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Abstract: To successfully analyze complex samples and detect trace targets, sample pretreat-

ment is essential. Efficient sample pretreatment techniques can remove or reduce interference
from the sample matrix. It can also enrich analytes, thereby improving analytical accuracy and
sensitivity. In recent years, various sample preparation techniques, including SPE, magnetic
dispersion SPE, pipette tip SPE, stir bar extraction, fiber SPME, and in-tube SPME, have
received increasing attention in environmental analysis and monitoring. The extraction efficien-
cy mainly depends on the type of adsorbent material. Therefore, the development of efficient
adsorbents is a crucial step toward sample preparation. This review summarizes and discusses
the research advances in extraction materials over recent years. These extraction materials con-
tain inorganic adsorbents, organic adsorbents, and inorganic-organic hybrid materials such as
graphene, graphene oxide, carbon nanotubes, inorganic aerogels, organic aerogels, triazinyl-
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functionalized materials, triazine-based polymers, molecularly imprinted polymers, covalent
organic frameworks, metal-organic frameworks, and their derivatives. These materials have
been applied to extract different types of pollutants, including metal ions, polycyclic aromatic
hydrocarbons, plasticizers, alkanes, phenols, chlorophenols, chlorobenzenes, polybrominated
diphenyl ethers, perfluorosulfonic acids, perfluorocarboxylic acids, estrogens, drug residues,
and pesticide residues, from environmental samples ( such as water and soil samples). These
sample preparation materials possess high surface areas, numerous adsorption sites, and allow
extraction via various mechanisms, such as -7, electrostatic, hydrophobic, and hydrophilic
interactions, as well as hydrogen and halogen bond formation. Various sample pretreatment
techniques based on these extraction materials have been combined with various detection
methods, including chromatography, mass spectrometry, atomic absorption spectroscopy, flu-
orescence spectroscopy, and ion mobility spectroscopy, and have been extensively used for the
determination of environmental pollutants. The existing challenges associated with the develop-
ment of sample preparation techniques are proposed, and prospects for such extraction materi-
als in environmental analysis and monitoring are discussed. Major trends in the field, including
the development of efficient extraction materials with high enrichment ability, good selectivity,
excellent thermal stability, and chemical stability, are discussed. Green sample pretreatment
materials, environmentally friendly synthesis methods, and green sample pretreatment methods
are also explored. Rapid sample pretreatment methods that can be conducted within minutes or
seconds are of significant interest. Further, online sample pretreatment and automatic analysis
methods have attracted increasing attention. Besides, real-time analysis and in situ detection
have been important development directions, and are expected to be widely applicable in envi-
ronmental analysis, biological detection, and other fields. Modern synthesis technology should
be introduced to synthesize specific extraction materials. Controllable preparation methods for
extraction materials, such as the in situ growth or in situ preparation of extraction coatings,
will acquire importance in coming years. It will also be important to adopt high-performance
materials from other fields for sample pretreatment. Organic-inorganic hybrid extraction materi-
als can combine the advantages both organic materials and inorganic materials, and mutually
compensate for any disadvantages. Extraction materials doped with nanomaterials are also
promising. Although existing sample pretreatment techniques are relatively efficient, it is still
imperative to develop novel sample preparation methods.

Key words: sample pretreatment; metal-organic frameworks; covalent organic frameworks;
molecular imprinting materials; carbon nanotubes; aerogels; triazine-based materials; environ-

mental pollutants
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Fig. 1 Recent advance of some new sample pretreatment
materials in the analysis and detection of environ-
mental pollutants
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Table 1 Recent applications of graphene (G) and graphene oxide ( GO)-based adsorbents for sample preparation in

analysis and detection of environmental pollutants

Adsorbent Analytes Sample LODs/ (ng/L) Linear range/ ( ng/L) Analytical method

GO-PDAP' 8] Cca* water 0.47 2-100 SPE-FAAS

GO/polyaniline! '’ caz water 0.1 0.4-1000 SPE-DLLME-FAAS

Al,0,/GO] Cr¥, As™ water 0.11, 0.02 2.0-50 D-p-SPE-EDXRF

POT/GO!?!! three nonsteroidal anti- water 0.02-0.03 0.08-200 D-w-SPE-HPLC-UV
inflammatory drugs

GO@NH, @ Fe»;OQm twelve quinolones water 10.0 - MSPE-MALDI-TOF MS

M-MOF-199[22] five triazole pesticides water 0.05-0.1 0.25-1000 MSPE-HPLC-MS/MS

Fe,0,@ HP-3-CD-RGO' %/ Ca* water 0.23 0.50-100.0 MSPE-FAAS

MG/PDA[24] four benzoylurea insec-  water 0.75 2.5-500 MDSPE-HPLC-DAD
ticides

MG/CNTs/PDA!%! sixteen PAHs water 0.0001-0.003 0.010-0.500 MSPE-GC-MS

MGO@ mSiO,-MIPs' 2/ six PAEs water 0.01-0.05 1-50 MSPE-GC-MS

GO@ Fe,0,-MIP ?"] microsystin-LR water 0.08 2-10000 MSPE-HPLC-UV

Gl six PAHs water 0.01-0.09 0.05-50 HS-SPME-GC-FID

3D-rGO-PANI %! ethion water 0.4 1.0-70 DI-SPME-HPLC

Gol] five PAHs water 0.05-0.10 0.5-200 SPME-GC

Ggl31 five n-alkanes water 0.05-0.50 0.2-150 SPME-GC

GO reinforced PILs monolith[*?!  phenols water 0.20-0.50 5-400 SPME-HPLC

GO-CFs!*! ten PAHs wastewater  0.001-0.004 0.003-50 IT-SPME-HPLC-DAD

PDAP: poly(2,6-diaminopyridine) composite; POT/GO: polyoxotungstate anion functionalized GO; GO@ NH, @ Fe;0,: GO-func-
tionalized magnetic composites; M-MOF-199;: magnetic copper metal-organic framework-199; Fe,0,@ HP-B-CD-RGO: hydroxypropyl-

B-cyclodextrin functionalized reduced graphene oxide grafted on magnetic Fe;O, microspheres; MG/PDA: magnetic graphene/polydo-

pamine ; MG/CNTs/PDA: polydopamine functionalized magnetic G and CNTs hybrid nanocomposites ; MGO@ mSiO,-MIPs: molecular-

ly imprinted polymers coated magnetic graphene oxide with mesoporous silica; GO@ Fe;0,-MIP: Fe;0,@ GO-molecular imprinting

polymers; 3D-rGO-PANI. three-dimentional reduced graphene oxide-polyaniline composite; CFs: carbon fibers; PAHs: polycyclic aro-
matic hydrocarbons; PAEs. phthalates; —: no data; FAAS. flame atomic absorption spectrometry; DLLME: dispersive liquid-liquid
microextraction; D-u-SPE. dispersive micro-SPE; EDXRF': energy-dispersive fluorescence spectrometry; MSPE . magnetic solid phase
extraction; HS: headspace; DI-SPME. direct immersion SPME; IT-SPME: in-tube SPME.
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Table 2 Recent applications of carbon nanotubes-based adsorbents for sample preparation in analysis and

detection of environmental pollutants

Adsorbent Analytes Sample LOD Linear range Analytical method
MWCNTs! 3! atrazine water 0.66 wg/L 2-100 pg/L  SPE-BCAE-HPLC-UV
HCl-treated MWCNTs %! thirteen pharmaceuticals and two water 0.2-103 ng/L 10-250 pg/L  SPE-HPLC-MS/MS

metabolites of metamizole
0x-MWCNTs! 38! three progestins water 0.05-0.14 pug/L 0.90-9.0 wg/L SPE-HPLC-UV
3D MWCNTs@ g-C;N,@ sixteen PAHs water 0.001-0.5 pg/L 0.2-200 pg/L  MSPE-GC-FID
Fe,0}®!
M-M-ZIF-6740] nine organochlorine pesticides agricultural water 0.07-1.03 pg/L 1-200 pg/L MSPE-GC-MS/MS
MMP/ZIF-84!] five triazole fungicides water 0.08-0.27 pg/L 1-400 pg/L  MSPE-GC-MS/MS
MFCAL4] nine perfluorocarboxylic acids water 0.010-0.50 ng/L  0.4-10000 ng/L MSPE-HPLC-MS/MS
and perfluorosulfonic acids
oxidized MWCNTs! 4! four PAHs water 2-20 ng/L 10-500 ng/L  HS-SPME-GC-MS
oxidized-CNTs! 4] menthol water 20 pg/L 50-100000 pg/L HS-SPME-GC-FID
MWCNTSs/NaDC! 43 five phenols seawater 0.15-0.30 pg/L 1-100 pg/L  SPME-HPLC-UV
CNT/magnetite/PA[*!  four phenols water 0.008-0.07 pg/L  0.01-500 pg/L SPME-GC-MS
MNC# glucocorticoid water 0.0075-0.16 ng/L  0.05-1000 ng/L MSPE-HPLC-MS/MS
CNT-TiO}* seven PAHs water 0.002-0.004 wg/L  0.01-200 pwg/L SPME-GC

MWCNTs: multi-walled carbon nanotubes; ox-MWCNTs: oxidized MWCNTs; 3D MWCNTs@ g-C;N, @ Fe;0,: three-dimensional

MWCNTSs@ graphitic carbon nitride @ Fe, O, nanocomposites; M-M-ZIF-67. zeolitic imidazolate framework based on magnetic multi-

walled carbon nanotubes; MMP/ZIF-8. magnetic zinc-based zeolitic imidazolate framework; MFCA: magnetic fluorinated carbon
nanotubes adsorbent; MWCNTs/NaDC: MWCNTs/sodium deoxycholate; CNT/magnetite/PA: nanotube/magnetite/polyaniline;
MNC: magnetic nanocomposite; CNT-TiO, : composite between carbon nanotubes and titanium oxide; BCAE: bio-coacervation ex-

traction.

