FFEGNE}8A) A 27 65

Korean J. Soil Sci, Fert, Vol. 42, No. 6, 513-521  (2009)

XY o2y o|HES Mo =gt
EYEs EME HEY T i

1,* 1
AZAY . YA - of
AT kL 5 A

Al
(=]

i

o

1 2 = 2
o' o|RA® - X4
eeu ot Aol e o

Development of Extracting Solution for Soil Chemical Analysis Suitable
to Integrated Ion-selective Micro-electrodes

Kook-Sik Shin', Woo-Jin Lim', Sang Eun Lee', Jae Seon Lee’, and Geun Sig Cha’

'College of Agriculture & Life Sciences at Hankyong Nat'l Univ. Country Anseong, 456-749, Republic of Korea
’Department of Chemistry Kwangwoon Univ. 447-1 Wolgye-dong, Nowon-ku, Seoul 139-701, Republic of Korea

The primary goal of this research was to develop an optimized analytical procedure for soil analysis based
on ion-selective microelectrodes for agricultural purposes, which can perform on-site measurement of
various ions in soil easily and rapidly. For the simple and rapid on-site diagnosis, an analysis of soil
chemicals was performed employing a multicomponent-in-situ-extractant and an evaluation of ion-
selective microelectrodes were conducted through the regressive correlation method with a standard
analytical approach widely employed in this area. Examination of sensor responses between various soil
nutrient extractants revealed that 0.01M HCI and 1M LiCl provided the most ideal Nernstian response.
However, 1M LiCl deteriorated the selective response for analytes due to high concentration (1M) of
lithium cation. Thus, employing either 0.1M HCI as an extractant followed by 10 times dilution, or 0.01M
HCI as an extractant without further dilution was chosen as the optimal extractant composition. A study of
regressive correlation between results from ion-selective microelectrodes and those from the standard
analytical procedure showed that analyses of K', Na', Ca’’, and NOs™ showed the excellent consistency
between two methods. However, the response for NHs" suffered the severe interference from K'. In
addition, the selectivity for Mg2+ over Ca™" was not sufficient enough since available ionophores developed
so far do not provide such a high selectivity for Mg2+. Therefore, as an agricultural on-site diagnostic
instrument, the device in development requires further research on NHs" analysis in the soil sample,
development of Mg2+-selective ionophore, and more detailed study focused on potassium, one of the most

important plant nutrients.

Key words: ISE, Ion selective electrode, Soil chemical analysis, Extractant, Nitrate
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Table 1. Composition and concentration of various soil
extracting solutions used in this experiment for multi-elements
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Table 2. Composition of Ion-Selective Membrane for each ion in integrated micro-ISE sensor used in the experiment.

.. hydrophobic property
support, wt% plasticizer, wt% .
Ton additive, wt% Ton-selective material, wt%
pvC' NPOE* DOAS KTpCIPB'
Na* 33 33 0.1 1 mg Sodium Ionophore X
K 33 33 1 mg Valinomycin
NH+* 33 33 0.1 1 mg Nonactin
Mg 33 33 0.1 1 mg Dojindo Ionophore (C14-K22B5)
Ca™ 33 33 0.1 1 mg Calcium Ionophore I (ETH1001)
NO:s- 33 33 1 mg Tridodecylmethylammonium nitrate

f poly(vinyl chloride), t 2-nitrophenyl octyl ether, § bis(2-ethylhexyl) adipate, * potassium tetrakis(para-chlorophenyl)borate



A5 At Log(Ek, M)& A9 (mV) Ale] 9
4437 71&719 AFAS(R)E sk 25 oA
o] ¢ F&x7t 108 WHstE wf mity M= Nernst
21(2] 1)ell 98t 59.16/n mVA W3} shth o 7] A

n A7} otk mEA 71€7)E K Na® % NH'
S 17} o] 22 5916 mV/dec, Ca’” 2 Mg* ¢l 27}
o] 2958 mV/dec.7t ©]&4 X7} HTh dece
10 & 9w gt} (Harris, 1997).
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nk n

log[C] (A1)

o] 714 E”: standard electrical potential, R: gas
constant(8.314J/mol K), T: Kelvin temperature, n:
number of electron transferred in the reaction, F':
Faraday constant(96,487C) o] t}.

