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SUMMARY

I. Subjective
Development of automatic measuring system of ion—concentrations in

discharged nutrient solution using ion-selective electrodes.

II. Background and Objectives of the Study

1. Background

A closed recycling system has been considered as the most effective
system in hydroponics because the system helps plants absorb fertilizer in
nutrient solution and can contribute environmental pollution by deducing
direct discharging of surplus fertilizer in fields. For the development of a
closed recycling system, automatic measuring system of ion—concentrations
in discharged nutrient solution is necessary in order to control inorganic
ions individually and exclude surplus inorganic ions in nutrient solution.
This study is aimed to develop a measurement system of 5 channels for
detecting 5 macronutrients concentration in discharged nutrient solution

using ion-selective electrodes.

2. Objectives
This study was carried out to develop a automatic measuring system of
ion—concentrations in discharged nutrient solution which can apply to the

closed recycling system of hydroponics.

M. Scope and Contents of the Study
1. Analysis of ion—concentrations and ISE selection
- Analysis of ion-concentrations in discharged nutrient solution by

culture experiment of cucumber in greenhouse.



- Selection of optimal ISEs to measure 5 macronutrients in discharged

solution.

2. Design and construction of the system hardwares.
- Potentiometer (I/O port, ADC, digital signal processing, data logger
- Pumping devices (Pumps, Cartridges, tubes, driver)
— Multi-channel interfacing
- Automatic sampling device and washing device of ISE
- Stirring device

- Automatic control devices of standard solutions and ISA

3. Design and construction of the system softwares.
- Algorithm for sensor calibration
- Algorithm for measurement process control
- Algorithm for output results

— Monitoring program

4. Carried out test of performance in greenhouse

IV. Results and Study

Analysis of ion—concentrations in discharged nutrient solution was carried
out by culture experiment of cucumber in greenhouse. Base on the results
of the culture experiment, Ion-selective electrodes(ISEs) were selected.
Ranges of ion-concentrations for the selected macronutrients measured in
the discharged solution were K:100~450 ppm, Ca*50~350 ppm,
NO; -N:50~350 ppm, SOs -S:50~150 ppm, Mg :0~100 ppm, respectively.

All  of selected ISEs are suitable for the measurements of

ion—concentrations of nutrient solution. However, results showed that the



electrode for the measurement of Mg2+ is not appropriate for the detection.
The system modified to measure NH,~N ion-concentration instead of Mg® .

System hardwares were designed and constructed. Following hardwares
were developed and tested performance.: potentiometer, pumping devices,
multi—channel interfacing, automatic sampling device, washing device of
ISE, stirring device, and automatic control devices of standard solutions &
ISA.

System softwares were developed and tested. Specific contents of the
softwares are as follows: algorithm for sensor calibration, algorithm for
measurement process control, algorithm for output results, monitoring
program.

A distributor was designed in order to simplify the system. The
distributor operated by solenoid valves enables the pumping of five
channels with one tubing pump. Only two tubing pumps were used to
pump out standard solutions, distilled water, nutrient solution, and ISA.
Five channels had no differences in flow rates.

From the analysis of ISE signals, it showed that the settling time was
appeared by 30 seconds for all electrodes. Also, performance tests of ISEs
showed that calibration is always necessary for the every measurement of
ion—concentration, and only two standard solutions are necessary for the
best result of calibration.

Good measurement performance can be obtained by washing electrode
just with stirrer. Therefore, a washing with standard washing method was

recommended one time per one week in this developed system.
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ot 2 A (g/ton) w28 A (g/ton)
v 5 & 7 BN RS i = & F
AT 540 | 5A4F [H3BOs]
A [5(Ca(NO3); - 2H;0)NH,NOs] 327 [MnSO; - 4H:0]
| AA7EE [KNOs] 200 | #Aterd [ZnSO. - TH-0]
| AeEle]EA [Fe-EDTA] 20 | @472l [CuSO; - 5H:0]
A Ak ok 2 57 [NHNO;] 16 | =Y B EF
B A57re] [KNOs] 436 [NaxMoOy + 2H,0]
o kvl avl s [MgSO, - 7TH20] 246
| A2 2 KH.PO] 91
X 3-4

SRERE

7hH AFH DA x dFd AR Fo 2ALdERY QA (57 FHL

w) A5 Az ek 33, 09~10, 12~13, 16~174]
th AF A e, FefFor ity wEe] SAYE, AR F 3

o

7) 71Et=A

7h Wl =124 1 1,000x240x250mm A @ AR 2 E o] FH =

W) 2454 M2 dGAEE) a4 H600xW9I50xL1600cm)
o W E s HA 12T, A 18~22T 24

Zh) A AFyF F  AEE7] > 3~359, A% F §7] > 25~39
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2EIAEE ASath e ol FE BAd AsH oeamrED

o] AFEe UhEhd ot

¥ 35 ol2aBwlEIHE ALY

%ol & sol e
Ion chromatograph  |[DIONEXA} DX-100 DIONEXA} DX-120
Analytical Column IonPac CS12A(4%250mm) IonPac AS4A-SC(4x250mm)
Guard Column CG12A(4x50mm) AG4A-SC(4x50mm)
Cation MicroMembrane| . )
Anion MicroMembrane
Suppressor Suppressor CSRS-ULTRA 4

Suppressor ASRS-1 4mn
mm

C|11.8mM  Sodium  Cabonate,
20mM  Methane  Sulfonic .
Eluent A] <k Anhydrous + 1.7mM Sodium

Acid(Flukaijit) . B
Bicarbonate(SIGMAjit:)

Injection Volume

(Sample Loop Volume) 184t 2out
Calibration Type External External
Dilution 30 30
Detection A7 A= e3]E7] A7 A= E7]
Eluent Flow Rate 1me/min 1me/min
Standard Level 6 level 6 level

2) A EHA Y

ANsAMH =A pH, ECE WHx At 0.45um pore sizedl A7 25mm)

e
O:
O

Membrane filter= o] 2} 30u] 3]

_‘;6‘_
aEvhETdEE ol g3te] BA ek

= R

01;019_ g_l %o]% 74%0] FQ—EG—IQ_ o].Q_
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7}) %ol & Standard ZA %
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ol Aol o]l BE ool 18-S FU|R o] Tyl Wity Ao i
Elton], dAHoRr A ColMe Fx
sl F=7F da =4 yEuth 27 FARAA ol sk 747

NO3-N:33.6ppm, K:273ppm, Ca:100ppm, Mg:24.3ppm ¢l Aol Hlwa] ®BH =

7] ol el olenthE ¥ 2 uehhth o AL olent B FF &
S7b wE Ao RuHm, AAR HAZ G o] Fx Aol AL Pl
Bo ¥EE meste] B3 ol2o FFEE BAHLS AAT & AUn
F7 olemel WMakt FF o4 B4 5o BANYE WAs] ot 3
g9 Aeg £33 oGl

A #de] s o=
o2 FIFE A}
Adam(1994)°]} 71(2001) 5 Q9ol& Widoez ECA ug& Frjol9 &

FiFell B3 A 2¥dE Bausgled o ARE eokshd vEd 2 o

]_
gid A E7ldE EC wAgle]l BE nsd §58S ngot 44 F
Folt Aol e F5E
‘?‘_‘ b

o] &
A2zt Aok Afor, 7 xoA 94 FES FAGTHI Tl

&5 Bion RE Aol 649 129 7HA S7HETIE ol A= A
& B3t Cadl Fex A3 Aelrt vEigten S T ool A
He A¥FS BT Mg 82 A5 271 F7]dAM = ARt Aols
wolx gskem AF Frlole Azt F5E AolE HolA dskomn A
g 7l dF FEoE fFAHAL. S &5

2ol 7t AR Lgkom AMS F7] o]FTo= RE A
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7] e]
=l EC7b 2
A AECEE)F Aols HolA Frth NKe| F5ul&o] Ao
1:1.5~25 Atel& FA3te] EC7F S7hstehe N
Be Aom AAHAG. ole Cash Mgl F432 A2 1 Aot 4K
FINAA ALHAAT. B N, P 3 Ko F5EE 457
E fAsgE NI K 45 7]
Fe AL F7] T AeA &

Al 2] gtoll 2fol 71 ARt et
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lon concentration(ppm)
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v 29 4 Fe(2~5ppm) ,Mn(0.5ppm), Cu(0.05ppm), Zn(0.05ppm), B(0.5ppm),
Mo(0.02ppm)
o 24|44 P, Ca, Mg, NOsSO,, K 0.2 XA

# 39 2P MAAE 7o 3 Qo] & AR (E9: g/= 18)
g g | W) jvdd= | g

optz}7] |A1¢l| EVRDC | PTG | el

A A4k 5 Ca(NO; ), -4H, O 826| 944 1,118 850 590
o A7kl KNOs 206 268 120 100 237
' |ZdelE H Fe-EDTA(125%) 20 20 6.8 18 20
A7kl KNOs 400 540 597 558 476
a3 E MgSO, - 7TH, O 492|492 336 308 246
A2k E Mg(NO3), - 6H, O - - 55 50 -
A1914E7H2] KH, PO, -l o 222) 204 -
A48 5 NH, NOy 114 152 - - 76
B [24SFEENH, NO, - - - 70 -
ol
R R
%4t Hs BOs 2.86| 2.86 1.55 1.54 3.00
Ak 2F MnSO, - 4H, O 213 213 1.70 1.7 2.00
gitold ZnSO, - 7TH, O 0.22] 0.22 1.45 1.45 0.22
FAkgE CuSO, - 5H. O 0.08| 0.08 0.19 0.20 0.05
=Bt Na, MoO, - 2H, 0.025| 0.025 0.12 0.12 0.02
EC(mS/cm) 200 22 2.5 2.0 2.0

of o] ol Frko] Wste VE =9 50%~250%

o] Mool FE7F WalE Aew gHA] . ol AR ¥ 3-100E

5 NOs-N K Ca Mg SO4-S

K min | max | min | max | min | maxXx | min | max | min | max

2.0 36 219 | 117 | 780 48 424 12 121 6 53
EvlE| 19 224 78 3897 28 460 12 121 5 93

dE 22 224 | 117 | 780 68 448 12 121 6 133

7] 14 224 58 780 20 400 5 121 2 53
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8 8

frequency(no.)

S
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a ppm S0,4-S ppm

(a) (b)

0.)

3

fre)quency(n
o

0 50 100 150 200 250 300 350 400 450 500 o 1 OO 200 300 400 500
NO3;—N ppm NH,4—N ppm

(c) (d)

40
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- ; 30

o
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3 5
5 c 20
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g g
2 =10
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0
0 % 10 10 X0 20 0 X040 40 50 0 50 100 150 200 250 300 350 400 450 500

Mg ppm K ppm
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o 71,

Eo @ 3#791(mV)

R : 71 A4 (8.314 J/°K, mol)
zF 1 o] 2ol diste] dele] DA el FAskE AR (o] 27h)
F : #l g do](Faraday) A3(96480 C)

a: o]2&Z(mol/¢)

g 1pXd AAAE dehlE gheza 25T

£ 2958 We| Frolth gk o] e e FL

C o #A7 3
TR Nernst?] & o] 2F=(C)9 th&3 2

E = Eo + (2303 RT / zF) log v C
E = Eo + (2303 RT / zF) log ¥ + (2303 RT / zF) log C

7g ]

N\

g 93 gow AEYol o5l Aol FE

uebs GFAFE &

7bs ettt
o] 7] ol A
E = Eo + (2303 RT / zF) log v & 443 golgta 3std
E = Eo + (2303 RT / zF) log C 7} #t}.
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§9 9 ISA A% #el A, e 33, 5o Fa 34 A% FA9) A

3 FAANE g AAAA L Aol F, AlA B A5 7] (actuators) 1H H o]

Aol F 2= d=ay PCE o]l &3sty, AlAet 2E7]9 Qe ol A%
o] portE AF&3FY compactst TFER VTS =S AAEAT. FE7]9

AAE 7H5d & AC 220VE A3 2 Adste] Azg A uel 4%

Hely oledFoniE eyt o FL A% AFHE ¢ojuw]

Awatgich Ada AAAE 19 3-140 A5k o]
o= AA 2 FFS 9% 1049 YPAEALYR, MUX, ADC, tAg A%
A2l 5, RS232C HlolH FAIF-2 FA45 o St