2405, Huang 257 5| A ZIFs, # i3 A Hl- L HLIE
Pl 45 T ZLREE MWCNTSs & 5% (M-M-ZIF-67 )
W R, I8 T MSPE, 454 GC-MS/MS #65:1lll
RGBT IE A HE WK A ML AR 245 5 4 BT
J5 ¥, M-M-ZIF-67 %F A7 HIL & AR 2 10 W i AE ) &
Fe,0,-MWCNTSs HYiT 3 £, >R FHAHR A9 G 05 2,
5T Fe,0,/MWCNT @ PDA, flifi]if & B 1 % 1k
MWCNTSs/ZIF-8 W [ 51 *) , #5377 MSPE-GC-MS/
MS J5 R AR BT 7K Hh (8 =R R, 1% ik
HA LOD 1% (0.08~0.27 pg/L) MY (1~
400 pg/L) DL R M bF (A X R =0.9915) %
e,

f & MWCNTs 3 & #5 Fp 2% 7K M 58 A (an
-COOHAI-OH) My T REAL , $2 i & 78 /K BE P A 43K
P, Huang %' R — 5K #hik il £ T & UG 1
4k CNTs W [ 57 (MFCA) , i - 36 L 57K L &
A L F A B AFE ], MECA-MSPE % B A5 & % 1k J
(1) 4 FU e FE AR TR AN 4 JUbe LA I 26 B 1 R A7 Y AR B
P fE, 5 HPLC-MS/MS # 45 &, 3 T MFCA/
MSPE () J5 ¥ #8453 T 1% LOD ( 4= 9 Je 3 FR R 1y
0.010~0. 036 ng/L, 4 it I {2 4 0. 024 ~ 0. 50
ng/L) | e MEE YL (0. 4 ~ 10 000 ng/L) Fli
(A2 (RSD < 10% ) , 38 HF A SRk 3 83 90

A K TR 5 5 AR 73 0 i A

VM -BEMCHAR LI T — 20l 55 B m v/ ik
FROEMMA A IRIZ . FEILIERE [, Mohammad-
iazar 251916 4 TR T B b (PDMS )/ 2
I HER/MWCNTSs £ 4, JF 15 I ox-MWCNTSs Xif
FLEATOM: , DA 3t 21 A SE AR ORDRS B2, T 75 -
B T2 E4T, DL PAHS N Hrd, ik T — &
G EEE % 5 GC-MS B¢ E S T A K RE
H1 PAHs 75 %, Yarazavi 55 fiff FH ¥ Jie- 26 fie 1l
BOTVE, BT —FiHF SPME 1Y TiO, ¥ Ie-5EIK
%2 AR B RN 3-( = A FERETT 3L ) Be/E
KA, e A L B PN A ox-CNTs,, H41% £F 4k
Y5 GC-FID B, ##E 57 T 7K ¥ W Hh T 4 4 B for i
ITT 1 7 19 R U (0. 02 g/mL) IS A
JEFE (0. 05~100 wg/mL) 2 A\,

T 4 CNTs (43 HLPE, 2748 CNTs 14514
FARPE | e M 5K 43 X CNTs #4718 i
R—FAa R 2, FIHX — K, Zhou % il
7 B AE IE R 4 3 gk MWCNTSs 34 2 £ 4k, 4%
HA5G HPLC A2 , F T e 1 1 7K R K R o
HIE T, T MWCNTSs/ i 480 JIH IR 490 26 1 3 7K
HEH (-OH F1-COOH) 5 i 259y Jit . [) 1) &0 AR
FH T4 32 25 2 % 1y 28 W o i) W B 6 0 8 T R
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PDMS/ . W 321 4k

Tafazoli 5“3l 13 HLUTIE L AE CNTs 2 16 il &
HTHRE R K BRI XHZ A MR R AT
PANT 942K 22 5 o7 ek 1, & 1 1 i 280 0 A IL-TE AL
CNTs/ TG4/ PANI 4K G40k, K HAB M B
o2 1 ) %5 SPME 21 4k, Fl T 2 B 251k &
Y,5 GC-MS MHZ5 4, #r Tk H B (0.008 ~
0.07 pg/L) MG PETE il (0. 01 ~500 pg/L) K77
Mir ik, FE R T SEBRoKFE R 4347, Huang 257 DA
B AL CNTs ( CNTs-NH, ) Fl 1- B 5L K ik 465 1
GO AL, 2R FH— oK AL G LT — o B s
REMI I REVEANKR 5 M BH(MNC) . 'E454 T CNTs
F1 GO B AL, [a] I ELA = 5 0 U DK s 5 ] | )
FH MSPE ] L4 %0 s ALK 7K oK Fis 7K
F14) R Tl W R R, K R B AT LUK 0,007 5 ~
0. 16 ng/L, 2P [l ¥ 2 0. 05~1 000 ng/L,

AR PR R Ak 2 B s -0 B B AR
#% T —Fhr &l CNTs-TiO, B /R ZHAE NG
SPME 4F 4k, f& B T GC-FID #, #F 5% 17 7 F
PAHs 7E£F 4k - 0 W BE AT R, FE O Ak 9 2 B 2% 14
T, % SPME-GC 43 87 J5 ¥ i AT 94 . 105 1R 3R AR
TE R (LOD, 0.002~0.004 pg/L) FliFHy
LRMETE R (0. 01~100 F1 0. 01 ~200 wg/L) . 1ZLF4E
B & A 2 P (300 C) I 5 o i R it
P o BEEEST  AATT J vR T S PR KRR B 43 A, 45 3]
TR MR,

25 b BRI R E S — AP RE DL R B W R 5
TERES AT A 2 BN AT, B BE R A R
MRS E PR, A QORI B, A B
T AR AR B TR R AT, RGOk
RS AT RZE G AT DL Az Z R AL 45 =
o HERL B BUKFCEAKIER L R T A AR
N HIFERE ARG RS MOFs \MIPs B PER
BHEEGURM BN ZE G A Wl B BRI ke
230, B AR KM RHEAS [R] 52 Z Bt e i) )3z 1o AT
RE— DR, B2 BRANK AR TE B AL B4 A
HERWNERE ), Bt — L 5 phRH 1
FIH A  BR R IR AR B 2

2 HER

B E—FP K 2 FLR T A ), HAT A
FRIIESE =4 (3D) M 2454, [R] i HA R BE |
R AR T PR F 5 LB AR H A2 2

BCRT LA R TEHLSEEIE A DL BEIE S R A B
ABERE F 1931 A H LI, PRI EL H o f G2 o428 5 v
BT ANZ TR, S | IERR i A AT

2.1 EHREE

RTEE IR TCAL BRI i — 2%, 38 F R A
BUBERE = iR AR AR ) Ok 40 v R T B URI 44 K
WAL ARG G, A5 5 S BE I SRR Hh 3 R A i
BiHPERE ., Joul S8 #Ai - FF 3 () 2% oA RS
B WL BERE , L ARAR e B ., 2Bk I
A LB, Bl kv 5 2% i & % SPE A,
FWITFREf Y A HL, 857 T SPE-HPLC-DAD
IYMTITEE . %R LOD M 0. 17~0.50 pmol/L,
A3 HT B IR IS E Ky 79. 8% ~ 115. 1%, 45 6
HABEE SPE A AT AP | 7 A 5 A KA R
Pl RN =1, DL, TR A A ) b Al 2
ARBURSEERE I 55 —Fp o7 X, AR Kl 7
B2 TR AR Al 200 1 R R TR R Z LB S,
SRIGHER TR T &R iR Ak Ak, il BT 2 A5 ) I o
SEEE o, IR RAAS, FTAE & RN
IV TSR YN S WL N LT S S WEN ]
FFSEBRKFEH PAHs [N, 57 T IT-SPME-
HPLC-DAD FEL 31 5 1%, € BCPE BE AT D)5 At 2
T R A T 35, B R A5 B0 ik 3425, LOD R =
0.005 pg/L,

AR ZGVE R —F) iz B T AR A = 1 5%
W), AT FA Y R R W R
BIoR A e R IR AR, S T XA
PUBSEAR 25 A5 350G I, 53T, Jafari 250 ISR
SR JERE, T AR S A A M AR A P e R
I FHV 0 ot B 2 WA T U G B i R e T
XG0 A R I, A BR AR 2 0.09 wg/L, Joul
OV TP A S I LB A S AE R N 22 I
HCAE BT XA WL A 2T A T2 I, fR T i o] & ¢
BRI T B H e T AR (501, 157 m?/g) UL K5 H
SYMZ 181 - JLHEAN A — A B AR 3R
FEIRATHE R I T LR M U 25 £ 4 o 5 1) 2K LR
71, Dong %ML TLs 1 AR, 51 A $ fa] 2%
- (RF) B B WL 0 il #5759 3] IL-
RF BRI, % A7 e iR A AL AL B 1 45 T —F
BRI e G o 38 3 3 A 7 O GlE  T V8 R A
TR 45, 17 ELIT 3R A5 1 e 88 e ) s HL A A FL
FIBCHREEH X AT B S A 3 s VR M iR 2 1
T SPME £F-4E 11 45 , 45 & HPLC-UV 7347, 5230
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T X FRIE TS KRR 6 B PUER R (A SO

