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Abstract: The toxicity and biological effects of heavy metal elements are determined by their chemical forms, so
elemental species analysis constitutes a crucial part of environmental and health monitoring. Organic-inorganic hybrid
systems synergistically integrate the respective advantages of organic and inorganic components. Featuring tunable
structures and functions, high stability, and good selectivity, they have become ideal adsorbents for sample pretreatment
in element speciation analysis. The recent advances in the application of organic-inorganic hybrid materials in solid-phase
extraction and their derived techniques (dispersive solid-phase extraction, magnetic solid-phase extraction, and solid-
phase microextraction) for analyzing elemental species are reviewed in this paper. The future development directions of
organic-inorganic hybrid materials in the field of element speciation are outlined.
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1 mol/L HC1 PBEAR B3 7E R A 1) 5 AR B4, I
il FH 2R DU R 20 R JRUAR R ) SR AL BB ETV-ICP-
MS XMV Y 2 AR B AR EA T R . A
WA pH JH 5 2 8.8 B, AT AR5 AR A% ER I8 50 4l
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FE SR EA T RTAL B B A — 3R
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TCE WAL SAERE TR AR | A7 ST A B AR
A AER A A EEE A, IR0 As(TIT) 7% MR B A Ak 41
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FLHEST B S pST 2 i, IR AR AR i A B A
LT 285 1] A AR 4 3h ),

SPE H£ R 1943 B ARG 5 52 FH A e B AR 0 A
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£ (Cetyltrimethylammonium, CTAB)E & # A 7] ,
MU 2, 4 & fit Bi(Tetraethylorthosilicate, TEOS) Fll
3% N =B A S fE BE (3-Mercaptopropyl-
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ARGk T s e FLEEA B (TFMS),
Bt 5 4 A FLRE AR S B 7K TR I A B — Ik PR
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Ve, BE IS A ICP-MS HE4T 5 & 43 4. T FH i
[ Qnfh g (H,AsO,)] Joik 5 fLEEM R R A=A, Bl
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I As(V). B J5 F) FH AN 7] B4 9 B 98 % As(II) Al
As(V) #4743 UM, 1 554 0.1 mol/L (1) HNO,
PO R %) P, L A U Y e LV P T
PERR, #2561 mol/L ) HNO, F1 0.01 mol/L i
KIO; %Mt As(IID). I P A 6 R & 43 31 1) A 1CP-
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Fig. 1 Schematic diagram of thiol/amino bifunctional mesoporous silica materials: preparation, functional group structures

and SPE separation of inorganic arsenic species
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(CFMS) (& 2). 7E pH )4 5.0 B, AR 10 72 3
(-COOH) & = H By 671 Fi, 1 388 3 i P A B4
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AR A e HE S T AR B ARV W P, T SEE Cr(TI)

pH 5.0

SPE

2 REDRUNALENSE S8

A Cr(VD) 947 8. J5 228 1.5 mol/L ) HNO, fE
VR, SEEE Cr(1ID) YRR, JFil 4d ICP-MS U
JE SN B it DA SR Y Cr(TID) &5 5, A1) FH 2208
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EQINYIZG T

T @ AE R B B AR A BRE L MPTMS Sy R,
BT — R s I 0 2 T AR SR A i S b
(POSS-SH) #4#}, FIFHH R 1 F & i i XT R B
R 58 57 R T, SEBOGE 7K I P G ALK (Hg™ ) Al 3
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(1Y 2 mol/L R RIS WAE M Be B, 1 HI AR IR A1 1)
SR 2% A VR DL SRR 5w 4/, SE3N R APk
. S5 4 R0 TS (AFS )il i v I 7 A Ak
J b 7 A 2 4 S0 A e AGIN Hg™ 8 e RN R R
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Fig. 2 Schematic of preparation of carboxyl-functionalized mesoporous silica, functional group structures, and separation

