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Abstract

Abstract

With the rapid development of industry, environmental pollutions, especially for
heavy metal, have attracted considerable attention. Heavy metal pollutions have
become a serious threat to environment and human health, owning to their special
chemical properties and toxic effects. As a result, there is an ever growing demand for

detecting heavy metal with a rapid, sensitive and accurate analytical method.

Polymeric membrane ion-selective electrodes (ISEs) have been routinely used for
determination of ionic species in industrial, clinical and environmental analysis owing
to their attractive features including excellent selectivity, low cost, ease of use and high
reliability. After pioneering work on ISEs with improved lower detection limits, ISEs
have received much attention. In this thesis, a series of ISEs based on trace
potentiometric analysis have been developed for detection of Cd*" and Hg*" ions in

environmental waters. The contents of this thesis are as follows:

1. A polymeric membrane ion-selective electrode with an improved lower detection
limit has been fabricated for sensitive and selective determination of Cd*". The
influences of the compositions of the internal solution and of the polymeric membrane
on the response of Cd* -selective electrode have been studied to reduce the primary ion
flux from the membrane phase to the sample solution. Under the optimized conditions,
the proposed electrode exhibits a Nernstian response to Cd** ion in the concentration
range of 1.0><1O'8-_1.0>< 10™ mol/L with a slope of 24.9 mV/dec., and the detection limit
is 5.95 nmol/L. The proposed electrode has been successfully used for determination of
trace Cd** ion in lake water and the results are agreed well with those obtained by
ICP-MS.

2. Traditional mercury-selective electrodes have been usually developed based on
mercury cation. However, the complexes, such as HgCls™ and HgCl42', exist in Cl -rich
medium, especially in seawater. The complex pretreatments are always needed before
detection of Hg®' ion using traditional mercury cation-selective electrodes for
converting HgCls” and HgCly* to Hg”" ion. Here, a simple method for direct detection
of mercury in Cl™-rich medium without any pretreatment has been developed based on
an anion mercury ion-selective electrode. Results show that the electrode can be
successfully applied to directly detect mercury in 0.05 mol/L NaCl solution. The

anion-mercury selective electrode exhibits a Nernstian response in the concentration

I



Abstract

range of 5.0 X 107-5.0 X 10 mol/L, and the detection limit is 4.7 X 1077 mol/L.

3. A high electrolyte background, such as seawater samples, could dramatically increase
primary ion fluxes from the ISE membrane phase to the sample solution on the basis of
an equilibrium ion-exchange process. Therefore, ion-exchange effect should be
eliminated when ISEs are used in seawater. Here, a rotating Hg-ISEs has been
developed for detection of mercury based on asymmetric polymeric membrane with a
high sensitivity. To overcome the ion-exchange effect, an optimal internal filling and
conditioning medium should be chosen to make sure that the membrane has never been
in contact with primary ion solutions prior to the measurement. Rotating configuration
has been applied to decrease the diffusion layer thickness of the aqueous phase and
enhance mass transfer of the analyte to the membrane/sample interface. In addition,
novel rotating ISEs based on asymmetric polymeric membranes have been developed in
which the lipophilic ion-exchanger is spread on the surface layer of polymeric
membrane instead of being incorporated into conventional ISE membrane matrix. Such
asymmetric ISE membrane not only serves as a blockage for ion flux transport, but also
works as a transducer for sensitive potentiometric detection. The asymmetric membrane
electrode shows a sensitive potential response to mercury over a linear range of 5.0 X
10°-4.0 X 10® mol/L with a low detection limit of 1.9x10° mol/L. The proposed
method has been successfully applied to detection of trace mercury ion in the seawater

samples.

KEY WORDS: Ion-selective electrodes, Lower detection limit, Cadmium,

Mercury, Asymmetric polymeric membrane
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Fig. 1-1 Biogeochemical cycling of Hg.
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B 1-2 ESREGRIR.
Fig. 1-2 The pollution of heavy metal.
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KEHILER. HAAT—ERENREN ST, WRETE&ER T ERLR
SHTRES, (EREG TR RN R U AR R, R I U 1
M RFELI O B R B R KRS, WIS T RTR S E. 5 ICP-MS
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Fig. 1-5 Schematic of membrane potential for ISE.
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Fig. 1-6 Definition of the lower and upper detection limits of an ion-selective electrode.
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Fig. 1-8 Left: photograph of traditional polymeric membrane ion selective electrode. Right:
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Table 2-2 Experimental reagents.
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Fig. 2-1 Scheme for on-line UV digestor.

20



2 I Hh BRI W N T T P R AR AT BT A B o A

2.2.5 #Emmiid

i R AR e =R T AT . LB HARh TEHBR, Ag/AgCl Btk
Sk, R PXSJ-216 B F e BEAR AL,

PR BRI Ag AgCl (3 mol/L KCI) | WFR¥E | PVC B | £Fill
% Il KC1 (AN ) | HeoCl, Hg.o
2.2.6 FRERIKIE

B Nernst HFEW LUE H, 87 R BREENE M ERANETHEE AL
WP, WP YRR E R IF— SRR ERR (B P8 FEMYR (5
D WL E. kb, SPBEBBRTHETFZESREMEIER, XMEH
B REME TR AR N7, BB TMNESS50E RN
WEFTHRIEH. INETHESKESTE/NTEERE. XFERHESL
YRE” TRAVEE. HESWEZ AMRET URHEERBCRIEIE. P& ZEFK
RURRA

a; =1,%X¢;

o, o HENET i AR IERE, o i ETHWE, A8 1 BETHEER
¥, HA r MR8 Debye-Hiikel 2K 1F:

Ju -—sz}

logy =—-0.511z" | ———
=7 {LHSJ;

by REE TR, 7 fARE TH R,
22,7 FE R ATHRLIE

4 A RS B AR [T B 0 9 0 B B b B e VR P B S T B 8
?Eﬁﬁ@i?%@%éﬁﬁL%ﬁ@Tﬂﬁ%Fi%ﬂﬁjﬁﬁiTm%%
L o

SEIS T %%EP&??E?%{”JH HARFTEEAL, WA Henderson AT BALI)
KIE, BHRERIRE.

