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FE: RGO T LT B ] 455 R AR I (E] 3 A 25 S MO0 A R A B T I AR e A T VA R R,
Je g 0 N R o A S B R KIS L, BETT 2% T Box-Behnken JEHEBEIT T 3 N E 3 /KF w0 4 &L, 7
FUR IO T 2 N7 T DA 3 R A PR R 25 R, S NI [ DR 2 S« 4% TR A Y S e
[R] > R % 52 8 i6F [R] > G5 LR ST 5 07 LRSS R 22 AeF 80 FR R 5 70 0 385 24 0 FLRSE D 2 mm i EEIFIE] O 1. 4 h R 5
IRAR I ] 2 22 min I 4070 T 45 R EAF, B0 UEAR AR R R 2N T 7. 5% , AT S BN R AL BE 2 B0 I B A
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KB WL RS TREEHLR RUARER RS EHI
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51

AR S Y E BB R IETR 4 3R S5 W) o 0 ik
ARy R R G B SR AR R
A T RNE i 5t ] 5 S0 7 A8OCR AR 28 IR G A
7 il it O Rt TR ) R B A L g e DR
HERR AR E AR AAS 1 4 38 G0 5 A A [ Y b
R P R A 1 S D [ R =
M e 7 8, B T % 3 f % (Ton-selective electrode,
ISE) BAT AR MEBE b T4 0 A M6 AR Bl 55 00 A5,
T 1) 35 J2 7 A~ S A SRl i

- P A B 2 R ) A T I 3 R O3
Btk R EZ """ Brouder 45 {fi F 1 % Il
SE 0l Y 3K R AP B R S5 R R IR R W
w101 Bish 15 s i & 30 min, R EH IS AAS
P 25 R 1 R B 0.93, HA B4R AH R
P s AR AT A ) 0.761 5 LI 35 B R O H
(1), Adamchuk 2 &) 44 i 40 P45 A, 3L T8 ik £6y
ARSI I ¥R 0 K L T) ) s A I 2 D R
A RS & UL BN U7 3K (DSM) &Rl R 5 29 ks
0 Je), (ELI R 5% 22 40 3k 232 mg/ L, B 2 AR vE TS
20 40 £, HL5 S0 50 28 s A AG I 45 SR 00 AR OGP 22
(R* <0.51)""); Sethuramasamyraja 25 FI| Ff # 4% I 2
TS 5 b i R A 2, ) S A kARG

il
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KiRk2EH 76 mg/L, 5 b5 e 45 5 AH 5C 4 ] ¢ 1 AR
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AT BN FEE . Zhang S0 M7 T 4R 5 1) L3
2 - Y05 H A I A TS KT R T e R A
T R A EORS BE 0y 52, IR #RGE T AR L AR Ak B
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WP ) B bR B U 2Z (A il A Nernst J5

E=EFE, £2.303 flgai (1)
Fz,

X E——i R B, mV
E,——HU AR5 L 3, mV
R—S K% #, BL 8. 314 J/ (K- mol)
T—2 X, K
F—— 055 5 8, B 96 487 C/mol

o, — B TG B 8 R ATk R A mol/L
fifi F A, Nernst 75 72 0 i 46
E =K + Slga;, (2)
A K—RENT R AL, mV
S—— H M 3 R, mV/decade
decade Jy 10 {5 BE /R ¥ 2 WAL~ AR v A0

2 #MEMTIE

2.1 #HE5NE

i PR AR 5 e 40 P A S 56 bl L 23 06 ' BE 1A
SE JIT P 12 A e v 9 807 P g R P (b i) 2
A, o T A AE ) K2 B T KGR kR
1 ~250 mg/L,

I 16 4> H AR R W] 2013 45 4 A,
oL I A5 7 55 °C F AR T4 8 h, 28 - 5k AL
JE G i . AP 10 20 T AU L 6 0 TR
BUAIE . P B AR FEA AR B AN 1 P, dy op R
B [ 200 - e Ty it AT Hh o 5 3 SR AR