[ %
N 1070 MUK

v

AD

9 3-14. ASjAbA S 4
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PCol A" &~zEf= SA4E %S ZUHEE st delyg =24 7]

aEA o] HRAE FAS] 2 oA Fad EAde A
(electrode)®] Y3 H27F 100ME o] Ao & wj$- Holx] dukzol At =4 3
22 v AAEAA B3 Ge] wAste 9 AAE ASFT F fluke
olth, wtgbA wF HLAE AFs] A% I ReE o2 AR 4 IR E
o2 97k §UHA 32 E s
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SEMSI NG T
JURCTIOHN

ALCFERERCE
JURCTERN

th A/D, A" A5 A

2 A|2"e] npo]ma2 X2 A A= 8 bit CMOS Aloj7]2 W A/D3 =,
EEPROM, RAM, 8712] pull up port 5= 7I1A 2 9o RISC CPUZ m&
AY&ETE A3 )E Microchip®] PICI6F877S AF-&3F3

PIC16F8772 Flash T2 13 Wy F+ZE5 7[Aa o F/W HAA &
Aol GolstH Heain 7t A, RISC 3o 54& Ay HHEojo i #Hd
AP E ot o Wl Hxvte g wWHo] Ago] sheste] HAyP&Ert ow
2v}, E=3 8kx14 word ¢ W82 Flash ZZ 13 X229} 368x8 HfolE
o] "oy wEZ(RAM) 18 il 256 x8 vto]E] EEPROM HolH WX &
ZEAIAL le]l & Al zglel A Aelsfol & o] 10AE A= = S oF
g iAol W R dAdte]l wE Aa®e Afteit ths dExodle

PIC16F8779 tjgt 54 & e AT
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3% 3-12 Specification of the system controller

Model PIC16F877
Operating Frequency 20MHz
Resets( and Delays) POR, BOR
Flash Program Memory(14bit word) 8K
Data Memory 368 Bytes
EEPROM Data Memory 256 Bytes
Interrupts 14 Bytes
I/0 Ports Ports A,B,C,D,E
Timers 3
Capture/Compare/PWM modules 2
Serial Communications MSSP, USART
Parallel Communications PSP, 12C

10bit Analog—-to-Digital Module

8 input channels

Instruction Set

35 Instructions

O L AN

el 15 [ 1 ) e
= - — .

a9 3-17. JiEE AL

o ol =
dolg =79 2% §4 <

o
v

How MdEsie] 2+ Addz S4d dvolH
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Aug pEis BT PEFAE TANAL 53 gololzd Hze 7t of
L =2AHE WSy ExHoz AgEY FW HEZE= multiple channel
pumping®] 7Fs & Z& AMEtom, & Alxde] 5749 o2 ERE FA &

FH Hi= MasterFlexAl AlF& AF&3tRom, AA A|x=doA 2719 F
H Hx 2 A3t shube] FHEEE wjol gEgd W R0 EEE

i, oE stuE 24 ISAS EZvt ARgstAth 1 ol frE wi oy
2 EFEAY AHFL 100 cc® AAso] T FHO} HEm SEo] Tt
Sk ISAS] A= A= 100 cc B 2 ceibs FH7bsloF st wjofo] 23
o o]&¥= FHE fride] Hsto] AHEE 7t gl7] WZoldh wEkA] A

€1 TR HEZY ASE s gzol AREE FEIE B A Fol 2.06

mme} 089 mme) F7k AEHUG ¥ 31400 ALH F wze] Ape
2, ¥ 3-139% vholojxy Bme] A 77 dehuisic,

Hzo] 7 7Y HEZ A AGFd SEA Vs d AFEEHE 9

g3l on tholojXy = DC 12Ve] Q7FE ZHE )

# 3-13 thololZ gy o] Apo

Current . . .
Max pressure |Max flow rate| Voltage J Weight | Dimensions
raw
(m, water—col.)|  (ml/min) (Vde) (g) (mm)
(mA)
5 250 12 max 360 30 34x23%35
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79 3-21. thelojxe Wxo| o]
® 314 FEzel mefelm o Abg
Pump head
Max no. of . Flow rate Dia. of tube
No. of rollers ) Drive rpm ]
cartridges(ch) (mL/min) (mm)
2.2~220 2.06
3 8 1 to 100
0.44~44 0.89
Pump driving motor (stepping motor)
Max. brake
Rated voltage| Rated current )
Resistance(®)| Inductance(mH) torque
(Volt) (A)
(kgf-cm)
45 2 2.3 4.3 14
400 - =Tl —
< i) .
UITLTLTLL .,
a_ [l N
o L -
i |\ =
z | 3
| I H I
L .
Bl 150 4anliB) E
a9 322 FHWAEIe F2E




U, Hx =gloly
1) Tubing pump driver

SYREE ol §% AFHE AojolA, Asts FAo F& AN o] F
of welels W HAZ4E AN ¥ HA4Y 1WA HAZGow Y

9 Ao Azngel N AWEHE FEH] A8 WS
Azt o2 Aoz yEd 9o 2.

ofof she B2}

N

o714 K
GE e 540 ojste] AgHch

flr
of
il
ol
I

s AzkAtel el BAAS olw, 1 B g AWAEE 2

Stepping motor ¢ T F o FAAEE a9 3-24¥ Zow, 7 F9
7T Ui 2k
1) pulse 7] @ 13] A 1254 BREVF Az H29] &5 9
Ry 3 H&Eer AR, B2 Fo o) 4wyt AgEnt
2) logic % @ ¥4¥¥ pulseE ©°l& EHE AA 5317 95t 2H
1

& oF3l+= phaseAl & A Ao}

e

S

)

3) EZ5 : logic FEHRE A E phase AEE BEHE HHFEE7]dE 1
o] AzolngE o] AFZE FZ3S motorE T-F3Ht)

4) A5 AR motorR A4F I EE 78] flete] deds wH .

ﬁ_J

sy mE e FERE WA oY A9 2URHE ARANTE AP
2 TEH] ARAEL oY A 29RH F A5Y FHE 4450 &%
of 27 BAE AP wE sy RETe Bast B ATAA A

e ~9EE Aolg AEBYE A PCEYE %, FAA7 190 AF

‘r:l
TEe WEE AHws] A% BAY, REE A4 2Y A4y | 2E9
ga%Ee W 04 AAE ARAFE DAY FHEG

_52_



HE fEo 223 HRE PCEYE Wit}

2) ZE AANF - AHEE BEO d¥e FEsty
5
=

3) Z

[kl

o]
AAS ] ALES = AEE AT AA A" ogAA FAl oy e 2
HEE FE5l1 gorvnz ol2Horg= »~ETE FEtdgolB (/v 9o
E3bel Ao ARg-Elofsl =

deole] 7F wol dastu, Helo] s 9% AHe ARE BopARR
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N 37he] REE dAdsh= Aol HAelgk= 4 o Eal
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of 12V AFAGE ket FEALS AFowA EEFAL WA,
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350
300
250
200
150
100

50

Flow rate(m!/min)

3 5 7.5 10 12
Input voltage (V)

A BE ea Qe W oo FE A% ZHAxUe PO o
Ax el A Aol el

Byl e ¢ =AFAS HET #e Axge] PCE ol &sta U=
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2 243 o]FojAth B ATNA F4 BEZ 3= oL 5rpAo} F
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F A% oleBE we) Axddd g2 Sskel vFAast pH, EC He
ZAE FsHES 0F AW Qddol Y BEE sa gk B Asg A
of lo] 7h4 Fehow mYHi QU= AgGe gAnet HEo] AgsE 9
& Agn Agolt AnAer tF Ade ohdE At wold +%
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A

o

o NEE FE}7] she] A8 H ADG24% 9] ApFoluh.

3-30.

FEATURES

Low MNoise: 0.3 pV p-p 0.7 Hz to 10 Hz

Low Nenlinearity: 0.003% (G = 1)

High CMRR: 120 dB (G = 1000)

Low Dffset Voltage: 50 pW

Low Offset Voltage Drift: 0.5 p\V/°C

Gain Bandwidth Product: 25 MHz

Pin Programmable Gains of 1, 10, 700, 100

Input Protection, Powear On=Power O

No Externmal Components Reguired

Intarnally Compensated

MIL-5TD-BRIB and Chips Available

16-Pin Ceramic DIF and S0IC Packages and
20-Terminal Leadlass Chip Carriers Available

Available in Tape and Real in Accordance
with EIA-481A Standard

Standard Military Drawing Also Available

-V, INPUT
OFFSET
NULL

=INPUT &

#HNPUT &
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ToE 3-way £¥lol=E WEE HXFP o
DC 78 Az g3 mEA7I= &S AAsAT. Az 2 54 3

Je B g Ak Bold 2ol MAHs] WEel W FEH ol

AASE T BEE wjdFo] AX3 o] f= A WEY E7]ALo]7F Ho
A Ok #ol AojX A Hol A Fr|vity EAE = wjdo] wolx]r] u)
#HE HAeE 3-way £ xol=

WEE AMESHA Fa AEY &I MEdS Fal old ARE wiEse=

Polypropylene strainer tops
Dimensions(inch) Filter | Connecti

area | on type

(in?) (in)

3.00 2.67 1.89 200 | 395 |1/4 NFT
Strainer mesh

Mesf size Micron nominal
185 x 800 15

A B C D

a9 337 AEe 543 on
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astdedl GAE ol 8F Afolle IAE sl 913 ZHF 34
§7] SlFol A ofof stz EES} MM AA) HA= HHdh= Al
glo] 2gste] E=Fo] HA4 X HH2E m
izl ol stirrers= Al we} AlFH = et FAHE7] &)
8 AT = o= Aol Ak

Aol el wRbA = o]

N9 Fqel % AH 2o Agsar oevE F3e BFEN

Ik

(A 2)e] o] 2 T A4S e o2 T FAA = REEA] A
WA 7= Tl s=E SA s

2 AR AN (SHFF) T8 WA wRks PFomA A
L

ojes AHe BHow
A WUNE AESRET, 7 0 SIldE B W ST Qe WS
At ol AR eE 28 4FY /004 FAHEE AAHY)

Speed Max. vol. | Top plate

100-1000rpm 1 liter 3" x 3"

Top plate Overall Dimensions

material (mm)

stainless steel| 129L x 82W x 81H
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g(x) = atbx
Deviation of the regression line from data point
[ yi_g( xi)= yi_(d+b Xz'), 1=1,2,L
where. L ; total no. of data

a,b ; constants

wepd wWae] F¢e thgu 2ol vehdt.

~
3

Re HAxue 5, and Tgp  ©l zerod W YElGEE

Sxatd (x)0=Xx;y;

[Au Alz[d]:[ Zl]
Agy Ay b Z
where AH:L Alzzle‘ lezyl’
Am:in A22:2( xi)z Zz=2xz~yi
o ApZ —ApZ,
a= d
A Zo— A Z
p=—" L2 L L]

d
Where, d= All AZZ_ A12 AZI
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1) Mode ™ol A ol &9 72 Augh

2) Calibration ™7l A Ion calibration

o
2
il
o
v

3) EA 283 standard solutioneS A1 ¥t} 7] standard solution<
100.0ppm¥} 1000.0ppme. & o] 91 thE standard solutiong A& 7
o =

% v}~ 2 standard solutions ¥ 3ett}. A ElH standard solutions £
)
h

1 AeE ] &8 standard solutione

st A FeMoR FA
2

Select Standard solulion, .

