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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 residential areas 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 required, thus the 

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, the conventional 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 
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electrochemical methods are developed. 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 analysis, optical 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 Hangzikou 

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 

automated water quality monitoring system in Taoyuan, 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 system and water quality sensing data analysis and 

decision-making 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 the environment. 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 measurement are reliable. 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), chemical 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 distribution. 

The project plan to achieve the following results: 1. Miniaturized water 

quality sensing components for pH, temperature, turbidity, free chlorine 

and heavy metals by utilizing optical and electrochemical methods are 

developed. A small automated water quality monitoring 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 quality 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 hot-spot area of Taoyuan. 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 system and water quality 

sensing data analysis and decision-making 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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ȸ 

и вᵛ ӱП צ

צ щ Њ ḕ ֢ ЛҠᶼϩП Ἠ
ρππϷ 

(2) ḕ 3 ѣצ ᶙ ӑ 85% ȲѿϯԝѠה

ל     Пѩ Ȳṳὑ

ל   ȸ 

(3) › ᵛ ᶙ П Ȳ ᴩ ᴯҠ

֪ЛҠᶼϩ֪ Ἤ ᾼכ Ȳṳ Ӑ Ҡ

∟ ל ȴ 

2. ₇ ⇔ȸ֢ ₇ ▲ Ӧ֥

ὑ в ῶἤѬ҅֝ד Ȳ

Ϯ֥ϚɎpHȳ ⇔ȳ ⇔ɏᴟю ᴩ 2 ѩװ

иέȳ Іц CODsᴟю ᴩ 1 ѩװ иέȴ

ѩ Ѡהц Ӧ ҏ∂ Ȳ Ӑ ֝

∟ ȲἬ ӣӦ ќҀȴ 

צ (1) ₇ ⇔ Ѡֽהϯ(Њ ѿϯ

Ԉ ᴯ)ȸ 

▲ Ὠ ֥ ₇ ӭ װ

▲ װ
ρππϷ 

(2) ₇ ӭ ȸ Ɫ ±1.0pHѿвȷ

⇔ ±15%ѿвȷ ⇔ Ɫ Ñ1.0ѿвȲ

ᵛ ᶙ  >85% 71-85% 61-70% 51-60% 41-50% <40% 

ל    

ѩ  
0% 1% 2% 4% 8% 16% 



̡   

XXVI  

COD SS Њὑ 30%ȷ2   ӭ

⁄ Њὑ 50%ȴ 

(3) ₇ ⇔ӑ 85% ȲѿϯԝѠה ל

    Пѩ ȴ 

(4) › ᵛ ᶙ П Ȳ ᴩ ᴯҠ

֪ЛҠᶼϩ֪ Ἤ ᾼכ Ȳṳ Ӑ Ҡ

∟ ל ȴ 

(ϡ) Ḃṏ Бד107 аԈц Пғ ȲҔ

ᵶȸ 

1. с pHȳ ⇔ȳ ⇔Ϯ֥Ϛ

⇔ȲҠ ӦЛ֝п  Ḃ ⇔

ⱢҠ ӣὑ ṓ Ѭ Ѭ ц Ѭ

ṿӣȲẂֽᴟю Ҕ╗ 250-10,000ɛS/cmц Ɫ

±20%ȴ 

2. › Ḃṏ Ȳ Ҕ╗ ᴕ Ȳѿ

ứ ứ⇔ṳ ⇔ȷḂṏ ὰȲ ᵅ

ц ПД ц ю Ɫӭ ȷḂ ѱ

ᵂᶾ Ȳ с ѱṏ цҠ ⇔Ȳ∂Ӵҏ › Ḋ ȳ

аԈȳ ◕ᾼ₇’₇ ᶧȲѿ ’

∟Ϛ ἤғ ц₇ ȴ  

₇ ⇔ >85% 71-85% 61-70% 51-60% 41-50% <40% 

ל    

ѩ  
0% 1% 2% 4% 8% 16% 



 

XXVII  

3. › Ḃṏ Ӧ ֯ в ὙȲṳὑ ∟Ϛ

ѣв ҏẓ ḟ ᾓ цḂṏ Ӑ ֝

∟Ȳ ѿ ᴩȴ 

(Ϯ) с נּ ⇔ц ứἤȲ ϚѬ

Мї ӣᴻὢ Ȳṳ Ѭּדᶾᾬ ӣӂү

Ȳ נּ ȳ ṥ ц

ȳ ₇ ▲ ȳ ᾭ

ц ȳṆ ᵂ ῶц ӱ

6Єғ ғ ȴ 

(ҳ) › Ṇ ғ ѿṿӣ῏ⱢМїц Ṇ ἤ

ѠהḂ Ȳṿӣ῏ Ҕ╗֮Ѡ ’ᶝц

Ӑ ṿӣ῏ᴟю 5 ‹ȴװ ӣӂү ὑ 8ѣ 30ѡ

›ᶙכḂṏȲ ẁṿӣ῏ ȲṳṼӐ ц֮Ѡ ’ᶝ

ṿӣ ṓ═ Ḃ ȴ 

(Х) Ṽ 100 Ѭ Л֝ ӣ Ȳ

ה Ӕ цϱϯ ҭѬ иέ ȳѬ

ᴞ иέ ᴷ ҵ ᴆ╬ Ἠ

в ȳᴆ╬ ᶧ оиέȳ иέ

ȳ∂Ӵᶶ ▲ ạȲṳЮ иέἬ ד ἤ

Ȳ ֥иέҠ ᴆ╬ ȴ 

(г) ֥ ӣӂүиέғ Ȳᵓӣ иέ ᴟю 30

ԈѬ ṶԈȲ ȳᴞ ȳ

иέȳ ȳ иέȳҠ ᴆ╬ Ȳ

ד֥ ц Ȳ ẁׁשέ ᵗ ▲ ᾎ

ӣȴ› Ѭ ṶԈ › 5 ṶԈ Ẃ כ

ᶧцᵂ ȲṳṼה ẦᵗӇ ᾼ ᾎᶾ

ц ќ ȴ 



̡   

XXVIII  

(ϝ) 100 Ἤ Ṽ ἤ ẓ

Ἴ ἤȲҠ 3Gȳ4GȳWiFiȳLoRaἨ NBIOT Л

֝ ẦứȴҫⱢ ϱכ ᶙ ц ₇ ӭ

⇔Ἤ ד ϩȳḆ Ḋ ȳ ӣȳ

цϢ Ӕѩ Ἤצ ═Ӕ ᵂד ӣᶁᵶὑӐ

ȲЛҫќҀȴ 

(ϥ) 100 ᵂⱢѬ ᾬ ᾼׁש Ӑ Ȳ

֪ ӣ ȳ ═ ϱכ ӭ

Ӕ ᵂӇ ἨⱢẓ Ṷ Ѭ Ѭכ

ṶԈ ӣ Ȳ ׄ ᴯ Ṽ ֮ ’

ᶝἨӐ ∂ Ἠ Ḗ ȴ› ѿЛ 30 Ɫװ

ȴ 

(ϟ) Ṽ 100 Ѭ ᾬ Ȳѿц вҵ

צ Ѭ ᾬ Ṇ ц ₨Ӏד ᾬ ѝ

Ȳ Ӕד ᵂ ᶧȲᴟюҔ╗

ᵿᵂ ⁄ȳᶶ ׄ ᵂ ᶧȳṥ ₇ ц

ὔ ȳ ц 4 ᵂ ᶧ

Ȳ ѿ∂Ӵ ἤҠӔ Ӂ∂ц ᵂ Ṇȴ 

(ϫ) › ᵂ ạ⇔ ӻ ȳ ὔ ѹҠ ᵂП

ᵂ ᶧȲ Ӑ Ҡ∟ ѿ ᴩȴ ᴩ ᴯ ›

ᵂ Ṇѿᴩ о Ȳ ẁᵂ Ϣ ṿӣ

ц ᴩᵂ ᶧȲ֝ ẁᵂ ῶц ᵂ

ȳиέ Ṇ Ȳ ӣЄ иέѿ ᾬ

╟ ȴ 

ϡȳׁש аԈѬ ӭȲҔ╗ ȳ ⇔Ἠ ẓ

ӣἤ ӭᴟю 2 ѿϱц 2   аԈ ѱоȲ

ѿ Ѭ ӣȲ ֥› ᾬ ӣ   



 