1 MWL EHEEBLER

Tab.1 Physical and chemical properties of soil samples

FA S SR/ HHLE/
. ., pHE . L Pub &iE
T (mgkg™') (g-kg™")  (g'kg™)
1 7.1 5.49 1.33 8.9 K+
2 4.8 8.39  0.59 8.5 w1t
3 59.3 7.8l 1.82 8.4 4
4 18.2 7.6l 2.27 15.7 B4
5 43.5  7.91 1.23 5.4 Wt
6 1.9 7.68 1.67 21,2 M4 R
7 24.9  8.10 1.08 8.4 b
8 97.1 7.95 1.95 7.0 1
9 70.3  7.84 1.19 3.4 4
10 423 8.09 1.33 1.2 @+
11 5.3 8.40 0.6l 6.6 i 14
12 55.4  5.86 1.55 32.3 g
13 14.4  6.28 1.86 32.8 M4
14 24.2  4.36  2.32 21.2 Hit S
15 36.2  6.99 1.88 9.0 w4+
16 47.5  8.11 1.88 8.6 kit
A SCET FH G R AR B 7k R R Ol R

VanLondon — pheonix /3 #] 3510x £ %1 PVC J& i ),
B R 4 %6 B 18 F 36 8] Pinnacle 20 @) M555 %I
Tho SAMAT L4306 0 BE VA AR S 4 SR 28 A bR o I
5k R H AR B 8 B A 77 ) UV2450 B S B i
SEI . 3R A & BL - 220H B HL - K OF K&
At ot 4 5 Wi706 I [a] fig 45 3% 2% o
2.2 RWAZE
2.2.1 ISE Jg3¢ i

ISE Je 3% F I K& T Nernst J5t 3, & I 57 £ 48 b
FE 7R AR e B A 1.,2.5.5 10,50 100 Al
250 mg/L (% 7 20 fiff FR 4 A M 1 W, 10 5% S R 67 JF AR
Pl (2) A AR AR E RN Ey, =31.601 -
68. T741gay, , AT B R B R® =0.999 1,

FUN PR 2.5 g fF I EAEE T 50 mL = £
L, 00 25 mL A8 7K 4R 30 min, #E S, BRI
A LRI AR Fr B T MU ABOE 1 em RE
T L /R SR e, TR B Hh A B A A e A R
R A T R
2.2.2  ELIMERG R

T AR FEAS B Z I 3 K, SR A
SRR 55 I R 6 B2, SR BTN LA R, RN R
e

le, — ¢,

R, = 1ﬁ 2 x 100% (3)

?aﬁ?ﬂﬁff&{ﬁlﬂm L AR A AR
BV I me/L
SONAT WL OB @ T R
AR F WA, mg/L

N—— 5 2H %X
2.2.3 g B 1R T
4 Box-Behnken JEF, I fL R ~F IR F IR I

B B E ] O B AR XX, X D YRR X R
% R, JgWARLE 4 S - 1.0 1 43 3 A5 Rk 3 A4
PP K% B AR T AT Y b, AR o g i AR )

X —%Xi0

Xj=——— (4)

Ax,
Rp X, —KPRIE o — YT
. DA
u%%@%ﬁmﬁEXﬁmamEmmmWﬁ
VAP I P (D, B o B DR 2 I
7K 20 min, 4 HTEAE 9 30 min B, KA (4) 5
KT RAE N (30 -2, ,) /10 KHE L3k 3 PH 2 4
S, 25 DR 22 8 42 905 BBl B /K O 4 B0 B T 22 2 BT
2.2.4  {RACRTAL B S HOT AL
BEHLIEHL 6 A~ L HEREA A REATE RS
BOF B IE 3 0, SRIBCE AR 822 R, B AR

ENG A
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Yﬁ%% RSDO
Rsn =
N/(Cl—C)2+(C2—C)2+(63—C)2 B
C x 100%
3
(5)

J_itqj Cl \62\63’1;322,'(3 W\EEMU%QI%
C—3 WML 1H , mg/L

,mg/L

0.05) . HRAEHE 1 Ik xf iR 22 R a3 4k 5 12 12
I [R5 ~20 min J5, 90 5 45 5 0 v 2R A 1
B 72 5, D IR 95 15 4 ) 8] 6 % 20 min 74y
HH o

