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R FERRAERNEFRRETESTHHNARRER"

oA o Ag RaR4ES

(1. o EBREEAR RS MR ZS (BBl 5, b ERE e Y I S A S0 =, A, 230026
2. AR EY R E R, AR, 230026; 3. FEBFEHFEAKRFESTRHESTER, 88, 230026)

B OE AOR TR K R I —Fh ek (PR DR AR AL T AR BRECR . AR SCIRARAN 48 1 MU RO A 1
JECHL, X LA 5 4F2k (2008 4F—24) ML AR IR TLAR UL B4 L1 06 3% 20 B AR DA B A5 v i 15 2
BT RBTE SR IR TEPRIEERE il IR T 3R 0 8 R 4 DL ROE 2553 B v 10 B T BIE 58 R AT T VR[]
X 3 AR IR A T A BT A JEE D 18] A7 A R TR B S R St AT 1 38— 4R

SREEIA MhSACHL, FREERENL, JTRT, ETOLRE, AU A SR R T AT

BEE L ABOR B S  TESEATHU BT A M) AR IEEAE ) 0 M, o i B DO o ) IR el R T
R, M H T3 QAR A AFAEBO B SR T HE. ZEREA T A 2 B AR il R TR E I, 7 2L
Zor S AT RS R AL PR AR5 FEHEAT AR AL &R o0 A, IR e o M 0 126 69 R U3 Rt .

T SRR ITEA SR - EGE | AR HOE . 12580 - BOR A 1E A DL
FRVSE PR S KR AR A SRS I . 1Tk 5 A% BUE R ((Cloud point extraction , i X CPE) & 1T 4F
O LA —FICHr 4 A B O B -V AR SRR 0 DA SR T35 P 5 1) et e B O Bl e 3o A 2 5 2
(I W pH RS ) SR AR B A il E FRSRE il PR R T 3R 1 AT AL 2R B, e 23 B A AR
JUER 7 TS 3 T B . 8 2 B ) P 3 5 P 790 ) M 1 A A S B T 5 SR A 0 . 1oh S AR S |
B AR B e L2 1 Watanabe H08 ! ATTIA R S5 50 AR OGS R AR LE , MR A BOET 6 F K
AT BILIR R, B TR AR | 2 T 1 0 68 B85 1) 532 i /N T ELJSCAS A, BE A8 T 47 B 46 IO o vy i A e
Chn: ARy T ITE A ) | TR BE RS 4R AR = 19 ' SR AR MR UK 2 — OB BU IR BE A L 1 7 B AR, B
AT LA R BRI Y HRER) S0, 1%k B 8 T 46 s B AR ORI R S R
in FRTAR BEAN 53 B S BAR .

LR ATV X 5 A I AR SR | S8 T ok M M A <6 i 8 00 R R o A v O L T4 T 2%
R ARRASCE ERIT 5 AR, E N AMRI T CPE 5 2 516 13 55 b B & 45 25 1 R T 1 506 ) 4%
AR B R BRI Al IR T R S IR 2507 T BBt N, ARG AR ) fee T K A R e B
HATIFIR.

1 BAERRRE

P A5 AR TR SR PR I K T P A B R i PR AV I B4 | 2R R T R R K T S B
I F R R R, T MR A B AR ST K, SR A 4 A AN DA RR K o T e k0 AR T L
VAT BV R R 178 43 B, o o R 2 B Ay ok B AR SF %) L B AR Sy ok i YR PRE . X o ) ok B fe
it FPBE KT A T 55 SR K M I P A B T AR ok A AR T

M AU R AR L o pH &2 — A B N R B S KR AR B T, R
) pH 261F T RHIAE B AR 4 8 3 I8 s K M B A4, 155 2 s PE 7] A9 i K SE T 25
AN A E S — R B 2 A MR 2 R % T T AR A T S KM A 5 A e KR v AR R
B TE A YY) pH. BRI BT 10 ZE BUSOR IR R pH — 8 B4 1 78 B 2 BC b 1 v o ik

2012 4£9 H 3 HlitHs.
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BT pH ZAb, BN I AR BOSCR I R R IB A5 T - (1) FE MR 3K M R K .
ok 2 B B R SR TR 0 O AT 50 Y B K P (IR R B K B R I B SRR LR EE ) LA
BB R AICR, — I TEAE BRI MR T CE, 71 C,E, (E R RALIEE) BONIAL. (2) B
HR). AR B  RUR IR PR P A [R] 288 8L PR gt BT, ] ke 2 3 T ) 0 ok L TR 2 R A 5
M H AN B A 7R A 5 R R 590 AP A JCHIL R AR, ] fe o v SR TR, 5 RS /K S R KA 1
R AR AR SRR AT FLAS IR, AT B T Rl 8 AR B, 25 D ok R AR AR aoh 5036 P A
W) o3 W ZEBCEAT R, (3) SAFIELRE . ff AR 8 7 B SR A1 TG 1 500 I, 5 o~ 7 B2, A€ ORI o, 2 TG
PSRRI, 38 A A Ik S LA 15—20 C BIRT. (4) B0 iR BB RN, 2 BCR B
PRI RS 1 0 ik L B O A R | ST B0 i AL T R S BRI Bl e | il A IR
B ARG v i L b T B0 P LUGRE S AR . (5) 2K IR R RS2 . 48 SR E TR S & R B TE
I R ARG, A 4 T T A R R T M ) SRR . R e R K ik A 22 T R K R P D Y
ZRAE AR IR T L ARAT A e R AR IR,