of inorganic chromium species
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Cr(IID), YW S 454 ICP-MS H#ATR . SR & %
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Fig.3 (a) Schematic diagrams of synthesis process of MDIIP, (b) speciation analysis procedure of Cr(VI) and Cr(III) by
DIIP-MSPE-ICP-MS™"
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(B-aminoethyl)-y-aminopropyltriethoxysilane,
AEAPTES] A RTIRIAG L T —Fh & T se b i A
PL-TCHLZ AL B R FE (ABRAPTES i I e Ak e Ay )
FF PR TCHLEIE S ER 8 5 5 5. A0k
FH AR H R AR AT 5 PR S AL A I . AR
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As(II1) B i A B AL XS KMnO, 1A IF 8481k
R As(V), 4k 55 ARAE E AR WA R R,
i 3 PR, ] 0.1 mol/L Y HNO, KUK
FE1LATAE 2 F 9 As(V) A1 As(IID)(SE Fr iy As(IID)
FALIE =), VR 51 A ICP-MS 52 i 2 22
FEREZ B S BR TR K . A SR K PRk
As IE 43 Hr. R b §lAE T —Fh ST 24>
SPE FITRES i 158 85 2B O im0 i, B TESE
Cr(I1T) F1 Cr(VI) By Sl it 5385 (& 4). Horr, 202500
REA R H & L T e AL B 4048 AT, 2 i
it AEAPTES 5 TEOS ¥ I —5E i R A S ML A A,
FPRe HAE LT IR HeRE S B (PDMS) it A 1, H
FIEFAER I Cr(VI), i Cr(III) WA B A
Tt JFEELL 0.1 mol/L Y HNO, PeBE SEHE Cr(VI)
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FHKAA: 36 V57K Cr BIFEAS A,

FA, AR Zhao 2> ) CTAB. TEOS
T MPTMS Ry 5k}, 48 T —Fh e 5 = o0 55 6
P FAZR S, i “—27 Sol-gel il & FiALT)
REALA FL-TICHLZ AR AR AT R8T k. I 7 W i
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(c) Side view
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Magnet

B4 BLORRETLFETEER
(a) PDMS R I IHALE, (b) BHEZMAHR SEM B,
(O BOLHMRIETLENMRE, (d) ATERERRZY
kiU
Fig. 4 Schematic diagram of centrifugal microfluidic
platform

(a) top view of a PDMS chip, (b) SEM of a monolithic

capillary column, (c) side view of centrifugal microfluidic

platform, (d) real model used in this work'"
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TKFRRKH As (B 5347, IFLL CTAB. CES,
TEOS J ik}, it “—#ik” ST —FREEY)
REAL A ML-TC L 22 L B R 4 (TMOS-co-CES 421t
BARHE), 76 pH 4.0 ~ 9.0 By TE 1 Bl Y, JRIHL L B 17
H, AT DA 38 2o 7 F A B FH S SRR 253 1
L, Cr(IIT) 1 Sb(IIT) FERE: M BT, 1A B v 2
WY Cr(VI) F1 Sb(V), SEEL T RIS JCHLES
BERIE AT, IF ELIZAPRE AT L 3E 2o Y R R 5 74
(10% HNO;, v/v) BEl B A543 # 4, T 82 48 F IF X
ARSI AT, 3E— 24512 7 2 52 B v K
K AG KA Cr, Sb A4 78 IR 1,
KA TELL TEOS, MPTMS. AEAPTES Jy Uk}, i@ 1t
— BRI R T S I AL A HL- KL Ak
FEARKE, PTSZEL As(TIT) A As(V) B[R] B, 95K
FHAY 5 VER w1 580 3% (v/v) HNO; e As(V),
P 15% (m/v) SFEBEFIR (MSA) PRI, %0k
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BT AR S AL

FRE

JEHLHHRSE MSA 5 As(IIT) Z [ 2SR AR A4k
YER, BERETE AN IS As(IID) JB 75 09 45 40 T S 30wt
As(IIT) PRI, 27 15 52 B g FH T 7K B FR 7K
H As T 25 10 20 B 0 7 [6] IFaE L TMOS., CES.
AEAPTES A JsUBH# o — 592 A il T —Fh a8 R 3
IR A ML TCHL 2 L AR (A&C-HMC), X
TeALKHEATIE S 30T FEAR S L W 4514 F
FEANRIA pH 2544 43 5% Cr(IIT) F1 Cr(VI) #£47
TEBENE R B, I FH 10% (v/v) HNO, FEATUERR. 2t Sr
T X PIRR TCALEE L A HEA TG 5 2 B SR ik, JF
B HAZPRR T A kK YTk WK Cr fTE A4
*ﬁ[SS, 58].