£33 RZRRMEZWMERN 1R

x2

W R S AT R IR E R S KT R

Tab.2 Coded factors and levels for response

surface method ( RSM)

K- M
Gifth  GHAL S /mm o PR GEE x/min FHE ] 2 /h
-1 1 10 0.5
0 2 20 1.5
1 3 30 2.5
3 BERE5HMH
3.1 BERRKESH

311 HRTH R A B

B 1 mm 55 D0 (9 b SR AR, 25 B K [ %
Y5, R 0.5 h 5, I B 10 4~ £ R A A A
JEAR VR . R R BRI X R, S0 A 1 FTR

100 [
-

SO
=
W60
=
11’;
=
] 3
il

20 F

0 10 20 30 40
PRZIR AR [H)/min

1 PR35 1= $ B[] %o 3000 o A 528 198 5 T

Fig.1 Effect of shaking time on accuracy of

measurement

AT YR 37 12 4 1 R 4 ) A 0.5.10
20,30 min, 254 % i 50 8] £ 0 78 20 min YRR,
Wi EsF [ 385 < T /s, AN 41835 1 00 19 3 87 % /b &
15% 7247 o AU ¢ £ 5 % 4 37 12 $2& 10 .20 .30 min [
L5 AT B O AR ¢ RS AT ¢
Koz AN 3 FR ., AR 3 PRI 4R 20 min [T
EARF R HeHR AR 10 min 5 AR (P =0.002 <
0.05) o 4% % B 52 55 1] 2 30 min I, 0 4 25 5 1 57
E AR 5 2% 5 20 min B JE W] B AE 4L (P = 0. 64 >

Tab.3 i-test of shaking time effect
A X 15 22
HA S

10 min 20 min 30 min
1 0.302 0.184 0.176
2 0.263 0. 150 0. 160
3 0.226 0.199 0.178
4 0.204 0.126 0. 158
5 0. 184 0.244 0.223
6 0.247 0.124 0.176
7 0.275 0.225 0. 183
8 0. 100 0.033 0. 035
9 0.172 0. 120 0.133
10 0.263 0. 143 0. 169
H{E 0.2236 0.1548 0.1591
Vg 0.003 6 0.003 7 0.002 4
PURIINIEY 10 10 10
df 9 9
RT3 22 0 0
¢ BRI 1.83 1.83
P(T<t) ¥ 0.002 0 0.3215
t R 5 2.26 2.26
P(T<t) W& 0.004 0 0.643 0

3.1.2 R I B0

B 1 mm 5 B 0+ 3 RE AR, 25 5 T K IR
20 min, ¥ E AL FIG W05 RE AR A U RV RE L T
RS YR, I ) 1725 £ G 2 BT

25
4

20

W
T

—_
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T

PEARR IR ZE Y
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E%E%ﬂ‘l‘ﬂj/h
P2 g A O S B 0
Fig.2 Effect of settling time on accuracy of measurement

AWEFE R, R ] o 4R 80,0515,
2.5 F3.5h, HEFEMNEIE T 1.5 h B, 340X
D% 22 B A I T R A, IR 35 S 4
B 25% A BRAR 20T 8% o XF 0.5.1.5 Fl
3.5 h i AR PR AE PR AT QAT P A B B (R R R
FEART BB R 56 o0 A, e i &5 R R W8 E 1.5 h
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IR IR 45 R 4P P R X R 22 B AR (P =0.003 9 <
0.05) . A M EHLL 1.5 h wF, S B AR i 22 42
AR (P =0.602>0.05), MRHEHE 2 2Lk,
B 5 B E] 1.5 h i DR B A i (A HRfEL K F- o
3.1.3  GiifL T

B b i £ RER I S iy, 20 i B LR S 0.5
1.2.3.4 mm B + 8¢ G, 0% & 7K 3R 5 R R
20 min, #E 1.5 h J5 , P2 4 il 25 R R K R T
THRF 4R X 1% 22 Bl 0 LR SF A 728 A R, A6 45
R 3 s,

@ .