A1 SRR BEIE (GA) J&—Fi B A S8 1 L <
BB BA 3D 45y S A% 5 B RRAIE, & —Fh
S AW BFERA R, Han 2508 SR F G M I - B G-
BT HRIEN 2 T GA MR B LR 1 G 4555
il B SPE A%, 8 b7 4 AT LA SE IRk & 4 B A
SHTYN, NSEBROK A E S N 4 T (EDC) Al
ZF WK (PCB) , 43 7l i HPLC 1 GC-MS i#17
K, K45 T A LOD (EDC iy 0.01 ~ 0.11
ng/mL; PCB } 0. 19~ 1. 53 ng/L) Kl & 1y hnn a1
R (76.3% ~ 112.5% ) . BEAN, MlLATT3A 0 12 26 U
FHF & G IR 48T, ARAS T4 AN S5 3, kit
—BY KT RN HEE . Sun % FIH GA-
SPE H:Z BUKFE Y 6 R A HLBEA 2, 456 GC-MS
PEAT A AT, B SL T 2P Bl 9E (0.5~ 500 wg/L) |
LOD 1 (0. 12~0. 58 wg/L) W5, T I0 5 Il i
WA KK R AR 26, RGNS [T R 93, 8% ~
104. 2%, GA ANUFTLIHAE SPE A3 (1% W B 551, i w]
PURIYES 8 SPE MUMERRIFRIY o i T o JhHug i
F & MFLE, Wang % g7 T 88 6 R A Y
SPE-HPLC-UV 43 #7 J7 %, LOD & 0.02 ~ 0. 10
pg/ L, FEAH R R BT, GA WK BURE 22 L i
mnfk C18 Fl SWCNTSs =5, BT GA BBk, ik
JA T E B T 26 BUs K P 5 e, (RIS F T
RAEBOK M, 8 T el X A~ ] @, Tang
STV IR AR AR R sCHEF, A — b T 45 2
HAWIEMN G ABER, BB S T
K HP ORI AR, T K (RN [ %R 96. 3% ~
102. 4%, RSD A 1. 8% ~ 5. 4% , £ W1 iZ A1 Bl X} 52 s
FES 2R LA R SR T LR R 2R
TRMEAEATFEE R T LA 3% 46 H bR o, ifi L
fe 1 AT E AR FHIRER

BE AN, SRR 7t B 0 T GA B9l £, Ding
LELOUE IR 2 SR A R BRI 2% 1T —F 43
P2 AL GA MR, oK FE T 7 FhaBLER He 2 1 1Y
UL, EEAE R N IRG GO MEIK LR iek
VSR, 08 P AORY e S e W BT G v WA T R T
HEAb RS GO/ RIE LI SBEIE ; Z2 J5 e TRk 2%
TRAN BT IE Ao 3 6 48 58 A S RN, B A7 A ol G/ SRR
QISR 5 P FH R 2R ok 2 BOAR A4S 3] 40 R £ £L
() GA LAIZ SCEE I Ry W B R L, %o 3T K v iy 4005
HAGER AT & A, SR A GC-MS 4381, T
(1) bE 2 TR LA R 5 %) it 7K M | 2 o R B A o

FEIUMERE , AT AE — N HE B A2 P 5€ B2 BT 90 W
LAk, X T REE T, ML T B kAR e v
(pH JERI:3~9) , RIFAYLE MK &R (0.2~50 pg/L)
AR AY LOD(0. 012~0. 11 pg/L)

A RV BE AT B S AR A B 1A
B BIANTEIRMENE Sy —Fh R 09 K AR A= b1k, /]
D3 3k P A S R 3 GA A LA
. Gao '™ LA X MRS T G/ RIERE
GARBERE, B LA R A B B 45 & SPE-GC-MS
Jrik T PAHs BRI, i E A MR EA R g
TR s IR 25 4, GRS 4R At - JLHE AT
FEACTTAEAE R 7, i HL SR R0 22 L 0 205 4 0 o 2 0
T TR U R A AR RIUE F7 SRt E I vk
AEASSRALARAS HIBR (1.7 ~ 8. 8 pg/mL) 5 58 £k 3T
Fil (10~2 000 pg/mL) , M BHE—FPA 15 1 i A5 L
MRk, BEAh, Sun 45 R R 3 AL Y MWCNTs 5
FALA BIFIR A VAT AL 2538 I, IR0 VR 8 il 4% 2L
A 3D Z5# 1Y CNTs/ GO E A BEH , 328 T X434
BEKRE A BB A 25 1) = SR B

RABEERE BT BE T AR5 (RN [, i FR
Wil THE R, Rl R AR A RS A B GA
PAR T —FPHETE G RBEHL (Fe,0,/GA) , BETEAIK
UKL A SBEIRE B SR v I b R i R PR AR A 1 [
At 30 W BRFASE A5, 1) R 4 o 2R B E AR 3 AT
Yy, B8 TR EE N A FYFEER

Si0, REERANE R — P AT PE M TCHL BN, B
T EA R EBSNAIA B AW BT 3D 23 (A
W2 25k TR 0 5 Tl ot S R AR
AT SI0, KB R TR AR R B 2 K im 1,
SR HH T PEEK 4 v, 15 3 SPME 4, Jf 1K H
HPLC-DAD #47 # — 2043 Fr, HB PEA TR Y 3
FPSE B3 HT 4 ( PAHs M3 2 il PAESs) A9 AE UL
3, TR E R A SR BAE 2 REERIR 2
X PAHs s MERE o Zead A A6 HORN e
SR AT BT T %, BT FH T R S B KR IR
WEER) PAHs, & A5 8AT ik 576 ~2 245, LOD
0.005~0. 050 wg/L, 1HJ& SiO, S5 A7 7E LK
SN AR M2 BEREMEABRAR YN8, Roostaie
SRS O = S AR B = LS REREXT SiO,
SEERC AT UIREAL | X BE R ot A B K SR AR T
SiO, A %E I 1 A9 - OH, M R A5 T B K 2 Sio,
BRI 38 2ok T s B A BOE U AR K i UK
IR AR A, X 253 B I s R AT Y
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LMK LOD , - H. o] LA A2 43 A1 KA P e 2
TSP EEK

BT S0, SR B AT B 1) 11, A ERASTZR T i
T— RN T AR, AT 8 i R B — i 3K 1A i &
SiO, SEERE F R TE  FIH 3-24 8 2k = W AR
b5 3-GHN FE = F RUHE R o S B AR T B KPR 1Y
RELEMRIDEN = [ 3-( = AL AE L) N 3L ) e, EANE
RERR PU ZFRPE A i 4 il 23018 T A Pl 1k Sio,
SEEME, W B R B & s 22 3R b R
SPME 474, 5 GC-FID ¥X H , £ X #1355 1 ) PAHSs
AL T — AR MEYE B 0,005 ~ 20 wg/L . LOD N
0.001~0.030 wg/L 5 #1 77k, #I1E SPME I} )2

BRI S R ERAE W 8, (U2 IR E AR
I, TR T — Ml b & S BEIRIA 2 , R R
TN S0, S EERE HEATREY W BB 5 X
T AT Y B AR A B -Si-O - Si— #1595 2 7T LAk 27
AR HE v TR EE, L SPME & 5
K HERL R AR, W AT B 5 3132, LOD
0.01 wg/L, BT 24k BRI 1 A2 BUM BHK IR 22
i FEE R BRURER VA G S v IS R R T R A
AR ERICR , WL 5% K e i 2= Ak SO I e 5 0k
JERRH A SR AR e v . 3 R TR
J A TEAIL SR SR A ot i Ak B R E B 15 e )
Sy BRI 5 T 4 N

=3 EHSERRHE MBI E # RLE IR S 4 2 A AR T H B B2
Table 3 Recent applications of inorganic aerogels for sample preparation in
analysis and detection of environmental pollutants

Adsorbents Analytes Samples LODs Analytical methods
CA%] ten HD environmental 0.17-0.50 pmol/L 1.0-20 pmol/L SPE-HPLC-DAD
pore water
Biocharcoal aerogel */ eight PAHs water, honey and 0.005-0.050 pg/L 0.017-15 pg/L IT-SPME-HPLC-DAD

CA™!
CA[SG]

IL-CAL
GAP®)

GALSQ'

GA[GOj

GA[GI'

GA[(Q:

GA[63'

GCA™
C-MWCNT-GA65

Silica aerogel! ")

Trimethylchlorosilane
modified nanoporous
silica aerogel!5®
Triethylchlorosilane
modified nanoporous
silica aerogel®!
Organic-inorganic
hybrid silica aerogel "’
Organically modified
silica aerogel”'!

six organophosphorus pesticides

six organophosphorus pesticides

tetracyclines

pear syrup
environmental 0.09 pg/L
water

environmental 0.11-0.83 pg/L
water

water 0.36-0.71 png/L

three endocrine disrupting chem- river, lake, drink- 0.01-0.11 pg/L,
icals and seven polychlorinated ing and tap water 0.19-1.53 ng/L

biphenyls

five pyrethroids

six organophosphorus pesticides
six chlorophenols

eight phenols

six pyrethroids

eight PAHs

six organophosphorus pesticides

eight PAHs

four chlorobenzenes

four chlorobenzenes

eight PAHs

five estrogens

drinking water 0.83-9.31 ng/L
river water 0.12-0.58 pg/L
soil 0.02-0.10 pg/L
river water 0.016-0.075 ng/L
river water 0.012-0.11 ng/L

river, tap water 1.7-8.8 ng/L
wetland, lake,

and river water

liquid-phase microextrac-
tion-SESI-IMS

SPME-GC-MS

2-1000 pg/L SPME-HPLC-UV
0.05-100 p.g/L, SPE-HPLC and SPE-GC-
0.01-5 pg/L  MS

0.02-10 ng/L SPE-GC-MS

0.5-500 pg/L SPE-GC-MS

50-1000 wg/L MSPD-HPLC-UV
0.05-40 png/L in-syringe SPE-HPLC-UV

in-syringe SPE-GC-MS

10-2000 ng/L SPE-GC-MS
0.28-0.52 pg/L  0.96-1.64 pg/L SPE-GC-MS

bottled water, tap 0.005-0.050 pg/L 0.017-15 pg/L IT-SPME-HPLC-DAD

water, river water
and tea water

water 0.4-0.8 ng/L
water 0.3-1 ng/L
water 0.001-0.030 pwg/L 0.005-20 pg/L

sewage and emol- 0.01-0.05 pg/L
lient water

headspace needle trap
extraction-GC-MS

headspace needle trap
extraction-GC-MS

fiber SPME-GC-FID

0.03-100 ng/L IT-SPME-HPLC-DAD

CA: carbon aerogel; IL-CA. ionic liquid-carbon aerogel; GA. graphene aerogel; GCA: graphene/chitosan composite aerogel; C-
MWCNT-GA; three-dimensional carboxylated multi-walled carbon nanotubes-graphene aerogel; HD: sulfur mustard; SESI-IMS. sec-
ondary electrospray ionization-ion mobility spectrometry.
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Pekala %57 i3 & A RF BRI AR B 54
MUSEERE TP G, 2 J5 A4k i 2 Hb A i A
BUAEEIE , a0 = 5 UG- HY I (MIF) <O e | 10 1 AR
E-BERE SEEME . ANFT/ N1 R G AL B,
A BB IS0 H A ML) B R s A SR AR T
ek fbA I N, A R TR TR TG AR I 24 45 44
e 2oV I 1ok A S B I AL, TR B
Zo TR R AR B 5 1 R , TEMfE L LR
TR FLBR A | W B RE ) 5 S5 5 s 2 00, A L
EERC R T = W MLAPE R Sl TR BEI I R
%[72] .