2 BMRENEREERPRETESERESSTNE RN

MR AR R R T AR i e R PONPE-7. 5 45 S SR TEE P, MK s 45T
Zn®* AR M FEBUEE PR A IR TR 40 8 W T B AT ks T iz N L B Rk
5 2RI BRI, G458 I WO 2 | R G A5 B TR T R DL | RS SR R TR
TR AR 2O RS, TR TR S LB SR i
2.1 M AR E- A RO R R

TEMUE FEIS KA R T W IOGTE ( Flame atomic absorption spectrometry , i #% FAAS) B2, AT
a2 TELT 5 A 700 PO R0 R P — A TRRL A 5 0 2 %) P T YR o T V% P ) AT 05 Y. S T 1 4 550 R HE
RS AL 5T AKE FAAS 5 )52 M 7E 2o 25 0 2 — >4 52 iU ) 8 (B2 BT 53l 42 52 O O 1k
R AR G5 AN, 33 B %) R T 10 A LA 3R] B A RE A I/ 55T i RS 4 e S5 ARG [a] i 3
FESRETALRRCR D R 1 5 T CPE-FAAS B FHE A A9 — 2L 157 FH 52431,

R WA T KT IO S 2 19 52 4]
Table 1 Examples showing the application of CPE-FAAS

_ , s G, R 1 VAN ; .
W% o geten O g TR 2% i
(ng-mL™") %
Al TR TritonX- 114 1.43 50 2.7 7K (9]
. [ Q2HMERW M) W] K HEEZE B(12),
Co e TritonX-114 0.21 97 1.2 A% [10]
cr(1n) T BRI R TritonX-100 0.08 98 1.2 TKHE [11]
N N (2-Fh- O WA )-1,2- .
Cu HW(L) TritonX-114 0.06 20 1.8 IKEE [12]
v 1-(2-MEEMHR) 2-Z58) TritonX-100 0.6 79 3.6 IKEE [13]
13 - 4 T -5 e 3.8(Au) 16( Au) 1.4(Au) ..
Au, Pd W PONPE 7.5 1.8 (Pd) 17(kd) 0.6(Pd) R4 [14]
s - 0.29 (Cd ) 48.8 (Cd) 2.18(Cd) o
Cd, Pb MR Joe — B A S T R B opP 210 (Pb) 616 (Pb) 4 O04(Pb ) e [15]
1.6(Cu) 65(Cu) 1.5(Co) "
Cu, Ni, Co FHE-2-NEWE B 5 TritonX-114 ~ 2.1(Co) 58(Ni) 1.3(Ni) gﬁf;;;(WL [16]
LO(N)  67(Co)  1.2(Cu) ’ it
PhC 3.42(Pb)
c 0 1R 5 e IR TritonX-114  1.00( Co) 25 1.7—4.8  JKEERIEG [17]
N 0.67(Cu)
P, Cr( ) Z A TritonX-100 0.32 35 3.4 TKHE [18]
Cr(M),Cr( VI) X[ 2-F33-1- ZEEE ] Bl TritonX-100 0.18 58 2.13 KHE [19]
ritonX - n4+ %‘ W Sk
S st o B TritonX-100 ~ 12.6S 100 )4 &, AT, FROKA (201

and CTAB  §.48p2+ Bk
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2.2 MU AR B R RSO E R HI R

TEA S 7T G ( Graphite furnace atomic absorption spectrometry , i #% GFAAS) 4387+, 45 #L
VA TR R TR P B A7 A PT DAt IR I VR RN 0 52 42 Ml M R, D2 VRO 70 A SR BE B 1 43, AT
PR R T AL FICR . CPE-GFAAS J5 Tk i) R AU B I CPE-FAAS J7 4 i 3 B 4 5 3—4 AN Hiat
G, AR EAMEX T 1 AY 2 EEFFTHRE W3 2.

R2 MRV T A SR R IO 3 1 S A1
Table 2 Examples showing the application of CPE-GFAAS

W% B wan | MUY T e S5k
Al ;@JEM%LKH%EW% TritonX- 114 0.09 37 4.7 NIE, 7k [21]
cd ;ﬁ'ﬁ%}"& RRRA)S-(=EB PONPE7.5  0.008 2 3.5 IR [22]
Mo( VI) [T TritonX-114 0.007 25 3.9 K [23]
Ni 8-F2 Stk TritonX-100  0.012 25 2.9 K [24]
Pb N, NRU(ABERTEH) 2 7 TritonX-114  0.028 70 4 3%, 445, 1K, ke [25]
Se(IV) BBk TritonX- 114 0.09 63.5 <3.6 K, %, IR [26]
v W TritonX-100 0.7 10 4.3 +3% [27]
cr(I), (V) 5 P T 5 b s b TritonX-114  0.021 4 3.5 K [28]
Sh(Il), Sh(V) TR R TritonX-114 0.08 229 1.5 K, I [29]

2.3 R AR B S A B TR LT R SIS IR IR

LRI 5 25 B8 IR 7 & 9161 (Inductively coupled plasma atomic emission spectrometry , faj #K ICP-
AES) HATHG 1 BRACAR K3 B R UARRON /)N, o v It R R P9 T 58 S 22 70 3K ) i il 5 S50 5, © h
R Te R EE AT Bz —. CPE-ICP-AES BRHIEOR T ALY ST A —Jr IO 5 5 —E 1)
BEHOBONL , 55— 5 T WL 43 i WO e R RE i, 23 S B0 ICP B ARG E B 0K L K CPE 5
ICP-AES BRI, B 1R LA U sh 5 A i 07 UE R | 2Rl —SERBR O EREEOR 0. L AR &
PSRV R A5 TEVE NS TR A IR 25. 32 3 1M 1 T AR R b a5 AR ORI, SRR B 25 B
TR T TR A — 28 BLA S