XXIX  

(Ϛ) ᵓӣ ᶾ ȳ о ȳԏ Ἠ І Ȳ

оȳᵅכӐȳѹ ₤ ứП ϱᵛ ȳ

⇔Ἠ ẓ ӣἤ ӭᴟю 2 ѿϱ ȷ2

  аԈ ѱоП Ȳṳᶙכ ₤ ὑ

⅍ц Л֝ Ȳ֣Ӑ ҏᶙ иέ

ᵫȴ 

(ϡ) › ӭᵛ ᴟюҠҔ╗ 0.5-

3mg/Lȷᵛ ⇔ ᴟюҠҔ╗ᴞẃѬ

ѬцӔ Ѭ ȷᵛ ᴟюҠҔ

╗ 0.5-10mg/LȲѹẔҠ ᴩ ӣ љҵњ

ה═ ₇ғ ד ȴ 

(Ϯ) › ӭц   ӭ ӣ ȳ

ᴷцғ ד שׁ в Ȳ Ӧ ֯ Ὑ

Ȳṳ֯ ḟ ∟ 1 ѣвȲṼ ▲ ṓ Ӕׁש

∟Ȳ ҏẓצ ӣц ϩᾼҠᴩἤ ᴷȲ Ӑ

֝ ∟ ᴩ ȴ 

(ҳ) › שׁ Ὠכ ẓ Ѭ ᾼҠӣἤȲѹẔ

ȳ ⇔ ӣὑ ᴷ╥ᵡ ֥ ӣ

ד Ѭ ӣ Ѭ ṿӣἨ ѿᵒ ╥ᵡẓצ

Ѭ ṿӣȴ 

(Х) › Ѭ ᴟ ὑ 8ѣ 30ѡ›ᶙ

ғכ ₤ ц Ȳṳᴟ ὑ 10ѣ 30ѡ›ᶙכ

⅍ц ֮ Ȳṳѹ ὑ ◕ᵛ ֥ẓצќ

ϩᾼẦϩ ᴯȲ כ ῺӀ ₇Ѭ ᾼ

ᴩד Ȳѿᵓ ᶾ ц Ȳ ẁ

ӑẃЄ Ӣ Ӂ∂ ᴕȴ 

(г) › שׁ ᾼ ҠᴩȲѹṼҠ ᾼ ӣ

цѬ Ȳ Ӑד107 Б Ȳ



̡   

XXX  

֥ẓצќ ϩᾼẦϩ ᴯ Ȳ ẓכ

Л֝ ӭȳЛ֝ Ѡה(Ѭ ḨậἨ Ѭ)

ȳЛ֝ ẁ ѠהἨЛ֝ ѠהᾼѬ Ȳ

Ҡ ӣὑẂֽ ӣѬѬ ׄԓ ȳϱѬѬ Ѭ ȳ

ὔᴞẃѬѬ ȳЏ ϯѬ Ṇ Ἠ

ȳ ᴆѬ Ἠ Ѭ Ѭ ПѬ о

ֵа ₇Ȳᴟю 3 Ҡ ӣ֯Л֝

Л֝ ӣᾼ ₤ ֢ 3 ȲẁӐ Ṽד ᵂ

ứ שׁ Ὠᶾכ ꜜӢ ṿӣȴ 

(ϝ) › שׁ ᴟюצϚ ӣ Ѭה ẓṳ ֥

ϯԝ ӭ 

1. ѿᶶ Ἴ ṮѬ Ɫ Ѡ֣ȲṳṼ ц Ѭ

ӣ Л֝ᾪӐȲᴟюᶙ֢כ 3 Ȳ

ѿ ӣȴ 

Ѭה .2 ᴟюẓ ⇔ȳ ⇔ц ⇔

Ϯ ӭȲҫ ֥Л֝ ḖȲ ֥Ẕ

҃Ѭ аԈȲҔ╗ ȳ ⇔Ἠ ᴟю 1

ӭȲѿҒ Ӑ Ѭ ᾬ П ⇔ ȴ 

3. › П Ѭה Ӽ ẓ GIS ֮ Ṇ

ȳᵛ Ѭ ӱӂүȳ Ѭ ци ◕

ғ Ȳד Ṇ ȳғ цӂүѿ оѠה

ӱ Ȳѿᵓṿӣȴ 

(ϥ) › ӣѬ ᾬ Ȳ ӣ аԈⱢ ֥Ӗ

Ӣ Ḗц П ȲẔѬ аԈ ֥

ӖӢ ḖἨ Ȳ ӣὑ Ṏȳ ₇

שׁ Ȳᴭ Ѭ Ӗ Ӣ♄ ֥ȴ 



 

