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ύЎᄔाύЎᄔाύЎᄔाύЎᄔा 

 

    НύԖᐒނ፦ϐಔԋёૈӢٰྍǵԖᐒ፦ᐚࡋǵϩηໆελǵ่ᄬǵૈ۔୷

ಔԋаϷ੃ࢥᏊόӕԶჹ੃ࢥୋౢ׎ޑނԋౢғቹៜǶ෫৤ޑᓬ਼ϯǵπ཰Ϸғ

ࢥନΑ೷ԋ໺಍֖ᅹ੃ࡕ٬চНН፦ൾϯǴԾٰНృН൑уෛೀ౛ࢉԦޑԦНࢲ

ୋౢނᐚࡋ΢ϲѦǴڀԖၨଯ଼ந॥ᓀޑཥᑫ੃ࢥୋౢނᅿӵ֖ේ੃ࢥୋౢނΨ

ёӧ໯ҔНύว౜Ǵ׎ԋ໯ҔНೀ౛ޑ΋εࡷᏯǶ๋ѦӀ่ӝၸ਼ϯణำׇ

(UV/H2O2)ᙖҗౢғଯ਼ϯΚޑణ਼Ծҗ୷Ǵଛӝ፾྽ޑᏹբచҹ೛ीё٬Ԗᐒނ

ֹӄ᝜ϯǴၲԋҞ኱Ԗᐒނ፦ޑѐନϷ੃ࢥୋౢނғԋወૈ(disinfection byproducts 

formation potential, DBPFP)फ़եޑҞޑǶ 

ҁࣴز௦Ҕ UV/H2O2 ຾Չ໯ҔНύԖᐒނϐ਼ϯೀ౛Ǵ௖૸চНύԖᐒނಔ

ԋǵUV/H2O2 ำׇჹܭ੃ࢥୋౢ߻ނ፦ϐफ़ှаϷჹ੃ࢥୋౢނғԋϐቹៜǶࣴ

ೀ౛ނ࿶ғٯǴϩձаϺฅНᡏబуόӕК߄፦ж߻ࣁ଺ނόӕٰྍԖᐒڗᒧز

ৎ৥ԦН΢ቫనϐΓπচНϷаϤᅿ֖όӕϩη่ᄬ֖ේԖᐒ߻፦ଛ࿼ϐНྋన

 ᅱෳǵΟഛҘ₧ғԋወૈ(trihalomethanesࡋᐚނԖᐒނჴᡍჹຝǴ٠ᙖҗ਼ϯౢࣁ

formation potential, THMFP)ǵ֖ഛΌለғԋወૈ(haloacetic acid formation potential, 

HAAFPȑǵ֖ේ੃ࢥୋౢނ N-٥ฮ୷ΒҘ୷ữғԋወૈ(N-nitrosodimethylamine 

formation potential, NDMAFP)ϐ੃ߏаຑ՗ UV/H2O2ೀ౛ำׇჹԖᐒނफ़ှϷ੃

 ϐфਏǶڋ௓ނୋౢࢥ

ᡉҢа่݀زࣴ UV/H2O2 ำׇೀ౛ڙৎ৥ԦНԦࢉϐচН܈ϺฅԖᐒ߻፦ϐ

ೀ౛Ϸफ़ե੃ࢥୋౢނϐҞ኱֡ёԏډ΋ۓԋਏǶՠӧНύёаख़Κ؇फ़ѐନޑ

ᗭಈ܄Ԗᐒނ፦ᐚࡋၸଯਔ཮ቹៜణ਼Ծҗ୷ϐ਼ϯਏ౗Ǵӧ਼ϯόֹӄਔஒӢ

ಈރԖᐒ߻፦೏फ़ှࣁಈ৩λܭ 0.45 µm ϐނ፦Զߚ٬਻ග܄ྋှԖᐒᅹ

(non-pergeable dissolved organic carbon, NPDOCȑǵTHMFPϷ HAAFP ϐᐚࡋගଯǹ

ྋှ܄Ԗᐒේ(dissolved organic nitrogen, DON)ޑफ़ှҭӢಈރԖᐒނ፦ޑӸӧǴफ़
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եణ਼Ծҗ୷਼ޑϯਏ݀ԶคؼډၲݤӳԋਏǶUV/H2O2 ೀ౛ำׇύ THMFP ᆶ

HAAFPޑᡂϯᖿ༈ᡉҢణ਼Ծҗ୷ӕਔתᄽ਼ϯԖᐒނϷ੃ࢥୋౢ߻ނ፦ϸᔈϐ

ޑ(C-DBPs)ނୋౢࢥሡෛໆǴ೷ԋ֖ᅹ੃ځϯόֹӄਔ཮ቚу਼ނՅǴӧԖᐒف

ቚуǶణ਼Ծҗ୷਼ޑϯբҔӕਔቚуೀ౛ࡕНύԖᐒނ፦ޑᒃН܄ǴᏤठHAAFP

Ϸ֖ྜྷނᅿКޑٯቚуǶӧϺฅНᡏబу 10%ቲНϐ਼ϯ၂ᡍύǴ࿶ UV/H2O2ೀ

౛ NDMA ፦फ़ှϸᔈЬाวғӧ߻ 0 Կ 30ϩដϐ໔Ǵऊёफ़ե ޑ50% NDMAFP

Ȑҗ 66 ng/LΠफ़Կ 34 ng/LȑǴ30 – 60ϩដ໔ᡂϯཱུ༾ǴᡉҢ࿶ၸ UV/H2O2ำׇ

ϝԖ೽ϩࡕ NDMA  ೏फ़ှǶݤ፦ค߻

    аҞ኱֖ේԖᐒ܌ނଛ࿼ϐНኬ࿶ၸଯᓸȐHPȑϷեᓸȐLPȑUV/H2O2਼ϯ

ೀ౛ࡕǴځ٩όӕ่ᄬϷේڗжՏ࿼Զև౜࣬౦ޑ NPDOCϷ DONफ़ှᖿ༈Ƕ่

ᄬፄᚇޑ diltiazemϷ atrazineफ़ှਏ౗ၨեǴϩη҃ᆄڀԖữ୷่ᄬ֖܈ේशᕉޣ

ၨ৒ܰ೏ϩှԶౢғ਽ේǴՠՏܭϩηύЈޑේ่ᄬ߾ၨᜤа೏ UV/H2O2 ೀ౛܌

फ़ှǶа LPUV/H2O2຾Չ਼ϯೀ౛ਔǴҗܭϿΑଯૈໆ๋ѦӀޔޑௗ਼ϯբҔǴ

໻ૈᙖၨեᐚޑࡋణ਼Ծҗ୷ޑ໔ௗ਼ϯҞ኱ԖᐒނǴ٬ளځԖᐒޑނफ़ှਏ౗

ၨ HPUV/H2O2ࣁեǶа Dimethylamino propyl methacrylamide (DMAPMA)Ϸ diltiazm

ϐࡋόӕமډڙǴӧٯࣁ UV/H2O2ೀ౛ځࡕ DBPFPᒿ਼ϯਔ໔ቚуԶև౜࣬౦ޑ

ᡂϯᖿ༈Ǵ٩ DBPFPϐᡂϯᖿ༈ᡉҢ਼ځϯਏ౗ࣁ DMAPMA ᓬܭ diltiazemǴԶ 

HPUV ೀ౛ਏ౗Ξଯܭ LPUV ೀ౛Ƕ߻፦ϩη่ᄬ҃ᆄڀԖΟભữૈ۔୷ޑԖᐒ

ԋ׎ᆶෛữϸᔈܰނ NDMAǴЪόֹӄ਼ޑϯ཮ගଯೀ౛ࡕНኬϐ NDMAFPǴሡ

ගٮк਼ޑىϯᏊߏۯ܈ϸᔈਔ໔ωёԖਏஒԖᐒނ᝜ϯϷ DBPFPफ़եǴҗ਼ϯ

ೀ౛ύ໔ౢނ DMA ଛ࿼Нኬ຾Չϐ܌ނёӑ᛾Ԝᖿ༈ǶаҞ኱֖ේԖᐒ׳ቚуޑ

ԛჴᡍᡉҢаץ DON ௢՗ NDMAFP ᗨԖؼӳ࣬ޑᜢ܄ǴՠᔈҔܭჴሞНᡏਔҗ

ၨεǴൂપа܄౦ݔಔԋނԖᐒځܭ DON ܈ DMA ᐚࡋ௢՗ NDMAFP ёૈ཮Ꮴ

ठୃৡǶ 

 

ᜢᗖӷǺUV/H2O2ǵԖᐒᅹǵԖᐒේǵTHMFPǵHAAFPǵNDMAFP 
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Abstract 

 

The presence of various organic contaminants in water sources is of concern due to 

their direct threats to human health and potential to react with disinfectants to form 

carcinogenic byproducts including trihalomathanes, haloacetic acids and nitrosoamines 

in water disinfection process. Ultraviolet light coupled with hydrogen peroxide 

(UV/H2O2) is a powerful water treatment technology by forming highly reactive 

hydroxyl radicals. This study examined the relationships between organic matter 

compositions and disinfection by-product formation potential (DBPFP) by two major 

aspects. First, laboratory synthetic water with various compositions of organic carbon 

and nitrogen were treated with UV/H2O2 to evaluate its degradation efficacy. Second, 

both high-pressure and low-pressure ultraviolet light were applied to evaluate its 

efficacy for degradation of six selected nitrogenous organic compounds. After UV/H2O2 

oxidations, corresponding disinfection byproducts (DBPs) formation potentials were 

measured.  

In laboratory synthetic water, it was found that carbon containing precursors were 

relatively easier to mineralize by UV/H2O2 treatment than the nitrogen containing 

compounds. UV/H2O2 processes successfully reduced the precursors of trihalomethanes 

(THMs) and haloacetic acids (HAAs); however, the treatment efficiency was lower for 

N-nitrosodimethylamine (NDMA) precursors. It was also observed that the degree of 

precursor removal was reduced when raw water was contaminated by domestic 

wastewater effluents. In comparison to untreated water, UV/H2O2 treated water 

produced a higher ratio of HAAs than THMs after chlorination. This suggests that a 

higher fraction of hydrophilic compounds was obtained after UV/H2O2 treatment. Raw 

water impaired by wastewater effluent also altered the formation and species 



 

 
iv 

distribution of DBPs, since higher ratio of HAAs and brominated DBPs were observed. 

With higher oxidation power and simpler molecular structure, target compounds 

resulted in better reduction of organic matters and DBP formation potentials (DBPFPs). 

However, insufficient contact time and oxidant doses could lead to a rise of DBPFPs in 

the early stages of UV/H2O2 reactions. A greater percentage removal was achieved for 

organic carbon than organic nitrogen after UV/H2O2 treatment, especially for complex 

compounds such as diltiazem. During the UV/H2O2 treatment, the intermediate products 

include tertiary amine, dimethyl amine (DMA) or DMA-like structures, which are 

N-nitrosodimethylamine (NDMA) precursors after disinfection. Furthermore, it was 

observed that using dissolved organic nitrogen and DMA to predict NDMA formation 

potential could lead to biased conclusions because of the complex nature of nitrogenous 

matters in aqueous environments. 
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ಃ΋കಃ΋കಃ΋കಃ΋ക ق߻ق߻ق߻ق߻ 

 

 ङඳزङඳࣴزङඳࣴزङඳࣴزࣴ 1.1

Ѡ᡼Ѥय़ᕉੇЪ਻ংྕཪዊᔸǴҗܭӦ׎Ϸ਻ংቹៜǴԃѳ֡फ़ߘໆᗨӭǴ

ՠځਔޜϩѲ٠όΜϩѳ֡Ǵу΢ݞοεӭอభӧफ़ࡕߘջࢬھΕੇǴ٬ளӧफ़

ࣁ೽Ϸᚆ৞Ӧ୔ࠄЀаύݩ౜ຝǴԜᅿ௃ىਔයН৤ᓯНதԖόޑᓎ౗ၨեߘ

ࣗǶԜѦ҇౲ҔНಞᄍᒿ๱ғࠔࢲ፦ගϲԶׯᡂǴӧ҇ғҔНϷπ཰ҔН֡זೲ

ԋߏϐݩރΠǴલНޑ௃׎ςВ੻ᝄख़ǴНၗྍޑᆅ౛ୢᚒሡाቩ཈ԵໆǶ 

ନΑНྍલЮୢޑᚒаѦǴচНޑԦࢉ௃ݩҭВᖿᝄख़Ǵ೚ӭπ཰ϷғࢲԦ

Нӧೀ౛όֹӄ܈Γࣁ౧ѨΠёૈԦࢉচНǴᏤठНύԖᐒނ፦ନΑԾฅӸӧޑ

ϺฅԖᐒނᐚࡋӢ෫৤ޑᓬ਼ϯԶ΢ϲѦǴНྍύΓπӝԋԖᐒނϐᐚࡋϷᅿᜪ

ҭԖቚуޑᖿ༈Ƕ่ᄬၨፄᚇ֖ޑᅹނᅿϷ֖ේނᅿ࿶ၸԦНೀ౛ቷ܈ԾٰНృ

Н൑уෛ੃ࡕࢥǴନΑ೷ԋ໺಍֖ᅹ੃ࢥୋౢނᐚࡋ΢ϲѦǴཥᑫ੃ࢥୋౢނᅿ

ӵ֖ේ੃ࢥୋౢނΨёӧ໯ҔНύว౜ǶғࢲԦНύ֖ԖΓᜪВதғࢲύ٬Ҕϐ

ӚᅿϯᏢᛰᏊǵᛰځ܈ࠔжᖴౢނǴ໺಍ృН൑ޑೀ౛ࢬำჹ೭٤ཥᑫԦނࢉϐ

ೀ౛٠คډၲݤзΓᅈཀޑೀ౛ਏ݀Ƕҗܭ೭٤ཥᑫނ፦ޑᔠෳϝ໪ᆒஏሺᏔϷ

ၨፄᚇޑᔠෳБݤωёෳрǴҞ߻ϝคݤዴჴඓඝځӧమНύࢬޑթ௃׎Ǵՠ೭

೸ၸࣁБԄᔈޑၨӝ፾ނ೭٤Ԗᐒڋ௓ࡺநӒ্Ǵ଼ޑԖၨଯڀወӧܭ፦җނ٤

Нྍᆅ౛๱ЋǶ 

ଯભ਼ϯำׇ(advanced oxidation processes, AOPs)ᙖҗౢғڀଯ਼ϯΚޑణ਼

Ծҗ୷(hydroxyl radicals, OH‧)ჹԖᐒނ຾ՉԖਏޑफ़ှǴځύ๋ѦӀ่ӝၸ਼ϯ

ణำׇ(UV/H2O2)ёᙖ๱ UV ӀှϷణ਼Ծҗ୷ჹНύԖᐒނ຾Չ਼ϯǴӧቲНೀ

౛ϷԾٰНృНೀ౛֡Ԗჴ൑ᏹբਢٯǴԋфޑफ़եՅࡋǵԖᐒނ፦ᐚࡋǴЪჹ

ܭԋ݀Ƕҗޑӳؼډԏڋ௓ޑނᕉნ༾ғܭ UV/H2O2 ำׇёᙖҗ፾྽ޑచҹ೛ी

ၲԋԖᐒֹޑނӄ᝜ϯǴࡺёၲԋҞ኱Ԗᐒނ፦ѐନϷफ़ե੃ࢥୋౢނғԋወૈ
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(DBPFP)ϐҞޑǶ 

НύԖᐒނ፦ϐಔԋёૈӢٰྍǵᐚࡋǵϩηໆελǵ่ᄬǵૈ۔୷ಔԋа

Ϸ੃ࢥᏊБԄόӕǴԶჹృНೀ౛ࡕ੃ࢥୋౢ׎ޑނԋౢғቹៜǶа۳ࣴزӭ๱

ख़֖ܭᅹԖᐒނϷځ੃ࢥୋౢޑނғԋᆶࢬѲፓࢗǴ֖ේԖᐒނБय़زࣴޑҭӭ

аᓬ਼ϯࡋفޑ຾Չ௖૸Ǵჹ֖ܭේ੃ࢥୋౢޑނቹៜၨલЮࣴزǴࡺҁࣴزϐ

Ҟࣁޑ჋၂а UV/H2O2ำׇೀ౛НύԖᐒނ፦Ǵ௖૸Ԗᐒނӧ UV/H2O2ೀ౛ࡕϐ

फ़ှਏ౗Ϸჹ੃ࢥୋౢނғԋޑቹៜǶ 

 

 ޑҞزࣴޑҞزࣴޑҞزࣴޑҞزࣴ 1.2

    ҁࣴز௖૸ډڙғࢲԦНԦࢉϐচНа UV/H2O2 ଯભ਼ϯำׇೀ౛ࡕǴჹН

ύԖᐒނϐ਼ϯਏ౗Ƕࣁ௖૸চНύԖᐒނಔԋϷ UV/H2O2 ำׇჹܭ੃ࢥୋౢނ

Ԗࣁ፦଺߻όӕٰྍಔԋϐԖᐒڗғԋϐቹៜǴᒧނୋౢࢥ፦ϐफ़ှаϷჹ੃߻

ᐒނж߄Ǵ٠ᙖҗ਼ϯౢނᡂϯǵ੃ࢥୋౢނғԋወૈϐ੃ߏаຑ՗ UV/H2O2 ำ

ׇჹНύԖᐒ߻፦ϐೀ౛фਏǶЬाࣴزҞޑӵΠǺ 

Ȑ1ȑ௖૸όӕٰྍǵ่ᄬϐԖᐒނ࿶ၸ UV/H2O2 ำ਼ׇϯࡕԖᐒᅹϷԖᐒේᐚ

 ᡂϯǴޑǵϩη่ᄬࡋ

Ȑ2ȑ௖૸όӕٰྍǵ่ᄬϐԖᐒނ࿶ၸ UV/H2O2ำ਼ׇϯ֖ࡕේคᐒނᅿǵύ໔

 ᡂϯǴޑࡋᐚނౢ

Ȑ3ȑ௖૸όӕٰྍǵ่ᄬϐԖᐒނ࿶ၸ UV/H2O2 ำ਼ׇϯࡕ THMFPǵHAAFP

Ϸ NDMAFP  ᡂϯǴаϷޑ

Ȑ4ȑ௖૸όӕૈໆ๋ѦӀၮҔܭ UV/H2O2ำׇჹೀ౛НН፦ϐቹៜǶ 
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ಃΒകಃΒകಃΒകಃΒക Ў᝘ӣ៝Ў᝘ӣ៝Ў᝘ӣ៝Ў᝘ӣ៝ 
 

2.1 НύԖᐒނಔԋНύԖᐒނಔԋНύԖᐒނಔԋНύԖᐒނಔԋ 

ϺฅНᡏύӸӧ೚ӭόӕ่ᄬޑङඳԖᐒނǴхࡴԾฅࣚ୏෌ࢲނ୏ౢ܌ғ

ϐϺฅԖᐒނǴаϷΓࢲࣁ୏ౢ܌ғϐғࢲԦНǵπ཰ϷၭށቲН฻܌х֖ϐԖ

ᐒނ፦ǶϺฅԖᐒނхڀࡴ౧Нޑ܄ᆭ෌፦ϷၨڀᒃНߚޑ܄ᆭ෌ނ፦Ǵ෫ݲН

৤฻Ӧ߄НᡏচНύԖᐒޑނಔԋᒿ਻ংచҹϷӦ౛ᕉნԶԖ܌ৡ౦ǴӢځԖᐒ

ಔԋᆶᐚࡋϐόӕǴΨӕਔቹៜΑ࿶ၸృНำׇೀ౛ࡕԖᐒނफ़ှϷ੃ࢥୋౢނ

ϐ׎ԋǶ෫৤ύԖᐒނҗྍٰځϩࣁѦྍނ܄ᅿ(allochthonous)ǵϣྍނ܄ᅿ

(autochthonous)аϷԦНషΕ܌஥ٰϐԖᐒނǶ΋૓ѦٰނᅿҗߘНؑڇԶ຾ΕǴ

֖ԖڬൎഌӦ߄܈य़НύϐԖᐒނ፦ǴԶ෫৤ҁғԖᐒނЬाࣁ෫৤ύғނբҔ

բނԦН࿶ೀ౛ቷೀ౛ൂϡϐғࢲ฻Ԗᐒ፦Ǵ΋૓ғނᝯᜪϷ༾ғࡴғǴхౢ܌

ҔቹៜǴҭ֖ԖၨӭλϩηᒃН܄Ԗᐒނ፦Ǵ 

 

2.1.1 ԖᐒᅹᆶԖᐒේԖᐒᅹᆶԖᐒේԖᐒᅹᆶԖᐒේԖᐒᅹᆶԖᐒේ 

    ϺฅНᡏύэԖᐒᅹಔԋനεКٯϐԖᐒࣁނᆭ෌ለ(Thurman and Malcolm, 

1981) ஒё೯ၸ 0.45 µmᘠጢϐྋှ܄Ԗᐒނ(dissolved organic matter, DOM)ϩᜪ

٠՗ᆉځКٯǴځύᆭ෌፦՞ 50ʘǴᒃН܄ለ՞ 30ʘǴᗐᜪǵ♐ለǵữ୷ለϷᅹ

ణϯӝނϩ՞ 10ʘаΠǶ΋૓ྋှ܄Ԗᐒᅹ(dissolved organic carbon, DOC)ಔԋ߾

хࡴᆭ෌፦Ϸߚᆭ෌፦ǴᒃНߚޑᆭ෌፦ӭࣁ୏෌ූނᡏ࿶ၸ༾ғނբҔफ़ှϐ

Ԗᐒځ܈ނжᖴނǴх֖િެለǵೈқ፦ǵữ୷ለаϷᅹణϯӝނ฻ǹ౧Н܄Ԗ

ᐒނ೽ϩ߾хࡴྋှࡋၨեޑᆭ፦(humin)ǵྋีܭᡵޑᆭ෌ለ(humic acid)аϷϩ

ηໆၨեЪྋှ܄ၨଯޑ໳ለ(fulvic acid)Ƕ౧Н܄ԖᐒނϩηໆၨଯǴ่ᄬҭၨࣁ

ፄᚇǴCook and Langford (1998)ჹᆭ෌ለϷ໳ለ่ޑᄬ຾Չϩ݋Ǵว౜໳ለϐ♐୷

(carboxyl)КٯၨଯǴԶᆭ෌ለڀԖၨӭޑᅹణᕉ่ރᄬǶ 

ྋှ܄Ԗᐒේ(dissolved organic nitrogen, DON)аख़ໆٰ࣮ऊ໻эϺฅԖᐒނ
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ᅿޑ 0.5 – 10%ǴНᡏύЬाޑԖᐒේٰྍࣁԦН௨ܫǵၭ཰ޥࡼǵᓬ਼ϯНᡏύ

ᝯᡏжᖴޑࡕझѦԋϩǵϺฅᆭ෌ԋϩ฻ǹϣྍ܄Ԗᐒේྍ߾Ծಒझ่ᄬಔԋϷ

܈ރ᜘ޔࣁϺฅНྍύữ୷ለӭܭǴаೈқ፦Ϸਡለ֖ໆၨଯǶ࣬ჹނжᖴౢځ

ၨᙁൂ่ᄬǴڙғࢲԦНԦޑࢉНྍύ߾ёෳளၨଯᐚ֖ޑࡋᕉ่ރᄬữ୷ለǶ

НύԖᐒේёගٮಒ๵ᔼᎦྍǴΞӢԖᐒේނᅿ่ᄬύҭ֖ԖᅹǴࡺΨ཮ᆶ੃ࢥ

ᏊբҔౢғ֖ᅹ֖܈ේ੃ࢥୋౢނǶGuo et al. (2003) ࡰрݞНύऊ Ԗᐒᅹޑ60%

ϷԖᐒේނ፦ࣁጤᡏԋϩǴջϩηεܭ 1 kDaЪё࿶ 0.45 µmၸᘠޣǴځԛऊ 30%

ܭλࣁ 1 kDaޣǴԶคݤ࿶ 0.45 µmၸᘠ೽ϩϐԖᐒނऊ໻՞ 10%ǶࣁࡺΑफ़եН

ύԖᐒ߻፦ᔈଞჹጤᡏ೽ϩ௦ҔၨԖਏ౗ޑೀ౛БԄǴՠόӕٰྍϐНᡏ֖܌ϐ

Ԗᐒނނᅿϩթ٠ό΋࣬ڀۓӕ੝܄Ƕ 

ԖᐒේޑಔԋΨ཮ቹៜྋှ܄Ԗᐒޑނᒃ౧НϷለᡵ܄ᐚࡋϩթǶऩữ୷ለ

୷ၨӭਔǴஒ٬ૈ۔ᴏ两฻܈ DOM ϐᒃН܄ගଯǴ೭ނ٤፦ัୃᡵ܄Ǵύ܄Ϸᡵ

ޑ܄ DOM த֖ԖၨଯКޑٯ DONǴԶિެ่ᄬၨӭޑԖᐒේϐለᡵ߾܄όڀ΋

ठ܄ǶDOCᆶ DON ၨٯ፦ٰྍǴDOC/DONКނёҔаղᘐНύЬाԖᐒٯКޑ

եਔж߄НύԖᐒނϐύ DON КٯၨଯǴҗܭಒ๵܈ᝯᜪϐжᖴౢ֖ނԖၨଯޑ

amineᜪނ፦Ǵࡺё௢ෳԜНᡏёૈࣁᓬᎦރᄊڙ܈ғࢲԦНԦࢉǹDOC/DONК

 ଅ᝘ၨε(Westerhoff and Mash, 2002; Leenheer etྍٰނ෌܈βᝆ߄ж߾ၨଯਔٯ

al., 2007)ǶݞНύаᗭಈ׎ԄӸӧϐԖᐒځނ DOC/DON ॶၨጤᡏϷྋှ܄೽ϩ

ଯǴҗܭữ୷ለϷữ୷ᗐᜪ฻ғނжᖴނ፦ϐϩηၨλǴεठ΢ࣣࣁё೯ၸ 0.45 

µmၸᘠޣǴࡺ DOC/DONၨեޑНᡏύǴځ DON ᔈε೽ϩϩթܭྋှޑ܄Ԗᐒ

 ಔԋύ(Guo et al., 2003)Ƕނ

 

2.1.2 НύԖᐒނӧృНำׇೀ౛ࡕϐᡂϯНύԖᐒނӧృНำׇೀ౛ࡕϐᡂϯНύԖᐒނӧృНำׇೀ౛ࡕϐᡂϯНύԖᐒނӧృНำׇೀ౛ࡕϐᡂϯ 

໺಍ృНำׇхࡴӧషᏉၸำύᙖ๱షᏉᏊઇᚯНύጤᡏޑᛙރۓᄊǴ׎ԋ

ጤԳԶ؈ᐘǴӆ࿶؈ᐘၸᘠѐନНύၨεᗭಈԖᐒނǴനࡕуΕෛ੃ࢥᏊаڋ׭
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Ϸ੃ྐНύੰচ๵Ƕ΋૓໺಍ృНำׇё೸ၸషᏉǵ؇ᐘൂϡѐନၨӭғނёճ

ҔԖᐒᅹ(assimiable organic carbonǴAOC) (Kemmy et al., 1989)ǴࡺନΑуΕ੃ࢥ

Ꮚϐ਼ϯၸำѦǴӧృНၸำύҭёа౽ନ΋೽ҽԖᐒނǶ໺಍ృНೀ౛ၸำऊ

ёѐନ ࣁऊ߾ٯᕴԖᐒᅹǴჹԖᐒේ೽ϩѐନКޑ50% – 10 16% (Jacangelo et al., 

1995; Lee et al., 2006)ǶคፕԖᐒᅹ܈ԖᐒᅹǴ໺಍ృНೀ౛Ьाѐନޑ೽ϩ֡ࣁ

ϩηໆၨε(>10 kDa)ޑԖᐒނᅿǴόܰ೏౽ନϐԖᐒ่ނᄬϷᒃ౧Н܄ջёૈჹ

੃ࢥୋౢނғԋԖ܌ቹៜǴቹៜӢનхࡴೀ౛ࡕНύԖᐒނϐޔ᜘܈ᕉ่ރᄬК

࿶ၸష݋ৡ౦฻Ƕ٬ҔᑻӀӀ᛼ϩޑ୷ᅿᜪǵҥᡏ่ᄬ΢ૈ۔ǵϩηໆελǵٯ

Ꮙೀ౛ࡕНύԖᐒނ፦ׯޑᡂ(Sohn et al., 2007)Ǵёᢀჸډ໻Ԗ౧Н܄ᆭ෌፦೏ѐ

ନǴԶమН܄ೈқ፦ᜪԖᐒ߾ނϝӸܭНύǶऍ୯΋٤ృН൑٬Ҕ polyamine܈

polyDADMAC ฻֖ԖữᜪᆫӝނբࣁషᏉᏊǴନΑቚуНύԖᐒේޑᐚࡋѦǴځ

ჹуෛࡕ੃ࢥୋౢނғԋޑቹៜϝॶள຾΋؁௖૸Ƕ 

 

2.2   Нύ֖ᅹ੃ࢥୋౢނНύ֖ᅹ੃ࢥୋౢނНύ֖ᅹ੃ࢥୋౢނНύ֖ᅹ੃ࢥୋౢނ 

НύԖᐒނς᛾ჴ֖ࣁᅹ੃ࢥୋೀ߻ޑނ፦Ǵᆶ੃ࢥᏊϸᔈౢғΟഛҘ₧Ϸ

֖ഛΌለނޑᅿϷᐚࡋКډڙٯ೚ӭӢન܌ቹៜǶԾ Rookӧ 1974ԃ२Ӄว౜у

ෛ੃ࢥ཮ౢғෛүǴځࡕځдΟഛҘ₧ނᅿុ࡭೏ว౜Ǵќ֖ഛΌለ(haloacetic 

acids)ҭӧ 1980ԃжᒿ๱ཥሺᏔ໒วǵϩཱུ݋ज़ޑගଯԶ೏ഌុว౜ځӸӧǶଞჹ

೭ނ٤፦܌຾Չϐࢥ౛၂ᡍҭ᛾ჴڀځԖჹΓᡏϐወӧ଼நӒ্ǶΟഛҘ₧ᆶ֖

ഛΌለаᐚࡋԶࣁقനЬाٿޑεᜪ੃ࢥୋౢނᅿǴഛΌ⋸(haloacetonitrites)Ǵഛ

ϯ✉ᜪ(halogenated ketones)ϷНӝෛ⾺(chloral hydrates)฻൳ᜪෛϯ੃ࢥୋౢނҭ

཮р౜ӧаෛࣁ੃ࢥᏊ຾Չ੃ޑࢥమНύǶҗܭѠ᡼೽ϩᚆ৞Ӧ୔ϐғࢲԦНೀ

౛҂ᅰֹ๓ǴёૈᏤठ҂ִ๓ೀ౛ϐғࢲԦНషΕНቷচНύԶ೷ԋృНำׇ΢

ೀ౛ୢޑᚒǴځύ֖ԖޑፄᚇԖᐒނ፦҂Ѹૈ೏ԖਏѐନǴ٠ёૈ೷ԋཥᑫ੃ࢥ

ୋౢౢޑނғǶKrasner et al. (2006)ӧኧঁচНН፦ᜪ՟Ǵՠ٬Ҕ࣬౦੃ࢥᏊӵෛ
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਻ǵΒ਼ϯෛǵෛữ܈ૌ਼ޑృН൑຾ՉፓࢗǴว౜ౢ܌ғޑΟഛҘ₧Ϸ֖ഛΌ

ለ֡ၨ٬Ҕԛෛለ໊ޣϿǴՠӧԖᐒ፦ྜྷ܈ᚆηᐚࡋၨଯޑ௃ݩΠǴ֖ࠅԖၨଯ

ᐚྜྷ֖ޑࡋለᜪǵ֖࿚ለᜪǵN-nitrosodimethylamine (NDMA)ǵෛϯ㞒ീ(MX, 

chlorinated furanone)฻ཥᑫ੃ࢥୋౢނǶ 

ΟഛҘ₧(THMs)ឦܭචว܄ԖᐒނǴхࡴΟෛҘ₧(Trichloromethane, TCM)ǵ

Β ෛ ΋ ྜྷ Ҙ ₧ (Bromodichloromethane, BDCM)ǵ Β ྜྷ ΋ ෛ Ҙ ₧

(Dibromochloromethane, DBCM)ϷΟྜྷҘ₧(Tribromomethane, TBM)ǶӢڀၨեݦ

ᗺǴࡺаѠ᡼୔ୱ҇౲ޑҔН੝܄ԶقǴЬाޑኪ៛೼৩ࣁ࿶ၸࢱᐙ܈ෞݚԶ֎

ΕΟഛҘ₧ǴԶӧኻऍ୯ৎύΨ཮࿶җ໯НឪΕǶΟഛҘ₧ڀԖ܄ࢥطǴӧ୏ނ

ჴᡍύว౜аଯᐚࡋϐΟഛҘ₧ᗯ१εႵ܈λႵਔǴΟഛҘ₧ϐѤঁނᅿ֡཮Ї

ଆဍዦวғǶΓᜪࢬՉੰᏢࣴ߾زᢀჸډӧኪ៛ܭଯΟഛҘ₧ᐚࡋਔǴёૈᆶཥ

ғޑٽઓ࿶ǵЈ᠌લཞǵեᡏख़ǵౢࢬԖ҅ӛ࣬ᜢǴӕਔҭᆶޔဉᕎǵᆮાᕎǵ

๝᠌ݹϐวғԖ࣬ᜢ܄ǴԶ֖ྜྷނᅿΨᆶတᕎޑठԝ౗࣬ᜢ(Cantor et al., 1978; 

Yang et al., 1998; Dodds and King, 2001)Ƕऍ୯ᕉߥ࿿ᆕӝ॥ᓀၗૻس಍(The 

Integrated Risk Information System, IRIS)ϐठᕎނϩᜪஒ TCMǵBDCM Ϸ TBM ᘜ

ᜪࣁ Group B2ǴDBCM ࣁ߾ Group CǶՠа۳ࣴ܌ز௦Ҕޑ THMsᐚࡋጄൎ֡ၨ

ଯǴࣗԿၲډ 100 µg/Lа΢ωև౜ᡉ๱ৡ౦ǴӧӚ୯ଞჹ௓ڋ THMs Զׯ๓໯Ҕ

Нೀ౛ࢬำࡕǴ໯ҔНύςόൺـଯᐚޑࡋ THMsǶ౜ՉѠ᡼Ӧ୔໯ҔНН፦኱ྗ

ύुڋᕴΟഛҘ₧ᐚࡋ(TTHM)όளຬၸ 80 µg/LǶѠ᡼Ӧ୔ޑΟഛҘ₧ᐚࡋӢృ

Н൑௓ޑೌמڋ຾؁Ǵ߈ԃٰନΑѦ৞Ӧ୔ృН൑ӧহϺਔёૈෳளၨଯޑᐚࡋ

ѦǴҁ৞ృН൑ޑ TTHM ӭեܭ 30 µg/LǴܿ೽Ϸч೽ృН൑ϐ TTHM ᐚ׳ࡋե

ܭ 10 µg/LǶ 

    ֖ഛΌለ(HAAs)хࡴΐঁނᅿǴϩڗൂࣁжޑ΋ෛΌለ(Monochloroacetic acid, 

MCAA) ǵ΋ ྜྷ Όለ (Monobromoacetic acid, MBAA)Ǵ ᚈ ޑжڗ Β ෛ Ό ለ

(Dichloroacetic acid, DCAA)ǵΒྜྷΌለ(Dibromoacetic acid, DBAA)ǵ΋ྜྷ΋ෛΌለ
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(Bromochloroacetic acid, BCAA)ǴаϷΟڗжϐΟෛΌለ (Trichloroacetic acid, 

TCAA)ǵΟྜྷΌለ(Tribromoacetic acid, TBAA)ǵ΋ྜྷΒෛΌለ(Dichlorobromoacetic 

acid, DCBAA)ǵΒྜྷ΋ෛΌለ(Dibromochloroacetic acid, DBCAA)ǴڀԖၨଯݦᗺ

(180-250 °C)ЪߚࣁචวԖᐒނǴࡺΓᡏЬाޑኪ៛೼৩ࣁ࿶җ໯НឪΕǶӧ୏ނ

ჴᡍύΨёᢀჸ܄ࢥطډǵઓ࿶܄ࢥǵठँᡂ܄Ϸठᕎ܄Ǵ೷ԋཥғλႵЈ᠌લ

ഐ(Parrish et al., 1996; Pereira and McGlynn, 1997; Johnson et al., 1998)ǴԶࢬՉੰᏢ

ፓࢗම௖૸໯ҔНύ HAAs जٽрғલഐϐ࣬ᜢ܄Ǵᗨځᐚࡋᆶԝౢό࣬ڀᜢǴ

ՠёૈჹᇸрғᡏख़Ԗ܌ቹៜ(Hinckley et al., 2005; King et al., 2005)ǶIRIS ஒ

DCAA ᘜᜪࣁ Group B2ठᕎނǴTCAA ࣁ Group CǴMCAA ޑ҂ϩᜪǶӧѠ᡼߾

໯ҔНύ HAA5 ᐚࡋጄൎऊࣁ 1.0 ~ 38.9 µg/Lϐ໔ǴЪа DCAA ᆶ TCAA Ьाࣁ

Ԗ܌ᅿǴ՞ނ HAA ϐ(HAA9)کᅿᕴނ 50 ~ 60%ǹՠӧѦ৞֖ྜྷނᅿ܌՞К߾ٯ

ၨଯ(Chang et al., 2010)ǶѠ᡼Ҟ٠߻҂ଞჹ HAAs ኱ྗǴԶڋᆅޑ໯ҔНύۓु

ऍ୯߾ೕۓ HAA5(MCAAǵMBAAǵDCAAǵDBAAǵTCAA ϐᕴک)ϐԃ౽୏ѳ

֡ॶόளຬၸ 60 µg/LǴWHO ۓु߾ MCAAǵDCAAǵTCAA ϐ኱ྗϩձࣁ 20 

µg/Lǵ50 µg/LаϷ 200 µg/LǶ 

 

2.3 ቹៜቹៜቹៜቹៜ THMs ϷϷϷϷ HAAs ғԋϐӢનғԋϐӢનғԋϐӢનғԋϐӢન 

җܭ THMs Ϸ HAAs Ӛނᅿ଼ޑநਏᔈϷኪ៛೼৩ࣣԖ܌όӕǴౢ܌ځғޑ

଼நਏᔈΨԖำࡋ΢ޑৡ౦ǴࣁΑӧృНၸำύ௓ڋ੃ࢥୋౢނᐚࡋϷނᅿޑғ

ԋǴሡჹёૈቹៜځғԋޑӢન຾Չ௖૸ǴЬाޑቹៜӢનхࡴԖᐒ߻፦܄ޑ፦ǵ

pH ॶǵНᡏύഛનᚆηޑᐚࡋаϷ੃ࢥᏊޑᅿᜪǶ 

Singer฻ࡰрᆭ෌ለࣁ THMs Ϸ HAAs നЬा߻ޑᖿނ፦Ǵځдӵ໳ለǵ֖

शᕉϐữ୷ለǵિެ௼♏ለǵ♏୷शҘለǵ⇌ǵpyrrole ़ғނ፦ǵಒ๵ǵᝯᡏಒ

झϷझѦނ፦ҭ֡߻ځࣁᖿ่ᄬ(Singer, 1999; Plummer and Edzwald, 2001; Chang 

et al., 2006; Hong et al., 2009)Ƕϩη่ᄬޑελ཮ቹៜ੃ࢥୋౢ׎ޑނԋǶZhao et al. 
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(2006)ஒݞНаᖓጢၸᘠϩࣁϩηໆ 500аΠԿ 500,000а΢ǴӅϩࣁΖ೽ϩǴന