R3O WA IOV T B G A5 IR A S R g S
Table 3 Examples showing the application of CPE-ICP-AES

B ‘ _— il . g x 2
Wik AT T L A T R
(ng-mL™") % SCifk
— A CPC and
Be 1,8- I Triton X-114 0.001 24.8 2.88 7K [30]

[1-(2-28FFHE)3-(2-
Hg( 1) e Triton X-114 1.03 25 2.5 K [31]

0.055

(As), 10(As) , "
s Triton 0.063(Bi), 18(Bi), - s
As,Cd, Pb,Bi 2R 114 0.047(Cd) 12(cd). fﬁ;ﬂ&@); [32]
0.28(Ph) 14(Pb) » X
1,8- 834, 5- 1% 0.5(Au), 8.6(Au) 4.9(Au) N
Au,Pd Wit Triton X-114 0.3(Pd) 20.2(pd) 3.8(Pd) A [33]
4. 4.
Cd,Co, Cr,Cu 1-(2-MBERR) 258 2?<((C:?)) 193((53)) 1.5(Mn)—
T O 2-(5-R2-MEBE A Triton X-114 ’ o 13 EESHE [34]
Mn,Ni, Pb,Zn )5 A0 ) K 0.3(Mn),5.6(Ni), 11(Ph)
FIT AR A 40(Pb) ,2.0(Zn)
G G Cu. 2-(STLOMIEEE)-S- 0.4(Cd),1.8(Cr),  19(Cd), 28(Cr),  1.9(Cd),3.2(Cr),

Triton X-114 1.2(Cu),1.6(Pb),  32(Cu), 30(Pb), 4.5(Cu),3.7(Pb), 7k [35]

Pb, Zn (ZERE) %8 2.8 (7n) 16(Zn) 3.5(7n)




6 IV S5 . S AR B AR AR TR SRS IR s T R e v B o B 9 3 e 1019
23
i AL w 5%
WerE  EAH e I L e Y
(ng'mL~") % ik
0.030(Cd), 20.0(Cd) 3.7 (Cd),
ad, Ph, —_— _ 2.1(Ph), 20.4(Pb), 5.7 (Pb), .
Cu. Ni Z LR R Triton X-114 0.62(Ca) 19.5 (Cu) 6.6 (Cu). [TV [36]
0.27(Ni) 20.6(Ni) 3.1 (Ni)
1.3(Cu),
Cu,7n, 4-(2-MEWE A 1.2(Cu),1.1(Zn) 9.36(Cd) 1.7(7n),
Cd,Ni —W Triton X114 0¢cd).6.3(N) 10.1(Zn) 1.9(¢d), x [37]
2.6(Ni)
2.4 PSR- ARG A S S TR B HE AR

BRI 5 45 38 T B3 ( Inductively coupled plasma mass spectrometry, fij FR ICP-MS ) HAT K5 H FRAIK
KGR T B ol 2 2 0 B 9 % 22 5T 2R (] I I AP A, Ok BB MR B T R Y o
FBZ —. SRR ESME CPE-ICP-MS B Jy I 1) 3= ZEHF 53 4 i I 3% 4.

Fd HOTAETUN T A A A B TR T 1 S 4
Table 4 Examples showing the application of CPE-ICP-MS
R o e IR/ e N N s
e TE BAR FIEE R (ngrmL-1) EEME K % RERFN S5 30Tk
ng-m
Au — Triton X-114  0.0011 7.5 2.9 7K [38]
CTAB and o - R
Pt Trion X.100 10 PE°E 13 2.0—3.5 /3 [39]
Pt 2-Hi BRI e Triton X-100 0.4 pg+kg ™' — — o [40]
TICI) ZLEMH LR Triton X-114  0.02 pg-mL ™! 125 1-3 K [41]
Mn, Fe, Ni, Co,
Cu, Zn, Ga, 8- L Triton X-114 40 to few ng-g ™" 120—150 — R [42]
Cd, Pb
#E K. 0. 01 (Pt), 0. 01
et (Pd), 100( Pt)
Pt, Pd, Au gﬁ’mﬁ**k’ﬁ%w FH ion X114 0. 15(Au) pgrg~"; 104(Pd) 0.1-3.0 K, Bk [43]
4.3, 1(Pt) 4.4(Pd), 105( Au)
44(Au) pgrg™!
Se(IV) e e ) 0.05Se( V) 3.58 (V)
sh(1l) T LA B R Triton X-114 0.038b( 1) 50 42501 7K [44]
Ag 4Rk ) 0.4 ug-kg ' (AgNPs) ; .
- Triton X-114 ’ - - i 45
TF(AgNPs) ; Ag* riton 0.2 pe-ke = (4 Ag) LR, K [45]
62
(0.25% Trition
7n0 NPs — Triton X-114  0.05 X-114); K [46]
20
(0.05% Trition
X-114)
AgNPs - Triton X-114  0.006 100 - K [47]