0 1.0 100 o | oo |

[ Wea || caMCEL |

4) 8719} A= AHE st AHFTAHS 33t
5) g %= =4S AlFth 19 3-41914 standard solutione Al
gy TFg Ao FFHo]a, Jon(ppm), mV, Temperature:= A &AL = gk

|
o
Wl
1
ol
inj
il
[
u)
oo
mV)

Az Pd
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Inn LCalilraiin - Menoaring

Sinrdard Soiutios | 10ES ppm
Il pmd 1 35 Tar] pim
e AR Imy
Tamparsiuae | 50T

Wallneg for wiabie eading,

o |[[cmee]
a9 341 EEE9] VE v 34 A

6) &7} A= AHS 9t NHETAHS Syt

hs

o

2] .
7) e w9 EFE92 (1000ppm)ell tiste] EFEA1 (1 ppm)I <
SHAl =3 gk

8) Ay} Lol v ¥ 3-429 o] RAERS AZL, Slope(%), &
A%, Probe AHl, B4 datalon &%, mV, =%), Calibration curve(lon

FTE vs. mV)7F £}

lon Calibration - Result

Temperafure | 25T
Peoibe: Condition ¢ G000

[CalEraion Cures
1.9 -

(mik -
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NOzE= 1x10° M &9elA 1T =22 <d) 2% $A47F @HAsy, Cadt
Mg< 1x10° M g9del A 1T e=x=2 s 4% Qx7F At dFo)
71471 2% wel W3k Nernst equationol A factor, S YEIC %
3-159 &= HA Hagh 2k mE ZF ol W9 7|&7E YUEMSITH
web o] 2o Fri mele Sxo] JFS Wi HEE woe] exe wet
FE7F HARE 2FE FEAT. e AL ol @dEwe wash

AAxe] #AZ el Nernst equation®] factor SE el Aot}

E =Ey + S logX

where, £ = S A= A9

0 = 71 AT

S = Ad=5¢ 71&7] (58 mV/decade)
X = &AolA o] Fx

o

gEe X 89 Wl o] FAA =& yEhit ofd o229 A
T G A ol2(G) 2FEAY FER F4E ol2(G)e 2T A

=& FA free iono F3F7] Wi free ione] v+ U3 2

gEwE FEE Aol 8 g o] free ion FE(CH AdLt
X = 7 Cf
FEE AFE AA o] A7, I oFEFT}
0.5ZV1
—logy=""11V7

I=1/23.C.Zx*
where, C; = o] X9 ¥&=
Zy = o] X9 A3}
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To] W o] WA= 7]$7] (factor, S)

Type of electrodes

Temperature(C) K', NO;! Ca'? Mg" S
0 54.20 27.10 27.10
10 56.18 28.10 28.10
20 58.16 29.08 29.10
25 59.16 29.58 29.60
30 60.15 30.07 30.10
40 62.13 31.07 31.10

Y. Ion 4 WU

) lon 23 Hol €=/t A E Feldok wef A

_>.~L

|2 =2k 2ol 7t A&
7% General Setup® Temperature SetupollA 2E& YFH=E=t}, SETUP
FUNCTIONSE s}
2) Buffer& 74sta tE bufferd] d5S W7 A SFF2 71%0] d=&
Al s oF gk},
3) BAL dAnttt dialog box HA oz AW S A ¥}

4) 2= gho] 1.0x10° ~ 1.0x10°% B S A$ Range Over message
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. solenoid valve for distilled water

SVl
SV2

. solenoid valve for standard solution #1
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SV3 : solenoid valve for standard solution #2

SV5 ! solenoid valve for discharged nutrient solution

SV4 : solenoid valve for air Pi @ intake pump
P1 : tubing pump #1 P2 : tubing pump #2
Ps : sampling pump Psd : discharging pump of sampled solution

Pd : discharging pump of measured solution
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o] EZ7]s7HA FoatA] &2 olfr thE & vl ISA = FoHow

10%9] vt EEsjof stn2 FHE I g FHO WHo] & HE9

ESAA7E 2887 witolth AAR wji7]e AdZAEo tgd Als EFo
AbEE FHO AE 206 mmflow rate: 2.2~220 ml/min) ©]9, ISA] o3k

=
FHEO Y72 089 mm(flow rate: 0.44~44 ml/min) ©]t},

W7 o] wel 2ad FFEHQ7PD Y SR H S EEe
7% 99y g w2 E 409 22 Ao AFe uwet &
AH o2 AR FA HH, o] T2 AL EYcol=llve o) 3
Th AR E ESeeol=lB o ofF gl ARYE 9 3-48¢ vElilen A
<l A7)+ 58 Height x 35 Diameter(mm) ©|t}h. vl E7]= £d o=@ H o}
fitting 2 & FA =™ wjE 7] AL fittinge] 574 B 742 widol A A
ST
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zo] FAEE FERE AN EEYS SdES] A& tAsE FEIF ARE
2 2 biocompatibility7} £ silicone A9 FEE AL&3dc. F

© FHEZ o3 EE W ollg BE &9 wiETIete] AAE AHE
Hed 2 ddde oy 9] fittingo]l AFEE AT B ol w7l
E fYxols WHYL AEEHJoER O ddoE By AA AR BE
ozl FEZF dastrh oldd AA4S fsiA = PVC A FEE AHE5

olgj gt A wi#HS flste] AFEE fittinge] ¥ FAS 19 3-49 9
Uehidlen, th&e % 3-162 AMEHE fitting 1 £%5 YER A dth
$3-16 A"l Al AFEH fitting? 71 §%

=y 45
PL 04-02 | €dlxol= W8
PXG 0604 | &doj= WX (
PG 0604C | Y UZoly £Fe] t& FH A4
PY  04C | wiE7]9] one A F71= 9 A4 7
BHF 0612 | 5ch 5487 W< &9 m=& v w2 94
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(a) PL 04-02

(b) PXG 06-04
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(c) PG 0604C

(d) PY 04C

(e) BHF 0612

(f) BMF 06M8
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17

X2

Y1

Y2
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3.2
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13.3
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L

¥

/ Initlal Conditions Stirrar :0FF
1 Operating requirements
2 Dala save
T
(1) 1 EE &% 01 W& (Pa T
+8 pump JHRITH
L
Looing . Heating BH+ 5V open
- *
Ene BEf (PyTa
Yos
x T
Stirrer % (Tet) ERp 3V Closed
¥ T
S F7| L S P T Stirrer % (T

T
: HY SRS W (P T

EE EW 81 SV open

L |

= Air SV Open
BEE B 21 #3 (P Twl

x
L] LY e SR BEE (PT,)
EEEY 21 5V colsed

L
Air 5V Closed

ki

Stirrer : ON

a9 3-5L Mol o] 2Fk A A AAl FAe] A =M= (D)
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BRI U MY 285
B (P T oa)

@MW+ 5V Closed

EE ®Y #2 5V Open

L

Stirrer B8 (Ta)

EE 29 72 3P Tw)

L

i

M SR uE (P T

BE XY #2 SV Closed

T

Air SV Dpen

Stirrer : ON

¥

U TN ER: EFIPT,

EE BY #2 5 QI

¥

Alr 5V Colsed

Stirrer :OH

¥

x
SR U T BN
B (P Tonz)

ER &Y 02 W (Ps:Tomn)

+ 5V open

Hi® S¥ Open

BAs B&(P.T,)

a7l 3-52. w9 o] &FE

S 28 (PiT)




% SV Closed — Stirrer % (T,

L) T
ISA 87} (P Tl ME SR S (PyT )
¥ *
Stirrer : ON S SY Open
»
¥ ¥
Stirrar (OfFf A 5Y Closed
¥
HHS OH (PeiT o) .@
: Yes
ER4 SV open 1':_
1

k.
ERT ES(PiTy

*
EF+ 5V Closed

9 353 MY o] 2F ke A FA AAl T A =M= Q)
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Pump type Regression Equation Remarks
Tubing pump y =22x — 4.7 x © pulse (no)
(ID 2.06mm) R® = 0.994 y © flow rate(mf/min)
Diaphragm pump y = 32x — 60 X I motor input(volt)
(ID 4.00mm) R? = 0.996 y © flow rate(mf/min)

a9 3-549F 19 3-55% 570 Ao FE7F FHE e Ao Frygre]
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<oliharE WE g E>

function;

FT FTmagFTang <> ftN,Ts

/%

[FT,FTmag FTangl = clfftf(ft,N,Ts)

Compute the DFT approximation of the Fourier Transform

Inputs:

ft Sampled function of time f(nTs)

N Number of sample points

Ts Sample interval in seconds

Outputs:

FT Approximate Fourier transform using DFT

FTmag Magnitude of spectrum
FTang Phase in degrees

Determine the two-sided spectrum

%/
FT1=Ts*(fft(ft,N)); // Scale to approximate FT
FT=fftshift(FT1); // Shift 0 to center

// Compute the magnitude and phase for the frequency values
//in hertz fs=1/(N*Ts); fmax=1/(2%Ts)

FTmag=abs(FT); // Magnitude
FTang=(180/pi)*angle(FT); // Phase in degrees
e ZEaHRE o] &3ty FAHE dHeolHE FIF g9 dHolgzE Wt

2000

1500

1000

B

-500

2% 3-59. DFT ® ke to]
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Hir

A% AOE FRI FH/h B Folt JRHOR A gur Frob
u)

A e r] w o)t

¥ 3-19 Mg T o 949 T% (ppm) (Johns, 1983)
da = 3 A 7 HE 5% 99
N NO; -N 0.14~10 3.0~70 20.0~200 49~210
NH; -N 0.007~5 0.03~25 0.4~100 0~154
04~6 10~39 - 59~390
Ca 0.02~22 0.24~40 - 80~200
Mg 0.05~6 0.2~9 - 24~60
P 0.003~4 0.007~2.6 0.03~4 15~192
S - 1.3 - 48~ 224

A% Hr g 4l | Ers @2 |54 U4 sE
N NOs -N 62.5 500 290, 125
NH4 -N 0 200 150
K 62.5 500 290, 125
Ca 62.5 500 290, 125
S 75 300 200

=4 A= JaE A2dy) o]LARREIYIZE o83 B8 vy )

of AASHETh B4 AEH o] LAZVETALE W) o] L E HA o Al
8 A% FAT ol PEe AESAoM, Fole BHS ML

DIONEXAF DX-100(Analytical Column: IonPac CS12A)E, 2o]& HAS 9
3] 4] = DIONEXA} DX-120(Analytical Column: IonPac AS4A-SC)S Z+z+ A}

R

2

IE HoFa gl

a9 3602 AAAC] M A/D WHEe g

m, 8% admi AAAANA 9EE 50709 dolHE wAH AAd
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# 3-22 2589 ol WE 4 4T

ge | TEEZ[ 1 AR Aew [F32]
EFgY (R%) (ppm) (ppm)
v=6.92x-3232.72
62.5, 500 250 243 2.8
- (1.0000)
625, 250, | v=6.91x-3227.79
125 233 86.4
500 (0.9999)
y=5.37x-3459.00
62.5, 500 250 240 4.0
co (1.0000)
625, 250, | v=5.36x-3446.43
125 204 63.2
500 (0.9997)
v=1.26x+1529.96
62.5, 500 250 255 2.0
NO“_N (1.0000)
3 625, 250, | y=1.30x+1522.02
125 161 28.8
500 (0.9295)
y=1.81x-252.02
75, 300 200 211 55
SOZ-S (1.0000)
1 75, 150, y=1.74x-248 87
200 260 30.0
300, (0.9989)
y=-8.16x+1533.35
0, 200 1.0000) 150 146 2.7
NHy -N 0, 100, | y=-856x+1601.02
150 103 31.3
200 (0.9981)

Ad AAAAES olgalel 7 ole AFe) £w 54 AU AL

o 7} oo mE RN Aol 30& olFol YsEE Ao vpehto
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700

600 mom T L
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_g 500 -
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L [ 8 ,
< 400 ~. o
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o
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—&—no washing —-®-—no calibration ———— washing
200
1 2 3 4 5 6 7

Day

29 362 AF AF A%

o ol 2% E Z40] A1§% Dionextle] o] gAREINAE AHEst] 1 A

e v - B itk Mg A Alaw AN Aue ukeh o] )

F 3-23 Qo] WA wigee] o] = (me/) B =R

FAERH — NON3 NN PP | K Ca | Mg |SO+S
ofpA7| | 14.0 13.0 1.0 3.0 6.0 7.0 4.0 4.0
vl =4 3E (g/ton)
A= 826 4217ke] KNOs 206
Aol Ca(NOs3)s - 4H-0 :
B Aol 20 ) B
Fe-EDTA(12.5%)
A7+E] KNOs 400 AT E MgSO, - 7THO | 492
B
A1 2k 2 F NHHPOy 114 - -
&4 HsBO4 2.86 A7 MnSO, - 4H,0 2.13
Fakored .
TIPS 7nS0; - THO 0.22 Ak E] CuSOy - 5H0 0.08
RN
NasMoO; + 2H:0 0.025 B -
EC(mS/cm) 2.0
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agE e W FAol2e $EE 10-5~10-1
R e zell A gafol o FEo] FHE= Sl
o] A& o]gste] ATt ditdor AYAgAFTE 1R 4 A2 g

