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Due to rapid development of economy in Taiwan, industrialization and
urbanization have brought great pressure on the environment. In particular,
industrial pollution has immediate impact on residerdigas because the small
urban area increases the chances of pollution spreading. The conventional water
sensing instruments, such as pH meter and conductivity measurement are reliable.
However, frequent manual calibration and cleaning are usually reqthrexthe
manpower demand for maintenance is heavy. Also, monitoring instruments for
regulatory items related to enforcement, such as heavy metals and chemical oxygen
demand have the disadvantages of large volume and high installation cost.
Therefore, theconventional water sensing instruments are not suitable for

application scenarios on mass installation and distribution.

The project plan to achieve the following results: 1. Miniaturized water quality
sensing components for pH, temperature, conductivity, chemical oxygen demand

(COD), suspended solids (SS) and heavy metals by utilizing optical and



electrochemical methods ardeveloped. A small automated water quality
monitoring system for the detection of pH, conductivity, SS, COD and heavy metal
featuring compact, durable, easy maintenance and low cost is also developed by
integrating microfluidic systems, chemical analysiptical detection and signal
processing circuits. 2. In year 107, 100 sets of the automated water quality
monitoring system have been installed at several sites of Taoyuan City, including
part of Nankan creek River Basin, Guishan Industrial park and lkangz
irrigation ditch. The systems have been operated continuously over 60 days and
achieved over 96 % of complete transmission of water quality monitoring data. In
year 108, the project plan to extend its application field, to install 50 sets of the
autonmated water quality monitoring systemTiaoyuan Hsinchu or Yunlin. 3. The

water quality IoT wireless communication module and data center system has been
established and operated online. Combining the established deployment and
maintenance management gyst and water quality sensing data analysis and
decisionmaking system, the platform can issue immediate alert after detection of

potential pollution area, in order to provide traceability and early warning.
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Due to rapid development of economy in Taiwan, industrialization and
urbanization have brought great pressure on tdr@ment. In
particular, industrial pollution has immediate impact on residential
areas because the small urban area increases the chances of pollution
spreading. The conventional water sensing instruments, such as pH
meter and conductivity measuremeng aeliable. However, frequent
manual calibration and cleaning are usually required, thus the
manpower demand for maintenance is heavy. Also, monitoring
instruments for regulatory items related to enforcement, such as heavy
metals, suspended solids(SS), exiical oxygen demand(COD),
turbidity and free chlorine have the disadvantages of large volume and
high installation cost. Therefore, the conventional water sensing
instruments are not suitable for application scenarios on mass
installation and distributian

The project plan to achieve the following results: 1. Miniaturized water
guality sensing components for pH, temperature, turbidity, free chlorine
and heavy metals by utilizing optical and electrochemical methods are
developed. A small automated water lfyamonitoring system
featuring compact, durable, easy maintenance and low cost is also
developed by integrating microfluidic systems, chemical analysis,
optical detection and signal processing circuits. 2. In year 107, 100 sets
of the automated water dug monitoring system have been installed
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at several sites of Taoyuan City, including part of Nankan creek River
Basin, Guishan Industrial park and Hangzikou irrigation ditch. The
systems have been operated continuously this year and achieved over
85% of correct rate and complete transmission of water quality
monitoring data. In year 108, the project plan to extend its application
field, to install 50 sets of the automated water quality monitoring system
in Hsinchu, Yunlin and other hapot area of Taoyua 3. The water
quality 10T wireless communication module and data center system has
been established and operated online. Combining the established
deployment and maintenance management system and water quality
sensing data analysis and decismaking sytem, the platform can
issue immediate alert after detection of potential pollution area, in order
to provide traceability and early warning.
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i 108 12 31
108 108 9
108 12 1.6 1.7
1.6 ( )
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108
3 4 5 6 7 8 9 10 11 12
1.
1.1
1.11.1 1.1.1.2
1.1.2.1] 1.1.2.2 1.1.2.3
1.1.3.1] 1.1.3.2 1.1.3.3
1.14.1 1.1.4.2 1.1.4.3
1.1.5.1
1.2
1211
1.2.2.1
1.2.3.1
1.24.1 1.2.4.2
1.25.1 1.25.2
2.
2.1 107
2.1.1.1
2.1.2.1
2.2 108
2.2.1.1 2.2.1.2
2.2.2.1
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2.3
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3.
3.1
3.1.1 3.1.2
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3.3.1
3.4
3.4.1 3.4.2 3.4.3 3.4.4
4.
J 4.1 4.2 4.3 4.4
10 20 30 40 50 60 70 80 90 100
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1.7

pH, ; ;
1.1.1.1|108.04.30 s
pH, ) ’
pH3-pH12 10 -85
1.1.1.2/108.06.300 +1.0pH .
+05pH N 0.5
250¢ S
90 ¢ 89
10mS/cm +15%
. 10300 €S/ cm(10.
N1. O
13.5
0.25 ~ 3 ma/l
1.1.2.11108.07.31 g
R2 0.98
0.95
1.1.2.2108.08.3(¢
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1.1.2.3

108.10.30

0.53.0 mg/L

0-500 NTU
1.1.3.1108.07.31
1.1.3.2108.08.3( 6cm
3cm
1.1.3.3108.10.3¢
55Q 850 nm
VIS & IR

Reference PD
25cm
1.25 cm
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1.1.4.14108.06.30

Cu

1.1.4.2108.08.3(¢

1.1.4.3108.10.3(

1.1.5.1108.07.31%

1.2.1.31108.10.3]

1.2.2.1108.10.3]

1.2.3.1108.10.3]

0.55 mg/L R2
0.9973
C¥*  PE*
NBloT
3
5
7~9
9
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11 5
2.1.1.1108.12.31
4 2 11
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9 30 50
50
2.2.3.1108.09.3(
100
4~6 100 4~6
2.3.1(108.06.3( 98.22 %
> 85 % 88.5 %
100
7~9 100 7~9
2.3.2| 108.9.30 97.59 %
>85% 91.3 %
50 50 60
2.3.3 (108.11.30 %0 9924 %
10/1~11/18)
90.3 %
100
10~12 100 10~12
2.3.4 (108.12.31 99.54 %
> 85 % 89.6 %
5
3.1.1|108.08.30 5
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. (mho, S)
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2.2

(Printed circuit board, PCB)

(Negative Temperature Coefficient, NTC)

2.3 .