2.5 MR RO GRE O A

JEF 9 NG ( Atomic fluorescence spectrometry , fij FR AFS ) &&—Fh 5T & 43 ¥) <4 H R T
W MACAR SR R RI R J 50K BT A S R T 2 i AT 7 A YR BT 3R 0T 7 ik B R REUE &
Ao BRARG G2 a7 B RV AT AR A AR TR B AR I B T AR

SCHR[ 48 ] 2R FXURR M A 4645 78] , Triton X-114 S B85~ S P57, E 1 KRR Y He, B S AHECH
29, 77 HIAE I BR A 0. 005 ng-mL ™", SCHR[ 49 | R FIXUARL IR 2% 77, Triton X- 114 S8 5~ SR I 7]
D5E T FRARFIKEET Y Cd, & R AECR 152, 770k i BR 7 0.01 ng-mL ™.
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3 HMAEREAREINMNEFLZBEREEEN DR
3.1 FELMUS AR AR

FELERAE/ 43 B A I FH B AR ELA s s 8 by e Bty il i B TS B Bl Ak R e
B DS AHERAE , AT HE R T ik 0 SRR R R S E . PRI, AR S A B R (A T A5 5 T
AR R F B 5T SE ) L2 S.

RS TELM R A A S5
Table 5 Examples showing the application of on on-line CPE
fti kKRR,

METE A RHEEHER » AR oallyidis HEAA B% 3k
(ngemL~") %o
Cu NAHRENGER  Triton X-114 1.00 45 1.9 FAAS K, kk [50]
Ph - PONPE- 7.5 0.09 150 6.0 ICP-OES il [51]
Cd2*, Co?*, . 0.1(Cd),0.3(Co), 71(Cd),97(Co),  2.3(Cd) 4.0(Co)
GE = ’ ’ ) ) s ,
Y, Gt fgg}%m* Triton X-114  0.2(Cr),0.4(Cu),  81(Cr),96(Cu), 3.7(Cr),2.2(Cu), ICP-OES s [52]
Fed +Mn2* " 2.2(Fe),0.1(Mn)  42(Fe),60(Mn)  4.6(Fe) 3.0(Mn)
- . 0.33(Te) 141(Fe) 1.9(Fe) ‘ TR K, B
Fe, Cu HILH R Triton X-114 0.57(Ca) 9(Cu) 23(Cu) FAAS ¥ i BT [53]
0.0707V(V), 14.9V(V) 3.5V(V)
, 0.0926Cx( 1), 20.1Cx( 1) 4.20( 1)
V(V), G (1),
B 0.0463Mn( 1), 16.2Mn( 1) 1.5Mn( ) .
ﬁ(ﬂﬂ)) ch0<( &I)) , Triton X-114 0.158Co( 1), 17.5o( 1) 326 1) ICP-OES K [54]
R, 0.212Ni( 1), 18.8Ni( 1) 2.2Ni( 1)
0.0884 Cu( 1) 15.9Cu( 1) 2.5Cu( 1)

3.2 W AEEOE

W A5 AT ( dual-Cloud point extraction , fi FR dCPE ) J& 48 7EAE 5 B4 T & 21 FBE h 3UA T T PR IR L A A
BBC. UL 2 IR A R ot g AR R AR B A A — R b o AR T S AR IR — SR B A5 AR B ]
PAFI HPLC (FIA (CE 4853t {3 a5 1.

B — R S AR UGS R 5 AR G0 ) e S A IR ). RDER 11 6 PR A A B3 A R T R K s v b )
FAFERE /3BT R KB 0T AR s KAk & B g2, SRR TETE IR K TS e R, 355 T 15
Lo XS RE AT AL & BB K P T4 [T A0 o 2 B 2% T PR 0 o A, S5 48 S 2R HOAS [R] A 2
XA LR T SR AT 1 30 Rk i AR B O T 3% 1 7 S A, ) s S A B R 4 A )
RFEIKIE R, St PR O 2 5 RR 53 A 40 o R8I 1R B AR R B, SR I A AT

XU A B A e 0 1 2R UM LU AT R B

(1) 38R0 AL BR T A% G0 5 A2 B 2 TS PR 0 0 T4

(2)$Em TIOrE BB, S — R s AR BUH bR T 26K TP, 28 ko S 2R BUH bR T 8K T
.

(3) 5 EAE IR AR , 24 T S FE Sl A AR T8 ik 1 PR

SCHR[55 R AT dCPE-E 408 HL KR BRI E TORIEZS. 55—20, L PAN 485 50, A v i R 3
K(MeHg) 5K (EtHg) (ARFEK (PhHg) FITCHLK He( 1) B 484, Triton X-114 9 3R T 17,
PEATMUS A, A 5 S R G PEFA 58 250 150 uL B9 L-2F B me in A 2 & 2% mm G E R A, 4 Fhok
W T 25K MR He- LI 2002 5 4 5 B m] 2K AH v, SR 5 SR B 4045 F UK 2R 1 7 R AR AR #aa [R) v
SRITEZSSMHT. 23 dCPE J5 | #EBUAW B4 Triton X-114 Y AR I FUB SR Mk B | 3X & S: CPE 1=
rh R TG P A 6 40 457 RE 19 W BEE DA K e T R R A il 3 B R 40 B S e I BR T, 17 R T
EtHg, MeHg, PhHg Hl Hg( 1) 0B A5 4005100 17 (15 45 1 52.