3 RS

2.3.1 N7 BRI B P RE AT S2 M0
B AU R B TR B FE AR BRI R ﬁ%?a&ﬁ‘zﬂﬁﬂﬁmﬁ HAL S T e

21



B AW TR AR 7K R E SR T B AT

FIEERRTT AR, P4 B T e B AR At PR T LA M A T I B
m&@z%&%&ﬁ?Efﬁ%?ﬁi%#?ﬁﬁ“’l‘%EB*&HJEQ*H%T‘EFﬁ]ﬁ%%?@z*ﬁEI‘J%%’&%%
HZEEY, FETEESH T HRESHHEAEETEET WHFUET) w
P LA A P 7 HE 4 10782107 mol/Le 3T Bk BERTRA XA M 2 AT DL 20
. (EET T RRERESR, FETHR/ JERTE AR — M ERERNERE R
M TR L R, TR E R T B R rR AR SR PR W R EE B
e B AR PR 75 Y B 4 R ET LK AR R e AL, BRI EE T H MRSt QL YN
AL BREAM A CRRRERE AR BB FAR B Y BR F 5 o
WR4E Fick ¥, mRgsir e R (DL) ATR-RA:

DL — M (C —C )
- D S JE A ) FES M
KA EAR

K D o D B LB TR R AR BERSG 6 was 0 andPBIAE
B PEREH R KA T B BB R s ¢ mame © mandd BIG B R B TR R —
R R — IR TR . B ERTUES, BB EB T HEAMEx
BT s, TTT LE2 s I AR HE X\ RIBUAT ) S 7 T3 B LAY PR A
. AR ERERESHAENERT, RABTEHERARTA R
PR 2 DL/ BEE P B TR (c ) » PR FRIAT e AR BE AN AR AR R 2
WEEE, MBI R B

Fil Na,EDTA. CA(NOs),. Fl NaNO; 9 78940 7 1 JR Bl /2 NaEDTA KIFF4E
TSI R B T AT R . NeEDTA B RIRMA &8, SEWRTE
w7 CARE RS, MITRE T XA BB T A sk (EABEARR 5
AN SRR AR HOVRBhRT e ke ) PR E B A, AT 2]
35 AEL ) PR, H R

TR R CA(NOs),. F NaNO; FIKEIEE, SRS E 7 NaEDTA I
W, UAFIRRNSSAR. HTRBATRSIA NoEDTA BTFEMER,
T/ P R P B & B B TR, FIRER TR T Na R,
(578 Nat B P P I 3R T By P e B T AT 20k Cd™ 7E TR —
I R TVREE © e BEAR T FRARAOAR HE B |

A EL A P TR R DA 23, R IR P TRV R M s AR I R 0
2-2 Fi7se
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# 2-3 BN IE K.
Table 2-3 Internal solutions with 107 M Cd(NOs), , 102 M NaNOQ; and different concentrations of
Na,EDTA used in the different Cd**-ISEs.

ISE Na,EDTA(moVl/L) Cd(NO3),(mol/L) NaNOj;(mol/L)
1 10° 10* 102
2 10" 10 10”2
3 107 10* 10°
4 107 10 10

S SRR BEF Na,EDTA WREERIFH S, CA™ 7RI Py R I B 45 & 1 LAl
iR, FEHARMIERT CWRE, BAMNEEBREEKR, R
U Y 0 R AR . AT, PEREE NaEDTA WENIHE—T @, “disbAn
MEBTFHRENEEXTHAMIINESFRIVEE, PN HEEAME, B
WA M B RTINS . IR R T 88 R /BRI A L =BT Cd™
R, WTSEEEiEBl & mrc4d. dba o8 H R RERNAFER: AR
W Na,EDTA HIHEE A 107° mol/L, CA(NOs), #EH 107 mol/L, NaNOs;#KEH
102 mol/L B o ZEBLAE AT FiL RN 4 B0 T A SR PR MO B 8 2 ) 2.3 s
& 2-3 T LLE Y, FARAE 10710 mol/L 3R 2[RI 540 55 F 2 IU. B 17 1 R BT Re M
e S 43 28 §=24.9 mV/dec., F55 R 5 1=0.9999, BT HEAR FAS B BR DL=5.95 nmol/L.

%

EMF / mV

A
[

10 9 -8 -7 -6 -5 4
loge
2-2 SRBFIERRIE AR A B A Y B 2k,
Fig. 2-2. Potentiometric response of the different Cd**-ISEs.
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B4 VR B T IR R A P AR A KR SR A T R S AR ST

10" M

E/mV

0 500 1000 1500 2000
t/s
B 2-3 B4R EAR SRAT A B H 4%

Fig. 2-3 Real-time response curve of the ISE under optimized condition.