MF SBERAE Ry —Fi AR SRPE A DL BRI, fE
W SAEW A mom FEIEAE SIS EAEH], © 8k
I FH TR AL BT, JC X K PR LR B I
YW s I R B ERE T AR 48 MF
SEEME AR oA LR A A A AR B R
PRS2 3R 1, R HIH 7tk PEEK 45, 58
X PAHs [ B 7, 3T MF KB IT-
SPME-HPLC 7t £k 43 #t 75 ¥ 52 30 90 26 1 0
(0.06~30 wg/L) FIILAL R (0. 01 ~0.05 pg/L) .
IR ENGRRE A SEE I RS S BN L B ek
i FRATTRE B LA K bb 2R 1 BRSO A2 1 5T ) 2
{ERR4N K F (BNNs) k2 ik MF <sEe ™ (585
BNNs (%) 240 & 22 S Hogi Kk ¥, #1115 BNNs-MF <,
eI YT PAHs # 9 R 47 9 # B g, LOD ik 2
0.005 wg/L, 2 WUy 0 51 A K i A28 A AG ) R
B T 3 M EUES, BAN, B TR ER AT
AT B AR Sl M 22 A, R TH R A AL 224 & T
PALEH Ttk MF <EEIR ™7, ZEIER A
BEAME M AL EM L5 T I8 %385 00k

7 ST, AT 4 T PDA ThfEfL ) MF <5k
Ji2, 4 HH TR % K HP 9 PAEs'™' . PDA RN
AT A MF A5 5 24 [ b 8 7 20 o 2 2 1 3
T, 1 HoAT AR AT 2 i W B R AR e e Y
#UUE 5 HPLC 7R B, & B8 ik 2221,
LOD 4 0.02~0.05 pg/L, N T #E MF EK )
AWGELENE , F & H PR R L S -+
BEJE-3-(3-Z HE T 36 ) R AR TLs et MF <
I, B FOKEE A S R R S e, AR R
B, ILs 20tk MF SBERAE S BT i 28 oh B R4
AR T ELERR S TP A 3 1 39 2 A A [T iR
(80%~120%) "7, BLANFRATTIAFIH RF S %EIAE
R R D R 2 A M D A7 i) 1) 2 R AR 4 AR
RFERORZE T AR M R 5 4, &
SHERIBR AR A FH B8 A 060 e 3 B S 1S €0 ) AR U R, 3K
BT RUF YT B (0.017 ~20 wg/L) , BALHY
LOD (0. 005 ~ 0. 030 wg/L) F14> A i = iy 1 & 1
(RSD<2.7%) '™ | 3 4 W45 T AP EEIAE M A
i AT AL ERA L T R85 15 Y 4 MG

HULE 2013 4F  WF98 A B At FH 4 oA ok £ it
B R, Li %R AR ALCTD) R R 1% i
2R T 42 i A HLBE IS (MOG) & 1L T 2 2 2 4L
SIEANEER (MOA) , HEFHFL fb 1A MOFs i
RifE R MOG Mk i e, 7 sb it F2 rh, MOFs A LA
FEA Y REVBEE A, e SR P A
JF I 0RE N B FL AN SBORE [ Hr fL . 454 T MOFs Al
RSB AL # i AL TL ) -MOA %% H/F SPME £
YR T AETI 2 A8 ORI 8 2R 40 A iy 2
L&Y, 5 100 wm ) PDMS Fl R BERG LT 4EAH L,
AL( 1) -MOA £F 4t 4E Z R 5 o H B 5 A U
S A RS (o) RO e B AR M L X AR

= 4 BUKERFE MBS EHREIREE S R4 5 A8 o B 5z A
Table 4 Recent applications of organic aerogels for sample preparation in analysis and
detection of environmental pollutants

Adsorbent Analytes Samples LOD/(pg/L) Linear range/( ng/L) Analytical method
MF aerogel'73J eight PAHs rain and tap water 0.01-0.05 0.06-30 IT-SPME-HPLC-DAD
BNNs/MF aerogel 7! eight PAHs rain and soil solution 0.005-0.010 0.016-20 IT-SPME-HPLC-DAD
PDA-MF aerogel " seven PAEs surface water 0.02-0.05 0.07-30 IT-SPME-HPLC-DAD
IL modified MF aerogel!™®) five estrogens water, aloe 0.05-0.20 0.15-20 IT-SPME-HPLC-DAD
RF aerogel "/ five estrogens water 0.005-0.030 0.017-20 IT-SPME-HPLC-DAD
AL( 1T )-MOA!™! BTEX, five phenols water - - HS-SPME-GC-MS
MOA!%] five chlorobenzenes river and tap water, 0.0001-0.06 0.0004-20 HS-SPME-GC-ECD

sludge and coastal soil

MF aerogel: melamine-formaldehyde aerogel; BNNs: boron nitride nanosheets; PDA: polydopamine; IL: ionic liquid; RF aerogel:
resorcinol-formaldehyde aerogel; Al( Il )-MOA: Al( Il )-carboxylate metal-organic aerogels; BTEX: benzene, toluene, ethylbenzene

and xylene; ECD; electron capture detection.
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P T —Fh G BUZ R 2 AL A MU BRI BT, O
H AR T a1 07 5 i & A BOR 2 2R AR
1o R R AP R

U4, Saraji %5 38 A B T 55— Rl k3L MOA.,
MOA IR & 422 b JFil i i A 2R <M
T- L, TR RAG N 28 ( GC-ECD) 230 M BR KL i (/K A
T3 ) h R ER, RS R T
B TE I LNMEVE [ (0.4 ~20 000 ng/L) , R LI T
FR(0.1~60 ng/L), 7£ MOA & )2 H¥r /3 M iy
IR Z [AIAETE SR I - AHEAEH, (145 MOA IR )2
(LT 4E FL 7T b PDMS 2T 4k B4 0 5 09 26 BUSCR
IEAN 78 50 Al UG , £F R R4 s AR BOCR |, I H
£ 300 C LA HAT RAF i #ase v

3 ZHREMH

ZWEIEROR R T 0 S B A I, )z
T M BRIRGETT 25 R AU

PR F A S R R AR, 1 H R H R XT L&
YIERAE AR, DR Ik 7 O o AR A B 3k . 37 381 A
FEAE WY ICTE , LA 3 AF SR A b 117 A R 1] A 45 A4
b, ZRILNZ AR =S Dy RE AL 2R AR B BT
SIEEREYMEL, BEY TR = RHELLH R
(CTFs) fE AL A PL B 224 KL ( COFs) i —Ff, H
A RAFRZE S LS A A e AT A B
SRy S AR BT P — s 7 W LSRR, ARER Ay R
ZRIR T RS REEE AR S AL B ARk N TR
IKEESHTIN TAE (UL S)

SiO, K ERATE A W B 5510 ) 32 1 T KA Y
15 YL WAL AR A HLTS YL W) 0 4 ) s R AT
EEMMR TaA R, E TR 2] 5 & 2] =
WExXt PAHs ;= Az (1) ar-mr AFFH LA O Cu® 2 54
LA T Sio, BRE W /E 4 SPE WL 5™,
Kol 5 ) 2 BB R I 25 A AT T Ak, L35 A LI
(YRR 2SR MR BE RE TSR Y pH (L A6 IO 3 AR

x5 ZBEERMFELERITSESBERET LY S RN P RNA
Table 5 Recent applications of triazinyl-based adsorbents for sample preparation in
analysis and detection of environmental pollutants

Linear range/

Adsorbents Analytes Samples LOD/ (png/L) (ng/L) Analytical method
Tetraazacalix[ 2 | arene|[ 2 ] triazine  five PAHs river water 0.0004 0.0005-0.1 SPE-HPLC-FLD
bonded silical®" Cu(II) 0.015 0.1-100 SPE-graphite furnace atom-
ic absorption spectrometry

Tetraazacalix [ 2 ] arene [ 2 ] triazine five PAHs surface water and 0.00009-0.00015  0.0005-0.05 MSPE-HPLC-FLD
coated Fe,0,/Si0}% ground water

six nitroaromatics 0.006-0.011 0.02-0.2 MSPE-HPLC-UV

four metal ions 0.017-0.053 0.02-2.0 MSPE-atomic absorption

spectrometry

Melamine sponge functionalized with ten hydrophobic lake water 0.01 1.0-100 SPE-HPLC-DAD
urea-formaldehyde co-oligomers'®3! analytes
Melamine sponge decorated with ten sulfonamides lake water 0.008 0.5-150 SPE-HPLC-DAD
copper sheets! )
Triazine-based polymeric modified acidic and basic water samples 0.17 5.0-500 MSPE-HPLC-UV
Fe,0,/GO!®! pesticides
Magnetic covalent triazine-based six perfluorinated water samples 0.00062 0.005-4.0 MSPE-HPLC-MS/MS
frameworks' ¢ acids
Triazine-cored covalent organic five polybrominat- water samples 0.00003 0.0001-5.0 DSPE-GC-MS/MS
framework! %" ed diphenyl ethers
Covalent triazine-based framework- chlorpyrifos water samples 0.05 0.1-1 SPME-ion mobility
grafted functionalized fibrous silica fenthion 0.55 1.0-700 spectrometry
sphere [
Triazine-based covalent organic nine antibiotics water samples 0.031 1-500 SPE-UPLC-MS/MS
framework! )
Triazine-based organic polymers@ eight PAHs water samples 0.003 0.01-20 IT-SPME-HPLC-DAD
Si0, nanospheres'*’
Triazine-based covalent porous eight PAHs water samples 0.004 0.013-20 IT-SPME-HPLC-DAD

organic polymer!°"