XXXI  

ϮȳẦᵗ Ӑ ֮Ѡ╜Ἀ֥ᵂ Ѭ ᾬ Ӂ∂ ц

ᾎ ӣЏᵂȲṳẦᵗ ד ᴕЏᵂ 

(Ϛ) Ѭ аԈȳᾬ ӣ Ȳׁשέᶺ

ὑѬ аԈП ȳ ֕ѩ Ȳ ҏӑẃѬ

ᾬ ֮Ѡ ’ ᾎ ȳẔ҃Ѭ

ц ẓ Ѡ֣ȴ 

(ϡ) ’ ᾎ ḖȲׁשέ ’ ᾎѬ

ӣ Ȳׁש оѬ ∂ Ȳṳ

שׁ ’ ᾎ ӣӁ∂ ӣП ȳ ╟Ḕ

ȳ цᵂ ᶧ ד Ӂ∂ ӣ ᴩ Ȳṳ ᶙ

דכ ▲Ӂ∂ ṆҔ╗ ᵿȳׄ ȳṥ

Ӕȳ Ḇ ȳ иέц ᾎᴩ ӣ ᵂ Ḕ П

ᶧἨᵂ ⁄ȴӐЏᵂ ὑ 6ѣ 30ѡ›ᶙכȲṳ

Ӑ Ҡ∟ ᴩȴ 

(Ϯ) ᴩ ᴯṼӐ Ӑ ҠП ᴩ цד ᵂ ⁄Ȳ

ṳὑ 9ѣ 30ѡ› ֮Ѡ╜Ἀ֥ᵂȲᶙכ 100 ᴟюҔ╗

pHȳ ⇔ȳ ⇔Ϯ֥ϚѬ ȴṳ ֥

ӱ 50 ᴟю 60ѡȴҫ֢ ₇

▲ Ӧ֥ ὑ в ד

֝҅ῶἤѬ Ȳᴟю ᴩ ѩװ2 иέȴ 

(ҳ) › 50 Ѭ ȲᵂⱢӑẃ Ӑד109 ֮Ѡ

╜Ἀ֥ ӱ Ӂ∂ ȷẦᵗ Ѡ╜ἈѬ֮ד109

Ӂ∂֥ Пׁש ȳ ᴷȳ ȳ ▲Ȳ ẁ

иέц∂ ȲӇ Ầᵗ֮Ѡ╜Ἀ ᴩӁ∂ᴯ П ֮

▲ȴҫ 50 Ɫ ה═Ἠњה Ȳẁ

▲Ϣ ἨᾈЎṥׂ ṿӣȴ  



̡   

XXXII  

ҳȳӐ שׁ ὨПכ ᵓӨ ȳᶾ ȳ ѝ ῶц ֥

108 ᶾדּ⇔ד П ȳ ᴕ ⇔ȳ Ὠכ

ᵫц╓ứӻ Ṷ  

(Ϛ) Ӑ שׁ Ὠכ Ӑ ֝ ҵ ῶᴟю 3 ѿϱ Ừ

דשׁ שׁ Ἠ ѝἨ ȴ 

(ϡ) Ӑ ֝ Ṽ Ἠּדᶾ ד Ȳה ᴩד

ᵓӨ Ȳṳԓ ֥Ṇ ∟ ᶾ

ӣ ȲẦᵗ ֥ Ṇ ∟ ᶾ ȳ

Ӣ ц Ṷừȴד ҏц Ṽ

פּ€ ϫҳ ӻỆứѩẂȴ 

(Ϯ) ֥ ᶾדּ⇔ד108 ȳ ᴩכὨ ц

ӻד⇔ Ὠכ ᵫȴ 

(ҳ) Ӑ Ὠֽכ ῶȲ שׁ֥ ц ẁ ѝԈ

ȳ ȳ ȳ♄ ȴ 

(Х) ḕѣ 5ѡ› ӻ ᴟϱѣ 30ѡ›ᾼ

Ὠכ⇔ Ȳ ᴟю Ҕ╗›װ ԝ Ṷ ȳ

֢Џ Ὠכ ȳ ᴩ ᾓ цḂ

ᴩ в ȴ 

(г) Ầᵗ ЄἨἋ цכὨПד ∂ Ἠ

Ṷừȴ 

 Ὠ 

Ӑ Ὠֽϯȸ1.ɔככ ӣԏ о ᶾ ⇔ȳ ⇔ȳ

⇔ȳ ⇔ȳᴞӦ ц   П ₤оѬ аԈṳ ֥ ☼

Ṇ ȳо иέȳԏ ȳ ᶾ Ȳ ẓצɦ

Њɧȳɦֹוӣɧȳɦ ὔɧцɦᵅכӐɧ ἤПЊ₤ᴞ оѬ

Ṇ ȲҠ ӣὑ Ѭ ᴆѬ ц ȴ2. ═ 107 ד

БᶙכӁ∂ Ӏ и⁮ ☼ ȳ ЍЏ цᵾІЀ֭Ԛ 100 Ѭ



 

XXXIII  

ȲѬ Пצ ᶙ ц ₇ ⇔ᶁ 85%ѿ

ϱȴᶙכ ὑד108 ȳ ᴎц Ὥ Ӂ∂ 50 Ѭ Ȳἷ

ӣ ȲẔ 60ѡПצ ᶙ ц ₇ ⇔ᶁ ẞ 85%ѿϱȴ

3.ᶙכѬ ᾬ МїṆ ṳϱ ᵂМȲṳБ∂Ӵ

Ӂ∂ Ṇ цѬ иέḟ ӣṆ Ȳ Ҡᵛ ч ᴆ

╬ ֮ ПѬ ₇ ṳ ẞᴆ╬ цѬ ғ ȴ 

  

Ϛȳ аԈׁש  

(Ϛ) ᶙכ ȳ ⇔ ⇔Ϯ֥Ϛ ᾼ ȲẔ

⇔ / иᵑⱢ pH 3 ï pH 12 ± pH 0.5 

(R2=0.978)ȳ90 - 10500ɛS/cmÑ13.5˖ (R2=0.990)Ȳѿц

10 - 85  Ñ 0.5  (R2=0.990)Ȳṳ ♃ ᴞ ӔḔ

ᵅ ҏᾬ ᴯ ȴӼ ᴩᶾ

Њ Ӣ ȴ 

(ϡ) ֝ ӣѠᾌԆׄᾎȲᶙכ Ȳѿц ѱה  

І ⇔ ( ȳ ) Пׁש ȲẔ иᵑ

Ɫ 0.2 - 3.0 mg/L ± 8̟  (R2=0.953)ȳ0.5 - 5.0 mg/L ± 11̟  

(R2=0.992, І ⇔)Ȳѿц 0.5 - 3.0mg/L (R2=0.979, 

І ⇔)Ȳṳ ᴩ о ₤ ᵂȲᴖ ₤

иᵑὑᴞẃѬ ֮ ᴩ ȴ 

(Ϯ) ᵓӣԏ Ȳ ɦ ₤ ⇔ ɧȲ Ὠ

ӱȸ(1) ֯ П ᴷ ὨẓצϚ ἤ

ȷ(2)ɑ ⇔(0 - 40 NTU)∂ ѿ VIS LED/ ᴷ /ה

Ѡה Ȳ Ɫפּ 20̟ ȷ(3)ד ⇔(40 - 

400 NTU)∂ ѿ IR LED/ᵮן⇔ /ה Ѡה

Ȳ <3%ȷӭ› ṾП Ѡה∂ ѿ VIS LED

Ɫ Ȳ֝ זּ ȴ 

ѿϱἬׁש П Ҡ е Ệứה/ ה



̡   

XXXIV  

ȲѿцϚ ᴩ ṿӣȲЄ сׁש П

ṿӣ ȴ 

ϡȳѬ  

(Ϛ) Л֝ ᾼׁש ȲѿцЛ֝ ᾼ ӣȲ

иᵑᶙכ 3үỆứ ה שׁ ₤ 3үỆứ‍

ה ₤ Ȳṳ Ẕғ Ȳ∟

ᴩ ֮ ȴ 

(ϡ) оỆứהϮ֥Ϛ Ȳᶙכṿӣ῏Ю

ȳ ⅍ ѿц 50ү Ȳṳиᵑὑ Ӏȳ

ᴎ Ӏ Ὥ ᴩ Ӂ∂ Ȳ ֥ Ӂד107

∂ үԚ 31Ԉ ᴿѬ ᴆ╬ṶԈȲӔ ֥ Ӏ ’

ᶝ ▲Є ᴩ ▲ȴ 

(Ϯ) ᶙכ ẓ ה Ԛה☼ 6 ү ᵂ

Џᵂȴ 

(ҳ) ᶙכ Ϯ֥Ϛה ᾼ Ȳѿц 50 ᵂ

Ȳṳ ֥ᾈЎ Ṏ Ȳ ẁᾈЎṥׂ ᴩṿӣ

ṓ֫ Ȳ Ɫӑẃ ПṼ ȴ 

ϮȳѬ Ӂ∂  

(Ϛ) ṼѬ Ȳ Ӑ ᵅПӁ∂ ᴯ

Ȳὑ 10ѣ ᵂ ȲԚ 14ү ᴟ ᴆ╬

Ȳ ứ ứᴆ╬ ȴ 

(ϡ) ᶙכԚ 50үѬ ᵿцӁ∂ȲҔᵶ ᴎӀȳ ᴎ

ȳ Ӏц Ὥ Ȳѻ Џ ȳ ӥӣѬȳᴞ

ẃѬậѬЀ ӣ ȲᵶҟכדὨȲԚ ᶙכᶺ

150үѬ Ӂ∂ ӣȴ 



 