2.3.2 FEW AT AR IERERY RN

1) YEA IR RT B I R B AR 1 ,

A3t E AR 2R CANOs), 1 CaCly HHEA R TELRE R+ Ry
CaCl, BB HOWRIE 27 10 mol/L N3, 45 RAERA CA(NOs), BRI N 10 mol/L
B S 45 BB 4T T 10° mol/L « :

2) FEARIE AL TR RS 1 RE R T

%W%ﬁ%ﬁﬁﬂ%ﬁﬁﬁ%mﬁﬁ,M%%mﬁwwmﬁﬂ,é%ﬁ%?
PR oh R B AL AR RS AR, T SE R R e A AR R LR
T EAR YE AL BT ()5 T & 5 B K A FRE N B T B I, A SRR P AR AR K
RE.

NG BEWERZE, AR RIS A& N AR S 107 mol/L
CANO3), 110" mol/L Ca(NOs) ITEI FiE412 h, BEBE10° mol/L CANO3),
F110™* mol/L Ca(NO3), A MR A VM P 1k12 he

2.3.3 BELH 7> AR BERY RS

BRI AR 4y X P AR B B Y A AR R TR PR
W4 B 7 ETH 10622 NaTEPB. o-NPOE. PVC. . ETH 1062 R L
VEZRfk, HATEMLE 24, TERBEFHREES 12, ZETRESTEE T
AR LE A8 ) o T U BT RO . NaTFPB 2 —Friiiliist, Ho¥a
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2 A H R R A IR B A AR O R LA

W 2-5 Pin, BANEBETRME TR, ERFRAHERN T, o-NPOE
RBER, THETREME T ANSRRTERT, FEdRERAETIER
BRRERIMESL. PVC RRA LK, REMBIEHS, RIETHIBEEST RIFH
PUAMAR 2 1

H5C™
Iw “~"CHg
5
(

0
8

M oH
Hﬁwj ~ 3

& 2- 4 ETH 1062 414514
Fig. 2- 4 Structure of ETH 1062.

™,
ONa
&) 2- 5 NaTFPB 4> F45#4.
Fig.2-5 Structure of NaTFPB.

SRS TR AR B A R, ASLRRA KRR 0.71
wt% (16.4 mmol/kg) ETH 1062+ 0.44 wt% (5 mmol/kg) NaTFPB. 66 wt% NPOE.
32.85 wt% PVC.

2.3.4 FILEFRIZ

BT LRk ES RS RREEARESR, FHE T EERRH TR
T DAJR % P8 R] REAFE R B A B T X A SC SRR o
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% 2-4 FETEFERERE TRE THRIEFERE

Table 2-4 Selectivity coefficients for various interfering cations of the Cd*"-ISE.

T , T 5

N HEMERE log K o MR log K]
BT ET

Na' -11.6 Ca¥ 8.1

K* 7.3 Mg* 7.4

H 6.6 NiZt 72
NH," -8.5 7n** -6.9

Ag' -1.8 cu® 2.2

Co** 7.4 Hg* 2.3

Pb>" 25 Sn** -13.6

BF 9T SRl Bakker B4y BB EW E R R EEEREY . &
Nicolskii-Eisenman 77 FEUH 8 H AR TR BE THOEFERT K] .
(E,—E,)z,F

" tloga, —Lloga,

log K/ =
S T 303RT z,

N3 2-4 Fir, ACCRF R A YIS Tk B AR SEER R R LTI T
B B, HA Na' L KT . Ca¥ . Mg ORI R A log KL 5

H-11.6+ -73+ 8.1+ -7.4. BHULIFBIRE SR EERTIRE FAS LR A E
FEA TR, A SCHR TSR A B R R AT LGE P TR i R T RO E

2.4 EPRHEERINE

4 BRI () B8 & W L 5 T R Pl P T S kB B R S BT, R
FAARAEIN NG T BV AR S P AR B T IOIREE, MIRZE R 2-5. MUEH, &
BER 2 OIS R 5 ICP-MS FEME EMERCK LS, HAMEL RS ICP-MS
VAT, BT & 2 FULE ISR P A NNtk e A, TS AT
BB BULEARAFEEMNLERE . SEEEIT, AP AN RRE
(R 45 R 5 ICP-MS 45 U EL BB B i — 5.
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# 2-5 ACKMEAES ICP-MS Fiktbig.
Table 2-5 Comparison of the results of the Cd**-ISE and ICP-MS.

P bR vite 4o Em&(n=5) ICP-MS (n=3)
" (CA* W E:10°MD (CA*WRFE:10°MD
1 7.5+£0.5 7.1+£0.6
2 3.6+0.7 5.0+0.3
3 5.0+0.4 44205
4  8.10.6 9.5£0.6

2.5 4

A ST AR AN PR P TEIR AL 43 A Bt 35 T R A R 2 T — PR B R
WHBESYHEETFEREERR, U THESREETHEERE. RREX
R o BRAT BT A 152 B P T S BRI i R AR EE A . SR GETTIRAR L,
AJ5 vk T EEHRAEE . R A E 5 T I Mt e S
KT RH REFHI N AR
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Te & W MERS Ttk r AR FE K 1 B 4B AR o Y B AT 5T

Hu

3 T P EANRE TR R B RN R TR

3.135l5

B MEEESRE, RLENAYEE MRS, O
BB, Kk R A R T . S RETRA
R S BRI, AL S A ORE R RS AT R R R R
MR, O AL B E KR, REAE AR
BEIE A 2001081 B3, SRYE 4 B A BRIV MOFREE I, BRR R AL S
BRI B AT AL 2 SR B BRI . BT B iR — T iR BLA
SRR R, EETFRR R IR R E T A TR E B
=Y.

