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. BB E AR (Non-invasive Micro-test Technology, NMT)J2&:—Fh 3 i faft FL A S A R 128 H AR R H S R/ N0 B
AR, IR A TAEYE KR & RS s o . BRnzs AR T AN E S ek w 2, Rt 48 P it
TN A2 3 T BRI, A SCEERIT TR SERE T & T —Fh S TARBIGi B AR A Zn™ ettt , RSB 1 iR T
HIPIARER Zn®" B I SEit | ShAKI . B & A A e 2K Bk Pkt Zn® (e B3 LR 107~ 107 mol/L, BEHIRERLE A 30.2
mV/decade(¥ B AR N/ 10 A5ERAEMAEIL), TRIHTA] 50, <1 s, TEH TAE pH JEFN 3.5 ~ 7.0; 7EfT AP +HER (0.1
mmol/L Ca(NO3),. 0.1 mmol/L KNOs;, 0.1 mmol/L Mg(NO;), Fl 1 mmol/L NaNOz)H, HER i f s Jy 5x10° ~ 10" mol/L, AEHT
FERERN 28.1 mV/decade, X+ HEAR P A IAF IR B F A B AP THeE . FURR ARGt Zn™ BeptrEREFB A Zn/Cd
f*ﬂ?ﬁﬁ%ﬁﬁ t K (Sedum plumbizincicola) MR IR AR IX ) Zn®" BETUREAT 7SS . AR B IR R AR S T IR AGA
Wz FER PR PR SR i R S PR T — R s B
Xz’ AU ; B PR R
HESES: X53; 0657.15 MERFRER: A

Development and Application of Zn*" Selective Microelectrode for Non-invasive Micro-test

Technology

ZHANG Yunchao' 2, LI Lianzhen®**, XU Shiai', YU Shunyang®?, LI Ruijie’, LUO Yongming>* *

(1 College of Chemistry and Chemical Engineering, Yantai University, Yantai, Shandong 264005, China; 2 Key Laboratory of
Coastal Environmental Processes and Ecological Remediation, Yantai Institute of Coastal Zone Research, Chinese Academy of
Sciences, Yantai, Shandong 264003, China; 3 Center for Ocean Mega-Science, Chinese Academy of Sciences, Qingdao,
Shandong 266071, China; 4 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese
Academy of Sciences, Nanjing 210008, China)

Abstract: Non-invasive Micro-test Technology (NMT) has been widely applied in the study of plant root growth and
development as well as the response of plant cell and tissue to abiotic stresses. Due to the limitations of its microelectrodes types
for different heavy metals, its application in the study of toxicological effects of heavy metals in plant is also limited. Based on
our previous work, a NMT Zn*" selective microelectrode was constructed and for the first time was used for real-time monitoring
Zn*" flux at plant rhizosphere under living condition. The developed microelectrode has a Nernstian response (30.1 mV/decade of
Zn*" activity) to Zn>" within the concentration range of 10 to 10™' mol/L in DI water. The response time of the microelectrode is
less than or equal to 1 s and the microelectrode can work well within a wide pH range of 3.5 to 7.0. While in simple simulated soil
solution (containing 0.1 mmol/L Ca(NO3),, 0.1 mmol/L KNO3, 0.1 mmol/L Mg(NOs), and 0.1 mmol/L NaNOs), it displayed a
Nernstian response within Zn** concentration range of 5.0x107to 10™! mol/L with slope of 28.1 mV/decade, which indicates that
the microelectrode has good anti-interference performance to the coexisting cations in soil solution. The developed Zn*" selective

microelectrode was then used to monitor Zn*" flux at the rhizosphere of Zn/Cd hyperaccumulator Sedum plumbizincicola. This
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developed technique provides a powerful method for understanding the process and mechanism of Zn>" at the micro-interface of

plant rhizosphere under living conditions.

Key words: Zinc ion; Non-invasive Micro-test Technology (NMT); Ion selective microelectrode; Sedum plumbizincicola
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SR, e R B BERIE M R T2 —, 1990
4, FEFPIAK Kihtreiber Al Jaffel™ 5 k42 H 3
FL B AR (A 958 47 1) 2 AR A ) I B T D s T
Ca™ UEH AR T, M FRI T B AR s TR e
2 381 o A5 B A8 ) ST SRR A3 S 4 AR HLA A
FEEY TS E] (0.5 s)FIZS [B] (2 ~ 5 pm) 73 FER, B B
TR AR 1) 2 11 50 BT AN TR ZEAR AR 4, DOTTAR
Ui M G T X R AR 8 B TR A R A AT A 1R 2 &
B B, RIS EARBEGE XA, B A
18 B F 8 4 T B AR B ok AR AL B BB TR 1Y
PRfE NG —INIH