NTC (Wheatstone bridge)

(250- 10,000e S/ ¢ m)
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2.1

i #(mg/L)
@R ELE ARk A A #EA#| In | Sn
sen-100 | ¥ 48 RieEpi(h £E 0 2000/0) pH7iE R | Faidpadsfamig]| 20 - -
sen-102 T ¥ 28 RIEAB(H EE - 2000/ ) pHTAE Eim | i dhag a3k 18 - | 009
G7_ [PCBig#&t4 8 Rcdni(H §1| - 10000 ) pHE R | FAdpd 20 - -
GO PCB#m#ét4 B A ib@si(h €M ° 100Q/L)) pHTIE Kk | Ffidpsfmiik]| 18 038 | 016
chun? |[F8&8RLABETE: 100Q0) pH7I2 R | Faispdsdiang]| 20 - -
1503 [T8eBRidpmER: 50Q0D pHTIE R | Faidpdsgiank]| 20 -
Ul [—¥&8RtdsrEm: 40000 pH7HE Eir | FAdd sk 3 024 | -
U9 [T ¥4&8RicEBi(h EE: 400Q/0]) pH10ME Rk [ Fadnd ik 9 - Joo4
UlD [ %48 Bcdni(h @ 40000 ) pH7#E Eig | FAdd sk 6 021 ] 0.05
Ull [ 4BREFA(HEE: 40000 pHME Eix | FAdd ik 6 002 | 005
Ul2 [¥&BREAp(hg= - 40000 ) CE X3 7 FiBpag A 4 - | o001
106107
1.5%3mmn? 9.5mm
. s 2.7 R?
0.978

10500 S/ c m
(R? = 0.99)

10,000e S/ ¢ m R2 0.99
3‘55 13.7
135}
33 y- 00249+ 36283 | e
R? = 0.9786 )
> 345 gos L
3 =
£ 34 - & 132 > y=00183+ 12726
- R® = 098ES
132 .'.._.o
333 1y = 00256x + 35907 .
- 1]
3 RZ=09784 . N
0 5 10 15 15 20 25 30 35 a0 a5 50
final pH EE(q
(a) (b)
25
. 2
7
Sis
| -]
H
' 5
05 b
o 500 1000 1500 2000 2500 3000 3500 4000 4500
W [us/em)
(c)
2.7 (@) , (b) (€)
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pETchip REV-2.0

L001-1002
TOIN L2 94V-0

2.9

(Printed circuit board, PCB)



. (Negative Temperature Cogfient, NTC)
L
. 2.10 PET PET
PET . PET
2.11 .
PETE B & h
o Bk IPXT7 (SR E » RAFRE]E60)
g |TEEFACARAOKESR  RE=IC
c BEEER  FRRE A1413uS/em sy AT ik 0 RE=5%
+ pH{A & 3 © & RpHASpH7Z # % » =40mV/pH
(a)
15t /20d Round 34 Round
| B/ | BMRE| RS | Ha/ | EMARE
W | otes| (%) | E | S| (%) FokRR
15 B AR - 200 - 200
B 7kt IPX7 13 187 93.5 7 193 96.54 8% » &k A
B = =1°C 2 185 92.5 1 192 96.0
& E R =5%@1413pS/cm 7 178 89.0 3 189 94.5|1. EART K
. = 40mV/pH@pH4 . EHEmAl
pH1E & #] &pHT 33 145 72.5 16 173 86.5 2. 4 B H LIRS
A E R 3 145 72.5 - 173 86.5
(b)
2.10 PET €) (b) PET
PET .
PET & 7| & #

i * Bk IPXT (AR » REFRIZR)
Bl BERSAFS

(a)

15t /284 Round 31 Round
RAe| K | BEHRE | RS Ha/ | EHRE
| okt | (%) || oisE| (%) FeteRE

A B MR 1 100 1 so -
5 K PX7 1 100 1000 1 49 08.0|48 8% » ik
MREBERE [FARSBERAT| 8 902 920 2 47 940 ;ggﬁiﬂi