Uebd w R Ao 4 5S4 & Aom A

i
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KA,I:

N

]

where, Ka=A#gA A4

[Al=4 0] & F&E[M] [(I]="3l o] & & %=[M]
Za=w-A o] & A7t Zi=vsl o] A7)

3 3-24 Interferent ions for ion-selective electrodes

ISE Interferent ion
K’ CS’, NH4'

NOs; -N CLOs, I, CV, BF,
Ca™ Pb*, Hg”, Cu”, Ni*’

SO -S Heg”', Hg'

NH4 -N K

1Y 3-64, 3-65, 3-662 33| AA A FrEl2dolA = G A=

Aztolt), ANtH o g olARvEIY o] 2%
ZAR e} B ATl MdE 2AE vl o] A X (AMICS)S] A3
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i LY 0|2 sS= (20])
02HARE A /S LU DE
=3y pH EC(dS/m)| NOs-N NH4=N PO4-P K Mg Ca SO4-S Na Cl HEHAEC
4-2-1-A 7.23 0.692 49.654 4.077 19.060 80.310 14.850 63.330 16.092 3.93 7.92 0.595
4-2-1-B 6.26 1.357 107.733 0.000 8.581 178.410 23.610 86.220 50.000 36.93 14.82 1.095
4-2-1-C 6.55 1.448 116.326 0.000 9.207 190.560 24.780 79.770 51.842 31.95 15.81 1.136
4-2-2-A 6.63 1.663 139.387 4.496 14.578 237.960 25.620 93.210 45.804 21.81 17.76 1.322
4-2-2-B 7.7 0.636 49.837 0.000 6.722 65.370 9.570 34.530 22.552 11.01 11.34 0.468
4-2-2-C 6.43 1.415 116.068 0.000 10.039 198.990 26.040 81.690 48.848 29.94 14.64 1.148
4-2-3-A 6.67 1.603 129.039 4.286 12.915 233.280 26.700 90.210 46.325 24.90 17.28 1.275
4-2-3-B 6.49 1.375 105.889 0.000 8.434 176.790 21.330 80.280 54.136 34.20 15.30 1.075
4-2-3-C 6.69 0.688 50.847 0.000 7.045 80.190 12.420 46.260 28.330 16.41 9.27 0.550
4-3-1-A 7.19 1.284 101.444 0.000 8.992 169.410 18.690 70.950 44.462 25.89 13.29 0.986
4-3-1-B 6.51 1.326 102.968 0.000 7.808 170.310 25.710 89.970 54.977 37.92 14.34 1.100
4-3-1-C 6.35 1.349 104.188 0.000 8.219 177.930 24.900 85.920 53.545 40.65 18.39 1.097
4-3-2-A 6.75 1.385 109.657 0.000 8.796 183.810 20.280 77.580 50.410 34.50 23.43 1.075
4-3-2-B 6.56 1.275 93.548 0.000 6.868 167.040 17.370 71.790 55.748 38.82 14.37 0.983
4-3-2-C 6.44 1.291 97.621 0.000 7.025 165.330 21.960 74.190 54.747 39.06 18.30 1.017
4-3-3-A 6.74 1.375 106.282 0.000 8.317 180.210 22.110 77.550 50.671 36.66 15.12 1.066
4-3-3-B 6.96 0.898 61.290 0.000 0.000 120.990 12.240 55.920 47.476 32.28 14.46 0.711
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i LY 0|2 sS= (20])
02HARE A /S LU DE
=53 pH EC(dS/m)| NOs-N NH4—N PO4-P K Mg Ca S04-S Na Cl HAAEC
4-3-3-B 6.96 0.898 61.290 0.000 0.000 120.990 12.240 55.920 47.476 32.28 14.46 0.711
4-3-3-C 6.64 1.143 84.657 0.000 5.146 161.610 17.010 63.390 55.598 41.13 14.52 0.919
4-4-1-A 7.51 0.886 66.441 0.000 5.734 117.480 12.870 53.370 40.947 26.37 11.82 0.710
4-4-1-B 6.81 1.100 75.637 0.000 0.000 147.240 16.050 59.520 59.503 43.50 14.10 0.858
4-4-1-C 6.61 1.116 79.947 0.000 0.000 131.610 17.730 61.500 58.402 41.91 14.73 0.862
4-4-2-A 6.96 1.178 89.259 0.000 5.831 159.930 19.530 75.360 54.196 43.98 13.80 0.970
4-4-2-B 6.88 1.117 72.161 0.000 0.000 143.850 16.170 57.780 65.852 49.98 15.87 0.858
4-4-2-C 6.79 1.170 77.711 0.000 0.000 152.640 18.390 61.260 65.161 49.89 15.81 0.904
4-4-3-A 7.7 1.161 80.537 0.000 4.784 151.590 17.520 62.670 59.563 43.44 14.58 0.903
4-4-3-B 6.85 1.125 68.942 0.000 0.000 145.950 15.390 53.310 66.663 47.01 15.96 0.837
4-4-3-C 6.86 1.1783 78.517 0.000 0.000 166.260 19.470 61.110 65.361 48.51 19.53 0.929
4-9-2-A 6.78 1.508 126.267 5.055 12.915 226.560 28.560 106.380 47.687 27.21 19.92 1.311
4-9-2-B 6.59 1.396 115.519 0.000 9.706 202.020 26.820 94.950 50.010 27.51 16.05 1.190
4-9-2-C 6.70 1.306 100.081 0.000 8.248 191.520 21.510 83.310 52.844 26.52 14.58 1.077
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il L o=

SE (20])

2HsEEM /2L EUDE
=3d pH |EC(dS/m)| NOs-N NH4—N PO4-P K Mg Ca SO4-S Na Cl HLHAEC
4-16-2-A| 6.77 | 1.860 129.0 3.12 15.5 291.5 35.4 100.0 73.6 32.2 15.2 1.49
4-16-2-B| 6.85 | 1.925 141.9 0.00 13.1 330.5 34.2 93.0 80.0 40.7 16.4 1.57
4-16-2-C| 7.37 | 1.876 127.9 0.00 10.5 325.2 31.4 92.1 91.5 50.7 16.3 1.53
4-22-1-A| 7.32 | 1.893 140.2 3.42 16.1 311.6 34.4 97.9 72.8 34.0 15.5 1.55
4-22-1-B|6.86 | 1.919 141.8 0.00 13.0 322.7 31.6 941 80.0 411 16.1 1.55
4-22-1-C| 7.08 | 1.891 128.8 0.00 10.8 315.6 30.4 86.7 91.2 49.3 16.3 1.51
4-22-2-A| 7.05| 1.883 137.9 2.89 16.1 307.5 32.0 93.0 74.2 35.4 156.2 1.52
4-22-2-B| 7.04 | 1.905 138.9 0.00 13.0 331.9 31.9 91.0 81.8 41.8 16.4 1.55
4-22-2-C| 7.24 | 1.922 130.0 0.00 1.1 313.6 31.7 91.6 93.8 52.5 16.3 1.53
4-22-3-A| 7.45| 1.873 134.9 0.00 15.1 315.6 31.3 87.8 77.4 37.6 15.6 1.50
4-22-3-B| 6.92 | 1.882 134.9 0.00 11.9 313.1 33.5 89.3 83.4 42.8 16.3 1.62
4-22-3-C|7.49 | 1.826 119.4 0.00 10.0 314.8 31.5 81.8 95.7 51.6 16.0 1.48
4-23-1-A| 7.54 | 1.743 1121 0.00 11.0 303.0 31.2 79.6 85.1 45.5 15.8 1.40
4-23-1-B|7.77 | 1.722 110.1 0.00 9.5 295.9 28.2 73.0 87.8 47.6 15.6 1.36
4-23-1-C| 7.76 | 1.580 83.3 0.00 0.0 274.4 25.1 60.7 96.1 53.6 15.6 1.20
4-23-2-A| 7.32 | 1.704 106.0 0.00 0.0 305.2 27.5 72.7 87.9 46.3 16.0 1.34
4-23-2-B| 7.58 | 1.702 103.7 0.00 9.0 319.0 26.4 72.9 89.6 50.8 15.8 1.36
4-23-2-C| 7.13 | 1.571 73.9 0.00 0.0 278.9 22.6 52.7 102.5 56.7 15.1 1.16
4-23-3-A| 7.72 | 1.694 102.1 0.00 9.4 289.8 28.7 67.5 91.8 48.5 16.1 1.32
4-23-3-B| 7.17 | 1.667 100.6 0.00 0.0 293.3 26.7 72.1 91.8 51.1 15.8 1.31
4-23-3-C| 7.89 | 1.564 74.0 0.00 0.0 272.4 26.1 56.3 104.3 57.8 15.5 1.19
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{2l L 0|2 == (K20])
O2EbE2A/2Ad=28t
=3y pH |EC(dS/m)| NOs-N NH4—-N PO4-P K Mg Ca SO4-S Na Cl HLHAEC
4-24-1-A|7.35| 1.634 92.1 0.00 0.0 278.6 271 65.5 93.4 57.8 15.8 1.25
4-24-1-B| 7.15 | 1.622 87.5 0.00 0.0 286.8 26.2 61.4 95.8 53.6 16.4 1.24
4-24-1-C| 7.29 | 1.472 64.3 0.00 0.0 249.7 22.6 471 102.2 57.7 14.9 1.08
4-24-2-A| 7.43 | 2.240 162.4 0.00 0.0 383.9 29.8 107.1 105.7 58.1 17.8 1.79
4-24-2-B17.29 | 2.230 166.1 0.00 0.0 407.3 30.3 108.4 110.9 60.6 18.1 1.85
4-24-2-C| 7.54 | 2.130 142.3 0.00 0.0 400.2 29.0 98.1 122.7 70.4 18.8 1.77
4-24-3-A| 7.65| 2.290 163.4 0.00 0.0 423.2 30.1 110.4 118.3 66.5 19.0 1.89
4-24-3-B| 7.21 2.400 171.1 0.00 0.0 452.4 32.4 120.9 128.2 72.3 20.0 2.02
4-24-3-C| 7.76 | 2.410 157.9 0.00 0.0 434.9 33.1 122.1 139.6 78.0 21.4 2.00
4-30-1-A| 7.41 1.037 49.8 0.00 0.0 143.1 14.6 58.7 41.3 29.9 15.8 0.70
4-30-1-B| 7.06 | 1.517 99.3 0.00 8.5 224.6 24.7 69.5 68.3 44.5 18.6 1.14
4-30-1-C| 7.24| 1.612 100.5 0.00 0.0 248.9 26.3 80.0 82.9 53.1 20.3 1.24
5-8-1-A | 7.37 | 0.879 53.6 0.00 0.0 112.1 16.1 42.2 35.8 27.5 16.2 0.62
5-8-1-B | 7.20 | 1.517 104.6 0.00 8.5 241.0 26.1 721 67.9 43.3 18.5 1.19
5-8-1-C | 7.07 | 1.608 98.4 0.00 0.0 253.9 27.5 81.8 82.7 53.8 20.4 1.25
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2l L 0|2 == (K20])
O2EbE2A/EAd 2!
=34 pH EC(dS/m)| NOs-N NH4—N PO4,—P K Mg Ca S04-S Na Cl HAHAEC
5-13-1-A| 6.42 2.630 241.96 16.959 | 25.135 | 739.38 72.21 339.90 56.07 41.91 15.00 3.230
5-13-1-B| 5.79 3.270 304.69 4.985 13.169 | 404.37 45.78 209.64 83.66 33.54 22.89 2.616
5-13-1-C| 6.13 2.910 264.35 3.611 8.140 341.88 45.30 200.22 90.49 40.26 24.78 2.375
5-13-2-A| 6.63 3.020 282.02 10.343 | 26.456 | 414.06 45.66 205.08 59.40 14.94 14.40 2.501
5-13-2-B| 5.83 3.300 312.89 4.030 13.394 | 418.41 51.45 235.23 85.61 36.30 23.25 2.754
5-13-2-C| 6.02 2.560 235.65 0.000 0.000 257.85 48.00 200.76 98.34 41.46 25.56 2.176
5-13-3-A| 6.55 2.270 192.06 5.707 17.925 | 282.12 37.35 150.21 52.72 16.68 15.54 1.789
5-13-3-B| 5.90 2.500 218.94 0.000 15.107 | 317.79 41.61 167.25 65.88 25.59 18.87 2.006
5-13-3-C| 6.14 3.110 273.47 3.121 17.269 | 405.21 49.98 210.18 81.29 31.95 21.63 2.517
5-14-1-A| 6.55 2.100 175.52 4.775 16.222 | 284.70 36.54 142.26 52.35 19.11 15.81 1.702
5-14-1-B| 5.70 2.610 247.65 0.000 16.261 327.60 42.96 171.00 73.51 26.79 20.91 2.162
5-14-1-C| 6.27 2.780 252.07 0.000 16.907 | 366.15 45.15 180.21 77.49 29.67 21.57 2.272
5-14-2-A| 6.19 2.710 241.87 2.842 16.516 | 331.056 42.60 177.09 72.38 28.26 20.04 2.166
5-14-2-B| 5.72 2.630 234.63 0.000 15.351 323.19 44.43 179.79 72.33 29.97 20.91 2.133
5-14-2-C| 6.27 2.770 24713 0.000 15.068 | 345.00 47.07 189.81 78.69 31.86 21.48 2.260
5-14-3-A| 5.85 2.710 242.72 0.000 13.659 | 336.45 44.67 189.21 75.67 32.43 21.30 2.211
5-14-3-B| 5.55 2.780 256.21 0.000 14.285 | 342.30 46.23 190.89 80.89 32.85 22.32 2.294
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2l L 0|2 == (K20])
O2EbE2A/EAd 2!
=3¢ pH EC(dS/m)| NOz-N NH4=N PO4—P K Mg Ca S04-8 Na Cl H&HAEC
5-14-3-C| 5.93 3.020 281.34 0.000 13.854 | 376.02 49.26 207.33 90.76 37.38 24.48 2.511
5-15-1-A| 5.92 2.730 243.77 0.000 13.688 | 328.68 47.01 192.45 78.75 35.28 21.66 2.232
5-15-1-B| 5.75 2.930 258.55 0.000 5.606 337.89 52.38 206.88 94.91 43.38 26.19 2.392
5-15-1-C| 6.21 3.110 282.80 0.000 10.176 | 389.61 53.19 223.32 99.09 40.98 25.38 2.609
5-15-2-A| 5.95 2.800 251.56 0.000 12.250 | 360.18 51.57 207.21 83.20 37.08 23.37 2.367
5-15-2-B| 5.95 3.410 311.49 0.000 6.575 390.24 64.35 262.17 116.78 50.61 30.12 2.905
5-156-2-C| 5.90 3.170 295.06 0.000 9.275 396.33 56.88 229.86 99.07 42.27 26.19 2.692
5-15-3-A| 6.01 2.880 259.10 0.000 12.025 | 350.10 49.32 200.58 84.61 35.04 23.28 2.359
5-15-3-B| 6.13 3.510 325.05 0.000 7.465 393.27 63.27 259.02 121.88 50.16 31.14 2.962
5-15-3-C| 6.20 3.170 288.97 0.000 3.943 397.20 57.45 232.14 98.18 42.63 26.43 2.668
5-21-1-A| 6.45 2.770 248.24 8.619 24.020 | 366.78 38.88 180.33 54.88 13.23 14.58 2.206
5-21-1-B| 5.98 3.190 308.94 3.564 13.365 | 417.09 51.63 230.19 86.02 35.55 23.94 2.726
5-21-1-C| 5.92 2.580 222.29 0.000 5.371 253.47 44.91 189.27 92.46 40.32 24.66 2.072
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Uil L ol=2 ==