T TR A A SR, AR, SIEEE. REEERES
LRSS A, DR T 5 B TR M 0 B T e R B A A = R
NFHEARGEEREA [, OESHRETERELTIRE UL D. RTfEg5H
ARG R TR N THATR, R RS E SR BT R
MER . SRE N TR, RGP EERRETRET (EBETHRRER
% 048 molL) , KM EEANFYRMERBFHLUSSHRGE (EEL HeCly'\
HeCLA S F IR AEAE ). Wik, HeZiiR 8 T b Bk A ARAE T AR o T 2 AT
B RE AT, (R SR B R R TR . H R DU
AR, AR, BMEm, mTRISREE N ROEE,
4 TR AT G b LA B T T AR AE T AT A

ETFRET SN RFEERR, 30— R MR 0 8 T i
SR E AN R RS, SRR REFRANT A WNET, RSB
BRI SRR, T AR BT, SCILE A TR R E AR
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R 3-1 ETERREFRAKEGRE TIEFE B

Table 3-1 Typical ionophores for traditional Hg”"-selective electrodes.

Bk g = W7EH / B BHTR SE0R
S
i
MIFREHE (/@/7\ 102 M AgNO; 4.5x10" M (104
) )
OH
<:N NC>
o OHOH © 3
PRI ReE ol sb Les b 107 MHENOs)/ Lox10°m 0O
% 9 10° M Hg(NOs),
Me Me
N
|
N

Ph ' :
EFRES >>: n'v: 10°MHg(NO3),  4.0x10" M [106}

SRS

10° M Hg(NO3), /

JiE RugE 1{ 109 M Hg(NO3) 2.6x107 M [107]
4 3)2
d k' @
s 8
5x10* M Hg(NO3), /
R [ j i BN 1.0x10° M [108]
10" M Hg(NO3),
% ;
/f‘s S—\
3 -3
. o/ 10° M Hg(NOs),
/ '
[s) [¢]
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3.2 XBED

3.2.1 (LB 5RF

ik R4 (B/K CascadaTMBIO)  MEFEH T RF (RH-TEHNZ
XS105DU). PXSI-216 HHE it (LR EMFEARAFD) -
BEZE (PVC) . AP EEFHEB (o-NPOE) . KE T H K
(4-tert-butylcalix[4]arene-tetrakis (thioacetic acid dimethylamide), ETH 5435) . 3-
R RS (TDMAC) LR EAEALA (99.99% NaCD) 234 F Sigma
N EABRFI L. GBI 0.01 mol/L HeClyo SR FIZKA ZIRE
BE-T 7K (Pall Cascada, 18.2 MQ)

3.2.2 SRHg RS

G R AR B TR EE R R B FEAFNET, RRES
SN AP E5EETHFEUTSERN:

Hg®*+ CI'2 HgClI" 1
Hg® + 2CI 2 HgClL’ 2
Hg +3CI 2 HeCly 3
Hg*' +4Cl'2 HgCl> 4

[zect] _[cr] A
[Hg] o
HILE, ZECIKE—RMERT, SMESHHguREL BHgkERHER <
. RTREZENFHUEERR, SUEEN AP REFROERRN, B0
TR S R k. A ER%ESRNTATUE L, REZEUHeCL HgCl™

SRR TR, FUEERHE P — R ASVE N R E 5T

K EE RNEH, aARIRNEE, pAZHEIRE L

30



3 BT AR RRE TR AR E JA B R

Bl 3-1 &k sp” LT EE.

Fig. 3-1 Hybrid orbital of mercury atom.

MR B T B 4E#) (Hg [Xel4fl4 5410 652) I LVE H, RIEFRINEB 2/ sHLIE,
SpiiE— i isp’ L R, RIRIRFAT 5 HAMR R R4 gk, Wi
HEHeCLTEN BN EB T, 24BN EARFERETRE, RETAFEZRM
Y SHAARA S S, NiEERREERE. BT, A0EFHCLAER
FHAITHIR, KETEINEARTFEEGRIE —NTHESEMAEE. TERIERE
AETFRESHERNGFEENIIR T HHRRT BREEE. 24618, %#H0.05
mol/L. NaCLAJRT &, BAT&AE NPT BE/RLAH8: HeCl> 11.6%. HeCly
23.1%. HgCL® 65.3%. |

3.2.3 BRAYHIE

A —E P REY R E TR BRI R READEET
3mL PUEKkIE (THF) &, RIZUBIHEZERFESS; BMEIRERIEREE, B
BB B ROFIERL; A THF B REWBRE T PVC EAM, S8 k.

3.2.4 BIRIT{ERH

AR IR ScF: LA 0.05 mol/L NaCl AANKAE F, EHFMA HeCl BHR; ik
HIPIFEIA 0.05 mol/L NaCl+10°® mol/L Hg™".