S EBK 92 90 | a7 94.0

(b)
2.11 PET @) PET (b) PET
PET
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L
Sensitive Sensitivity . g < Hysteresis Reference - : - <
Material (mV/pH) Range Linearity (%) Drift (mV/h) (mV) Electrode Sensitive Area FET Device Type
ITo 58 2-12 nr nr 9.8 SCE 6 mm? CD4007UB P
SnO» 56-58 2-12 nr nr nr SCE nr CD4007UB or LF356N P
| TiO, 59.89 1.8-12 93.50 0.041692-2.6007 53-9 Ag/AgCl 1cm? NDP6060L B2}
V,05 581+08 2-10 nr nr nr nr nr CD4007UB P
ITO/PET 50.1+17 2-12 98.5 13.2 nr Ag/AgCl 1T % 22 mm? CD4007CN P
ITO/PET 45.9-52.3 2.1-12.1 98.3-99.6 nr nr Ag/AgCl I x 22 mm? CD4007UB P
SnO, 59.3 2-9.4 nr nr nr Ag/AgCl nr LT1167-LA. P
[ AZO 57.95 113 99.98 127 183 Ag/AgCl 2 % 2 mm CD4007UB A
|_ITO/SiO,/Nb,0s 59.2 3-13 99.48 2% 1.83% Ag/AgCl 20 x 20 mm* 1C4007 |
Zn0O nano-array 45 412 nr nr nr Ag/AgCl IT x 25 mm?* CD4007UB P
5n0,/5i0,/ glass 58 1-9 nr nr nr Ag/AgCl 1.5 x 1.5 mm? LT1167-LA. P
Sn0O, /ITO/PET 53.8-58.7 2-12 nr nr nr Ag/AgCl nr LT1167-1.A. P
PdO 62.87 £2 2-12 99.97 232 7.9 Ag/AgCl 0.25 cm? CD4007UBE P
InGaZnO 59.5 2-10 99.7 39 nr Ag/AgCl nr CD4007 P
Glass 55 2-12 nr nr nr nr nr CD4007UB P
CNT 50.9 3-13 99.78 nr nr nr 1x2cm? nr P
[ FTO 54.10 2-12 nr nr nr nr nr CD4007UB P}
J
s pH 5
(HCIO) (ClO) (Free
chlorine)
J
0.2~ 1.5 mg/l,
(colorimetric
method) (iodometric titration) (amperometric) (voltammery)

36
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0.5- 3.0 mg/L

(Cyclic Voltammetry, CV) (Linear Sweep Voltammetry, LSYV)

(Square Wave \oltammetry, SWYV) (Differential Pulse

Voltammetry, DPV) (SWV)
2.13
(Forword pulse) (Reverse pulse)
(Scan rate) (Square wave
frequency, Hz) (Step height, E)

L

sampling penod (/)

Vo [Rae
.
%’ AL_,\T—_ - - -r->$.
g > i‘“ © A E : step height
Ey : pulse height
g pe ) T : time for one square
time wave cycle
2.13 (Valentin Mirceski, 2018)
( 1)
pKa (CIO) ( 2)
Saputro (pH 5.0)
Cls( 2. 14)
. (Cl)
(Cl3) .
pH 5.0
( 3
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(#1710 6ab L c&8popm
(#1 /0 ¢Q 6a 00 O p8 wod
1.E-03
1.E-04 | o o ¢ ° o—o—l
HCIO
1.E05 |
°c 1.E06 |
o
g 1.E07 |
- Cl
3 1.E08 | i ’
3
& 1.E09 |
)
1.E-10 |
1.E-11 Ch
1.E-12
0.001 0.01 0.1
[KCI/ moldm™®
2.14 pH 5.0
(pH < 5.5)
(Clos)( 4)
( 2. 15)(Fumihiro Kodera et., al, 2005)
6HOCI+3HO Y 2@ HKGD+ 12H" + 3/2Q, + 6€ 4
T T T T T T r
0.3k e
(b) 200 mgC11°!
= D2F
o
< R
E 100
Tk
0k
i 1 M " I 1 N
0.6 0.8 1 E
EN vs. Ag/ AgCl

2.15

pH 5.5 (



(PY)

2.2

(Boron-doped diamond electrode, BDD)

2.16

(Au)

J

J pH
2.2
(mg/L) (mg/L)

[1] 1-100 0.4 : 0.1 ~-1.1 V vs Ag/AgCl

1] 0.05- 200 0.01 :-0.1 V vs Ag/AgCl

[3] 1-5 0.04 : 0.825 ~-0.275 V vs Ag/AgCl

[4] 4 - 400 1 : 0.6 ~ 1.2 V vs Ag/AgCI

(5] 1-2 0.08 : 1.1V vs Ag/AgCl

[1] Journal of Electroanalytical Chemistry 756 (2015)-178
[2] Talanta 189 (2018) 26267

[3] Electroanalysis 222010) 27652768
[4] Analytica Chimica Acta 537 (2005) 2998
[5] Journal of Electroanalytical Chemistry 612 (200838
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40

Au electrode

20+ CIO" Addition
o] 1 /
] | b1
pH=6,2 pH=54 pH=51 pH=49
40
<
= -60
80 g
-100 E
12049
_N)
-140 T T T T T T T
0 100 200 300 400 500 600
(A) Time/s
2.16 pH
a 1 2
(HOCI)
(Acetate buffer solution, Honeywell)
(KCI)
i
Vv 20 mV/s
u Saputro
+0.5V
Vv
KCI 0.01 M
SHz 10Hz

Pt Electrode

CIO” Additon
04
-10 4
" T pH=4.9 l
-20 4 Ly v pH=5.1
< W
= ' v
s 1 pH=5.4 "
! H Y
40 ! :?W
pH=6.2 i
-50 02
NZ
-60 T T T T T T T
0 100 200 300 400 500 600
(B) Time /s

pH

(pH < 5.5)

0.1 M
4.6

(supporting electrolyte)

40 mV/s

+0.825 ~ 0.275V

(Esw) 45

1 mg/L

( E) 10.4
5Hz 10Hz
10.1
+06~0V
mV
2.17



(5 Hz) 10

Hz 5 Hz KCI
2.18 KCI 0.01 M 0.05M
9.33 HA 6.9 A
KCI
5 Hz KCI 0.05 M

0.5 3.0 mg/L
0.2~ 1.5 mg/L
0.25~3mg/L 2.19 R-square 0.98

10 Hz

1 mg/L

Current (pA)
Current (pA)