AR Sun 255 Fi 5 i RN,
MSA. y-F IE DY i H i — HF 40 B e (y-MAPS)
F1 TMOS 1Eh SR BAAR, — ik & i T R EE D fig ik
Tl B AR, 8 3 JE T pH, AT LA S B e i o
Cr(IID), 1A Cr(VI). JG 22 F A 1 mol/L ) 1h R
HEAT VI T S BT TEAILES 1 T B A Mt FF5K

Brpi FITVEAK 7K oK S5 SE bRt it rh 8 Y TE 25
ST

2 RESRE

KX RGLR T HI-THAEM BT R
AT HT SN P, SR T HZE S SPE M
HATAEHAR (40 dSPE, MSPE, SPME F A& AFH AR )
A CHIFE. WS R B, A HL-TCHLAR A LR B
HUE e e B 1 5 TE LS SR R ML AR
P LA AT PRI R IR R RE, i HAE S ek ph
PR JCZEIEZR [ U As(IIT)/As(V). Cr(IT)/Cr(VI),
He™'/CH,Hg %5 | (435 & AR B 3 34

nak 1 BEE T, dE G T U RE L A (Ansi
BEEE RIS LA S, et IR E TR
T 25 0 36 28 1 O A sl ] s 2 B, 928565 40 A5 R S 52
BB, 4k v ICP-MS .|, AFS 457 5 il 5 4G 7
B, SR BT R IEAS M HER AT, LAk, TR
A B4 P [ AR R B R, DR T 5 T 46 3 a5

1 AEATEESHEN-TH RN EBEZERM B RS HTFHE
Table 1 Different organic-inorganic hybrid solid-phase extraction materials and analytical methods for elemental speciation
2 TTEEE W BRF A M %ﬁ/ﬂiﬁ FE E = DN
JLH/(ug/L)
[#6] KT 2 B As(IIl)/As(V)  TFMS ICP-MS 0.2 ~50 K. WK [44-45]
As(IID)/As(V)  MP-AAP ICP-MS 0.1~100 IREEIKAE [46-47]
SAEUEAIAER.  Cr(IID/Cr(VI)  CEMS ICP-MS 0.05 ~ 4 WKLk K [35, 45]
Hg*/CH,Hg" POSS-SH AFS 0.005 2 (Hg™); 7K K [48]
0.01 ~2 (CH;Hg")  fklkibiRE
REFEAHZERL  Sb(IID/Sb(V)  Cy-Fe,0,@SiO0, ICP-MS 0.05 ~ 10 IREEKEE [47, 49]
Cr(Il)/Cr(VI)  MDIIP ICP-MS 0.1~100 R, FREEIK ., [36]
T35 A
BAHMZER  As(Il)/As(V) AEAPTES—HERZefb# {44  ICP-MS 0.005 ~ 10 HMEK, BkAK. 47, 53]
K
Cr(II/Cr(VD)  EMEANE LR E O ICP-MS 0~ 100 TR FHAK [47, 54]
G ARG K
As(IlYAs(V)  FiFEDIREILAHI-THIZ4E  ICP-MS 0.2~50 K. WK [44, 55]
B
Cr(llI/Cr(VI);  TMOS-co-CESZfb#&fkA:  ICP-MS 0.05 ~ 100 7K WKL 15K [55-56]
Sb(IIN)/Sb(V)
As(IlYAs(V)  FiFE/ZHAREAV-TGHL  1CP-MS 0.1~100 w7k, Tk [55, 57]
ZAb A AR
Cr(II/Cr(VI)  A&C-HMC ICP-MS 0.05 ~ 100 YLK, WKL IR [55, 58]
Cr(ll)/Cr(VD)  REDfefb P-4k ICP-MS 0.05 ~ 50 TIAK, WK K [59-60]
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