BEARIEL S RIS ALIRAT & 0.05 mol/L NaCl+10® mol/L Hg**, &L
iFIE] A 24 he | \

3.2.5 BBIRYNZE
AR RN ERR THT. ULEEEER T/EHEE, Ag/AgCl Bk
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B YT TR B R A KR E S B T B ST ST

&M (SR 0.1 mol/L LiOAc #:47), FI PXSJ-216 & T vHic Rk FafL.
Hh IR B EE I Ag, AgCl (3 mol/L KCI) | W7 | PVC i |l e |
0.1 M LiOAc | KCl ({BFI¥%¥K) | HgClo, Hgo

3.3 R 5

3.3.1 BT HAA ARG EF I RERI RN

B TR R T T IR AR MR O R A, YU T BUBE R AT IR SR,
BB AN RS T R FEAR S S VR LA (Y S A e RS R P
50T B T R A PR X ER AR AR B . L I 3 AR ST AR R B T U
ETH 5435,

t-Bu

t-Bu
Bl 3-2 REFRAHLGH
Fig. 3-2 Chemical structure of ETH 5435.

sy oo F AR A A, $5 I 3R A TR R A R 2 i & 28 23 1 B A B 3L
RENT., SABHEERINE 3-1 Fm.

F3-1 RETEBIERARBURRALL.
Table 3-2 Membrane composition of the Hg-ISEs.

A (mg) B (mg)
PVC 118.8 118.8
NPOE 237.6 237.6
TDMAC 3.6 3.6
Hg-ionophore - 3.6
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3 ETF P HEANRE FEFEERREES RN TP BPR

FEAIATYE T L3 b,  ERi T o8t B iR AN & A A ARt o LTI 1 Ry
B

#3-6 A. BWAHEERHERBER.

Table 3-3 Potentiometric selectivity coefficients of different Hg-1SEs.

J logK(A) logK(B) J logK(A) logK(B)
cr -5.65 -7.44 | SeO4” -9.03 -10.78
SO~ -8.50 -10.29 Cro” -6.70 -8.16
NOy” 2.52 -4.25 WO, -8.28 -8.72
OH -5.54 - -7.37 MoO> -8.85 -9.84
SCN' 2.19 -3.78 MnOs* 0.78 -1.84
ClOy -1.38 2.46 AgCly 0.47 -1.45

W EREI LR, A TP F A BRI b Frk A PR
P R U HECL " A BRI RGN, S SR RS S, NESHE L
FRBTFRA TR BEBABE B IABIAZ 5 AR FE B AR . KRR
S B TR AR S T A R FRRIER, MR T SRS
R |

B AR, =K xa,s M, Kb g, oM SIREREBETRTRETEE,
zn A HREEETMTRETINRMYN, KRBTSR R, Bl
BRI e, IER T IS T 0 R B T e PN B A T AR
HYRTATHE |

3.3.2 B AR 5 45

¥ B 4 EMA T 0.05 mol/L NaCl B & T HIFR B T 52 , 13 3 F AR A i Y. fth £¢
M T A 3-3. 3-4 Fios,

ML LERBH: BRI TERE S 5X107 molL - 5X10° mol/L; HAR
KPR A 4.7 X107 mol/L.
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-7
10" 5¢107

-304 0.05 M NacCl

-150 -

0 500 1000 1500 2000 2500
t/s

& 3-3 7R E TR B AR S A A R k.

Fig. 3-3 Potentiometric response curve of Hg-ISE.

-30 4

7 Y=-336-48.7X

-601 R=-0.9997

=754

E/mV

-90 -
-105 4
-120

-135 1

-6.5 -6.0 -5.5 -5.0 4.5 -4.0
log Crg

3- 4 REFUERME R LIl
Fig. 3-4 Calibration curve of Hg-ISE.

MARLAR B Y 25 T LAB B, 5 BT R A SR A R S T A B FRAR Y
i R AN RHRETEENENER, BRMEERE, BllgRES AW

=z
4%\ o
3.4 %&it

ASTHLH T — L0 91 B T R B A R TR AR BT B R X
T E T A RPRETHE, BT SR B EITRE. 7E5%
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3 BT AR E PR B E JN T R

AT AT R LA T B AR AR B R, AR I A Bk JE r AR 1 RE
BRI, SHELTIEFAR RFMIEREE. KEHAT 0.05 mol/L NaCl B3R
THIRES THIRE, AR AEETE N E A 5X107-5X 107 mol/L, HEARK H R4
47X107 molL. Wi, HFEENAERTHRETHNE THFESTE TLH
W HIR A, FERIR HRE SRS, RIBSETHEPHR.
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B VN B T R P AR K A B R AR P B R R AT

4 AextFRIEER S YIRESR AR K R AR 5 R L

41515

F— R IR T — R B (0 B B T N G B A R B T R R AR E
HFEaA R RE TN . RIS Tk AR AR H R RER L
PSR ER . BENFPRERNESN AR EN TERIZER, FTABHK
AT R A 84 T L K B R T B F AT IR U o

TSRS, SRR AR IR, BEERRBEN TR RRE, mET
%Wﬁﬁ%m\%%%W&wkﬁ%%ﬂ%ﬁ%m“m\%ﬁ%ﬁ&m“m%oﬁ
MRS T /E EEAE PRI IR “SEEEIN b, 3T U A e ST
T AT B T AT Bk R TH AT SR DW K o SRR TR, 7K
AR EESRETRET, FEEKFHESESEREK, IHBERTIERN
T PR B . ik, T BB R AR, HH PR B TR R 2
EHKTESREE T EER R R .