]
042V
3 t { } | |
01 02 0.3 04 0.5 0.6
Ewr/V
(b) 5 Hz
=124
] 9.84 pA |
1 |
-10 9.33 j,lA \4" 1 mgL HOCI
| '.' > -.------. -~
o T Tl Blank
" - - -
_ ‘a‘,,o" | 8.1 ”A ‘ﬁ“~{~
- -8 .
= -
=
@
=
=
r=. -6 I
e |
------ I Blank
B |
|
-4 1 I
| == (0.01IMKCI]
| — 0.05MKCI
| 0.4V
-2 - - 1 | |
0.1 0.2 0.3 0.4 0.5 0.6

Ewg/V

2.18 KCI
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] y =0.6572x+ 0.7299
z,] R*=10.98
il v
1% AE:—4AmV
1 ® Egy : 45 mV
1 T: 0.2 sec
0.5~y
0 05 1 L5 2 25 3 35
Free chlorine conc. (ng/L)
2.19 -
4 (pH <5.5)
(HOCI)
(Acetate
buffer solution, Honeywell)
0.1 M 0.5 M (pH 4.62)
(KCI) .
Fumihiro 0.1M NaClOy
+0.6
~+1.2V +1.1V 4 400
mg/L(CI) 0.1V 1.2 V 2. 20(a)
0.5M 05V
10V
1.2V 10.1V
2.20(b) .
¢ E) 0.4V 20 mV/s 5
Hz (Esw) 38 m\,



Current (i)

110

100

90

80

60

50

40

30

407 Blank
-60—:
2 mg/L _ -80—: 2 mg/L
gfmo—:
Blank u-“"‘:
.140—:
T — T —TT T T T ’160:"'I"'I"'I"'I T 1
o‘lz O.I-l ofs o.‘s i 1.’1 0 02 04 06 038 1 12
Ewg'V Ewg'V
(a) (b)
2.20
0.25~ 3.0 mg/L 2.21 R-square
0.95 2.22
6.9 HA 68.9 HA 10
50
40
< ]
=30
=
& i
E i
= M -
/ 20 i
<] i
m_' AE 4mV
1 e 7. 0.2 sec
0[IIII|IlTI|IiII|l'iII'[IIII|IITI|IIII|
0 0.5 1 15 2 S 3 35

2.21

)
Free chlorine conc. (mg/'L)
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o
I

68.9pA  FEEE

Cwrrent (A)
(=]
o
|

40 —
IIi[IlT|IIi[Ill]IIi]ill]lll]
-0.2 0 0.2 04 0.6 08 1 1.2
E‘WE\'
23—
_ EEH
241
£-6- 6.9 1
7 | | T | T T |
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Ew'g-’\"
2.22
( 2.23(a))
2. 23(b)) 2.3
0.3mL
( 2. 24)
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Mixed sample
discharge
w—>CE

(@)
2.23
Mixed sample discharge
(1~2 )
0.3mL 5SmL  0.5mL
2.25 () ()
2' 26(a) J J J
NB-1OT

4G LTE NBIOT , 2.26(b)

GPS
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Sensor

Power
AND
Battery
[ ELETS

Device Manage

Rest API

MQrTT

Storage

ubp

Custom

WEB Server

0.1 M KCI 0.05 M
0.2M 0.1M KCI
0.2~ 3.0 mg/L



2.27

(L), (H)
(D)
2.28 0.2 ~1.5mg/L
0.2 ~3.0 mg/L
0.0003
6 iR &
0.0002 ™ REGET(L)
0.0001 —7/
| . B B
A | gl - REGET(H)
— -
-0.0002 — . BEm
.0.0003 \ “/v (D =H-L)
B 0 0:2 0.4 0.6 0.8
Ewe/V
2.27
1.6
1.4 y=0.0112x - 0.7135 °
| R2=10.9532 .~
1.2 i
1.0
(mg/L) 0-6 e
0.4 .
0.2 o
0.0
50 100 150 200

B (nA)

2.28

a7



1 mg/L

1 mg/L
2.28 0.5 mg/L 2.4
0.53 mg/L 0.5 mg/L
2.4
(1]
(HA) (mg/L) (%)
1 109.12 0.51 2%
2 112.67 0.55 10%
3 111.61 0.54 8%
1111 0.53 6%
1 0.5 mg/L
DPD
2.29
2.30(a) 101 uA 2.28
2
mg/L  DPD 0.74 mg/L ( 2.30(b))

8% + 15%



2.29

5
@
%
*
W
E
x
x
#

0.0002 2
3

0.00015 rd
0.0001 /
0.00005 —

| 0 .

(A)  0.00005 s
-0.0001 / — /"".
Rl — T A=i00pA
-0.0002 Wii-ﬁiﬁ
R R B A

Ewe/V

(@)

(b) DPD

2.30

2.1.3

J

Software senspr
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(

(

)

)

L

(0-500 NTU)

1

(0 - 40 NTU)

NTU (nephelometric tdbidity unit)
(SIO)

Formazin



(

)

2.31

2.31
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(

(

(

)

)

)

99%

0.001

100%
/

/

0.001

2.32

2.33

BeerLambert

1%



2.32
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1234

2.33
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()

()

2.34

() Model Turbidity

()

NIEA W219.52C

Arduino

ISO 7027

LED

-Model Turbidity

model

90

ISO 7027

2.35
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Model Turbidity
HEAEEN

ESEERRIER

HEAEEAEY
SRk

2.34

Y
SECEENEE
i

fanfd

A EES

aord =

2.35
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NIEA
W219.52C USEPA 180.1 ISO 7027
LED