εКࣁٯեܭ ऊ՞ޣ500 50%ǴЪڀࣁനεΟഛҘ₧ғԋወૈϐ೽ϩǶ 

ӧ pH ࣁ 7 ਔ TCM ϐғԋወૈࣁനεǴԶ TBM ᕉნΠғ܄ၨ৒ܰӧୃᡵ߾

ԋǴԜᖿ༈ӧޱ३௼Ϸિެ௼ނᅿ໔֡և౜࣬ӕᖿ༈Ƕ΋૓ృН൑ޑচН pH ॶऊ

ጄൎǴԶӧ܄ύࣁ pH ࣁ 8 ਔ THMs ܭғԋወૈεޑ HAAsǴՠ pH ࣁ 6 ਔԜᖿ༈

ӳ࣬ϸǹऩа࡞ HAAs ǴpHقᅿԶނ ຫଯਔΟڗжϐ֖ഛΌለᐚࡋΨև౜ቚуᖿ

༈ǴՠΒڗжނᅿ߾คԜᖿ༈(Dore et al., 1982; Liang and Singer, 2003)Ƕ 

٬ҔᐋિஒНύԖᐒځ٩ނᒃ౧Н܄ϩᜪǴаКၨځ THMsǵHAAs ғԋወޑ

ૈᡂϯว౜Ǵа THMsނᅿޑғԋᖿ༈ԶقǴཱུ౧Нለނ܄ᅿޑ TCM ғԋወૈၨ

ଯǴᒃНύ܄೽ϩނྜྷ֖ޑᅿғԋወૈ߾ၨமǴа THMs Ϸ HAAs ϐᐚࡋКٯԶ

ᅿၨ໼ӛғԋ֖ഛΌނ܄ၨଯǴԶ౧Нύࡋᐚޑ₧ᅿғԋΟഛҘނ܄ǴᒃНለق

ለ(Marhaba and Van, 2000; Buchanan et al., 2006)Ƕ 

ӧ Liang and Singer (2003)زࣴޑύ߾аϖঁόӕృНቷϐচН຾Չϩ݋Ǵว

౜όӕٰྍচНғԋ੃ࢥୋౢނނᅿКٯᗨԖόӕǴՠஒځϩᚆࣁᒃ౧Н೽ҽࡕ

ҭว౜΋ठᖿ༈Ǵҗޱܭ३௼ᚈᗖၨӭ৒ܰ֎ЇᒃႝηϸᔈǴࡺ౧Н܄೽ϩԖճ

੃ࢥୋౢޑނғԋǴՠ྽НύԖྜྷᚆηӸӧਔ໼ӛᆶᒃН܄೽ϩނᅿϸᔈǴᏤठ

ၨӭ֖ྜྷނᅿୋౢޑނғԋǴځύΟഛҘ₧ޑವԸኧၨ֖ഛΌለଯǶќҭԖࣴز

аϩη่ᄬ๱౳Ǵځύޱ३௼܌ғԋ֖ޑෛނᅿᐚࡋၨଯǴԶӧિެ௼Бय़Ǵ֖

ෛϷ֖ྜྷނᅿ٠คϼܴᡉޑৡ౦(Boyce and Horing, 1983)Ƕ 

Нύऩ֖ଯᐚྜྷޑࡋᚆη཮٬ள TTHM ᐚܴࡋᡉቚуǴԶჹܭ HAA ޑᅿނ

ቹៜ߾ӧނܭᅿׯޑᡂǴӧ HAA9 ᐚ٠ࡋคܴᡉৡ౦ǴԶ HAA5 ࡋᒿྜྷᚆηᐚ߾

ቚуԶफ़եǶ࿚ᚆηӧНύ཮೏ԛෛለ਼ϯࣁ࿚ለਥǴӧᎩෛᐚࡋफ़եޑ௃׎Π

٬֖ෛϷ֖ྜྷΟഛҘ₧ғԋໆफ़եǴՠ཮೷ԋ֖࿚ނᅿޑғԋǹऩஒΟᅿഛનڗ

жϐ THMs ΋ٳीᆉǴ߾ว౜ځᕴᐚ٠ࡋคϼεᡂϯ(Hua et al., 2006)ǶќНᡏύ

֖Ԗ઻ෛໆଯޑԖᐒނ፦ਔΨ཮फ़ե֖ᅹԖᐒޑނғԋໆǴ೭ނ٤ᅿхࡴ
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glycineǵ਽ේ฻Ǵՠғԋወૈޑफ़եϐচӢࣁёᆶԖᐒނϸᔈ٬ளᎩෛໆफ़եǴ

ऩНύ਽ේᐚࡋଯਔϸԶ཮ቚуෛữޑᐚࡋǴᏤठځд੃ࢥୋౢނᅿޑғԋǶ 

໺಍΢ృН൑ӭ٬Ҕෛ਻܈ԛෛለᡶբࣁ੃ࢥᏊǴӢځё਼ϯԖᐒނ፦܈ಒ

๵Զၲ਼ډϯϷ੃ࢥϐᚈख़фਏǶҗܭԛෛለჹԖᐒނၨคᒧ᏷܄Ǵ৒ܰϸᔈౢ

ғ֖ഛ੃ࢥୋౢނᅿԶჹ଼ந೷ԋӒ্ǴՠӢځёᆢ࡭ၨޑߏఠ๵ਏ౗Ϸሽ਱ߡ

ᏊӵෛữǵΒࢥд੃ځᏊǶࢥ੃ޑനӭృН൑٬Ҕࣁǵ৒ܰᏹբ฻ӢનǴ౜ϝە

਼ϯෛǵనෛ฻߈ԃٰΨதҔܭృН൑ೀ౛Ǵӧऍ୯٬Ҕෛữ੃ࢥϐృН൑Кٯ

໻ԛܭෛǶෛữ਼ޑϯΚၨ১Ǵࡺၨόܰᆶ֖ᅹԖᐒނϸᔈғԋ THMs Ϸ HAAsǴ

ёஒ HAAs ғԋໆ෧Ͽ 90%ǴTHMs ғԋໆ෧Ͽޑ 70%Ǵՠ཮ౢғ֖ේ੃ࢥୋౢ

ӵނ NDMAǴځᐚࡋᗨեՠΨ཮೷ԋ଼நӒ্(Wolfe et al., 1984)Ƕӧྜྷᚆηᐚࡋ

ၨեޑНᡏύǴаΒ਼ϯෛൂᐱ਼ϯᆭ෌ለ܌ғԋޑ THM ᐚཱུࡋեǴՠ྽ྜྷᚆη

ᐚࡋගଯਔҗܭ೏Β਼ϯෛ਼ϯྜྷࣁለǴ٬ࠅள TBM ᐚࡋᡉ๱ቚуǶคፕܭჴᡍ

ϯǴӧ਼߻ܭǴऩஒΒ਼ϯෛ٬Ҕډჴ൑ᏹբ֡ёᢀჸܭ܈ଛ࿼Нኬ຾Չ၂ᡍ࠻

аԛෛለ຾Չࡕуෛ่ࡕࡕᄬၨᙁൂޱޑ३௼Ϸિެ௼Ԗᐒނϐ THMFP Ϸ

HAAFP ֡և౜फ़եᖿ༈Ǵՠ྽НᡏύፄᚇԖᐒނ፦ᐚࡋၨଯਔǴൂᐱ٬ҔΒ਼ϯ

ෛ଺߻ࣁǵ਼ࡕϯᏊБёӕਔफ़ե֖ᅹ੃ࢥୋౢނወૈǴӧ٬Ҕԛෛለࣁ੃ࢥᏊ

ਔǴคፕ٬Ҕਔᐒ߻ࣁෛࡕ܈ෛ֡คݤჹ THMFP ၲԋܴᡉफ़եޑҞޑ(Li et al., 

1996ǹЦǴ2009ǹᛥǴ2010ȑǶ 
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2.4 ֖ේ੃ࢥୋౢ֖ނේ੃ࢥୋౢ֖ނේ੃ࢥୋౢ֖ނේ੃ࢥୋౢނ - NDMA 

    ᒿ๱ᔠෳޑೌמว৖Ϸඹж੃ࢥᏊ٬ޑҔǴ೚ӭ༾ໆཥᑫԦނࢉ೴ᅌЇଆख़

ຎǴନΑ໺಍Ӣуෛ੃ࢥԶғԋ֖ޑᅹ੃ࢥୋౢނӵ֖࿚ THM ѦǴ֖ේ੃ࢥୋౢ

ύϐ٥ฮữᜪނୋౢࢥϐख़ຎǶ֖ේ੃ݱወӧϐ଼நӒ্ԶЇଆቶځҭӢނ

(Nitrosamines)җڀܭଯठᕎ܄Ǵς೴ᅌԋࣁ౜Ϟ֖ේ੃ࢥୋౢزࣴނϐख़ᗺǶ٥

ฮữᜪϯӝނхࡴ N-Nitrosodimethylamine (NDMA)ǵ N-nitrosodiethylamine 

(NDEA) ǵ N-nitroso-n-propylamine (NDPA)ǵ N-Nitrosomorpholine (Nmor)ǵ

N-Nitrosopyrrolidine (Npyr)ǵN-Nitrosopiperidine (Npip)ǵN-Nitrosodi-n-butylamine 

(NDBA)Ϸ N-Nitrosodi-n-propylamine (NDPhA)ΐঁނᅿȐკ 2.1ȑǴځύ N-ҘฮΒ

Ҙữ(NDMA)ࢂъචวޑ܄Ԗᐒނ፦ǴёྋܭНύǴ཮ӧ٬Ҕ٥ฮለ܈ฮለߥӸ܈

ೀ౛ၸϐ१ނύғԋǴ܈Ӹӧ३๨ྟᜦǵϯ֩ࠔǵ୥ଚύǶҗܭӧ೚ӭ१ނύ֡

ёډـ NDMA ӧ܄౛੝ࢥځࡺӸӧǴޑ 1970ԃж൩ς೏၁ಒࣴزǴӧ୏ࢥނ౛

၂ᡍύΨ᛾ჴ NDMA ཮Їวطǵ๝ǵϷޤဍዦǴIRIS ϩભύஒ NDMA ᘜᜪࣁ B2Ǵ

ӈࣁёૈΓᜪठᕎނ፦ǴНύᐚࣁࡋ 0.7 ng/Lਔځठᕎ॥ᓀջࣁ 10-6ǶҞ߻ऍ୯ᕉ

࿿٠҂ჹߥ NDMA మൂނࢉӈΕۘ҂ೕጄ໯ҔНԦځ໯ҔН኱ྗǴ໻ஒۓु

(UCMR 2)ύុ࡭٠ᢀჸȐUSEPA, 2007ȑǶ2002ԃਔуԀፁғ೽(CDHSǴ౜ࣁ CPDH)

٩Ԝठᕎ॥ᓀुۓ໯ҔНύϐ NDMA ೯ޕᐚࡋ(notification level)ࣁ 10 ng/LǴջຬ

ၸԜᐚࡋਔᔈ௦ڗӢᔈՉ୏ǴԶ྽ຬၸϸᔈᐚࡋ(Response level)ϐ 300 ng/Lਔ߾ᔈ

ҥջଶЗ٬Ҕ၀໯ҔН(CDPH, 2009)Ǵᒿࡕ CDHS Ξଞჹ NDEA Ϸ NDPA ۓु

notification levelࣁ 10 ng/LǴԶуԀޑᕉნ଼ந॥ᓀຑ՗ᒤϦ࠻ȐOEHHAȑ߾ஒ

NDMA ޑ public health goalु ࣁ 3 ng/LǶ 
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კ 2.1 ٥ฮữᜪނᅿ่ᄬԄ 

 

 

2.4.1 NDMA ғԋϐᐒڋғԋϐᐒڋғԋϐᐒڋғԋϐᐒڋ 

    NDMA׎ޑԋᆶԖᐒේޑӸӧ࣬ᜢཱུ܄ଯǴՠόӕࣴزჹ߻ځ፦Ϸ׎ԋᐒڋ

ԋ୷ҁ΢࿶ේฮ୷ϯ(N-nitrosation)ၸ׎ޑගрNDMAޣǴԖᏢݤ࣮ޑԖόӕ߾

ำǴ΋ෛữஒΒҘ୷ữ(dimethylamine, DMA)ᆶtetramethylthiuram disulfide฻Βભේ

฻ёૈ߻ޑ፦਼ϯࣁόჹᆀΒҘ୷丣 (UDMH) Ǵӆ೏΋ෛữᝩុ਼ϯࣁ

NDMA(Choi and Valentine, 2002; Mitch and Sedlak, 2002)ǹSchreiber and Mitch (2006)

຾΋ࡰ؁рΒෛữёᆶΒભữᜪ߻፦ғԋUDMHǴԶНύྋ਼ҭ཮ᆶෛữᝡ਼ݾ

ϯUDMHǴځϸᔈԄϷϸᔈೲ౗தኧӵΠǺ 

΋ෛữᆶ DMA ϸᔈ(Mitch and Sedlak, 2002)Ǻ 
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ΒෛữϷྋ਼ᆶDMAϸᔈ(Schreiber and Mitch, 2006)Ǻ 

 

 

 

 

 

 

 

΢Ԅޑ NDMA ғԋϸᔈډڙ pH ቹៜǴӧ܌ 7-8ϐ໔ԖനଯޑᐚࡋғԋǶҗܭԾ

ٰН܈ቲНޑуෛữၸำύ pH ॶऊࣁύ܄ǴࡺऩНύ NDMA Ԗ߾ၸଯࡋ፦ᐚ߻

ёૈϸᔈғԋ NDMAǶԾҗᎩෛΨёᆶ DMA ϸᔈғԋ NDMAǴՠځϸᔈೲ౗ऊ

Ӹӧҭ཮ගଯޑΜϩϐ΋(Mitch and Sedlak, 2002)Ƕ٥ฮለᡶޑෛữࣁ NDMA ғޑ

ԋǶ೚ӭࣴز჋၂ԵቾෛữᐚࡋǵԖᐒේ߻፦ǵ٥ฮለਥаϷྋ਼฻ቹៜӢηԶ

аኳԄႣෳ NDMA ࣁᅿᕷӭǴЪ٠ค΋ୖኧёຑ՗բނ፦߻ғԋǴՠӢԖᐒේޑ

ёૈޑ NDMA ϐԖᐒේ߻፦ᐚࡋǴӢԶаኳԄ௢՗ NDMA Ǵڋज़ځғԋໆதԖޑ

ε೽ϩ֡໻ёଞჹൂ΋߻፦ނᅿ຾Չຑ՗ǴЪၨᜤаᔈҔܭᕉნНᡏ(Choi and 

Valentine, 2002; Mitch et al., 2003a; Kim and Clevenger, 2007)Ƕ 

ӧНύуΕԛෛለ໊ᆶ਽ේё׎ԋෛữǴуΕ໩ׇޑৡ౦ჹ NDMA ғԋᐚࡋ

നख़ाϐቹៜߚଯե٠ࡋᐚޑቹៜ٠όܴᡉ(Najm and Trussell, 2001)ǴԶԖᐒේޑ

ӢનǴЬाܭ،ڗෛữޑᐚࡋǹNDMA ғԋೲࡋၨΟഛҘ₧Ϸ֖ഛΌለ጗ᄌǴӧ

ӸԖෛữޑНύຬၸ 5Ϻϝёុ࡭ғԋǴࡺ NDMA ϐᐚࡋёૈӧଛНس಍ύុ࡭

ಕᑈቚу(Charrois et al., 2004)ǴЪځғԋᆶНύϺฅԖᐒނϐෛữሡ؃ໆޔௗ࣬

ᜢǶChen and Valentine (2007)аݞН຾Չ NDMA ғԋወૈ၂ᡍǴӧྋှ܄Ԗᐒᅹ

ᐚࣁࡋ 3~5 mg/LਔǴNDMA ғԋໆࣁ 10-40 ng/LǶќऩаݞНԖᐒ፦ύԖᐒᅹᆶ

Ԗᐒේ(DOC/DON)ޑКٯբୖࣁኧаຑ՗֖ځේ੃ࢥୋౢނғԋወૈǴ߾ёᢀჸ

྽ډ DOC/DONΠफ़܈ữ୷ᗐᜪКٯቚуਔǴNDMA ғԋᐚࡋ཮ᒿϐ΢ϲǴՠό
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ቹៜ֖ᅹ੃ࢥୋౢނӵ THM ډғԋ(Lee et al., 2007b)ǶӧቲНύΨёᢀჸޑ

NDMA ӸӧǴځቲНٰྍࣁғࢲԦНޣԖၨଯޑ NDMA ғԋወૈǴՠӵπ཰ቲН

Ψёගٮ೽ϩޑ NDMA ፦ǴቲНϐ߻ NDMA ғԋወૈӧ࿶ၸ΋ભೀ౛٠ࡕคܴ

ᡉᡂϯǴԶ࿶ၸΒભೀ౛ܴࡕᡉफ़ե(Sedlak et al., 2005)Ƕ 

ᗨฅε೽ϩࣴ٬֡زҔ DMA բࣁ NDMA ϷୖኧǴՠڋғԋᐒځ፦а૸ፕ߻

ϺฅНᡏύӸӧޑ DMA ֖ໆ٠όىағԋᆶ࣬ځᔈޑ NDMA ᐚࡋǴࡺϝԖځд

NDMA ࣁёૈ߾፦ނ፦ӸӧǴϺฅᆫӝԖᐒ֖ේ߻ NDMA ፦ϐख़ाٰྍ߻

(Gerecke and Sedlak, 2003)ǴҗܭϺฅНύޑᆭ෌ނ፦֖ԖԖᐒᅹϷԖᐒේǴේԋ

ϩऊ՞ᕴϩηໆޑ 1-5%ǴЪӆаෛữ੃ޑࢥНύҭ཮ғԋ NDMAǴࡺё௢ᘐନΑ

DMA аѦԖځдޑ NDMA ຾ՉϩηελǵނНύϐԖᐒࢬܫ፦ǶஒቲНೀ౛ቷ߻

ᒃ౧Н܄ϩ݋Ǵ٠Кၨځ NDMAFP ЪϩηໆޑቹៜǴว౜ᒃН܌೭٤Ӣનڙցࢂ

եܭ 1 kDaޑλϩηԖᐒේڀԖၨଯޑғԋወૈ(Pehlivanoglu-Mantas, 2008)Ƕ຾΋

؁ჹ NDMA ፦཮ނԖᐒޑѤભữ่ᄬ܈ԖΟભữڀว౜೚ӭ߾፦຾Չ௖૸Ǵ߻ޑ

ᆶෛữϸᔈԶ׎ԋ NDMAǴхࡴృНၸำύ٬Ҕޑᆫӝނǵࢉ਑ǵঁΓҔᛰ฻(Oya 

et al., 2008; Schmidt and Brauch, 2008; Park et al., 2009; Kemper et al., 2010)Ƕ 

 

2.4.2 NDMA ӧᕉნύࢬޑѲӧᕉნύࢬޑѲӧᕉნύࢬޑѲӧᕉნύࢬޑѲ 

аෛ਻ǵૌ਼ǵෛữբࣁ੃ࢥᏊޑ໯ҔНϷቲНύ֡මว౜ NDMAǴځᐚࡋ

ӧऍ୯ቲН൑ޑԦݝሪමෳள 0.6 – 45 ng/mgǴࢬܫНύϐᐚ߾ࡋϟܭኧΜԿኧԭ 

ng/L(Mumma et al., 1984; Padhye et al., 2009)Ǵќ΋ଞჹྷγნϣቲНೀ౛ቷϐፓࢗ

Нύϐࢬܫว౜ε೽ϩ߾ NDMA ϟܭ 5 – 20 ng/LǴനଯॶډၲ߾ 1000 ng/LǴќෳ

ள 5 – 30 ng/Lޑ NMORǴځд nitrosamineނᅿ߾եܭୀෳཱུज़(Krauss et al., 

2009)Ƕӧ໯ҔНس಍ύܭ߾ 1989 ԃу৾ε Ontario ٬ҔృН൑ύ२ԛ೏ෳр

(Charrois et al., 2007)ǴуԀ 1999ԃଞჹኧঁృН൑຾ՉፓࢗǴ٬܌Ҕޑ੃ࢥᏊх

ኧॶǴନΑኧঁޑෳளၨଯޣύ٬ҔᚆηҬඤൂϡځуෛǵෛ਻/ૌ਼ǵෛữǴࡴ
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НቷᐚࡋຬၸаѦǴځᎩృН൑คፕচН܈ೀ౛ၸޑమНځ NDMA ֡όຬၸ 10 

ng/LǴ๊εӭኧ٠҂ᔠෳр NDMAǴځύ΋ঁаෛữ੃ࢥϐృНቷමр౜ௗ߈ 60 

ng/L Ǵаࡋᐚޑ NDMA ᔠр౗ԶقΨа٬Ҕෛữࣁ੃ࢥᏊޑНቷ՞ၨଯКٯ

(CDPH, 2009)Ƕӧу৾ε alberta࣪ ଞჹ 20ঁృН൑຾ՉፓࢗǴNDMA ᐚࡋа٬Ҕ

ෛữϐృНቷෳளᐚࡋၨଯǴࣗԿௗ100 ߈ ng/L (Charrois et al., 2007)ǶӧᕉნН

ᡏύΨԖ༾ໆ NDMA ǴӧࢉԦޑৎ৥ቲН܈π཰ڙ΢ෞᎁځࣁӸӧǴёૈচӢޑ

ВҁޑଞჹεٮНໆޑృН൑ϷځচНᕉნፓࢗύว౜Ǵځᐚࡋϟܭ ND Կ 4.3 

ng/L ϐ໔ǴЪคܴᡉۑޑ࿯܄ᡂϯǴӧݞНύමෳளଯၲ 2100 ng/Lޑ NDMAǴ

ЬाӢډڙࣁԺࠔπቷቲНԦࢉ(Asami et al., 2009; Kosaka et al., 2010)ǶѠ᡼Ӧ୔

ԾٰН൑٬܌Ҕޑ੃ࢥᏊ֡ࣁԛෛለǴࡺҁ৞Ӧ୔ޑమНύ٠ค NDMA ᔠрǴޑ

ՠӧڙৎ৥ԦНԦࢉၨᝄख़ߐߎޑӦ୔ऩ٬Ҕෛữ੃ࢥǴ߾ёૈ೷ԋ NDMA ғޑ

ԋȐЦǴ2010ǹ࿶ᔮ೽Нճ࿿Ǵ2010ȑǶ 

 

2.4.3 ௓ڋ௓ڋ௓ڋ௓ڋ NDMA  ฼ౣޑ฼ౣޑ฼ౣޑ฼ౣޑ

ట௓ڋ໯ҔНύޑ NDMA ёவࡐӭБय़๱ЋǴхࡴஒమНύޑ NDMA ਼ϯǵ

ፓ᏾੃ࢥᏊ٬ޑҔᅿᜪϷ໩ׇǶӧ NDMA КۓϯБय़Ǵа໚Ӏྣ৔ёѐନ΋਼ޑ

ޑٯ NDMAǴҭԖ೚ӭࣴز௦Ҕ଍ᅖ೸ǵ๋ѦӀǵڼԯၸᘠǵૌ਼਼ϯ܈Β਼ϯ

ෛ਼ϯǴ๋ѦӀ٬ޑҔදၹᔈҔܭ໯ҔНǵৎ৥Ϸπ཰ቲНύǴՠѐନ NDMA К

ఠྐੰ܌ࢥሡޑᏊໆଯр 10७Ǵ٬Ҕਔ໪Եໆځԋҁ(Mitch et al., 2003b; Lee et al., 

2005; Plumlee et al., 2008)Ƕӧ֖ଯᐚࡋ਽ේޑНᡏύǴ੃ࢥᏊуΕޑ໩ׇΨ཮ቹៜ

NDMA ᏊஒКෛữϐࢥ੃߻ࣁғԋǴ٬Ҕԛෛለբޑ NDMAFP ଯр 10७ǴԜΏ

җܭԛෛለᆶ਽ේϸᔈғԋෛữǴࡺНύёᆶԖᐒේϸᔈޑෛữᐚࡋቚу܌ठ

(Schreiber and Mitch, 2005)Ƕ 

ќ΋य़ӛޑբ߾ݤҗ NDMA аࡋᐚځफ़եڋ๱ЋǴҗྍᓐ௓ڋ፦௓ނᖿ߻ޑ

ᗉխԖᐒނ፦࿶ၸуෛࡕӧଛНس಍ύុ࡭ϸᔈԶቚуځᐚࡋǴLee et al. (2007a)
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аૌ਼ϷΒ਼ϯෛ਼ϯΒભǵΟભữᜪаϷ֖ේशᕉϯӝނ฻߻፦Ǵ٠Кၨځғ

ԋወૈᡂϯ௃׎Ǵ٠ว౜ӧ࣬ӕޑ੃ࢥᏊуΕጄൎΠ(0.5 - 1.0 mM)Ǵૌ਼ёफ़եၨ

ଯКޑٯ NDMA ғԋወૈǴΒ਼ϯෛ߾ӧೀ౛Οભữਔ߄౜ၨ٫ǴЪ٠ό཮ᝩុ

਼ϯၸำύౢ܌ғޑ DMAǴՠӧೀ౛ݞНኬࠔਔࠅว౜Βᅿ਼ϯᏊ߄ޑ౜࣬߈Ǵ

ΟભữԋϩǴЪޑ௢ෳϺฅНᡏύ֖Ԗၨӭࡺ DMA д਼ϯБځ፦Ƕ߻ޑЬाߚ٠

Ԅхࡴෛữǵଯᒰለႇǵၸ਼ϯణǵϤሽ៓(Andrzejewski and Nawrocki, 2007; Lee et 

al., 2008; Park et al., 2009)Ƕҗၸѐزࣴޑё֖ޕේԖᐒ่ޑނᄬჹ NDMA ԋ׎ޑ

ቹៜࣗ႐Ǵữ୷ለᜪނ፦җܭεӭࣁ΋ભữǴࡺӧ೏੃ࢥᏊ਼ϯ֖ࡕේ೽ϩ೏᝜

ϯࣁคᐒේǴ٠คݤᆶ΋ෛữ׎ԋ NDMAǴԶ DMA ځΒભữǴޑᄬനᙁൂ่ࣁ

ᆶ NDMA Ѥભࣁ܈Οભữǵ֖ԖΟભữ่ᄬࣁނനଯǴऩНύԖᐒ܄ғԋ࣬ᜢޑ

ữޣǴ཮਼߻ډڙϯ܈ނෛữ਼ϯࣁΒભữ่ᄬǴ຾Զᆶෛữϸᔈғԋ NDMAǴ

ࡺ NDMA ᒧ᏷཮ჹޑϯБԄ਼߻ᄬᆶ่ޑ፦߻ NDMA ቹޑԋౢғᖿ༈όӕ׎ޑ

ៜǶ 

 

2.5 UV/H2O2 ϐၮҔϐၮҔϐၮҔϐၮҔ 

ଯભೀ౛ำׇ(Advanced Oxidation ProcessesǴAOP)ࣁճҔణ਼Ծҗ୷ޑଯ਼

ϯΚ຾ՉҞ኱ޑނफ़ Ǵှхࡴ Fentonϸᔈǵphoto-FentonϸᔈǵUV/H2O2ǵUV/TiO2ǵ

O3ǵO3/H2O2ǵO3/UV ฻ำׇǴణ਼Ծҗ୷ϐ਼ϯႝՏࣁ 2.80 VǴӧ਼ϯᏊύ໻ԛ

ԖۓϷ੝ࡋǵՅښϸᔈၲԋૌނᆶԖᐒޑǴёِೲ(Clarke and Knowles, 1982)ࢧܭ

ᐒޑނѐନǶځύ UV/H2O2җس࣬֡ࣁܭ಍(homogenous photolysis)ǴH2O2ڀ৒ܰ

ᓯӸǵሽ਱ەߡǵᆶНᡏϕྋ܄ଯЪόሡӧϸᔈࡕӣԏ(UV/TiO2)฻੝܄ǴЪऩ٬

Ҕύᓸ܈ଯᓸ๋ѦᐩբࣁӀྍǴёӕਔၲޔډௗ਼ϯϷ໔ௗ਼ϯϐਏ݀Ǵࡺς೏

ᔈҔܭቲНϷ໯ҔНύϐೀ౛Ƕ 
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2.5.1 UV/H2O2 ϐբҔᐒڋϐբҔᐒڋϐբҔᐒڋϐբҔᐒڋ 

    UV/H2O2ёᙖ๱ޔௗ਼ϯϷ໔ௗ਼ϯаफ़ှԖᐒނ(Legrini et al., 1993)Ǵϩձ

௶ॊӵΠǺ 

Ȑ1ȑ ޔௗ਼ϯǺԖᐒނ፦֎ԏ๋ѦӀૈໆډၲࡕᐟวᄊǴᆶ਼຾Չೱᙹϸᔈ

Ӏှౢғႝ಻ډڙ፦ωёނޑԖ֎ӀიڀǴ่ᄬύނύ໔ౢޑԖԾҗ୷ࣁϩှࡕ

ᙯ౽຾Զ਼ϯϩηǴځϸᔈԄӵΠǶ 

 

 

 

 

                                          ȐC*,R*,X*  ᐟวᄊȑࣁ

 

җϸᔈԄёޔޕௗӀှޑೲ౗ܭ،ڗӀऀޑ೸ࡋǵ೏ᐟวޑԖᐒނ፦Ϸྋ਼ᐚ

ޑǴՠёԖਏނᐱ਼ϯԖᐒൂݤѦӀค๋ޑໆǶ253.7 nmૈޑߏݢۓǵаϷ੝ࡋ

຾Չ੃ࢥఠ๵ǹUVC ጄൎ๋ޑѦӀڀԖၨம਼ޑϯΚǴC-Clᗖё೏ 210 - 230 nm

๋ѦӀѺᘐǴλܭ 190 nmϐ๋ѦӀ߾ёઇᚯ C-FᗖǴԶ UVB Ϸ UVA ጄൎ٠ޣค

 ϯϐǶ਼ݤ

Ȑ2ȑ ໔ௗ਼ϯǺ྽ϟ፦ύӸӧ਼ϯᏊ܈໽ϯᏊȐH2O2ǵTiO2ǵO3ȑਔǴёӢ

200 – 280 nm๋ ѦӀޑᐟวԶౢғڀଯ਼ϯΚޑణ਼Ծҗ୷Ǵణ਼Ծҗ୷ڀอъ૰

යཱུڀமޑᒃႝη੝܄ǴᆶԖᐒނϸᔈޑΟঁЬाᐒڋӵΠ(Von Sonntag, 2008)Ǻ 

ಥణϸᔈ(hydrogen abstraction)Ǻణ਼Ծҗ୷ᆶόႫکԖᐒނ(RǸ)ϸᔈ஥و΋ঁణ

চηǴԖᐒ߾ނ஥ԖԾҗ୷ᆶНύྋ਼ϸᔈ׎ԋၸ਼ϯނ(RHO2Ǹ)ԶᝩុᆶԖᐒ

ϸᔈǶჹނ S-Hޑೀ౛ਏ݀ଯܭ C-HǴჹ O-H ᗖ่٠คݤϩှǶ 

ᒃႝηуԋ(electrophilic addition)Ǻ֖Ԗशᕉߏ܈ᚈᗖᅹ᜘ޑԖᐒނҗ่ܭᄬڀԖ

ӭໆϐ͘ႝηǴᒃႝޑ܄ OHǸ཮ᆶځ຾ՉуԋϸᔈǴᆶځдϸᔈᐒඵ࣬ၨೲ౗ന

 ಥෛբҔջឦϐǶޑǴෛ⇌ᜪז
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ႝηᙯ౽(electron transfer reactions)Ǻ྽ϯӝނԖ೏εໆഛનڗжϐૈ۔୷܈ϩη

่ᄬڀԖҥᡏߔᛖ(steric hindrance)ਔǴԖᐒނ཮ஒ OHǸᗋচࣁ OH-Ƕ 

    კ 2.2 ᇥܴ UV/H2O2ำׇӧНύᆶԖᐒނϸᔈᐒڋǴణ਼Ծҗ୷Ϸ UV Ӏӕ

ਔ຾Չ਼ϯё೴ᅌޑஒԖᐒނϩηᗖ่ઇᚯǴ೴ᅌᙯϯࣁλϩηԖᐒለǴനಖё

ஒځϩှࣁНǵΒ਼ϯᅹϷคᐒᡶǴֹӄஒԖᐒނ᝜ϯǶ 

 

 

 

 

 

 

 

 

 

 

 

 

კ 2.2 UV/H2O2ำ਼ׇϯԖᐒނϐϸᔈᐒڋҢཀკ (Peyton, 1990) 

 

2.5.2 ቹៜ਼ϯਏ౗ϐӢનቹៜ਼ϯਏ౗ϐӢનቹៜ਼ϯਏ౗ϐӢનቹៜ਼ϯਏ౗ϐӢન 

ቹៜ UV/H2O2ำׇޑӢનхࡴԖᐒނᐚࡋǵ٬܌ҔޑӀྍϷமࡋǵ਼ϯᏊ/໽

ϯᏊᏊໆǵpH ॶǵྕࡋǵᡵࡋǵᐜࡋǵྋ਼ϷځдНύᚆηϐቹៜǴϩձ௶ॊӵ

ΠǺ 

Ȑ1ȑԖᐒނނᅿϷᐚࡋǺӧ΋ޑۓణ਼Ծҗ୷ౢໆΠǴԖᐒނ፦ᐚࡋຫଯځϸᔈ

ೲ౗ջ཮ᒿϐफ़եǴځϸᔈύ໔ౢނ཮ᆶ҆ϩηᝡݾణ਼Ծҗ୷Ǵ֖ԖᚈᗖޑԖ

ᐒނᆶޱ३௼ϯӝނӵ⇌ϷҘश฻ၨ৒ܰ೏਼ϯǴԶિެ௼ޑԖᐒނၨόܰ೏਼

ϯǴᆄຎ่ځᄬࢂց֖ԖᚈᗖǴ֖ෛԖᐒނϐϸᔈਏ౗аόႫکિެ௼ޑޑ TCEǵ
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PCEࣁന٫ǴdichloromathameϷ carbon tetrachlorideϐ਼ϯਏ݀ၨৡ(Sundstorm et 

al., 1986)Ƕ 

Ȑ2ȑ๋ѦӀޑӀྍϷமࡋǺ๋ѦӀхࡴ UVAǵUVBǵUVC Ο೽ϩǴ΋૓Ҕܭఠ

๵ޑեᓸൂ๋ߏݢѦӀёܫ৔ࣁߏݢ 254 nmǴф౗ΨၨեӭࣁኧΜґǴύᓸϷଯ

ᓸ๋Ѧᐩܫ৔ߏݢ఼ᇂ 200 – 400 nmǴӀૈໆΨၨமǴନёᐟว H2O2ѦΨӕਔჹ

Ԗᐒނ຾ՉޔௗӀှǶH2O2ё֎ԏߏݢ 280 nmϐΠ๋ޑѦӀ٠ғԋణ਼Ծҗ୷Ǵ

ܭ 250 nmೀԖനε֎Ӏ߯ኧ(Molar Absorption Coefficient)ࣁ 23.0 L/mol/cmǴᒿ๱

ܭቚуԶ೴ᅌफ़եǴߏݢ 254 nmೀࣁ 18.6 L/mol/cmǴԿ 315 nmϐ֎Ӏ߯ኧ߾໻

Ԗ 0.36 L/mol/cm (Kawaguchi, 1992)Ǵ๋ࡺѦᐩନሡڀԖى୼ф౗ගޔٮௗӀှૈ

ໆѦǴΨሡ఼ᇂё೏ H2O2֎ԏϐߏݢጄൎаճణ਼Ծҗ୷ޑғԋǶ 

Ȑ3ȑH2O2ޑᐚࡋǺНύԖᐒނᆶ H2O2ޑᐚࡋԖ΋ന፾КٯǴ྽ H2O2ྋܭНύਔ

ӢӀϯϸᔈౢғޑణ਼Ծҗ୷ӧ slovent cageύวғ cage reactionǴᐚࡋଯਔణ਼

Ծҗ୷ϕ࣬࿘ናӆғԋ H2O2Ǵ܈ᆶ H2O2ϕ࣬࿘ናޑᐒ཮Զ׎ԋНᆶ਼਻ǴϸԶफ़

եణ਼Ծҗ୷ᆶԖᐒނϸᔈޑКٯǴԜ H2O2ᐚࡋᆶԖᐒނϐ໔ޑᐚࡋᜢ߯ӧа۳

 ύςԖ૸ፕ(Ku et al., 1998; Poon et al., 1999; Wang et al., 2000)Ƕزࣴޑ

Ȑ4ȑpH ॶᆶᡵࡋǺH2O2 ӧለޑ܄ᕉნΠԖၨଯޑణ਼Ծҗ୷ౢ౗Ǵӧமᡵ܄ᕉ

ნΠ཮Нှ׎ԋ HO2
-Ǵᆶ H2O2ϸᔈԶफ़եణ਼Ծҗ୷ޑғԋǶpH ॶΨӕਔቹៜ

НύᡵࡋᚆηނޑᅿϩթǴӧ pH ॶϟܭ 6 ~ 10ϐ໔ᅹለᡶᜪа HCO3
ނЬाࣁ-

ᅿǴԶᡵࡋଯа CO3
2-ਔࣁЬाނᅿǴޣࡕᝡݾణ਼Ծҗ୷ૈޑΚၨεǴࡺ pH ॶ

ຫଯਔᡵࡋຫଯǴణ਼Ծҗ୷բҔܭԖᐒނϐਏ౗Ψᒿϐफ़ե(Buxton et al., 1988; 

Wang et al., 2000)Ƕ 

Ȑ5ȑྕࡋǺྕࡋჹ UV/H2O2ำׇޑቹៜᔈࢂଞჹ๋Ѧᐩᆅϐᒡрф౗Ǵύᓸ܈ଯ

ᓸ๋ѦᐩᆅሡႣ዗΋ࢤਔ໔Ǵࡑᐩᆅ΢ϲԿπբྕࡋωԖᛙૈۓໆᒡр(Clarke and 

Knowles, 1982)Ƕќྕޑࡋ΢ϲΨ཮ቹៜԖᐒނफ़ှޑϸᔈೲ౗܈೷ԋ่ᄬ΢ׯޑ

ᡂǴྕ؂ࡋගଯ 20 °C ࣗԿё٬ TCE फ़ှቚуၲޑ 5 ७ϐӭ(Sundstorm et al., 
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1986)Ǵՠҗܭ࿶຤ԵໆǴ΋૓ UV/H2O2ำׇ֡ྕ࠻ܭΠᏹբǶ 

Ȑ6ȑᐜࡋǺНύᐜࡋຫଯ཮ቹៜ๋ѦӀऀޑ೸ࡋǴ٬ᆶ H2O2ϸᔈޑКٯफ़եǴ

ЪऩᐜࡋᗭಈࣁԖᐒނਔǴҭ཮ᆶྋှ܄Ԗᐒނᝡݾణ਼Ծҗ୷Ǵठ٬Ҟ኱Ԗᐒ

 ϐफ़ှਏ౗ε൯फ़եǶނ

Ȑ7ȑྋ਼ǺНύྋ਼ёڙλܭ 240 nm๋ޑѦӀϩှԋ਼চηǴ਼চηᆶྋ਼่

ӝԶ׎ԋૌ਼Ǵૌ਼๋ڙѦӀᐟวҭёౢғణ਼Ծҗ୷Ǵ܈ᆶНғԋ H2O2ᝩុୖ

ᆶϸᔈ(Glaze et al., 1987)Ƕ྽ྋ਼җ 27 ppmफ़եԿ 5 ppmਔǴchlorophenolϷ phenol

फ़ှೲ౗߾फ़եΑ 40%Ǵՠаӧ਼ϯᆭ෌ለਔྋ਼ޑᡂϯ՟Яჹϸᔈਏ౗ቹៜό

ε(Tseng and Huang, 1991; Wang et al., 2001)Ƕ 

Ȑ8ȑځдНύᚆηǺНύ٤ࢌᚆη཮ᆶԖᐒނᝡݾణ਼Ծҗ୷Ǵ٬ளԖᐒނफ़ှ

ࡴణ਼Ծҗ୷ਂਆᏊ(hydrogen peroxide scavenger)Ǵхࣁೲ౗फ़եǴ೭٤ᚆηᆀޑ

Co2+ǵAl3+ǵFe3+ǵCl-аϷᅹለਥ/ᅹለణਥᚆη(Bielski et al., 1985; Kormann et al., 

1991)ǶԶ Cu2+ǵFe2+߾ёቚம UV/H2O2ޑϸᔈਏ݀Ǵځύ Fe2+ᆶ H2O2ϐբҔջࣁ

Fenton reactionޑϸᔈᐒڋǴԖշܭϸᔈޑނफ़ှǶ 

 