AR K LB K PR EES BRI T RET/E, RET —MHRKNIE
ﬁ%ﬁ%%%ﬁ%%%W@%ﬁ?%%ﬁﬁ*ﬁ%ﬁéﬁ%?%ﬁmm%%E%
&%%,ﬁ*%ﬁ%&%%@%ﬁ%%ﬁ%%?ﬁ%ﬁ%&ﬁﬁ:E%%%%m
KET, BRETOEE TS BIRAARIERE, SR INA N R ALE R K EAE R
R A 2 AT AL TN TR AR R, BT RS R EE
T, R A ERE IR R R BT A P Y B E AT, RN ET
R TRR. b TR YRR, RAMEALRITEWT:

LR IER TR MBS, MRERATHESTFERE, BERER,
S R ) R |

2 ARSI SR e B A T i R R R, | T EE TEKM
H B ER, {3 A5 R A R R OR A R

3 AHRST F AR P ZE ORI E AL 4 0.05 mol/L NaCl, FIRIE FARARAE I &
MAREEET, ANAGERATASNESYEE TR R AS T ET
AT A R B TR RAE NG R HER T REYBEERT, MR
S 4 4 AT L R 2 B 1B A B 97

A KT B E R KRS (PVC, REAZR) N e, W
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4 JEXTFREBURE e AR R R A

BEYBFULE AR L), PRI T B T RO, AT 3508/ N 8 T E AR
FHIYRUER .
SAMRAREYIEA T IMASE T HIEAE, 7T LASEHL R AT e,
AT AT DA SEE A R AR A5 P A i 5 A U A
AW TR A BRSPS YRR & TSR P AR b — BT A Ak FR AR O
ITHRAL, ERMAEEATERN R GEK) FRNmRBEZRN, AFE
BERBLERE X -

4.2 LEERSY

4.2.1 RFI 5125

Baik BE (/R CascadaTMBIO) . BZEH TRV (HEEH-£F £
XS105DU). PXSJ-216 FHE T3t (TR UBERAT) | EHEEE
% (LHILS ATA-1B)

REA L (PVC) . SMWHEXRFEB (o-NPOE) . RE T H &
(4-tert—butylcalix[4]arene-tetrakis (thioacetic acid dimethylamide), ETH 5435) . &
BFEAE (5T \BEE-2-G-THERBER) A, ETH 2412) . 3-+ 2l FE
S4b8: (TDMAC) « WO (+keds) -PU- (4-80RE) BiR% (ETH 5000 BAK
BN (99.99% NaCl) 3T Sigma A F]; HMRFIH A otra. Sk
BEH 0.01 mol/L HgClo S FH/K N —IXkEBE T 7K (Pall Cascada, 18.2 MQ)

4.2.2 {RH HPROR B TR R ARAYH &

W R SYES A ST 3 mL [NEMR (THF) #, RZBHEE
BB . BMBEYEASMEINER 4-1 Fin, Hf A SAESBEKEAS . B
AR AR 7 C 4100 T rRAR B 7 W IE AR S HBARBIA AR 3.6
om MBEEF T, BMEIBRERFIERTE, BEARSYBEAEME. Ll THF #
REYEFRE PVC BN, ERMBHENE FARHRMNE® (0.734 mg ETH 500 /
mL THF) SuL @ THREWEL, ZRAREKR 1 PHEEH.
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3 4-2 FREFIEEEE ARBUR IR A AL
Table 4-1 Membrane composition of the Hg-ISEs.

A C wt%) B ( wt%) C ( wt%)
PVC 33 71 71
NPOE 66 27 27
Hg-ionophore 1 i 1
H-ionophore - - 0.5
ETH 500 - 1 1
TDMAC - 1 WK T RRE WK T IRRIE

423 BRI E

B U R e SR T BT . DA A BE AR TAEMAR, Ag/AgCl Hitk
M ER CEF 0.1 M LiOAc 2:#F), MR RRLIEESA 3000 rpm,
PXSJ-216 BT it K MK BAL .
7 H IR BN Ag, AgCl 3 molL KCI) | 7SV | PVC M || A5 |
0.1 M LiOAc | KCl (FaFI¥%R) | Hg.Clo, Hgo ‘

Rotator : U
Internal Ag/AgCI electrode

in FCTFE tube L@

Internal filling solution
~ Double-junction saturated
PVC matrix calomel electrode

PVC tygon tube

Lipophilic ion-exchanger —=2
4-1 FEXRFRIER YRR B TR R TR E.

Fig. 4-1 ISEs configuration based on asymmetric polymeric membranes.
424 EFHRERYNE

5251 4% 47 L FELARC SR P 0,01 mol/L NaCl VWA P FE IR AL, A8V R A
A AR T PR AR A ’
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4.2.5 EEXFFREZ S BRI S EH R

A o TR 1k B8 A L BRG0P A Y R AR L A R BREE N 0.5 wi%eHIEAR
TH 4K ETH 2412 U4k, HAMBHE S5 REA 5.

O
Ao

H3G(HzC)16

W

4-2 EBETEAEREHR.
Fig, 4-2 Chemical structure of ETH 2412.

FEXFRER SRR BREGRIMARE, EAAERTKE
% 30 s, SREHE AR FRIE A pH=10.0 MM AR (NaCOs+ NaHCOs), F7Ei%
VR 10 min, B HERE T pH=7.4 FEHBEBRGTER . NayHPO;)EH 10
min, &5 RN TR H N 0.05 mol/L NaCl SEILH AR EI .