Reference LED

2. 36
L
Reference DI Water
0°Photodiode 1\
Absorption Measurement
(\U) ’ Light source LED
=
\® \t'% Sample cell
90°Photodiode
Scattering Measurement
2.36
J J
J J
J J J
()
-Model Turbidity LED
VIS 400- 600 nm NIR 750 nm .
()

Formazin
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()

J

modulation

LED

2.37

()

2.38
- 0.988
NIR

500- 900 nm

58

SNR

J J

LED pulsemode
90
LED
SNR
4 mm
Reference

J

Light source  0° Photodiode

Reference

Flow cell 90° Photodiode

200i 890 nm
(200380 nm) R2 0.876

(380- 750 nm) R? 0.985- 0.999
(>750 nm) R?
R2(MAX, MIN)

0.996- 0.998
2.5
0- 500 NTU

(PD)




180.1

L

NIEA W219.52C
55Q 850 nm

ISO 7027

USEPA

550 nm
-
25 .
@02 ©499 ©942 249 @581 =
2 ©100 @153 @173 @200 ©227 P
©248 ©303 @392 0492 -
.
2 P
= o w o 0
=] #(NTU)
- 850 nm
-
. 5 e
: .
200 250 300 350 400 450 500 S50 600 650 700 750 800 850 900 -
- 1 "
5 F(nm) e
[+] o0
B RE(NTU)
2.5 R2
. (MAX, MIN)
2 2
R%max) RmiN)

0.988

0.876

0.999

0.985

0.998

0.996

3D
2.6

1L 3 5cm
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2.6

:lcm

:3cm

:5cm
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ABS

1. 1cm

1cm

200 - 890 nm

UV ( 200- 380 nm)

nm)

N

1 cmk4&

550 nm

" £ ()
2.39 lcm
2.40 1cm
nm
NTU 0.002 ABS R?
4.89 NTU 2. 40 (b)
0.0009ABS R?> 0.9896
550 nm
25 NTU
500 NTU

(100- 300 NTU)

VIS

850 nm

2.39

NIR (380- 880

® (.5 NTU
®23NTU
®ONTU
253 NTU
e 46 NTU
® 103 NTU
® |53 NTU
e |78 NTU
210 NTU
®236 NTU
®203 NTU
® 309 NTU
® 404 NTU
® 499 NTU

550 nm 850
2.40(a)

0.9916

NTU
11.43 NTU

850 nm

1cm
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ABS

62

09
08
0.7
06
0.5
04
03
0.2
0.1

0

J

550nm,1cm 04 850nm,1lcm

.‘"_., ‘. y =0.0018x = 00; .-. y = 0.0007x
.- R?=0.998 o1 . “'-_'._..‘. RZ=0.9887
.‘. K O-OZ 0-.- 100 200 300 400 500 600
0 100 200 ’\}ﬁrﬂu 400 500 600 I\-ITU -
(@) (b)
2.40 lcm (a) 550 nm; (b)850 nm
2 3cm
3 cm
2.41 200-500nm ABS
500 - 890 nm 3
cm 500- 890 nm .
I em A&
2 e (.15 NTU
©396 NTU
550 nm 850 nm
e 144 NTU
22.7NTU
©n 0413 NTU
2 ©69.9 NTU
e 115 NTU
e 172 NTU
@ 195 NTU
248 NTU
’ & (nm)
2.41 3cm
2.42 3cm 550nm 850 nm
2.42 (a)
NTU 0.0062 ABS R? 0.9837
1.59 NTU 2.42(b) NTU 0.0028 ABS R?
0.9966 3.56 NTU 850 nm
550 nm 550 nm
850 nm 3 cm



e 550nm,3cm o 850nm,3cm
gz: P y = 0.0057x %05 ' ¥ = 0.0026x
04 - R2=0.9975 02 o R?=0.9923
0 50 100 :\?U 200 250 300 ™ 0 50 100 I1\1519U 200 250 300
(@) (b)
2.42 3cm (a) 550 nm; (b)850 nm
2.43 550 nm
2.43(a) 550 nm NTU
0.0079 ABS R*>  0.995 1.26 NTU
2. 43 (b) 850 nm NTU 0.0032 ABS R?
0.992 3.1NTU 550 850nN$m 3cm
(0 - 100 NTU)
Sensor
3cm
3 cm, 550 nm 3 cm, 850 nm
= e * y = 126.13x S , ot A : y=310.48x
e R?=0.995 . ” .. ! R*=0.9923
| o ABS . | v * nes
(@) (b)
2.43 3cm (a) 550 nm; (b)850 Nnm
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2.44

5cm

3 cm
2.44 200-500 nm ABS
300 NTU
550 nm 300 NTU
NIR 700 - 890 nm
5cm NIR .
ScmAgE
(.89 NTU
o 350 nm 850 nm e 498 NTU
o ©8.04 NTU
18.6 NTU
®329NTU
® 358 NTU
©70.7 NTU
® 664 NTU
e 71.6 NTU
® 824 NTU
0922 NTU
® |25 NTU
® 226 NTU
® 298 NTU
® 408 NTU
- 487 NTU
300 400 500 600 700 800 900
IR fc(nm)
5cm
2.45 5cm 550 nm 850 nm
2. 45 (a)
550 nm NTU 0.0074 ABS R?> 0.9402
1.35 NTU 2. 45 (b) 850 nm
NTU 0.0039 ABS R? 0.9%2 2.56
NTU 0-500 NTU 850 nm
550 nm .