DSPE: dispersive solid phase extraction.
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. ¥ SPE 43%ll'5 HPLC-FLD A4 B 5 T ot
TEPEATER FHAHA K H i) PAHS FI Cu® JEAT AN, 4
My B A ik LOD(PAHs 4 0.4 ng/L, Cu( Il ) K
15.0 ng/L) | %& £ ¥ 30 [l ( PAHs & 0.25 ~ 100
ng/L, Cu( 1)} 0.10~ 100 pg/L) Fl K & & 30 1
(RSD<6.4%) , S51£4:1Y SPE #iLb , #it: SPE JE X
g oK W B R ATRHRE 72 53 5 FE S I ) o AT
fisk, DT 32 5 26 BORHOCR AV B2 RE 7, LA DD R 4446
(273508 2] =HEfU ) Fe,0,/Si0, BEPED KR T
SEELTXE 5 B PAHS (6 R EE SRR 4 R4 JE B
MAEECE 421 = IR BRI 43 2 — P BRI 2 13 1Y
ZALEBERGY , e s AR gk e AT T
JIR-TE LIRS AR E IR BRI AR BT 10
Tl , LA A BRI RN 452 , £ B T HPLC 4385
FUVRH g7 T B i, 1% % LOQ 1R (0.03 ~
1.0 g/L) EMEERTE | MR 5 (92% ~ 100%) . Fk
T = R ARAE R A BOh U R AP ROR %
R E R T L E AT D R AL AR B i A% 1Y
e AT BE R 8 ST = R R B A IO v, 2R
WA AR RS 259 o i2ob B3R T 22 0
TR R R e 21 S 4 1) S I, B DA Ry 2 o) i P
FKALG YRR EZRN R I E YRR )
RE Ak 1) = SRSUNE il 45 N FH B e 28 43 B 1 B A2 B
JrEESE B A BT i B AR iR | R A
PEUFE AR A

J ¥R 5T CTFs 1 Ry SPE [n] it A% B AR 14 Fn
BRPEAR 25 T 151 . CTFs 164 i v 94 K ki 7/ GO
EAMRRH &, Hrb GO BYRE M =R [ Y
-NH, #8808 5 % /3 Hr WAl BAE . A e A 5 A
T ST T PR ik R mkoRn 2, 4- Z R A LR
AR 2 5 36T AN 43 T 90 43 BIAE 0.5~ 500 pg/L
F15.0~500 wg/LinFEN 2 REFHLERLR, B
189 LOD 43510 0. 17 pg/L # 1.7 wg/L, %)k
BT R AKHE itk kR 2, 4- — FOR S LR
ARSI, 25 54 ATl = (AR T =90%) . i T
R KA i R 2 AL A 4, Ren 251 JI1,4-—
I FeCl, - 6H,0 %5 T CTF/Fe,0, ¥k,
X BFRAT SRR 2R A B, A T
U 35 S P T S B A L 2 TR 4 1 i) O
LR BPRERE (1) 22 18T | R A FL B 45 #8) ey L 3R 1w
F(864.53 m’/g). % T CTF/Fe,O, i) MSPE-
HPLC-MS/MS J5 {2 BLE FH T 24 b it 35 7K 52 (9 Az
M T =R AL 5 4 A G W Z TRl 1 F A BLAE T,

5 Bk VEfE I  Oasis HLB SPE #:  C18  #
IALIERAR LY 2 B A BRI i, I LA
W R, B0 R 8 22 R R Tk Y A I, Lin
ENPIN,3,5- = (A4S HFE) =B 2,5-—H 4
FEX AR A SRR T AU e —
MR CTFs, CTFs fLEE I 45 i &/ A H Rk %
I A 1 R B BT AR A 22 R A ik v i
B AE 7 A9 Br 7= Az i B A B AR L K LR R
DSPE 1z [t 51 5 GC-MS/MS BEJH, 8t ~r T X 2R
IGCOR ik o R R L A3 AT O v, X IR B KRR i H
FRAATHI R HEAT R, 5 5 3¢ Bz A R LA R AT
(R PR RN A S 1% W B B . R R T B AT R
Friedel-Crafts J775 G B T —Fl i & CTFs K8
FIIREAL SO, ZF 490 KBk, 4 25 i 2L (1 i fL. CTF
IR IE A1 R AE R IL D BB SiO, BRI, i 4%
T—Fby B 2L E 3 %k H/E SPME
URIZFEMOR K H () B SE RN B A 2 5k B, 4%
T B R PP EUR A pH A O | 28 O
[i) 45 PR 2 ZE LA 3R (g 52 i), 3 1ok 28 1 i RS 3%
B T E . HESL AT R EA 0.1~10 pg/L
(RESLIE) H1 1.0~70 pg/L(FFBLIE) I TELNENE [,
0.05 pg/L(TFFEI) 1 0. 55 wg/L(f5H#E) BRA
HBR ., Wang 45 i i /K #k8 = B 5k 5
1, 4-WR W8 — B RIS 20— R S 1o 45 A, 17 79 s 2
CTFs(SCAU-1,SNW-1) ¥ SCAU-1 £} SPE 1
BR5R), BEHR 5 FRAS AN 4 FhDUIRRAE N BT,
FIIH UPLC-MS/MS #EA7 G0, #7120 77 ik, 9
X 4 FpSEBR KRR (IR K TR IR K ) R AT
ToHT, BE T A T AT, 5 SNW-1 FH L,
JRAE SCAU-1 X it Jie 1) 2 BRUME R AR T, (2 % U B
RINFERERE R

FIFAZELAY SiO, gk Bk A, A4 (1
BT -2 =BREREY , 2R AW L, = RGN
R P S DR S o RS S e S 1 i A, R I SR
NEMEANCKe il 25 (R A BL 4 510 B T AN M 22 3R 1HT 1%
NEEN 225 T PEEK 45, #1745 IT-SPME &8 i
117538 1 5 HPLC ¥4 , AR S AR R R il 3t R
P it 5 2 006 B EF 10 /5 £ 57 T PAHSs FE 2R 4 M
e, TATEFIH 1,3, 5- =R FBM =R AFNE 3
MBI TR N 5 T SR A L2 LR A

FHAWZ LA R A B faE v, i ik 5558
KW SR AFFESR A 7 A EAE, ¥ H 5] A IT-
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SPME ,iffi it 5 HPLC-DAD Bt &% J& T R il 7E 4k
Y53BT 7 2 (R PEVE B 0. 013 ~20. 0 pg/L . LOD
K% 0.004 ~0.010 pwg/L. & EMHEFIL 1110 ~
2763) W] TixZ LKA W& —Fi Al LLXT PAHs
HEAT R B A

AR, KT =R R B Ok 2 | —
SR & Al B f B, 5 BT Ry Re A
DAL T . —IREEMORME U i W R
FIBRL, B2 7E R i Fir AL BRATUSRAS B Tz N, 2
HIOX T =B DL 220 S W I BFFE IR AL TR A0 B
B AKX T UM AL IR B ) 25 P AR R 2
R SZ BN AT E AR,

4 HEONBEVIERMH

COF's 1 Ry—J 24 1 LA LA B 142 322707 B 1) 22
LA WL A, B Yaghi %572 7 2005 4F 3
TRERFAFb 22 [ B R SE il %, COFs ## i C . H,
O N B 5T R4, nT DA B 322 0 Lo B o)
IR IS IR RS RS R | =R WK |
JrRE 2 MR KRS M E K, COFs HAT 45 i
JE RS R E P AT B A L SR T A A5 A T ik
TR )2 0 T B 5 o B R TR AL A
B T HAR R A PERE, COFs L 7E ke &
Ak 34 45 48, Jt HE 2 SPME | SPE J5 1 /8- 2 )12 5%
7, COFs A HUAE 1 2 ZLHUH T M4 BH 40 Fh 25 4 LA
KA ST SRR, e vl AR - F DR/
BK SRS A AR Y AR 40 X T 4T Ok COFs
7£ SPME MSPE st it il 17 1 B2 5 S

TpBD-COF fE Jy — i & UL COF's, i # F| H
1,3,5- = HIEEEER] 8 = (Tp ) MK A (BD) Ky
S K P S iR, 2019 4F, Gao 2515 Sy e s
FEIKFE PR DUV OBUEY A, #2577 TpBD-COF Tk
JZ1) SPME-MS 43 #1 77 % IJ7E AT AE 7 min N 52
PUIRIAK TR AR FH 7K 55 Z2 Rk RE v DO OB A 1Y
R, I Hd HA 3 T8 2B (0. 01~ 10 pg/L)
P MAKAY LOD(0. 92 ng/L) 5 LOQ(3. 1 ng/L) , #&
M, Gao 45" 48 H 1 5 i il Y SPME 3 44 K}
YRSt 7y 6, H LRG0 COFs TR 2 5 B 7% .
1M Ma 2510 ) # ] PDA 1 3% 42 %), ¥ TpBD-
COF 1E M Z PR B AL B R FE ML I X KK
THERBGRZEMRRENE, B ERRE S By 2
FEAE - AR, A AR 4R iU D) 52 B T 2 #
PAHs R 8REL, 78 2T 4k 3¢ 1 )52 ) £ COFs ]