4.3 ZR5WE

4.3.1 ¥ JFEIR

FER IR G YR B T e AR R R R B WA 4-3 FroR. SRt
MR A YIRS T IR ARTE R IR A T AFAE —> A\ P AR IEAR [0 1 d ¥ WBUAHT
BHEBETER, ZETEERE T BRKNERRER. 88 N RPEERNT
W EHESBYERE, BEATHESFRESEBKFHIERENTRE TR
i“%?iﬁﬁ&ﬂ%Fi%f%?t%ﬁi@%T%&%%&@ FELAR /O i
HRESHHEEER: B—MREEKE, BEKPRANET (E87) mE
R T Y i 28 AR AR, B AR R T A B T P A S
EUI TR AR A B R R B T B T, TR ERT
FE/KAY U P Y BUE R ECE R BET Y HuER, BREERS
R R RATTFR T — MR ET IR S YRS RS aR R
SRR E TR HRAARA T EENR GRS T REEBRRETEHEMAT, MEE
C BRTREYEERE, AT BIERR ARERE ST FRRARRY L XA
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FREEFEERTAERR, Mﬁﬁ&&ﬁﬂﬁ%%ﬁﬁ?ﬂﬂiﬁ&fﬁ, FEAR 7 et PR

HpigFEaer THREFELLR 3t Fhdt 2 iR

PVC 33% PVC 33% PVC 71%
Mn= R+ Crl R—l— ‘

Mr- k % (:[—l l

Cl- Mn- Mn—

mrer—————— n———-

ARETRAER RpHEToELARORESE

4-3 AERIFRIER A YIRS PR R AR I R R A

Fig. 4-3 Schematic representation of predicated mechanism based on asymmetric membranes.

B, HTH—SEANTHRERHLR, UEEBEKHREY PVC, RAL
) o FAREARATRL, /NG BB AR BEAR P L, MM IS T AR HIR L,
T /s £ B8 FE AR T oy B R (1 o5 Tt — S s /], SR A e
BRRAR, BEARTSEEE, & EETERE Y s,

432 ER BIR SIEWTRIER YR BRAT LI

AFFIT B T SR ARIE SR . SRR IE R R AR A X
R TR FER DR JE X AR B A MM R B E 0.05 moV/L NaCl EA s R 4
THRIBALIRL, WELRDHILE 4-4, 4-5, 4-6, 4-To

N 4-4 55 4-5 Fiom, FE58 BARSR P Mgkt 1B 45 P ARZE 3000 rpm #558 FARELT
IE R A, AR AT ST R, PR R, AR T
W R . R E R b T AR T AR A SRR, X5 CkiRE
_agl20] | il 4.5 5 4-6 B4, 7E 3000 tpm BT, RN TAES
FUSTARIETE AR, MR ERALEEE R, BARNRHREE, X EER T AR
eI R I 18 B TR PR B o B0 BURBORUD, R Fick SEf
R B R I R, B R SORR IR — B LB 4-6 5 47 T,
7E 3000 tpm BT, X HRVEIE AR F e ORI PR W B £, PRI i1 R
ﬁ@ﬁ%ﬁﬁ~%ﬁ%ﬁom%%%%ﬁﬁﬁﬁﬁw%ﬁPwmmm=ayi
(wtiwt) HIIEZ R, B AR R RN 524 & T IR R R A YRR 51
i, SEIEEE AN BT EFCHNE AR S YEREREN—F, SER
SRR FHE] T BT A AR IR A R, BRR T B A ERTRE,
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4 AR BURE e AR A R TR A

EEBET N SR TRESEEM, NS RRORNENRE. 5 LETm,
JEXTRRVETR & VR B T3 3 vk PR S5 44 4 A ARAH L B AR AU HE PR S R
B, FEIE R R S AR T R B TR T e T AE

0r ]
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120 |
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4- 4 FL G RIRAE 1B RE BURE T WL 25,
Fig. 4-4 Potentiometric response curve of HgCls™ using conventional electrodes under constant

stirring.
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Fig. 4-5 Potentiometric response curve of HgCls™ obtained by rotating conventional membrane

&
=4
—

electrodes at 3000 rpm.
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Fig. 4-6 Potentiometric response curve of HgCls” obtained by rotating conventional hard membrane

electrodes at 3000 rpm.
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B 4-7 JEnFRMESR A FAR e B AL AR T (3000 rpm) WA R HIZE.
Fig. 4-7 Potentiometric response curve of HgCl;" obtained by rotating asymmetric membrane

electrodes at 3000 rpm.

B T MR TR L mE 4-8 fior, ALREH EL R P ) 4 i
CWEHE: 5%X107 -4X 10  mol/L , ERARAEHFR A 1.9 nmol/L.
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Fig. 4-8 Calibration curve of Hg-ISE based on asymmetric membrane.