2.5.3 UV/H2O2 ӧНೀ౛ύϐᔈҔӧНೀ౛ύϐᔈҔӧНೀ౛ύϐᔈҔӧНೀ౛ύϐᔈҔ 

೚ӭࣴزςჹ UV/H2O2 ჹϩှ੝ۓԖᐒނϐਏ౗຾Չ௖૸Ǵхࡴπ཰ቲНύ

ϷࡋՅޑ CODǴ٠ёቚуНύԖᐒނ፦ޑғނёճҔ܄аճុࡕϐΒભೀ౛

(Beltran et al., 1999; Rodriguez et al., 2007; Wert et al., 2007)Ǵҭёೀ౛Нᡏύϐྋှ

 Wang and Huang, 2006; Toor)ڋ௓ޑނୋౢࢥ໳ለǴаၲԋ੃܈ӵᆭ෌ለނԖᐒ܄

and Mohseni, 2007; Dotson et al., 2010)Ǵჹܭ༾ໆԦނࢉӵ nitrobenzeneǵϣϩݜυ

ᘋન(EDCs)ǵϷᛰނᆶঁΓ଼ߥҔޑࠔѐନΨԖ΋ޑۓਏ݀(Rosenfeldt and Linden, 

2004; Bandy et al., 2009; Einschlag et al., 2009; Kim et al., 2009)Ƕ๋ѦӀ੃ࢥճҔё

ౢғߏݢϟܭ 110~280 nmޑ UVC ௗӀှǴ΋૓ӭճҔޔ຾Չఠ๵Ϸࢤݢ UV254

եф౗๋ѦᐩǴᙖҗઇᚯғނಒझޑ DNA ่ᄬԶఠྐНύ༾ғނǴ຾Զၲډృϯ



 

 
20

Н፦ޑҞޑǴ౜ςว౜ёԖਏఠྐНύޑӚᅿಒ๵ǵੰࢥǵ஌ғᙝǵᝯᜪ฻Ƕ 

ς࿶Ԗ΋٤ჴ൑ᏹբ௦Ҕ UV/H2O2 ำׇǴёҔܭӦΠНϐନԦϷफ़եଯࣽמ

ౢ཰ቲНϐ܄ࢥ(Munter, 2001; Sutherland et al., 2004)ӧ಻ើԾٰН൑Ψ೏ᔈҔܭ

ᏹբൂϡύǴ٬Ҕຬၸ 45 mJ/cm2๋ޑѦӀᏊໆёஒ ࢲѐނНύठੰ༾ғޑ99.9%

ϯǴԶஒ 540 mJ/cm2ޑύᓸ๋ѦӀϷ 6 mg/Lϐ H2O2Ҕ܄ࢲܭᅹൂϡ߻ޑೀ౛Ǵ

ёѐନຬၸ ࡴఠᙝᏊȐхޑ80% atrazineȑǵNDMAǵMTBEǵᔎ༫ٌǵᚈ⇌ Aǵ༾

៶ᝯࢥϷ ibuprofen฻ᛰނǴၸໆޑ H2O2ё೏܄ࢲᅹ֎ߕǴӕਔ෧Ͽ੃ࢥᏊ٬ҔЪ

ၲԋఠ๵Ҟޑ(Kruithof et al., 2007)ǶUV/H2O2ำׇό཮ౢғ੃ࢥୋౢނǴ࿶ၸ਼ϯ

ѦǴऩଛӝуෛำ܄ёճҔނၨλϩηǴନΑቚуғࣁϯ਼ނёஒεϩηԖᐒࡕ

๵ૈΚǴᔈҔӧ໯ҔНྐុ࡭લЮܭǴЪҗ܄ғԋ੝ޑނୋౢࢥёૈቹៜ੃߾ׇ

ೀ౛໪ଛӝځд֖ෛ਼ϯᏊ٬ҔǶ 
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ಃΟകಃΟകಃΟകಃΟക ࣴزБزࣴݤБزࣴݤБزࣴݤБݤ 
 

3.1 ჴᡍࢬำჴᡍࢬำჴᡍࢬำჴᡍࢬำ 

ᒿ๱চНН፦ޑᡂϯаϷ੃ࢥำׇׯޑᡂǴ٬ள੃ࢥୋౢނϐғԋϷᆶ߻፦

ϐ໔ޑᜢ߯׎׳ፄᚇǶа۳Ԗᜢ੃ࢥୋౢނғԋ੝܄ϐࣴزӭଞჹ੃ࢥୋౢ߻ނ

፦ϐ֖ᅹނᅿᆶΟഛҘ₧ǵ֖ഛΌለ໔ϐғԋᐒڋϷቹៜӢη຾Չ૸ፕǹ߈ԃӢ

໯ҔНύ NDMA ϐୢᚒ೴ᅌډڙᜢݙǴଞჹԖᐒේ߻፦ᆶ֖ේ੃ࢥୋౢނ໔ϐϸ

ᔈВ੻ډڙख़ຎǴՠ࣬ᜢࣴزϝၨϿ๱౳ܭӕਔ௖૸߻፦ϐ֖ේᆶ֖ᅹނᅿჹܭ

੃ࢥୋౢނ᏾ᡏቹៜǶҁࣴࣁزΑှԾٰНృН൑চНύϐ੃ࢥୋౢ߻ނ፦ӧ࿶

ၸ UV/H2O2 ೀ౛ࡕϐᡂϯǴаϷ߻፦ᆶ੃ࢥୋౢނ໔ϐ࣬ϕቹៜǴаץԛჴᡍ຾

ՉኳᔕǴ٠ଛӝӚ໨Н፦ୖኧᅱෳǴаΑှ੃ࢥୋౢ߻ނ፦࿶਼ϯೀ౛ࡕჹ໯Ҕ

Н੃ࢥୋౢނғԋϐቹៜǶ 

ҁࣴزϐ᏾ᡏࣴࢎزᄬϩٿࣁε೽ϩǴಃ΋೽ҽࣁόӕٰྍ֖ේԖᐒނ࿶

UV/H2O2 ೀ౛ࡕჹ੃ࢥୋౢނғԋϐቹៜǴಃΒ೽ϩࣁόӕ่ᄬϐ֖ේԖᐒނ፦

Βᅿόӕф౗ڙ UV/H2O2ೀ౛ࡕ੃ࢥୋౢނғԋϐቹៜǴ᏾ᡏჴᡍࢎᄬӵკ 3.1Ƕ 

    ಃ΋೽ҽ௖૸όӕٰྍ֖ේԖᐒނϐቹៜǴԖᐒࣁྍٰނѠчѱϐϣ෫ԦН

ቷࢬܫНǵᆭ෌ለНྋనǵHistamineȐಔᙃữȑǴϩձаόӕКٯуΕ௦໣ԾѠε

ғᄊНԣ٠࿶ၸᘠೀ౛ϐԣНǴᙖаኳᔕډڙԦࢉϐচНǶচНӧډڙৎ৥ԦН

Ԧځ܈ࢉϣྍނ܄፦ᐚࡋၨଯਔǴத֖ԖၨଯК֖ޑٯේԖᐒނǶаऍ୯ჴቷ಍

ीၗ਑ளޕаڙቲНԦࢉϐНᡏࣁНྍϐԾٰНృН൑܌ғԋϐ֖ේ੃ࢥୋౢނ

ᅿၨଯǴܭࡺҁࣴزಃ΋໘ࢤଛᇙаѠεғᄊԣԣНᆶόӕКٯৎ৥ԦНځ܈д

ᅿᜪϐԖᐒේషӝԶԋϐНኬǴ௖૸ӧډڙόӕำࡋৎ৥ԦНԦࢉำࡋΠǴ

UV/H2O2 ਼ϯೀ౛ჹ֖ᅹϷ֖ේ੃ࢥ੃ࢥୋౢނғԋϐቹៜǶಃ΋໘ࢤჹԜΓπ

ଛᇙচН຾Չϐ UV/H2O2 ਼ϯჴᡍǴ٬Ҕ 450 Wޑଯᓸ๋Ѧᐩ٠బу 3.26 mM 

ޑ(0.01%) H2O2Ǵ܌ᢀჸϐН፦໨Ҟхߚࡴචว܄ྋှ܄Ԗᐒނ(non-pergeable 

dissolved organic acid, NPDOC)ǵྋှ܄Ԗᐒේ(dissolved organic nitrogen, DON)ǵ
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֖ේคᐒނᅿ(nitrogen species)ǵ֖ᅹ੃ࢥୋౢނ(THMsǵHAAs)аϷ֖ේ੃ࢥୋ

 ϐғԋወૈǶ(NDMA)ނౢ

፦Ǵଞჹόӕϩηໆǵϩη่ᄬǵނᒧ᏷όӕ่ᄬϐ֖ේԖᐒ߾ಃΒ೽ϩزࣴ    

ේচη਼ޑϯᄊᒧڗж܄߄Ԗᐒේ߻፦Ǵ௖૸ UV/H2O2 ਼ϯೀ౛ჹԖᐒ߻፦ϐቹ

ៜǴࣴزύᒧҔ֖ޑේԖᐒނ፦Ϸځϩηໆǵϩη่ᄬ᏾౛߄ܭ 3.1ǶಃΒ໘ࢤჴ

ᡍ٬ҔଯǵեᓸΒᅿόӕф౗ϐ๋Ѧᐩଛӝόӕ H2O2 ᐚࡋаᆕӝКၨଯǵեᓸ

UV/H2O2 ਼ϯೀ౛ჹԖᐒේ߻፦ϐ਼ϯਏ੻Ǵନ௖૸ԖᐒނᅿᐚࡋᡂϯаϷ੃ࢥ

ୋౢނғԋወૈѦǴҭᢀჸ֖ේԖᐒނᅿ਼ϯࡕคᐒේϷϸᔈၸำύख़ा NDMA

፦߻ dimethylamine (DMA)ᐚࡋϐᡂϯǶ
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კ ᄬࢎزࣴ 3.1

֖ේԖᐒ߃ނᑔ酚ኳᔕڙԦࢉচНа UV/H2O2ೀ౛ϐ

਼ϯ੝܄ϩ݋酚

֖ᅹϷ֖ේԖᐒނ፦аUV/H2O2ೀ౛ϐ

ਏ౗Ϸ੃ࢥୋౢނᡂϯ酚
֖ේԖᐒނ፦а UV/H2O2ೀ౛ϐ

਼ϯ੝܄ϩ݋酚

όӕ่ᄬ֖ේԖᐒ

酚ނ

όӕф౗ᐩᆅϐ

UV/H2O2ೀ౛ 

Ԗᐒ਼ނϯਏ౗Ϸ੃ࢥୋౢނ

फ़ှ௖૸酚

όӕКٯϐѦྍԖᐒނ 

Ȑᆭ෌ለǵhistamineȑ 

όӕКٯϐϣྍԖᐒނ酚

ȐԦНೀ౛ቷࢬܫНȑ酚

Ԗᐒ਼ނϯਏ౗Ϸ੃ࢥୋౢނ

फ़ှ௖૸酚

ᆕӝКၨ੃ࢥୋౢ߻ނ፦࿶ၸ UV/H2O2ೀ౛ࡕϐᡂϯϷځᆶ੃ࢥୋౢނ໔ϐ࣬ϕቹៜ 

1.NPDOC 

2.DON 

3.UV scan 

DBPFPs 

1.THMFP 

2.HAAFP 

3.NDMAFP 

DOM 

1.NPDOC 

2.DON 

N-species 

1.NH4
+ 

2.NO2
-
 

3.NO3
-
 

4.TN 

1.NPDOC 

2.N-species 

3.turbidity 

4.HAAFP 

εϩηԖᐒނ

਼ϯࡕϐᡂϯ 

HPUV/H2O2ೀ౛

diltiazem酚

DOM 

1.NPDOC 

2.DON 

3.̓ ϩηᐚࡋ 

N-species 

1.NH4
+ 

2.NO2
-
 

3.NO3
-
 

4.DMA 

DBPFPs 

1.THMFP 

2.HAAFP 

3.NDMAFP 

1.DOM 

2.UV spectrum 

3.N-species 

4.NDMAFP 
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3.2 ჴᡍ೛ഢჴᡍ೛ഢჴᡍ೛ഢჴᡍ೛ഢ 

3.2.1 UV/H2O2 ೛ഢ೛ഢ೛ഢ೛ഢ 

    ӧಃ΋೽ҽץޑԛჴᡍύ٬Ҕ 8 L ϣ৩ࣁೕ਱ځϸᔈኲǴࣁό㚉ᒳఏբޑ 20 

cmǴଯ 34 cmǹ๋Ѧᐩᆅ࿼ܭҡमհᏉᆅύ٠аൻᕉНफ़եϸᔈኲϐྕࡋǴа௓

Нྕࡕ߻Н੎ኲύ٬ϸᔈܭၸ዗Ǵϸᔈኲ٠࿼ܭᐩᆅӧႣ዗ϷϸᔈၸำύόԿڋ

ᡂϯόຬၸ 5 °CǶଯᓸ๋ѦӀྍ٬Ҕ 450 Wϐଯᓸ؄ᐩᆅ(Hanovia, Ace Glass co., 

Vineland, NJ)ǴϸᔈਔуΕ 3.26 mM (0.01%) H2O2а຾Չ֡࣬Ӏ໽ϯϸᔈǹଯᓸ๋

ѦᐩሡႣ዗ኧϩដωёᛙޑۓᒡрӀྍǴࡺӧႣ዗ᐩᆅ 10ϩដࡕӆஒ܌ଛᇙϐჴ

ᡍНኬॹΕϸᔈኲύ٠໒਼ۈϯϸᔈǶҗܭϸᔈኲᡏᑈၨεǴஒᠳ܏η࿼ܭϸᔈ

ኲۭ೽ύѧុ࡭ᠳ܏аߦ຾ϸᔈኲύჴᡍНኬ֡ޑϬషӝǴϸᔈኲკҢ၁ـკ 3.2Ƕ 

ಃΒ೽ϩץޑԛჴᡍύ٬ҔଯǵեᓸΒᅿόӕф౗๋ѦᐩᆅǴଛӝၨλᡏᑈ

ϸᔈኲ຾ՉჴᡍǴӧଯᓸ๋Ѧᐩ೽ϩ٬Ҕޑ 450 Wଯф౗ᐩᆅଛӝ 3 L ϐ࣒ዟϸ

ᔈኲǴځೕ਱ࣁϣ৩ 13.2 cmǴଯ 30 cmǴځᎩჴᡍᏹբБԄϷ H2O2బуᐚࡋᆶಃ

΋೽ҽϐץԛჴᡍ࣬ӕǶեᓸ๋Ѧᐩ೽ϩ٬Ҕեф౗ϐ 14 W؄ᐩᆅǴԜᐩᆅܫ৔

ϐ๋ѦӀࣁ 254 nmൂߏݢǴ࿼ܭᡏᑈࣁ 650 mLϐό㚉ᒳϸᔈኲ(Watertec, Taiwan)

ύǴϸᔈኲϐೕ਱ࣁϣ৩ 5.7 cmǴଯ 27.2 cmȐკ 3.3ȑǴ๋ѦᐩՏܭϸᔈኲύѧޑ

ҡमᆅύᆶϸᔈНኬ႖๊Ƕҗܭᐩᆅф౗ၨեǴࡺӧ΋λਔϸᔈਔ໔ϣϸᔈኲྕ

΢ϲόຬၸࡋ 5 °CǴჴᡍ຾ՉύόќՉ௓ࡋྕڋǶҗܭեф౗ᐩᆅόሡႣ዗ਔ໔Ǵ

຾ՉჴᡍǶќѦӧۈջ௴୏๋Ѧᐩႝྍ໒ࡕНኬॹΕϸᔈኲࡺ 3 λਔޑ diltiazem

਼ϯჴᡍύ٬Ҕଯᓸ๋Ѧᐩ຾ՉǴ٠ଛӝΟᅿόӕޑ H2O2బуБԄǴхܭࡴჴᡍ

໒ۈਔబуᐚࡋϩձࣁ 0 mMǵ6.5 mMǴаϷӧჴᡍ໒ۈਔۈ߃ᐚࣁࡋ 3.26 mMǴ

٠Ъ؂႖ 10ϩដӆబу 2.6 mMޑ H2O2Ǵаᆢ࡭ӄำϸᔈ֡Ԗ H2O2ёғԋణ਼

Ծҗ୷Ƕ 
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კ 3.2 ଯᓸϸᔈኲး࿼ȐόхࡴനѦቫН੎ኲȑ 

հᏉНΕα酚 Ѧௗႝྍ酚

Н੎ኲ酚

๋Ѧᐩᆅ酚

ҡमհᏉᆅ酚

ό㚉ᒳϸᔈኲ酚

௦ኬα酚

հᏉНрα酚

ᠳ܏η酚
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კ 3.3 եᓸϸᔈኲး࿼ 
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3.3 ჴᡍНኬٰྍჴᡍНኬٰྍჴᡍНኬٰྍჴᡍНኬٰྍ 

ಃ΋೽ҽჴᡍஒόӕٰྍϐԖᐒނషӝаж߄όӕৎ৥ԦНԦݩރࢉϐচ

НǶ᏾ᡏჴᡍ٬Ҕ࿶ၸ 1 µmషӝᠼᆢᘠરၸᘠϐᆵ᡼εᏢғᄊԣԣНаኳᔕ҂ڙ

ԦࢉϐচНǴғࢲԦН߾௦Ծϣ෫ԦНቷ࿶ғނೀ౛Զۘ҂уෛϐࢬܫԦНǴ၀

ቷϐ຾ࢬНࣁৎ৥ԦНǴ֖ࡺԖၨଯᐚޑࡋԖᐒේǴځύҭ֖Ԗၨεᗭಈϐፄᚇ

Ԗᐒ߻ނ፦Ȑхࡴ༾ғނಒझȑǶࣁቚуНύྋှ܄ԖᐒේϐᐚࡋǴќа histamine

ж่߄ᄬၨᙁൂϐ֖ේԖᐒނȐhistamineϩη่ᄬύх֖ࡴේशᕉǴёૈ֖ࣁේ

੃ࢥୋౢ߻ނ፦ȑǴ٠٬Ҕჴᡍ࠻ଛᇙϐᆭ෌ለНྋనբ֖ࣁᅹԖᐒ߻ނ፦Ƕᆭ෌

ለ߯җ୘ࠔϯᆭ෌፦ણ҃ȐAldrichȑྋှܭ ROНࡕǴ٠ஒځለϯԿ pH եܭ 2Ǵ

࿶ 0.45 µmᘠરၸᘠࡕஒ pHॶፓӣύ܌܄ளǶԦНೀ౛ቷࢬܫНϷғᄊԣНа PE

༟ጤ౟຾Չ௦ኬࡕǴ྽Вឫӣჴᡍ࠻຾Չೀ౛ǴғᄊԣН࿶ 1 µmᘠરၸᘠࡕҥջ

ӇӸܭ 4 °CΠаុࡕࡑჴᡍǶќܭԦНೀ౛ቷ௦໣ӣԏԦݝǴҗܭ၀Ԧ֖ݝНໆ

ၨଯǴࡺឫӣჴᡍࡕ࠻ᓉ࿼΋ϺࡑНኬ؇ᐘǴӆஒ΢ቫԦН౽ନёளଯᐚޑࡋԦ

НǵhistamineǵࢬܫషӝѠεғᄊԣԣНǵԦНቷٯջаόӕКزǶಃ΋೽ҽࣴݝ

ᆭ෌ለϷԦݝǴаԜӝԋНኬ຾Չ UV/H2O2 ਼ϯჴᡍǶషӝНኬଆۈ pH ॶ֡ϟ

ܭ 6.5Կ 7.5ϐ໔Ǵࡺჴᡍၸำύόќፓ᏾ pH ॶǶѠεғᄊԣԣНϷϣ෫ԦНೀ

౛ቷࢬܫНϐН፦ୖኧ߄ـ 3.1Ƕ 

ಃΒ೽ϩКၨόӕ่ᄬ֖ේނ፦࿶ UV/H2O2 ೀ౛ϐ਼ϯਏ౗Ǵҁࣴزύᒧڗ

ϐԖᐒނ፦ϐ่ᄬᆶ୷ҁၗ਑ӵ߄ 3.1ǶஒҞ኱Ԗᐒނྋܭ ROНύ٠࿶ 1 µmᘠ

રၸᘠǴ٩ჴᡍҞޑஒፓ᏾ځ NPDOCଆۈᐚࣁࡋ 5 mg/LǴ܈׭ፓ᏾ DON ଆۈᐚ

ࣁࡋ 3 mg/LǶҁࣴزύ܌Ԗ٬Ҕ၂Ꮚ֡ᖼԾ Sigma-Aldrich (St. Louis, MO, USA)܈

Merck (Darmstadt, Germany)ǶࣁΑ࡭ߥҞ኱Ԗᐒޑނচۈϩη่ᄬϷ੝܄ǴࡺӧԜ

೽ϩჴᡍύόќፓ᏾Нኬϐ pH ॶǶ 
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߄ 3.1 ԦНࢬܫНϷғᄊԣԣНϐН፦ୖኧ 

 

Н፦ୖኧ ԦНቷࢬܫН ғᄊԣԣН 

pH 6.53 ± 0.18 6.76 ± 0.39 

SS (mg/L) 6.63 ± 2.14 - 

COD (mg/L) 15.02 ± 2.68 - 

Cl- (mg/L) 11.54 ± 0.45 4.43 ± 0.02 

NH4
+ (mg-N/L) 8.66 ± 4.14 0.62 ± 0.02 

NO3
2- (mg-N/L) 7.07 ± 0.34 0.07 ± 0.10 

NO2
- (mg-N/L)  0.79 ± 0.02 0.09 ± 0.00 

SO4
2- (mg/L) 9.02 ± 0.15 4.36 ± 0.01 
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߄ 3.2 ҁჴᡍ܌ᒧҔϐ֖ේԖᐒނ፦ 

 

Ӝᆀ ϩηԄ ϩηໆ ่ᄬԄ 

Atrazine C8H14ClN5 215 

 

 

 

Caffeine C8H10N4O2 194 

 

 

 

Diltiazem 
C22H26N2O4SǸ

2HCl 
414 

 

 

 

Dimethylamino propyl 

methacrylamide 

(DMAPMA) 

C9H18N2O 170 

 

 

 

Glutamic Acid C5H9NO4 147 

 

 

 

Histamine 2HCl‧  C5H8N3Ǹ2HCl 184 

 

 

 

Melamine C3H6N6 126 

 

 

 

Triethanolamine C6H15NO3 149 

 

 

 

Urea CH4N2O 60 
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3.4 THMFPǵǵǵǵHAAFP ϷϷϷϷ NDMAFP ၂ᡍ၂ᡍ၂ᡍ၂ᡍ 

        ֖ᅹϷ֖ේ੃ࢥୋౢޑނғԋወૈ၂ᡍࣁӧНኬύуΕ፾ໆ੃ࢥᏊǴᙖ

а٬ߦԖᐒނ፦ᆶ੃ࢥᏊֹӄϸᔈғԋ੃ࢥୋౢނǶӧ THMFPᆶ HAAFP Бय़Ǵ

НኬӃаᕗለᡶ጗ፂྋనፓ᏾ pH ࣁ 7Ǵబу፾ໆϐ੃ࢥᏊࡕ࿼ܭ 40 mLፃՅ਻ஏ

౟ύྕ࠻ܭΠܫ࿼ 7 Ϻӆ຾Չϩ݋Ƕಃ΋೽ҽץԛჴᡍύԛෛለ໊బуᐚࣁࡋ 20 

mg/L (as Cl2)Ǵ࿶ሡෛໆෳ၂ΎϺࡕςคᎩෛූ੮ǹಃΒ೽ϩץԛჴᡍ߾Ӣόӕж

Ꮚሡ؃ໆෳ၂Ǵஒԛෛለ໊ࢥႣӃ຾Չ੃ࡺӚ౦Ǵࡋ፦؂ವԸϐԖᐒᅹᐚ߻܄߄

ϐబуᐚࡋගଯࣁԿ 60 mg/L (as Cl2)Ƕϸᔈਔ໔ၲࡕډӃڗр೽ϩНኬϩځ݋

THM ᐚࡋǴഭᎩኬࠔӆуΕෛϯሓಖЗ HAA ғԋϸᔈǴ٠а౷ለለϯНኬԿ pH

ॶλܭ 2аഢ HAA ϩ݋Ƕ 

NDMA ғԋወૈ၂ᡍྣୖ߾ Mitch et al. (2003a)܌ගрϐჴᡍБݤǴНኬ٬Ҕ

ᕗለᡶྋన጗ፂࡕǴӆуΕόӕᐚޑࡋ΋ෛữǴ࿼ܭፃՅ౟ύྕ࠻ܭΠᗉӀϸᔈǴ

࿼ܫ 7 ϺࡕуΕלᚯՈለаಖЗϸᔈǶ΋ෛữྋనӧჴᡍ྽Вω຾ՉଛᇙǴஒෛ

ϯሓϷԛෛለ໊а 1.2Ǻ1ϐКٯӧեྕϐ১ᡵݩރ(pH = 8)ΠషӝǴځᐚࡋа N,N 

- diethy1 - p - phenylenediamine (DPD) ferrous titrimetric method (Standard Method 

4500-Cl F)຾Չ኱ۓǴෛữబуᐚࡋӧಃ΋೽ҽჴᡍࣁ 2 mMϷ 0.5 mMǴಃΒ೽ϩ

ϐబуᐚࣁ߾ࡋ 2 mMǶ 
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3.5 ኬࠔϩ݋ኬࠔϩ݋ኬࠔϩ݋ኬࠔϩ݋ 

    UV/ H2O2਼ϯ၂ᡍၸำύܭόӕਔ໔໔႖௦ڗኬࠔǴНኬ௦໣ࡕҥջа 0.45 

µm ϐᎉለᠼᆢᘠરၸᘠǴ٠࿶߻ෳуΕ፾ໆ brovine catalaseаύکНኬύϐ

H2O2Ǵᗉխჹុࡕϩ݋Ϸ੃ࢥୋౢނғԋ၂ᡍ೷ԋυᘋǴ࿶ෳ၂ calataseޑуΕ٠

ό཮ቹៜុࡕኬࠔϩ݋Ƕ௦ኬࡕኬߥ֡ࠔӸܭ 4 °CӇጃЪӧ 7Вϣֹԋϩ݋Ƕ 

 

 ྋှྋှྋှྋှԖᐒᅹԖᐒᅹԖᐒᅹԖᐒᅹ܄܄܄܄਻ගߚ਻ගߚ਻ගߚ਻ගߚ 3.5.1

    НύԖᐒᅹ֖ໆаߚ਻ග܄ྋှԖᐒᅹ(NPDOCǴnon-purgeable dissolved 

organic carbon)߄ҢϐǶኬࠔа 0.45 µmϾ৩ᎉለᠼᆢᘠરၸᘠࡕǴуΕ 2ᅀ 1N HCl

ለϯНኬ٠࿶਻ගѐନНύϐคᐒᅹǴӵᅹለਥǵᅹለణਥǵΒ਼ϯᅹ฻Ǵӆа

ଯྕ਼ϯБԄஒԖᐒ਼ނϯԋΒ਼ϯᅹࡕǴ຾ΕԖᐒᅹϩ݋ሺ(TOC – 5000AǴ

ShimadzuǴKyotoǴJapan)٬ҔआѦጕୀෳᏔෳໆځᐚࡋǴᙖа՗ीНύ NPDOC

ᐚࡋǴҁࣴ٬܌زҔ TOCሺϐୀෳཱུज़ࣁ 0.1 mg/L as NPDOCǶќѦࣁໆෳόӕ

ಈ৩ελԖᐒނϐ NPDOCǴΨϩձ٬Ҕ 0.22 µmǵ1 µmǵ5µmϐᘠરၸᘠԶϩࣁ

NPDOC<0.22 µmǵNPDOC0.22-0.45 µmǵNPDOC0.45-1 µmǵNPDOC1-5 µm฻Ǵ҂੝ձ኱ຏਔ

ࣁ߾ NPDOC<0.45 µmǶ 

1. ᛰࠔǺ 

(1) คНᎃशΒҘለణႇ(Potassium hydrogen phthalate)ǺԖᐒᅹᓯഢ኱ྗྋన 

(2) ᡶለ(Hydrochloric acid)ǺACS gradeǴ37%ǴSigma-Aldrich 

 

3.5.2 ྋှ܄ԖᐒේϷคᐒේᜪྋှ܄ԖᐒේϷคᐒේᜪྋှ܄ԖᐒේϷคᐒේᜪྋှ܄ԖᐒේϷคᐒේᜪ 

3.5.2.1 ྋှ܄Ԗᐒේྋှ܄Ԗᐒේྋှ܄Ԗᐒේྋှ܄Ԗᐒේ 

    ҁࣴزύྋှ܄Ԗᐒේ(DON)߯ а໔ௗБԄෳளǶҗܭНύϐྋှ܄ᕴේނᅿ

хࡴԖᐒේϷคᐒේǴࡺёҗᕴේԌନคᐒේނᅿ؃ளԖᐒේϐᐚࡋǴीᆉၸำ

ӵΠԄǺ 

 [DON] = [TDN] - [NO3
--N] - [NO2

--N] - [NH4
+-N] 
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ჴᡍ܌௦Нኬϩձෳໆᕴේǵฮለਥǵ٥ฮለਥǵ਽ේϐᐚࡋǴीᆉځ໔ৡॶа

ෳளНኬύྋှ܄ԖᐒේϐᐚࡋǴӚᜪྋှ֖܄ේނᅿϐෳໆБـݤ 3.5.2.2-5Ƕ 

 

3.5.2.2 ฮለਥฮለਥฮለਥฮለਥ 

ฮለਥаᚆηቫݤ݋ (Standard Method 4110B)ϩ݋Ƕϩ݋ਔ٬Ҕ Dionex 

DX-120 ion chromatography (Sunnyvale, CA, USA)Ϸ IonPac AS4A-SC ᆅࢊ

(Sunnyvale, CA, USA)Ǵ٬Ҕ 1.8 mMᅹለ໊ᆶ 1.7 mMᅹለణ໊ྋనբࢱࢬࣁనǴ

ೲࢬ 2 mL/minǶϩ݋ਔኬݙࠔ৔ᡏᑈࣁ 500 µLǴୀෳཱུज़ࣁ 50 µg/LǶऩНύෛᚆ

ηᐚࡋၸଯਔǴሡӃ࿶ၸ༡ߕሌᚆηޑନഛᆅࢊ(OnGuard II Ag Cartridge, DIONEX, 

CA, USA)֎ߕෛᚆηаफ़եځυᘋǶ 

1. ᛰࠔǺ 

(1) ฮለਥ኱ྗన(Nitrate Standard Solution)Ǻ1000 mg/L as NitrateǴMerck 

(2) ᅹለ໊(Sodium Carbonate)Ǻɪ99.0%ǴRidel-deHaen 

(3) ᅹለణ໊(Sodium Bicarbonate)Ǻɪ99.0%ǴRidel-deHaen 

 

3.5.2.3 ٥ฮለਥ٥ฮለਥ٥ฮለਥ٥ฮለਥ 

٥ฮለਥ٬ҔКՅݤ(Standard Method 4500-NO2
- B)ϩ݋ǶНύ٥ฮለᡶᆶᕘ

ữ຾Չଽේϸᔈᆶ N-1-㶹୷Ό౎ΒữΒᡶለᡶ(N -(1- naphthyl)-ethylenediamine 

dihydrochloride)ଽӝ׎ԋ๋आՅଽේϯӝނǴӆа֎Ӏࡋελ຾ՉۓໆǶᔠෳਔڗ

0.2 mlևՅ၂ᏊуΕ 5 mlНኬǴషӝ֡Ϭࡕᓉ࿼ 10ϩដ٬ܭࡕҔϩӀӀࡋीݢܭ

ߏ 543 nmΠෳໆځ֎ӀࡋǴϩ܌݋ҔϐКՅኲӀ৩ࣁ 1 cmǴ܌ளୀෳཱུज़ࣁ 10 

µg/LǶᔠෳਔ٬Ҕଯှ๋݋ѦӀёـӀϩӀӀࡋሺෳໆНኬϐ֎Ӏࡋ(Shimadzu 

UV 160A, Kyoto, Japan).Ƕ 

1.ᛰࠔ 

(1) ٥ฮለ኱ྗన(Nitrite Standard Solution)Ǻ1000 mg/L as NitriteǴMerck 
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(2) ᕘữ(sulfanilamide)Ǻ99%ǴAldrich 

(3) N ɡ 1 ɡ ୷ Ό ౎ Β ữ Β ᡶ ለ ᡶ (N -(1- naphthyl)-ethylenediamine 

dihydrochloride)ǺACS gradeǴ>98%ǴSigma-Aldrich 

(4) ᕗለ(Phosphoric Acid)Ǻ85%ǴSigma-Aldrich 

 

3.5.2.4 ਽ේ਽ේ਽ේ਽ේ 

਽ේᐚࡋෳ٬ۓҔ MERCK Ϧљϐ Spectroquant®ෳ၂ಔǶНύ਽ේᆶ⇌ᡶϸ

ᔈ׎ԋ໳ᆘՅϯӝނ indophenol blue(၀ෳ၂ಔ٬ҔБݤ฻ӕ Standard Method 

4500-NH3 D)Ƕᔠෳਔڗ 5 mlНኬуΕ 0.6 mLޑ 9N ణ਼ϯ໊ྋనϷၸໆԛෛለ

໊ણ҃Ǵషӝ֡Ϭࡕᓉ࿼ϸᔈ 5 ϩដǴӆуΕևՅᏊ׎ځ٬ԋ໳ᆘՅᒱނکǴష

ӝ֡Ϭࡕӆᓉ࿼ 5ϩដ٬ҔϩӀӀࡋीߏݢܭ 690 nmΠෳໆځ֎ӀࡋǶϩ܌݋Ҕ

ϐКՅኲӀ৩ࣁ 1 cmǴୀෳཱུज़ࣁ 50 µg/LǶ٬Ҕଯှ๋݋ѦӀёـӀϩӀӀࡋሺ

ෳໆНኬϐ֎Ӏࡋ(Shimadzu UV 160A, Kyoto, Japan).Ƕ 

1.ᛰࠔ 

(1) ਽ේ኱ྗన(Ammonium Standard Solution)Ǻ1000 mg/L as NitriteǴAccuStandard 

(2) ਽ේෳ၂ಔǺSpectroquant® Test Kit - Ammonium Cell TestǴMerck 

 

3.5.2.5 ᕴේᕴේᕴේᕴේ(TN) 

ᕴේෳໆ٬Ҕ Koroleff ੃ϯݤஒНύӚᅿ׎Ԅϐ֖ේނᅿӧᡵ܄చҹΠ਼ϯ

ԋฮለᡶ (Wang et al., 2003) Ƕځচ౛ࣁӧ౷ᕗషለύ(౷ለǺᕗለᡏᑈКࣁ 3:2)

ᆶ 2,6-ΒҘ⇌ϸᔈǴ׎ԋᐈ໳Յޑ 4-ฮ୷-2,6-ΒҘ⇌ԶෳளǶᔠෳਔڗ 5 mLНኬ

уΕ 1 mLޑᡵ܄ၸ౷ለႇ੃ϯనǴးܭ 10 mLߕԖ៓ࢧᓪᇂϐ࣒ዟᆅύǴ٬Ҕଯ

ᓸྐ๵ଠӧ 100 °CΠ຾Չ΋λਔޑ੃ϯϸᔈǴࡑኬࡋྕࠔӣൺԿࡕྕ࠻Ǵڗ 1 mL

ኬࠔуΕ 4 mLޑ౷ᕗషለύǴషӝ֡Ϭࡑ 15ϩដܭࡕ 337 nmೀໆෳ֎ӀࡋǶϩ

ࣁҔϐКՅኲӀ৩܌݋ 1 cmǴୀෳཱུज़ࣁ 0.1 mg/LǶ٬Ҕଯှ๋݋ѦӀёـӀϩ
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ӀӀࡋሺෳໆНኬϐ֎Ӏࡋ(Shimadzu UV 160A, Kyoto, Japan).Ƕ 

ᛰࠔǺ 

(1) ၸ౷ለႇ(Potassium persulfate)ǺACS gradeǴɪ99%ǴSigma-Aldrich 

(2) ణ਼ϯ໊(Sodium hydroxide)Ǻreagent gradeǴɪ98%ǴSigma-Aldrich 

(3) 2,6-ΒҘ⇌(2,6-dimethylphenol)Ǻ99%ǴAldrich 

(4) ౷ለ(Sulfuric acid)ǺACS gradeǴ95-98%ǴSigma-Aldrich 

(5) ᕗለ(Phosphoric Acid)Ǻ85%Ǵ Sigma-Aldrich 

 

3.5.2.6 ΒҘữΒҘữΒҘữΒҘữ(DMA) 

   DMA ϐϩ٬݋ҔϏᕘㄽෛ(dansyl chloride)ᆶ DMA ຾Չ़ғϸᔈǴ׎ԋϏᕘㄽ

ϯΒҘữ(dansyl DMA)ӆෳໆځᐚࡋ(Cha et al., 2006) ǶDMA ϐ़ғ߯ӧ 150 µL

ኬࠔύуΕ 75 µLޑ 1M NaOHᆶ 300 µLޑ 0.5M NaHCO3Ǵ٬़ғϸᔈӧᡵ܄చ

ҹΠ຾ՉǴ٠уΕᐚࣁࡋ 200 mg/LޑϏᕘㄽෛ 225 µLǴ࿶᎜ᕏкϩషӝܭࡕ 40 °C

Н੎ύ຾Չ 10ϩដ़ޑғϸᔈǴӆа UPLC/MS/MS຾Չϩ݋ǶDMA ϩ٬݋Ҕཱུ

ठన࣬ቫ݋ሺ(ultra performance liquid chromatography, ACQUITY UPLC system, 

Waters, Milford, MA, U.S.A.)ଛӝ Quattro PremierΟࢤԄѤཱུ෇ՍᖄԄ፦᛼ሺ

(Quattro Premier XE, Waters, MA, U.S.A.)຾Չϩ݋Ǵ٬Ҕ 100 mm ϐ C18ᆅࢊ(BEH 

C18 UPLC column, Waters)຾Չϩނ݋ϐቫ݋ϩᚆǴቫࣁࡋྕ݋ 60 °CǴԖᐒ୏࣬Ϸ

Н ܄ ୏ ࣬ ϩ ձ ٬ Ҕ Ό 㶮 (acetonitrile)Ϸ 10 mM ϐ Ҙ ୷ ༏ ଢ଼ ฑ

(N-methylmorpholine)Ǵࢬೲࣁ 0.5 ml/minǴԜБݤϐୀෳཱུज़ࣁ 50 µg/LǶҗܭό

ӕ pH ॶΠёૈቹៜ DMA ᆶ dansyl chloride़ޑғਏ౗Ǵ߻ܭࡺ࿼၂ᡍϩձፓ᏾

DMA ྋనϐ pH ॶࣁ 3.5ǵ5.5ǵ9.5຾Չ़ғϸᔈǴෳໆϏᕘㄽϯΒҘữϐᐚࡋǴ

่݀ᡉҢ pH 9.5ਔ़ғਏ౗ၨ٫ǴpH 3.5Ϸ pH 5.5ਔϐϩ߾่݀݋คϼεৡ౦Ȑ܌

ள่݀֡ऊࣁ pH9.5ϐ 95%ȑǴҗܭ࿶ၸ਼ϯϸᔈࡕϐНኬ pH ॶ֡եܭ 7Ǵࡺӧ

ԜᐚࡋጄൎΠ٠ό཮ჹ DMA ϐ़ғਏ݀ౢғᡉ๱ቹៜǶ
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1.፦᛼ሺచҹǺ 

Instrument parameters 

Ionization Mode ESI + 

Parent Ion 279.4 

Daughter ion 156 

capillary Voltage 3.5 kv 

Cone Voltage 28 V 

Collision Energy  24 V 

Source Temperature 120 °C 

Desolvation Temperature 250 °C 

Cone Gas Flow 50 L/hr 

Desolvation Gas Flow 800 L/hr 

 

2.న࣬ቫ݋ሺచҹǺ 

 Ԗᐒ୏࣬(%) Н܄୏࣬(%) 

1. 0 min 80 20 

2. 2.0 min 100 0 

3. 2.1 min 80 20 

4. 2.5 min 80 20 

 