DABRE U 2 R M S — i i 2K AT A o T
5 A A 5 F- Bt . Pang 557 #E T B
T TiO, YK RS K TpBD-COF 4% 5| ik 22 £ 4k
L RET —ME ALY SPME 474 I T PAEs fll
PAHs [WAEHL, 5 S8 FsE 17, % ik kK B
COFs 112 58k 22 22 (A A7 A2 JL A0 ) PRAIE T AE LA
A HA R ZERERE | RIFRBREE S ER
i, Yan 5 DLE LA G5 00 22 VB 4
W FEZEIR T RN 45 COFs 26 BUR 2R, KB T —Fh
[ A AR BEF 4, B AR BUK ™ b i 2 SR I
5 GC-MS/MS #:47 T, &5 RUE /41 A 5
LR S (1~ 1000 ng/L) , /& i R 45 (LOD,
0.07~0.35 ng/L) , SCBL T £ BRI A A R

A, 725 5 T 4 8 COFs 2 — Al & 8 H.
AR T =, BN AEEIR AT, =8
B S (TMC ) 5t 0T LA 3 ) 5 % A g i 1,3, 5-
= (4-BIEFHESL) FE (TAPB) 'Y RN A R SR mk
K COFs, Wang %520 X Bl COFs -0 %
BUg 2, @7 TR il a5 SPME-GC-MS 1) 4 i1 7
2o, IS A AT T A S R R Y S KA Y
PAHs, S Z5 FABIEA T H T 77 00 %5, E =R
il 1) COFs IRJZ Xt Hbr AT R 8 17 R 4f
AR

UEAEK , Zhao AYIGBIZL " ik J T — 28
RIfY) COFs, 34 Ho0 HF SPME 4iitdsk, {54, flufi]
AT —FlE R B2 B ) TpPa-1-COF ( Pa-1, X 7
T W) AE SPME ZEHUR 2, 4 B ZE LT KA Y
LR TN T A i il 5 GC-MS
IR ST 430 7 5, S0 7 P9 B E FR 4 BT 0 1)
ARG, P T COFs 7E SPME 45 455 H A4 )i JH .
UEAN AT T/INHIRFE 2= IR T A 5L T EkIE TPB-DMTP-
COF(TPB: 1,3,5-=(4-2X3&) X ;DMTP; 2,5-—.
AL OR-1,4- B ) 1Y 5l i 3R AE & B, TPB-
DMTP-COF AU H A K4 (14 45 5 8 i H & & ik
1560 m*/g Wy tL R AL, ¥ TPB-DMTP-COF HIfE
SPME £F 4 %< i )22, i i 5 GC-MS/MS K H , £
ST A X R K R 0 3 B TR, BT
COFs 58 Wy Z (8] /)5 A F 0, 12 05 B S B8 T AR
f) LOD(0. 015 ng/L) L K =53k 4 265 A9 & 4R850,

#£ SPME 451 33 v I FH A 8 1 7 125 & I 1)
COFs 1E Jy 6 BUIR J2, A fE J — Fp KB 243K,
Yamini {FA52H 77 245 L = S ST R R SR
Ry A S T A AR R A T 2,4,6-— (4-H
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BRI AL ) -1,3,5- 208, 2 Ja XLV HON ik 5 i
HEER N AR T —FE B M = AL
WK, RIS B2 0 m-r SR T,
% COFs 1£°4 SPME &0 J2 i S8 7 % K v
JURVEI B A RCE I, B AMib AT 22 300 o B 4%
GO il #& T —Fha KBk AR E A #Y COFs AR
Tian %" W ¥E SPME 1 5] A T — Fh nb w45 ¥4 1)
TFPA-TAPP-COF ( TFPA . = ( 4-H [ 5& 2 5L ) iz,
TAPP . JU (4-Z JE 258 ) nhibk) I )2, JF il it 2 2 A
YRR AN LA R AN 2L R0, Hil 25 T —Flosh
BRI AL BT 4, it 5 GC-MS BE #5740 b 7
2 SEPUG K AR PAHS A9 20 87 RGN (26 1 LA
0.1~50 wg/L, LOD 2} 0.006~0. 024 wg/L) ,iiE 5k
Ti% COFs HA RAFIZERUERE

Ji R AR AR LA R R R T
COFs 44k iy bk ol inl ) 4 , 27 YR 56 T AN T 3 S
PI2,3,5,6-TUdR-4-nkiE — W B 2,3,6,7,10,11-75
FILAIAE M IERE, 7E 30 min A AL T RN
28 COFs( TH-COFs) . | H] 4wk i %k Bh & B TH-
COFs H A W R JE 5L A #8 & b 2w AL (1254
m’/g) . 4 TH-COFs H T EAHMAERIRZ 5 , 40
AL T AR 1S T KFER 8 Fh &L &Y
TH-COFs-SPME-UPLC-MS/MS #ill J7 # , LODs <
0.004 5 ng/L , BXFZ K1), %/ NH WA JE T
— PRI REIL COFs MIAE MR 2 , 15 Bl T - 9% Al
YER, S8 T L 5 b 2 S A R AF AR
VL b TAEUER] T iAo agfk COFs #48FaT LA
PER RTREE B FR BT P 1 A BUE BE, 3X X COF's
# SPME <S03 11 & Ji HAT ARG 1o Ji

COFs & & HAbM BHE JE— 25 MUGE A B 22 M #E
HUPERER —FP AT 2 A R0 F- B, Bl 40, Tian 26
il %% () TpBD-COFs/GO & & #1 %}, 2 BUHE 1143 57
J& TpBD-COFs Fl GO HLA~# R A BURE 119 2. 2 %
4.7 f%, B, — o B G 2 AR 4 88 A Ak
(g-C,N,)-TpBD-COFs )5 £ 4 B} il 1 15 I -5 1
PHAUEAEARNE WL L, N H TR 8
PAHs () SPME 55 # ' | g-C,N, A% & H A 34
ML 450 A F T X5 T Ak &9 (40 PAHS ) #E47
ZEIR BRI AZ R TS B PG L 3% TR DA S 45 5 AT 3R
RRE , R RBR ] T & By 2 B RE . 1 41 ] TpBD-
COFs X HHEAT Mo, AT RAFE /0 ik i Sl o5, 42 4
MR A IR St KR & T LR AL, (]
AFFSE A, X 2 I RCIR 254 HA Y g-C,N, 54

B COF's HLA () it i b A G A 2 th B

COFs W% % V£ MSPE A48} T i Aij &b B
i, Wang 21" S5 78 7k M Fe,0, F AL — )2
COFs, P i i ifi S i AL & B BEXT COFs i 47
heefk, Hl % T —FhifE IHIR ) Fe,0, @ COF-S-SH
REMME AL, % R BOR B X TEHLR (THg) | FH 30K
(MeHg) #1 2 JE5K (EtHE ) 73 R B T &3k 571,
559 5 564 mg/g M K 4f W B 68 7, 38 1 H# 1
MSPE-HPLC- H I8 & 55 B 11K T3 (ICP-MS) 43
B s gl 17 X SR A 2k, 78 MSPE €,
TR A AR TR B 4% S 306 22 2001 43 B 1 |49 A 3R A%
B, HA RPN v 71, Ha %0l i 7E Fe, O,
Fe A WA FRFER) COFs , AMUAE BT T COFs A5
A5 eI T HK A - SEHEVE R, 2R G FLBR BE
% 5 BRI T F0 4 4 fale, T LB R B T T
DL 5 55 B 1 28 3/, 15 Bl [F) 20 26 -1
AW RF B S W, B M S B T X PAHSs | DU DL
B =R YR A AR B, Lin % ) REBRAR
FIFH R e 2 K38 1 R 8T B 2 A, K 9 Ak COF's 1
HFEBORIZGIA . T RIEA ST ZE B R
B KA R T A . BT A Y MSPE-GC-MS 43 #r
I BA AR A LOD (0.0045~0.018 ng/L) 5 K
BTG (0. 01 ~ 500 ng/L) , A 5230 %) 8 9 &
EALNSNT IR &

Fr itz 41, COFs 8% 11 2k 7E i AR R T AF 2 —
TR 5 1) A% B 10 FH T AR PR B it v ) D 5 X 13
AN XIS R T COFs 78 A [a) A Al 4b 3t
WA LN, 25 L, X i 58 TAEXT COFs 7E
SPME MSPE %5#%: iy ij b #4008 (¥ o B E T R
T A, I X LA i A it — 25 & R HLA R i
EH .