3.3 U AR A H

5T J 3ok 1 A B (Sequential cloud point extraction ) A&F8 76 AF i (1) T & A5 R P [RIRESAA T T R U 3t 55K
A B — R A A G AR 5 AR G i e s A ORR ). RV 1 1 AR B A R B W K R, B
T SR A AR A BT i KO S ERT LR AAIE s K Ak & 20 e 2K, SR8 5 7E e K s rh e s, 32 E 1T
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B0 XIS — IR AT A B R TSR & AR, AT 4307 5 5 1% 0 oh s A6 R B B s AR R
AN AR 33 B K AR AT T 50 Rk A AR I, A 2% 0 L ) L R A B A AR T 8 5 R S
OGRS PR S AR Y o —FR A R A B i e 7% L ok | SRS SRR A B 5

SCHR[ 56 155 — A AEFE SRR A Triton X-114 FHEIETER], ZFRE WIER (pH =4. 8) J5 @14 26
— YRR I, AR A B K AR B A B T I O P TR TAN AE SR 285 ), Triton X-114 H3EE+
FTE LR, 55 R e S AL TR A5 9 2R 11 375 1 390 8 S AH ] C BEEAR R i , SR FAAS I AF A i 1Y
Ni, 77 B 1 B A5 50h 30 , /I BR A 5 ng-mL ™",

SCHR[ 41155 —25K H SDS Fl Triton X-114 YRR S P RIVE A ZE TGN, TLCI ) -DTPA B 28 HCE &
T FRTEVERIAR , SR J5 R AR Fl B S 1 A2 R R g TLCID ) TS E & RETEERIAR R 2 L2k
e E R 7K R ICP-MS BEA /KA i TLC D) BOIE 5 35 — 20 i g 22 UK 55— 20 B e A P iy
TICD) A L Z G, AT R S AR B 7 R R BR R 0. 02 pg-mL ™", & EAEECH 125, 0K
EH2.3%.

3.4 BT A

Bk 5 A B ( Displacement-Cloud point extraction, f& X D-CPE) AR BLEF| A G754 8 B T4
ARz R AR 5L AR IBENEEE TR GRS EY, Re S %G S a6
T B I S T AT B, i i S, AT A — A BRI R TR T RIS RS R

SCHR[ 57 1R D-CPE $5 K 5 #0555 SR I WSO I, W T HA B 28 SR IR FE it (1438
TR A) TR E Ag. %S — A Cu®* 5 DDTC K WA Cu-DDTC ; 25 — 4, B 85K
UG, MA Ag® 1T Ag™ 5 DDTC A RE I E L Cu®* 5 DDTC BIZ5ARE J158 , BT L& K A B R,
S Ag T SR FSRA B TR R 0.2 me- L' B ARREECR 21.

SCHR[ S8 ] R —2 D-CPE £ R 5 FAAS BXH[RIBS I & T 452 % ) it (GBW07405 ,GBW07311 #i
GBWO07260) EhFE K FH Y Cu Fl Ag. 1% )71 H ] Cu-DDTC Hl Ag-DDTC 52 & P2 e Ni-DDTC &, #F
TTER. Cu F1 Ag IIRTHIFR 43329 0.5 pg-L™"F11.0 pg-L~".

3.5 TR Bk A AR O

T B 2K B ( Microwave assisted extraction , fij#8 MAE ) & 51 F i34 BE 3 25 A BUSCR O£ AR AR AS
[ 20 73 W A0 B ) 1 25 S (A RS 2 A e B A, AT SR 73 5 SE IR B 43 B MAE 59 %
AR SE G AR AL B 7 o —— TR i B ek s AR R (MA-CPE ) |, AT DA — 254 &y J ik i e k. Sk
[59-60 148 1 (6 Al vl LAk e 45 A% B R | B AT A BB g il 8. Sk [ 40 ] SR R LI H R | 3 5 1CP-
MS 5 T FE e S i P

4 FZiRERE

PR AR BB AR TE A ORI B AR PR R it IR B T 3 05 AT AR R O . (1) 225 (2) 25
R, BRI TR S AR BCR AT K 100% 5 (3) ZEHCH BEPR, #AET5 68 5 (4) Fe i PR AT /D, AR
s (5) 5 SHE AT ; (6) Al SEBURA R 2L 0T

(LTt A IR AR Sy — T 24 14 73 88 Bt it iy Ak B 07 v, A S B I 5 T kA R ) AR 2
ARLETRAWITE. B 5, iR 28 A Sl Ak A B AR B i B — 2D i vyl DA o0 88 2, Bt ik bk
SR i S A IBUAR R IR S TS HOR S CPE #:E R H 3k, #128 Ms ZE IBOR TR IR B T 3R 26
B 877 AT ST, EANBEAT (AR B2 | [ AR5 T B BIE S AR XG55 T L TR 22 800 4R 18 e
X R ity R SRR R O B A S R HEA T AT, s R R A g L KR PR LR IR A
FE0 T, 4 J5 AT LA — 20 TF R 52 A SRR PR SE A fi v T 3R A0 3% i S HOR 2570 45 D5 R 58, 7K CPE
AR L

B B S AR ARSI A W A 78 3, HAE PR ERE S IR T R i e Bl il b B R4
(4 I 5



1022 I S (A 24
& % X #
[ 1] Watanabe H, Tanaka H. A nonionic surfactant as new solvent for liquid-liquid- extraction of zinc ( Il ) with 1-(2-pyridylazo)-2-napthol

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[J]. Talanta, 1978, 25(10) :585-589