3.၂ᏊǺ 

(1) ΒҘữ(Dimethylamine) : 40% w/w aqueous solutionǴAlfa Aesar 

(2) Ϗᕘㄽෛ(Dansyl Chloride): ɪ99%, HPLC gradeǴSigma-Aldrich 

(3) ᅹለణ໊(Sodium Bicarbonate) : ɪ99.0%ǴRidel-deHaen 

(4) ᅹለ໊(Sodium Carbonate) : ɪ99.0%ǴRidel-deHaen 

(5) Ό㶮(Acetonitrile) : 99.9%ǴMallinckrodt 

(6) Ҙ୷༏ଢ଼ฑ(N-methylmorpholine) : redistilledǴɪ99.5%ǴSigma-Aldrich 
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3.5.3 H2O2 ᐚࡋෳໆᐚࡋෳໆᐚࡋෳໆᐚࡋෳໆ 

H2O2 ᐚࡋϐໆෳ೸ၸᆶ૛ለ⑲ႇϸᔈғԋᒱނک຾ՉǶӃஒ૛ለ⑲ႇለ܄ྋ

నуΕ֖ H2O2ϐНྋనౢғ Ti(˪)ϐ໳ՅᒱӝނǴӆаϩӀӀࡋीܭ 400 nmೀෳ

ໆځ֎ӀࡋǶ૛ለ⑲ႇ(K2[TiO(C2O4)2]Ǹ2H2O)၂Ꮚϐᇙഢ272ڗࣁ mlޑᐚ౷ለ(36N)

Ϸ 300mLޑᇃᚖНуΕ 1000 mLϐۓໆ౟ύǴӆڗ 35.4 gޑ૛ለ⑲ႇуΕۓໆ౟

ύǴځࡑྋှۓࡕໆԿ 1000 mLǶᔠෳ H2O2ᐚࡋਔڗ 5 ml⑲၂ᏊϷ 5 mLኬҁу

Ε 25 mLۓໆ౟ύǴаᇃᚖНีញԿࡋڅǴ٠аϩӀӀࡋीܭ 400 nmೀෳໆځ֎

ӀࡋǴෳໆӀ৩ࣁ 1 cmǴୀෳཱུज़ࣁ 0.02 mMǶ 

1.UV-VIS ϩӀӀࡋीǺUV-160AǴShimatzuǴKyoto, Japan 

2.ᛰࠔǺ 

(1) ၸ਼ϯణ(Hydrogen Peroxide)Ǻ30%(W/W) НྋనǴSigma-Aldrich 

(2) ૛ለ⑲ႇ(Potassium Titanyl Oxalate)Ǻɪ99ʘǴSigm-Aldrich 

(3) ౷ለǺACS gradeǴ95-98%ǴSigma-Aldrich 

 

3.5.4 ᐜࡋᐜࡋᐜࡋᐜࡋ 

Нኬෳໆᡏᑈ 10 mLǴ٬ҔᐜࡋीޔௗෳໆНኬᐜࡋǶᐒᏔࠠဦࣁ Hach 2100P 

Portable Turbidimeter (Loveland, CO, USA)Ƕ 

 

3.5.5 pH 

    ٬Ҕ pH ीޔௗෳໆНኬ pH ॶǶᐒᏔࠠဦࣁ Jenco Model 6171, San Diego, CA, 

USAǶ 

 

3.5.6 ΟഛҘ₧ΟഛҘ₧ΟഛҘ₧ΟഛҘ₧ȐȐȐȐTHMsȑȑȑȑ 

THMs ٩ྣݤБ݋ϩޑ EPA 524.2Бݤϐϩ݋ၸำǴ٬Ҕ֌਻ਂਆ/਻࣬ቫ݋፦

᛼ሺݤ(purge and trap/GC/MS)ෳໆǶᔠෳਔӃа਻ஏଞڗр፾ໆኬࠔ(നεݙΕᡏ
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ᑈࣁ 5 mL)ࡕЋ୏ݙΕ֌਻ਂਆ೛ഢύǴ٬ THMs Ӄ࿶਻ගӆаਂਆᆅࢊԏ໣ࡕǴ

ஒਂਆᆅࢊϲྕԿ 220ʚ٬ԖᐒނಥߕǴӆஒࡑෳނᏤΕ਻࣬ቫ݋ሺϩᚆӚԋϩ٠

а፦᛼ሺୀෳࡑෳނ፦Ƕ֌਻ਂਆ೛ഢ٬Ҕ O.I. Analytical Eclipse 4660 

Purge-and-Trap Sample Concentrator (O.I. Corporation, TX, USA)Ǵ਻࣬ቫ݋ሺ٬Ҕ

Agilent 6890N (Agilent Technologies, CA, USA)Ǵቫ݋ᆅࣁࢊ RTX – Volatiles (60 m x 

0.32 mm IDǴcoating 1.5 µm DF ,Supelco)Ǵམଛ 5970MSD፦᛼ሺ(Agilent, Cary, NC, 

USA)຾Չϩ݋Ǵୀෳཱུज़ࣁ 2 µg/L Ƕ 

 

1.֌਻ਂਆ 

ำׇ ਻ᡏࢬೲ 

(mL/min) 

 ࡋྕ

(°C) 

ਔ໔ 

(min) 

֌਻Ȑpurgeȑ 40 - 11 

ಥߕȐDesorbȑ 190 190 4 

ӣࢱȐBakeȑ  210 15 

 

2.਻࣬ቫ݋ሺచҹ 

ำׇ ྕࡋ(°C) ਔ໔ 

1 100 5 min 

2 100 to 220 20 °C/min 

3 220 5 °C/min 

 

3.፦᛼ሺచҹ – Scan mode 

 ໆᚆηۓ ᚆη܄ۓ ނෳࡑ

Benzene – d6 84 56 

ෛү 83 85 

΋ྜྷΒෛҘ₧ 83 128.9 

Βྜྷ΋ෛҘ₧ 128.9 126.9 

ྜྷү 172.8 170.8 
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4.ᛰࠔ 

(1)ΟഛҘ₧኱ྗࠔǺ trihalomethanes Calibration Mix 200 µg/mL in methonal 

(Supelco) 

(2) Benzene – d6Ǻ2000 µg/mL in methonal (Supelco) 

 

3.5.7 ֖ഛΌለ֖ഛΌለ֖ഛΌለ֖ഛΌለȐȐȐȐHAAsȑȑȑȑ 

֖ഛΌለϐϩྣୖ݋ USEPA Method 552.3ϐϩࢬ݋ำ຾ՉǴ߻ೀ౛ϐ HAA

़ғҭਥᏵ USEPA Method 552.3຾Չ߻ೀ౛Ƕϩ߻݋Ӄஒ 30 mLኬҁ࿼ྕ࠻ܭΠ

ӣྕࡕǴబуۓໆ 2-Bromobutyric acidࣁ surrogateǴа౷ለፓ᏾ pH<0.5Ǵ٠బу 3 

ml ֖ϣ኱ 1,2,3-Trichlropropaneϐ MTBE ྋᏊᆶ 13.5 g౷ለ Ǵ໊٬ߦНኬၸႫکቚ

уన࣬న࣬๧ڗϐਏ౗Ƕኬࠔ࿶ቃਗ਼འਗ຾Չ๧ڗ 1 ϩដࡕǴᓉ࿼ࡑԖᐒቫᆶН

ቫϩᚆమධǶڗ 2 mlԖᐒ΢ቫన٠౽Կ 15 mL࣒ዟᚆЈᆅύǴబу 2 mLޑ 10%

౷ለҘᎇӧ 50 °CΠ຾Չ 2λਔޑҘ୷ϯ़ғϸᔈǶ़ғࡑࡕНኬࡠൺԿྕ࠻Ǵڗ

р܌ԖคᐒΠቫనҧకԶ໻੮ΠԖᐒྋᏊǴуΕ 5 mL౷ለ໊ྋన(150 g/L)Ϸ 2 mL

Ⴋکᅹለణ໊ྋనቃਗ਼འਗа຾Չϸ๧٠ڗύک๧ڗనለᡵॶǴࡑϩቫమධڗࡕ 1 

mL Ԗᐒ΢ቫన౽Կ 1.8 mLፃՅ౟ύӇӸܭ 4 °CǴ٠Ꮓז΢ᐒϩ݋ǶHAA ϩ٬݋

Ҕ਻࣬ቫ݋ሺ຾Չࡑෳނϩᚆ(Model 6890N, Agilent Technologies, CA, USA)Ǵϩᚆ

ᆅ٬ࢊҔ DB-1701 (30 m x 0.25 mm, 0.25 µm thickness, Agilent)Ǵམଛႝηਂਆୀෳ

Ꮤ(micro-electron capture detector)຾Չϩ݋Ƕ 

 

1.਻࣬ቫ݋చҹ 

ำׇ ྕࡋȐ°Cȑ ਔ໔ 

1 40 10 min 

2 40 to 65 2.5 °C/min 

3 65 to 85 10 °C/min 

4 85 to 205 20 °C/min 

5 205 7 min 
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2. ϩނ݋ᅉ੮ਔ໔ 

ϩނ݋ ᅉ੮ਔ໔(min) 

MCAA 9.769 

MBAA 14.63 

DCAA 15.45 

TCAA 19.21 

1,2,3-Trichlropropane 20.96 

BCAA 21.49 

2-Bromobutyric acid 21.85 

BDCAA 23.75 

DBAA 24.16 

DBCAA 25.68 

TBAA 27.02 

 

3.ᛰࠔ 

(1) 1,2,3 - ΟෛЧ₧(1,2,3-Trichlropropane)Ǻ98.9%ǴSupelco 

(2) 2 - ྜྷ΍ለ(2-Bromobutyric acid)Ǻ99.9%ǴSupelco 

(3) ֖ഛΌለ኱ྗࠔ (HAA standard solution) : 96.9-99.9% purity for 9 HAAs 

standardsǴSupelco 

(4) Ҙ୷ಃΟ΍୷⾸(Methyl tert-buytl ether): 99%ǴRiedel-deHaen 

(5) Ҙᎇ(Methnol): HPLC gradeǴMallinckrodt 

(6) คН౷ለ໊(Sodium sulfate anhydrous): 99%ǴRiedel-deHaen 

(7) ౷ለణ໊(Sodium bicarbonate): 99%ǴRiedel-deHaen 

(8) ౷ለ(Sulfuric acid): 99%ǴFluka Chemika 
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3.5.8 NDMA 

ҁࣴزύ٬ҔΒᅿ NDMA ෳໆБԄǴϩձа࣬ڰ༾๧ڗ (solid phase 

microextration, SPME)຾Չ߻ೀ౛Ǵӆଛӝ GC/MS/MS຾Չեᐚࡋϩ݋ǹଯᐚࡋጄ

ൎ߾аన࣬๧ڗଛӝ GC/MS຾ՉໆෳǶҁࣴزύࢬܫН೽ϩϐ NDMAFP ғԋ܌

ᐚࡋၨեǴ٬Ҕ SPME຾Չ߻ೀ౛ǴќҞ኱֖ේԖᐒނϐ NDMAFP ၂ᡍ೽ϩӢ

NDMA ғԋᐚࡋၨଯǴࡺаన࣬๧ڗ຾Չ߻ೀ౛Ƕ 

 

ଛӝڗ༾๧࣬ڰଛӝڗ༾๧࣬ڰଛӝڗ༾๧࣬ڰଛӝڗ༾๧࣬ڰ GC/MS/MS 

຾Չ NDMA ϩ݋ਔܭНኬύڗ 4.5 mLኬࠔ࿼ࢧ៓ܭᓪύϾᇂϐ 12 mLፃՅ

౟ύǴځഗޜޜ໔ᆶ৒ᏔϐᡏᑈКऊࣁ 0.6ǴуΕ፾ໆϣ኱(NDMA-d6)ځ٬ᐚࣁࡋ

50 ng/LǴӆуΕ 1.45 g NaCl٬НኬႫکǴуΕᠳ܏ηࡕа 300 rpmᠳ٠܏у዗Կ

85 °CǴаഗޜБԄ࿶֎ߕᠼᆢ๧ڗ΋λਔࡕҥջݙΕ਻࣬ቫ݋ሺݙ৔α຾Չኬࠔ

ϩ݋Ƕϩ݋ਔ਻࣬ቫ݋ሺݙ৔αуྕԿ 250 °C٠຾ՉѤϩដϐಥߕǶ਻࣬ቫ݋ሺ

ࣁ Varian 4000 GC/MS س಍Ǵࣁ CP-3800 GCଛӝ 4000 ion trap mass spectrometer 

(Varian Inc., CA, USA)܌ಔԋǴቫ݋ᆅ٬ࢊҔ Factor Four VF - 624ms capillary 

column (60 m x 0.25 mm, 1.4 µm thickness, Varian Inc., CA, USA)Ǵୀෳཱུज़ࣁ 3.2 

ng/L(Hung et al., 2010)Ƕ 

 

1. ፦᛼ሺచҹ 

Instrument parameters 

Ionization Mode CI + 

Reagent Gas Methanol 

Transfer line temperature 250 °C 

Ion Trap MS system temperature 150 °C 

Emission Current 50 micro-ampere 

Multiplier Voltage 300 volt 

Carrier Gas He (1 mL/min) 
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 ނෳࡑ.2

 

 ໆᚆη(m/z)ۓ ᚆηȐm/zȑ܄ۓ ᅉ੮ਔ໔ (min) ނෳࡑ

NDMA 12.1 75 44, 47, 58 

NDMA- d6 12.1 81 50 

 

3.ቫ݋చҹ 

ำׇ ྕࡋȐ°Cȑ ਔ໔ 

1 50 2 min 

2 50 to 90 10 °C/min 

3 90 1 min 

4 90 to 200 15°C/min 

5 200 8 min 

6 200 to 220 20 °C/min 

7 220 2 min 

ᕴਔ໔  43.33 min 

 

4. ᛰࠔ 

(1) ٥ฮữ኱ྗࠔǺnitrosoamines mixture standard solution 2000 ng/mL in methylene 

chlorideǴChemService 

(2) NDMA - d6Ǻ2000 ng/mL in methylene chlorideǴChemService 

(3) ෛϯ໊ȐSodium ChlorideȑǺɪ99.0%ǴSigma-Aldrich 

 

న࣬๧ڗଛӝన࣬๧ڗଛӝన࣬๧ڗଛӝన࣬๧ڗଛӝ GC/MS 

    న࣬๧ڗϩ݋ NDMA ϐำׇঅׯԾ(Raksit and Johri, 2001)ϐࢬำǴڗ 100 mL

ኬࠔးΕ 125 mLϐ๧ڗ౟ύǴуΕ 20 ngޑ NDMA- d6ࣁϣ኱Ǵ٠уΕ 20 mL Β

ෛҘ₧(dichloromethane)Ǵቃਗ਼འਗ 2 ϩដࡕǴஒ๧ڗ౟ΠቫϐԖᐒቫࢬ࿶းԖค

Н౷ለ໊ϐᘠરа֎ԏӭᎩޑН਻ࡕǴԏ໣ܭፃՅ౟ύǹख़ᙟ๧ڗΟԛࡕёளډ

60 mLޑ๧ڗనǴஒԜ๧ڗనа௽ᙯԄ෧ᓸᐚᕭᐒᐚᕭԿऊ 0.5 mLࡕǴӆуΕΒ
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ෛҘ₧٬നࡕᡏᑈࣁ 1 mLǴᐚᕭన౽Կ 1.8 mLፃՅ౟ύஏ࠾ӇӸǴӧ 2Ϻϣֹԋ

΢ᐒϩ݋Ǵୀෳཱུज़ࣁ 20 ng/LǶ 

 

1.፦᛼ሺచҹ 

Instrument parameters 

Ionization Mode Electron Ionization 

Scan mode SIM 

Injection Volume 2 µL 

Carrier Gas He (1 mL/min) 

 

 ނෳࡑ.2

 

 ໆᚆηȐm/zȑۓ ᅉ੮ਔ໔ (min) ނෳࡑ

NDMA 12.3 74 

NDMA- d6 12.2 80 

 

 3. ቫ݋చҹ 

ำׇ ྕࡋȐ°Cȑ ਔ໔ 

1 50 2 min 

2 50 to 90 10 °C/min 

3 90 1 min 

4 90 to 200 15°C/min 

5 200 8 min 

6 200 to 220 20 °C/min 

7 220 20 min 

ᕴਔ໔  43.33 min 

 

4.ᛰࠔ 

(1) ٥ฮữ኱ྗࠔǺnitrosoamines mixture standard solution 2000 ng/mL in methylene 

chlorideǴChemService 
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(2) NDMA - d6Ǻ2000 ng/mL in methylene chloride, ChemService 

(3) ΒෛҘ₧Ȑmethylene chlorideȑǺ99.9%ǴMallinckrodt 

(4) คН౷ለ໊ȐSodium sulfate andyhrousȑǺɪ99.2%ǴMallinckrodt 
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ಃѤകಃѤകಃѤകಃѤക ่݀ᆶ૸ፕ่݀ᆶ૸ፕ่݀ᆶ૸ፕ่݀ᆶ૸ፕ 

 

4.1 аааа UV/H2O2 ೀ౛ڙόӕٰྍԖᐒނԦࢉϐচНೀ౛ڙόӕٰྍԖᐒނԦࢉϐচНೀ౛ڙόӕٰྍԖᐒނԦࢉϐচНೀ౛ڙόӕٰྍԖᐒނԦࢉϐচН 

ǴНύԖᐒࡕԾٰНচН࿶ଯભ਼ϯำׇೀ౛ޑࢉόӕٰྍԖᐒේԦډڙኳᔕࣁ

ᅹϷԖᐒේᐚࡋϐफ़ှ੝܄Ϸჹځ੃ࢥୋౢނғԋϐቹៜǴҁࣴزаѠεғᄊН

ԣԣНኳᔕ֖ϺฅङඳԖᐒނϐচНǴ೸ၸబуόӕᅿᜪԖᐒේޑБԄኳᔕڙৎ

৥ԦНϷځдԖᐒේނᅿԦޑࢉ௃׎Ǵ௖૸ UV/H2O2ೀ౛ำׇჹНύԖᐒނफ़ှ

ϐਏ౗ϷԖᐒᅹǵԖᐒේफ़ှϐ੝܄ǶኳᔕচН܌బуԖᐒේٰྍϩձࣁჴᡍ࠻

ଛᇙϐữ୷ለᜪྋనȐа Histamineࣁж߄ȑϷϣ෫ԦНೀ౛ቷ࿶ғނೀ౛Ъۘ҂

уෛϐࢬܫНǶҗܭಔᙃữϯᏢ่ᄬၨࣁᙁൂǴЪ่ځᄬନΑữ୷аѦǴᕉ่ރ

ᄬύҭ֖ԖΒঁේচηǴёૈ֖ࣁේ੃ࢥୋౢ߻ޑނ፦ǶԶϣ෫ԦНೀ౛ቷϐԦ

НٰྍЬࣁৎ৥ԦНǴځࡺύ֖ԖᐒේϷ਽ේᐚໆ֡ၨ΋૓ϺฅНᡏࣁଯǴҭ֖

ԖၨଯᐚޑࡋᛰނᆶঁΓ଼ߥҔࠔ(PPCPs)ǴځԋϩϷԖᐒނϩη่ᄬ֡ၨࣁፄ

ᚇǶԜѦǴӢᆭ෌ለ֖ፄኧशᕉϷᚈᗖ่ᄬǴࣁϺฅНᡏύѦྍ܄ϐԖᐒނ፦ϐ

ж߄ԋϩǴࡺаځբ֖ࣁᅹԖᐒྍٰނǶΓπኳᔕচНଛ࿼߯ஒữ୷ለϷԦНܫ

ރޑࢉৎ৥ԦНԦࡋᆶғᄊԣԣНషӝǴаኳᔕচНᎁόӕำٯНаόӕКࢬ

ғࣁӝԋНኬǴϩձ࠻٬ҔϐኳᔕচНӅϩԋΟᜪჴᡍ܌ǶUV/H2O2ೀ౛ჴᡍݩ

ᄊԣНబу histamineϷᆭ෌ለྋనȐHis/HAȑǵғᄊԣНబуԦНೀ౛ቷࢬܫН

(WW)ǵаϷғᄊԣНబуό֖ၨεԦݝᗭಈȐคݤаख़Κ؇फ़ѐନޑᗭಈȑϐᓉ

࿼ࢬܫࡕԦН΢ቫనȐWW-UȑǶHistamineబуໆϩձࣁԖᐒේᐚࡋ 0 mg N/Lǵ0.25 

mg N/LаϷ 0.5 mg N/LǴ٠బуᆭ෌ለྋనፓ᏾ჴᡍНኬԖᐒᅹᐚࣁࡋ 5 mg/Lǹ

ԦНቷࢬܫНϷ࿶؇ᐘϐࢬܫН΢ቫనబуໆϩձࣁ 5%ǵ10%Ϸ 20%Ƕࣁ௖૸ଯ

ભ਼ϯำׇჹНύྋှԖᐒނೀ౛ቹៜǴғᄊНԣԣНӃ࿶ၸ 1 µmၸᘠǴԦН೽

ϩ߾ஒ؇ᐘԦݝ೽ϩѐନǴԜೀ౛ၸำ߯Ҕаኳᔕ໺಍ృНำׇύషᏉǵ؈ᐘϷ

ၸᘠૈ܌ೀ౛ޑำࡋǴࡺӧԜೀ UV/H2O2ଯભ਼ϯำׇϐۓՏࣁ࿶ၸ؁߃ృНำ
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ׇೀ౛ࡕǴуෛ੃߻ࢥϐ਼ϯำׇǶҁ၂ᡍ໘ࢤѠεғᄊНԣНᡏϐԖᐒᅹᐚࡋ

ऊࣁ 1-2 mg/LǴԖᐒේᐚࡋऊࣁ 0.1 mg N/Lǹ࿶ၸ 1 µmၸᘠޑ࿶ೀ౛ғࢲԦНܫ

ࣁऊࡋНԖᐒᅹᐚࢬ 13 mg/LǴԖᐒේᐚࡋऊࣁ 0.4 mg N/Lǹଛ࿼ֹԋϐჴᡍНኬ

ۈ߃ NPDOCϷ DONᐚࡋ᏾౛߄ܭ 4.1ǶUV/H2O2ำׇύуΕϐ H2O2ᐚࣁࡋ 0.01 

%Ȑv/vȑǴᐚࡋऊࣁ 3.26 mMǶ 

 

߄ 4.1 όӕԖᐒᅹٰྍϐ H2O2బуໆϷۈ߃ NPDOCǵDON ᐚࡋ 

 

  [H2O2]0 

(mM) 

[NPDOC]0 

(mg/L) 

[DON]0 

(mg N/L) 

0 mg N/L 3.26 5.09 0.12 

0.25 mg N/L 3.26 5.35 0.34 
Histamine 

బуᐚࡋ 
0.5 mg N/L 3.26 5.41 0.61 

5% 3.26 1.87 0.78 

10% 3.26 2.24 1.43 
WW 

బуКٯ* 
20% 3.26 3.11 1.86 

5% 3.26 2.15 0.37 

10% 3.26 2.38 0.63 
WW-U 

బуКٯ* 
20% 3.26 2.84 1.09 

* WW Ϸ WW-U ϐబуКࣁٯᡏᑈКǶ 
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4.1.1 όӕٰྍԖᐒނϐόӕٰྍԖᐒނϐόӕٰྍԖᐒނϐόӕٰྍԖᐒނϐ NPDOC ᡂϯᡂϯᡂϯᡂϯ 

όӕᜪձኳᔕচН࿶ UV/H2O2 ೀ౛ࡕԖᐒᅹफ़ှϐϸᔈᖿ༈Ңܭკ 4.1Ƕ࿶

UV/H2O2 ೀ౛ࡕΟಔኳᔕচНϐ NPDOC ᐚ֡ࡋᒿ๱਼ϯਔ໔Զև౜Ӄ΢ϲࡕΠ

फ़ޑᖿ༈Ƕځύ His/HA ಔӧϸᔈ 5-10ϩដਔև౜༾൯΢ϲȐკ 4.1AȑǴ10ϩដϐ

೴ᅌफ़եǴϸᔈࡕ 60ϩដࡕ NPDOCफ़եϐ൯ࡋϟܭऊ 40 - 60%Ƕҗܭణ਼Ծҗ

୷໼ӛӃ਼ϯ่ᄬၨፄᚇ܈ϩηಈ৩ၨεނޑ፦(Dwyer et al., 2008)ǴԶ His/HA Н

ኬύ֖Ԗ໻࿶ၸ 1µm ၸᘠޑғᄊНԣԣНǴࡺӝԋচНύϝ֖Ԗಈ৩ελϟܭ

0.45Ϸ 1 µm໔ϐၨεᗭಈԖᐒނ፦ǴԶ NPDOCϩ݋ਔ໪Ӄ࿶ၸ 0.45 µmၸᘠǴ

ܭᒿ๱ಈ৩εࡺ 0.45 µmޑᗭಈ܈ጤᡏԖᐒނ೴ᅌ೏਼ϯǴಈ৩λܭ 0.45 µmϐ

NPDOCᐚࡋ཮ӢٰԾၨεϩηफ़ှ܌ញܫ NPDOCϐံкԶӃቚуǹԿεϩηԖ

ᐒ਼֡ނϯֹӄࡕǴНύ໻Ꭹಈ৩λܭ 0.45 µmϐԖᐒނǴణ਼Ծҗ୷਼ϯಈ৩ၨ

λϩηϐਏૈ೴ᅌև౜ǴࡺНύԖᐒᅹᐚࡋջ೴ᅌΠफ़Ƕᗨฅ His/HA ΟಔНኬ܌

బуϐ histamineᐚࡋόӕǴՠᆭ෌ለϷғᄊНԣԣНϐК٠ٯคᡉ๱ৡ౦ǴΟಔ

ӝԋНኬޑଆۈ NPDOCᐚࡋϟܭ 5 - 5.4 mg/Lϐ໔ǴԶ histamineϩη܌ଅ᝘ޑ

NPDOCᐚࡋനଯ໻Ԗ 0.7 mg/LǴऊ՞᏾ᡏ NPDOCޑ 10%ǴӧԜጄൎϣόӕޑ

histamineబуᐚࡋჹНύԖᐒᅹफ़ှ਼ϯᖿ༈٠คϼεৡ౦Ƕ 

྽ኳᔕচН֖ԖԦНೀ౛ቷࢬܫНਔ่݀ځҢӵკ 4.1BǴӧғᄊԣНబуԦ

Нೀ౛ቷࢬܫН(WW)ਔǴҭёᢀჸډӧϸᔈ߻ 10 ϩដਔ NPDOCԖӃϲࡕफ़ޑ

౜ຝǶԦНᗨ࿶ၸ߃؇ԣǵ܄ࢲԦݝफ़ှϷΒભ؇ᐘೀ౛ำׇǴ࿶Βભೀ౛ϐܫ

ϝԖऊࡋᡏᐚڰ܄Нύᝌੌࢬ 6.63 mg/LǴᡉҢϝ֖Ԗ೽ϩၨεಈ৩ϐಈރԖᐒނ

፦ȐЬाࣁ҂؇ᐘϐԦݝȑǴࢬܫࡺНబуКٯၨଯޣȐ10%ȑϐ NPDOCΠफ़൯

ၨᄌǴϸᔈࡋ 10ϩដࡕኳᔕচНϐ NPDOCᐚࡋϝଯܭ҂࿶ೀ౛НኬǹԶࢬܫН

బуКٯၨեޣǴځНύಈ৩ၨεϐԖᐒ፦ӧϸᔈ 10ϩដਔς೏फ़ှǴࡺёᢀჸ

ޑၨܴᡉډ NPDOCΠफ़൯ࡋǶబуࢬܫН΢ቫనޑኳᔕচНځ NPDOCᐚࡋϐफ़

ှԔጕ߾҂р౜ᡉ๱ϐӃϲࡕफ़ݩރޑȐკ 4.1 CȑǴНύಈރԦݝςܭᓉ࿼ਔ؇
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ᐘǴӢԶНύεಈ৩Ԗᐒނϐᐚࡋᇻեܭబу 10ʘࢬܫНޣǴԜਔణ਼Ծҗ୷ޑ

਼ϯΚىаӢคሡҔܭઇᚯεϩηԖᐒ่ᄬǴӢԶ NPDOCϐᐚࡋӧ UV/H2O2ೀ

౛߃ය҂և౜΢ϲϐ౜ຝǶԜ่݀ᡉҢऩటճҔ UV/H2O2 ำׇ຾ՉНೀ౛ਔǴҗ

፦ਔ཮फ़եྋှނԖᐒޑНύӸӧεϩηࡺǴ܄ᒧ᏷ڀణ਼Ծҗ୷ϐ਼ϯ٠όܭ

ቚуΨ཮ቹៜࡋНύᐜܭϐ᏾ᡏफ़ှਏ݀ǶҗނԖᐒ܄ UV Ӏऀޑ೸ࡋǴफ़ե UV

ᆶ H2O2ϸᔈғԋణ਼Ծҗ୷ޑਏ౗ǴӧԖᐒԦݝϷౢ܌ځғᐜࡋϐᚈख़ቹៜΠǴ

ϸᔈ 30Կ 60ϩដࡕబу 10% WWϐНྋనځ NPDOCҗ 80 ʘΠफ़Կ 45ʘǴԶ

బу 10% WW-Uϐྋనځ NPDOCӧϸᔈ 20ϩដࡕջςफ़եԿ 60%Ǵ60ϩដࡕ

ӆफ़Կ 30 ʘǴԜ౜ຝё᛾ܴεϩηԖᐒނჹ UV/H2O2 ำׇೀ౛ਏૈޑቹៜǶᗨ

ฅ࿶ᓉ࿼؇फ़΢ቫࢬܫНϐబуКٯԖ܌ৡ౦Ȑ5% - 20%ȑǴՠҗࢬܫܭНς࿶؇

फ़ೀ౛ǴځᕴԖᐒᅹᐚࡋၨեǴЪόӕబуКٯНኬϐଆۈᐚ߈࣬ࡋǴჴᡍ࠻ኳ

ᔕচН܌బуࢬܫНϷ࿶ᓉ࿼ࢬܫН΢ቫనޑ NPDOCϩձϟܭ 1.8 mg/LϷ 2.15

Կ 2.84 mg/Lϐ໔ǴٰࡺԾቲԦНޑ NPDOCऊэᕴໆϐ 0.25-1 mg/LǴᗨനଯబу

Кၲٯ 20%ՠ٠҂ε൯ቚу NPDOCᐚࡋǹϸᔈଆۈ 30ϩដϣࡕफ़ှК࣬ٯ՟Ǵ

ځ NPDOCऊഭᎩ 40-50 ʘǴ60ϩដࡕ 5%బуಔ NPDOCᐚࡋΠफ़൯ࡋၨλǴԶ

10%Ϸ 20%బуಔϐ NPDOCᐚࡋϝុ࡭Πफ़Ǵനಖ NPDOCᐚࣁࡋ 1 mg/LѰѓǶ

Ԝᖿ༈ᡉҢӧډڙৎ৥ቲНԦޑࢉচНύ UV/H2O2 ำׇёफ़ှ࣬྽КޑٯԖᐒ

ᅹǴՠϝԖ೽ϩނ፦ᜤа೏ֹӄ᝜ϯǶ 
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კ 4.1 బуόӕಔԋኳᔕচН࿶ UV/H2O2ೀ౛ࡕ NPDOCफ़ှКၨ 
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N
P

D
O

C
 r

es
id

ua
l (

%
)

0

20

40

60

80

100

120

     0 mg N/L

0.25 mgN /L 
  0.5 mg N/L

Time (min)

N
P

D
O

C
 r

es
id

ua
l (

%
)

0

20

40

60

80

100

120

 5%  WW 

10% WW 

( A )

( B )

Time (min)

0 10 20 30 40 50 60 70

N
P

D
O

C
 r

es
id

ua
l (

%
)

0

20

40

60

80

100

120

  5% WW-U
10% WW-U
20% WW-U

( C )

Histamine Spiked Dose



 

 
49

4.1.2 όӕٰྍԖᐒނϐόӕٰྍԖᐒނϐόӕٰྍԖᐒނϐόӕٰྍԖᐒނϐ DON ᡂϯᡂϯᡂϯᡂϯ 

ନଞჹԖᐒᅹӧ UV/H2O2 ೀ౛ၸำύޑफ़ှ੝܄ϒа௖૸ѦǴҁࣴزҭଞჹ

НύԖᐒේޑफ़ှᖿ༈ϒаᅱෳǶӧబу His/HA ΠࡋНྋనύǴНύԖᐒේᐚޑ

फ़ޑ൯٠ࡋόεȐკ 4.2AȑǴ҂బу histamineޣӧϸᔈ 60ϩដځࡕ DON ᐚ٠ࡋ

คܴᡉᡂϯǴబу histamineКٯၨଯځޣ DON फ़ှКٯҭၨεǴ0.25 mg N/LϷ

0.5 mg N/LబуಔϩձഭᎩ 80%Ϸ ٬Ҕϐғᄊԣ܌ԖᐒේǶΓπӝԋНኬޑ70%

ԣНǵᆭ෌ለϷ histamineϩձж߄όӕ่ᄬϷಔԋϐԖᐒྍٰނǴځϩη่ᄬύ

֖֡ԖේচηǹНύԖᐒނಔԋύε೽ϩԖᐒᅹޑԋϩࣁᆭ෌ለ܈໳ለǴԶځԖ

ᐒԋϩύේޑКٯ΋૓λܭ᏾ᡏϩη፦ໆޑ 1% (Malcolm and Maccarthy, 1986)Ƕа

ҁࣴزଛᇙϐྋనԶقǴғᄊНԣԣНޑԖᐒේᐚࡋऊ໻ࣁ 0.13 mg/LǴӢԶӧԜ

ӝԋНኬύϐԖᐒේځЬाٰྍ่ࣁᄬၨࣁᙁൂޑ histamineǶHistamineϩηύх

ữ୷Ǵҗόӕޑᆄ׀ϩηܭේशᕉϷՏ֖ࡴ histamineబуКٯϐԖᐒේफ़ှԔጕ

ё࣮рНύ໻֖ᆭ෌ለϷғᄊԣԣНځޣ DON ᐚࡋ൳Я҂फ़ှǴё௢ෳӧԜӝԋ

НኬύЬाډڙణ਼Ծҗ୷फ़ှޑԖᐒේԋϩᔈࣁ histamineǴӢԶຫଯޑబуК

ΨຫଯǶՠаٯԖᐒේफ़ှКځਔٯ DON ᐚࡋԶقǴ0.25 mg N/LϷ 0.5 mg N/L

ϐబуಔځԖᐒේᐚࡋϩձफ़ե 0.09 mg N/LϷ 0.2 mg N/LǴᡉҢ࿶ၸϸᔈ٠ࡕค

ӄஒֹݤ histamine܌ଅ᝘ϐԖᐒේуаफ़ှǶӧԜНኬύణ਼Ծҗ୷ӕਔΨ਼ϯ

ᆭ෌ለϷځдϺฅԖᐒނǴՠ೭ނ٤፦่ᄬၨࣁፄᚇǴځύޑԖᐒේԋϩ٠҂೏

ֹӄ᝜ϯǶ 

җკ 4.2B܌ҢǴӧόӕޑԦНబуКٯϐΠа UV/H2O2ೀ౛٠คݤԖਏѐନ

НύԖᐒේǴځᐚࡋᡂϯᖿ༈࣬߈Ǵӧϸᔈ 60 ϩដࡕ໻٬ DON ᐚࡋफ़եऊ 0 - 

20%ǶԶӧ΢ቫԦНబу೽ϩ߾ᡉҢόӕޑᖿ༈Ǵҗკ 4.2Cёว౜Ԗᐒේև౜Ӄ

ϲࡕफ़ޑᖿ༈Ǵӧ 5%Ϸ 10% WW-UಔࣗԿӧϸᔈ 10ϩដਔ DONᐚࡋቚуԿ߃

Ο७ǴDONޑࡋᐚۈ ᐚࡋᒿ๱ϸᔈ຾Չ೴ᅌΠफ़Ǵӧϸᔈ 60 ϩដࡕᐚࡋफ़եऊ

50%Ƕ൩ DON फ़ှᖿ༈ٰ࣮Ǵబу 20% WW-Uಔϐ DON फ़ှೲ౗ัܭזќѦΒ
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ಔǴӧ 20ϩដਔ DONᐚࡋջςեۈ߃ܭᐚࡋǴԶӧ 30 – 60ϩដਔ߾คܴᡉᡂϯǶ

а΢่݀ᡉҢԦНύεᗭಈԖᐒނନΑჹԖᐒᅹޑफ़ှ೷ԋቹៜѦǴӕਔΨफ़ե

ΑԖᐒේޑ᏾ᡏफ़ှਏ౗ǶҗܭԜԦݝϐЬाಔԋࣁ༾ғނᗭಈǴࡺନΑ׎ԋᐜ

ၨ֖Ԗၨ࣬ނԖᐒ܄ǴᆶѦྍނԖᐒ܄ϣྍܭϩηឦځѦǴࡋቹៜ๋ѦӀऀ೸ࡋ

εКޑٯԖᐒේԋϩǴӕਔғࢲԦНύΨ֖Ԗၨଯᐚࡋ PPCPsᜪނ፦Ϸځд੝ਸ

ԦނࢉǴځϩη่ᄬΨၨፄᚇԶᜤа೏ֹӄ᝜ϯǶӢԜӧ WW ಔӚНྋܰ࿶

UV/H2O2ำׇೀ౛ϸᔈ 60 ϩដϣ໻ᢀჸډ༾൯ޑ DON ᐚࡋᡂϯǶԶӧ࿶ᓉ࿼؇

ᐘϐࢬܫН΢ቫనబуԿғᄊԣНࡕǴӢεϩηԖᐒނε೽ϩ࿶ၸ؇ᐘ౽ନǴྋ

నύεܭ 0.45 µmޑԦݝϩηޑКٯၨեǴࡺӧ਼ϯϸᔈ຾Չਔၨ৒ܰ೏਼ϯࣁಈ

৩եܭ 0.45 µmނౢޑǴԶᏤठ DON ᐚࡋᡉ๱ޑ΢ϲǴ೭٤֖ේύ໔ౢុ࡭ނ೏

਼ϯԶ׎ԋ਽ේ܈ฮለᡶේǴӢԶᒿ๱ UV/H2O2ೀ౛ϸᔈ຾ՉǴDON ᐚࡋջុ࡭

Πफ़ǶҗܭӚόӕಔԋϐኳᔕচН໔ DON ᐚࡋৡຯ٠όεǴWW-U Ϸ WW ϐᐚ

ܭጄൎϩձϟࡋ 0.8 – 1.8 mg N/L Ϸ 0.4 – 1.0 mg N/Lϐ໔Ǵӆу΢εϩηԖᐒނ

೏਼ϯԶញрեܭ 0.45 µmϐύ໔ౢނҭ֖ԖᐒේǴ٬ளόӕబуКٯΠԖᐒނ፦

᏾ᡏ DON ᐚࡋᡂϯᖿ༈ϐৡ౦٠όܴᡉǶ 
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კ 4.2 బуόӕಔԋኳᔕচН࿶ UV/H2O2ೀ౛ࡕ DON ᐚࡋफ़ှКၨ 

ȐAȑHis/HAȐBȑWWȐCȑWW-UǶ([H2O2] 0 = 3.3 mM) 
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4.1.3 όӕٰྍԖᐒނϐ֖ේނᅿᡂϯόӕٰྍԖᐒނϐ֖ේނᅿᡂϯόӕٰྍԖᐒނϐ֖ේނᅿᡂϯόӕٰྍԖᐒނϐ֖ේނᅿᡂϯ 