XXXV  

(Ϯ) Ӑ ᴞиᵑὑ 5ѣȳ8ѣц 10ѣ(ḕủϚװ) ᴩ װ2

ѩ ▲ Ȳ ₇ ⇔иᵑⱢ 88.5ȳ91.3

ц 90.3 %ȲḕủПצ ᶙ ᶁ ẞ>95%Пӭ ȴ 

ҳȳѬּדᶾᾬ ӣӂү 

(Ϛ) ṿӣ῏ ḖȲѿ Ӏ ’ᶝȳ Є

▲ ӣⱢѻȲᶙכѬּדᶾᾬ ӣӂү 5 װ

ḂṏЏᵂȴ 

(ϡ) ѿ ȳѬ иέᴞ о ӭ Ȳ ẞ

ȳ ῀ȳ ғ Ȳ ᵗѿ ᵅ ϢϩȲ

₇ Ȳц иέ ӣȴԚᶙכ נּ

ȳ ṥ ц ȳ ₇

▲ ȳ ᾭ ц ȳṆ

ᵂ ῶц ӱ 6Єғ ғ ȴ 

(Ϯ) ᶙכѬ ᾬ ֥ Ӗ ḖП ӣ

ᵫȲӑẃҠᵂⱢϱМϯѬЛ֝ П ӣ

ᴕȴ 

(ҳ) Бᶙכ ▲Ӂ∂ Ṇ ᵂ ᶧ ᵫȲ

Ӂ∂ Ϯד Ȳẁӑẃ Ӏ֥ᵂӁ∂ ᴕȴ 

∂ Ṷ  

Ϛȳ аԈׁש  

(Ϛ) ∂ ӣ Л֝כиП  о Ȳѿ

ἤ⇔ȳ ⇔ȳṿӣ ỄȲѿцϮ֥Ϛ

ᾼṿӣ ȴ 

(ϡ) о иέ иȲ∟ ∂ Ҡ Ԓ ⇔ ⇔֪

І ᴩḂ Ȳ Ғד Ἠ Ӧ о ᶧ

Ȳѿ сѬ М Ὼ ῶ ᾼ Ȳṳ ῶ



̡   

XXXVI  

о ᶮȴ 

(Ϯ)   ѱо Ễ Ϛ Ȳ∂ ӑẃҠḂӣ

Ϯ ה Ȳ ҠЄ Ғ Ễȴ 

ϡȳѬ  

(Ϛ) ֪ Л֝ ӣֵ ȲỆứה ₤ ᴩ

Ӕ ѠהȲ ὔὑ Ệứה ү

ȴ 

(ϡ) הϮ֥Ϛ ◕Ɫ ₤ Ȳ ṿӣ

῏ᾼṿӣ ṓ֫ Ȳ Ϯ֥Ϛה ᴩ

Ḃ ȲѿцҒϤḆֵѬ ӭȴ Ẕғ

Ȳ∟ ᴩ ֮ ȴ 

(Ϯ) оѬ аԈҠ ϚḔ оȲ ⱢҠ ֥ᴟ 

Л֝₤ П Ȳֽ ה ẓȳᴞ

ȴ 

ϮȳѬ Ӂ∂  

(Ϛ) ӑẃҠ ᵅПӁ∂ ᴯȲ ᴩ ᵂ Ȳṳ ẁ

֢ Ӏ ’ᶝȴ 

(ϡ) ∂ ѿӐ ПỆứהȳњ═הц ה

Ȳ ֥֮Ѡ╜Ἀ ӣ Ḗ Ȳṳ ӣὑֵ о

ȴ 

ҳȳѬּדᶾᾬ ӣӂү 

(Ϛ) Ѭּדᶾᾬ ӂү Ṽ Ӏ ’ᶝȳ Є ṿӣ Ḗ

Ȳ∂Ӵ Ṇ Ȳṳ Ϥ֢ ӣ
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̡  

1 

̡  

̢

̢

̢

pH̡

̡ ̡ ̡

̢ 100

108 100 pH̡

̡ 9 30

50 ( 60 )

̢ 

108 107 100

30

̡ ̡ ̡ ̡ ̡

̢

̢ 

1.1  

̡ -

̢ ̪ Å ̫

̡

̢ 



̡   

2 

̡ ̪ ̫ ̪

̫(  106  4  5 1060009184 )

(1) 

̢

̡ ̡

̢

̡ ̢

̡

̡ ̡

(2) 

̡ ̡ ̡

̢ 

̡104 2 26 ̪ ̫

̪ ̫ ̢104 6

18 ̪

̫

̢ 

̡̪ ̫

̡ ̡ ̡ ̢̪

̫ ̡ ̡ ̡

̡ ̡ ̡ ̡ ̡

̡ ̡ ̡

̢ 

̡̪ ̫

 101 6 9 ̪  ̫

̪ ̫ ̪ ̫ ̪ ̫ ̪



̡  

3 

̫ 106

̢

̡ ̢ ̪

̫̪ ̫̪ ̫ ̪ ̫ .

̢ 102 3 ̪

̫ ̡

̢104 3 ̪ ̫ 104 5

̢

̢

̡

̢105 1

̢ 

̡106 12 ̡ ̡

̡ ̡

106 109 ̪ ̢̫

̡

̢ 

1.2  

̡  

̢



̡   

4 

̢

̡

̢ 

̡  

̡ ̪

24 ̫ 102

1 35 103 55

90% ̢

̡ ̡pH ̡ ̡ ̡

̡ ̢ ̡

̢ 

pH ̡

̡SS̡ COD

̡ ̢

̢ 

̡

̢ 

1.3 ( ) 

̡  

̢  



̡  

5 

̡  

̡

COD̡SS

̢

̢ 

̡  

( ) 

̢ 

( ) 

̢ 

( ) 

̢ ̪ ̡̫̪ ̡̫̪ ̫ ̪

̫

 1. 1~  1. 

5  

1.  

(1) (colorimetric method)

̡

̡ ̡ ̢ 



̡   

6 

(2) (iodometric titration)

1 mg/L

̢ 

(3)  -  (amperometric)

̡

̢

̡

̢ 

 1. 1  

 

  



̡  

7 

2.  

(1) USEPA 180.1 ISO 7027

90 (400-600 

nm) (850-870 nm)

NTU FTU

̢ 

(2) 

̢ 

(3) (VIS/NIR)

̡

̢ 

 1. 2  
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8 

3.  

(1) ICP̡ AA :(1)

: ICP AA

( 100 )

(2)

:

(3) : ̡

̢ 

(2) 

: (1) :

(2) :

(3) :

̢ 

(3) ̡

̡

̢  
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 1. 3  

 

4. COD/SS  

(1) COD SS

(ex: S::CAN)

( 100 )

 ( )̢ 

(2) 

(1-2hr)

80-150  (

)̢ 

(3) 

̡ ̡

̢  
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 1. 4 COD&SS  

 

5.  

̢

̢

̢ 

/

̢ ̪ ̡̫̪ ̡̫̪ ̫ ̪

̫

̢

̢  
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 1. 5  

 

1.4  

̪ ̡

̫ ̮ 107 100

̡̯̮ ̡

2 2

̯ ̮

̯ ̢   

̡ 107 100

 

( ) 107 100

3

85 ̢

 

1. 20

10
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IOT ̢ 

(1) 3

( )  

ρππϷ 

(2) 3 85%

 

(3) 

̢ 

2. 

pH̡ ̡

2 ̡ CODs 1

̢

̢ 

(1) ( )  

ρππϷ 

(2)  ±1.0pH

±15%  Ñ1.0 COD SS

30% 2 50%̢  

(3) 85%

̢ 

(4) 

̢  

 >85% 71-85% 61-70% 51-60% 41-50% <40% 

 0% 1% 2% 4% 8% 16% 

 >85% 71-85% 61-70% 51-60% 41-50% <40% 

 0% 1% 2% 4% 8% 16% 
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13 

( ) 107  

1. pH̡ ̡

250-

10,000ɛS/cm±20%̢  

2. 

̡ ̡

̢ 

3. 