H i AT LARE 2 AE AR 3 0 30l 2R 4 1 ol A s
W BT AN | 22 LA N 4 FL R S 28 5 T DA
MEE 7T EE4 Ca®. H, K'. Na', Mg™",
NH;. ClI', NO; . Cd*", Cu*", Pb’" }& O,. H,0,,
CO,. NO ZE717 e Yl be S AR PR FAE 4, ]
DA, FH T4HA . Sl 55 A e il R4 A RL | TUREAL
BRI RS R A RE S . NMT HATE) 28 T
YA & B R 0 SR 5T S, A7 3 4 R A%
JERAS AN R, oA 4w AN S ML Ao
4 o7 FH i g 1 — A AR o Zn A —FiAt A
KT MEICE, YK e T b R iEE

FREEMMERY, FYHEAEA Y RN BB A
B (HEH 2RI RO W% Zn IE7ER
e Z N - Po/Zn BT RS FE A LA ST B K R HE
FCRRSDIRET R, 3 Zn 75 P R R
SR A R £ AR T AKX Zn®* AR PIAR PR
TR A B A FEVEA TSR | S AR, 3R BT
FATRAN A E RN Zn B FE A9 BHLE] . 2R,
M TAESE Zn® e 22 L E AR T i FH 0 8 2 A
AR RAEPEAR . X HA B P TPePE 22 | e 1 15 ]
KA, Jovk TR G 30N 2R Ge i Ui il v
S SEPIR R IAR TR Zn® B TR AGSERT | ShASAR
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A LM S RGN AR 32 AR Wpr ok, Ji i i
AR B AR IG5 e Zn®" e B o rE AR T S B T A
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(liquid ions exchanger, LIX)#kA% (XY-LIX-01)F]
Cd*" LIX #F)8 A dbm) R A R A 7l .
1.2 REFHE
12,1 Zn®" BEPEVERCRM A HIE  Zo® SR
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2 FHR5ITE

21 Zn®" EFRMRERART

211 BEMTRRRLRMIEMZ AW E el
i R Zn® 2k, HEBR AN A8 BRI T 1 51
(o-NPOE F1 DBP)H & T34 ; Hk, il s e
T #A&(TBTDS . [TmBut]K) 5 H: il 21 73 Fic. b AL
LIX, X HAE AT RE I FE R RAE . Y TBTDS . NaBARF
1 o-NPOE JFit It M 10 1 ¢ 8 I, S B RE MR AR
T ESME R 1), SOk A S AR Zn™
PEREPE R A LIX  3F— 2030 2 I R o A A Yy
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Table 1 Effects of different ratios of LIX on slopes of microelectrodes
BT sl R TR #EE (mv/decade)

TBTDS(mg) [TmBut]K(mg) 0-NPOE (mg) DBP (mg) NaBARF(mg)

10 - 80 - 10 30

5 - 90 - 5 34

20 - 60 - 20 21

10 - - 80 10 26

- 5 90 - 5 16

- 10 80 - 10 20

- 20 60 - 20 24

- 10 - 80 10 25
W “ -7 FRIMYIFA 0; TBTDS ! tetra-n-butyl thiuram disulfide; [TmBut]K: Potassium hydrotris (N-tert-butyl-2-thioimidazolyl)

borate; o-NPOE: 2-Nitrophenyl octyl ether; DBP: Dibutyl phthalate; NaBARF: Sodium tetrakis [3,5-bis(trifluoromethyl) phenyl] borate.

T 25 I i o 2 Hh i R R A AR B 1 AR
PR, T e A B IR o AR IR )
Hc i T {7 A4 1 A (0.1 mmol/L Ca(NOs),, 0.1
mmol/L KNO;, 0.1 mmol/L Mg(NOs), il 1 mmol/L
NaNO3) KM L A FPERE . FE T Zn®" T b
SRt R G, SRR A Zn®t W 10°°,
107, 5x107°, 107*, 107, 10721 10" mol/L Ay 5
TR Gy AU - 3w, A R, iRl
AN, AR 25 B K R R b e 1 S LR 107 ~
107" mol/L, HAEWTHFAIE N 30.2 mV/decade; TEfA]
Sy W, BT IR R T, R T
50 umol/L () Zn*" ¥ BE Rt e i & B mAs , (HAE
5%107° ~ 107" mol/L JE I PIASR Lk P Ry, AEITAE
AR 28.1 mV/decade. 7] LA H LR AE & A A
] Zn™ ¥ BE (4 255 FKOR ] B A0l - v i v 2 L
AT T RS A BE R B AR X o R 2 Zn®t
B TR I 25 SR A MR M R (B R AL TR R
WAE & A E IR BT R S B - JaA b i B A
UF (A BT R RER , 22 BH e H RO A7 B T R B R e

7 e
2501 ¥=30.21X,+293.85
R*=0.998
¥,=28.08X,+288.00
R*=0.999
S 200¢
g
A\;_{
2 1501 ©
w VBB Tk
ool o Y, i Syt e

6 -5 -4 3 2 -
log[Zn®*] (mol/L)