җკ 4.3AёޕғᄊНԣԣНύςӸӧ೽ϩԖᐒϷคᐒේނᅿǴྋှ܄Ԗᐒේ

ȐDONȑǵ਽ේȐNH4
+ - NȑϷฮለᡶේȐNO3

- - Nȑϐᐚࡋጄൎϩձऊࣁ 0.1 mg N/Lǵ

0.1 mg N/LϷ 0.2 mg N/LǴ٥ฮለᡶේȐNO2
- - Nȑޑᐚ߾ࡋեܭୀෳཱུज़Զคݤ

ໆளǶғᄊԣԣНబу His/HA ӆуΕၸ਼ϯణࡕȐջۘ҂຾ՉӀ਼ϯϸᔈਔȑǴ

ёᢀჸډྋనύ਽ේ༾൯΢ϲ 0.01 – 0.02 mg N/LǴԜ౜ຝёૈٰԾၸ਼ϯణϐ਼

ϯբҔǴӢځҭڀԖ࣬྽ำ਼ޑࡋϯΚǹၸ਼ϯణϐ਼ϯႝՏࣁ 1.8 VǴуаữ୷

໻а C-N ᗖᆶϩηᗖ่Ǵ࣬ჹԶځقᗖ่ၨܰ೏ణ਼Ծҗ୷ѺᘐԶ٬Нύ਽ේᐚ

΢ϲǶҗࡋ 0.25 mg N/L Ϸ 0.5 mg N/Lబуಔϐ DON ᐚࡋᡂϯᖿ༈ёޕǴᒿ๱ϸ

ᔈਔ໔ቚуНྋనύ਽ේᐚࡋҭុ࡭ϲଯȐკ 4.3ȑǴԶฮለᡶේϷ٥ฮለේ٠ค

ܴᡉޑᐚࡋᡂϯǴࡺё௢ෳӧԜӝԋНኬύϐԖᐒේ਼ϯၸำЬाࣁ histamine่

ᄬύϐữ୷೏फ़ှԋ਽ේǶHistamineϐϩη่ᄬ֖ԖΟঁේচηǴځύ΋চηࣁ

ữ୷Ǵࡺऩ histamineϐబуᐚࣁࡋ 0.5 mg N/LਔǴ߾Ԗ 0.17 mg N/L೽ϩࣁữ୷

Ȑ0.15 mg N/Lȑǹӧ0.25 mg N/Lࡋ൯ޑ਽ේ΢ϲࡕϸᔈܭৡ౦ऊౣ฻ࡋଅ᝘ǴԜᐚ܌

బуಔύҭёᢀჸ࣬ډ՟ᖿ༈Ǵϸᔈࡕ߻Нྋనύ਽ේޑᐚࡋৡ౦Ȑ0.07 mg N/Lȑ

ऊ฻ܭ histamine่ ᄬύữ୷ଅ᝘ϐ DON ᐚࡋȐ0.08 mg N/LȑǴࡺёղᘐНྋనύ

Ьा೏਼ϯϐԖᐒේٰԾ histamineǴځдԖᐒේԋϩ٠҂೏ֹӄ᝜ϯԋฮለᡶේǶ 

ӧࢬܫНబуಔύǴӚ֖ේނᅿᐚࡋৡ౦ڙబуК܌ٯቹៜȐკ 4.4ȑǶҗܭ

ቲНೀ౛ቷϐԦНϐٰྍЬाࣁৎ৥ԦНǴЪೀ౛ၸำύ࿶ၸ܄ࢲԦݝೀ౛฻ғ

፦ނރϷᗭಈ܄ྋှࡴคᐒේϷԖᐒේǹԖᐒේхޑၨଯࡋफ़ှำׇǴ֖Ԗᐚނ

ӵԦݝ฻ಒ๵ǵ༾ғނǴ೭٤Ԗᐒࣁނၨᜤ೏ϩှޑεಈ৩Ԗᐒނ፦Ƕ࿶ၸ

UV/H2O2 ำׇೀ౛ࡕǴబуόӕКࢬܫٯНϐНྋనύӚ֖ේނᅿᐚࡋᡂϯ٠ό

ܴᡉǴёૈ߯җܭణ਼Ծҗ୷਼ޑϯΚ໻ىаஒ่ᄬၨᙁൂޑԖᐒނϩှǴჹε

ϩηԖᐒނ໻ૈ຾Չ೽ϩफ़ှǶӢ DON ϩ֡߻݋Ӄ࿶ၸ 0.45 µmᘠરၸᘠǴࡺύ

໔ౢޑނғԋ٠คݤև౜ܭ DON ᐚࡋᡂϯ΢Ƕ᏾ᡏԶقబу ԦНᗨ٬ྋှޑ5%
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ణ਼Ծҗ୷ǴᗨฅబݾӸӧҭ཮ᝡޑ፦ނԖᐒ܄дᗭಈځቚуǴՠࡋԖᐒේᐚ܄

у 5%ϐԦНࡕ DONϷ NPDOCᐚࡋϩձ໻΢ϲ 0.4 mg N/LϷ 1.5 mg/LǴՠӢܫ

ᡏၲڰԦНϐᝌੌࢬ 6.63 mg/LǴҗ DON ܈ NPDOCෳໆډϐᐚࡋৡ౦٠คݤϸ

ᔈԜ೽ϩޑεᗭಈԖᐒނϐ DON Ϸ NPDOCᐚࡋǴठ٬ӝԋНኬύӚ֖ේނᅿ࿶

਼ϯ٠ࡕคܴᡉᡂϯǶ 

ऩफ़եჴᡍНኬύεᗭಈԖᐒނ፦ޑᐚࡋǴջёᢀჸډၨܴᡉޑ਽ේᐚࡋᡂ

ϯᖿ༈Ǵӵკ 4.5 ӭჲǴDONٯНబуϐКࢬܫҢǴคፕ΢ቫ܌ ᐚ֡ࡋև౜Ӄ΢

ϲࡕΠफ़ޑᖿ༈Ƕคᐒේ೽ϩǴ၂ᡍ่݀ᡉҢ਽ේϷ٥ฮለᡶේᐚ٠ࡋคܴᡉᡂ

ϯǴԶฮለᡶේӧϸᔈਔ໔ࢤࡕև౜ࣁ༾൯΢ϲޑᖿ༈Ǵᆶკ 4.3B܌և౜ޑᖿ༈

࣬ӕǶόӕКޑٯబуໆ໻ቹៜӚނᅿޑଆۈᐚࡋǴҗ DON ᡂϯ௢ෳǴӢࡋᐚޑ

Нኬύ֖܌ϐεᗭಈԖᐒނ፦ӧᓉ࿼؇ᐘځࡕᐚࡋၨեǴठ٬ణ਼Ծҗ୷फ़ှԖ

ᐒނ፦ૈޑΚӢલϿٰԾಈރԖᐒނϐᝡݾԶගϲǴූ੮ϐಈރԖᐒނၨ৒ܰ೏

ϩှࣁեܭ 0.45 µmϐελǴࡺቲНబуКٯຫଯޣǴಈރϷྋှ܄Ԗᐒේϐᐚࡋ

ΨຫଯǴډڙణ਼Ծҗ୷਼ϯࡕԖᐒේ΢ϲޑᐚࡋΨӢԶຫଯǶჴᡍ่݀ᡉҢ 5%

బуಔϐDONᐚܭࡋϸᔈ10ϩដࡕ΢ϲ0.5 mg N/LǵԶ10%Ϸ20%బуಔϐDON

ᐚ߾ࡋӧϸᔈ໒ۈ 5ϩដࡕջр౜΢ϲᖿ༈Ǵᐚࡋനଯऊ΢ϲ 1 mg N/LǶҗܭН

ύޑణ਼Ծҗ୷཮װᔐ܌Ԗ֖ႝηޑϩηǴ܌ࡺԖ֖ේނᅿ೿ёԋ਼ځࣁϯჹ

ຝǴࡺ᏾ᡏ֖ේނᅿϐᡂϯև౜΋ᅿ୏ᄊѳᑽރޑᄊǴ྽Ԗᐒේ೏਼ϯࡕջ೏ϩ

༾൯΢ࡕ״ӧϸᔈ่ࡋᐚځฮለᡶේǴ೷ԋࣁ೏਼ϯࡕ਽ේϷ٥ฮለේǴനࣁှ

ϲǶ
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კ 4.3 బуόӕ histamineᐚࡋኳᔕচН࿶ UV/H2O2ೀ౛֖ࡕේނᅿᐚޑࡋᡂϯ 

ȐAȑ҂బу ȐBȑబу 0.25 mg/L ȐCȑబу 0.5 mg/LǶ([H2O2] 0 = 3.3 mM) 
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კ 4.4 బуόӕКٯ࿶ғނೀ౛ࢬܫНϐኳᔕচН࿶ UV/H2O2ೀ౛֖ࡕේނᅿᐚ

 ᡂϯǶȐAȑ5% ȐBȑ10% ȐCȑ20%Ƕ([H2O2] 0 = 3.3 mM)ޑࡋ
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კ 4.5 బуόӕКٯ࿶ᓉ࿼؇ᐘࢬܫНϐኳᔕচН࿶ UV/H2O2ೀ౛֖ࡕේނᅿᐚ

 ᡂϯǶȐAȑ5% ȐBȑ10% ȐCȑ20%Ƕ([H2O2] 0 = 3.3 mM)ޑࡋ
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4.1.4 ৎ৥ԦНύεಈ৩Ԗᐒނ፦ჹ֖ේނᅿᐚࡋᡂϯϐቹៜৎ৥ԦНύεಈ৩Ԗᐒނ፦ჹ֖ේނᅿᐚࡋᡂϯϐቹៜৎ৥ԦНύεಈ৩Ԗᐒނ፦ჹ֖ේނᅿᐚࡋᡂϯϐቹៜৎ৥ԦНύεಈ৩Ԗᐒނ፦ჹ֖ේނᅿᐚࡋᡂϯϐቹៜ 

ޑ፦Ȑё࿶ख़Κ؇फ़ѐନނНύεಈ৩Ԗᐒࢬܫೀ౛ނΑ຾΋؁௖૸࿶ғࣁ    

Ԗᐒނ፦ǴЬाࣁ҂؇फ़ϐԦݝȑჹܭ࿶ UV/H2O2 ำׇϐྋనύྋှ܄Ԗᐒނᐚ

Ȑаࡋ NPDOC߄ҢȑϐቹៜǴҁࣴزаԦН൑଑ࢬԦݝբࣁኳᔕচНύεಈ৩Ԗ

ᐒނϐٰྍǴаख़Κ؇फ़БԄஒ଑ࢬԦݝᓉ࿼΋Ϻځࡑ؇फ़ࡕǴёள֖НКٯၨ

եϿޑԦݝಔԋ٠аԜଯᐚࡋԦݝଛ࿼ჴᡍНኬǶኳᔕচНଛ࿼ڗ࿶ၸ 1 µmၸᘠ

ғᄊԣԣН٠బуޑ 10%ԦНࡕǴϩձӆబу 0 mLǵ1 mLϷ 5 mLϐᐚᕭԦݝа

ᢀჸྋှ܄ԖᐒނϷ֖ේӚނᅿӧ UV/H2O2 ำׇύޑᡂϯǶΟಔኳᔕচНϐᐜࡋ

ϩձࣁ 0.5 NTUǵ2.5 NTUϷ 14 NTUǶҗܭख़Κϩᚆ٠ݤคֹݤӄ຾ՉڰనϩᚆǴ

ނԖϐ֖ේ֖܌ԦНǴԶԦНύޑٯளၨଯКڗΨ཮ޑໆຫଯਔǴ࣬ჹ֖ݝԦࡺ

፦ύа਽ේޑᐚࣁࡋനଯǴࡺబу 5 mLԦޣݝҭ֖ၨଯᐚޑࡋ਽ේǴᆶ҂బуԦ

mg N/Lǵ0.62 mg N/L 0.44ࣁϩձࡋᐚۈၨଯр΋७ǴΟಔኳᔕচНϐ਽ේଆ࣬ޣݝ

Ϸ 1.00 mg N/LǶჴᡍ่݀ӵკ ᡂ୏όࡋ਽ේᐚޣݝύନΑ҂బуԦځҢǴ܌4.6

εаѦǴబуԦݝಔϐ਽ේᐚ֡ࡋӧϸᔈ 60ϩដࡕև౜΢ϲᖿ༈ǴΞа 5 mLబ

уಔᐚࡋቚу 0.15 mg N/LനܴࣁᡉǶ٥ฮለᡶේཱུܰᆶణ਼Ծҗ୷ϸᔈԶ೏਼ϯ

ϸᔈ຾ՉࡺฮለᡶේǴࣁ 5 ϩដࡕջёᢀჸ٥ډฮለᡶේޑᐚܴࡋᡉफ़եǴӕਔ

Քᒿ๱ฮለᡶේᐚޑࡋቚуǶՠΟಔኳᔕচНύฮለᡶේቚуϐᐚ֡ࡋଯ٥ܭฮ

ለᡶේफ़եϐᐚࡋǴ߄Ңฮለᡶේྍٰޑନ٥ฮለᡶේ਼ޑϯѦǴᗋхࡴ਽ේϷ

 ғϐ਽ේǶౢ܌฻਼ϯނдԖᐒځ

җܭჴᡍ߯௦ץԛᏹբǴӧؒԖځд਽ේٰྍΠНύ਽ේྍٰޑᔈࣁԦݝԋ

ϩύԖᐒේϐफ़ှǶӧ҂బуԦݝಔϐኳᔕচНύ֖Ԗၨեᐚޑࡋεಈ৩Ԗᐒ

ᒿϸᔈ຾Չ೴ᅌΠफ़ǹӧబуࡋԖᐒේᐚ܄ǴᕴේϷྋှނ 1 mLԦݝϐኳᔕচН

ύᕴේϷྋှ܄Ԗᐒේᐚ࡭֡ࡋѳǴԶబу 5 mLԦݝϐኳᔕচНύ߾և౜ᕴේϷ

ྋှ܄Ԗᐒේᐚ֡ࡋ΢ϲݩރޑǶԜ໨ᡉҢణ਼Ծҗ୷ϝԖૈΚёफ़ှၨεᗭಈ

ၸଯਔȐӵబуࡋ፦ᐚނ፦Ǵ྽εϩηԖᐒނԖᐒޑ 5 mL ԦݝϐኳᔕচНȑǴҗ
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ӧݝԦނғܭ UV/H2O2 ำׇύϐफ़ှံុ࡭кྋှ܄ԖᐒේϷ਽ේᐚࡋǴӢԶ᏾

ᡏ่݀໻ૈၲԋ֖ේނᅿϐ೽ϩफ़ှǴࡺ೷ԋНኬύྋှ܄ԖᐒේޑᐚࡋቚуǴ

ϸᔈ 60ϩដࡕϝԖុ࡭ϲଯᖿ༈ǶԦݝబуໆၨϿਔȐ1 mLȑǴНύԖᐒේǵ਽

ේϷᕴේᐚࡋӧ UV/H2O2 ำׇύ֡ᡂϯόεǴᡉҢεϩηԖᐒේុ࡭೏਼ϯԋྋ

೏ុ࡭ԖᐒේϷ਽ේҭ܄ԖᐒේϷ਽ේǴԶྋှ܄ှ UV/H2O2 ೀ౛ำׇ܌फ़ှǴ

ӢԶځ᏾ᡏᐚࡋᆢ࡭୏ᄊѳᑽࡺคϼεᡂϯǶ྽Нύྋှ܄Ԗᐒނ፦ᐚ׳ࡋեȐ҂

బуԦݝȑਔǴణ਼Ծҗ୷਼ϯྋှ܄ԖᐒϷคᐒނϐϐਏ౗ၨமǴӧલЮٰԾ

εϩηԖᐒේफ़ှံ܌кϐԋྋှ܄ԖᐒේϷ਽ේރޑᄊΠǴё਼ុ࡭ϯНύྋ

ԖᐒේǴӢԶӧ܄ှ 60ϩដϸᔈ่ࡕ״ऊёफ़ှ ԖᐒේǶUV/H2O2ำׇЬޑ50%

ाᙖ๱ϩှԖᐒ่ނᄬ΢ϐữ୷ٰफ़ှԖᐒේǴԶҗܭቲНύϐԖᐒނ፦ಔԋፄ

ᚇЪ֖ၨӭữ୷ለǴ٬ࡺԖᐒේफ़ှࣁ਽ේϷ਽ේफ़ှ٥ࣁฮለᡶේϐ᏾ᡏೲ౗

ၨࣁௗ߈Ǵ٬਽ේӧНύૈᆢ࡭΋ۓᐚࡋǹ٥ฮለᡶේၨҭ೏਼ϯǴޑזࡐࡺ೏

਼ϯࣁฮለᡶේǴԶ೷ԋฮለᡶේᐚޑࡋ΢ϲǶ
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კ 4.6 UV/H2O2ำׇೀ౛బу଑ࢬԦݝϐኳᔕচНਔ֖ේނᅿϐᡂϯǶғᄊԣНబ

у 10%ԦНϷǺȐAȑ0 mLԦݝȐBȑ1 mLԦݝȐCȑ5 mLԦݝǶ([H2O2] 0 = 3.3 mM) 
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4.1.5 όӕٰྍԖᐒނϐόӕٰྍԖᐒނϐόӕٰྍԖᐒނϐόӕٰྍԖᐒނϐ THMFP ᡂϯᡂϯᡂϯᡂϯ 

௖૸ࣁ         UV/H2O2ೀ౛ჹ֖όӕԖᐒಔԋচН THMs ғԋϐቹៜǴҁࣴز

ஒ࿶ၸ UV/H2O2ೀ౛ޑНኬуΕ 20 ppmޑԛෛለ໊຾Չ THMFP၂ᡍǴаຑ՗ځ

੃ࢥୋౢނғԋወ Ƕૈҗܭబу 0.25 mg N/Lᆶ 0.5 mg N/Lϐ His/HAǵ܈బу 10%

Ϸ 20% WWϷ WW-U ϐኳᔕচН࿶ UV/H2O2ೀ౛ࡕ THMFPᐚࡋᡂϯᖿ༈࣬ӕǴ

ӢԜӧკ 4.7Ϸკ 4.8ύόӈрబу 0.25 mg N/LϷబу 10%WWϷ WW-U ኳᔕচ

Нϐ THMFPаᙁϯკ߄Ƕ 

ӧΒಔబу His/HA ϐӝԋНኬύȐკ 4.7AȑǴҗ histamine܌ଅ᝘ޑ NPDOC

ᐚࡋϩձэᕴໆޑ 7.8%Ϸ 15%Ƕՠҗკ 4.7A܌ҢΒಔНኬޑ THMFPᐚࡋК܈ٯ

ኧॶᡂϯ֡҂ᢀჸܴډᡉޑৡ౦Ǵځ THMFP ֡ᒿ๱ UV/H2O2ೀ౛ਔ໔ቚуԶफ़

եǴ࿶ UV/H2O2 ೀ౛ࡕऊёफ़ե 90%а΢ޑ THMFPǶ҂బу histamin ϐᕴޣ

THMFPҗ 691 µg/Lफ़եԿ 79 µg/LǴబу 0.25 mg N/L histamineϐྋనҗ 714 µg/L

फ़եԿ 131 µg/LǴԶబу 0.5 mg N/L histamineϐྋన߾җ 637 µg/Lफ़եԿ 55 

µg/LǶ܌ғԋϐ THM ෛүᆶΒෛ΋ྜྷҘ₧ǴᗨฅΓπӝԋϐኳᔕচНύࡴᅿхނ

٠҂బуྜྷᚆηǴՠϝӧ THMFPύᢀჸډ༾ໆ֖ྜྷނᅿޑғԋǴж߄ғᄊНԣԣ

Нύջ֖ԖեᐚྜྷޑࡋᚆηǴՠځᐚࡋၸեԶคݤෳளǴЬाচӢ߯җܭғᄊԣ

НύฮለᡶᚆηᐚࡋၨଯԶቹៜྜྷᚆηϐϩ݋Ƕ࿶ UV/H2O2 ೀ౛ࡕᐚࡋफ़եޑЬ

ा THM ෛүǶа҂బуࣁᅿނ histamineϐྋనԶقǴෛү౽ନКࣁٯ 91%ǴԶ

Βෛ΋ྜྷҘ₧౽ନКٯऊࣁ 70%ǹҗܭ THM ЬाғԋނᅿࣁෛүǴࡺѐନКٯΨ

ၨଯǶӧԜӝԋНኬύ֖܌ԖϐԖᐒྍٰނхࣁࡴғᄊԣНύ NOM Ϸబуϐ

histamineϷᆭ෌ለǴғᄊԣԣНύ֖܌ϐԖᐒᅹᐚࡋၨեǴࡺ THM ғԋወૈΨၨ

եǹᆭ෌ނ፦ࣁ THM Ϸ HAA ՞ᐚ܌ǴЪӧԜНኬύ(Singer, 1999)ނ០߻Ьाޑ

നଯǹԶٯКࡋ histamine֖ࣁේໆଯޑԖᐒނ፦Ǵᆶữ୷ለϐϯᏢ੝߈࣬܄Ǵҗ

୷ǴӢԜૈ۔ϐᒃႝη܄Ԗଯϸᔈڀᄬύ่ځܭ histamineᗨڀଯ઻ෛໆՠځ

THMFPғԋໆ٠όଯ(Hong et al., 2009) ǶҗԜёࣴղԜኳᔕচНύϐ THMFPᆶ
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җᆭ෌ለଅ᝘ϐ NPDOCᐚࡋᔈ҅ࣁКᜢ Ǵ߯ᒿ๱ᆭ෌ለӧϸᔈၸำύڙణ਼Ծҗ

୷਼ϯԶफ़ှǴTHMFPΨᒿϐफ़եǶՠӢНኬύΨ֖೽ϩғᄊԣԣНύϐၨεᗭ

ಈԖᐒނ፦Ǵࡺ NPDOCӧϸᔈ߃යౣԖቚуǴՠ THMFP٠҂ᒿϐቚуǴࣴղ߯

ӢࣁԜٰྍԖᐒᅹғԋ THM  Ƕࡺወ༈ၨեϐޑ

    Ԧݝ฻εಈ৩Ԗᐒނ፦Ϸ࿶ೀ౛ࢬܫНޑబуᗨቚуኳᔕচНύ֖ᅹԖᐒނ

ࣁȐԛෛለ໊బуᏊໆىǴՠӧуෛᏊໆόࡋᐚޑ 20 mg/Lȑϐ௃׎ΠϸԶ཮फ़ե

THMFPǴӵკ 4.7BϷ CǶऩаబу 5ʘКޑٯԦНԶقǴۘ҂຾Չణ਼Ծҗ୷਼

ϯϸᔈ߻ǴబуԦН΢ቫనޣϐ THMFP ϐޣȑݝబуԦНȐх֖Ԧࣁ 2 ७Ǵځ

THM ᐚࡋϩձࣁ 142 µg/LϷ 76 µg/LǶԶ྽ԦНబуКٯ΢ϲԿ 20%ਔǴᗨฅྋ

ԖቚуǴNPDOCҭҗ֡ࡋᐚނԖᐒރϷᗭಈ܄ှ 2 mg/L΢ϲ 3 mg/LǴՠНኬ܌

ෳளϐ THMFPᐚࡋϸԶև౜Πफ़ᖿ༈Ƕӧబу 5%ԦНޑКٯΠǴబу WW ෳ܌

ளϐ THMFP ᐚࡋऊࣁό֖εᗭಈϐ WW-U ϐ 0.5७ǴԶऩаεᗭಈނ፦బуК

ǴబуقԶٯ 20% WWޣϐ THMFPᐚࣁࡋబу 5% WWϐ 0.25७Ǵҗа΢ᖿ༈

ёᕕှԦݝ฻εಈ৩Ԗᐒނ፦ჹ཮ε൯ቚуሡෛໆǶҗሡෛໆෳ၂ளޕǴኳᔕচ

НуΕ 20 mg/Lԛෛለ໊࿶ϸᔈ 7ϺࡕНύ٠คᎩෛූ੮Ǵж߄ԜНኬሡෛໆຬၸ

ځ٬ݤϯԶ೏੃઻Ǵค਼ނబуϐԛෛለᏊໆǴᏤठԛෛለᆶԖᐒ܌ THMFPֹӄ

ғԋǶҗܭణ਼Ծҗ୷ӧϸᔈύӕਔڀԖ਼ϯԖᐒނϷᆶ੃ࢥୋౢ߻ނ፦ϸᔈΒ

ᅿفՅǴࡺ྽НύԖᐒނ፦ᐚࡋၸଯЪуΕ਼ϯᏊᏊໆόىਔǴ߾և౜Ԗᐒނᐚ

ᕴځޕ௢ݤคࡺǴݩቚуǴTHMFPϸԶफ़եϐ௃ࡋ THMFPԶ೷ԋե՗Ƕ 

    NPDOCᆶ THMFP ϐ࣬ᜢ܄ӧڀၨӭεᗭಈԖᐒޑނኳᔕচНύၨեǴ࿶

UV/H2O2ೀ౛਼ϯ 10 ϩដࡕǴబу 5%WW ኳᔕচНϐ THMFP ᐚࡋԾϸᔈ໒ۈ

ջև౜Πफ़ᖿ༈Ǵа࿶ 10 - 30ϩដೀ౛ࡕ THMFPϐѐନ൯ࡋၨεǶబу 20% WW

ኳᔕচНϐ THMFP߾࿶ೀ౛ 10ϩដϝև౜΢ϲᖿ༈Ǵࡕځᒿ๱ UV/H2O2ೀ౛ϐ

ǴԶNPDOCࡋϐᐚ߻ϸᔈܭեۈࡋTHMFPᐚځࡕ຾ՉԶफ़եǴԿೀ౛30ϩដុ࡭

ᐚ߾ࡋӧϸᔈၸำύ֡և౜ុ࡭Πफ़ᖿ༈Ǵӧϸᔈ่״ਔНኬ THMFPᐚࡋᆶ҂ϸ
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ᔈ߻ϐᐚ߈࣬ࡋǶӧ໻బуԦН΢ቫዂమనਔǴคፕబуໆӭჲኳᔕচНϐ

THMFP࿶ UV/H2O2ೀ౛֡ࡕև౜Πफ़ᖿ༈ǴԶफ़ե൯ࡋа࿶ 0 – 20ϩដೀ౛ϐ໔

൯ࡋനεǴёၲԋ 50%а΢ޑѐନਏ݀Ǵ࿶ 20 – 60ϩដೀ౛ࡕ THMFPफ़եКٯ

ܭե߾ 5%ǶӧಈރԖᐒނᐚࡋၨեݩރޑΠǴUV/H2O2ำׇ܌ғԋϐణ਼Ծҗ୷

ӢคሡᆶಈރԖᐒނϸᔈԶёၨԖਏ౗ޑफ़եНύϐ THMFP߻፦Ǵց߾Ӣόֹӄ

਼ϯౢ܌ғϐύ໔ౢނёૈᏤठ׳ଯޑ THMFPғԋǶ 

    ᢀჸబу WW Ϸ WW-U ϐኳᔕচН THM ຫٯᡂϯǴёว౜֖ԦНКޑᅿނ

եڀޣԖၨଯޑෛүғԋወૈǴԶ࿶ၸణ਼Ծҗ୷਼ϯϸᔈᗨёफ़եᕴΟഛҘ₧

ғԋໆǴՠނ٬֖ྜྷࠅᅿޑғԋКٯቚуǶӧబу 5% WWϷ 20%WWϐኳᔕচ

НύύǴෛүэᕴΟഛҘ₧ޑКٯϩձࣁ 56%Ϸ 32%ǹԶ࿶ၸ 60ϩដ਼ޑϯϸᔈ

ځࡕ THMFP ϩձफ़Կ 38%Ϸ 10%ǴԜਔΒྜྷ΋ෛҘ₧Ϸྜྷүϐᐚࡋӧϸᔈࡕ߻

ϐᡂϯ൯ࡋᗨόऩෛүεǴՠҗܭᕴΟഛҘ₧ғԋໆޑफ़եǴ٬ள֖ྜྷނᅿ՞ᕴ

THM ϐКٯε൯΢ϲǴځКٯӧబу 5% WWኳᔕচНύҗϸᔈ߻ϐ 16%΢ϲԿ

28%ǴԶబу 20% WWኳᔕচНύ׳җϸᔈ߻ϐ 34%΢ϲԿ 86%ǶԜ่݀ᡉҢ࿶

җణ਼Ծҗ୷਼ϯೀ౛ࡕǴځύ໔ౢނၨڀԖᒃН܄ϐ่ᄬǴӢԶԖճܭԛྜྷለ

ȐHOBrȑޑϸᔈԶ׎ԋၨӭނྜྷ֖ޑᅿǶӧ໻బуቲН΢ቫనਔǴаబу 5% 

WW-U ϐኳᔕচНٰ࣮Ǵϸᔈࡕ߻ෛүКٯҗ 67%फ़Կ 53%ǴΒྜྷ΋ෛҘ₧Ϸྜྷ

ү߾җ 8%ቚуԿ 14%ǹԶӧబу 20% WW-UϐኳᔕচН߾җ 51%फ़Կ 18%Ǵ֖

җ߾ᅿނྜྷ 12%ቚуԿ 50%ǴԜ่݀ҭᆶబу WW ϐኳᔕচНԖ࣬ӕޑᖿ༈Ƕ 
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კ 4.7 బуόӕٰྍԖᐒނϐኳᔕচН࿶ UV/H2O2ำׇೀ౛ࡕ THMFPϐᡂϯᖿ

༈ǺȐAȑHis/HAȐBȑWWȐCȑWW-UǶ([H2O2] 0 = 3.3 mM) 
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4.1.6 బуόӕٰྍԖᐒނኳᔕচН࿶బуόӕٰྍԖᐒނኳᔕচН࿶బуόӕٰྍԖᐒނኳᔕচН࿶బуόӕٰྍԖᐒނኳᔕচН࿶ UV/H2O2 ೀ౛ࡕೀ౛ࡕೀ౛ࡕೀ౛ࡕ HAAFP ϐᡂϯϐᡂϯϐᡂϯϐᡂϯ 

    బу His/HAǵWW Ϸ WW-U ΟᅿόӕٰྍԖᐒނϐኳᔕচН࿶ UV/H2O2ೀ

౛֖ځࡕഛΌለғԋወૈᡂϯᖿ༈εठᆶ߻࿯ THMFPϐᖿ༈࣬߈ǹ֖ ԖԦݝ฻ε

ಈ৩ԖᐒނϐኳᔕচНӧ࿶ UV/H2O2 ೀ౛ࡕǴӢణ਼Ծҗ୷܌ග਼ޑٮϯૈໆό

ځӄफ़եֹݤǴаठคى HAA ғԋወૈǶҗკ 4.8ȐAȑёޕǴబу His/HA ϐኳ

ᔕচНځ HAAFP ᐚࡋК܈ٯኧॶӧ UV/H2O2 ೀ౛ࡕϐᡂϯᖿ༈΋ठǴᒿ๱਼ϯ

ਔ໔ቚуԶफ़եځᐚࡋǴϸᔈࡕऊёफ़ե ޑ80% - 75% HAAFPǶа HAA ᐚࡋԶ

Ǵ҂బуق His/HA ਔځᕴ HAAFP җ 513 µg/Lफ़եԿ 131 µg/LǴԶబу 0.5 mg N/L

ځޣ HAAFP җ 550 µg/Lफ़եԿ 100 µg/LǶа۳ϐࣴزЎ᝘(Hong et al., 2009) ࡰ

р֖Ԗᕉ่ރᄬޑữ୷ለǴЀ่ࢂځᄬύڀේচηڗжޣၨ৒ܰᆶԛෛለϸᔈǴ

ځ HAA ғԋወૈΨၨଯǴࡺӧబу 0.5 mg N/Lޑ histamineࡕΨ཮ගϲӝԋНኬ

ޑ HAAFPǹ᏾ᡏԶځق HAAFPᐚࡋऊК҂బуޣቚу 10%ǴЪคፕబу histamine

ϯǴӚ਼ޑց࿶ၸణ਼Ծҗ୷ࢂ܈ HAA ٠คϼεᡂϯǴҗԜё௢ٯᅿϐғԋКނ

ෳ UV/H2O2 ਼ϯЬाբҔܭϩηၨεޑᆭ෌ለǴځύ໔ౢނёૈϝࣁၨୃ౧Н܄

ࡺ፦Ǵނޑ HAAFP  ᖿ༈Ƕޑև౜෧Ͽࡋᐚޑ

    ӧబуԦНϐኳᔕНኬύǴHAFFPᆶ THMFP Ԗ๱࣬ӕޑғԋϷफ़ှᖿ༈Ǵ

ՠ၂ᡍ่݀ҭᡉҢ HAAs ϐ߻፦К THMs ϐ߻፦ၨᜤԖਏϩှǴሡၨε਼ޑϯૈ

ໆωёफ़եځᐚࡋǶ྽ԦНబуКࣁٯ 5%ਔǴబу WW-U ኳᔕচНϐ HAAFP ऊ

బуࣁ WW ኳᔕচНޣϐΒ७Ȑ82 µg/L࣬ჹܭ 47 µg/Lȑǹ྽బуКٯቚуࣁ 20%

ਔǴబу WW-U ኳᔕচНϐ HAAs బуࣁऊ߾ WW ኳᔕচНϐѤ७Ȑ50 µg/L࣬

ჹܭ 12 µg/LȑǶҗԜ่݀ёޕԦНКٯϷεಈ৩Ԗᐒނᐚࡋ΢ϲ཮ቚу઻ෛໆǴ

ӧԛෛለ໻బу 20 mg/Lޑ௃ݩΠ٠όىаᆶ܌ԖޑԖᐒނ፦ϸᔈǴၸӭޑԖᐒނ

፦Ϸ਽ේ཮੃઻ԛෛለǴаठ HAAFP ϸԶӧԦНϷεಈ৩Ԗᐒނ፦Кٯၨեޑ௃

ΠԖၨଯݩ HAA ᐚޑࡋғԋǶ࿶ၸణ਼Ծҗ୷ϐ਼ϯϸᔈёफ़եНኬϐ HAAFPǴ

ՠᆶ THMFPϐफ़ှᖿ༈࣬ၨǴ߾ሡाၨΦޑϸᔈਔ໔ωёஒ HAAFP ᐚࡋϒаफ़
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եǹబу 5% WWϐኳᔕচНӧϸᔈ຾Չ 30ϩដਔځ HAAFP ϝ҂ᢀჸܴډᡉΠ

फ़ᖿ༈ǴԿϸᔈ 60ϩដਔ߾ёѐନऊ ǹԶబуࡋᐚޑ30% 20% WWϐኳᔕচН

ගϲΑࡕӧ਼ϯϸᔈ຾Չ߾ HAAFPǴӧ UV/H2O2ϸᔈ 5ϩដځࡕᐚࡋև౜Μϩᡉ

๱ޑቚуᖿ༈Ȑҗ 12 µg/L΢ϲԿ 34 µg/LȑǴᒿ๱ϸᔈ຾Չ HAA ᐚࡋ೴ᅌΠफ़Ǵ

ډϝ҂ૈᢀჸࡕ״Կϸᔈ่ޔ HAA ᐚܴࡋᡉޑफ़եǶӧబу WW-U ϐኳᔕচН

ύคፕబуКٯӭჲǴ֡ёӧ UV/H2O2ϸᔈ 20ϩដϣफ़եځ HAAFPǴϸᔈ่״

బуࡕ 5%Ϸ 20%WW-UϐኳᔕচН HAA ᐚࡋΠफ़КٯӚऊࣁ 50%Ϸ 30%Ǵࡺε

ಈ৩܈ଯᐚࡋԖᐒޑނӸӧΨ཮फ़ե UV/H2O2ำ਼ׇޑϯਏ౗Ƕа HAAFPsϐᐚ

ᡂϯᆶࡋ THMFP ϐᐚࡋᡂϯᖿ༈࣬ၨǴӧ࣬ӕԦНబуКٯΠǴబу WW-U ಔ

ϐ᏾ᡏ HAAFP ౽ନКٯၨեǴЪӧబу WW ಔύ HAA ᐚࡋᡂϯϐᖿ༈ၨࣁ጗

ᄌǴҗԜё௢ෳ HAA ፦ᆶ߻ޑ THM ᒿ๱ణܭ፦࣬ၨϐΠၨᜤаԖਏѐନǶҗ߻

਼Ծҗ୷਼ϯၸำǴ౧Нޑ܄εϩηԖᐒނ཮೴ᅌ೏ϩှࣁᒃНޑ܄λϩηለǴ

ᗨฅᒃН܄ϯӝނғԋ HAA ϐૈΚᗨၨ౧Н܄ԖᐒނեȐLiang and Singer, 

2003ȑǴՠҗܭᒃН܄ϯӝޑނКٯቚу٬ள HAA ፦ᒿϐቚуǴ೷ԋ߻ޑ THMFP

ϐफ़ှਏ౗ᓬܭ HAAFPǶ 



 

 
66

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

კ 4.8 బуόӕٰྍԖᐒނϐኳᔕচН࿶ UV/H2O2ೀ౛ࡕ HAAFP ϐᡂϯᖿ༈ 

 ȐAȑHis/HAȐBȑWWȐCȑWW-UǶ([H2O2] 0 = 3.3 mM) 
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4.1.7 НύྜྷᚆηᐚޑࡋቹៜНύྜྷᚆηᐚޑࡋቹៜНύྜྷᚆηᐚޑࡋቹៜНύྜྷᚆηᐚޑࡋቹៜ 

ӧྜྷᚆηӸӧਔǴНύԖᐒނᅿϐ่ᄬৡ౦཮ቹៜځᆶ HOBr ϸᔈғԋ֖ྜྷ

੃ࢥୋౢނϐወૈǴӚނᅿӧ࿶ H2O2ೀ౛਼ڙࡕϯำޑࡋৡ౦Ψ཮ቹៜځ੃ࢥୋ

ၨଯਔǴࡋቹៜϐচНӧྜྷᚆηᐚނԖᐒྍٰࢉόӕԦڙᕕှࣁғԋᖿ༈Ƕނౢ

੃ࢥୋౢނӚނᅿϐғԋᖿ༈ᡂϯ௃ݩǴҁࣴزϩձӧ࿶ UV/H2O2 ೀ౛ࡕϐНኬ

ύуΕ 0.5 mg/LྜྷޑᚆηǴӆуΕԛෛለ຾Չ 7Ϻޑ੃ࢥୋౢނғԋ၂ᡍǶჴᡍ

่݀ᡉҢҗܭคፕబу His/HA ܈ WW-U аኳᔕڙԦࢉচНਔǴӧόӕబуКٯ

Π࿶ UV/H2O2 ೀ౛࣬ࡕӕਔ໔ᗺϐ੃ࢥୋౢނނᅿғԋᖿ༈คϼεৡ౦Ǵࡺϩձ

ीᆉӚނᅿғԋК٠ٯஒځѳ֡Кٯև౜ܭკ 4.9ύǶ 

ӧ THMFP೽ϩǴ҂బуྜྷᚆηਔӧ His/HA ኳᔕচН࿶ UV/H2O2ೀ౛߻ϐ੃

ᗨฅࡕᅿǴ਼ϯೀ౛ނЬाࣁғԋаෛүނୋౢࢥ TTHMs ᐚࡋफ़եǴՠ܌ғԋޑ

ᖿ༈Ǵϸᔈޑև౜΢ϲٯᅿύ֖ྜྷКނ 60 ϩដࡕෛүफ़եԿ 72%Ƕబу WW ϐ

ኳᔕচНᗨӢНύςԖྜྷᚆηӸӧǴࡺෛүߚ٠നЬाނޑᅿǴᒿϸᔈុ࡭຾Չ

ΨёᢀჸډΒྜྷ΋ෛҘ₧ϷྜྷүޑᐚࡋቚуǴྜྷүҗ 4%ቚуԿ 16%ǴԜᅿ௃ݩӧ

ଯྜྷᚆηᐚࡋਔܴࣁ׳ᡉǶబу His/HA ϐኳᔕচНΒྜྷ΋ෛҘ₧җ 31%ቚуԿ

37%Ǵྜྷ үҗ 3%΢ϲԿ 10%ǴԶӢ HOBrޑϸᔈ܄ၨ HOClଯǴ܌ࡺғԋޑ TTHMs

ᐚࡋΨܴᡉቚуȐUV/H2O2ೀ౛߻җ 681 mg/L΢ϲԿ 767 mg/LǴUV/H2O2ೀ౛ࡕ

җ 88 mg/L΢ϲԿ 95 mg/LȑǶќӧబу WW ϐኳᔕচНΨԖ࣬ӕᖿ༈ǴᗨΒྜྷ΋

ෛҘ₧ᐚࡋεऊᆢܭ࡭ 26%Ǵՠྜྷүҗ UV/H2O2ೀ౛߻ 47%΢ϲԿ UV/H2O2ೀ౛

ϐࡕ 62%Ǵෛүӧ UV/H2O2ೀ౛߾ࡕफ़եԿ 4%Ƕӧ TTHMs ೽ϩǴ֖ଯྜྷᚆηޑ

ᐚࡋኳᔕচНϐ THMFPӧӚ௦ኬਔ໔ᗺ֡ऊڀࣁၨեྜྷᚆηᐚࡋኳᔕচНޑ 2 – 

3 ७ǶҗԜёᘜયǴคፕᒃН܈܄౧Н܄Ԗᐒނӧ࿶ၸ UV/H2O2 ౢғϐణ਼Ծҗ

୷਼ϯࡕǴၨ৒ܰᆶ HOBr ϸᔈԶғԋ֖ྜྷނᅿǶྜྷᚆηᐚࡋၨଯޑᕉნ HOBr

ғԋໆΨၨଯǴӧ࣬ӕޑуෛᏊໆΠ֖ྜྷނᅿғԋКٯΨ཮ε൯ቚуǴ࿶ၸణ਼

Ծҗ୷਼ϯϸᔈࡕᗨёफ़ե TTHMs ϐғԋወૈǴՠЬाѐନϐނᅿ֖֡ࣁෛၨӭ
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ѐନૈΚ࣬ჹၨեǴᏤठ֖ޑ₧үϷΒྜྷ΋ෛҘྜྷܭෛүϷΒෛ΋ྜྷҘ₧Ǵჹޑ