23] 71¢] 71&717F o] &A1 #hel HLsta, AR

AR 7F 2om $A50] S RO BRAAL

AHAFoz =24 34, 00IM HCIE

o}
>
m
ol
rlo
.ﬁ
[\5)
o.
@
o,
b
2
i
[\
()
=
m
o2
fo
9
ok
m

F 204, WEYF 208, AAeEE EF 208 F
st AbgatATh U EUsist AE< K Na'
Ca’, Mg”" NH:" ¥ NOsy Z o]y vad=

> pzs
ato] ol MY A v HFoE =43}
B A= R R P I B B
B FEEAH o A Atole HMEF B
AS 7AAL oleduy nAAIHe FLt5AS
e 319l o

4

)

o
ki
m_)'{_|

= =
EWUE

o
N
El

By ol ° PIlfFRe

o
T
or

=
=

o

oFo] & (K', Na', Ca”’, Mg"™") I&d=

0%9] EF WE FE} E BEE

al

2 9%

P

f
A

o H N do pE o

AE T AelM FEHS Y= IM NHOAcEH L
¥

BEF 2xe foAel sl #AE B
AEd T wet FEHE 23}Y Sol2E9
S v 2 akolE EAh o] Aole A3 AL
N&712 YdehgEd, & 3004 7 AEY AETY
HY B 3% 7]|F0] He EFEAY BEAAVF YR
of Jer=E 7|77t e HAEY FTUdFE E IE
S 724 ¥oh 1M Livk Nag2 71 22 JAES
< H3, 05M Ba¥l oKt} <7k Egtom, 01M
HCI€-9 3} Mehlich 1492 714 £2 J&E5S UE
WAtk ol &3 A7e ol Hsrh 1
=

TE, Fold FIMAFo] ZASFE, WA 9
Asrt S7HEeE Frksk, el §3 A7
g Na* ¢ K" = NHi" ( Mg”" = Ca”" { Al(OH):2"
(H'9 4oz Z73g(A =, 2006). wahA, Lid
I Nago] @& IE5S Hol: AL Li', Na'o|&
o] EEEAW NHi'o] H|dle] g o] Ao

3l7] wj&o]™, 01M HCl 3 Mehlich &9
Holeo 2 st o B %o o250 &5

) MREo R AHA & oldwdE F43 0

o2 rle

o
o
N
N
o
=5}
M
M
2
e
o
2
v
N
S
™
i
12
o\
2

ox
o
_O|L
&
M
J)«
)
rlo
_>"1_',
o
N
L)

[

o
=l
ft
fo
Ho
lo

ot —

L olr

£
~
oty

=

N o

A

>

e

lo

=

|o
L

(B A

ok

SO
©
Y

_,d
ofo
o

oy 2 3o

i)
o it
i

R

1

|o

B
2y AN g
R ol 2
>
o o
o

oo
gE
o
rlo
rx
0

o ox
2
>

14
0

el

eI
ot N L

b
T
N
4
i Hl.r

1o g
1r_1u
24
N
)
i)
o
e}
ol

RO
(e we

bt oft

1,
o ox o orfn ®

o &

il
:N£
)
e
|o
il
X
a
i,
32

f
X oo
N

(IO

B, e A B

N
Sy -
— of

Y st

1y
=

Os

-
N,
fuj
(TR
= b o
Z
=
N
x
Z,
©

> O

2
)

N
i

o

)

Y

_10

of\

i

o

=5}

EN

M

- I

Do
<
>
Q
1o
e
i
off
o
=
El
ol
N
4o %
o
£
M
£ orxorir o

ot
Ry
[t
lo e
X
ol
ol
R
%
FH
=
N
2
tote
Ry
1>
K3
>
._<:
rir

2
i

ol

2

i,

il

o[\

i

%

ofN
[

o2

ot

o

30 |o

re

ol oX

A} 78R ol (K', Ca¥', Mg®h &
A

E =~
Na')¢ F7Iel A& (NH:', NOs )& FAd FZ3ho
2

4 b5d AE £2 Astelol Atk ol F 93
AE A Age AEE wBYYle FE9 FE
o BE Ago] H5¥ ACE YERHOnE, 1 3
A RE AR AR AEY FU ATE 2 R

2| = °
o]t} Mehlich [8N& 3% 33 404 WA ool 23}
FE) Ax AZd A7 QL

A o] SO 0] 0] 00125M S0



49 ol eABA HAAT ANel AFe Eoksel

e
£
ofo
)

ofN

-2

Table 3. Differences in cation exchange capability of various soil extracting solutions compared with that of 1M NHsOAc solution as

the standard method.
Multi-element extracting . i )
i Ex. Cations Regression equation R’
solutions