̢ 

( ) 

̡ ̡ ̡

̡

6 ̢ 

( ) 

5 ̢

8 30

̢ 

( ) 100

̡

̡

̡ ̡

̢ 

( ) 30

̡ ̡ ̡ ̡

̡



̡   

14 

̢ 5

̢ 

( ) 100

3G̡4G̡WiFi̡LoRa NBIOT ̢

̡ ̡

̡

̢ 

( ) 100

̡

̢ 30

̢ 

( ) 100

̡

̡ ̡ 4

̢ 

( ) ̡

̢

̡

̢ 

̡ ̡

2 2

 

( ) ̡ ̡ ̡

̡ ̡

2 2



̡  

15 

̢ 

( ) 0.5-3mg/L

0.5-10mg/L

̢ 

( ) ̡

1

̢ 

( ) ̡

̢ 

( ) 8 30

10 30

̢ 

( ) 

107

̡ (

)̡

̡ ̡

̡ ̡

3

3

̢ 

( )  

1. 



̡   

16 

3

̢ 

2. ̡

̡ 1

̢ 

3. GIS ̡

̡

̡ ̢ 

( ) 

̡

̢ 

̡

 

( ) ̡

̡

̡ ̢ 

( ) 

̡ ̡

̡ ̡

̡ ̡

̢ 6 30 ̢ 

( ) 9 30

100 pH̡ ̡

̢ 50 60 ̢
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2 ̢ 

( ) 50 109

109 ̡

̡ ̡

̢ 50

̢ 

̡ ̡ ̡ 108

̡ ̡  

( ) 3

̢ 

( ) 

̡ ̢

̢ 

( ) 108 ̡

̢ 

( ) ̡ ̡

̡ ̢ 

( ) 5 30

̡

̡ ̢ 

( ) ̢ 
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1.5  

̢ 

 1. 1 

Ѭ
ᾬ

ȳ
ӣ
ц

ӱ
ӣ

שׁ а
ԈцѬ

שׁ
аԈ

1. pHȳ ⇔ȳ ⇔Ϯ֥Ϛ

Ḃṏ

2. аԈ

3. ⇔ аԈ

4.   аԈ ѱо

5. Ἴ ᾬה

֥
Ѭ
ц ₤

1.Ệứ ה שׁ ₤

2.Ệứ‍ ה שׁ ₤

3. ה שׁ ₤

4.ỆứהϮ֥ϚѬ

5. Ϯ֥ϚѬה

Ѭ
Ӂ∂
ᵂ

⇔ד 107
БӁ∂Ѭ

1. Ѭ ᵂ

2. Ѭ ᵂ

Ӂ∂
⇔ד 108
Ѭ

1.ỆứהϮ֥ϚѬ Ӂ∂ᵂ
2.ỆứהϮ֥ϚѬ ᵂ
3. Ϯ֥ϚѬה ӻᵂ

Ѭ ₇’ц₇ ᵂ

Ѭּדᶾᾬ

ӣӂү

∂ӴѬ ᾬ Ṇ

ה Ӕӂүиέ цᴆ╬ ẂҒ иέ

Ѭ ᾬ ӣ

вҵѬ ᾬ цẦᵗӁ∂ ᾎ
ӣЏᵂ
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1.6  

̪ ̫ 108 12 31

108 6 108 9

108 12 ̢  1. 6  1. 7  

 1. 6 ( ) 

( ) 

  108 

 3 4 5 6 7 8 9 10 11 12 

1.  

1.1            

 1.1.1.1  1.1.1.2 

 

 

1.1.4.1 

 

1.1.2.1 

1.1.3.1 

 

1.1.5.1 

 

1.1.2.2 

1.1.3.2 

1.1.4.2 

  

1.1.2.3 

1.1.3.3 

1.1.4.3 

1.2 

 

          

  

 

 

1.2.4.1 

1.2.5.1 

    

 

 

1.2.4.2 

1.2.5.2 

 1.2.1.1 

1.2.2.1 

1.2.3.1 

2.  

2.1 107 

 

          

         

2.1.2.1 

2.1.1.1 

2.2 108 

 

          

      2.2.1.1 

 

2.2.3.1 

  

2.2.2.1 

2.2.1.2 

2.3 

 

          

   2.3.1   2.3.2  2.3.3 2.3.4 

3.  

3.1 

 

          

     3.1.1 3.1.2 

3.2 

 

          

         3.2.1 

3.3 

  

          

    3.3.1 

3.4 

 

          

   3.4.1    3.4.2 3.4.3 3.4.4 

4. ̡

̡  

          

   4.1   4.2  4.3 4.4 

 10 20 30 40 50 60 70 80 90 100 
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 1. 7  

  
  

1.1.1.1 108.04.30 

pH̡ ̡

 

̡

̡

 

1.1.1.2 108.06.30 

pH̡ ̡

±1.0pH

250ɛS/cm-

10mS/cm ±15%

Ñ1.0 

̡

pH 3 - pH 12 10  - 85 

 ± 0.5 pH  Ñ 0.5 

90 ɛS/cm ï 

10300 ɛS/cm(10.3 mS/cm)

13.5  

1.1.2.1 108.07.31 
 

0.25 ~ 3 mg/L

R2 0.98

0.95 

1.1.2.2 108.08.30 
 

̡

 



̡  

21 

  
  

1.1.2.3 108.10.30 

 0.5-3.0 mg/L 

̢ 

1.1.3.1 108.07.31 
 

0-500 NTU

̢ 

1.1.3.2 108.08.30 
 

6cm 

3cm

̢ 

1.1.3.3 108.10.30 

 
 

ü 550̡ 850 nm 

ü VIS & IR  

Reference PD 

ü 2.5 cm 

ü 1.25 cm 



̡   

22 

  
  

1.1.4.1 108.06.30 ̡

 

Cu

 

1.1.4.2 108.08.30 
 0.5-5 mg/L R2

0.9973̢  

1.1.4.3 108.10.30 
2

 

Cu2+ Pb2+

̢ 

1.1.5.1 108.07.31 

 

NBIoT

̢ 

1.2.1.1 108.10.31 
3  

3

̢ 

1.2.2.1 108.10.31 
3  

3

̢ 

1.2.3.1 108.10.31 
6  

5 6

7~9

9

6 ̢ 
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1.2.4.1 108.04.30 
 

̡

 

1.2.4.2 108.08.31 
50  

8 30 50

 

1.2.5.1 108.04.30 
 

̡

 

1.2.5.2 108.08.31 
50  

8 30 50

 

2.1.1.1 108.12.31 

 

11 5

̢ 

2.1.2.1 108.11.30 107 100

 

4 2 11

100

12/31̢ 

2.2.1.1 108.09.30 

50

 

9 30 50

̢ 
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2.2.2.1 108.12.31 
50

 

50

60

99.24 %

90.3 % 

2.2.3.1 108.09.30 

50

 

9 30 50

 

2.3.1 108.06.30 

100

4~6

> 85 %

 

100 4~6

98.22 %

88.5 % 

2.3.2 108.9.30 

100

7~9

> 85 %

 

100 7~9

97.59 %

91.3 % 

2.3.3 108.11.30 

50

60

 

50 60

99.24 %(

10/1~11/18)

90.3 % 

2.3.4 108.12.31 

100

10~12

> 85 %

 

100 10~12

99.54 %

89.6 % 

3.1.1 108.08.30 5

 

5

̡

̢ 
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3.1.2 108.09.30 
 

̡

̡

̢ 

3.3.1 108.07.30 

 
 

3.4.1 108.06.30 
  

3.4.2 108.10.31 

 
 

3.4.3 108.11.30 
4

 

4

 

3.4.4 108.12.31 

  

4.1 108.06.30 
 

 