02HpEEM/EHLEUDE
=3 pH [EC(dS/m)| NOs-N NH4=N PO4-P K Mg Ca S04-S Na Cl HLHAEC
5-27-1-A| 6.74 0.815 64.35 0.000 8.434 140.19 23.40 108.00 33.95 27.96 23.52 0.894
5-27-1-B| 6.62 1.145 126.88 0.000 9.217 212.37 26.22 131.04 45.01 36.63 22.83 1.315
5-27-1-C| 6.95 1.182 148.95 0.000 9.569 209.70 26.76 138.39 45.62 38.73 23.40 1.413
6-3-1-A | 6.89 0.709 71.64 0.000 8.111 98.19 17.43 88.59 25.16 23.97 20.37 0.766
6-3-1-B | 6.74 1.062 135.13 0.000 10.792 185.01 28.80 130.56 40.86 35.01 22.38 1.308
6-3-1-C | 6.76 1.195 150.95 0.000 8.551 236.73 29.19 146.10 50.88 42.27 25.47 1.499
6-3-2-A | 6.84 0.753 79.15 0.000 8.170 112.65 15.45 93.78 26.10 23.79 21.06 0.819
6-3-2-B | 6.82 0.923 109.03 0.000 9.119 149.01 21.90 105.09 33.97 29.88 21.84 1.053
6-3-2-C | 6.76 1.008 124.18 0.000 8.972 175.50 22.68 120.15 40.30 34.86 24.30 1.201
6-3-3-A | 6.77 0.769 79.78 0.000 8.551 110.79 21.66 113.46 27.84 26.19 21.90 0.899
6-3-3-B | 6.83 0.859 97.17 0.000 8.453 129.78 19.59 104.61 32.16 32.19 22.59 0.968
6-3-3-C | 6.78 0.901 106.24 0.000 7.534 147.39 19.29 106.23 37.10 32.67 24.81 1.040
6-4-1-A | 6.90 0.792 85.82 0.000 8.512 121.58 19.02 99.12 28.47 25.35 21.36 0.890
6-4-1-B | 6.79 0.837 93.13 0.000 8.131 134.34 21.48 103.08 31.95 28.47 22.32 0.963
6-4-1-C | 6.85 0.879 97.07 0.000 8.258 136.86 20.22 113.73 38.16 33.03 25.08 1.021
6-4-2-A | 6.94 0.798 90.41 0.000 8.904 128.97 19.83 103.56 30.46 26.01 22.50 0.937
6-4-2-B | 6.84 0.837 94.36 0.000 7.866 126.81 17.34 97.56 32.83 30.60 23.49 0.929
6-4-2-C | 7.19 0.883 92.75 0.000 6.262 128.37 17.40 96.63 35.27 31.65 23.73 0.928
6-4-3-A | 7.01 0.850 96.91 0.000 9.021 129.720 10.38 100.38 31.89 27.42 22.44 0.919
6-4-3-B | 6.76 0.841 95.53 0.000 7.788 124.05 17.58 101.97 33.38 30.51 23.49 0.943
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1

HieH L o2 s= (20])
2HbE EN/E8HEUNE
=5 pH |EC(dS/m)| NOs—N NH4—N PO4—P K Mg Ca SO4-S Na Cl HAAEC
6-4-3-C | 6.90 0.880 96.25 0.000 6.595 133.26 21.90 109.32 36.25 36.03 24.63 1.001
6-5-1-A | 6.67 0.882 100.32 0.000 9.461 140.13 21.63 108.24 33.31 30.42 23.37 1.016
6-5-1-B | 6.82 0.831 90.30 0.000 0.000 128.19 18.15 98.31 34.82 33.57 22.20 0.915
6-5-1-C | 6.91 0.847 87.56 0.000 5.929 134.97 17.61 102.30 38.46 37.47 24.72 0.942
6-5-2-A | 6.95 0.925 107.38 0.000 8.894 155.04 21.21 110.64 34.52 31.92 25.17 1.067
6-5-2-B | 6.83 0.862 98.33 0.000 6.330 128.82 21.06 102.78 35.64 33.00 21.66 0.980
6-5-2-C | 6.85 0.871 95.64 0.000 5.8352 141.03 18.15 98.79 39.91 37.44 25.23 0.976
6-5-3-A | 6.97 0.672 69.94 0.000 5.567 97.14 14.49 82.14 30.83 29.34 25.65 0.744
6-5-3-B | 6.88 0.720 66.15 0.000 0.000 94.89 14.46 78.09 36.57 37.92 27.78 0.726
6-5-3-C | 6.86 0.739 64.25 0.000 0.000 100.86 15.36 81.93 38.99 43.05 30.09 0.748
6-10-1-A| 6.50 1.774 261.70 12.649 30.556 403.17 38.55 214.35 51.67 20.67 21.33 2.399
6-10-1-B| 6.90 1.302 177.10 3.168 14.500 246.33 26.67 62.96 42.56 37.20 27.06 1.631
6-10-1-C| 6.73 0.950 102.71 0.000 6.369 145.71 21.54 113.70 40.95 43.26 30.18 1.063
¥ et &5 20|
UM =2 SHRAAANL0|HESNH
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Qo] Au) A 7144 Hol8 (20024)

25 | & | X2 CO: Q| 77| At

SN | eu | en | 2y | 2 [eE [ 8 | BM
9:30:00 | 31.6 46 18.4 231 12.5 62 403

4222l 113:30:00| 33.6 15 21.3 266 25.3 95 572
17:30:00| 24.9 28 21.7 281 21.4 92 202

9:30:00 | 30.1 51 20 275 16.6 88 354

4432 (13:30:00| 32.8 20 21.8 266 22.2 95 566
17:30:00| 21.8 45 22.5 270 16.8 87 68

9:30:00 | 30.8 41 17.6 310 9.8 94 409

4242l 113:30:00| 29.6 15 19.3 286 19.2 89 566
17:30:00| 22.5 26 21.2 263 17 88 342

9:30:00 | 26.9 55 17.6 258 5.8 95 398

492! [13:30:00| 26.6 21 21 242 10.9 95 580
17:30:00, 20 26 21.2 254 9.9 95 491

9:30:00 | 18.6 36 17 233 6.7 95 329
4210€(13:30:00| 26.9 20 20.6 243 12.4 94 562
17:30:00| 21.4 43 21.2 250 12.3 89 234

9:30:00 | 25.8 57 17.3 270 7.8 91 362
4811€13:30:00| 27.2 32 21 239 13.7 95 508
17:30:00| 22.5 40 21.5 276 13.5 92 362

9:30:00 | 211 77 18.8 325 17 95 62

48162 (13:30:00| 25.7 63 18.2 270 19.1 95 168
17:30:00| 22.5 60 20.5 275 16.4 95 225

9:30:00 | 28.3 72 17.3 263 12 95 395
4817€113:30:00| 26.3 36 21 260 13.3 95 535
17:30:00f 22 62 21.2 247 10.3 95 332

9:30:00 | 27.5 60 17.8 259 8.5 95 376
42182(13:30:00| 28.5 24 20.9 269 13.3 95 555
17:30:00| 23.7 26 20.9 272 13.5 95 466

9:30:00 | 22.9 71 21.2 381 15.1 95 193
48232113:30:00| 25.9 48 21.7 269 17.7 95 145
17:30:00| 23.4 48 22.3 277 18.4 95 81

9:30:00 | 28.2 52 19.5 239 11 95 409
48242(13:30:00| 28.5 21 21.2 261 14.8 95 575
17:30:00| 23.2 25 21.6 258 10.9 95 579

9:30:00 | 30.4 43 18.1 244 8.9 95 426
48252113:30:00| 31.7 18 21.6 252 16.5 95 572
17:30:00, 24 27 221 254 15.2 95 526
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Potassium A= F &4

1. & =0 E AT FFT
2. pHoenix Ionic Strength Adjuster, 5M NaCl, Cat. No. KOO0OIS01.
Az W 100 ml volumetric flaskoll TF5E WA X A9 NaCl 29.2
g ¥ ¥ %E}*ELE Aol AAE =Y FHTFE FAIFE/A A
2o FAS W ¥ g A A8 AR ofe W EE
01 ok AlEet EFEEY 100 mlol ISA 2mlE H7}sted ion background
strength 0.10M-& 23t}
3. pHoenix Potassium Standard, 0.1M KCl, Cat. No. KOOASO1.
Az W © 1L volumetric flaskel]l TFFE 4= A9 KCl 746 g2
Yo Tejaag E50 %9 T FR4E wAREAA ALY Tad
g EGgA77) el ATE o W EEolFr
4. pHoenix Potassium Standard, 1000 ppm, Cat. No. KO0OASO02.
Az Wy 1L volumetric flaskel T/E A= A9 01 M £58&
A 256 mE HUMSY. THTE IAFEAA AY FEAS 92§

g ERA

=

of £ W §

3T

oo
12

T
A= R do = 1% 547 7 A=59 filling holes 93 &
I EE Wit Combination d=oly 7[EHd=9 dAogE A3t filling

solution®. & A&

A2 metero] A A3}

R

pHoenix potassium ©]-& A=< 1x10 °M2] potassium E =& Ao 2 A7k

et BAsh 33 o) AT A S, potassium A=FES Al FHsEe] A7)