6

=3

SRR %
w0

0 4 5

m%{LR\J‘/m}m
Bl 3 GiAL R ol it ol 3 £ 5

Fig.3  Effect of mesh size on accuracy of measurement

M3 A, AL T 0.5 K E 1 mm
I, P 24 4 XT3 2 o W B T 10% W/ E 8% o 4t
0.5.1.3 mm FiFL R ~H 4b B (9 45 552 0k 47 [0 5 7 38 110
“CHME R T REA ¢ R KR B 4 BT, R SFZE | mm
Kb F 25 R R, R AR (P =0.0039 <0.05)
G AL RSP A 2 mm S5 R, 7 LR S 14 R R
LR T e 3 mm LN AL R B
(P=0.971>0.05) . A 2540 % 15 2 1 45 b 4
P 2 mm G FLAE % B2 HE UM K T Uit
Sy A R BLAT & R AT AL B bR o —
Y,

3.2 MREE R

S s R AR I SE KT B IR R L
MR 1:10(2.5 ¢ 25 mL 58 77K ) 142 -4
1t 75 8, ) P 0 7 1 9 R 9 0 LR <H % 3 1 B )
R R 1] 31 2 % ol M A o 0 A B L
R

M4 Box-Behnken JFHE, LI fL R ~F IR FH R 12
et R B O] O S R XX X LT B A R i
% R, KR, 43 510 - 1,01 183 3 255 3 4
VAP KT 3 B 3 KT 7 17 o0 214 B
LR 4 BT,

Il Design-Expert #0173 35 4 #4510 50di it 17
ZICAE R MRS, RS LT AR R 2 R, R
A i3 P2 HASREIN 3 96 2 YRRl

R, =6.53-0.17X, -0. 19X, -2.31X, -

0.01X,X, +1.16X,X, +0. 07X, X, +
0.78X +0. 64X, +5.70X: (6)

x4 MEEmFRBRITRER
Tab.4 Experimental design and results of RSM

e X, X, X, Ry/%
1 0 1 -1 15.03
2 0 0 0 7.05
3 1 1 0 7.75
4 0 -1 -1 15.47
5 -1 -1 0 8.11
6 1 0 -1 13.70
7 -1 1 0 7.67
8 1 -1 0 8.24
9 0 0 0 7.21
10 0 1 1 10. 40
11 0 0 0 7.13
12 0 0 0 7.13
13 1 0 1 11. 54
14 0 -1 1 10. 56
15 0 0 0 6.96
16 -1 0 -1 16. 80
17 -1 0 1 9.99

Xb e 4 v i B K [m] U R R R AT 5 25 Sty
B, GRS FroR o J7 220 A R, A L3 [l A A5
R 3 RS WK KRN, F=7176 >
Foos(9,4),P <0.000 1, 157 g 5 4 35 5 A6 700 114 i Ik
L 24,017 IR T 4, R WIBLRY AT A5 ; 452 Y A 4% bk
ERBR =0.9755 AR IR E S 2k A ERZ
[R5 E Ay, AR50 R I 25 R BT P =0.791 6 >
0.05, J A HEAS . 25, 5% 22 T B th B ML IR 22 516 , Y

%5 3 A 3 /K F Box-Behnken [B] JF1H I 77 £ 43 47
Tab.5 ANOVA of quadratic model of 3-factor-3-level

Box-Behnken experimental design

v TR ok ew T
KR il JE P
[ 194. 62 9 21.62 71.67  <0.0001 = *
X, 0.23 1 0.23 0.75 0.4162 N
X, 0. 30 1 0.30 0.98  0.3545 N
X, 42.79 1 42.79  141.82 < 0.0001 * *
X, X, 0.000676 1 0.000676 0.00224 0.9636 N
X, X, 5.38 1 5.38 17.82  0.0039 # =
X, X, 0.02 1 0.02 0.065 0.8065 N
X2 2.55 1 2.55 8.45  0.0228
X2 1.70 1 1.70 5.64  0.0492 o«
X2 136. 80 1 136.80  453.40 < 0.0001 # =
5k 2% 2.11 7 0.30