4.3.3 EBIRAIAT AR

AT R B TR AR A — AN EERRE, R IRATX B AR AT 8 AT
. EHWHTITF, BRI GERENEEFEE, UREERNEEELL
Feap g2l

AR SR RS, B TEARETFRANEE, 85K RET
A BT RN BEAEAE, B, WEEE, BB pH =10.0077%
WHEF . BT pHE0ZEM, ST MM TE S, N TR AT, R
SHRBETHNEE T EMNEMHEFES, WmEdE T akmEEs. KTEREN
T El4-9Fi7:

H,O(aq) HeCL;

B 4-9 BRFEENTEREREE.
Fig. 4-9 Schematic representation of the reversibility of Hg-ISEs.

e AR [ T33P 0 BB ZE 0.05 mol/L NaCl BT 3T 107 mol/L SR fIMNAS
B, £8MKE 4-10 fizn. ANEFTTUEY, BEREFMAEREENES FEEE
M EIEN R R SV RS F R AR A .
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Fig. 4-10 Reversibility of ISEs based on asymmetric membrane.
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4.3.4 BIRENERIERR

HAR R RER B AN EENEESE, AR E T ENREREY
R TR RS E R, IS AR R AT T IR, 45
WFE 42, NF 42 TTUUE B, AEXtFRAE FAR 5 L Ge i F ARt SR 5K o & LI T
VB PR RECE AT, PR B SR P A M R oR X AR Y I B P I
o T, EEENFF, FERTRERERIGARE RIFIIEFEERE, THTSE
B A i T TR B R R o
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4 FEXTRR I BRI R AR A R R A

R 4-1 RIS RIS M2 iR S A R R S IR F Ak KU R log KLy, .

Table 4-2 Potentiometric selectivity coefficients, log K 5;; , obtained with the separate solution

method for conventional and asymmetric membranes.

J 4R da Ak FExFFR M HE R HLAR
cr -7.44 -7.28
SO~ -10.29 9.82
NO; 425 -3.56
OH -7.37 -7.32
SCN -3.78 -3.53
ClOy -2.46 2.41
Se0,” -10.78 -10.84
Cros” -8.16 -8.27
WO~ -8.72 -8.76
MoOZ - -9.84 9.57
MnO4* -1.84 -1.29
AgCl,y -1.45 1.02

4.3.5 7K HE RS

AT BAE AR R FTIF K B ETE NG AKORE b R B R I i T 254 5 S R
BAVEFIT T R FEX TR R AR S FIEEEBRA T\ K RIRED R
(GBW(E) 080042) *FIRERIKAM, KWL RWNE-20T7R. HERL2FLIFH,
B RN R B R R T L e VR P, B R AE98%-109% 2 7] o Rl
ﬁ%%*%ﬁ%ﬁmA%ﬁ%%¥ﬂF@%m%ﬂﬁﬁ &HTEKEZEAN AT
KEEWPGE. mRBEEN.

#4-7 BT AENHREYHE B ERBEKTREENNE (n=5) .

Table 4-3 Mercury concentration determined by ISEs based on asymmetric membranes in sea water

(n=5). . :

i kg (pg/l) EfE (ug/L) [Efe =
KR 1 20.0 218501 109%
KRR 2 40.0 39.4+0.3 98%
KA 3 60.0 62.0 % 0.4 103%
HEIKFE i 4 50.0 52.8+0.3 106%
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A IR T R K AR E B A T K N BT

4.4 558

VKRR ET R T, ETDS A BRI H T ERRER. A5
2718 5 S R AR T B A S T 1 PR AR R SE IR A SR B T B R FRLAR
HIREA . AR N TEE R 5.0X107-4.0X10° mol/L , fHRAIX 1.9
nmol/L. 758 kR BUE I R FAF T AR R 0 R HME, JFEATBAT
BEANFEETROEERE. ZBRRATEKPRFUEY R (GBW(E)080042)
IR BRI, EIRRAE 98%-109%2 (8], RS AHE.

BHRENTEN T A PRERENGE. R, mRSRNAHTEET
P TE AR AL T IR EEAY, S /KIREE M AT 7 SR A S DR
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AU TRERMAHRE, Tl —RIFHOREYBE FEEEan, ATH
BKARREEESEMENEN. RETRAEDT:

Lﬁﬁ&@%%%ﬁ%%?ﬁ%ﬁ%ﬁ%ﬁﬁ&&%:%?ﬁ%%&ﬁﬁ%ﬁ,ﬂﬁﬁT
— AN ERGE. SEENESYEEE TR AR, RN RIRE R
BRAYIEA S, BARTE 10°-10™ mol/L WREVEE N 2 RIF MR TRe AN, W RRIER0 24.9
mV/dec., B BEAE 5.9 nmol/L. iZEMRN AT LEHIAER RS ENRI, FRE
ICP-MS WS NI |

2. BT PRI R B TR ARAE B N BT AL B AW R B e Rk H AR Y
W EREA, RTELEES RS FEARSNE TR, HEEREEEN K
hEEAER R (EE L HeCly. HeCLYSMBTHREME), HARE FEBERBTE
BB T E AR ST, FH PR E FAERR. B, ST
SRR PN FBTELE, TrE A RA A BN U B TR EM SR TR ZTi,
RUGRIAE TEEERE, TUNHRETURE TR EESFERNRE THEER.

3. BT eI R BUR B RS R R R AL R B TR AR R S N B N T
BRSO R AR T BTSSR, B B AR R R B SE R R B AT .
F ISR P AE SRR R R e ra AR AR R, SEIUST FRAR IR . TEBA AR T B R Ak
MEgE, EARRISEMETNTEE: 5X10°-4X10% mol/L , HEFKHFREE 1.9 nmol/L. XK
T KRR TEERIAN, EREANHE. ZHRREATEEN T (AEK) FRIT
REIZ . RE. BREEEEN, AFEENIERN.
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