDMS BSABBUEMNAHNL L6
R EMEMEERLTE, RABNEERN , #ASSHEE-SAEEFENSBESENLT
WKPERMESFIFELR S EHUSYNF AL WRENRREEMREMSEDE
1TRIE, ERMICHLERET  WESHSREMEHRERE, FAEMAENENNGT
RiF , EAFHK  ERNRSHAAB U T AED, S 1ZEHRREIRAEMIINA
FSERRKHEE 7K, BRIKFN RK) FEBEREESVNE , GRIEBRLLFEETF
BNENE , IS R KM EVLAFIET.

5. REBRNABWNTE LABE - ERIAREZAEE R  ARBIBaRER
TS IHERER_RERFIRARRAREITAREGINEAMERNLS S SSE8
FHRIGRICMZRERA | RAZRABHEMERN A CNKPOM=EERET, ISR
RERME R AR BRHE TR, FRMAHFZGET MEE LR 0.01~0.03 pg/L
Zig , RBES., FEREINMT  EEEFGK , ZFEERILFITENES, BaHk
HERMEIAEN BT KEROMR=MERERONE , ITERSAFE,

6. URZTEERGERE  RABAKRAKREELEYFRABIAENL LHIKE
FEMEERLTHE, N A AT 6 & EBMERNLT 4SS GC-FID BRAREN KPR EMHIER
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HEBIY. FRERENMERAAESITHRRBHERAITRE. SRIEKREN
tHELZMESAEVYERIFOFEINE  mMEAFIA EE, EHRE, REHNE
My, EREGK, SRR  WAENBAEKEFNE CHELMFELXEIY
MR R,

EIRRSRE

(1) B REERENMEMEE R ESHRPAKNIK , ARASENHFRFME
HESHEBHEERSS  EZETRRESFEXERFEIZEL , X2 H ez M
ARO—NEERHE,

(2) HBRAEFEBRENAENESNAR , SHEINEXRES, MEERE
FREMHRS REZRARRRNERSE I EREBERBIISRSEFRIK
50EHREMEENENESRE.
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