e ) 55 0. 44 3 0.15 0.35 0.7916 N
i 2 1. 67 4 0.42

MBI 196.73 16

R*=0.9893 Adj R* =0.9755 Adeq Precision =24. 017

Heox o« FoRPIREFE, P <0.01; « FK/RF WP FE,P <0.05;
N FREMAEE ,P>0.05,
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S ZAE AR T R 3o 0 L S AR W R 45 R R AT 43 AT
JUT Gl N ) M . TR BT A TR AT L S B Ak B S R
A TN A JRE 0 52 0 3 A S

i bR Z PR AT T 3 HE R R T R
e v 4 I S R 98 A A S ME R BE A9 43 B R T
Dy DA - 4 A0 R 5% 22 di /N O A RE bR I AL
AL B8k X, =0.13,X, = -0.11,X, =0. 16,
B FL ST 2. 13 mm, i B W (8] 1,39 h 4k 5 3= 4@
F ] 21. 6 min W} K 0 45 5 R, K/, % W00 (4
6.81% ,

R, AR X R B — OO A K
TSI 2% (P <0.000 1) , 5 X, 1938 B30 X, X, 5%
Wi B 5. (P =0.003 9 <0.01) , Yk I X2l X251
§#(P=0.0228 % P=0.0492 <0.05), [a] |5
RIGETT45 3R WY X Je b S A 2 408 3K DN )
YR 2 1 2 50 A 2R 5 oh T R R A T 3

[629] [T66]
18
16
5 14 4(/77‘77».‘
K2 T
Z10
=
=8
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= _— 30
25 50 =5 25
g 15 1.0 15 22y jmm
B, 05 1.0 ﬁ'&f\x
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Rk R TR RS X, X ) v R ) 5
O] S It S 48 A PR LS o 3 2o o] U A 80— i 331 R
246 (09 /N 45 B S 0 v 2 e L3 R
() S350 HE I o+ e IR X, > R 5 I 4R A ] X, >
FEFLR AT X,
3.3 EEBA1EF N ES T

AR (B 050 | [ AT — PR 22 g e AR B K O
LA G AY 2 PR 22 R A 0 10 W THT % 46 1 4 40
Al

A0 4% (BT 01485 80 7 9% 4 7 45 R, % AL R SF X
A ] X, PRL22 ) A S A A 1 P AT R T .
35 155 1 452 I 16 3 A d A AR K OF- 20 min,
[F) 07 LR 2 PR 2% R ARG 4% R R, RS 4 10 P A
B4 Fios , Hob E da g 2 PR TR 1 = 2 i 7
THT , 15 1 45 T T AE 3, I 4D R da B8 IR I 1) 25
{5 2%

25 331 10.00
7.52]
20
Ry Filifi6.29
<
=
Z15 [6.66}
B
& 75
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Lo T0.00
12.00
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Fig.4 Effect of mesh size and settling time on accuracy of measurement

(a) X, Xy REH M AT (b)) X, X 55w 2k o AT 18

Pl 4 mm o7 il £k 12X (6) BEAL R X, HUE
20 min, fR B X, X B, {740 1) =00 Uk [nl ) AL R 2
) T, 0 B At Pl R 3000 A 0 S T PN S 38 A X R 22
TEAET/ME R 6. 3% , 55 22 5 iy 1 8 2 IR 8 BU(E M
HERTE] 14 h G fL RS 2. 13 mm,

P 4b 45 28 A7 b # nT TV e i 22 AR A
Flh 6.3% ~16.6% ,AHIF i FL R T T, 55 i 2 %5 )
DL E R E] 1.3 ~ 1.5 h Sk 43 5810 X0 52 B 5 s % )3
A, /NT 1.3 b I R A v A R UKL X H AR
(18 B 5 i o e S ) 0 A G S A, A R
WA, NGRS R A U R e R 25
Ko FREBE KT 1.5 h J5, 54825 5 i a7 - 5
TR A 4 0 T e, FL AR ) 3 B B O i LA L R,
T RS, S LA R B

Bl 4b v i FLR SH 5 e i ESF T X A 000 45 5 1)
A R S5 B hy 46 e 2 BB T LR 14 52 4R R v HL
W A R R B R Y R TR UL T