 ቚуϐᖿ༈Ƕٯ҂फ़եЪКࡋᅿᐚނྜྷ

    ᆶ THMFPϐ่݀࣬ၨǴ֖ၨଯྜྷᚆηᐚࡋϐНኬჹ HAAFP ϐᐚࡋϷނᅿᡂ

ϯᖿ༈߾ၨόܴᡉǶӵკ 4.9ȐCȑ܌ҢǴӧ His/HA ኳᔕচН҂బуྜྷᚆηਔǴ

UV/H2O2ϸᔈ߻ϐ HAA ᅿаނ TCAAȐ38%ȑᆶ BCAAȐ50%ȑࣁനЬाނᅿǴ

࿶ UV/H2O2ೀ౛ 60ϩដࡕ TCAA ϐКٯᡂϯόεǴՠ BCAA ϐКٯΠफ़Կ 16%Ǵ

ᒿϐቚуǶӧНኬύуΕ߾ٯᅿϐКނᎩ֖ྜྷځ 0.5 mg/LϐྜྷᚆηࡕǴନ MCAA

ᆶ DCAA ᅿ֡эԖނᎩځၨեѦǴٯ՞К܌ 10%а΢ό฻ޑКٯǴҭёᢀჸډ

TBAA ғԋǹԶӧޑ UV/H2O2 ೀ౛ 10 ϩដࡕջёᢀჸނྜྷ֖ډᅿܴᡉቚуǴ

TBAAǵDBAAǵMBAA Ϸ DBCAA ฻ނᅿ܌՞Кٯຬၸ 40%ǴԿϸᔈ่ࡕ״ HAA

Ԝਔణ਼Ծҗ୷ჹӚࡺ٠คϼεᡂϯǴٯКޑᅿނ HAA ፦೿Ԗѐନਏ߻ᅿϐނ

݀Ƕӧబу WW ϐኳᔕচНύǴҗܭНύς֖ၨଯᐚࡋϐྜྷᚆηǴЪԖᐒނނᅿ

Ϸ่ᄬၨࣁፄᚇǴӢԶӧ҂బуྜྷᚆηਔςԖ࣬྽Кނྜྷ֖ޑٯᅿӸӧǴԜਔ

MBAAǵBDCAA ࡕᅿǹబуྜྷᚆηނྜྷ֖ޑЬाࣁ TCAA ϐКܴٯᡉफ़եǴ೷

ԋ MBAA КٯᒿϐቚуǴӧόӕ UV/H2O2ೀ౛ਔ໔ਔ֡՞ຬၸ Ǵ࣬ၨٯКޑ20%

ϐΠ BDCAA ٠҂߾ٯ՞К܌ UV/H2O2ೀ౛ਔ໔ԶׯᡂǶ 

    ೚ӭࣴࡰ֡زрНύԖᐒނ፦ಔԋǵpH ॶϷྜྷᚆηޑᐚࡋ཮ቹៜ DBPFP၂

ᡍӚ DBPނᅿғԋϐ໼ӛ(Liang and Singer, 2003; Buchanan et al., 2006; Wang and 

Huang, 2006) Ƕ΋૓Զق౧Н܄ԖᐒࣁނЬा֖ޑᅹ DBPs߻፦ǴЪӧեᐚྜྷࡋᚆ

ηӸӧޑᕉნΠǴCl-THMs Ьाҗ౧Н܄Ԗᐒ߻ނ፦ᆶෛϸᔈԶғԋǴᒃН܄Ԗ

ᐒނӧНύᆭ෌ނ፦ᐚࡋၨեਔΨ཮ᆶෛϸᔈ׎ԋ THM ᆶ HAAǴЪ Br-THMs ޑ

ғԋӧёӧᒃНԖᐒ߻፦ύၨܴࣁᡉǶӧ pHॶၨଯȐpH=8ȑਔǴΨܰӢ Br-DBPs

ࡋၨଯԶԖၨଯᐚ܄ϸᔈޑ THMFPϷ HAAFP ғԋǶӧҁࣴزύǴԦНύ֖Ԗ࣬

྽ᐚࡋϐྜྷᚆηǴᏤठӧ֖ԖፄᚇԖᐒނಔԋޑ WW ಔኳᔕԦНуෛёᢀჸډ

Br-DBPsޑғԋǹЪҗܭణ਼Ծҗ୷਼ϯၸำύ཮ஒԖᐒނ፦फ़ှࣁၨλϩηϐԖ
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ᐒለǴҭջᒃНނ܄፦ϐКٯ཮ᒿϐቚуǴࡺҗ THMFPޑᡂϯёᢀჸނྜྷ֖ډᅿ

Кٯᒿ UV/H2O2 ೀ౛ਔ໔Զ΢ϲǶӧబуԦНϐኳᔕচНύ HAAFP ύҗ֖܌ܭ

ԖᐒނϐᅿᜪၨࣁፄᚇǴхࡴಈ৩ၨεϐԖᐒނϷٰԾΓᜪғࢲԦН฻Ԧނࢉ

፦ǴUV/H2O2਼ϯၸำ٠҂ૈ٬уෛ܌ࡕғԋ HAA ֖ྜྷϷ֖ෛނᅿϩթౢғܴᡉ

ډЎ᝘ύதᢀჸزࣴޑᡂϯǶӧа۳ޑ pH ॶᒿ UV/H2O2 ਼ϯၸำΠफ़Ǵՠҁࣴ

Нኬϐࡕ߻ύӧϸᔈز pH ॶऊࣁ࡭ߥ 6.5-7.5ϐ໔Ǵ٠คܴᡉޑᡂϯǴёૈࢂӢ

Ԝೀࡺၨଯ೷ԋ጗ፂਏ݀Ǵࡋ፦ಔԋᕷᚇЪᐚނНύԖᐒϷคᐒࣁ pH ॶߚ٠ቹៜ

 ᅿғԋӢનϐ΋Ƕނྜྷ֖
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კ 4.9 బуόӕٰྍԖᐒނኳᔕচН࿶ UV/H2O2ೀ౛ྜྷࡕᚆηჹჹ DBPFP၂ᡍ C-DBPsނᅿғԋϐቹៜȐAȑHis/HA-THMFP 

(B)WW-THMFP (C)His/HA-HAAFP (D) WW-HAAFP ȐқࢊǺ҂బуྜྷᚆηǴԪࢊǺబу 0.5 mg/Lྜྷᚆηȑ
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4.1.8 UV/H2O2 ೀ౛ೀ౛ೀ౛ೀ౛ჹኳᔕচНჹኳᔕচНჹኳᔕচНჹኳᔕচН THMFP ᆶᆶᆶᆶ HAAFP ғԋКٯϐቹៜғԋКٯϐቹៜғԋКٯϐቹៜғԋКٯϐቹៜ 

    НύԖᐒޑނಔԋ཮ቹៜ THMFPᆶ HAAFP ғԋޑКٯǴՠӢӚНᡏύ౧Н

ғԋӚ܌ࡕԶόӕНᡏෛϯϸᔈࡺԶ౦ǴྍٰځᒿٯК܈ࡋᐚނԖᐒ܄ᆶᒃН܄

C-DBPsނᅿ࣬ჹᐚࡋК٠ٯค΋ۓᖿ༈Ƕ߄ 4.2᏾౛Αҁࣴ٬زҔόӕٰྍԖᐒ

ࡕΠǴӚኳᔕচНෛϯࡋଛᇙϐኳᔕচНǵόӕྜྷᚆηᐚ܌ނ THMFPᆶ HAAFP

ϐКॶᒿϸᔈਔ໔ᡂϯޑ௃ݩǶӧబу His/HA ϐኳᔕচНύ֖܌Ԗᐒނаᆭ෌ለ

ډёᢀჸࡕ߻ЬाٰྍǴϸᔈࣁ THMFP/HAAFPϐКٯวғܴᡉׯޑᡂǶ҂బу

HistamineਔǴځ THMFP/HAAFPКҗϸᔈޑ߻ 1.34फ़եԿ 0.60Ǵ྽ Histamineబ

уᐚࡋගଯਔǴӢԜНᡏЬाϐ C-DBP߻፦ϝࣁᆭ෌ለǴࡺϝև౜࣬ӕޑᡂϯᖿ

༈Ǵ҂ϸᔈਔ THMFPϐᐚ֡ࡋଯр HAAFP ΋७а΢Ǵ྽੃ࢥୋౢ߻ނ፦࿶ၸణ

਼Ծҗ୷਼ϯ܌ࡕғԋϐ੃ࢥୋౢ߾ނа HAA  ǶЎ᝘ύ(Liang andٯэၨଯК܌

Singer, 2003) ࡰрᒃН܄Ԗᐒ׎ނԋ HAA மǴԶణ਼ԾҗނԖᐒ܄Κၨ౧Нૈޑ

୷ёѺᘐεϩηԖᐒނ፦ޑᗖ่Զ٬λϩηނ፦ቚуǴࡺԖᐒނ࿶ၸкϩϸᔈࡕ

ஒ཮ගଯځᒃН܄Ǵ຾Զ٬ HAA ғԋወΚቚуǶऩගଯНύྜྷᚆηᐚ߾ࡋёᢀჸ

ܭᖿ༈Ǵҗޑॊั༾όӕ߻ᆶډ HOBr ᆶԖᐒނ፦ϐϸᔈૈΚၨமǴࡺӧ҂࿶਼

ϯϸᔈਔ܌ғԋޑ THMFP/HAAFPКٯදၹၨଯǴ࿶ణ਼Ծҗ୷ϸᔈࡕஒ੃ࢥୋ

ܭ፦Ԗճނޑ܄ᒃНڀၨࣁ፦਼ϯ߻ނౢ HAA ϐғԋԶ٬Ԝ THMFP/HAAFPК

ࡕε൯फ़եǴՠ਼ϯٯ THMFP/HAAFPϝଯܭ҂బуྜྷᚆηਔϐКٯǶ 

   ӧబуWWϷWW-UϐኳᔕচНύҗ܌ܭబуϐԦНύ֖Ԗଯᐚޑࡋคᐒނ

፦ǴЪԖᐒނ፦ಔԋၨࣁፄᚇǴନΑబу 5% WW-U ϐኳᔕচНӢԖᐒނ፦ᐚࡋ

ၨեӢԶڙణ਼Ծҗ୷਼ϯϐਏ౗ၨଯǴځࡺ THMFP/HAAFPКॶҗ 2.12फ़եԿ

1.2ѦǴబуྜྷᚆηਔځ THMFP/HAAFPКॶϐᡂϯᖿ༈٠όऩ His/HA ܴᡉǴԜ

่݀ҭᔈᏤӢܭԦНύς֖ၨଯᐚނྜྷ֖ޑࡋᅿǴีញΑྜྷᚆηబуޑਏᔈ܌

ठǶ΋ҁࣴزϐ่݀Ǵӧబу WW ϐኳᔕচНύǴҗܭεಈ৩ԖᐒޑނӸӧ೷ԋ

C-DBPFP և౜Ӄϲࡕफ़ϐ౜ຝǴЪ THM ᆶ HAA ᡂϯޑᖿ༈٠ό΋ठǴࡺ
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THMFP/HAAFP КॶӧόӕబуКٯΠΨԖӃϲࡕफ़ޑᖿ༈Ǵՠᡂϯำࡋό΋Ǵ

Ъӧϸᔈࡕ HAAFP ϐᐚࡋϝեܭ THMFPǶ
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߄ 4.2 బуόӕٰྍԖᐒނϷྜྷᚆηᐚࡋϐኳᔕচН࿶ UV/H2O2ೀ౛ࡕϐ THMFP/HAAFPКॶϐᡂϯ 

 

 His/HA WW WW-U 

Br = 0 mg/L 0 mg/L 0.25 mg/L 0.5 mg/L 5% 10% 20% 5% 10% 20% 

0 min 1.34 2.97 1.16 1.62 0.93 1.46 2.12 2.60 0.66 

5 min 0.72 1.27 0.55 1.80 0.94 0.84    

10 min 1.14 1.22 0.73 1.61 1.18 1.07 

30 min 0.78 1.35 0.31 0.96 0.99 0.52 
1.59 1.99 0.66 

60 min 0.60 0.75 0.55 1.04 0.68 0.47 1.23 2.20 0.61 

Br = 0.5 mg/L 0 mg/L 0.25 mg/L 0.5 mg/L 5% 10% 20% 5% 10% 20% 

0 min 2.03 5.06 1.60 1.83 2.89 1.66 1.93 2.16 1.76 

5 min 1.17 1.92 0.81 4.07 4.00 2.46    

10 min 0.68 1.69 0.88 4.45 3.78 3.51 

30 min 0.85 1.67 0.95 2.14 1.97 1.06 
1.56 2.61 1.64 

60 min 0.57 1.07 0.75 2.48 1.33 0.92 1.07 2.06 0.45 

ຏǺWW-U ௦ኬਔ໔60 ,20 ,0 ࣁϩដ 
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4.1.9 ቲНаቲНаቲНаቲНа UV/H2O2 ำׇೀ౛ࡕำׇೀ౛ࡕำׇೀ౛ࡕำׇೀ౛ࡕ NDMAFP ᡂϯᡂϯᡂϯᡂϯ 

চН࿶ࢉԦڙ௖૸ࣁ     UV/H2O2ೀ౛ࡕ߻ NDMA ғԋወૈϐᡂϯǴஒ࿶ၸ 1 

µmၸᘠޑࡕғᄊНԣԣНబу ԦН΢ቫనǴჴᡍНኬуΕࢬܫ10% 3.26 mMϐ

H2O2࿶ UV/H2O2ೀ౛΋λਔࡕǴஒϸᔈ 0ǵ20ǵ60ϩដϐНኬуΕόӕᐚޑࡋ

΋ෛữаຑ՗ NDMA ғԋወૈޑᡂϯᖿ༈Ƕෛữబуᐚࡋϩձࣁ 2.0 mMϷ 0.05 

mMǴϩձаၨଯᏊໆϐ 2.0 mMຑ՗ԜНኬϐ܌Ԗ NDMA ғԋወૈǴаϷӧԾ

ٰН൑ᏹբਔϐၨեෛữᏊໆȐ0.05 mMȑΠϐ NDMA ғԋໆǶკ 4.10 Кၨ

NPDOCǵDON аϷόӕෛữబуᏊໆΠόӕНኬޑ NDMA ғԋወૈǶNPDOC

ᐚࡋҗ֖ܭ೽ϩεಈ৩Ԗᐒނ፦Ǵࡺև౜Ӄϲࡕफ़ރᄊǴϸᔈ่ࡕ״ᐚࡋऊࣁ҂

ϸᔈਔϐ 50%Ȑҗ 2.39 mg/LΠफ़Կ 1.21 mg/LȑǴDON ᐚࡋᗨฅᡂϯޑ൯٠ࡋό

ܴᡉǴЬӢځଆۈᐚࡋၨեϐࡺǴҗϸᔈޑ߻ 0.216 mg N/Lफ़եԿ 0.108 mg 

N/LǴՠफ़ե൯ࡋҭၲ50%ǴԜೀޑNPDOCϷDONᐚࡋᡂϯᖿ༈εౣᆶಃ4.1.1-2

࿯܌ளϐ่݀࣬߈ǶՠӢࢬܫԦНࣁόӕਔ໔௦ளǴࡺԖᐒނ፦ޑᐚ܈ࡋ࿶

UV/H2O2਼ϯೀ౛ࡕϐᡂϯᖿ༈཮Ԗ٤༾ৡ౦Ƕ 

ӧΐᅿ Nitrosamineᜪނ፦ύ໻Ԗ NDMA ೏ᔠෳрǴคፕෛữబуໆӭჲ

֡ёᢀჸډ NDMA ғԋወૈᒿ਼ϯၸำ೴ᅌफ़եǶϸᔈࡕ߻బу 2 mMෛữޣ

җ 66 ng/LΠफ़Կ 34 ng/LǴԶబу 0.05 mMෛữޣҗ 20 ng/LΠफ़Կ 11 ng/LǴ

NDMAFP ӧ 30ϩដਔςၲԋ 50ʘޑѐନ౗Ǵុ࡭ϸᔈԿ 60ϩដځѐନКٯ໻

ӆ༾൯ቚуǴԜᖿ༈ᆶ NPDOC Ϸ DON ௗໆෳޔܭৡ౦Ƕҗ܌फ़ှᖿ༈Ԗޑ

NDMA ሡाၨߏਔ໔ϷᆒஏޑሺᏔǴࡺ೚ӭࣴز჋၂аځдН፦ୖኧٰႣෳ

NDMA ࡴғԋໆǴхޑ NPDOCǵUV254ǵDON Ϸ DMA ฻Н፦ୖኧ֡ම೏όӕ

ࣁΓ঩٬Ҕբزࣴ NDMA ғԋϐࡰ኱(Chen and Valentine, 2007; Lee et al., 

2007a) ǶฅԶ٩ҁࣴزϐ่݀ǴᡉҢа NPDOC܈ UV254ຑ՗ NDMA ϐғԋ٠

ό፾ەǴᗨฅԜΒᅿୖኧதҔٰຑ՗ THMFPǴՠҗܭНύёૈӸӧ΋૓ DOC

ϩ݋คݤໆෳрϐεಈ৩ԖᐒᅹǴԶᗭಈ܄ᆶྋှ܄Ԗᐒނӧ؂ᅿНᡏύޑКٯ

ҭᒿНᡏٰྍԶԖ܌όӕǴЪ NDMA ϐ߻ᖿނ፦ڀࣁ੝ૈ۔ۓ୷ϐԖᐒේǴᆶ
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ԖᐒᅹϐКٯΨᒿԾྍ܈܄дྍ܄ϐԖᐒྍٰނԶև౜όӕКٯǴ٠ࡺό፾ӝа

ϐຑ՗܌ԖԖᐒނᐚࡋǴ຾Զ௢՗ёૈޑ NDMAFPǶ 

ऩа DONբࡰࣁ኱ٰ௢՗ NDMAFP՟ࣁၨӳޑᒧ᏷Ǵ၂ᡍ่݀ᡉҢ DON

Ϸ NDMAFP֡ᒿ UV/H2O2ϸᔈਔ໔ԶΠफ़ǴЪև౜ၨ NPDOCޑ٫ࣁጕ܄ᜢ Ƕ߯

ฅԶ DON ӧϸᔈ 30Կ 60ϩដ໔ុ࡭फ़ှǴԶ NDMAFP ᐚࡋคፕෛữబуໆ

ӭჲ֡҂ӆև౜ᡉ๱ᡂϯǴᡉҢ࿶җణ਼Ծҗ୷਼ϯೀ౛ 30ϩដਔςஒ NDMA

፦फ़ှၲނᖿ߻ޑ 50%ǴഭᎩ߻ޑᖿނёૈӢ่ᄬၨࣁፄᚇǴഭᎩ H2O2ౢ܌ғ

ߚࡴԖᐒේ΋૓хޑठǶНύ܌Ԗਏफ़ှځаஒىణ਼Ծҗ୷όޑ NDMA ᖿ߻

ϩηܭ፦ǶՏނᖿ߻ޑϩηიѦᆄϷύЈՏ࿼ނԖᐒܭǵෞᚆΒભữǵՏޣ፦ނ

ύނޑ፦ऩҗΟભữ܈Ѥભữ่ޑᄬ܌ಔԋǴӧ҂໒਼ۈϯਔ DMA дෞᚆځ܈

Βભữёޔௗᆶෛữϸᔈғԋ NDMAǴԶϩηიѦᆄޑΟભữҭ཮೏ෛữफ़ှ

ಥᚆচϩηࡕӆᆶϐϸᔈǴ྽ UV/H2O2 ਼ϯϸᔈ຾Չࡕణ਼Ծҗ୷ӕਔफ़ှ

DMA ϷεϩηიԖᐒނǴࡺϸᔈ 30ϩដਔ DON Ϸ NDMAFP ֡և౜Πफ़ᖿ༈Ǵ

Զ 30-60ϩដޑϸᔈёૈӢ H2O2ᐚࡋफ़ե਼ࡺϯೲ౗Πफ़Ǵ໻ёஒ΋ભữᜪϩ

Ԗᐒේफ़ှǴ೷ԋޑஒϩηიύݤᅿǴԶคނคᐒේࣁှ DON ᐚࡋफ़եՠ

NDMAFP ᡂϯ٠όܴᡉǶ 

ҁץԛჴᡍύӧϸᔈ߻НኬуΕ 0.05 mMෛữޑ NDMAFP ऊࣁ 10 ng/LǴ

ԶගϲෛữᏊໆԿ 2 mM܌ғԋϐ NDMA ࣁ 68 ng/LǹԶΒಔኳᔕচНϐෛữϷ

NDMAFP Кٯϩձࣁ 40Ϸ 3ǴᡉҢගଯෛữᐚ٠ࡋ҂ғԋ࣬ᔈКٯϐ NDMAǶ

࿶ၸణ਼Ծҗ୷਼ϯޑࡕНኬӧόӕෛữᏊໆΠ܌ғԋޑ NDMA ϝऊԖΟ७ϐ

ৡǴࡺ௢ෳ࿶ၸ UV/H2O2ำׇࡕϝԖ೽ϩԖᐒේԋϩคݤ೏ UV/H2O2फ़ှǴ܈

җፄᚇϩη่ᄬύှᚆрុ࡭ NDMA ғԋځ፦ǴӢуෛữᏊໆၨଯԶගଯ߻

ໆǶՠҗܭෛữ਼ϯૈΚၨեǴ٬ࡽࡺගଯځᏊໆၲ 40 ७Ǵϝคݤගىٮ୼ޑ

਼ϯΚаफ़ှԖᐒނǴ໻ᆶෞᚆܭНύ܈ၨܰϸᔈ߻ޑ፦ϸᔈǶӧҁץԛჴᡍύ

คፕෛữᏊໆࣁՖǴ҂࿶਼ϯϸᔈޑНኬ NDMAFP ֡ଯܭ 10 ng/LǴଯܭуԀፁ

ғ೽ुۓϐ notification levelǴ࿶ၸణ਼Ծҗ୷਼ϯࡕᗨёफ़եԿԜ኱ྗаΠǴՠ
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ෛữబуໆගଯࡕϐ NDMA ғԋᐚ߾ࡋϝଯܭ 10 ng/LǶࡺ྽ృН൑٬ҔϐНྍ

ёૈډڙԦНԦࢉԶΞሡаෛữբࣁ੃ࢥᏊਔǴሡჹځబуໆ຾Չቩ཈ޑຑ՗а

௓ڋ NDMA ϐғԋǶ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

კ 4.10 బу࿶ᓉ࿼؇ᐘԦН΢ቫనϐኳᔕচН࿶ UV/ H2O2ำׇೀ౛ࡕ

NPDOCǵDON Ϸ NDMA ғԋᡂϯ 

ԪࢊǺෛữᏊໆ 2.0 mMǴқࢊǺෛữᏊໆ 0.05 mM 
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4.2 চНύεಈ৩Ԗᐒނ࿶চНύεಈ৩Ԗᐒނ࿶চНύεಈ৩Ԗᐒނ࿶চНύεಈ৩Ԗᐒނ࿶ UV/H2O2 ೀ౛ჹ੃ࢥୋౢނғԋਏᔈϐຑ՗ೀ౛ჹ੃ࢥୋౢނғԋਏᔈϐຑ՗ೀ౛ჹ੃ࢥୋౢނғԋਏᔈϐຑ՗ೀ౛ჹ੃ࢥୋౢނғԋਏᔈϐຑ՗ 

    НύԖᐒނ፦ޑಈ৩ϩթჹа UV/H2O2 ำׇೀ౛Ԗᐒނϐਏૈ཮ౢғቹ

ៜǴӕਔڙణ਼Ծҗ୷਼ϯځࡕಈ৩ϩթϷНύྋှ܄Ԗᐒނᐚࡋᡂϯᖿ༈Ψ཮

Ԗׯ܌ᡂǴ٠຾Զቹៜځ੃ࢥୋౢނғԋወૈǴԜᅿਏᔈҗ߻ॊ 4.1.5Ϸ 4.1.6࿯

ϐჴᡍ่݀ёޕǴЪНύεಈ৩Ԗᐒނ፦ᐚࡋၨଯਔჹ HAAFP ϐቹៜၨεǶࣁ

Αຑ՗চНύεಈ৩Ԗᐒނ፦࿶਼ϯࡕϐྋှ܄Ԗᐒᅹᐚࡋᡂϯ௃׎аϷჹࡕ

ុෛϯࡕ HAAFP ೷ԋϐቹៜǴҁࣴڗز 20 mL࿶ၸ؇ᐘᐚᕭޑԦݝуΕ ROН

ύ຾Չ၂ᡍǶӧа۳ೀ౛࿶ၸᘠቲНزࣴޑύȐഋǴ1990ȑว౜྽ NPDOCࣁ 5 

mg/LਔǴH2O2ۈ߃а 3.26-16.6 mMࣁന٫ǴҗܭԦݝуΕࡕНύԖᐒނ፦ᐚࡋ

ၨଯǴࡺ຾Չ UV/H2O2ೀ౛ਔబу 16.3 mMޑ H2O2຾Չ 60ϩដ਼ޑϯ၂ᡍǴ

٠ᒿϸᔈਔ໔ᅱෳځ NPDOCϷᐜࡋϐᡂϯǴځύܭಃ 30Ϸ 60ϩដ܌௦໣ϐН

ኬϩձ࿶ၸ 5 µmǵ1 µmǵ0.45 µmϷ 0.22 µmᘠરၸᘠǴஒНύԖᐒނ፦ځ٩ಈ

৩ελӆ୔ϩࣁѤঁಈ৩ελ୔໔Ǵϩձࣁ 1 ~ 5µmޑᗭಈԖᐒނǵ0.45 ~ 1µm

ϐTOCࠔǴ٠ჹӚኬނԖᐒ܄ྋှޑ0.22µmܭǵ0.22 ~ 0.45µmϷλނጤᡏԖᐒޑ

ᡂϯϷෛϯࡕ HAAFP ᐚࡋ຾Չϩ݋Ƕ 

 

4.2.1 ࿶࿶࿶࿶ UV/H2O2 ೀ౛ࡕόӕಈ৩Ԗᐒނϐೀ౛ࡕόӕಈ৩Ԗᐒނϐೀ౛ࡕόӕಈ৩Ԗᐒނϐೀ౛ࡕόӕಈ৩Ԗᐒނϐ NPDOC ϷϷϷϷ TOC ᡂϯᡂϯᡂϯᡂϯ 

    ННύޑεಈ৩Ԗᐒނӧ҂࿶ϸᔈਔڀԖཱུଯϐᐜࡋȐ18 NTUȑǴᒿ๱ణ਼

Ծҗ୷਼ϯբҔϐ຾ՉԶ೴ᅌफ़ှࣁၨλϩηϐԖᐒނǴӵკ 4.11 ҢǴϸᔈ܌

20ϩដਔᐜࡋςफ़ե 30%Ȑ13 NTUȑǴϸᔈ 60ϩដ߾ࡕफ़եԿ 8 NTUǶᒿ๱ᐜ

ϝ҂Πफ़ǶϩࡋᕴᐚځȐ60ϩដȑ״फ़եǴNPDOCΨᒿϐ΢ϲЪԿϸᔈ่ޑࡋ

ηಈ৩λܭ 0.45 µmځޣ NPDOC<0.45 µmᐚࡋऊቚуΑ 150%Ȑҗ 2.48 mg/LԿ 3.36 

mg/LȑǴԜಈ৩ጄൎ᏾ᡏ NPDOCғԋೲ౗ऊࣁ 0.016 mg/L/minǹϩηಈ৩λܭ

0.22 µmޣϐ NPDOC<0.22 µmᐚࡋऊቚуΑ 130%Ȑҗ 2.04 mg/LԿ 3.09 mg/Lȑǹ

ϩηಈ৩ϟܭ 0.22 Կ 0.45µm ໔ϐԖᐒځނ NPDOC ғԋೲ౗ऊࣁ 0.003 

mg/L/minǴЪᒿϸᔈਔ໔ቚуǴ܌ғԋޑ NPDOCᐚࡋΨ೴ᅌ΢ϲǶၸѐࣴزύ
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р(Ku et al., 1998)Ǵӧࡰ H2O2ᐚࡋեਔǴԖᐒނफ़ှޑೲ౗όᒿਔ໔ᡂϯԶׯ

ᡂǴҭջёа႟ԛϸᔈуаඔॊǶԜ၂ᡍύ H2O2 బуޑᐚ߻ࣁࡋ࿯ჴᡍ H2O2

బуໆޑϖ७ǴԿϸᔈ่״ਔϝԖ 1.4 mMූ੮ǴӢԜӧϸᔈӄำ֡ёගٮణ਼

Ծҗ୷ୖᆶϸᔈǴӆу΢Ԗᐒނ፦ᐚࡋၨଯǴࡺᐜࡋफ़եᆶ NPDOCᐚࡋቚуޑ

ೲ֡ࡋᆢ࡭ᛙۓǶीᆉ NPDOCӧΒᅿόӕಈ৩ΠᐚࡋϩթޑКٯว౜ǴԾϸᔈ

5ϩដԿ 60ϩដ໔ NPDOC>0.45 µm/NPDOC<0.22 µmϐКॶ֡ᆢ࡭ӧ 1.03 – 1.09ϐ

໔Ƕҗܭణ਼Ծҗ୷ϐ਼ϯϸᔈόڀᒧ᏷܄ǴӢԜϸᔈය໔཮ӕਔװᔐόӕελ

ࣁ೏਼ϯޑΨόᘐނԖᐒ܄ǴԶྋှނԖᐒ܄ྋှࣁ೏਼ϯނԖᐒރϩηǴಈޑ

ࣁ᝜ϯ܈ϩηޑλ׳ CO2Ǵࡺӧ᝜ϯಈ৩λܭ 0.22 µmϐ NPDOCਔǴΨӕਔҗ

0.45 µmԿ 0.22 µmελ୔໔ϐԖᐒ፦ុ࡭ϩှԶញрಈ৩λܭ 0.22 µmϐԖᐒ

፦аठж߄Ԝಈ৩ጄൎԖᐒނϐ NPDOCᐚࡋቚуǴҗܭΒ೽ϩᐚࡋᡂϯޑКٯ

ऊ࣬฻ǴаठΒᅿಈ৩ϩթϐ NPDOC࣬ჹКٯӧϸᔈ຾Չය໔٠คϼεᡂϯǶ

ऩԖᐒނ፦ς࿶फ़ှၲ΋ۓำࡋǴ߾ёૈวғಈ৩λܭ 0.22 µmϐ NPDOCᐚࡋ

ε൯ቚуޑ౜ຝǶ 

 

 

 

 

 

 

 

 

 

 

კ 4.11 బуԦݝϐНྋన࿶ UV/H2O2਼ϯࡕόӕಈ৩ϐ NPDOCϷ NTU ᡂϯǶ

([H2O2] 0 = 16.3 mM) 
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    ຾΋؁ϩ݋Ԗᐒނ፦ϩηϐಈ৩࿶ၸణ਼Ծҗ୷਼ϯࡕϐϩթᡂϯǴӢҁץ

ԛჴᡍуΕϐԦݝໆၨεǴࡺ໻Ꮷϸᔈኲۭ೽ޑᠳ܏ค٬ݤ 8 L Нኬкϩ֡Ϭޑ

షӝǴӧϸᔈ 30 ϩដਔϐНኬёૈӢ௦໣֖ډၨεໆᗭಈރᄊޑԖᐒނԶᏤठ

ᐜୃࡋଯȐᆶ҂ϸᔈਔϐᐜ߈࣬ࡋȑǴࡺаځдӚਔ໔ᗺϐᐜࡋᡂϯᖿ༈௢՗Ԝ

ਔϐᐜࡋεऊࣁ 12 ~ 13 NTUǴԶϸᔈ 60ϩដਔϐᐜࡋफ़ࣁ 8 NTUǴ᏾ᡏᐜࡋ

࿶ UV/H2O2਼ϯೀ౛ࡕफ़ե 40%Ƕӵკ 4.12Ǵ NPDOC<5 µm໻ቚуΑ 5%Ȑҗ 4.56 

mg/L΢ϲԿ 4.81 mg/LȑǴࡺϝԖ࣬྽КޑٯԖᐒނ፦ϩηಈ৩Ӣεܭ 5 µmԶค

җݤ NPDOCϐኧॶ՗ीځᐚࡋǴऩሡෳໆಈ৩εܭ 5 µm܈ᗭಈރԖᐒᅹᐚࡋ

ᔈ٬Ҕ CODуаຑ՗Ƕ 

ஒಈ৩եܭ 5 µm ޑ NPDOC ٩ᗭಈελϩࣁѤঁಔԋǴӚ೽ϩԖᐒނϐ

NPDOCᐚࡋीᆉБԄӵΠǺ 

[1-5 µm] = [5 µm] - [1 µm] 

[0.45- 1 µm] = [1 µm] - [0.45 µm] 

[0.22- 0.45 µm] = [0.45 µm] - [0.22 µm] 

[<0.22 µm] ޔௗа NPDOCໆෳǶ 

࿶ UV/H2O2 ਼ϯೀ౛ࡕѤঁόӕಈ৩Ԗᐒ܌ނ՞КٯϷ NPDOCᐚࡋᡂϯߚ٠

֡և౜ቚу௃׎Ƕӧϸᔈ 60ϩដࡕϐ[1 ~ 5 µm]ǵ[0.45 ~ 1 µm]ǵ[0.22 ~ 0.45 µm]

Ϸ[< 0.22 µm]೽ϩϐ NPDOCϩձࣁϸᔈ 30ϩដਔϐ 22%ǵ190%ǵ21%Ϸ 295%Ƕ

аӚಈ৩ಔԋԖᐒ܌ނ՞КٯᢀϐǴځύ NPDOC1-5 µmӧϸᔈ 30 ϩដਔऊ՞

40.5%ǴԿ 60 ϩដਔफ़եࣁ 8.6%ǴԶځдၨλಈ৩ϐԖᐒ܌ނ՞К֡߾ٯԖ܌

ቚуǴ٠а NPDOC<0.22 µm೽ϩቚу൯ࡋനεǶҗܭჴᡍᏹբคֹݤӄֹӄஒԦ

፦ǴϸᔈނλϩηԖᐒޑ҂ϸᔈਔНύςԖ΋೽ҽࡺНԋϩѐନǴ֖ޑύݝ 30

ϩដਔಈ৩λܭ 0.22 µm೽ϩϐԖᐒނςэ 50%Ǵᒿ๱ణ਼Ծҗ୷਼ុ࡭ϯεϩ

ηԖᐒނ፦Ψ٬ߦж߄λಈ৩Ԗᐒނϐ TOC ᐚࡋᒿϸᔈਔ໔ቚуǶҗܭಒ๵฻

Ԗᐒނ፦ಈ৩εӭεܭ 1 µmǴуаԦݝύЬाಔԋӭࣁ༾ғނᗭಈǴࡺಈ৩ 1 ~ 

5 µm೽ϩϐԖᐒނх֖ൂᗭಈಒ๵܈ኧᗭಒ๵ಔԋϐᗭಈϩηǴ೭٤ϩηӧϸ
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ᔈ຾Չ30-60ϩដ໔࿶җᠳ܏ၸำނޑ౛ᠳ܏ઇ࿗ᐒ܈ڋణ਼Ծҗ୷਼ϯઇᚯϩ

ηიύޑᗖ่Ǵ٬ளٰԾၨεಈ৩Ԗᐒނϐ NPDOC1-5µmКٯ೴ᅌΠफ़ǴԖᐒނ

аຬၸࣁಈ৩ϩթᒿϸᔈ຾Չᙯޑ ܭಈ৩λࣁ90% 1 µmϐԖᐒނǹԶಈ৩ϟܭ

0.22 ~ 0.45 µm໔Ϸ< 0.22 µmϐԖᐒނӢځελጄൎၨࣁௗ߈ǴҗΒޑޣԖᐒނ

ᐚࡋᡂϯё௢ෳ྽ NPDOC೏਼ϯډեܭ 0.45 µmਔ཮ޑזࡐ೏਼ϯ׳ࣁλϩ

ηǴ܈׭྽εܭ 0.45 µmނޑ፦೏਼ϯਔε೽ϩԖᐒނёޔௗफ़ှԿλܭ 0.22 

µmǴаठ NPDOC<0.22µmϐᐚࡋε൯ቚуǴ܌՞ᕴ NPDOCКٯҗ 50.1%ቚуԿ

61.3%ǴԶ NPDOC0.22-0.45µm೽ϩ߾җ 40.5%फ़եࣁ 8.6%ǶDwyerȐ2008ȑଞჹε

ϩηᆭ෌፦ melanoidin຾Չ UV/H2O2਼ϯϸᔈǴ٠ϩ਼ځ݋ϯౢޑނϩηໆϩ

թᡂϯǴҭว౜ϩηໆၨεȐ>10 KDaȑϐԖᐒނКٯᒿ਼ϯਔ໔Πफ़ǴԶϩη

ໆനե೽ϩȐ<1 kDaȑҭᒿϐ΢ϲǶҁࣴ߾ز຾΋؁૸ፕϩηಈ৩ጄൎၨεЪх

ϩηελϐ࣬ჹᜢ߯໔Ԗ࣬ނᡂϯǴҭว౜ԖᐒޑਔӚಔԋނᗭಈǵጤᡏԖᐒࡴ

 ᖿ༈Ƕޑ߈
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კ 4.12 Ԧݝ࿶ UV/H2O2਼ϯࡕ NPDOCӧόӕಈ৩ϐϩթǶ([H2O2] 0 = 16.3 mM) 
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4.2.2 όӕಈ৩Ԗᐒނ࿶όӕಈ৩Ԗᐒނ࿶όӕಈ৩Ԗᐒނ࿶όӕಈ৩Ԗᐒނ࿶ UV/H2O2 ೀ౛ࡕϐೀ౛ࡕϐೀ౛ࡕϐೀ౛ࡕϐ HAAFP ᡂϯᡂϯᡂϯᡂϯ 