2.45

NTU

2.46

5¢cm, 550 nm 5cm, 850 nm
e i e - y = 257.16x
e y = 130.1x e R?=0.9926
“ae® R? = 0.9402 ! e e
(@) (b)
5cm (a) 550 nm; (b)850 nm
550 nm
2.46 2. 46 (a) 550 nm
NTU 0.0113 ABS R2 09886 2. 46 (b)
850 nm 0.0047 ABS R? 0.9851
550 nm 0.878 NTU
850 nm 2.11 NTU
0-100 NTU 550 nm
850 nm 5cm
(0-100 NTU)
5cm, 550 nm . 5cm, 850 nm
. y = 87.808x E - y=210.63x
' ‘ R®=0.9886 . ‘ — R®=0.9851
H‘BIS 1 0 0.0 0.1 [ .'ABS.I.-“:
() (b)
5cm (a) 550 nm; (b)850
nm
2.7 L 3 5cm
1cm 55-20 NTU
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5 cm 0.88- 2.56 NTU
300 NTU 550 nm
3 cm 500- 890 nm
1.26- 3.57 NTU 300
NTU 3 cm 1
cm 3cm .
550 nm 850 nm R2
R? (NTU)
0-100 NTU 0.934 6.25
550 nm
0-500 NTU 0.991 556
l1cm
0-100 NTU 0.886 20
850 nm
0-500 NTU 0.991 14.29
0-100 NTU 0.995 1.26
550 nm
0-500 NTU 0.983 1.61
3cm
0-100 NTU 0.992 31
850 nm
0-500 NTU 0.996 357
0-100NTU 0.988 0.88
550 nm
0-500 NTU 0.940 1.35
5cm
0-100 NTU 0.985 211
850 nm
0-500 NTU 0.993 256
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(

)

( )
L, 3 5cm
550, 850 nm
47(a)
0.955- 0.992 2. 47 (b)
0.970- 0.99
cm) (55Q 850 nm)
15- 35 %
USEPA 180.1 ISO 7027
(400- 600NnmM) (850- 870 nm)
cm (ABS) (
. (Scatter)

2.48 Sensor

90
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600

500

400

300

# Z(NTU)

600

S00

400

300

# L (NTU)

2.47

SR AT & AKAE R R B R B AR YRR (— REE)

y =1037.9x
R>=0.9558 y =239.6x
2o
. § = T385x R2=0.9778
e R>=009585 .
. °
‘,' [ o ]
S o B
. 4 . ‘,—'
® /,. Y e
y =204.58x
- R*=09611
1 L5
% % (ABS)

(@)

y =286.52x

® R2=0.9926

&)

SR AT KA R R R AR A (=R &)

y = 1363.9x2+585.05%

R*=0.9944
‘,. ¥ =330.7x2+ 582.82x
. R*=0.9702
s

y =34.316x2+189.14x

R*=0.9872

(b)

Y e -
oy =130.03x2+109.95x
R2=0.9956
1
% # E (ABS)

(b)

L5

y = 14534x
R*=0.9865

@1 cm. 550 nm
® 1 cm, 850 nm
®3cm, 550 nm
@3 cm, 850 nm
® 5 cm, 550 nm

5 cm, 850 nm

y =20.524x%+260.23x
R*=0.9943

(%)

y=16.172x2+117.31x

R2=0.9949

®1cm. 550 nm
@1 cm. 850 nm
®3 cm. 550 nm
@3 cm. 850 nm
® 5 cm, 550 nm

5 cm. 850 nm

(@)



BEXNBBEZET SRS ENERESEET EEHEGEAET
LEAEBBERE 1IRU /Bt R AT EE | 1. KEXEERN ERT

2. RN B s 2 BHA EMSITEEE 2T EYEEEET
3BRUTEMS SEM% 3B EENITEEE 3 HEfEERE
FY108 Q2 FY108 Q3 FY108 Q
WA A
L HIThAERR S Y A
2 RSN ERTT 5 BRI EeS iR {E E
3. RS AR R R B RS 3. RIS AR R R B RS R AR R
2.48 Sensor
()
1.
2.49
550 850nm LED VIS IRPD
6 an
3 cm 2.50
2.
(1)
2.51 550 850
nmLED 550
nm LED 0-50NTU
VIS IR PD 50-400 NTU
PD 850nm LED IR PD

VIS PD 850 nm

69



70

(2)

2.52 550 850 nm
LED 550 nm
LED VIS IRPD 0-400NTU
850nm LED
3)
0-50 NTU
0 - 400
NTU . 0-50 NTU
cap
Outlet
|
flow cell
vis YIS PD
LED [trans]
1S PD VIS PD
(ref [scatt]
IR IR PD
LED (trans]
IR PD IRPD
(ref [scatt)
Inlet
2.49



2.51

A=l

ABIIEIR

2.50
550 am VIS LED (0~400 NTU)
o7 y=0.0013x + 0.0897
06 R*=0.9270
| ]
Sl : s VISPD
g% 04 F - . me
= 037 - . DN VIS PD)
B ¥=0.0003 x + 0.2063 - 4R PD)
ﬁ 0.2 4;0.‘.. R =(.8279
01 Fa"
|}
0 L L L I I I I L L
0 50 100 150 200 250 300 350 400
EENTU)
850 nm IR LED (0~400 NTU)
0.4
03 [ oot & v =0.0002 x +0.2832
= 8 R* = 0.8606
@ = VISPD
£ 027 ¢ IRPD
31% e (IR PD)
= 0.1
0 S — L = I - | -
0 50 100 150 200 250 300 350 400

EE(NTU)

(@)

(b)