T A= 2o 25 7w vA Ae 5 AT combination H5¢] 7]

aii=1 Pr—Er(Qig &A= doa)ol A filling solutions wEivE &
S 1

2
ol B ay F4S A5 g 71&
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W
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¥20 71EF0o] = dolo] whef we ko g EA TP potassium O]
AFE AT u S48 Walste] x5 FAA 7| A=59] drifte] ik &
do] Hr} 7IFHo Q= oo 2HYH Z WaE wE A5 A9 driftvh
WSt g0l =y oldl FHF 1A% FQF 183 potassium 3E
=& A 2/ FtF Hb e

£ 2. KC19 ¥l mat 10% A5 FAA 7= LHERY 55

(rfi lifﬁr) 102M K 10°M K 10°M K
Cs'! 3.0x10° 3.0x10" 3.0x10°
NH, ! 1.0x10°* 1.0x10°° 1.0x10™*
nk 6.0x102 6.0x107° 6.0x10"
H'! 1.0x10" 1.0x10°* 1.0x10°°
Ag™! 1.0x10™" 1.0 1.0x10°"
+Tris'! 1.0x10"! 1.0 1.0x10"
Li" 2.0x10"! 2.0 2.0x10°"
Na'! 2.0x10"! 2.0 2.0x10"

; o] & Al719 background:= 0.12 M NaClo] t}.

+Tris" & tris(hydroxymethyl)aminomethane®] t}.

13l = A (ppm) 100 ppm K™ 10 ppm K 1 ppm K"
Cs'! 1.0x10 1.0x10' 1.0
NH,"! 2.7x10° 2.7x10" 2.7
TI! 3.1x10 3.1x10° 3.1x10"
o' 1.6pH 2.6pH 3.6pH
Ag" 2.7x10° 2.7x10" 2.7x10°

+Tris™ 3.1x10° 3.1x10* 3.1x10’
Li'! 3510 3.5x10’ 3.5%10"
Na' 1.1x10° 1.1x10* 1.1x10°

- 136 -



259 9%
Aol A7t £xol AP W] o] xEFAI ANBE BE LER F
A s o]} g,
1x10° M g0 A 1T 2%=27 23] 2% S x7F Ay ghr},

hop 2o o] o] Fo] M, potassium o] HEFE ALK O 0-40T
Lo, dEHer FAA FE PS5 40-50TAAM AR = ok A
23} WS BE LEdM 24T A9 147 4re] BY A4S ez o

5|
€]
7] o] Ao ZAel A4 AP E 38 LEol mE ol e

71%7] WatE vetdit

¥ 3 2= wE AFY &7 #

<%= (0) S

0 54.20

10 56.18

20 58.16

25 59.16

30 60.15

40 62.13

50 64.11
pH &2t
ASE We pH 49 AANA o] &3 & AT Frole e Fio
potassium ©]&¢ FAE& waldrt. H2E B TR FAHO Fih o9
gl wel WAEE 10% 2AE AT T oA glo] olFold F Y
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membrane(2H)ell & 7]W-go] W3 9Jrt.

Al ol T Es

FEgdgel ed=HAAY

5 sy

oro.
]

ISA7} AH&-5 7

3

F Qoo
’\[‘%‘—va

ISARHA A8

Meteroll ¥A| ==
grol <-4 3k
Ba (Fkel A% WFh

T o

ZA3%lo]l 9+ sensing module

Aol MeA AFEAS B wh

] A2 o] thAl w7 F1HES
membrane(2H)e] E71W-2o] @Y . B nonertes
7 gt
Zun so it & f
4% Qe NEaD Ag=R ) Ag/AgCl (frit fiber
“type)®] NEAZE ALgEA @t

ISA7} &5 A &5

FHE ISAE AHg-Et

meterh wHE7]7F whEkel] Fol SlA] o

meter$} k7] E ujtho] Tt}

Meteroll A ¥ =
Fold g s ylof

meter] 23k

meter?] <l WS HAASte] el

EESIEE!

ok

AAHA

5

o
=]

7IE Aol AAAA F&

EEE

filling solution & =

Wb

] Age ol gol §7 wee
membrane(2H)e] F7]H&0] WY o el el oeEe
A 7 Sk
R FRe WK 2o BAS FRe Wi
7}2 o mVE AL A2 21
P2 T BAM¥G. 2 decade’t T
semi-log Fol9] E@o] n=xA ge gel le 2 decade7t S
el W sRrt EreeAE SeH
o},
AE=LS TR T =]
WASAE Erhe mV ol A8s EAH] deAE &
Aojgon} Ary | SR EA .
ie 4% e
FEgelo] oA 9 EF8IS ThA] Ful e}
Wa A%7 w2 AeEex g9l
ZE AbEE w9 @k 10°M = 39.1 ppm K = 746
ppm as KCI
REEE T E ] ]
Drift (meterol i K =437 dol| §S Aeoz P}
th=o)
NE e ghol &
uHaF o 2 2% 3| Aol Wl Ede] wEHo] gtk potassium F&E-& el HNFE BT

71 &7 7bEA G

CEEEIEE

A estA] ¢S internal filling solution F# 49 filling solutiong AFE3Hc}
EEgdo]l SdEUAY & X wE0H | AR EEENS o P
ISA7}F AH&H A &85 FH¥ ISAE A3
EF49S ISARA AHSS ISAE Ab&-gtr).

Aol 9=

sensing module

Aol wzsl AFeteAE Sl
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Nitrate 4= & & H

1.

H| S
Logo #uE 9

HA

= 2
T

o
ol\

2. pHoenix Ionic Strength Adjuster, 2M (NHy):S04 Cat. No.
NO3ISO1.

Az 0 1000 mé volumetric flaskel 5755 WA % A9 ammonium
sulfate, (NH,)2:SO4 264gS Y& aE EE9 1AE Folth
THTFE BAFEHA AY & S Yol AFRE o8 W &5
oA gdg &I AT # oltb AlE 100meel ISA 2meE #7hst
o] jonic strength® 0.12M% Y&t}

3. pHoenix Reference Filling Solution, 0.1M (NH4):S040.01M KCl,
Cat. No. R001045
(NO31503 epoxy combination electrodeS A& 7 9-),
3.2 pHoenix Reference Filling Solution, 0.1M (NH4)2S0O4, Cat. No.
R001044 (5731429 double junction electrode << NO31501 glass
combination electrode® AF-&3 72 9.
4. pHoenix Nitrate Standard, 0.1M NaNOs;, Cat. No. NO3ASO1.

Az WY 1L volumetric flasko]l SHFE WA S Y sodium nitrate
850 g= ¥ F Ed=aE E5o nAE A4 SHTFE EHaa
o RAIF-E7HA Y EetaAd F4E e F AFE o] H EE9
Al Eds EFAZIT
5. pHoenix Nitrate Standard, 1000 ppm NOs !, Cat. No. NO3AS02.

Az 0 NaNO3 1.37go &2 sdgk W& o] &ste] &HS Azt
7. pHoenix Nitrate Standard, 100 ppm NOs! as N, Cat. No.

NO3ASO03.

o Ky

Az R @ NaNOz 061 g& Ho 99 w43 Wyos gHS Az
}.
2. M3o Fd|nty Y Eauby
M=o Fv|
Ao e dode a5 F43 7l Ad59 fill holes ¥l A& 1L
2wl =E Wit} Combination dZo|t} 7]ZA =9 fill hole BFE o} A F-E 7%
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=

=
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=
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=
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=
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E 2. Nitrate®] F=° @& 10% 235 AN E BAEAY T

HH3] & A (moles/lite

0 10°M 10°M 10*M
cl! 3.0x10" 3.0x10* 3.0x10°°
NO, ! 7.0x10°° 7.0x107° 7.0x10™*
Br' 7.0x107° 7.0x10 7 7.0x107°
CN'! 1.0x10° 1.0x10* 1.0x107°
ClO; ! 5.0x10 " 5.0x10° 5.0x10°
It 5.0%x10° 5.0x10° 5.0x10 "
ClO4 ! 1.0x10°° 1.0x10°7 1.0x10°®
[ background Ionic Strength : 0.12 M (NH4)2SO4 ]
& & A (ppm) 100 ppmN 10 ppm N 1 ppm N
Cl! 7600 760 76.0
NO, ! 230 23.0 2.30
Br! 400 40.0 4.00
CN'! 20.0 2.00 0.20
Clos ! 30.0 3.00 0.30
! 4.00 0.40 0.04
ClO4 ! 7 0.007 0.0007
Chloride, bromide, iodide 2] i cyanide®} #& W& 2L A& 100 méol
0.5 g silver sulfates #H7Fste] HAAOZHN AAT 5 St

Nitrite W3l & 22 A& 100mlol 0.3 g sulfamic acid=

el &2 5 ofslA 2H83= carbonate®t bicarbonatex sulfuric acid® A&

o] pHE 45=% A 3Fste] A Ao}

A7fsko] AT

Carboxylic &°]22 A& 100 mlol 10 g9 aluminum sulfateE % 7}8Fe] A

73

2. 29 9%

Ao A9 exel JFS Wy we] FEET ABE LS SRR f
2] &) o] oF 5T}

1x10° M €AY Ao 1C Watz 2% S 27} A&},
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Nernst equation®] 4] factor "S"= YEY
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== ()

54.20

56.18

10
20
25
30
40

58.16

99.16

60.15

62.13

64.11

50

Nitrate =2 25 W+ pH 2.5~11°|t}.
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UM EHof wE EAHHE HH

WA E A 29l A S A
metere] A meter AYAE Fx3slo] gl
Aol AAds] AdHA AFE wjal thA] A

715 A =] filling solution &2 | Reference filling solutiong Th

Meterell FAH= Fhol F[HAA & Al At}

9 & Hlojd membrane(?})ell & 7]-& 0] AFE el Al o] 7]
L] WS AAg
Aol §de FAUA Fe AFE Lo JdE=rt
A= A A9 25 gl

7t2 2o mVE FAst Al

semi-log o] TFo] Hl= ZZd ZOFPHZ BEE TA
A s gttt 7} decade’t S 7hstell ozl

FE7 F7HHEAE BT

mV gkol F&3s FAH Sl

o AEH e o EF g0 24 ¥o EEEIE o Ev @
W3k A7t ut2A 85U
AE AbgE &9 A #elgtt 10°M = 620 ppm
as NOs; ' = 14.0 ppm as N
SAE ANEV U 54 ANE| AEE SAs L AFS A3
o o7 ARG F oy AR S,
Amet EE gl exst 2437] Aol g Heor
R I s
Drift ( meterdl XA %+ % .
o T P o] whe) 2o wEH o] AFS nitrate FEAo] o]
ol g Foz Ay W
S Eh

internalfilling solution |53 ¥ fillingsolutions A}-& 3t}

e
H p—
FEgdoleFdHIAYERE TS | AL BEEAS EHFTH

ISA7} AH8-51A] 7% ISAS AHg3
FEENS ISARA A ISAE A&t}

C‘%J%% 717y GAY dojA]H] I —— l‘;—j"é nitrate &Rl =7
membrane(2)oll & 7] & o] AFE &0 tha] ol F7w
235 gl & AAz
A=) A% Ao 2 Be Feldn
meter®] A% meterd X2 Faslo] ol
ISA7} AH& 5 A &5 FHE ISAZ A3
=] A A=S wA g}

Meterell ®AIE = Fho = o ==

o4 ]gm o}]f (ﬁof}l Aol waAR Ao =B Hol Aok fgj irate SRS

% W metere} W yk7] 7} vlgtof metere} RS wlgo] ¥
T JA Th =
membrane(2h)ell F 714 -& ] AFE S tA] go] F7]
W 9t UEs AAz.
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Calcium A= # & H

2

1.&2H &
1. &9 FHE 9
2. pHoenix Calcium Standard, 0.1M CaCl,, Cat. No. CALASO1.