    НύԖᐒނϐϩηໆελΨჹෛϯೀ౛ࡕ DBPsޑғԋԖ܌ቹៜǶၸѐࣴز

Ȑ஭Ǵ1999ȑමаѠ᡼Н৤চНԖᐒނ௖૸ϩηໆᆶځ THMFPϐ࣬ᜢ܄ǴӢচ

НύԖᐒނӭࣁᆭ෌ለЪϟ10<ܭ KDaϷ 0.5-5KDaϐ໔ǴڀࡺԖၨଯޑғԋወ

ૈǶԶ HAA ϐ߻፦ᆶ THM ࣬ၨࣁၨڀᒃН܄ϐނ፦Ǵаεಈ৩༾ғނᗭಈࣁ

ЬޑԖᐒډڙނణ਼Ծҗ୷਼ϯࡕǴ܌ځғԋόӕಈ৩Ԗᐒނϩηౢ܌ғޑ

HAAFP ΨёૈԖόӕޑᖿ༈ǶࡺҁࣴزଞჹӚಈ৩ελಔԋϐൂՏ TOCȐmg/Lȑ

ϐ HAAFP ຾Չ௖૸ǴHAAFP ၂ᡍϐԛෛለ໊బуᏊໆࣁ 60 mg/LȐas chlorineȑǴ

ϩձଞჹಈ৩ϟܭ 0 - 5 µmǵ0 – 1 µmǵ0 - 0.45 µmϷ 0 - 0.22 µmϐԖᐒނ຾Չ

HAAFP ၂ᡍ٠уаКၨǴНྋనύ٠ќబу 0.5 mg/Lϐྜྷᚆηа௖૸ځჹ HAA

ғԋӚނᅿᐚࡋϐቹៜǶჴᡍ่݀Ңܭკ 4.13Ƕ 

    ӧϸᔈ 30ϩដਔǴ؂ mg NPDOC܌ғԋޑ HAAFP ᒿϩηελޑफ़եԶ೴

ᅌቚуǴа 0 - 0.45 µm೽ϩࣁനଯǴҗܭၨ 0 - 0.22 µm೽ϩቚуΑ 0.22 - 0.45µm

ޑ TOCǴࡺ HAAFP ΨᒿϐቚуǴ0 - 1 µmޣϐ TOCᐚࡋᗨၨޣ߻ଯǴՠϸԶ

ޑၨեڀ HAA ғԋወૈǴԜᖿ༈ӧ 0 - 5 µmޑ೽ϩܴࣁ׳ᡉǴځ HAAFP ऊࣁ 0 

- 0.45 µmϐΒϩϐ΋Ǵа۳຾Չ௖૸Ԗᐒނϐ HAAFP ӭଞჹ 0 - 0.45 µmጄൎ

೽ϩǴՠҗ HAAFP ᐚࡋᡂϯёว౜ၨεᗭಈԖᐒނϐሡෛໆၨଯǴԛෛለ཮ᆶ

ԖᐒނϸᔈԶ੃઻ځᏊໆǴԶ 60 mg/L ϐԛෛለబу٠คݤගٮкޑىᏊໆᆶ

HAA ፦ϸᔈǴаठ߻ HAAFP ӧԖᐒނᐚࡋቚуਔϸԶΠफ़Ƕՠϸᔈ 60ϩដࡕ

ӚϩηελϐԖᐒނᐚ֡ࡋև౜ቚуᖿ༈Ǵՠ؂ځ mg TOC܌ғԋϐ HAAFP ࠅ

֡ၨ 30ϩដࣁեǴёૈޑচӢхࡴλϩηȐ0 - 0.45 µmȑނ፦ޑफ़ှϷεϩη

ᔐΚၨமǴӕװᄬ่ޑቚуǴణ਼Ծҗ୷ӧ຾Չ਼ϯϸᔈਔჹ֖ᚈᗖޑࡋ፦ᐚނ

ਔёஒၨλԖᐒނ᝜ϯǴᗨ 0 - 0.22 µmϐᐚࡋቚуǴՠځύߚ HAA ٯ፦ϐК߻

ΨᒿϐቚуǴठ٬ HAAFP ၨ 30ϩដਔࣁեǴҗܭ 0 - 5 µmϐԖᐒނΨх֖λ

ܭ 0.22 µmǴЪځКٯэᕴ TOCຬၸ 60%Ǵࡺ 0 - 0.22 µm೽ϩ HAAFP फ़եޑ

ΨӕਔቹៜځᎩΟঁಔԋǶќᒿ๱εܭ 5 µmᗭಈ೏फ़ှ٬ 1 - 5 µmᐚࡋቚуǴ
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ҭ٬ளځ HAAFP फ़եǶ 

    ଯྜྷᚆηᐚࡋჹ਼ϯϸᔈ຾Չ 30 ϩដࡕԖᐒނϐ HAAFP ቹៜ٠όܴᡉǴ

уΕྜྷᚆη؂ࡕ mg TOC܌ғԋϐᕴ HAA և౜ౣ༾फ़եǴՠ෧ϿК֡ٯόຬၸ

5%ǴԶ HAAs Ӛނᅿޑϩթ֡คܴᡉৡ౦ǴЬाᐚࡋफ़եނᅿࣁ TCAA Ϸ

DCAAǴ࣬ჹԶق BCAA ᆶ BDCAA ϐғԋቚуǴՠځКٯόऩ 4.1.7࿯ύ֖ྜྷ

ޑࡋ፦ύ֖ԖၨଯᐚނԖᐒޑϷϩηၨεݝԦܭ౜ຝǴҭёૈҗޑᅿε൯΢ϲނ

ྜྷǴаठܭଯᐚྜྷޑࡋబуໆ٠҂೷ԋϼεৡ౦Ƕ྽਼ϯϸᔈ຾Չ 60 ϩដࡕǴ

ଯྜྷᚆηᐚޑࡋНኬϐ HAAFP ၨ҂బуޣଯрΑ 15%Կ 40%ǴӚ֖ྜྷނᅿКٯ

ܴ֡ᡉቚуǴҗܭ 0 - 0.22 µmэ TOCКٯനεǴࡺԜ೽ϩԖᐒނྜྷ֖ނᅿᐚࡋ

ᔈڥ౜ǴΨ߄ޑдಈ৩ጄൎځቚуΨቹៜޑ 4.1.7࿯ϐᢀჸ่݀ǴԖᐒނ࿶ၸణ

਼Ծҗ୷਼ϯࡕஒගϲ܌ځғԋϐύ໔ౢނ HAAFP ύ֖ྜྷނᅿޑғԋǶ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

კ 4.13బуԦݝϐНኬ࿶ UV/H2O2਼ϯೀ౛ࡕόӕಈ৩ԖᐒൂނՏ NPDOCϐ

HAAFP ᡂϯȐNPDOCൂՏࣁ mg/Lȑ 
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4.3 ֖ේԖᐒ߻፦֖ڙේԖᐒ߻፦֖ڙේԖᐒ߻፦֖ڙේԖᐒ߻፦ڙ UV/H2O2 ำׇೀ౛ϐਏ౗ᆶ੃ࢥୋౢނғԋ੝܄ำׇೀ౛ϐਏ౗ᆶ੃ࢥୋౢނғԋ੝܄ำׇೀ౛ϐਏ౗ᆶ੃ࢥୋౢނғԋ੝܄ำׇೀ౛ϐਏ౗ᆶ੃ࢥୋౢނғԋ੝܄ 

    চНऩډڙৎ৥ԦНԦࢉǴޑ֖܌ځԖᐒේᐚࡋёૈቚуǴ࿶ෛϯೀ౛ࡕନ

Α़ғ THMs ᆶ HAAs ฻໺಍֖ᅹ੃ࢥୋౢނᅿୢᚒϐѦǴ֖ේ੃ࢥୋౢނӵ

NDMA ϐғԋ੝܄ΨёૈډڙቹៜǶ௦Ҕ UV/H2O2ำׇբࣁ໯ҔНೀ౛ൂϡё

Ԗਏफ़եНύԖᐒᅹᐚ٠ࡋቚуఠ๵ਏ Ǵ݀ՠჹ֖ܭේ੃ࢥୋౢ߻ނ፦ޑѐନਏ

౗લϿ࣬ᜢЎ᝘ёୖٮԵǴځਏૈϝሡाуаຑ՗Ƕҁࣴزᒧڀڗόӕϩη่ᄬ

੝܄ᆶ֖ේচηኧϐ֖ේϯԖᐒӝނǴ௖૸ځ࿶ၸ UV/H2O2 ำׇೀ౛ࡕԖᐒނ

ᆶ੃ࢥୋౢނᐚࡋϐᡂϯ௃׎ǶҗܭӢեᓸ๋Ѧᐩᆅၨଯᓸᐩᆅሽ਱ե༹Ǵ܌઻

຤ྍૈޑΨၨϿǴӧృН൑ჴሞᔈҔ΢ӭ௦Ҕեᓸ๋ѦӀǴࡺӧԜࣴزΨӕਔຑ

՗ଯǵեόӕૈໆ๋ޑѦӀჹНύ֖ේԖᐒ߻፦ϐೀ౛ਏ౗ৡ౦Ƕ 

 

4.3.1 ֖ේԖᐒ߻፦ϐᑔᒧ֖ේԖᐒ߻፦ϐᑔᒧ֖ේԖᐒ߻፦ϐᑔᒧ֖ේԖᐒ߻፦ϐᑔᒧ 

፦຾Չ߻ᒧ᏷ӝ፾ϐ֖ේԖᐒࣁ     UV//H2O2ೀ౛ਏૈෳ၂Ǵҁࣴزӧ຾Չό

ӕૈໆ UV//H2O2 ਼ϯೀ౛߻Ӄჹ֖ේԖᐒނ຾Չ߻࿼၂ᡍǴᙖҗᢀჸځ

NPDOCǵDON ᆶ UV ֎ԏӀ᛼ᡂϯ௃׎ᑔᒧӝ፾ϐԖᐒނ፦Ƕಃ΋໘ࢤ၂ᡍ܌

ᒧҔޑԖᐒේϯӝނхࡴ caffeineǵhistamineǵglutamic acidᆶ ureaѤᅿ֖ේԖ

ᐒϯӝނǴ၂ᡍ߻Ӄፓ᏾Ӛࡑෳ၂ྋనϐ NPDOCଆۈᐚࣁࡋ 5 mg/LǶҗܭӚϯ

ӝ֖܌ނේচηኧόӕǴӧ 5 mg/Lϐ NPDOCᐚࡋΠӚ߻፦Ԗᐒේᐚࡋϩձࣁ

2.9 mg N/Lǵ3.5mg N/Lǵ1.2mg N/LϷ 11.7 mg N/LǶᑔᒧ၂ᡍ٬Ҕ 450 Wϐଯ

ᓸ UV ᐩᆅϷ৒ໆ 8 L ϐό㚉ᒳϸᔈኲ຾Չץԛ၂ᡍǴуΕ 3.26 mMޑ H2O2ϸ

ᔈ 60ϩដǶҗӚࡑෳނ NPDOCᐚޑࡋᡂϯȐკ 4.14ȑǴว౜ urea่ᄬύ໻ڀԖ

΋ঁᅹচηǴЪϩηύ٠ค C-Cᗖ่ǴᏤठځၨᜤа೏ UV//H2O2ೀ౛܌ϩှǴ

ϸᔈ 60ϩដࡕ NPDOC໻फ़եόډ 5%Ƕ࣬ჹԶߏڀق᜘่ᄬޑ glutamic acidϐ

NPDOCᐚࡋफ़ှೲזཱུࡋǴܭϸᔈ 20ϩដࡕ NPDOC໻Ꭹ 6%Ǵϸᔈ่ࡕ״ 98%

ޑ NPDOC ֡ς೏᝜ϯࣁΒ਼ϯᅹǶԶڀᕉ่ރᄬޑ caffeine Ϸ histamineϐ

NPDOCफ़ှᖿ༈߈࣬߾Ǵϸᔈ 60ϩដࡕऊᎩ 20%ϐ NPDOCǶUreaޑ DON फ़
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ှКٯၨ NPDOCัଯǴՠϸᔈ 60ϩដځࡕΠफ़Кٯҭόຬၸ 5%Ƕҗᑔᒧ၂ᡍ

่݀ёޕ UV/H2O2 ำׇᔈၨό፾ӝҔܭೀ౛่ᄬၨᙁൂϐԖᐒނǴځᎩΟᅿ֖

ේϯӝނϐ DON फ़ှᖿ༈ᗨฅ࣬߈Ǵՠҗځܭ DON ଆۈᐚࡋᒿᅹේচηϐК

ȑࡋКၨ୷ྗȐNPDOCǵDONǵವԸᐚࡋ፦ᐚ߻྽٬ҔόӕࡺόӕǴ܌ԶԖٯ

ਔёૈ཮և౜όӕ่݀ޑǶ 

    კ 4.15КၨѤᅿ֖ේϯӝނϐ UV Ӏ᛼ᡂϯǶҗܭϸᔈ 5 ϩដϐࡕӀ᛼ᡂ

ϯ֡คϼεৡ౦Ǵࡺӧკύ໻Кၨ҂ϸᔈᆶϸᔈ 5 ϩដϐ UV ֎ԏӀ᛼ǶUrea

ᆶ glutamic acidϐ่ᄬύό֖Ӆ೫ᚈᗖ܈शᕉǴࡺӧෳ၂ϐߏݢ୔໔٠คܴᡉޑ

֎ԏݢঢ়Ǵӧϸᔈϖϩដࡕ֎ԏமౣࡋԖቚу౜ຝǴΏӢϝԖ༾ໆ H2O2ූ੮܌

ठǹӚࡑෳނྋనНኬ௦໣ࡕᗨ֡ӃуΕ catalaseϸᔈ 30ϩដаନූ੮ϐ H2O2Ǵ

ՠϝ཮Ԗཱུ༾ໆϐ H2O2คֹݤӄѐନǴӢԶ೷ԋ֎Ӏࡋቚуޑ௃ݩǶεठԶق

ऩ၀ϯӝނคܴᡉ֎ԏߏݢǴణ਼Ծҗ୷਼ޑϯਏ݀٠คݤև౜ࡑܭෳނ UV ֎

ԏӀ᛼ϐᡂϯύǶUreaᆶ glutamic acidϐ NPDOCᆶ DON फ़ှਏ݀ᗨԖཱུεৡ

౦Ǵՠӧϸᔈࡕ߻ϐ UV ֎ԏӀ᛼ύځ֎ԏமࡋคϼεᡂϯǶCaffeineϷ histamine

ᄬǴӵკ่ރԖᕉڀᄬύ่ޑ ߻Ңϸᔈ܌4.16 caffeineӧ 275 nmϷ 205 nmԖܴ

ᡉޑ֎ԏঢ়Ǵhistamineӧ210 nmೀΨԖ֎ԏঢ়ǴӧUV/H2O2ϸᔈ5ϩដࡕ caffeine

Ϸ histamineϐ੝ݢ܄ঢ়֎Ӏࡋ൩Ԗܴᡉޑफ़եǴᡉҢణ਼Ծҗ୷ςઇᚯϯӝނ

ύޑᕉ่ރᄬǴځ੝ݢ܄ঢ়֎Ӏࡋफ़եೲ౗ᇻଯܭ NPDOC܈ DONϐफ़եೲ౗Ƕ

UV Ӏ᛼ᒿࡑෳ่ޑނᄬৡ౦ӧόӕߏݢޑ୔ୱ཮և౜֎Ӏࡋελޑৡ౦ǴՠӢ

ԜΒᅿϯӝނϐЬाӀ֎ԏ่ᄬ৒ܰډڙణ਼Ծҗ୷਼ϯǴуаځНύӅ೫ᚈᗖ

่ᄬϐ֖ໆၨϺฅНᡏ܈ቲԦНύեǴࡺӧԜࣴزύၮҔ੝ݢ܄ঢ়֎Ӏࡋϐᡂϯ

໻ૈᢀჸр҆ϩη೏ઇᚯݩރǴԶคݤҔаຑ՗Нύ NPDOCϷ DON ᏾ᡏफ़ޑ

ှำࡋǶ 

    ୷؁߃ܭჴᡍ่݀Ǵকନόܰ೏ UV/H2O2ำׇफ़ှޑ ureaϷϩηύ໻֖Ԗ

΋ભữЪ่ᄬЬाߏࣁᅹ᜘ޑ glutamic acidǶӢҁࣴزట௖૸Ԗᐒේᆶ NDMA

ޑේशᕉ่ᄬ֖܈ᑔᒧϩηύ֖ԖΟભữࢤӧಃΒ໘ࡺғԋᜢ߯Ǵޑ malemineǵ
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triethanolamine (TEA)Ϸ Dimethylamino propyl methacrylamide(DMAPMA)຾Չᑔ

ᒧǴ٠ஒϸᔈྋనϐ DON ଆۈᐚࡋፓ᏾ࣁ 3 mg N/LǴаྋှ܄Ԗᐒේᐚࣁࡋ୷

ྗКၨణ਼Ծҗ୷ϐೀ౛ਏ݀Ǵᆶ 3 mg N/Lϐ malemineǵTEA Ϸ DMAPMA ࣬

ჹᔈޑ NPDOCଆۈᐚࣁࡋ 1.28 mg/Lǵ15.4 mg/LϷ 11.5 mg/LǶځύ melamine

ϐ NPDOCᆶ DON फ़ှ൯ࡋၨեȐ֡ऊफ़ှ 10%ȑǴҗ֖ܭේशᕉ่ޑᄬၨᜤ

ϩှǴࡺ DON फ़եޑ೽ϩᔈӭྍԾशᕉѦௗữ୷೏ઇᚯǶӧ TEA Ϸ DMAPMA

फ़ှ೽ϩǴNPDOCफ़ှຬၸޑ 50%ǴDON Ψёၲډ 20%а΢ޑѐନਏ݀Ǵࡺ

ӧຑ՗਼ϯჴᡍਔᒧڗ TEA ᆶ DMAPMA բࡑࣁෳ֖ේԖᐒ߻፦Ƕќܭჴᡍ຾

Չύӕਔᅱෳϸᔈၸำύූ੮Нύϐ H2O2ໆǶ่݀ᡉҢคፕԖᐒ߻ނ፦ϐ่ᄬ

ৡ౦Ǵ྽уΕ 3.26 mMϐ H2O2ਔǴ܌బуϐ H2O2֡ёӧ 60ϩដϣ೴ᅌ੃઻Ƕ

ᗉխࣁ H2O2బуໆၸϿਔǴϸᔈࢤࡕ໻٩᎞ UV Ӏ຾Չ਼ϯǴ܈ H2O2బуໆၸ

ଯਔӧྋనύᆶԖᐒނᝡݾ UV Ӏ܈ణ਼Ծҗ୷Զफ़եϸᔈೲ౗ǴϸԶफ़եԖᐒ

٬Ҕϐ܌زफ़ှϐਏ౗Ǵҁࣴނ H2O2ۈ߃బуໆ߯٩ྣҁࣴ࠻زа۳ UV/H2O2

ϐᏹբ࿶ᡍԶۓǴ྽ቲН NPDOCࣁ 5 mg/LਔǴH2O2ۈ߃а 3.26-16.6 mMࣁന

٫Ǵҗܭଛ࿼НኬύϐԖᐒނ፦ࣁҞ኱֖ේނᅿǴК΋૓ቲНύԖᐒނ፦ϐ่ᄬ

ൂપǴࡺӧ HPUV/ H2O2ਔуΕ 3.26 mMޑ H2O2ջёၲԋफ़ှԖᐒނϐҞޑǶ 



 

 
87

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

კ ፦࿶߻؁ᑔᒧϐᙁൂԖᐒේ߃ 4.14 UV/H2O2ೀ౛ϐԖᐒނᐚࡋᡂϯ 

ȐAȑNPDOCȐBȑDONǶ([H2O2] 0 = 3.3 mM)
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კ ፦࿶߻؁ᑔᒧ֖ේԖᐒ߃ 4.15 UV/H2O2ೀ౛ࡕϐ UV Ӏ᛼ᡂϯ 
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4.3.2 όӕ่ᄬ֖ේԖᐒ߻፦࿶όӕ่ᄬ֖ේԖᐒ߻፦࿶όӕ่ᄬ֖ේԖᐒ߻፦࿶όӕ่ᄬ֖ේԖᐒ߻፦࿶ UV/H2O2 ೀ౛ࡕϐೀ౛ࡕϐೀ౛ࡕϐೀ౛ࡕϐ NPDOC ᡂϯᡂϯᡂϯᡂϯ 

ᆕӝ 4.3.1࿯܌຾Չޑჴᡍ่݀аϷҁჴᡍ߻࠻යࣴزȐᛥǴ2010ȑǴ୷ܭԖ

ᐒނϩη่ᄬǵ֖ේໆǵ֖܌ේচηڗޑжՏ࿼Ǵᒧ᏷ёૈࣁ NDMA ֖ޑ፦߻

ේԖᐒނբࣁ၂ᡍჹຝа௖૸࿶ UV/H2O2 ೀ౛ࡕϐफ़ှ੝܄Ƕ܌ᒧ᏷ϐෳ၂ჹ

ຝ х ࡴ atrazineǵ caffeineǵ diltiazemǵ Dimethylamino propyl methacrylamide

ȐDMAPMA)ǵhistamineϷ triethanolamine (TEA)฻ϤᅿϯӝނǴӚϯӝނϐ࣬

ᜢၗ਑߄ـ 4.2ǶԵໆҁࣴزа֖ේ߻፦ࣁЬाԵໆǴӢԜаේϐ֖ໆࣁ಍΋К

ၨ୷ྗǴஒྋనϐଆۈ DON ᐚ֡ࡋፓ᏾ࣁ 3 mg N/Lа຾Չ 60ϩដϐ UV/H2O2

ϸᔈǶҗܭНቷჴሞᏹբਔӭ௦Ҕեᓸ๋ѦᐩǴࡺҁჴᡍҭКၨଯǵեᓸόӕф

౗๋Ѧᐩ຾Չ UV/H2O2ೀ౛ਔϐਏ݀Ǵჴᡍ೛ഢӵ 3.1.1࿯Ϸკ ҢǶԵቾ܌3.3

٬ UV/ H2O2س಍ӧϸᔈਔ໔ϣ೿ёගٮణ਼Ծҗ୷ǴЪӧ 60ϩដֹࡕӄ੃઻ค

ූᎩ H2O2Ǵࡺଯᓸ๋ѦᐩȐHPUVȑϷեᓸ๋ѦᐩȐLPUVȑᏹբਔϐ H2O2 బ

уᏊໆϩձࣁ 3.26 mMȐ0.01%ȑϷ 0.326 mMȐ0.001%ȑǶ၂ᡍ߻ӧ҂းΕϸᔈ

НኬޑϸᔈኲനѦጔෳໆ UV254ǵUV340Ϸ UV365๋ѦӀϐૈໆǴໆෳՏ࿼ࣁᐩ

ᆅϐύѧՏ࿼Ǵ๋Ѧᐩᆅ HPUV Ϸ LPUV ϐૈໆϩթӵΠ߄ǴԶ HPUV ϐᒟ৔

ૈໆӧߏݢ 200-400 nmጄൎޑϩթӵკ 4.16(Wang et al., 2000)Ƕ 

 

߄ 4.3 HPUVᆶ LPUV  Ϸૈໆϩթߏݢ

 UV range (nm) UV intensity at specific wavelength (mW/cm2) 

  UV254 UV340 UV365 

HPUV 200-400 1.53 1.98 6.64 

LPUV 254 0.04 0 0 
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კ 4.16 HPUVϐᒟ৔மࡋϩଛȐаಒჴጕ߄Ңȑ 

 

җܭ DON ࣁፓ᏾ࡋᐚۈଆޑ 3 mg N/LǴځࡺ NPDOCଆۈᐚࡋᒿӚϯӝނ

ϐᅹේКԖ܌όӕǴϤᅿόӕ่ᄬԖᐒ߻፦ϐۈ߃ NPDOC ϩձࣁ 4.11 mg/L 

(atrazine)Ǵ5.14 mg/L (caffeine)Ǵ28.29 mg/L (diltiazem)Ǵ11.57 mg/L (DMAPMA)Ǵ

4.29 mg/L (histamine)Ϸ 15.43 mg/L (TEA)ǴҗܭӚϯӝނϐ NPDOCᐚࡋϟܭ

4-28 mg/L ϐ໔ǴԜᐚࡋ΢ޑৡ౦Ψёૈჹځफ़ှ੝܄೷ԋ΋ۓቹៜǶ྽٬Ҕ

HPUV/H2O2 ೀ౛ԜϤᅿϯӝނਔёᢀჸډε೽ϩޑ NPDOC फ़ှวғܭϸᔈ߻

30ϩដȐკ 4.17AȑǶ่ᄬၨࣁፄᚇЪۈ߃ NPDOCᐚࡋၨଯޑ diltiazemϐѐନ

ਏ౗ၨৡǴЪ਼ځϯೲ౗ӧ᏾ࢤϸᔈਔ໔ϣ٠คϼεᡂϯǶҗܭ diltiazem ่ᄬ

ύڀԖჹణ਼Ծҗ୷ૈלܢΚၨமޑ s-triazine-ringǴ࿶ UV/H2O2ೀ౛ 60ϩដ໻

ૈѐନऊ ޑ40% NPDOCǴࡺሡा׳ம਼ޑϯΚωёஒֹځӄ᝜ϯǶڀԖޔᅹ᜘

फ़ှਏ౗ၨଯǴDMAPMAނϯӝޑशᕉ่ᄬ܈ ӧϸᔈ 60 ϩដϣफ़ှၲ ޑ60%

NPDOCǴԶ TEA ѐନਏ݀ǴϸᔈޑٯଯК׳ډёၲ߾ 60ϩដࡕёѐନऊ 80%

ޑ NPDOCǶҗܭ TEA ่ᄬࣁේচηӚԖΟঁᅹ᜘ڗжǴࡺၨ৒ܰ೏ణ਼Ծҗ୷



 

 
91

ϩှǴӧ܌ 30ϩដϣёѐନ 80ʘޑ NPDOCǶӕኬߏڀࣁᅹ᜘่ᄬޑ DMAPMA

ϐफ़ှК߾ٯၨ TEA եǴTEA ϐᅹේচηКȐC/Nȑࣁࣁ 6ǴԶ DMAPMA ࣁ߾

4.5Ǵӧ܌ᒧҔޑϤᅿϯӝނύКٯၨࣁௗ߈ȐନΑ diltiazemϐ C/N ࣁ 11аѦǴ

ܭᎩ֡λځ 2ȑǴՠ DMAPMA ҂ऩٯफ़ှКޑ TEA ଯǴࡺᗨΒ่ޣᄬ֡ڀԖޔ

ᅹ᜘ǴฅԶځᅹ᜘่ޑᄬϝჹణ਼Ծҗ୷ޑफ़ှԖ܌ቹៜǴߏᅹ᜘ᆶอᅹ᜘࣬ၨ

ϐΠ਼ϯޑਏ౗ၨեǶԶڀԖ֖ේशᕉ่ᄬޑ histamineϷ caffeineϐ NPDOC߾

ӧ 30ϩដਔջϩձफ़ե 60%Ϸ 70%Ǵϸᔈ 60ϩដၲ߾ԋ 80ʘޑफ़ှǴҗ֖ܭ

ේशᕉࣁᒃႝη่ᄬǴڙࡺణ਼Ծҗ୷װᔐࡕϐफ़ှਏ݀ࣁᆶ֖ޔ᜘ޑ TEA Ԗ

 ᖿ༈Ƕޑ߈࣬

а LPUV/H2O2 ำׇೀ౛߻ॊϤᅿϯӝނϐ่݀Ңܭკ 4.17BǶ٬Ҕ

LPUV/H2O2ำׇೀ౛Ϥᅿϯӝނਔځ NPDOCޑफ़ှᖿ༈ᆶ HPUV/H2O2ัԖό

ӕǴεठ΢Զقҗܭեᓸ๋Ѧᐩ܌ගૈޑٮໆၨեǴ܌аణ਼Ծҗ୷ޑғԋໆၨ

եǴᏤठ NPDOCޑѐନਏ݀К HPUV/H2O2ࣁեǴЪҗܭ NPDOC਼ޑϯೲࡋ

ၨᄌǴࡺคፕϩηᄬ೷Ϸ NPDOCଆۈᐚࡋӧ᏾ࢤϸᔈਔ໔ϣ֡ᆢ࡭εठ࣬ӕޑ

फ़ှೲࡋǶεठ΢ LPUV/H2O2 ჹ֖ڀܭशᕉ่ᄬނޑᅿڀԖၨଯޑफ़ှਏ݀Ǵ

histamineᆶ caffeineϝࣁၨܰ೏਼ϯޑԖᐒ߻፦Ǵϸᔈ 60ϩដࡕёѐନ 60 - 70%

ޑ NPDOCǶӧ LPUV/H2O2س಍ύᗨฅబуޑ H2O2ᐚࡋ໻ࣁ 0.32mMǴՠډ 60

ϩដϸᔈਔ໔ࡕӧНኬύϝёෳள༾ໆޑ H2O2ූӸǴЪԜ 15Wޑ LPUV ৔ܫ܌

рϐ๋ѦӀߏݢൂࣁ(254 nm)ǴӢ H2O2ӧ UV254Ԗࡐଯޑ֎ӀࡋǴࡺӧНύԖ

H2O2ӸӧݩރޑΠ LPUV ܌ໆǴૈޑణ਼Ծҗ୷ғԋٮගࣁՅفЬाޑᄽת܌

ғԋణ਼Ծҗ୷ჹܭᒃႝη่ᄬޑशᕉڀԖၨଯ਼ޑϯૈΚǹӧ HPUV/H2O2س

಍ύҗܭଯᓸᐩᆅౢ܌ғᒟ৔ߏݢޑϩթࣁ 200-400 nmǴࡺନΑᆶ H2O2բҔғ

ԋణ਼Ծҗ୷ѦǴHPUV ӀΨёൂᐱઇᚯ٤ࢌԖᐒޑނᗖ่ǴаठӧНύςค

H2O2ޑ௃ݩΠϝёុ࡭຾Չ਼ϯǶ 

٬Ҕ LPUV/H2O2ೀ౛ diltiazemਔǴځ NPDOCӧϸᔈ 30 ϩដࡕ໻ऊफ़ե

5%ǴԶа LC/MS/MS ໆෳ diltiazemϐᐚ߾ࡋว౜Ԝਔ ϩης೏फ़ှǶޑ80%
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Diltiazemӧ UV240Ԗനε֎ӀॶǴځ֎Ӏࡋҭҗ҂ϸᔈਔޑ 2.1 cm-1फ़եԿ 1.36 

cm-1ǴΠफ़൯ࣁࡋ 35%Ǵҗܭ diltiazem ϩη่ᄬၨࣁፄᚇЪڀᒃႝη੝܄Ǵа

1,4-thiazepineᕉࣁЬ่ᄬ٠֖ԖঁٿशᕉǴణ਼Ծҗ୷຾Չ਼ϯϸᔈਔӧۈ߃໘

ઇᚯǴ೷ԋޑᄬ่ރջё೷ԋᕉࢤ UV240֎ӀࡋΠफ़ǴࡺԜਔ diltiazemϩης೏

ઇᚯǴԿϸᔈ 60ϩដ҆ࡕϩηςคݤෳளǴՠԜਔ NPDOCϝԖ 90%҂೏फ़ှǴ

ж߄ LPUV/H2O2໻ၲԋ೽ϩफ़ှǴஒ diltiazemϩှࣁϩηၨλޑอ᜘ނ፦Ǵՠ

೭٤ύ໔ౢނϝԖёૈ׎ԋ੃ࢥୋౢ߻ޑނ፦ǶHPUV/H2O2ӧೀ౛ diltiazemਔ

फ़ှϷ᝜ϯਏ݀Ǵϸᔈޑၨӳډёၲ߾ 30 ϩដࡕջςคݤෳໆр diltiazem ϩ

ηǴUV240֎ӀࡋΠफ़ऊၲ 65% Ȑҗ 2.1 cm-1फ़եԿ 0.74 cm-1ȑǴӕਔ NPDOC

ΨΠफ़Α 82%Ƕ 

 

4.3.3 όӕ่ᄬ֖ේԖᐒ߻፦࿶όӕ่ᄬ֖ේԖᐒ߻፦࿶όӕ่ᄬ֖ේԖᐒ߻፦࿶όӕ่ᄬ֖ේԖᐒ߻፦࿶ UV/H2O2 ೀ౛ࡕϐೀ౛ࡕϐೀ౛ࡕϐೀ౛ࡕϐ DON ᡂϯᡂϯᡂϯᡂϯ 

    ٬ҔHPUV/H2O2ೀ౛ϤᅿԖᐒ߻፦ϐDONᡂϯᖿ༈ᆶNPDOCԖܴᡉޑৡ

౦ǶӚᅿԖᐒ߻፦ޑ DON फ़ှК֡ٯၨ NPDOCࣁեȐკ 4.17ȑǴЪନΑ caffeineǵ

histamineѦځдԖᐒ߻፦ϐफ़ှК֡ٯեܭ 90%ǶӧҁჴᡍύᒧޑڗϯӝނύǴ

ේচηεӭՏܭϩηύЈՏ࿼܈ᆶࣁᕉ่ރᄬޑ΋೽ҽǴࡺሡाၨம਼ޑϯΚω

ёஒ่ځᄬѺᘐǴ٠ᝩុ᝜ϯࣁฮለਥǵ٥ฮለਥϷ਽ේ฻คᐒේނᅿǹԶ

histamineᆶ DMAPMA ణ਼Ծҗ୷ၨܰࡺϩηѦᆄǴܭᄬύ֡ԖේচηՏ่ޑ

Ѻᘐ่ځᄬԶ຾΋؁᝜ϯǴEinschlag et al. (2009) ٬Ҕ MPUV/H2O2ำׇೀ౛ฮ

୷ޱ३௼ਔΨว౜࣬ӕ่ޑ Ǵ݀शᕉ΢܌ೱௗޑฮ୷೏फ़ှ٥ࣁฮለਥࡕᒿջ೏

਼ϯࣁฮለਥǴशᕉޑઇᚯೲ߾ࡋၨࣁ጗ᄌǶHistamineύޑ imidazole ring ่ ᄬ

ᔐǴcaffeineװޑᒃႝη่ᄬ৒ܰ֎Їణ਼Ծҗ୷ࣁǴ܄੝ޑ३௼ᜪ՟ޱԖᆶڀ

ᄬᆶ่ޑ histamine࣬ ࡺԖ֖ේशᕉǴڀҭ߈ caffeineޑ DON ӧ 60ϩដϣёफ़

߈ှ 25%Ǵ่ᄬύӕਔڀԖ֖ේशᕉϷϩηѦᆄữ୷ޑ histamineޑ DON फ़ှ

К܌ࣁ߾ٯԖ߻፦ύനଯޣǴϸᔈ 30 ϩដջёၲԋ߈ ޑ40% DON फ़ှǶ

Histamineӧ UV210Ԗനε֎ӀࡋǴӧϸᔈ 30ϩដࡕ UV210җ 0.4 cm-1फ़եԿ 0Ǵ
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ᡉҢځ imidazole ring่ ᄬς೏ઇᚯǴՠ҂ֹӄ᝜ϯᏤठ DON ԿϸᔈಖЗਔϝ࡭

ុफ़եǹᜪ՟่݀ޑΨวғӧ diltiazem Ϸ caffeine फ़ှǴdiltiazemޑ ύޑ

1,4-thiazepine ringǵcaffeineύޑ purine่ᄬ֖֡ԖේচηǴځനε֎ԏࡋӧϸᔈ

30ϩដϣ֡ԖܴᡉޑᡂϯǴdiltiazemϐ UV240֎ӀࡋΠफ़ 65%Ǵcaffeineϐ UV275

֎Ӏࡋҗ 0.47 cm-1 Πफ़Կ 0Ǵ೭ނ٤፦ޑᕉ่ރᄬ֡ёᇸܰޑ೏ణ਼Ծҗ୷ઇ

ᚯǴՠϝ໪ޑߏ׳բҔਔ໔਼܈ϯૈໆωёफ़ှ DONǶLPUV/H2O2ำׇύҗܭ

๋ѦᐩૈໆϷ H2O2బуໆ֡ၨ HPUV ܭჹࡺեǴࣁ DON όܴᡉǴନ׳फ़ှޑ

Α֖ේशᕉޑ caffeineϷ histamineѦǴຬၸ ේϝаԖᐒࠠᄊӸӧǴҗޑ90% DON

 ǶޣԖữ୷ڀϩη҃ᆄ܈ේशᕉ֖ڀࣁफ़ှᖿ༈ёᘜયрၨܰ೏फ़ှϐ่ᄬޑ
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კ 4.17 ϤᅿԖᐒ߻ނ፦࿶όӕமࡋϐ UV/H2O2ೀ౛ϐ NPDOCᆶ DONᐚࡋᡂϯȐAȑHPUVȐBȑLPUV 
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4.3.4 όӕ่ᄬ֖ේԖᐒ߻፦࿶όӕ่ᄬ֖ේԖᐒ߻፦࿶όӕ่ᄬ֖ේԖᐒ߻፦࿶όӕ่ᄬ֖ේԖᐒ߻፦࿶ UV/H2O2 ೀ౛ࡕϐೀ౛ࡕϐೀ౛ࡕϐೀ౛ࡕϐ THMFP ᆶᆶᆶᆶ HAAFP ᡂϯᡂϯᡂϯᡂϯ 

    Ϥᅿ֖ේԖᐒ߻፦࿶ HPUV/H2O2Ϸ LPUV/H2O2ೀ౛ࡕϐ THMFP ᆶ HAAFP

ᡂϯӵკޑȐC-DBPFPsȑނୋౢࢥᅿ֖ᅹ੃ٿ 4.18ǶҗܭНύ٠҂బуྜྷᚆηǴ

ࡺ THM ᅿ໻ԖෛүǴԶނ HAA ᅿ໻Ԗނ MCAAǵDCAA Ϸ TCAAȐаᕴ HAAs

ᐚ߄ࡋҢȑǶҗ C-DBPFPϐᡂ୏ᖿ༈ёஒϤᅿ֖ේԖᐒ߻፦ϩٿࣁᜪǺಃ΋ᜪࣁ

คፕ٬Ҕ਼ޑϯૈໆελǴࣗ܈Կࢂց࿶ၸ਼ϯೀ౛֖ځᅹ੃ࢥୋౢނϐᐚࡋᡂ

ϯ೿όܴᡉǴ೭٤Ԗᐒނхࡴ caffeineǵhistamineϷ TEAǹԶ atrazineǵdiltiazem

Ϸ DMAPMA ࡕణ਼Ծҗ୷਼ϯڙǴނќ΋ᜪԖᐒࣁ߾ C-DBPFPԖόӕޑᡂϯᖿ

༈Ƕಃ΋ᜪϯӝނӭ่ࣁᄬၨࣁᙁൂ܈ϩηໆၨեޑϯӝނǴӧ҂࿶਼ϯ܌߻ғ

ԋޑ THMFPջၨեǴջ٬࿶ၸ਼ϯࡕ NPDOCᐚࡋԖܴᡉޑफ़եǴჹܭ THMFP

᏾ᡏѐନਏૈ൩ᡉளၨόܴᡉǹӵკޑ 4.18A܌ҢǴନΑ histamine࿶ၸHPUV/H2O2

਼ϯࡕё༾൯फ़եځ THMFP ѦǴځᎩ caffeineϷ TEA คፕ٬Ҕ HPUV/H2O2 ܈

LPUV/H2O2ೀ౛Ǵ֡คܴݤᡉफ़ե THMFPϐғԋǶDMAPMA ӢڀԖၨޑߏિެ

௼่ᄬࣁࡺၨޑ٫ THM ፦Ǵ྽߻ DON ᐚࣁࡋ 3 mg N/Lਔځ NPDOCࣁ 11.57 

mg/LǴ܌ғԋޑ THMFPࣁ 739 µg/LǴ࿶ၸణ਼Ծҗ୷ೀ౛ёε൯ࡋफ़ե THMFPǶ

DMAPMA ࿶ HPUV/H2O2਼ϯࡕ THM ຬၸࡋ፦ѐନ൯߻ 90%Ȑೀ౛ࡕ THMFP

ࣁ 20 µg/LȑǴ٬Ҕ LPUV/H2O2Ψёѐନऊ ޑ60% THMFPȐೀ౛ࣁࡕ 324 µg/LȑǴ

ޑफ़ှਏ݀ǶAtrazineޑ፦Ԗཱུ٫߻ޑᅹ᜘่ᄬߏԖڀܭణ਼Ծҗ୷ჹࡺ THMFP

फ़ှΨԖ࣬՟ޑᖿ༈Ǵӧ HPUV/H2O2Ϸ LPUV/H2O2ޑೀ౛ࡕϩձफ़եΑ 80%Ϸ

30%Ƕҗܭ atrazine่ޑᄬύхࡴ s-triazineᕉϷ֖ 2~3ঁᅹޑЍ᜘Ǵణ਼Ծҗ୷ҭ

ёઇᚯ೭٤่ᄬԶफ़ե THMFPǶᆶځдϯӝ࣬ނၨǴUV/H2O2 ჹܭ diltiazem ޑ

THMFPफ़ှ٠คݤԏࡐډӳޑԋਏǴ҂ೀ౛߻ diltiazemϐ THMFPࣁ 173 µg/LǴ

а HPUV/H2O2 ೀ౛ځࡕᐚࡋ໻և౜ 15%ϐ༾൯Πफ़Ȑ146 µg/Lȑǹၨ੝ਸځࢂޑ

THMFP ࿶ LPUV/H2O2 ೀ౛ࡕϸԶቚуࣁ҂ೀ౛ਔϐ 1.56 ७Ȑ270 µg/LȑǴҗܭ

diltiazem่ࣁᄬၨፄᚇނޑ፦ǴLPUV/H2O2܌ග਼ޑٮϯΚᗨёஒ diltiazem่ޑ
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ᄬઇᚯǴՠ਼ϯౢ܌ғޑύ໔ౢނϸԶၨճܭᆶෛϸᔈғԋ THMFPǴԶ