4.2 108.09.30   

4.3 108.11.30   
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̡  

̡

̢

̡ ̡ ̡

̡ ̡

̡ ̢

̪ ̡̫̪ ̡̫̪ ̫ ̪ ̫

̢ 

2.1  

̡

̢

̡ ̡ ̡

̡ ̡

̡ ̢

̪ ̡̫̪ ̡̫̪ ̫ ̪ ̫

̢ 107 pH̡

̡ ̡

̡ ̡ ̡ NBIoT

̢ 2

̢ 

2.1.1 pH̡ ̡  

̡  

̡

̡

̢

̢ ̢ 
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107 ̡

/ ̡ ̡

/

̢ ̡

(  2. 1) ̡ ̢ 

 

 2. 1 ̡  

̡  

̡ ̡

 2. 2 ̢

Id

̢ Id Vg

pH ̢

̢

(Wheatstone Bridge)

̢ ̢
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̢

̢ (mho, S)̢  

 

 2. 2  

(Printed circuit board, PCB)

̢

̢

̡ ̡

̡ ̢

̢

̡

̡ ̢

 (Negative Temperature Coefficient, NTC)

̢ 

̡

̡  2. 3 ̢

NTC  (Wheatstone bridge)

̢

 (250 - 10,000 ɛS/cm)

̢ 



̡   

30 

 

 2. 3 ̡  

̡ ̢

̢

̡ ̡

̢ IC

̡ ̢

̢ 

̡

 ±1.0 pH 250 ɛS/cm ï 10 mS/cm  ±15%

 ±1.0 ̢ 
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̡  

̢

̢

̢  2. 4 ̢ 

 

 2. 4 (a) ̢(b) ̢ 

 2. 5 0.69 - 

1.82 mV/day  -56 - -61 mV/pH 16 - 17

pH 0.5

̢

 2. 6

̢ (Inductively 

Couple Plasma, ICP) (  2. 1 )

̢

(a) (b)
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̢

3 1 pH

̢ 

 

 2. 5  

 

 2. 6   
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 2. 1  

 

106-107

̢ ̡

1.5×3 mm2 9.5 mm̢

̢ ̡  2. 7 R2

0.978

10500 ɛS/cm 

(R2 = 0.99)

10,000 ɛS/cm R2 0.99̢  

 

 2. 7 (a) ̡(b) (c)  

(a) (b)

(c)
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̢

(  2. 8 ) ̢

 2. 9

̢ 

 

 2. 8  

 

 2. 9  

(Printed circuit board, PCB)

̢

̢

̡ ̡

̡ ̢

̢
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̡ ̡

̢  (Negative Temperature Coefficient, NTC)

̢

̢  2. 10 PET PET

PET ̢ PET

 2. 11 ̢ 

 

 2. 10 PET (a)  (b) PET

PET ̢ 

 

 2. 11 PET (a) PET  (b) PET

PET ̢ 
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̡  

(  2. 12 )

̢ 

 

 2. 12  

2.1.2  

̡

̡ pH 5

(HClO) (ClO-) (Free 

chlorine)

̡

(THM)

0.2 ~ 1.5 mg/L̢  

(colorimetric 

method)̡ (iodometric titration)̡ (amperometric) (voltammery)

1 mg/L

̡

̢
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0.5 - 3.0 mg/L

̢ 

̡  

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

(Square Wave Voltammetry, SWV)̡ (Differential Pulse 

Voltammetry, DPV)̢ (SWV)

 2. 13

(Forword pulse) (Reverse pulse)

(Scan rate) (Square wave 

frequency, Hz) (Step height, ̎ E) ̢ 

 

 2. 13 (Valentin Mirceski, 2018) 

( 1)

pKa (ClO-) ( 2)̢

Saputro (pH 5.0)

Cl3
-(  2. 14)

̢ (Cl2)

(Cl3
-) ̢ 

pH 5.0

( 3)

̢ 
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ὅὰ  Ὄὕ ὅὰ Ὄ Ὄὅὰὕ       ὑ τȢψχρπ  
1 

(#Ì/ Ὄ ὅὰὕ                                     ὑ ςȢψρρπ 
2 

(#Ì/Ὄ ςὩ ὅὰ Ὄὕ              Ὁ ρȢτωτ ὠ 
3 

 

 2. 14 pH 5.0  

(pH < 5.5)

(ClO3
-)( 4)

(  2. 15)(Fumihiro Kodera et., al, 2005)̢ 

6HOCl + 3H2O Ÿ 2ClO3
- + 4Cl- + 12H+ + 3/2O2 + 6e-                 4 

 

 2. 15 pH 5.5 ( ) 
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̡  

 2. 2

̡ ̡

̢ 

(Boron-doped diamond electrode, BDD)

̡

̡

̢ 

(Pt)

(Au)

 2. 16

̡ pH

̢ 

 2. 2  

 
 

(mg/L) 
 

(mg/L) 
 

[1] 1 - 100 0.4 
 

: 0.1 ~ -1.1 V vs Ag/AgCl 

[2] 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/AgCl 

[5] 1 - 2 0.08 
 

: 1.1 V vs Ag/AgCl 

[1] Journal of Electroanalytical Chemistry 756 (2015) 171-178 

[2] Talanta 189 (2018) 262-267 

[3] Electroanalysis 22 (2010) 2765-2768 

[4] Analytica Chimica Acta 537 (2005) 293-298 

[5] Journal of Electroanalytical Chemistry 612 (2008) 29-36 
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 2. 16 pH  

̡  

̡ ̢ 

ü 1 2 (pH < 5.5)

(HOCl)

 0.1 M

(Acetate buffer solution, Honeywell) pH 4.6

(KCl) (supporting electrolyte)

̢ 

ü 

(̎E)  ï0.4 

V 20 mV/s 40 mV/s 5 Hz 10 Hz

̢ 

ü Saputro

 + 0.825 ~ ï 0.275 V

 + 0.5 V  ï0.1 

V  +0.6 ~ 0 V

̢ 

KCl 0.01 M (ESW) 45 mV

5 Hz 10 Hz 0 1 mg/L  2. 17
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( 5 Hz)  10 

Hz 5 Hz KCl

 2. 18 KCl  0.01 M  0.05 M

 9.33 µA  6.9 µA

KCl

̢ 

 5 Hz KCl 0.05 M

0.5 3.0 mg/L

 0.2 ~ 1.5 mg/L

 0.25 ~ 3 mg/L  2. 19 R-square  0.98

̢ 

  

(a) 10 Hz (b) 5 Hz 

 2. 17  

 

 2. 18 KCl  
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 2. 19 -  

̡  

̡ ̢ 

4 (pH < 5.5)

(HOCl)

(Acetate 

buffer solution, Honeywell)

 0.1 M  0.5 M (pH  4.62)

(KCl) ̢ 

Fumihiro  0.1 M NaClO4

 +0.6 

~ +1.2 V  +1.1 V  4  400 

mg/L(Cl-)  -0.1 V  1.2 V  2. 20(a)

 0.5 M  0.5 V

 1.0 V

 1.2 V  ï0.1 V

 2. 20(b) ̢  

(̎E)  ï0.4 V  20 mV/s  5 

Hz (ESW)  38 mV̢  
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(a)  (b)  

 2. 20  

 0.25 ~ 3.0 mg/L  2. 21 R-square  

0.95  2. 22

 6.9 µA  68.9 µA 10

̢ 

 

 2. 21 -  
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 2. 22  

̡  

(  2. 23(a)) (  

2. 23(b))  2. 3

̢̢ 

0.3 mL

̢ 

(  2. 24)

̢ 
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(a)  (b)  

 2. 23  

 

 2. 24  

 2. 3  

   

   

 
 (1~2 ) 