T4 Fh i B o M, TR B R AL R SE OE A
U0 N LR A e e U] 5 R LR )
5 T T X o G S A A R 1 5 O R A
4 05 AL RS e P 2 mm , B A 1.3 ~ 1.5 h i
LR 5 R B 5 2R 1 W A 4T
3.4 EBREMNERLITLESHRIE

X 18 IR AR A BE SR 3.2 U AT AL B Ak 4L B
BCHMEAETE N - FLR SF 2 mm B ) 1.4 b
YR AR I 1) 22 min 7 PG Ak B A AD BE A 2 R, 50
TEHE 6 AN BEAS - S5 AT X152 22 R, B A X4 R O 22
R AP Hi a5 e 6 Bk . i35 6 Al %1, % 5 iF
FEA I AR X 22 % /N T 7.5% , Ry, B HE 75 5% LI
P, 28 0 K B 4 BT 5 TN 2 1) B 2 (P =
0.67>0.05), 5k 4 hilmas Lgirn 2 5 & 15
BRI H L DAL S E R 6 4 A P 1A X i 2
BIEH6. 7% ,/NF 2 B o 15 B 40 F 1 R, (45
H7.05% J 6.96% ) . TEHLAL BT AL BB HCF ,
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A T A R R N R A T b Y A R e e ) S, R T EEAR A MY, A% B2 RN IR N
Ko At IE) > % ¥ 12 $E A ) > uﬁLRﬂL,,\EP*%EEﬂEﬂ 0]

T p—— S A 535 S R 5 B 4 010 6 B 5 LR A
Tab.6 Verification test for optimized pretreatment G RinN I R (R S i b N (WA AT R 84

parameters % A ]

12

13

14

15

16

o) R, Ry, (2) ) FH e o7 18T 925 F 5 3 1R 2R 0% R AR 0 O A
1 7.2 3.4 Vi 1 A2 4 AR R AR R T AR R A T A v, Rk
2 7.4 2.8 KFR D, AT ST AL B 2 B0 A R 0 A B T
; o . i
. - » (3) L R, Ak e B, 00 A AT A B S 40T, oy
6 6.0 4.6 fﬁfztﬂmiﬂﬁﬁj*ﬁﬁﬁ%ﬁ? 7.5% , KX A A g 22

i 6.7 3.8 so/INTF 5% VR B A A RS BE 24 R RS S A

ME%KO
&g

(1) i B R B 0 vk 1 3 A 3R e (R IR 7K
2 £ x #
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Modeling of Influences on ISE-based Soil Slurry Measurement
Using Response Surface Method

Pu Pan'? Zhang Miao' Zhang Li'nan' Ren Haiyan' Kong Pan'
(1. Key Laboratory of Modern Precision Agriculture System Integration Research, Minisiry of Education,
China Agricultural University, Beijing 100083, China
2. College of Information Engineering, Northwest A&F University, Yangling, Shannxi 712100, China)

Abstract; Soil pretreatment parameters play significant impacts on the accuracy of ion-selective electrode
(ISE) in direct soil slurry detection. In this paper, the average relative error (EE) was used to evaluate
the influences of three main pretreatment factors, including mesh size, shaking time, and settling time.
First, the range of three factors was determined based on the single factor experiment. And then, a 3-
level, 3-factor Box-Behnken experimental design was conducted to investigate their effects. The
relationship between ﬁE and three factors was quantitatively described by a multivariate quadratic model
through the response surface method. The results showed that settling time was the most influencing one
among three tested factors. Mesh size was less significant than shaking time. Coupling settling time and
mesh size, the optimal pretreatment parameters were obtained to minimize the detection error, the mesh
size was 2 mm, settling time was 1.4 h, and shaking time was chosen to be 22 min. Under the optimized
parameters, the ﬁF of the validation soil group were all less than 7. 5% , which indicated the prediction
accuracy, and the predicted results had a high fitting degree with the measurements. In all, the model
was promising for accuracy prediction and analysis in the ISE-based soil slurry measurement.

Key words: Response surface lon-selective electrode Pretreatment Soil slurry measurement