() 550 nm LED; (b) 850nm LED

71



550 nm VIS LED (0~400 NTU)
0.25
o2 | v =0.0005% + 0.0046
' R?=0.9987
2 VIS PD
SR ot + IRPD
S ool <+ F=0.0002x + 0.0008 (VIS PD)
= R*=09992 | | LR PD)
005 [ o* )
.’
0 4’. i . . . . . . .
0 50 100 150 200 250 300 3350 400
EENTU)
(@)
850 nm IR LED (0~400 NTU)
05
¥=0.0011x - 0.0045
04 1 R>=0.9894
:3 VIS PD
z 0.3 r ¢ IRPD
= GHE(VIS PD)
02 y=00003x+00005| | SR PD
= R'=099%93 IR PD)
0 e au | | | | |
0 50 100 150 200 250 300 350 400
TEENNTU)
(b)
2.52 (a) 550 nm LED; (b) 850nm LED
3.
53
s 55Q 850 nm
, VIS & IR Reference PD
, 2.5cm
1.25cm

USEPA 180.1 ISO 2007



(1)

(@)

3)

(4)

Law)

2.53

1(Ts1)

1(Ts2)

(Tt2)

(Tt1)

(Beer 0s
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J

Hach 2100P

1)
2.8~ 211 2.54~

IR LED 4
VIS IR LED
4
Ts] Ts2 Ttl
Tt2
5 NTU
0-10 NTU
10 - 40 NTU

40 - 400 NTU

2.57

VIS



2.8 VIS
HACH
2100P
(NTU) Ts1 Ts2 Ttl Tt2
(NTU)
0 0.55 0.44 0.44 0.45 0.44
5 3.76 3.92 3.92 3.90 3.92
10 11.8 11.75 11.75 11.76 11.75
20 20.4 25.39 25.39 25.15 21.69
30 32.7 34.90 34.90 34.78 32.07
40 44.6 40.15 40.15 40.46 44 59
50 52.3 50.16 50.16 48.84 51.45
100 97.6 154.21 154.21 127.56 104.26
200 218 248.54 248.54 231.12 215.46
300 303 290.30 290.30 304.11 312.23
400 338 297.24 297.24 317.42 329.42
550 nm VIS LED (0~400 NTU) 550 nm VIS LED (0~400 NTU)
40 257
w V= o,.}{o;)i x \(l ,3(1,_1 274 B . DE‘SDE':J:);;‘}””
9 200 % ‘ Tf.,[ -
" r £ L e
%0 50 1 150 20 20 30 3% 40 e S0 100 150 200 25 300 350 40
HENTU) FRENTU)
(a) (b)
2.54 VIS (a)Tsl; (b)TtZ
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J

2.9 VIS
HACH
2100P
(NTU) Tsl Ts2 Ttl Tt2
(NTU)
0 0.55 0.38 0.38 0.39 0.97
5 3.76 4,01 4,01 3.99 3.23
10 11.8 11.72 11.72 11.73 11.91
20 20.4 24.99 24.99 24.75 21.28
30 32.7 34.95 34.95 34.84 32.43
40 44.6 40.41 40.41 40.71 44,51
50 52.3 49.62 49.62 48.48 51.20
100 97.6 153.47 153.47 126.84 103.91
200 218 249.34 249.34 231.96 216.52
300 303 290.40 290.40 303.55 310.90
400 338 297.02 297.02 317.74 330.19
550 nm VIS LED (0~400 NTU) 550 nm VIS LED (0~400 NTU)
400 -25
300 y=05011x+ 116.3225 y=0.0003x - 2.7116
R? =0.5689 5 262 R'=t'J.\J:J-*F
2 200 E - I:IJ_H[EI
100 Y
0 (‘1 50100 1%{) z(ln) z,;n ,sclxl 350 400 72;2('1 0 |rl>o |.%0 200 250 300 3%0 460
HENTU) SBIENTU)
(a) (b)
2.55 VIS (@)Ts1; (b)Tt2
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0 50 100 150 200 250 300 350 400

FHRENTU)

EIEEINTU)

0 50 100 150 200 250 300 350 400

2.10 IR
HACH
(NTU) 2100P Tsl Ts2 Ttl Tt2
(NTU)
0 0.55 -0.01 -0.01 0.04 4.10
5 3.76 4.71 4.71 4.61 1.27
10 11.8 11.41 11.41 11.46 10.74
20 20.4 23.71 23.71 23.42 17.64
30 32.7 34.03 34.03 34.01 33.28
40 44.6 42.17 42.17 42.36 44.56
50 52.3 46.68 46.68 47.31 53.41
100 97.6 139.13 139.13 126.33 97.50
200 218 242.51 242.51 233.04 210.27
300 303 299.30 299.30 305.18 | 313.62
400 338 305.75 305.75 315.56 | 332.50
860 nm IR LED (0~400NTU) 860 nm IR LED (0~400 NTU)
400
300 | y= 02699 + 202.8529 27 ¥ =0.00010x - 274421
R =0.7687 R*=0.99811
100 + ) J_-
275 |

2.56

(@)

IR

(b)

(@)Ts1; (b)Tt2
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0 . . .
0 50 100 150 200 250 300 350 400

500 100 150 200 250 300 350 400

2.11 IR
HACH
(NTU) 2100P Ts1 Ts2 Tl Tt2
(NTU)

0 0.55 0.00 0.00 0.04 4.09
5 3.76 4.70 4.70 4.61 1.27
10 11.8 11.41 11.41 11.46 10.75
20 204 23.74 23.74 23.42 17.80
30 32.7 33.80 33.80 33.84 34.47
40 44.6 42.34 42.34 42.50 43.74
50 52.3 45.03 45.03 46.73 56.44
100 97.6 139.05 139.05 125.80 95.99
200 218 241.90 241.90 231.70 207.16
300 303 299.21 299.21 305.26 313.82
400 338 306.75 306.75 316.94 334.14