SR 2R WU CEORTE G B T RN S DL SO A h S TR HE R ()] B -k 00,2006, 42(7)  582-587
WREEDR , B, b s AT OO I A 438 25 R RS [ 0] WL ISR 224 ( | AR ) L2009, 32(4) :364-370
WRAEEE Bk, B/, o s 22 O 46 Ja o 00 5 P g B PR [ 0] R B 2224, 2009, 19(3) :66-69

Paleologos E K, Giokas D L, Karayannis M 1. Micelle-mediated separation and cloud-point extraction[ J]. Trac-Trends in Analytical
Chemistry, 2005, 24(5) :426-436

Bezerra M D, Arruda M A Z, Ferreira S L. C. Cloud point extraction as a procedure of separation and pre-concentration for metal
determination using spectroanalytical techniques: A review[ J]. Applied Spectroscopy Reviews, 2005, 40(4) : 269-299

NE, Wb, i FEHCAR IR 4 i B I PRI ] . =W S LRA I 4, 2004, 21(4) :66-71

Ll SR M. WS AR AR R S Dy T AR )] LI FRBERLE ,2000,19(7) « 319-324, 335

Ulusoy H I, Gurkan R, Aksoy U, et al. Development of a cloud point extraction and preconcentration method for determination of trace
aluminum in mineral waters by FAAS[J]. Microchemical Journal, 2011, 99(1) . 76-81

Baghban N, Shabani A M H, Dadfarnia S, et al. Flame atomic absorption spectrometric determination of trace amounts of cobalt after cloud
point extraction as 2-[ (2-Mercaptophenylimino ) methyl ] phenol Complex[ J]. Journal of The Brazilian Chemical Society, 2009, 20(5) :
832-838

Yildiz Z, Arslan G, Tor A. Preconcentrative separation of chromium ( Il ) species from chromium ( VI) by cloud point extraction and
determination by flame atomic absorption spectrometry[ J]. Microchimica Acta, 2011, 174(3/4) :399-405

Fathi S A M, Yaftian M R. Cloud point extraction and flame atomic absorption spectrometry determination of trace amounts of copper( II )
ions in water samples[ J]. Journal of Colloid and Interface Science, 2009, 334(2) :167-170

Filik H, Yanaz Z, Apak R. Selective determination of total vanadium in water samples by cloud point extraction of its ternary complex [ J].
Analytica Chimica Acta, 2008, 620(1/2) :27-33

Tong S S, Jia Q O, Song N Z, et al. Determination of gold ( Il ) and palladium ( Il ) in mine samples by cloud point extraction
preconcentration coupled with flame atomic absorption spectrometry[ J]. Microchimica Acta, 2011, 172(1) ; 95-102

Han HY, Xu Y Y, Zhang C. Determination of available cadmium and lead in soil by flame atomic absorption spectrometry after cloud point
extraction [ J]. Communications in Soil Science and Plant Analysis, 2011, 42(14) :1739-1751

Ghaedi M, Shokrollahi A, Ahmadi F, et al. Cloud point extraction for the determination of copper, nickel and cobalt ions in environmental
samples by flame atomic absorption spectrometry[ J]. Journal of Hazardous Materials, 2008, 150(3) :533-540

Citak D, Tuzen M. A novel preconcentration procedure using cloud point extraction for determination of lead, cobalt and copper in water
and food samples using flame atomic ahsorption spectrometry [ J]. Food and Chemical Toxicology, 2010, 48(5) :1399-1404

Sun Z M, Liang P. Determination of Cr( Il ) and total chromium in water samples by cloud point extraction and flame atomic absorption
spectrometry[ J]. Microchimica Acta, 2008, 162(1/2) :121-125

Kiran K, Kumar K S, Prasad B, et al. Speciation determination of chromium( Il ) and ( VI) using preconcentration cloud point extraction
with flame atomic absorption spectrometry (FAAS) [J]. Journal of Hazardous Materials, 2008, 150(3) :582-586

Gholivand M B, Babakhanian A, Rafiee E. Determination of Sn( I ) and Sn( IV) after mixed micelle-mediated cloud point extraction
using alpha-polyoxometalate as a complexing agent by flame atomic absorption spectrometry[ J]. Talanta, 2008, 76(3) :503-508

Sang H B, Liang P, Du D. Determination of trace aluminum in biological and water samples by cloud point extraction preconcentration and
graphite furnace atomic absorption spectrometry detection[ J]. Journal of Hazardous Materials, 2008, 154(1/3) . 1127-1132

Aranda P R, Gil R A, Moyano S, et al. Cloud point extraction for ultra-trace Cd determination in microwave-digested biological samples by
ETAAS[J]. Talanta, 2008, 77(2) : 663-666

Filik H, Cengel T, Apak R. Selective cloud point extraction and graphite furnace atomic absorption spectrometric determination of
molybdenum ( VI) ion in seawater samples[ J|. Journal of Hazardous Materials, 2009, 169(1/3) :766-771

Shah S M, Wang H N, Su X G. Determination of trace amounts of nickel ( Il ) by graphite furnace atomic absorption spectrometry coupled
with cloud point extraction[ J]. Chemical Research in Chinese Universities, 2011, 27(3) :366-370

Dadfarnia S, Ashknani H, Shabani A M H. Cloud point extraction combined with graphite furnace atomic absorption spectrometry
(GFAAS) for ultratrace determination of lead in different samples[ J]. Canadian Journal of Analytical Sciences and Spectroscopy, 2009,
54(2).83-92