5 HFETREW

MIPs (1l # J7ik EEAFER KR AL DIER
A IR AT BRI RN REL 28
WIREARE D SRS TR RS
IRe 5L )y 2 B AMY . X EEphA B RRE S MIPs
REAS R S P Y1 R E % 1 W BF E Bs 2 BT 0, 3k A fi
ARSI G EEAEH . A% MIPs %
UMD EHERFE R 2 i MSPE \PTSPE SPME 454513,
FR R AT T 25 A |

A% F- B B AR A 7E SPE 5 T 5 A5 1 5 b 7
X FF TS Y R o BT — o — A B Pk
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AR ok i TR R, Lia 25000 R AR S Pk
Difg il o S A AL wl S T — R TFE
MIPs it 4% , 454 HPLC-DAD #5773k | @57 43 Bt
J7 1 T B AR ARSI A S5E 7KRE (T8I K, T 7K ) 253K
AR LA B, AT DA AR AT UG Y T8 (83, 98% ~
118.88%) . H RANIE N dEtEAS A 2, TE 3R 85 K
FE O LA T 5 RO, X TR R e IR
S HEAEEE Y, Yao &R E BRI, 18
TV IS -BE AR | K B3I 3R 5 ) o] 5 T i P2 2R
H Rk BB S f P 22 18, 15 3] MIPs R JZhiFEE
X T FREE KA b i BH S SR BT R S Ui g
JIFL R B W BEE6E T A% A BORT HPLC 45
A KRR 8.2 ng/L, & PETE A 100 ~ 10 000
ng/ L. 27515 XF T 7KRE AR it A4k 24 1) A L 45 4
o R

Tian 27 DL 178-M AR > F, L2 B
JHe R Dy R AR FE R SE DI BB AL Y Fe, O, 94K BTk 2k
PRZRIE, Hil 55 MIPs 1% )2, #i%2 2 & M EHE S MSPE
AIZEBGR A8 B T HPLC U2 , X PREE /KA Hh () e
178- M — P b A7 v AL A3 AT, 3RAR T4 N E R
LOD(0.008 pg/L), ZEHEUMEAE 10 RiKZ )5,
W BFE 28 S5 AT5 1T 2k 31 JF A Y 94. 8%, Deng 4511 4%
AR SrTEN I 2 AR L 4 i A s R e T —
il MIPs ,jifi i MSPE 1 HPLC-UV, #3571 41 % 3%
7K HTF K R AR T T K T R OR W R R 255 Y
(BB ZHR —H R PR —H R g SRR —H
M2 — T Hg) Wb i

Abu-Alsoud 457K BB B AE 2R R 3-( =
FHARERRE L ) RN IR IR N BR AT AR )5 B IR B
W BN AR B R b AR A e SR 3 R
RES BB TEIICTIHATIERE, Hl 415 2
MIPs 5, 38 iof J5E [ AH A< B2 -G AR (00 2 A s i
N T3S I v K B 2R R | e S
My R A R I A B ) B e T

Xl T4 48 SPE £ K , PTSPE H A7 % & fij {i |
PRAETT A FERRE NE AAF SRS, B R RS
¥ AVEN SPE 2, 75 2L 1M AE b 2 W B 75 A AL
VA7) BT 7 B e SRR S AT AR B X R R A R
i, 85 PTSPE AR | AU A5 2 /0 A A i R FRLRD
AT BRSBTS IR | A M 2 BRI AR R T
R 1 B R AT {5, Hashemi %51
DL B2 AR oy, LN IR D RE gk, 2 —
it FF TR A TR T R A IR, SR AR AR 23R 5 T vk il

2T HILLLM MIPs, >R FH— Uk — 78 2 ] [0 16 7%
WFSE T REWRAE, R T, UV X KR
wn Y B 2T 34T 1 4047, LOD 2R 0.5 pg/L, [k
A 84. 0% ~98. 0%, K FHAH R il 28 7k, A4t
il T o5 —Fh MIPs , ME7K A2 BRZ il G 45 FL 42
fisk BPH B RS TR LT 181 IR
¥ MIPs 5AEENE R A9 (NIPs) #5417 T 2 BUp:Ag Xt
L, A5 53R W] MIPs HA7 5 4 0 W B 25 o R e 8 1k
It PTSPE-HPLC Bk A, #5740 Hr ik, AR
) LOD(0. 083~0. 17 pg/L) % Ik ML (0.5~
250. 0 wg/L) FI4 A = A AR [l 3R (76. 1% ~
97.3%) . [Al4F,Hashemi %" ¥ ZnO 94Kk 151
AZIR Sy &b, 15 5] MIPs/ZnO & & # £,
ZnO ZKRL A Bl T 5 8 2 WO A9 82 M Fn it
V£, FLA BT bR 2 AR a2 17 i T A B
PERE, it PTSPE 254 UV, &7 1 FISR (93, 1%
~99.1%) RAF A i, i K et Ty
SYMEREIN, URAF IR R R TR T B AR AR
AT — R K s 5 B AR AT i A
HOGR), BB R AR U

&5 MIPs il £ J5 % AT, Teixeira 452
SRR (1-20 F o - = PP 3 D g = FY 3K T 0
Bt ) 5 g — b Y MIPs , i 7K A F ] 24 1 25 1k DL
FRIAT T AR, HEEZFNIUERL T HPLC
AT A3 B R I, i 5 e v L R 25 ~ 750 ng/mlL,
Cao U 3 RilfdiFH 2, 4- SRR LR 4- 207
M E AR AT A D) R SR 48 T 40T BRI A L, T8
1R G MIP Fls % 5 R 40, 76 150 C &M Fittr
Ik il & T AU B, 7E HPLC W & §ir, A H
PTSPE #8475 42, 7T LIS 21 K44 2% 430 A [l iR
3914 0.002 mg/L Fl 114. 2% ~ 122. 1% , 3 i 2 1y
FHFLBRAKFET 2, 4- SR LR 0 4 A 4G
LAk B2 TLs 762K U Y AN 4k, 3 3 ik 4%
AR T RE s, vl LLiE— 20 238 MIPs i s
TR LAY R 2 A RLEL, N 155k - HERLRN
FHEAEF (AR e e BR B K RE b o B AR A B
WU AW RFHPERE . B 38 AT IR R s AL, el
3T B0 R o 550 PR i

Iy TENIE A RIE SPME Hr i) 12 %], Wang
A0 — R DL MIPs Ky 21 435 )2 10 21 4 14 5)
I, T LV T A e 4R = R e R . S
—EFYEAH L, 21 2 R 50 HL A T R I R 25, T R
PEE AT I R FERG . Z8ad HPLC 43#F
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A5 2 04 LIy A 2 35 2R R g %) Kz R B A 0. 003
pwg/L, PAEs £ i FR & 0.016 pg/L, [ U R K
80. 8% ~114. 1%, W2 = RERVE A — A HILEEBHIA
I, 2 — B AR fd B A F 0y 875 4y 4, Jian
USRI A BRI S AR £ MIPs, $Em T ARE
() LR TR SRR RN A BUSOR 1 B SOME (- 2k
Y6 BE RN ( GC-FPD ) £ 57 T 4% H koK [ 7K Al
WK IR B R — 2R R 5 Y0 BTk AR R
SR R PR NG MR B, 43512 0,000 1 ng/mL Al
0.000 7~ 124 ng/mL, Fang % " 7 £ 404 N AL
il e T #EPE MIPs B AR AL HUH: , By T 43 ED 3 ARG
PR (0 PR RIFE T, S T X437 A 20 M 4 ) a3
FERCE I, R LB T 24 0f A0, ol DL B
SYFTKEET ) SR S, T EE 7 1) IT-SPME B H &
LIRS BT KRB ER (TR ZK A 52
#7 ,LOD 4 0. 003 2~0. 004 9 mg/L,

MIPs J&— 00 5 i R pE BRI AE UM L, B AR
ST R AT AR S P b A B B A 4, ZEAE i Ak B
AT ZNH, B MIPs K H W R
W SR 23 4 SR AL R AR AT R

6 ERABIIERME

MOF's J2& 1 42 J& &5 T 547 HL 2 14 e i 13 4 3
ST R LA B — 28 - TE LAk 2 FL
RpPRL, XEAEA A B R LR R A £
(LA S, T8 LA LI R AL AR R AT R 254
S (EHEE S Bl )Tz B A A SRR AR )
B 00 L 3 2 1% 2o G 2 2 1R A 4, T AF Ok,
MOFs #l 51 AKE i A Ab BRATUBR, | I % 7 25 ol bt
BEH,

UT4E3K , MOFs 15 SPE 4548 () BIF 57 45 2 85 Kk
JE R R AE R W I 1T, Ma 261 T 2020 4F
PADYGERT 8 R M AR, Zn ( 1) b 4 )8 B
T, & T — R R AL Z FLEAE S SPE WK F
pr/ P NI OF e i BIROR 8 U DA D oy e
BErs IR 2 I A S W RE T, OF BB R AR
PEFIHE S ME, 454 GC-MS #: i, € <7 4 ¢ 1Y 7 B
D7 R BB KRR 4 5o ot i 1 1) 4G ( e
% fif i 419.8 mg/g, LOD K 2.6 ng/L),
Boontongto %51l MOFs MGk 45 &4 17—
Pt MIL-53 ( AL)-NH, , Jf-4 Hy T —Ff fi 2l 19
TR U4 B 430 MSPE 75 1%, MK RS HR 2R BT 36 [ 3R
PRFRAR el i 10 Fp iy 25, Bl J5 38 i3 HPLC-DAD

R, I & BT IR RS AE 10 s PIPGE & 4E H A
ST, HRR &, R ML (RSD< 12%), L
GO0 3 I R PR I R Ik — 20 A BT — i Y
MOF-1210( Zr/Cu) B4 I REE A Kb 7, T 2%
P i T [ FH A B, MOF-1210 ( Ze/Cu) 5 4 H
Tl =2 [F1) ) SRR R A67 A FH 2 S B2 ) AR O3
S ALY R G D TR - = W PV OEE S
(EEMEECH 91 ~ 122 £, ZEJEHIH 0.1 ~300.0
ng/mL) , 853 - S it i 2 R A A R
K, Wang 267 f 5 R S T B R Ak Zn/ Co-
MOF-5 ill15-# 1 Z L, 1E > MSPE W} 71 v FH F
4 Fha I ERBRW A0, 5 HPLC-MS BXH , &7 1
e Ry 4 A 7 ik, 43 219 LOD ik & 0. 000 6
ng/mL, F DI KT,