Az W 100m¢  volumetric flaskell THFTE WA E AY  calcium
chloride(CaCl:2H:0) 14.7g& %2 F Zd2aE5 £E8° AAE Ao
ZHTE BAREZA Y s FA4SL de F gdS TFA7)
7] 913 AFE APl W EE50 =0
3. pHoenix Calcium Standard, 1000 ppm Ca2+, Cat. No. CALASO2.

A Z WA :Calcium chloride(CaCl2H.0) 3.67g2 Hol $oF 53
o2 AF3
4. pHoenix Calcium Standard, 100 ppm Ca? as CaCOQs3, Cat. No.

CALASO03.

AZ W Calcium chloride(CaCl2H20) 0.15gS 9 ¢
o7 AF3}

5. pHoenix Ionic Strength Adjuster (ISA), 4 M KCI, Cat. Np.
CALISO1.

Az =Y Potassium chloride (KCl) 298go = ¢ TLU3 WHE o] &
ato] Az gkt
6. EDTA titrant, 1M stock solution(calcium & el ZH Q).

A ZHH:100m¢ volumetric flaskell 37.2g2] Na:EDTA :2H.0,

= 2
T

o
HN
o
ol\

R
s
offt
e,
rot
o
i)

ethylenediaminetetraacetic acid dihydrate:disodium salt® Y1 SHF
B mE 2o A HAHL 9o sdsh
2. 3o x=gluty U E gy
M3l FH|
A=l FHE Qofgle 1% F4% 7l A5 filling 7S il AdE
IR EE Witk Combination A=eoly 7|Ed5E A=3 Zol AFH

filling solution®. & fill holed] w2 ofg) FEE7A ALt} Calcium
membrane oF#el A F7HES AASY] ] AE 2NN SEAE AE
g owje} e WHow AS5S HHI EEAET AFE AR AMESIAY
LA AT BB F ALY Afde 308 F< calcium EFE G
calcium A& @7t A5 AREs7] vt2 Ao FH[gE F meterd]
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NaOH

oA Hleojd A=

ol
=2

o

o]

3~10°]t}

EEES

A2 pH

L %

Zg ol

U HCIZ pHE 9]

o+

—_

ol

KIr

CaCOs,

&% parts/million as calcium, parts/million as

Calcium 9]

W

veel

_Zrl

mﬂ
e

H
Ho

[N

moles/liter, &2 t}

9 W& factors

+2

ppm CaCOs moles/liter

ppm Ca

10.0 1.0x10

4.01
10.00

40.10

25x10*

24.9

1.0x107°

100.1

1000.9 1.0x10°2

400.80

0
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¥2. Z#9
%ol wet 109

10% 2315 ZAAII= ¥
L oﬁﬁgég e

. HF 5]
124

__ (moles/liter) oM
Mgd ____________ 10*3M
7n’? 1 O><1_07f __________ 1074M
Ba™ 1.0x10"! ST ARt
K™ 7.0x10° 1.0x10° o0
Na'l 4.0x10° 7.0x10" 1.0x10!
Ni'? 2.0x10° 4.0x10°" 70x10 2
Cu® 5.0x10* 20x10" 4.0x10 2
Fe' 4.0x10™" 5.0%x10 2 2.0x10 2
S 2.0x10°2 4.0x102 5.0%x10
gt 6.0x10* 2.0x10° 4.0x10°
Hg” 4.0x10 6.0x10 " 20x10°*
Pbh* 4.0x10°2 4.0x107° 6.0x10™
1.0x10" 4.0x107° 40%x10 %
1.0x10° 4.0x107*
1.0x10 6

Mg

Zn' 2.43x10°
Ba'’ 6.53x10° 2.43x10"*
K 9.60x10° 6.53x10* 2.43x10°
Na't 1.56%10° 9.60x10* 6.53x10°
Ni? 4.60x10" 1.56x10" 9.60x10°
Cu'? 2.94x10* 4.60%10° 1.56x10°
Fe'? 2.54x10% 2.94x10° 4.60%107
Sr'? 1.11x10 254x10° 2.94x10°
H 520x10° 1.11x10° 254x10%
14 pH 5.20x10° 1.11x107
2.4 pH 5.20%x10"
34 pH

2. 2EYA

Sulfat
e, bicarb
onat
) o c
/‘ﬂﬂjg 129§k, &= ]arbonatek‘: Z+4p o] &3}
Ry PAR=RC y 1= o %g a1 = )
AN S e e
- — - X
ooagla Ao f AR o), HE HAO bH, 18] Sl A 27 o)
ree 2 8% fre o] A o]
T ol e Z+4F K
]JWL%%aﬂm;Hw%%5%7uw
Toﬂ 2] Bl 5 =
o= 1S4 3]

5 7kS Ao
=

T itk C
. CaS049 ¥
b wreler s 34< 5] 9l
= kﬂﬂu%ﬁﬂpHﬂ]Hﬂ’wmwﬂiCL
7w4%4@c£5:5“WM®0mmE

39 FA oIt

CaHCOs"
3
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FE JAHS I £ do. w3 A catbonate/bicarbonate & =7}

3x10 °M(280 ppm carbonate)®.t} vrolo} o},

3. 259 IF

AT AL exel] AFL Wyl Yol TEFAT ARE RS LED &
A ojokgitt, 1x10° M &4 790 1T Wz 4% 227F A3t}

whep exwo] Hyo] o] FolArhH, ZHEAFE 0-40C SEolA ALEE F 9
o AL w9 e 2RoA FAHT Aol 1A AEe HEF AE 3
2@ 3] did AdedAe] o) /HF ARE E 3¢ £wol wE o

249 71&7] HEE dEpdd

¥ 3 2= & AF9 &7 #

CTER T 5T
0 27.10
10 28.10
20 29.08
25 29.58
30 30.07
40 31.07
pH &2t

ZEg A9 FAF HYE pH 3~10 o, ©E pHolA A& He 9
(membrane)dl €4 ¥ JIFE F F U0
21 0]
9] di(n-decyl)phosphate &o°]-2o] Z
AARET, T4 oo EATY HAH
o] =4 o] o7 X3FHr}
[(RO):POsJCa + 2H = 2(RO).PO:H + Ca”
o] 714, RS n-decyl hydrocarbon chain®] t}.

L3 FAE o] 22 e ol Hee AT

=
Zg ol2g FAsk=d Wel 99

RS

di(n-decyl)phosphate2} A&3t Zgpo] 2
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Ammonium A= FEH

1,50

1. 845 wE7] S das /T

2. pHoenix Ionic Strength Adjuster, 5M NaCl, Cat. No. NH4IS01.
(&Y e ol 2A 7|5 LAl FAAR)

Az WY EFFE 1L volumetric 23 E WEA R 291 292 g9
HHEFNaChS 9ol ZF2asE &850 5 Fg239 1L &4
T2 SRTE MY Ee2aY F4S 2 o8 | AFE S594
SAS EFAUT A5y EFE Y 100mlol ISA 2mlE 2 o] back-
ground ionic strength 0.1 M& & wtE=t}

3. pHoenix Ammonium #5849, 0.1 M NH4Cl, Cat. No. NH4ASO1.
Az Wy 534 go 93 GEEINHCDS 2ol 2)3 593 Wyo=
THETh

4. pHoenix Ammonium ¥F£€ %, 1000 ppm NHy4", Cat. No. NH4AS02.
Az B 297 go 93t dEE(INHCDES Hol 99 543 HHoe=w
A Z 3k}

[¢]

=
=
Sol BRES "3 9t 1% F743 /1FAF9 fill hole® ¥ 9t 3
= = 9] fill hole H}IZ o}AF-E7}X]
AEE gol o F4E A,

= 22 AARY. AG G
Aot} o od wy Fol, 308 5% $EF EEEA GEF AFL

44
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¥ 2. NH4CIY &9l o 10% 225 TAA T = HPEZL = ; o>
A1719) background+= 0.12 M NaCle] t}.

=3 & 2 (moles/liter ) . _ . . .
&HEd 102M NH,?  10°M NH,!'  107*M NH,?

U

)
"""" csT T 30x10%  3o0x10f 30x10°
K™ 1.0x10°* 1.0x10™° 1.0x10™"
nk 6.0x10 7 6.0x10 " 6.0x10
H'! 1.0x10"! 1.0x10 * 1.0x10*
Ag" 1.0x10™" 1.0 1.0x10"
+Tris™ 1.0x10™" 1.0 1.0x10"

W3 52 (ppm) 100 ppm NH4™ 10 ppm NH;™ 1 ppm NH;"
e W S T Lox100 0
K 2.7x10° 2.7x10" 2.7
T!' 3.1x10° 3.1x10” 3.1x10'

H'! 1.6pH 2.6pH 3.6pH
Ag’! 2.7%10° 2.7%10" 2.7x10°
+Tris! 3.1x10° 3.1x10* 3.1x10°
Li'! 3510 3.5x10 3.5%107
N ORI = 2 R = 2 S = 2 S

4, &9 9

AT A9t Lxol FFL W] PRe XEFAY ARE B LER &

A olokdth 1x10° M 4 Aol 1T Wez 2% 237k LA

ghek 2] Hyo] o] FojHrw, YRF o] HFE dAKHor 0-50C &
2 5
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A 8l A

meter?] A3

Meter®] AWAE Fxgr}

membrane(®h) el &7 %-&

e N

Meteroll FA| ¥ =
3HA] & (Fkol A& WE)

X AA B,

A5e A AFE wAB

Aol el gl wZH ]
ool Juy EEgdd AFE wa

metere} AHE7]7} upeto]

ol 9lA gtk

meter<}

Wu/ g el gk

filling solution o] WH &

filling solution fill hole ®W}F= o}z
HHEA A e

meter?] 43¢+

meter?]

3o}, (meter AW A

gl pye AAstel 24

}a1)

Aol A8 ddHA

S HHH

EP/‘] a4

Meterol] EA] 5=

715 Aol filling solution©-

2 A9AA B5

membrane(TH)ol & 7] 0]

23

Aol gao] SAUA

b

to X
12 12

B
o

W o

. - 7}2Zo] mVE I A RS
semi-log  Fole] = ZagHE w52 gaAst. 7}
1 KN

= decadet E7hEHel Wk w27k 27}
SEAE U930

AEE FZA AT
sl gt}

Trgojo] ux 4o R AL K A S

A% AEE B

wa AT A AGHIEA
stelstrt, 10°M = 17 ppm NH; =

14 ppm N
SA A57F Os 54T AaE FAHs HAFES %ol
Asol 5ozt AR F b5 A8E SHIY
Aot EFE&H w7t v2| S43517] Hdol| & Aoz ge
Drift ( meterel A+ 3 |ch .
o] g WtgFow His W X 30] L3 &l %EM%M YERFEFEA AS5S B
33t ]°*€— internal . )
FH ¥ filling solutions AF-& 3t}
solu‘aon

N7 FAT BOIAA

EEgolo] eauAt &

% 5ol

ISAF A 894 &8

B 898 ISAZA A 8e

Azo] At

ST thA2e] 45 Ax)

JA T Aol Aol = Holott | SR mRE gl oS Bt
membranc(2h) ol BB %0l | ASS ol A Ho] T ES
W5 gk A A gt
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Silver/Sulfide A= # 24

ol
2

ol
ol

H]

A

o

H &S 93 S/, Sulfide xE4 7 SAOBY &H]of] AHE &
% ] e} AFkA] 71T
Silver ion &Aoo Al &5 &= &9
2. pHoenix Ionic Strength Adjuster, 5M NaNOs;, Cat. No. AGSISO01.
Az W 1L volumetric flaskdl /75 WA E Q¥ sodium
nitrate, NaNOs 425 g& ¥ & Zgx=3&
THITE RAFEA] AL FepaAe 74
SHAI7I7] el AR oY W AR EEoEth
3. pHoenix Silver Standard, 0.1M AgNO3, Cat. No. AGSASO1.
Az WY 7FF 2 F silver nitrate 150 T LB A 1A7F &<
AZAZ. 1L flaskell /7S 4= A AZxE