B1 zn™ MEREEEFRMENLIERRRH
KIIE fhk
Fig. 1 Calibration curves of Zn*" microelectrode in deionized water
and simulated soil solution
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Cl'. NO; RSP A8 B9 Sl AR X 2L A7 FH
BT, SR A R G)X Gl B i e R AR
AT BRI 1072, 107, 107 mol/L
Y Ca(NOs),. KNO;, Mg(NOs),. NaNO;, Cu(NOs),.
NH,NO;. Pb(NO;),. CA(NO;),, i FH [F]—H sk v b
Sy I B, TR R R R R A thk 2
AL, TR AR R G 43 PH B - 2 I A e B
TR0 log Koo' R -3 iy, RWIRA L Zn™'
w1000 A5 B LB A R LTS R AR oG
Zn*" (R BEPE IR L BT Cu®t AN PbPT R
2, I REE B T AT E 724K TBTDS &4 S i+,
M S JEFXF Cu®* A P HAT B (25 A S T4 T
LA T Zn® Ay o B
FT2 MERAEEHERHURESEMARAX L

Table 2 Selectivity coefficients of microelectrodes in this and
others studies

BT log K22
BN SCHR[30]

Na* -2.83 -3.28
cu™ 2.87 0.96
K -231 -3.77
Pb* 1.21 0.79
Mg?* -2.82 -3.14
cd* -3.76 -
NH; -3.38 -3.27
Ca®* -4.01 -2.82

e -7 FOREA X IRE I T

2.1.3  pH XJIRE B AR 52 ) Bl 107 mol/L Y
Zn(NOs), i, 15 pH BRI 2.5~ 7.5, 2510k
Bz, fI 2 A4, pH 7E 3.5 ~ 7.0 G N AL SE ,
T R AR I pH S BB N AT LAIE S TAE . 24 pH KT 3.5
B, A sz H i, s S LT Y pH ik
# 7.0 5, BT Zn®" KM (Zn*" +2H,0 >

2301
225+r

220+

FL (mV)

215

2 3 4 5 6 7 8

B2 pH X Zn® #0H F A B M

Fig. 2 Effect of pH on the potential of Zn?* microelectrode

Zn(OH),+2H" ), S5 Zn®" KU T, BTt
TR X R T RIS A A K Y pH
BT UEATRRE 1 B it

2.1.4  WREEFE] BRSO R R EE A VRN (R
{14 W) 157 i (B A AR K 52 o ¢ 3 RIS i 7e v
A 10 mmol/L Zn(NOs), F1 0.1 mmol/L KCI B f#
L A L P M O i ) e M 10 mmol/L
Zn(NOs), #11 0.1 mmol/L KC1 ¥ ¥ 1k [ i HE 7 ¥k
Ml REEHTE] fos0, << 1 s G FELRRASEREE 1A Wi 17 Fsf ) W) LA 24
IR ], ] DAGRUE B It s SRy B Tk

FT 3 AEETT R AR S B (8] B 220

Table 3  Effects of different inner liquids on response time of
microelectrode

THE FEMAA AL M 137 B8] 7950(s)

10 mmol/L Zn(NOs), + 0.1 mmol/L KCl <1
100 mmol/L Zn(NOs), + 1 mmol/L KCl < 20
1 mmol/L ZnCl, + 1 mmol/L Na,EDTA < 65
10 mmol/L ZnCl, + 10 mmol/L Na,EDTA < 60
1 mmol/L ZnCl, < 65

10 mmol/L ZnCl, < 45
100 mmol/L ZnCl, <20

2.1.5 FawEtt  7EfH NMT IRk St b, 5
SRS T, BT LA AU M A B R
SE B LA . T A B T R e T b e
107, 107 mol/L Zn(NOs), b7 W H1— B A 1] P ) Ha
BEAEF L RS B — BB B9 (30 ) 777 A F LA 2%
W 3 FiR, HEBE 10 min P RLAE LA %2R
s, AT T 0. X 7% W A AR 1
(B b, 7RI S s T L S L7 D 30 T Ok
iR,

2001 40.10
107 mol/L Zn(NO,),  HLf
180+ ' . Hifi 2= 10.08
’Z‘ 160 10 mol/L Zn(NOs), 1%-06 g
& 10.04 4
m 140 =
Joo ®
120F 4
107" mol/L Zn(NO;), 10 mol/L Zn(NO;), 00
1005 5 10 15 20

Hsf ] (min)
3 Zn* REERAIER EMEMIR
Fig. 3 Stability test of Zn*" microelectrode
22 HEYREE Zn” BFRAKRN
FEXF Zn®" AT IRALRIRAE S, PR
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P 1 I 3R GE 6 R 52 R &) 8 AT T AR BRAS [ 3 X
o™ BT T, B E e AR @) RS
AN 4 FiR AR SR AR B AR 600 pm P Zn*
Bl A, HAE 300 um AbA B 00 R I %
FE 700 ~ 1 000 pm Ab NI4T B (4 Zn®" MG S A
i, @i Cd™ AR ARRPR Cd™ B FIRAUER
B zo® R, HHAEARRMX RS Zn® BT
ELARRIR R, R B ARG 0 ~ 500 pm 4k
W, FE 600 ~ 1 000 pum &b A A HE(E 5).

4 FFREXRRER Zo™ BF RN

Fig. 4 Zn*" flux across rhizosphere of Sedum plumbizincicola
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Fig. 5 Cd*' flux across rhizosphere of Sedum plumbizincicola
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