 
0.3mL 5mL 0.5mL 

  
 

̡  

 2. 25 ( ) ( )  

2. 26(a) ̡ ̡ ̡

NB-IOT

4G LTE NB-IOT ̡  2. 26(b)

GPS

̢ 
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 2. 25  

 

(a)  

 

(b)  

 2. 26  

 0.1 M̡KCl  0.05 M

 0.2 M  0.1 M KCl

 0.2 ~ 3.0 mg/L
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̢ 

 2. 27

(L)̡ (H)

(D)

 2. 28  0.2 ~ 1.5 mg/L

 0.2 ~ 3.0 mg/L̢  

 

 2. 27  

 

 2. 28  
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̡  

̢ 

 1 mg/L  

1 mg/L

 

2. 28  0.5 mg/L  2. 4

 0.53 mg/L  0.5 mg/L

̢ 

 2. 4  

 
 

(µA) 

 

(mg/L) 

[1] 

(%) 

1 109.12 0.51 2% 

2 112.67 0.55 10% 

3 111.61 0.54 8% 

 111.1 0.53 6% 

1 0.5 mg/L  

 

DPD

 2. 29  

2. 30(a)  101 µA  2. 28

2  0.8 

mg/L DPD  0.74 mg/L (  2. 30 (b))  

8%  ± 15%

̢

̢ 
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 2. 29  

 

 
(a)  (b) DPD  

 2. 30  

2.1.3  

̡Software sensor̡

̢ ̡ ̡ ̡ ̡

̢

/ / ̡

̡ ̡ ̡ ̡ ̢ 



̡   

50 

̡

̢

( 0 - 500 NTU) ( 0 - 40 NTU)

̢ 

̡  

̡

̢

/

 

( )  

̡ ̡

̡

̢ NTU (nephelometric turbidity unit)

1 1 (mg) (SiO2) 1 

NTU 1 ̢ ̪ ̫

 2 NTU

̢ ̪ ̫

̪ ̫ ̪ ̫ ̪

̫

̢ -

̢ 

( )  

̢ Formazin

/ ̡ /

̢ 
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( )  

/ /

̡

̡ ̢ 

̡  

̢

̡  2. 31

̢ 

 

 2. 31  

/
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( )  

̢ Beer-Lambert

/ 2 /

 99%  100% / 1%

/ 2 /

 0.001 /  0.001

̢ 

( )  

/

/

̢  2. 32 ̢ 

( )  

̢

 2. 33 ̢ 
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53 

 

 2. 32 

/

/

/

/

/

/

/



̡   

54 

 

 2. 33  

/

1

/

2

/

/

/

/

1.2.3,4

3 2 2 4 2 3 4
/
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̡  

/

 2. 34  

( ) 

̢ 

( ) 

̢ 

( ) Model Turbidity

/

-Model Turbidity

̢ 

( ) 

model ̢

̢ 

̡  

NIEA W219.52C

90

 2. 35 ̢

ISO 7027

̢ ISO 7027

Arduino LED ̢ 
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56 

 

 2. 34  

 

 

 2. 35  



̡  
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NIEA 

W219.52C USEPA 180.1 ISO 7027

LED

Reference LED

 2. 36

̢ 

 

 2. 36  

̡ ̡

̡ ̡

̡ ̡ ̡

 

( )  

-Model Turbidity̢ LED

VIS 400 - 600 nm NIR 750 nm ̢ 

( )  

Formazin

̢ 

Reference DI Water

Light source LED

Sample cell

0º Photodiode

Absorption Measurement 

90º Photodiode

Scattering Measurement
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( )  

̡ ̡

̡ LED pulse-mode

modulation 0 90

LED

SNR

4 mm

SNR ̢ 

LED ̡0 90 ̡Reference

 2. 37

̢ 

 

 2. 37  

̡  

( ) -  

200 ï 890 nm

 2. 38 ̢ UV (200-380 nm) R2  0.876 

- 0.988 VIS ( 380 - 750 nm) R2  0.985 - 0.999

NIR (>750 nm) R2  0.996 - 0.998

R2(MAX, MIN)  2. 5 ̢

0 - 500 NTU

 

500 - 900 nm (PD)
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NIEA W219.52C USEPA 

180.1 ISO 7027 550̡ 850 nm

̢ 

 

 2. 38  

 2. 5 R2
(MAX, MIN)  

 R2
(MAX)  R2

(MIN)  

ɚ= 200 - 380 nm 0.988 0.876 

ɚ= 380 - 750 nm 0.999 0.985 

ɚ= > 750 nm 0.998 0.996 

( ) -  

1̡3̡5 cm

:

̡ ̡

3D

 2. 6 ̢  
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 2. 6  

   

: 1cm 

  

: 3cm 

  

: 5cm 
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1.  1 cm  

1 cm

 200 - 890 nm

 2. 39

UV ( 200 - 380 nm)

VIS NIR ( 380 - 880 

nm) ̢ 

 

 2. 39 1 cm  

 2. 40 1 cm  550 nm  850 

nm  2. 40 (a) 

NTU  0.002 ABS R2  0.9916 

 4.89 NTU  2. 40 (b) NTU

0.0009 ABS R2  0.9896  11.43 NTU

 550 nm  850 nm

 25 NTU

 500 NTU  1 cm

( 100 - 300 NTU) ̢ 
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62 

 

(a)                                 (b) 

 2. 40 1 cm  (a) 550 nm; (b)850 nm 

2.  3 cm  

 3 cm  

2. 41  200 - 500 nm ABS

 500 - 890 nm 3 

cm  500 - 890 nm ̢ 

 

 2. 41 3 cm  

 2. 42  3 cm  550 nm  850 nm

 2. 42 (a) 

NTU  0.0062 ABS R2  0.9837  

1.59 NTU  2. 42 (b) NTU 0.0028 ABS R2

 0.9966  3.56 NTU  850 nm

 550 nm  550 nm

 850 nm  3 cm

̢ 
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63 

 

(a)                                 (b) 

 2. 42 3 cm  (a) 550 nm; (b)850 nm 

 2. 43  550 nm

 2. 43 (a)  550 nm NTU

 0.0079 ABS R2  0.995  1.26 NTU  

2. 43 (b)  850 nm NTU  0.0032 ABS R2  

0.992  3.1 NTU  550  850 nm  3 cm

( 0 - 100 NTU)

Sensor

 3 cm

̢ 

 

(a)                                 (b) 

 2. 43 3 cm  (a) 550 nm; (b)850 nm  
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3.  5 cm  

 3 cm  

2. 44  200 - 500 nm ABS

 300 NTU

 550 nm  300 NTU

NIR  700 - 890 nm

 5 cm NIR ̢ 

 

 2. 44 5 cm  

 2. 45  5 cm  550 nm  850 nm

 2. 45 (a)  

550 nm NTU  0.0074 ABS R2  0.9402

 1.35 NTU  2. 45 (b)  850 nm

NTU  0.0039 ABS R2 0.9922  2.56 

NTU  0 - 500 NTU  850 nm

 550 nm ̢ 
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(a)                                 (b) 

 2. 45 5 cm  (a) 550 nm; (b)850 nm 

 550 nm

 2. 46 ̢  2. 46 (a)  550 nm

NTU  0.0113 ABS R2  0.9886  2. 46 (b)

850 nm NTU  0.0047 ABS R2  0.9851

 550 nm  0.878 NTU

 850 nm  2.11 NTU

 0 - 100 NTU  550 nm

 850 nm  5 cm

( 0 - 100 NTU)̢  

 

(a)                                 (b) 

 2. 46 5 cm  (a) 550 nm; (b)850 

nm 

 

 2. 7 1̡3̡5 cm

:  