Ghambarian M, Yamini Y, Saleh A, et al. Taguchi OA(16) orthogonal array design for the optimization of cloud point extraction for
selenium determination in environmental and biological samples by tungsten-modified tube electrothermal atomic absorption spectrometry
[J]. Talanta, 2009, 78(3) :970-976

Zhu X S, Zhu Z, Wu S. Determination of trace vanadium in soil by cloud point extraction and graphite furnace atomic absorption

spectroscopy[ J]. Microchimica Acta, 2008, 161(1/2) ;143-148



6 1

PV A AR A E PR IFAE LR B T3 B v (9 107 5 2 1023

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

Liang P, Sang H B. Speciation of chromium in water samples with cloud point extraction separation and preconcentration and determination
by graphite furnace atomic absorption spectrometry[ J]. Journal of Hazardous Materials, 2008, 154(1/3): 1115-1119

Oliveira Souza ] M, Tarley C R T. Preconcentration and speciation of Sb( Il ) and Sh(V) in water samples and blood serum after cloud
point extraction using chemometric tools for optimization[ J]. Analytical Letters, 2008, 41(13) :2465-2486

Beiraghi A, Babaee S. Separation and preconcentration of ultra trace amounts of beryllium in water samples using mixed micelle-mediated
extraction and determination by inductively coupled plasma-atomic emission spectrometry[ J]. Analytica Chimica Acta, 2008, 607 (2) .
183-190

Rofouei M K, Hosseini S M, Khani H, et al. Highly selective determination of trace quantities of Hg ( Il ) in water samples by
spectrophotometric and inductively coupled plasma-optical emission spectrometry methods after cloud point extraction [ J]. Analytical
Methods, 2012, 4(3) :759-765

Depoi F D, de Oliveira T C, de Moraes D P, et al. Preconcentration and determination of As, Cd, Pb and Bi using different sample
introduction systems, cloud point extraction and inductively coupled plasma optical emission spectrometry[ J]. Analytical Methods, 2012,
4(1): 89-95

Tavakoli L, Yamini Y, Ebrahimzadeh H, et al. Development of cloud point extraction for simultaneous extraction and determination of gold
and palladium using ICP-OES[ J]. Journal of Hazardous Materials, 2008 ,152(2) :737-743

Borkowska-Burnecka J, Szymczycha-Madeja A, Zyrnicki W. Determination of toxic and other trace elements in calcium-rich materials using
cloud point extraction and inductively coupled plasma emission spectrometry [ J]. Journal of Hazardous Materials, 2010, 182 (1/3) .
477-483

Xu Q C, Sun A D. Simultaneous analysis of Cd, Cr, Cu, Pb and Zn by cloud point extraction and inductively coupled plasma optical
emission spectrometry in water [ R ]. Proceedings of Symposium from Cross-Strait Environment & Resources and 2nd Representative
Conference of Chinese Environmental Resources & Ecological Conservation Society, 2010 ; 255-260

Escaleira L A, Santelli R E, Oliveira E P, et al. Preconcentration procedure for determining trace amounts of Ni, Cd, Pb and Cu in high-
salinity waters after cloud-point extraction[ J]. International Journal of Environmental Analytical Chemistry, 2009, 89(7) :515-527

Silva E L, Roldan P D, Gine M F. Simultaneous preconcentration of copper, zinc, cadmium, and nickel in water samples by cloud point
extraction using 4-( 2- pyridylazo) -resorcinol and their determination by inductively coupled plasma optic emission spectrometry [ J ].
Journal of Hazardous Materials, 2009, 171(1/3) ;1133-1138

Chen S Q, Zhu X S. Simplified cloud point extraction-inductively coupled plasma mass spectrometry for the preconcentration/analysis of
ultra-trace gold[ J]. Minerals Engineering, 2010, 23(14) . 1152-1154

Meeravali N N, Kumar S J, Jiang S J. An acid induced mixed-micelle mediated cloud point extraction for the separation and pre-
concentration of platinum from road dust and determination by inductively coupled plasma mass spectrometry [ J]. Analytical Methods,
2010, 2(8) :1101-1105

Niemela M, Huttunen S M, Gornostayev S S, et al. Determination of Pt from coke samples by ICP-MS after microwave assisted digestion
and microwave assisted cloud point extraction[ J]. Microchimica Acta, 2009, 166(3/4) :255-260

Meeravali N N, Jiang S J. Ultra-trace speciation analysis of thallium in environmental water samples by inductively coupled plasma mass
spectrometry after a novel sequential mixed-micelle cloud point extraction[ J]. Journal of Analytical Atomic Spectrometry, 2008, 23(4) .
555-560

Sahayam A C, Jiang S J, Chen, F Y. Separation of trace impurities from boric acid using cloud point extraction for their determination by
dynamic reaction cell inductively coupled plasma mass spectrometry[ J]. Atomic Spectroscopy, 2008, 29(1) :1-5

Meeravali N N, Jiang S J. Interference free ultra trace determination of Pt, Pd and Au in geological and environmental samples by
inductively coupled plasma quadrupole mass spectrometry after a cloud point extraction[ J]. Journal of Analytical Atomic Spectrometry,
2008, 23(6) :854-860