1699 g& Hol Eelias E5o] %9 F FR4E

r1r oo ol

IN' rlo M

¢l silver nitrate
E A 274

AeT, Besad FAL 9 e TRAIA A6 AT ol
MBS ET S 2 Hol 413 BN F o Fe
ol A,

4. pHoenix Silver Standard, 1000 ppm, as Ag’, Cat. No.
AGSASO02.
Az e Yt w93 wylow o] A %3t} Silver nitrate 1.57
g Ahe.
5. Chloride Titrant, 2.82x10°°M AgNOs3.
Az Wy Yo =Yg o w A %3t} Silver nitrate 0479 g
A&

Sulfide ion &3] Al&HE &4
2. pHoenix Sulfide Anti-Oxidant Buffer (SAOB), Cat. No.
AGSIS02.
Al A3} yellow-brown Afe]el] glojof gk},
g Ho] o Ao Hster A AbstEglon® ARE S
3] S @ W A2 FH g SAOBE H¥shr)
Az W o 1L volumetric flaskel] A= FFHTE A3 10 M

i=]
NaOH 200 ml, ascorbicacid 35 g, 28] 3L disodium EDTA 67 g<

_1:1:4‘

&
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ol ;A 443 D WA BEo| %9 F FREE BARE
A A2,
3. pHoenix Lead Perchlorate Solution, 0.1M, Cat. No. PB2ASO01.
o] & sulfide EF&He] Aol AHEH T
4. Sulfide EF &9
Az WY 0 FHT 100 meol NaxS:-9H0 100 g& Ho] £E5ojA %<
% A

T s AuE ol AFste] o] sEuhEet
hya

—

L volumetric flaskol] &8 ZF8& 10 M= ¥ 2 SAOB 500

HA7Ee & SHFE FAIEE7A A weekly sulfide

=
=

=51

oo

= CE 2589 10 M= 0.1M lead perchlorate®
Hoh Silver/Sulfide o] A=(18]a 7|Ed5)&
As Fddgo, ALke te 2o

iy

ol
2L

oo oxf & MN
N

>~
=
ol
il

C = 3206(Vy/Vs)

C = ¥ %(as ppm sulfide)
Vi = TEHAA HA F3

= 1
g8 wEgoe] ¥3(10 nl)

v
i
5]

F8NE weekly B8NS serial FAste] wjd =2 F8]3o}
mE 100 m¢ volumetric flaskel] o] SAOB 45 mE #H7}3k &
| FE7FA] 8| A 8te] 10u] 34898 FH|shey,

—

ofN kM
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> oo
12
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H
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-]

0x

It
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o
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el deidle a% 43 Vs A9 filling FES 23 3
£ & Witk Combination =0l 7]|Fd=29] fill hole®] WF= ofgl H-
744 filling solutions AETH(HE A& 7=l =S AFES wol= o A

qep)., Aol AATT.

=9
4 A0
=

Mo Hr K

M=o Hpbub
pHoenix Silver/Sulfide A=< 1.0x10 *°M silver(Z< sulfide) &0 2L A
Heot Btk whek e A ZFEor@2F o)) BAEY A Hd=e

sensing pellets A& 3dke] AxAZ1 - protective cap®® membrane®| +-*-
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< 71tk ¥eF filling solutiong THAl A& 4 ATHH combination =

N,
AN
2
[l
1o
o
-z
(@]
=
)
3
o
[©]
-
2
R
=h
=
e}
%)
=N
o
=g
o
)
o
=
L)

3. EYA felAE

E™ A FoALE

1. BE AR FFEde 22 25 F Aoz FAHojoF Z&F3 Ao
7bsetth. 1T 2542 Qs 2% SAH A7 S Ay ko)

2. Ag3 SAS AN dAT FE2 AojErh. AMuR]= &9 2%
5 WsA7) 7)o SRS dS YAATIBR Blo] A9} wygty] Alolo] ~F
2F 2 dAAE do] ol FFE AATH

3. BE silver Al59} silver XT84 WE ] Hys)|of shrf

4. Sulfide 5% SAOBZ 1:1 84 gt}

5 THTE ASE W 7FHe] AHG dxAZv. 29s W] 8
AR AxE FolE ARgsir

6. A57E8o] =9 A5 o] AHdEC] dt=AES vERAT T8 AHE
< polishing paperg& AF&3sto] AARY. AT #&S Fsy

7. 98 Hw 9 silver Ao A= plastic labwareZ AF&-3Ht)

8 ol M77F Z AEE FAH}E Aol AlEe e 2] RFEAS
= H| g}

9. Zxgdoly Az A=S ¥AES W (membrane)ol F71WEo] A&
Ag A st F371H &0l membraned #E oW WIS oA &
Aol o] F7|H&S A Az}

ANRo =A

TE AR Fgdojojof il epoxy AT FaAZL & e F7NEES

EgshA] grolof gtk f7] &l epoxy Ao HAE molAY AT &

A e} sensing crystale]l ZstA A 9l A SAsA Ee AT

methanol, benzene, &2 acetone

o
AR} FEEAS L 25 (80To]dhel A
AsE HS '3 HSE S7 2 A#A7)7] 98 SAOBE H7sioF st
silver® ¥3tale= A2 pH 8 olst® w3 OH '#¢] ¥h8-S ulgtt}  Silver
Alge Z88ttd 1M HNOs= sHdshsith, 22 silver Almol EA]38HA
eFom HgSe HgeS7F #8017 wWio] 22 sulfide AlEdE EA8HA]
gt ohE wEEd =8 S48 etk weF EAdtE gegd

s

(
-

2
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Ao ol AwE PP ol gt AA B

X

I

ct

2
o T

A

Silver®} sulfide®] &%+ parts/million, equivalents/liter, moles/liter, &< T}
g 5% 99
ddd. %

fo
off Iy
=8
av)
Ho
i
T
O,
=
ui

ppm S72 ppm Ag*! N(S7?) M(Ag*h

30 10790 200x10° 1.00x10 2

100.0 —— 6.23x10°° 3.12x107°

32.1 108.0 2.00x10°° 1.00x10 ™

- 100.0 1.84x10° 9.27x10*
- 108 ______ 200<10" 100<10"
4, M3 M
X 3 A
wob AFg v A wARTYE Z4e 2% AP 5 Ak Lo W
5h, o]%, 183 noise 2L Q4= Q@AY 9SS Foh g QIS

o W T2 A @Al o) FdEn. wteF =84 salt(d

iz o 7}3l )
S PAstE ool 2 FTLEE A5 EASHH membraned] HH=E Aol
ot ol 3t A $-o] membranes oA EHFA]ZItE Membranes ¥ WH

ercurys X 38}A grolof vt} Sulfide A& += HgS<

= =
B8 uwio mercuryE Xg3HA| et AESAHQ AR}

=)

[e) T
A2 gilver oS &A4sl=d #HalgES dvh. ey o] sk
G g o] W82 1M HNOsE ©|83te] pH 2~302 &9485 AHAdsste
ZA AATE 5 At
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Sulfide &< silver ©] 29 A T LAHoi HES oA A o

2(Co)&} free ions(Cp= TA AT,

C‘[ = Cf + Cc
A= @A free ionoll vt 3H-8-3t7] wZell & ol =S FAPek= =40
EAGY olee] 24 FES paNUT,

[6) =
Silver o] o2 3}3tE 53] cyanide, thiosulfate, ammonia 18] EDTA
B2

22 Ay olEAS ES FAs
Sulfide °o] &< 4 o] &(HS'# H.9)3 HES A3t Sulfide o]
sulfur(S; % Ss% Sy% etc.) 183 tin, arsenic, antimony ion¥} £314 &S

g%,

3. 2x9 9%
A=l A7t 2o JFS W] o] BFEAT A5 AE £1% ol
of glojol gt} ol 71 A= dA9e A

ke 2= weba] dHds] wskstt. F9] 7]& 7]+ Nernst equationol 4]
factor "S"® YERNI &%) ol w3l Zb ol dafA

Nernst equation®l A "S” kS 7] £33 Aot}

=3
o
rr

E 2 2% wE AZFY 77 #

R TS T T
0 271 54.2
10 28.1 56.2
20 29.1 58.2
25 29.6 59.2
30 30.1 60.1
40 31.1 62.1

Wk 2o Wl wAGt A, ASES tA] BA S oF Sk
g o] o] A8 S 749, pHoenix Silver/Sulfide Ion Electrode®] Ut gt
= 9= 0~80 Coly. whef w7l AL o RE 493 "dojq v
T o

Silver= ¢tEUoF7E fl= 9714 EHlA hydroxide(4+8}) o] &3 whg-s}
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lo

G o] 22 sulfide o] &3 FES &Aske] bisulfide ©]2(HS )3} hydrogen
sulfide (HS)7F dA %t pHZF Yoldo] watd e v we %9 sulfide ]
o] 2SS FAsT}  Free sulfide ©](S%o] w@x Zd714e gAo Ayt
ZA)et7] Wi, sulfide® X detE RE A Zo|A SAOBE Aoz
2ol Hrst dAEA GAHAT. A FdolA sulfider WWE] HoS

k) pH 6~1201 A= A9l BE sulfide’} HS ! Jej2 &4

wn

P2 =48
3T},

7. 2HGHE gy

1. Glassware (H]°]#A, 3, {3 FF

Ags =4S 317 Y= glasswareZt 4 s of 3t} Glasswares
3]

S@ AAAZ ARo] Fol FRFR AHsel fds AzA,

A=e 71&7] gl AHE WS ol gste] d=s gt
L AFY 71€718 AT o SF/HTE AHESA=A st
2. A=o] s e A 2ol HgatA FevtH FAAl FAMG I Hd=
o] &5 Farste] 7|E71E oAl Felgt
3. oA E Aol = AR o] AEshA Ferhd SukEA A Est
i+ silver/sulfide ion A=Fo2 7]|&7]E tfA] FQlsttt,  whef FA 7}

A< A3t working reference electrode® 2213t}
4. LAY AHFETHH, ZFE& o] ETstAY, A7 WallE

;‘<_:1‘
A%, Fe 2A7Ed A7 eAR A% Al ®

kel
ot

My o
oo
2
R ek

2 ol g% 5 YAY T Agatd glox Aol
H 9l

B

 filling solutionS A& 3%kt
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ju7
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S EXH mE EASHE U
A T A 29 A A
meter?] 23} meter AHAE FZ3HC]
Meterdll ¥A= = Fho] 99| Ao Agt Ao 2E @& gAdin

< "oy A=o] Ad3] AAHA o | AF5S W tA] A4
71% A =o] filling solution| Reference filling solutions T}
o2 AYAA & Al Alg-t}.
membrane(¥h)ell F71 W&o | AFES §q oAl P FI
w3 <& AAz.

Aol o HolA A
os A5Fe Sol Yot

B} meter AHEAE Faste] gk
meter?] 23 = B

Meters] A% o] 94 -

1% eko(zro] A& wal) | [SAZF AFEEA S 39 ISAE A&t
membrane(¥h)el]l F71 W&o | AFES §q bl @ I
sl gl <& AAz.

A= A% A5S WAz,
Ao WalEdel &5 | A5 silver £ sulfide ®F
Fa= & Aol FrHETt
metere} nLHE7] 7} wlebo|
= Yol =1
R metere} nRE7|E vl EE=U
. _ Azt B 257 o A Ao £94& Ao

Dr1ft_}( Hf}it:roﬂ qi:/\]‘El:_E_ ‘ Wz

o ol el ol

dol @ e AU Mg wee 9aae 2a| _

3h) B} AP s el
of =&FHo Qutrh
AEslA] 2 R filling|FHE  filling solutions AR-E3F
solution =

7t2F mVE ®AIStL HNEE
semi-log Folo T3] vl= B} o
RAJALE gnf27 Ao A 2e of RaPHE FTEEZE FATTL
Aoy Ard e AL e 7t decade”t E7iel e} w7t
7t =AE gl
Qs mAH =
) T_}\] mV %}l-ol o—|°] J‘}\] ]O} R
A5 EFelgt).
B o] g ok EEENE bl FH| g
W A7 vt2 A 48 EH A=A
gl s}
A ATEE G 1x10™"M = 32.1 ppm as S
= 20x10° N(S) ; 1.0x10°M
= 108 ppm Ag"'
AL O PG T
A HEE SRS E qman as gawd
o] x3H o Qi
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