ȶ 1 cm  5.5 - 20 NTU
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̢ 

ȶ 5 cm  0.88 - 2.56 NTU

 300 NTU  550 nm

̢ 

ȶ 3 cm  500 - 890 nm

 1.26 - 3.57 NTU  300 

NTU  3 cm  1 

cm  5 cm  3 cm ̢  

 2. 7 550 nm 850 nm R2  

  

   R2 (NTU) 

1 cm 

550 nm 

0 - 100 NTU 0.934 6.25 

0 - 500 NTU 0.991 5.56 

850 nm 

0 - 100 NTU 0.886 20 

0 - 500 NTU 0.991 14.29 

3 cm 

550 nm 

0 - 100 NTU 0.995 1.26 

0 - 500 NTU 0.983 1.61 

850 nm 

0 - 100 NTU 0.992 3.1 

0 - 500 NTU 0.996 3.57 

5 cm 

550 nm 

0 - 100 NTU 0.988 0.88 

0 - 500 NTU 0.940 1.35 

850 nm 

0 - 100 NTU 0.985 2.11 

0 - 500 NTU 0.993 2.56 
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( ) - ( )  

( )

1̡3̡5 cm

 550 ̡ 850 nm  2. 

47(a) R2

0.955 - 0.992  2. 47 (b) R2

0.970 - 0.99 (1̡3̡5 

cm) (550̡ 850 nm)

 15 - 35 %

̢ 

USEPA 180.1 ISO 7027

( 400 - 600 nm) ( 850 - 870 nm)

̢ 1̡3̡5 

cm (ABS) ( )

̢ (Scatter) 90

 2. 48 Sensor

̢  
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68 

 

(a) 

 

(b) 

 2. 47  (a) ; 

(b)  
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69 

 

 2. 48 Sensor  

( )  

1.  

̡

 2. 49

 550  850 nm LED VIS IR PD

 6 cm

 3 cm  2. 50

̢ 

2.  

̪ ̫ ̪

̫  

(1)  

 2. 51  550  850 

nmLED  550 

nm LED  0 - 50 NTU

VIS IR PD  50 - 400 NTU

PD  850 nm LED IR PD

VIS PD  850 nm

̢  
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(2)  

 2. 52  550  850 nm 

LED  550 nm 

LED VIS IR PD  0 - 400 NTU

 850 nm LED

̢ 

(3)  

 0 - 50 NTU

 0 - 400 

NTU ̢  0 - 50 NTU

̢ 

 

 2. 49  
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71 

 

 2. 50  

(a)  

 (b) 

 2. 51  (a) 550 nm LED; (b) 850 nm LED 
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 (a) 

 (b) 

 2. 52  (a) 550 nm LED; (b) 850 nm LED 

3.  

̪ ̫  2. 

53  

 ̧ 550̡ 850 nm 

 ̧ VIS & IR  Reference PD 

 ̧ 2.5 cm 

 ̧ 1.25 cm 

USEPA 180.1 ISO 2007

̢ 
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73 

 

 2. 53  

4.  

̡

 

(1) 1(Ts1) 

̢ 

(2) 1(Ts2) 

̢ 

(3) + (Tt1) 

 

(4) (Tt2) 

(Beerôs 

Law) ̢ 

5.  
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4

̡

Hach 2100P

 

(1)  

 2. 8 ~  2. 11  2. 54 ~  2. 57 VIS

IR LED 4

VIS IR LED 4

̢ 

4

-Ts1̡ Ts2 Tt1

Tt2

 5 NTU

̢ 

̪ ̫

̪ ̫

 0 - 10 NTU 

 10 - 40 NTU 

 40 - 400 NTU 

̢ 
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 2. 8 VIS  

 

(NTU) 

HACH 

Ts1 Ts2 Tt1 Tt2 2100P 

(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  

 

(a)                                  (b) 

 2. 54 VIS  (a)Ts1; (b)Tt2
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 2. 9 VIS  

 

(NTU) 

HACH 

Ts1 Ts2 Tt1 Tt2 2100P 

(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  

 

(a)                                  (b) 

 2. 55 VIS  (a)Ts1; (b)Tt2  
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 2. 10 IR  

 

(NTU) 

HACH 

Ts1 Ts2 Tt1 Tt2 2100P 

(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  

 

(a)                                  (b) 

 2. 56 IR  (a)Ts1; (b)Tt2  
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 2. 11 IR  

 

(NTU) 

HACH 

Ts1 Ts2 Tt1 Tt2 2100P 

(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 20.4  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  

 

(a)                                  (b) 

 2. 57 IR  (a)Ts1; (b)Tt2 
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(2)  

 2. 58

̢

-Tt1̡Tt2 Ts1

Ts2  

2. 12  2. 13

̢

VIS IR

VIS LED

20%̢  

 2. 59

̢

-Tt1̡Tt2 Ts1

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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(a) (b) 

(c) (d) 

 2. 58  (a)VIS- ; (b) 

IR- ; (c) VIS- ; (d) IR-  

 2. 12 -  

(NTU) Ts1 Ts2 Tt1 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 -  

(%) Ts1 Ts2 Tt1 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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(a) (b) 

(c) (d) 

 2. 59  (a)VIS- ; (b) IR-

; (c) VIS- ; (d) IR-  

 2. 14 -  

(NTU) Ts1 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 -  

(%) Ts1 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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6.  

 

(1) 

 

(2) ( ) VIS LED / (Scatter)

(Ts1. Ts2 & Tt1) /  

(3) ( NTU = 150 ï 200 ) (Tt2)

IR LED

VIS LED  

(4) VIS LED

̢ 

 

(1) VIS  

ȶ 0 ~ 400 NTU̢  

ȶ 0.01 / 0.1 / 1 NTU̢  

ȶ 25 %̢  

ȶ ±2 NTU ±20 % ̢ 

ȶ t90 30 ̢ 

(2) IR  

ȶ 0 ~ 400 FNU/FAU̢  

ȶ 0.01 / 0.1 / 1 FNU/FAU̢  

ȶ  25 %̢  

ȶ  ±2 FNU/FAU ±20 % ̢ 

ȶ t90 30 ̢ 

2.1.4  

UV ̡ AAS ̡

AFS ̡ ICP ̡X XRF ̡

ICP-MS ̢

ICP-MS X XRF
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̢ 

̢

/ ̡

Counter electrode (CE)

/ ADC

V=-IR ̢ 

̢

̢ 

̡  

( )  

 2. 60

̢

̡

 2. 61̢

̢ 

 

 2. 60  
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 2. 61  

( )  

̡ ̡ ̡

̢  

1.  

(CV)

̢ 

2.  

̡ ̢

̢

̡ pH ̢ 

3.  

(LSV)̡ (DPV) (SWV)

̢

̢ 

4.  

̢
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̢ 

5.  

̡

̢ 

( )  

(IR potential drop)̡

̡ ̡

̢

̢ 

̢

̢ 

(Wall-Jet) (Flow-

through) Wall-Jet

 2. 62(a) Flow-through

 2. 62 (b) ̢ 

 

 2. 62 (a) Wall-Jet̡ (b) Flow-through 
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( )  

(Potentiostat)

(Vcell)

 2. 63 ̢ 

 

 2. 63  

 + ( )  - ( )

̢

̡ ̡ ̢

̢

̢ 

 

1.  

ei 

Op-1 ̢ 

Op-2  - 

̢

̢ -ei̢  

2.  

Op-2

̢ 
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3.  

Op-1  - ̢ 

̢ 

̡  

( )  

̢ 

1.  

DropSens

900ºC

150ºC ̢  2. 64 SEM

̢ 

5 mg/L Cu2+  2. 65

̢

̢ 

 

 2. 64 DropSens SEM  






















































































































































































































































































































































































































































