Li YJ, Hu B, He M, et al. Simultaneous speciation of inorganic selenium and antimony in water samples by electrothermal vaporization
inductively coupled plasma mass spectrometry following selective cloud point extraction[ J]. Water Research, 2008, 42(4/5) :1195-1203
Chao J B, Liu J F, Yu S J, et al. Cloud point speciation analysis of silver nanoparticles and silver ions in antibacterial products and
environmental waters via cloud point extraction-based separation[ J]. Analytical Chemistry, 2011, 83(17) ; 6875-6882

Majedi S M, Lee H K, Kelly B C. Chemometric analytical approach for the cloud point extraction and inductively coupled plasma mass
spectrometric determination of zinc oxide nanoparticles in water samples[ J]. Analytical Chemistry, 2012, 84(15) ; 6546-6552

Liu J F, Chao J B, Liu R, et al. Cloud point extraction as an advantageous preconcentration approach for analysis of trace silver
nanoparticles in environmental waters[ J]. Analytical Chemistry, 2009, 81(15) :6496-6502

Yuan C G, Lin K, Chang A L. Determination of trace mercury in environmental samples by cold vapor atomic fluorescence spectrometry
after cloud point extraction[ J]. Microchimica Acta, 2010, 171(3/4) :313-319

Wen X D, Wu P, Chen L, et al. Determination of cadmium in rice and water by tungsten coil electrothermal vaporization-atomic
fluorescence spectrometry and tungsten coil electrothermal atomic absorption spectrometry after cloud point extraction [ J]. Analytica

Chimica Acta, 2009, 650(1) :33-38



1024

7 A {4

g

25

[50]

[51]

[52]

[54]

[55]

[58]

[59]

[60]

Javadi N, Dalali N. Cloud-point extraction for on-line trace determination of copper( Il ) by flame atomic absorption spectrometry[ J].
Journal of the Iranian Chemical Society, 2011, 8(1) :231-239

Gil R A, Salonia J A, Gasquez J A, et al. Flow injection system for the on-line preconcentration of Pb by cloud point extraction coupled to
USN-ICP OES[J]. Microchemical Journal, 2010, 95(2) :306-310

Yamini Y, Faraji M, Shariati S, et al. On-line metals preconcentration and simultaneous determination using cloud point extraction and
inductively coupled plasma optical emission spectrometry in water samples[ J]. Analytica Chimica Acta, 2008, 612(2) :144-151
Durukan I, Sahin C A, Satiroglu N, et al. Determination of iron and copper in food samples by flow injection cloud point extraction flame
atomic absorption spectrometry[ J|. Microchemical Journal, 2011, 99(1) ; 159-163

Li Y J, Hu B. Flow injection on-line cloud point extraction without a chelating reagent for the determination of trace metals in seawater by
inductively coupled plasma optical emission spectrometry[ J]. Atomic Spectroscopy, 2009, 30(3) :104-111

Yin X B. Dual-cloud point extraction as a preconcentration and clean-up technique for capillary electrophoresis speciation analysis of
mercury[ J]. Journal of Chromatography A, 2007, 1154 (1/2) :437-443

Silva S G, Oliveira P V, Nobrega J A, et al. Cloud point extraction to avoid interferences by structured background on nickel determination
in plant materials by FAAS[ J]. Analytical Methods, 2009, 1(1) ;68-70

Wu P, Gao Y, Cheng G, et al. Selective determination of trace amounts of silver in complicated matrices by displacement-cloud point
extraction coupled with thermospray flame furnace atomic absorption spectrometry[ J]. Journal of Analytical Atomic Spectrometry, 2008 , 23
(5):752-757

Gao Y, Wu P, Li W, et al. Simultaneous and selective preconcentration of trace Cu and Ag by one-step displacement cloud point extraction
for FAAS determination [ J]. Talanta, 2010, 81(1/2) ;:586-590

Simitchiev K, Stefanova V, Kmetov V, et al. Microwave-assisted cloud point extraction of Rh, Pd and Pt with
2-mercaptobenzothiatzothiatzole as preconcentration procedure prior to ICP-MS analysis of pharmaceutical products [ J]. Journal of
Analytical Atomic Spectrometry, 2008 , 23.717-726

Meeravali N N, Jiang S J. Microwave assisted mixed-micelle cloud point extraction of Au and Tl from environmental samples without using

a chelating agent prior to [CP-MS determination[ J |. Journal of Analytical Atomic Spectrometry, 2008, 23:1365-1371

Progress and application of cloud point extraction in the analysis
of trace elements in environmental samples

SUN Mei'*" LIU Guijian' WU Qianghua’
(1. CAS Key Laboratory of Crust-Mantle Materials and Environment, School of Earth and Space Sciences,
University of Science and Technology of China, Hefei, 230026, China; 2. Hefei National Laboratory for Physical
Sciences on Microscale, University of Science and Technology of China, Hefei, 230026, China;

3. Department of Polymer Science and Engineering, University of Science and Technology of China, Hefei, 230026, China)

ABSTRACT

Cloud point extraction method developed in the recent years is a green sample preparation technique. This

paper

introduces the principle of cloud point extraction method, the main influence factors about cloud point

extraction in detail. Recent development on the deternination of trace elements or speciation by cloud point

extraction coupled to atomic spectrometry and inductively coupled plasma mass spectrometry since 2008 are

summarized and discussed. At the same time, existing problems, the newest development trend and prospects

for cloud point extraction technique are also discussed.

Keywords: cloud point extraction, environmental sample, element analysis, atomic spectrometry,

inductively coupled plasma mass spectrometry.