ZIF-8 /F g —Ff & W Ay MOFs #1L, E 472
Jof T W B o3 A, Ry 1 AR R A AR TE T
W oy F 951 A B ZIF-8 B e g5 fy p ™ il & T
NH,-ZIF-8 , 43 F| Tl 5 2 1 % 57 , £ &5 % H An 3 At
YIRZEBGRE BETE, E RS T, i1t SPE 454
HPLC-UV A0 | X #1358 5 7K 1+ e v (1) 2-5 B2 0T
DR | 2- %57 A Ak A T 2- 5 - 6- il 35 24 - g s
77 0 He 4Rk SPE A1 )72 ,MOFs
TR BRI F L Lk SPE A, 25 i 7
JE, S EEE R S | 52 m AR FR E MEFn AS PR BE
G VER—FPf R AR B RE B R AT sk P 4
It G, GA & —Fh A 05| J Ak 3D /2% 42
HET RAYF AL, Zhou 251 DL GA 1E M2k
T, R AK A B2 il 4 T MIL-101 ( Cr) @ GA 1R
i SPE FEFEHUM L, I F T8 42 PR 5Kk 5
AT % 245 (NSAIDs ) , 4R 15 T KA1 AU,
¥ R A 0.006 ~ 0. 012 ng/mL, AH % A7 1 2% 4
0.6%~8. 4%, Jiang %" H 54 MIL-101 ( Cr) Al
FCRME B A B = R F R4 AR SR AR
R AL IR W R AA B, 58 SRBEAAE i %5 D Re Ak
AR )RR AR S /A R T H B A —E 1R B fE
FIFIVF W A5, 50 SR B L S5 10 2 KM iX
A5 AL R v LU F oK RE R I Bl 8 U il B
SPE Il LC-MS, 5 i, 1 /K Ff s et = W b 71 A K
WK HBR 4 0. 014 ~0. 045 ng/mL,

Zr-MOFs [HLAIRS E 1 Ak 27 A PEAIG, BRI
TENFEKE W R, 38 856 A& K,
MOFs (W M e FK AR e PRR i — 20t i, X8
SLAMBHTE &I T T, Lu %Ok K
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Mgk ILs VR4 %1457 1 D RE AL Zr-MOFs, 2K J5 H %%
B R AR T RERIXT s (W HE T TE
M, AT AR X KR B e S B AR R AR U R HL
ILs@ Zr-MOFs /K h H45 RAF i e vk, E 6
MR T K L AR il S BAE A, G O
DSPE Xf B85 K HE i e 2 e A= 3R R BN R A iy A6
HRCE B TR 270~300, R T 154 AEHUR ]
M ATTAE AT AR ARl TR & T — Rl B etk 2
AR, IEHT MSPE, Ll PDA JifigfLiY Fe,0,
R A H e T 48 5 8 2 46 1 45 20 1 H A 1)
Fe,0,@ Zr-MOFs , # ¥ 3£ D) ig {1 ILs (IL-COOH )
51 Fe,0,@ Zr-MOFs [{fLIE 42/ 7 e84k
FIAEIRLR, BT ARAT T8 B R M A0 oK 525 M K
(IL-COOH/Fe,0, @ Zr-MOFs ), H: #1 IL-COOH/
Fe,0,@ UiO-67-bpydc 8 4K 0 7K A Hh i) J60 0 47
FR2E P A 2, B 42 R R AG S B 3 591 A 450 ~ 500
wg/LF10.01~0.02 wg/L, Niu 2 % H JE A7 A4
Kl 85 7 —Fl 1M1 4% A (ATP) 2P i) w6 Pk
MOF & &#1 ¥ ATP@ Fe,0,@ MIL-100( Fe) ,
MSPE AR F1 HPLC, [A] iy I % 1 FR455 /KA v 7 A
75 B BEIR A H 7], LOD Ak 3 BBl 43k 0. 75 ~
1.5 wg/L 12.5~500 wg/L,

MOFs #EH B KRR S T BN E KR B 53
U, i T 6 MOFs B i)™ 12 b i FH 4% & iy Ak 2
H1,Tan 2508 DSPE MR A MAE IS &, PR T
— Pl AL R £ 28 DSPE $2AR o A AT PR A HLIA 75—
AN 7 23 H] -NH, HIRE1LHY MIL-101 ( Cr) fLiH
SR e AT AR 4 B 0 AR SRR B, A B
UPLC-MS Z3 A e H 7K A4 Hr 5 i SR S8 B 1R o e 74
it 19 BRI A PR (2. 66 ~19.7 ng/L) . A
K, ATLARETE A BIoR AR A Sl AL B AR
RIEFRALE P

HK ,MOFs 7 PTSPE J i th A7 5 1 19 & &
2018 4F, Zr-MOF-NH, # il £ I AF A W B 5], X 7K A
TR ST 5 4, SE @ i HPLC #4743k
M%7 ¥ LOD R £ 0. 04 pg/LM*) ) BRI AEHL
PERE AT BE 2 K o - NH, F1-OH 22 [a] Y &5 1 1 .
Kahkha 25 fiff F U 487 4 Bh & s il 45 T Co-
MOF , 112 W B 71 3 70 1 B WA S A i A Ay 2 U hé
#, FH HPLC A 205 Hr ik K iR 3 A, LOQ 1%
£ 0.07 pg/L, &EIEE R 0.3 ~300.0 wg/LM
IR F T K A MLYRE (FLAE A s B T
W] B JEAE BRIELD 18) 1 &, X T 5 i & 24 11

K AES , LOD i 0.09 ~0.38 wg/LM . 2019 4F,
AT R A oty By e AR i R i 4 T L 3R TH AR
ik 2324 m*/g #J Ta-MOF , ¥ H: )% Fi T PTSPE,
FIH HPLC 5 3] 7 4 A 25 0 A8 DU v (2.3 ~
3000.0 wg/L) ™ Amini 251 SR FH i 47 22 3
il % PAN/MIL-53 ( Fe ) 94 K 2F 4 Jf % H 1 T
PTSPE, %54 HPLC Kl Jy k% B 7K Hh i I 1 28—
R K25 W A7 40, I As [l 92..0% ~
100. 0% , 3 HAL A 5 2 min B AT 5 6 R 5 4 B Ab
BRKE T8 5L TR TR B (3], NH,-
MIL-68@ COF 1}y PTSPE [ W [l 31 , #% FH T 5 55
JKFE 6 RS 25 M s s 4 . i HPLC 43
Mr, 2% M0 95 & 10.0 ~ 2000.0 wg/L, Nurerk
ZEOR KA ikl 25 T MIL-101, JH TR G
Sk [ AH 2K B, I 38 33 GC-MS/MS X} A [6] 7K A (4
Yy T B K KK T K ) H Y 58 A 2R
HEAT T

ZIF-8 J& —Fh & J8 LU 3 L i) N T3 1
A0k M G B 28 45 44 i MOFs #18}, B H 4 5k
SPME 4&)2, W F T PAHs & —S8[g2 A~ N4 B =
i (KR =W IO W ARRR 2- 2 B C g 5 R
fi 4-( W 3% ) R R-2- L3R R 4-H SR A A
R 2-Z FECUHR) MAEE Y % TAEE ek A
DURLEE 46 T ZIF-8 Fh—1 2, ) FH i 70 Ak 42 o 4%
BORZARKE] 3 pm, S T A3 14 b ) FH 5 Ff
Tkl T MOFs #HUR )z, i B K HIE Y
A AT R E RN AEEUPERERE S I SE BT kIR )2
Suwannakot Z¢' "2 U % T M8 B T MS B
FGE NN 22 253 B PR K AR T Y 2 30 E R 4 A MOFs
% J2 (ZIF-8 Ui0-66 \MIL88-A F1 Tb,(BDC), ) 4%
B SCREE T IZETC TR AR AR BRSO F A€ 5 min
Z NIRRT SRR A R E AT XA I SRR T
B ARSI A T Y A T — bl 4 i L

MOFs Wb #4540 £ 5 240, JF B AT IR 4 =5
BT HARBETE, MOFs 75— 3548 BB W B #4
B A S LB, LR /ANAT R, X i
AR SR AL T R, Hak, Kyt
FEAT DA SRAIE IR 605 22 g W FRE7 05t | AR AR o A A BUAS o
MOFs [Z5mT i, n] DIAR I 75 ZEAE 0 D) Re L AT, £
AR, BRI T bR e T, X sk
Pt i (A5 B A 2 IOl ke e e A AT 53, R
CLRIE ) MOFs L&A 2 F 2 (R B Kk
Jgzs 1],
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PERIEAT T VRS, | 5 B35 3T 4 R B 9T L e A
%) G F1 CNTs W R ISM g8 Kb kL SBERE , — Rt
¥ MIPs .COFs MOFs 45, ixX JLIAC F M i A B
A RE SR ASTE 4230 00 56 FF b FiT AL B G e kR, (H
SR AT DL A SRR K A RIS B R A — B A (i
5%, BARITAE AR Sl A B3RS T AR 4P 1 &
J'& , BT Z2 R R A i FRARE i T A BB A DA KRR
FF T AL, (E R AT SR A AE — L6 17 20 1Y
J5 T, F . AR LR SR AL BN Sk S H AR ()
KA WG A7 A2 5% B RN, BRI TR A A i
FIEAGE AR, B4R i f5 B D BR 2| S Ak 2ok
15, BRI IR IR ER 0, L — PP AR o Hip AL AT
LD RSB TR AE BUE B R KA

X I ) T, PR ATT] S A o A R R 1 L,
AKRIEHES 1) K = R RE i A AL BEAE R, HLAg

e R RS IR R MR AR e
PE;2) FF & SR RE S T A BE AL R, 2 R SRR 4 41
BHE RO IR R GO R R T 5 3) TR A
PR R AT B 9, RE A AR AR L RO N
SERLGT BT W PR B 5 4) R AR LA T A A
A, VLB A Sh AL B 4 MGy 2k 5 5 ) S4BT AT
RGN 2 A SR — A L & ) FE RS 40T )
o A 45Uk EL A B A N 5 6) 5 B R A s AR B
FHF AU B A B, 45 B AR 28 B BL; 7) #EHL
AR T 2 3 25 D o 2 R B TR, D A7 2
e ol JEA ] 45 AR 2 BN 5 8 ) K H At 4503 1Y)
Fn PERERTRE S AKE i A1 A P 453, 523 58 S48 Y
A ;9) A HL-TCHL 2R LA O BHRE IS e . — 35 fE A5
A EL SR AMBI A, —MEARAIRR M7 0], 40K
MRS 24 B 2 BUM BB R — A B R - 5 Il
10) B FE ST AL PR R AR L £ 5 (R R R
B AR A AL R ARAT R T
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