K Y =1.3756X +0.0334 0.9958
IMLIiC1 Na* Y =2.1585X - 3.4185 0.9790
Ca*t Y =1.9550X - 0.7562 0.9220
Mgz" Y =1.3535X - 0.9762 0.9762
K Y =1.3028X + 0.1612 0.9919
M LIOA Na' Y =1.0767X - 0.0994 0.9959
e c Y = 1.7130X - 0.6488 0.9620
Mg2+ Y =1.2316X+0.1612 0.9962
K Y =1.3995X - 0.1689 0.9887
IM NaOAc Ca** Y = 1.8093X - 0.4662 0.9708
Mg2+ Y =1.4591X +0.0283 0.9931
K Y =0.4544X + 0.0957 0.9928
0.IMHCI Na* Y =0.3992X + 0.0960 0.9978
Cca*t Y =0.3406X + 0.2679 0.9416
Mgz* Y =0.3722X + 0.0624 0.9931
K Y =0.5225X + 0.1056 0.9886
Mehlich T Na* Y =04278X +0.0127 0.9971
Ca™* Y =0.7680X + 0.5172 0.9737
Mg2+ Y =1.0163X +0.0326 0.9917
K Y =0.9587X +0.0413 0.9969
Mehlich I Na* Y = 1.2126X - 0.1348 0.9964
ca*t Y =1.1339X - 0.3981 0.9393
Mg2+ Y =1.1378X - 0.1297 0.9817
K Y =0.9798X + 0.0602 0.9985
Mehtich Il Na* Y =1.4036X - 0.1147 0.9970
Ca* Y =1.0707X - 0.2190 0.9603
Mgz* Y =0.9210X - 0.1333 0.9890
K Y =1.1173X + 0.0476 0.9691
0.5M BaCl Na* Y = 1.2264X - 0.6334 0.9916
Ca™* Y = 1.1894X - 0.2446 0.9954
Mg2+ Y =1.1337X - 0.0267 0.9951
K Y =1.0640X + 0.0623 0.9418
Na* Y =0.9882X + 0.1085 0.9940
0.5M BaOAc Cca Y =1.3328X - 0.4023 09779
Mg2+ Y =1.3754X - 0.1236 0.9913

" Xin the regression equation represents cation content measured by ICP after extracting soils by various solutions and Y is that by IM NH4OAc solution

as the standard.
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Table 4. Differences in soil inorganic nitrogen extracting ability between various solutions and 2M KCI solution as a standard
method.

Multi-element extracting Kind of I ic nir ) i Determination
nd of Inorganic nitrogen S
solutions & g Regression equation coefﬁcient(Rz)
NH4 Y =0.8933X + 1.0218 0.9724
IMLiCl
NO5 Y =0.9081X + 6.3267 0.9816
0.IM HCI NH4 Y = 1.0998X - 3.8354 09815
NOy Y =1.0710X +2.4523 0.9904
Mehlich I NH4 Y = 1.1060X - 4.6444 0.9887
NO5 Y =0.9826X + 0.3445 0.9903
NH4 Y =0.9200X + 9.2060 0.9700
0-5M BaCl: NOs Y =2.1190X - 15.530 0.8770

" Xand Y in the regression equations represents the content of inorganic nitrogen measured by Kjeldahl distillation method after extracting soils with 2M
KCl as a standard method and various solutions, respectively.

Table 5. The fitness of calibration curve to Nernst equation. Calibration curve is the graph of electrical potential to molar cation
content under logarithmic scale, that is determined by ISE, contained in various extracting solutions.

Soil extracting . ) 14 )
solution Ex. Cations Regression equation R
K Y = 1643x +56.75 0.9787
0.5M BaCl Na* Y =7.24x+4.25 0.8500
Ca™* Y = 11.95x +55.3 0.9431
Mg Y =7.78x +115.85 0.7948
NH" Y =24.64x + 172.42 0.9259
K Y =61.33x - 279.65 0.9993
Na' Y = 54.46x - 273.75 0.9886
0.5M BaOAc Ca® Y =23.64x +7.1 0.9765
Mg Y =25.33x-21.9 0.8288
NH.* Y =62.57x + 107.15 0.9993
K Y =60.89x + 103.3 0.9988
. Na' Y =59.56x +77.2 0.9955
IMLCl ca® Y =34.04x +90.1 0.9934
Mg™* Y =30.99x + 107.55 0.9919
NH:* Y =62.22x + 162.35 0.9999
K Y =57.81x- 187 0.9996
Na' Y =51.09x - 32.55 0.9847
IMLiOAc ca** Y =6.14x - 9.55 0.9435
Mg Y =31.68x - 2.25 0.9820
NH" Y =58.05x +28.5 0.9999
K Y =43.89x +41 0.9977
Na’ Y =2.32x +46.55 0.7416
0.IMHCI Ca® Y =7.8x - 435 0.8973
Mg* Y =-3.69x + 120.15 0.6438
NH.* Y =58.99x + 55.6 0.9999
K Y =55.71x - 214.1 0.9995
Na* Y =59.11x +24.95 0.9995
0.01M HC1 Ca™ Y =2647x +37.6 0.9993
Mg Y =2561x+17.2 0.9976
NH:" Y =56.05x +41.9 0.9985

D' represents the concentration of cations from 10-5M to 10-1M. Y represents the electrical potential(mV) of ISE. ¥ The underlined values indicate the
poor ability of ISE due to deviation from theoretical value of Nernst equation and low determination coefficient.
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Table 6. The calibration equation of ISE for each cation

A YAl E 00IM HCl &9
contained in soil-extracted solution by 1M LiCl.
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Fig. 1. Linear regression analysis between the contents of exchangeable cations and nitrate ion of soils measured by standard method
and those by integrated micro-ISE method. In standard method, cations(K, Ca”™ and Na") are extracted by 1M NHsOAc and NOs’
ion by 2M KCI. In integrated micro-ISE method, cations and nitrate ion are extracted at once by 0.1M HCI or 0.01M HCI.
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