860 nm IR LED (0~400 NTU) 860 nm IR LED (0~400 NTU)
400 =27

HIENNTU) JHREINTU)
(@) (b)
2.57 IR (@)Ts1; (b)Tt2




(2)

2.58
-Tty, Tt2 Ts1
Ts2
2.12 2.13
VIS IR
VIS LED
20%
2.59
-Tty, Tt2 Tsl
Ts2
2.14 2.15 Ts2
4
VIS IR
IR LED
Ts2 VIS LED

(5.5%  4.6%)
15 (NIEA W219.52C)
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JERE(NTU)

JEIE(NTU)

100

(u1g

VIS-EiAE

et

150 200 250 300

JEEPERE [ (min)

Ts2 Tt1 —8—Tt2

(@)

JERE(NTU)

—e— Lt (NTU)

SEIFE(NTU)

—8—Ts1

PEE(ERFf{min)

Ts2

IR-Bh &

Tt1 —8—Tt2

(b)

[ fERE R (min) f(ERE [ (min)
—o— T/EET(NTU) —e—Ts1 Ts2 Tl —e—Tt2 —o—E/¥51 (NTU) —8—Ts1 Ts2 Tl —e—Tr2
(© (d)
2.58 (aQ)VIS- : (b)
IR- . (C) VIS- ; (d) IR-
2.12 -
(NTU) Tsl Ts2 Ttl Tt2
VIS- 0.16 0.16 0.15 4.14
IR- 0.94 0.94 1.04 7.33
VIS- 0.16 0.16 0.14 3.88
IR- 1.04 1.04 1.12 8.49
2.13 -
(%) Tsl Ts2 Ttl Tt2
VIS- 20.8% 20.8% 18.8% 523.7%
IR- 120.0% 120.0% 132.6% 947.4%
VIS- 19.6% 19.6% 17.8% 487.8%
IR- 116.6% 116.6% 125.4% 1093.2%
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T foeE
VIS-FHAE IR-FHRS
300 300
250 250
2 M‘:‘:‘:";‘:‘:‘ 2 W
=2 =
£ [
Z 150 Z 150
£ i
100 100
50 50
0 0
0 50 100 150 200 250 300 0 50 100 150 200 250 300
I ERS [ (min) R {ERERT (min)
—— E/45 ] (NTU) —e—Ts1 Ts2 Tt —e—Tt2 ( ) ——&j/¥5T (NTU) —e—Ts1 Ts2 Tt1 —e—Tt2 (b)
NS e
VIs-EfFE IR-B)j8E
300 300
250 250
= 200 — 200
D =2
= t—g—e. N o 'M = ‘::‘-_:‘ . e oot
£ 150 £ 150
* 100 * 100
50 50
0 0
0 50 100 150 200 250 300 0 50 100 150 200 250 300
BB RS (min) FEERFE] (min)
—o— L (NTU) —8—Ts1 T2 T —e—T2 ( ) —o— ¥ (NTU) —8—Ts1 Ts2 T —e—Tr2 (d)

2.59

; () VIS-

. (d) IR-

(a)VISs-

. (b) IR-

(NTU) Tsl Ts2 Tt1 Tt2
VIS- 60.29 60.29 33.60 9.10
IR- 50.51 50.51 36.43 3.16
VIS- 60.23 60.23 32.73 7.62
IR- 48.44 48.44 34.99 3.86
2.15 -
(%) Tsl Ts2 Tt1 Tt2
VIS- 36.6% 36.6% 20.4% 5.5%
IR- 30.6% 30.6% 22.1% 1.9%
VIS- 36.5% 36.5% 19.8% 4.6%
IR- 29.4% 29.4% 21.2% 2.3%
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(1)

(2) ( ) VISLED/ (Scatter)
(Tsl. Ts2 & Tt1) /
(3) ( NTU = 1507 200) (Tt2)
IR LED
VIS LED
(4) VIS LED
(1) VIS
5 0 ~ 400 NTY
3 0.01/0.1/1NTY
3 25 %
3 +2 NTU +20 % .
3 t90 30 .
2) IR
3 0 ~ 400 FNU/FAUY
)3 0.01/0.1/1FNU/FAU
3 25 %
)3 +2 FNU/FAU +20 % .
3 t90 30 .
2.1.4
uv , AAS |
AFS ICP, X XRF

J J

ICP-MS
ICP-MS X XRF
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(

)

J

Counter electrode (CE)
/
V=-IR

2. 61,

(1) working electrode
(2) counter electrode
(3) counter electrode

(c)

@ <+ Ptnanoparticle
«— carbon ink

<+— Nafion film

Fabrication of SPUME
Produce of Nafion/Pt nanoparticle SPUME

2.60

2.60
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(

)

Ace > Awe
Ace / Ay = constant

Dwe_re = constant

2.61

(CV)

pH

(LSV),

(DPV)

(SWV)



(

)

through) Wall-Jet

2.62

2. 62(a)

(IR potential drop)

J

(Wall-Jet) (Flow-

Flow-through
2.62(b) .

(b)

(a) Wall-Jet, (b) Flow-through
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(

)

(Potentiostat)
(Vcell)
2.63
@i
—_—
VW
R
g? ! W/ Op-2 >l
ell r s @
2.63
+ ( ) - (
1.
ei
Op-1 .
Op-2 -
2.
Op-2



(

)

DropSens

150C | 2.64

5 mg/L Cy¢*

2.64 DropSens SEM

900C

SEM

2.65
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