HPUV/H2O2܌ගޑٮၨଯ਼ϯΚёӕਔफ़ե diltiazemޑ THMFP Ϸ NPDOCǴࡺ

ऩуߏϸᔈਔ໔ុ࡭٠ගىٮ୼ޑ H2O2 ຾Զғԋణ਼Ծҗ୷Ǵ߾ᔈёӧ

LPUV/H2O2Ϸ HPUV/H2O2֡ᢀჸډ THMFPޑफ़եǶ 

    Ϥᅿ֖ේϯӝނ࿶ UV/H2O2ೀ౛ࡕϐ HAAFP ᡂϯӵკ 4.18BǴନΑ diltiazem

ᆶ DMAPMA аѦคፕӚϯӝࢂނց࿶ၸ਼ϯǴ܌ځғԋޑ HAAFP ֡եܭ 200 

µg/LǶҗܭ೭ނ٤፦ C/N КٯၨեȐ1.6-6ȑǴNPDOCᐚࡋጄൎϟܭ 4.11 – 15.43 mg/L

ϐ໔Ǵࡺ HAAFP ࣬ၨϐΠၨեǴԶ diltiazemᆶ DMAPMA ϐ C/N Кϩձࣁ 11Ϸ

4.5ǴӢԖᐒᅹᐚࡋଯȐϩձࣁ 28.29Ϸ 11.57 mg/Lϐ NPDOCȑЪ่ᄬၨፄᚇǴᏤ

ठ HAA ԖၨଯޑғԋወૈǴନԜϐѦ diltiazemᆶ DMAPMA ӧ࿶ၸόӕૈໆޑ

UV/H2O2 ೀ౛ࡕΨև౜όӕޑᐚࡋᡂϯᖿ༈Ƕ࿶ၸణ਼Ծҗ୷਼ϯޑࡕύ໔ౢނ

཮೴ᅌୃӛᒃН܄ԖᐒނǴԶ HAA ፦ᆶ߻ޑ THM ނޑ܄ᒃНڀၨࣁ፦࣬ၨӭ߻

፦Ǵӧ 4.1.6࿯ύว౜ԦН࿶ UV/H2O2਼ϯځࡕ HAAFP ᐚࡋӧϸᔈ߻ 20Կ 30ϩ

ដϝև౜ቚуޑᖿ༈ǴѸ໪਼ុ࡭ϯϩှ೭٤ύ໔ౢނωёफ़եځ HAAFP ᐚࡋǶ

Ԝ೽ϩϐჴᡍ่݀ᡉҢϤᅿ֖ේϯӝނΨԖ๱࣬ӕޑᖿ༈Ǵځ࿶Βᅿόӕૈໆϐ

UV/H2O2਼ϯ߾ёКᔕ਼ࣁϯϸᔈำޑࡋόӕǴନΑ diltiazemϐѦޑϖᅿԖᐒނ

࿶ၸ LPUV/H2O2ࡕჹ੃ࢥୋౢ߻ނ፦਼ϯำ٠ࡋόкϩǴ٬ HAAFP և౜΢ϲ௃

ޑၨம਼ϯૈໆڀǴՠ׎ HPUV/H2O2߾Ӣஒ੃ࢥୋౢ߻ނ፦फ़ှำࡋၨଯǴёफ़

եೀ౛ࡕ HAAFP ϐᐚࡋǶDMAPMA җܭӧ࣬ӕԖᐒේᐚࡋΠ֖ᅹໆၨଯǴࡺ

HAAFP ᐚࡋᡂϯޑ൯ܴࣁ׳ࡋᡉǴ҂ೀ౛߻ϐ HAAFP ࣁ 288 µg/LǴа LPUV/H2O2

ೀ౛ځࡕᐚࡋε൯΢ϲ 2.5७Ȑ727 µg/LȑǴ٬Ҕ HPUV/H2O2ೀ౛߾ࡕѐନΑ 60%

ޑ HAAFPȐ110 µg/LȑǶԶ diltiazemϐ่ᄬനࣁፄᚇǴLPUV/H2O2Ϸ HPUV/H2O2

ೀ౛ϩձ٬ HAAFP ΢ϲࣁ҂ೀ౛ਔȐ108 µg/Lȑϐ 4७Ȑ437 µg/LȑϷ 9७Ȑ966 

µg/LȑǴHPUVӧ60ϩដޑϸᔈਔ໔ϷH2O2బуᏊໆΠೀ౛diltizemᗨё٬NPDOC

फ़ե 50%ǴՠྋనύූӸޑύ໔ౢނϸԶڀԖཱུଯޑ HAAFPǶ೭٤Ԗᐒނҗܭ࿶
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ၸ਼ϯࡕගϲځᒃН܄Ϸᆶԛෛለϐϸᔈ܄Ǵࡺ೷ԋуෛࡕғԋၨଯᐚޑࡋ

HAAsǶ 

    ᆕӝҁ࿯่݀Ǵ࿶ၸ UV/H2O2ϸᔈࡕǴԖᐒނ THMFPᆶ HAAFP ᡂϯࡋᐚޑ

Ƕ਼ϯϸᔈόֹӄਔǴ܄ϩηελϷϯᏢ੝ޑނϷനಖౢނϯύ໔ౢ਼ځܭ،ڗ

Ԗᐒ่ނᄬᗨ೏ઇᚯՠ҂кϩѐନڀ੃ࢥୋౢ߻ނ፦੝܄ϐύ໔ౢނਔǴځύ໔

ϸᔈԶғԋނԛෛለᆶύ໔ౢࡺǴނакϩफ़ှԖᐒىᏊໆόޑஒӢԛෛለނౢ

C-DBPsޑᐒ཮Ψ࣬ჹቚуǴӧ਼ϯϸᔈۈ߃຾Չਔᢀჸډ THMFPᐚࡋϐ΢ϲǴ

ࣁ೴ᅌᙯඤނёૈӢύ໔ౢࡕϯ਼ុ࡭ HAA ࡺ፦߻ HAAFP ΨᒿϐቚуǴډޔ

UV/H2O2 ϸᔈ๏ϒى୼਼ޑϯૈΚ٠ஒ੃ࢥୋౢ߻ނ፦Ԗਏफ़ှࡕωёफ़ե᏾ᡏ

੃ࢥୋౢނғԋወૈǶऩКၨ DMAPMA ᆶ diltizemΒᅿڀၨଯ DBPFPϐԖᐒނ

ӧ ό ӕ ਼ ϯ ૈ ໆ Π ϐ ೀ ౛ ਏ ౗ Ǵ DMAPMA ࿶ ၸ HPUV/H2O2 ೀ ౛

ȐHPUV-DMAPMAȑࡕ THMFP Ϸ HAAFP ֡և౜फ़եᖿ༈Ǵdiltiazem ٬Ҕ

LPUV/H2O2ೀ౛ȐLPUV-diltiazemȑࡕ THMFPϷ HAAFP ၨ҂਼ϯਔଯрኧ֡ࠅ

७ǴԶ LPUV-DMAPMA ᆶ HPUV-diltiazem֡ࣁ THMFPᐚࡋफ़եЪ HAAFP ᐚࡋ

և౜ϲଯᖿ༈ǴҗԜё௢ෳ LPUV-DMAPMA ᆶ HPUV-diltiazemϐ֖ᅹ੃߻ࢥ፦

֡҂ၲֹӄफ़ှǶᆕӝа΢ NPDOCǵTHMFPᆶ HAAFP ᡂϯȐკࡋᐚޑ 4.17Ϸ

კ 4.18ȑёᘜયрѤޣϐ਼ϯਏ౗ǴDMAPMA ࿶ HPUV ܈ LPUV ೀ౛֡Ԗؼӳ

ϐ਼ϯਏ౗Ǵdiltiazem߾ሡа HPUV ೀ౛Бૈගىٮ୼ϐ਼ϯਏ౗Ǵа LPUV ೀ

౛ diltiazem߾คډၲݤԖਏϐೀ౛ਏૈǶ 

ӧჴ൑ᔈҔύ܌Եໆ٬Ҕޑ UV மࡋϷ H2O2బуໆЬा๱౳ᗺࣁ੃ࢥఠ๵Ϸ

༾ໆԦޑނࢉѐନ(Kruithof et al., 2007)ǶKruithof et al.Ȑ2007ȑࣴزϐҞ኱ࣁफ़ှ

ޑ80% atrazineǴۈ߃ځᐚࣁࡋ 1 µg/LǴ٠ѐନ 99.9%хࡴᗦ᪐ηᙝǵఛࠠᚎЛᙝ

฻༾ғނǴ٬ࡺҔ 6 mg/Lޑ H2O2బуଛӝமࣁࡋ 600 mJ/cm2ޑ UV254ǴচН੃ࢥ

ֹԋ٠ࡕόӆуෛᆢ࡭НύූޑᎩ੃ࢥΚǶаҁჴᡍύ܌ޑ௦Ҕޑଯᓸ๋Ѧᐩ

UV254மࡋԶقǴ໻ሡ 20 ϩដёၲ࣬ډӕޑமࡋǴՠаѠ᡼Ӧ୔ޑԾٰНృН൑
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ԶقǴуෛ੃ࢂࢥѸഢำׇǴࡺ੃ࢥୋౢ׎ޑނԋᆶցࢂନΑఠ๵ϷԦޑނࢉफ़

ှѦќ΋Եໆख़ᗺǶӧ UV/H2O2 ำׇύǴࣁΑၲԋ੃ࢥୋౢ܈ނԖᐒ߻፦ֹޑӄ

फ़ှǴሡቚу਼ϯᏊமࡋȐUV ம܈ࡋ H2O2ᏊໆȑϷԖᐒނϐϸᔈਔ໔Ǵऩೀ౛

่ᄬፄᚇϐԖᐒނਔ਼ϯமࡋόىǴ߾೷ԋԖᐒޑނ೽ϩफ़ှǴϸԶቚуύ໔ౢ

ԶᏤठ܄Ꮚϐϸᔈࢥᆶ੃ނ THMFP܈ HAAFP ε׳ቚуǴёૈჹΓᡏ଼ந೷ԋޑ

Ӓ্Ƕ 



 

 
99

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

კ 4.18 Ϥᅿ֖ේԖᐒ߻ނ፦࿶όӕமࡋϐ UV/H2O2ೀ౛ࡕϐ C-DBPFPᐚࡋᡂϯ
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4.3.5 όӕ่ᄬ֖ේԖᐒ߻፦࿶όӕ่ᄬ֖ේԖᐒ߻፦࿶όӕ่ᄬ֖ේԖᐒ߻፦࿶όӕ่ᄬ֖ේԖᐒ߻፦࿶UV/H2O2ೀ౛ࡕϐೀ౛ࡕϐೀ౛ࡕϐೀ౛ࡕϐNDMAFPᆶύ໔ౢނᆶύ໔ౢނᆶύ໔ౢނᆶύ໔ౢނDMA

ᐚ࣬ࡋᜢ܄ᐚ࣬ࡋᜢ܄ᐚ࣬ࡋᜢ܄ᐚ࣬ࡋᜢ܄ 

Atrazineǵcaffeineǵhistamineᆶ TEA ϐ่ᄬύᗨ֖֡ԖΒભữ܈ΟભữǴՠ

คፕࢂց࿶ၸ UV/H2O2ำ਼ׇϯǴ׳బуෛữϸᔈ֡҂ғԋ NDMA Ϸ DMAǶځ

ύ caffeineᆶ histamine่ᄬύϐේচηࣁՏܭϩηѦᆄޑữ୷܈ᕉ่ރᄬύޑϣ

ㄽữȐlactamȑǴữ୷҂࿶਼ϯਔࣁ΋ભữǴ਼ڙϯࡕ C-N ᗖ೏फ़ှԶౢғ਽ේǴ

ԜΒᅿࠠᄊౢނᆶෛữϸᔈ֡ό཮ғԋ NDMAǴԶϣㄽữϐ่ᄬᗨӧ਼ϯډڙࡕ

ઇᚯǴణ਼Ծҗ୷ઇᚯޑᗖ่Տ࿼٠ค਼ځ٬ݤϯౢނϐ่ᄬౢғ DMA ᜪ՟ڀ܈

DMA ่ᄬϐౢނǶAtrazine ϐ่ᄬࣁ s-triazineᕉ΢ೱௗΒঁΒભữǴՠКၨځ

NPDOCᆶ DON ᐚࡋᡂϯȐკ 4.17ȑǴ௢ෳЬाޑᗖ่ઇᚯวғܭữ୷Ѧᆄޑᅹ᜘Ǵ

ߚҭނϯౢ਼ځࡺ NDMA ፦ǶTEA߻ ϐ่ᄬύڀԖ΋ঁΟભữЪՏܭϩηϐύ

ЈǴ҂࿶ణ਼Ծҗ୷਼ϯਔᆶෛữϸᔈ٠ค NDMA ᗖޑઇᚯ܌ෛữ߄ғԋǴжޑ

่Տ࿼ҭό཮٬ TEA ਼ϯڀࣁ DMA ่ᄬځ܈д NDMA ፦ǴԶނ፦ϐ߻ TEA ࿶

ၸణ਼Ծҗ୷਼ϯࡕϝ҂ғԋ NDMA ፦Ǵନค߻ޑ DMA ғԋѦځคᐒේᐚࡋҭ

࣬྽եǴHPUV/H2O2ᆶ LPUV/H2O2ೀ౛ࡕϐᐚࡋϩձࣁ 0.227 mg N/LϷ 0.072 mg 

N/LǴᡉҢຬၸ ё௢ෳణ਼Ծҗ୷Ьाઇᚯ่ࡺේϝаԖᐒේϐࠠᄊӸӧǴޑ94%

ᄬύޑ C-Cᗖ่Ǵჹܭ C-N ᗖ่ޑफ़ှૈΚၨեǴࡺ࿶ၸෛữϸᔈࡕҭค NDMA

ғԋǶ 

კ 4.19᏾౛ DMAPMA ᆶ diltiazem࿶ၸόӕமࡋ UV/H2O2ೀ౛ࡕϐ DONǵ

DMA ᆶ NDMA ᡂϯǶԜΒᅿԖᐒ่ޑނᄬ֡ࣁӧϩη҃ᆄ֖Ԗ΋ঁΟભữ่ᄬǴ

όሡ٬ҔமΚ਼ޑϯᏊջёஒځϩှញр DMAǴDMA ᄬᜪ՟่܈ DMA ϐౢނ

ջёᆶෛữϸᔈғԋ NDMAǶDMAPMA ޑᄬ่ރ᜘่ᄬၨ֖Ԗᕉޔޑ diltiazem

ᙁൂ೚ӭǴࡺคፕ HPUV/H2O2܈ LPUV/H2O2֡ёᢀჸډ DON फ़եǴӕਔҭૈޑ

ஒΟભữ่ᄬઇᚯࣁ DMA ᜪ՟่ᄬǴа܈ LPUV/H2O2ೀ౛ਔ DMA ᐚࡋӧϸᔈ

30ϩដϷ 60ϩដਔϩձࣁ 0.24 mg N/LϷ 0.32 mg N/LǴ೷ԋӧణ਼Ծҗ୷ᐚࡋၨ
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եਔNDMAFPޑቚуǴၨ҂ೀ౛ਔϐ51 µg/L΢ϲΑ10%Ȑ58 µg/LȑǶӧHPUV/H2O2

೽ϩӢڀၨଯ਼ϯૈ ǴໆDMA ᐚࡋӧϸᔈ 30ϩដϷ 60ϩដਔϩձࣁ 0.33 mg N/L

Ϸ 0.31 mg N/LǴᗨฅӧᐚࡋ΢คϼεৡ౦ǴՠКၨځ DON Ϸ NDMA फ़ှᖿ༈Ǵ

ж߄ၨமᐚޑࡋణ਼Ծҗ୷ё຾΋؁ஒ่ᄬ҃ᆄޑ DMA ΋ભữǴफ़եࣁϯ਼ុ࡭

NDMA ғԋໆȐ࿶ޑ 60ϩដ HPUV/H2O2ೀ౛ࡕϐ NDMAFP ࣁ 27 µg/LȑǶ 

DONǵDMA ᆶNDMAFPޑᡂϯᖿ༈ӧ diltiazem਼ޑϯၸำύ߾ᆶDMAPMA

Ԗ܌ৡ౦Ƕҗܭ diltiazem่ᄬၨࣁፄᚇǴࡺ HPUV/H2O2܈ LPUV/H2O2٠คၲݤ

ԋ DON Ԗਏ᝜ϯǴϸᔈޑ 60ϩដࡕ DON ᐚ٠ࡋคᡂϯǴՠ HPUV/H2O2ёගٮ

ၨଯำޑࡋफ़ှਏ౗Ǵϸᔈ 30ϩដϷ 60ϩដਔ DMA ϩձࣁ 0.17 mg N/LϷ 0.42 

mg N/LǶDiltiazem่ᄬڙઇᚯࡕёૈӢ DMA ϩηϐᗋচ܈ԋǴ׎ޑᜪ՟่ᄬ܈

ᄬफ़ှᡣёୖᆶ่܄ NDMA ϸᔈϐෛữᐚࡋගଯǴ׳ځ٬৒ܰᆶෛữϸᔈǴ

NDMAFP ϲଯࣁ҂ϸᔈ߻ϐٿ७Ȑҗ 69 µg/L ቚуԿ  127 µg/Lȑǹ࣬ϸޑ

LPUV/H2O2٠คݤԖਏफ़ှ diltiazemԶϩှр DMAǴdiltiazemޑϩη่ᄬ໻೽

ϩ਼ϯࡺϝڀၨଯሡෛ ǴໆԜਔځ NDMA ϐғԋᐚࡋΨӢෛữᆶ diltiazemϸᔈԶ

੃઻Ǵࣁ HPUV/H2O2ೀ౛ࡕϐΟϩϐ΋Ȑ40 µg/L vs. 127 µg/LȑǶа LC/MS/MSໆ

ෳϸᔈ຾Չځ໔ϐ diltiazemᐚࡋᡂϯว౜Ǵа HPUV/H2O2ำׇೀ౛ӧϸᔈ 30ϩ

ដࡕջคݤෳр diltiazemǴଯᏊໆޑణ਼Ծҗ୷ςஒ҆ϩηֹӄઇᚯǴԶа

LPUV/H2O2ำׇ߾ӧϸᔈ 30 ϩដϷ 60 ϩដਔϝϩձෳр 16%Ϸ ޑ6% diltiazem

ϩηǴ਼ځϯफ़ှޑਏ౗ၨեǶа΢่݀ёЍ࡭ DONǵDMA Ϸ NDMA ࿶ၸ

UV/H2O2ೀ౛࣬ࡕϕᜢ߯ϐ௢ፕǶ 

ᆕӝа΢Ӛނᅿޑ NDMA Ϸ DON ϐफ़ှ่݀ёޕǴ֖ ේԖᐒ߻፦ନΑ DMA

аѦǴϩη่ᄬύ֖΋ભữǵΒભữ܈ϣㄽữߚ٠ޣ NDMA ፦Ǵ࿶ၸణ਼Ծ߻ޑ

җ୷਼ϯࡕϣㄽữ٠ό཮೏ϩှԋ DMA ᜪ՟܈ DMA Βભữ܈ᄬǴԶ΋ભữ่ޑ

ၨଯਔǴջ٬ࡋ፦ᐚނ྽НύԜᜪࡺ΋ભữǴ܈ԋคᐒේ׎ёૈࡕफ़ှڙ DON ࿶

ၸӚᅿೀ౛ࢬำϝ҂ـᡉ๱फ़ှញр DMAǴࡺό཮Ԗ NDMA ౢғޑᅪቾǶ่ᄬ
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ύ҃ᆄ֖ԖΟભữ่ᄬϐԖᐒේϯӝޑ٫ཱུࣁ߾ނ NDMA ፦Ǵऩ໻ၲԋ೽ϩ਼߻

ϯਔёૈӢ DMA ᜪ՟܈ DMA ่ᄬౢౢޑނғԶቚуځ NDMAFPǴటၲԋ

NDMAFP Ǵӵቚуࡋሡቚу਼ϯம߾फ़եޑ H2O2 ᐚߏۯ܈ࡋϸᔈਔ໔ωёૈၲ

ԋǶ
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კ 4.19 DMAPMAᆶ diltiazem࿶όӕமࡋϐ UV/H2O2ೀ౛ࡕ 

ȐAȑDON Ϸ DMAȐBȑNDMAFP ᐚࡋᡂϯ 
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4.4 HPUV/H2O2 ਼ϯ਼ϯ਼ϯ਼ϯ Diltiazem ϐ௖૸ϐ௖૸ϐ௖૸ϐ௖૸ 

    җ߻࿯ޑჴᡍёว౜่ᄬፄᚇޑ diltiazem ࿶ၸ 60 ϩដޑ HPUV/H2O2 ೀ౛

Ǵᗨၲԋࡕ DONǵNPDOCϷ C-DBPsޑफ़եǴՠځ NDMAFP ϸԶև౜΢ϲᖿ༈Ƕ

ᅿϷނϐ֖ේࡕణ਼Ծҗ୷਼ϯڙނ௖૸ፄᚇ֖ේԖᐒࣁ NDMAFP ᡂϯǴќෳ၂

а HPUV/H2O2ჹ diltiazem຾Չ 180ϩដ਼ޑϯೀ౛Ǵଆۈ DON ᐚࡋϝࣁ 3 mg 

N/LǶࣁΑКၨόӕ਼ϯΚΠ HPUV/H2O2ჹ diltiazemޑೀ౛ਏૈǴ௦ҔΟᅿόӕ

ޑ H2O2బуᐚࡋǴϩձࣁ҂బу H2O2Ǵ໻ӧϸᔈଆۈਔబу 6.5 mMޑ H2O2Ǵа

Ϸϸᔈଆۈਔబу 3.26 mM؂ុ࡭٠ 10ϩដబу 2.6 mMޑ H2O2ǹځύ໻ӧଆۈ

ਔబу 6.5 mMϐ H2O2ޣȐൂԛ H2O2బуȑǴჴᡍ຾Չࡕว౜ӧϸᔈ 60ϩដςค

H2O2ූᎩǴࡺϸᔈ 60Կ 180ϩដ໔ϐ਼ϯૈໆ໻җଯᓸ๋ѦӀȐHPUVȑගٮǴ

ќӭԛబу H2O2ਔӧ᏾ࢤϸᔈၸำύ֡Ԗణ਼Ծҗ୷ୖᆶϸᔈǴH2O2ᒿਔ໔ϐᐚ

კـᡂϯࡋ 4.20Ƕ 

 

 

 

 

 

 

 

 

 

 

 

კ 4.20  UV/H2O2ϸᔈ߻ 60ϩដ H2O2ϐᐚࡋᡂϯ 
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4.4.1 Diltiazem-HPUV ೀ౛ೀ౛ೀ౛ೀ౛ 3 λਔϐλਔϐλਔϐλਔϐ DOM ᆶ֖ේނᅿޑᡂϯᆶ֖ේނᅿޑᡂϯᆶ֖ේނᅿޑᡂϯᆶ֖ේނᅿޑᡂϯ 

಍ύ҂బуس     H2O2ਔǴ਼ځϯΚ໻ٰԾଯᓸ๋ѦӀޔޑௗ਼ϯȐӵკ 4.21ȑǴ

ௗӀှϸᔈޔ 180ϩដёѐନ ޑ80% NPDOCǶൂԛ H2O2బуϐ NPDOCफ़ှԔ

ጕӧ߻ 60ϩដਔᆶ 4.3.2࿯܌ᢀჸޑᖿ༈࣬՟ǴЪӢ H2O2ޑᐚࡋၨଯԶёၲၨଯ

फ़ှਏ౗Ǵऊёѐନޑ ޑ90% NPDOCǹԶӧϸᔈ 60-180ϩដ໔ NPDOCᐚࡋऊᆢ

࡭ 3 mg/LǴ٠คុ࡭फ़ှǴӵკ 4.20܌ҢǶൂԛ H2O2బуӧϸᔈ 60ϩដسࡕ಍

ύςค H2O2ූ੮Ǵҗ HPUV ޑஒഭᎩݤϐ਼ϯૈໆคٮග܌ 10% NPDOCֹ ӄ᝜

ϯǶӧӭԛ H2O2 బуಔύӄำϸᔈਔ໔ϣ֡Ԗ H2O2 ූ੮ǴӢԜԖى୼ޑణ਼Ծ

җ୷ୖᆶ਼ϯϸᔈǴҗܭϸᔈଆۈਔబуޑ H2O2ᐚࣁࡋ 3.26 mMǴڙၨեޑଆۈ

ᐚ܌ࡋቹៜԶ٬ NPDOCޑफ़ှӧ߻ 60 ϩដਔัեൂܭԛ H2O2బуಔǴᡉҢӧ

diltiazemޑ NPDOCफ़ှύǴቹៜϸᔈೲ౗ϐനЬाӢનࣁϸᔈ߃යȐ߻ 10ϩដȑ

H2O2బу ǹໆൂ ԛ H2O2బуಔϐଆۈ H2O2ᐚࡋၨଯ٬ࡺϸᔈ߻ 60ϩដϐफ़ှਏ

౗ගଯǴԶӧӭԛ H2O2బуಔύӢុ࡭బу H2O2Ǵ٬ NPDOCफ़ှӧ 90ϩដϐ

ᆶൂԛډၲࡕ H2O2బуಔ࣬ޑ߈КٯǶՠុ࡭٬ࡽගٮణ਼Ծҗ୷ୖᆶ਼ϯǴϝ

Ԗ 10% NPDOCคݤ೏ֹӄ᝜ϯǶ 

ᆶ NPDOC࣬ၨϐΠǴdiltiazemޑ DON ၨᜤаफ़ှǴӵკ 4.21ȐBȑ܌ҢǶ

а HPUV ൂᐱ຾ՉޔௗӀှ٠คݤჹ diltiazemޑ DON ၲԋԖਏޑफ़ Ǵှϸᔈ 180

ϩដࡕ DON ᐚ٠ࡋคܴᡉޑफ़եǶԶӧణ਼Ծҗ୷ୖᆶϸᔈݩރޑΠǴคፕൂԛ

ӭԛൂԛ܈ H2O2బуਔǴځ DON ֡և౜ុ࡭फ़ှޑ௃׎Ƕൂԛ H2O2బуಔӧϸ

ᔈ 60 ϩដسࡕ಍ύςค H2O2 ූ੮Ǵុࡕϸᔈᗨคౢុ࡭ݤғణ਼Ծҗ୷Ǵՠϝ

ёஒ DON ᐚࡋҗ फ़ှԿុ࡭70% 50%Ǵж߄࿶ၸϸᔈ߃යణ਼Ծҗ୷਼ޑϯઇᚯ

diltiazemϩηࡕǴ໻җ HPUV ග਼ٮϯૈໆҭёஒԖᐒේύ໔ౢނफ़ှࣁคᐒނ

ᅿǴࡺӧค H2O2ූᎩݩރޑΠϝёុ࡭फ़ှ DONǶᢀჸൂԛ H2O2బуਔϐ DON

फ़ှೲ౗Ǵ߾ёว౜ϸᔈࢤ߻Ȑ0 – 60ϩដȑϐೲ౗ܴᡉଯࢤࡕܭǴ60ϩដࡕϐ

਼ϯೲ౗߾Ԗ܌Πफ़Ǵ᏾ᡏԶق໻ёၲԋ ޑ50% DONफ़ ǶှӭԛH2O2బуਔDON
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फ़ှ൯ࡋӧϸᔈࢤ߻(60-0ϩដ)ᗨၨൂԛ H2O2బуࣁեǴՠӧ 60-180ϩដ໔җܭ

H2O2ޑబуёុ࡭ගٮణ਼Ծҗ୷Ǵ᏾ᡏ DON ၨൂԛ߾ࡋΠफ़൯ޑ H2O2బуଯ

р೚ӭǴϸᔈ 180ϩដࡕёஒऊ ޑ85% DON౽ନǶҗԜϸᔈёКၨԖคణ਼Ծҗ

୷ୖᆶϸᔈΠ਼ޑϯૈໆৡ౦Ƕ 
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კ 4.21 Diltiazemڙ HPUV/H2O2ೀ౛ࡕȐAȑNPDOCϷȐBȑDONᐚࡋᡂϯ 
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    კ 4.22Кၨ࿶ၸ HPUV/H2O2ೀ౛ࡕӚᅿ֖ේނᅿޑᡂϯǶӧൂԛ H2O2బу

ਔᒿ๱ϸᔈ຾ՉǴ਽ේᐚܴࡋᡉޑቚуǴऊԖ Ԗᐒේӧϸᔈޑ45% 180 ϩដࡕ೏

਼ϯࣁ਽ේǴऩу΢٥ฮለේϷฮለේϐᐚ߾ࡋऊ 50%ϐԖᐒේ೏਼ϯࣁคᐒේ

໻ऊޣฮለᡶේࣁύ೏਼ϯځᅿǴฅԶނ 5%Ƕӧϸᔈ຾Չύӭԛబу H2O2 ਔҗ

ᡂϯᖿ༈ᆶൂԛࡋᐚځΨၨଯǴٯКޑᅿғԋނ᏾ᡏ਼ϯૈໆၨமǴคᐒේᜪܭ

H2O2బуਔεठ࣬ӕǴ٥ฮለϷฮለᡶᐚࡋᗨัၨൂԛ H2O2బуਔଯǴՠϝа਽

ේࣁЬाނᅿǴϸᔈ 180ϩដࡕऊԖ ޑ75% DON ೏᝜ϯࣁ਽ේǴࡺቚуణ਼Ծҗ

୷ᗨёቚу DON ѐନԶғԋၨଯКޑٯ਽ේǴՠ਼ځϯΚۘόىஒځᝩុ਼ϯࣁ

ฮለᡶǶӧа melenoidinբࣁణ਼Ծҗ୷਼ϯ኱زࣴޑύ(Dwyer et al., 2008)Ψว

౜࣬ӕ่݀ޑǴ่ᄬፄᚇޑεϩηԖᐒේډڙफ़ှਔЬाޑคᐒౢނҭࣁ਽ේϷ

ၨեᐚޑࡋฮለǴటаణ਼Ծҗ୷਼ϯ਽ේ٥ࣁฮለ܈ฮለϐਏ౗٠όଯǹऩ࿶

ೀ౛ࡕНύ਽ේᐚࡋၸଯ߾ёૈЇวќ΋ᅪቾǴջ਽ේёૈᆶԛෛለϸᔈ׎ԋෛ

ữǴԜਔНύӵ֖Ԗ NDMA ፦൩Ԗёૈ೷ԋ߻ NDMA ғԋໆޑ΢ϲǶChoi and 

Valentine (2002)ࡰр٥ฮለӧ٤ࢌచҹΠ཮ୖᆶෛữϸᔈԶғԋ NDMAǴՠӧҁ

ჴᡍύӢځНኬډڙុ࡭ణ਼Ծҗ୷܈ HPUV ฮለǴࣁϯǴ٥ฮለ཮࡚ೲᙯ਼ޑ

եǴ٥ฮለჹࣗࡋӧНኬύᐚࡺ NDMA ғԋϐቹៜᔈё۹ౣǶ 

    Diltiazemϩη่ᄬύхঁٿࡴේচηǴϩձࣁՏܭિެ่ᄬᆄϷᄬԋޱ३ᕉ

่ᄬޑΟભữǴҗ 4.3.5࿯ύᢀჸ DMAPMA ᆶ diltiazem่ޑᄬёว౜ӧߏᅹ᜘่

ᄬᆄޑΟભữၨ৒ܰ೏ణ਼Ծҗ୷ှᚆԶញр DMAǴՏܭϩη่ᄬύЈޑ TEA

ค߾ DMA ډ௢ෳϸᔈύёᢀჸࡺғԋǴޑ DMA ғԋٰԾિެ᜘่ᄬύΟભữޑ

೏फ़ှ܌ளǴќ΋ේচηՏܭ diltiazem֖ේशᕉύǴа่ځᄬԶقғԋ DMA ޑ

ᐒ཮ၨեǶ 

ᢀჸൂԛ H2O2బуಔ֖ޑේނᅿᐚࡋᡂϯว౜Ǵ DMA ᐚࡋӧϸᔈ 60 ϩដ

നεॶȐ0.35 mg N/LȑǴϸᔈډၲࡕ 60Կ 180ϩដځ໔ᒿ਼ϯբҔុ࡭຾Չځᐚ

೴ᅌफ़եԿࡋ 0.20 mg N/LǴߚ DMA ޑ DONᐚࡋӧϸᔈਔ໔ 90ϩដځࡕᐚࡋऊ
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ᕴۈ߃ࣁ DON ᐚࡋϐ 50%Ǵҗ҂ϸᔈਔϐ 3.22 mg N/Lफ़եԿ 1.64 mg N/LǶӭԛ

బу H2O2ಔϐᐚࡋҭӧϸᔈ 60ϩដډၲࡕനεॶȐ0.64 mg N/LȑǴӧ 180ϩដࡕ

फ़եԿ 0.10 mg N/LǶ᏾ᡏԶقӭԛబу H2O2ਔ DMA ғԋᐚࡋၨଯǴЪߚ DMA

Ԗᐒේᐚࡋफ़ှКٯၨεǴᔈࢂҗܭణ਼Ծҗ୷ុ࡭ޑග܌ٮठǹൂԛ H2O2బу

ਔϸᔈࡕයᕉ่ރᄬύޑේϷ DMA Ψ཮೏਼ϯࣁคᐒේǴՠҗܭ H2O2ς೏੃઻

ԜਔࡺᅰǴࢣ DON  ϯਏ౗Πफ़Ƕ਼ޑ
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კ 4.22 Diltiazemڙ HPUV/H2O2ೀ౛ࡕϐ֖ේނᅿᐚࡋᡂϯȐAȑൂ ԛ H2O2బуǺ

[H2O2]o = 6.5 mMǴȐBȑӭԛ H2O2బуǺ[H2O2]o = 3.3 mMǴ؂ 10ϩដబу 2.6 mMȑ
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    Diltiazemڙ HPUV/H2O2ೀ౛ࡕϐ UV Ӏ᛼ᡂϯӵკ 4.23Ǵҗܭ 60Կ 180ϩ

ដ໔ϐ UV Ӏ᛼٠คᡉ๱ৡ౦Ǵ٠ࡺ҂ᛤᇙܭკύǶDiltiazem ҂ϸᔈਔӧ UV210

Ϸ UV237Ԗၨεޑ֎Ӏݢঢ়Ǵҗϩη่ᄬղᘐᔈжٿ߄ಔޱ३ᕉ่ᄬǴൂᐱ HPUV

ᗨฅڀၨե਼ϯΚǴՠҭё೷ԋ diltiazemϩηޑઇᚯǴϸᔈ 30ϩដਔ UV210ϐ֎

Ӏࡋ҂फ़եǴж߄೷ԋ UV210֎Ӏݢঢ়ϐशᕉ่ᄬϝ҂ֹӄ೏ઇᚯǴԿϸᔈ 60ϩ

ដࡕ֎ӀۈࡋԖफ़ե௃׎ǶԶబу H2O2຾Չ໔ௗ਼ϯਔǴคፕՖᅿబуБԄӧϸ

ᔈ 30 ϩដࡕ֎ӀࡋջԖܴᡉޑफ़եǴϸᔈ 60 ϩដࡕջ൳Яफ़եԿ 0 cm-1Ƕᢀჸ

diltiazem҆ϩηޑᐚࡋᡂϯҭԖ࣬ӕޑᖿ༈Ǵబу H2O2຾Չ਼ϯϸᔈਔǴ30ϩដ

ջคෳளࡕ diltiazemǴԶ໻٬Ҕ HPUV ຾ՉޔௗӀှਔǴϸᔈ 30ϩដਔջёफ़ှ

ޑ80% diltiazemȐۈ߃ᐚࡋऊࣁ 0.1 mMȑǴӧ 60ϩដਔऊёၲԋ ѐନǴऩޑ99%

టफ़ှ֖शᕉޑԖᐒނ፦Ǵ߾໻٬Ҕ HPUV ςى୼ઇᚯ่ځᄬǶ 

໻٬Ҕ HPUV ਼ϯਔǴ๋ѦጕӀ᛼ӧ 200 – 250 nmϐ໔ϝёᢀჸډ֎ӀࡋǴ

ࣁёૈ߾ diltiazemޑफ़ှύ໔ౢ܌ނ೷ԋǶᆶ diltiazemϩηޑफ़ှ࣬ӕǴ҆ϩη

ϐशᕉ่ᄬӧ 0 – 30ϩដ໔ջ೏ઇᚯǴϩှޔࣁ᜘܈λϩηύ໔ౢނǴҗܭ೭٤

аݤคࡺᚈᗖڀόނౢ UV Ӏ᛼ෳۓǶᆕᢀ NPDOCǵDON Ϸ UV Ӏ᛼ϐᡂϯǴ

ёޕаڀၨϿᚈᗖ่ᄬޑ diltiazemԶقǴUV Ӏ᛼໻ёҔаᢀჸϩηҁᡏޑᡂϯǴ

టаࡺЬाٰԾशᕉǴЪशᕉ่ᄬύ໻Ԗ΋ঁේচηǴܭҗࡋനε֎Ӏځ UV Ӏ

᛼ޑᡂϯٰ௢ෳ DON֖܈ේ੃ࢥୋౢޑނᡂϯ٠ό፾ەǶ 
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კ 4.23 Diltiazemڙ HPUV/H2O2ೀ౛ࡕϐ UV Ӏ᛼ᡂϯ 
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4.4.2 Diltiazem-HPUV ೀ౛ೀ౛ೀ౛ೀ౛ 3 λਔϐλਔϐλਔϐλਔϐ NDMA ғԋໆ௖૸ғԋໆ௖૸ғԋໆ௖૸ғԋໆ௖૸ 

ᆶ߻࿯ HPUV ܈ LPUV ϐೀ౛ำׇ࣬ၨǴDiltiazem-HPUVӧΟλਔޑೀ౛ࡕ

ёၲډၨଯޑ NDMAFP ѐନਏ݀Ǵӵკ ѐନၸޑҢǶჴᡍ่݀ᡉҢε೽ϩ܌4.24

ำวғܭϸᔈ߻ 60ϩដǴൂԛబу H2O2ਔ NDMAFP ӧϸᔈ 30ϩដਔၲډനଯ

ᐚࡋȐ165 µg/LȑǴࣁ҂࿶ణ਼Ծҗ୷਼ϯਔȐ85 µg/Lȑϐ 2७Ƕϸᔈ 60ϩដࡕஒ

NDMAFP फ़եࣁ 66 µg/LǴᒿ๱਼ϯϸᔈុ࡭຾Չځ NDMAFP ೴ᅌफ़եԿ 25 

µg/LǴࣁ NDMAFP നଯॶȐ30ϩដਔȑϐ 15%ǶԶӭԛబу H2O2ਔϐ NDMAFP

ӧ 30 ϩដਔޑᐚࡋȐ125 µg/Lȑҭၨ҂ϸᔈਔଯȐ75 µg/LȑǴԿϸᔈ 90 ϩដࡕ

NDMAFP ω໒ۈफ़եǴϸᔈ 180ϩដࡕफ़ࣁ 10 µg/LǶ 

ᘜય diltiazemӧόӕ਼ϯ໘ࢤਔ NDMAFP ᐚࡋϐᡂϯᖿ༈Ǵෛữӧᆶ҂࿶਼

ϯޑ diltiazemϸᔈਔǴวғޑϸᔈᐒڋхࡴᆶԖᐒނ຾Չ਼ϯफ़ှϸᔈǴаϷᆶ

NDMA ፦ϸᔈғԋ߻ NDMAǶӧԖᐒނᐚࡋଯЪڀଯሡෛ܄ਔǴε೽ϩޑෛữஒ

཮ᆶԖᐒނ຾Չ਼ϯϸᔈԶ೏੃઻ёᆶ NDMA ፦ϸᔈϐᏊໆǴаठణ਼Ծҗ୷߻

҂຾Չ਼ϯਔϐ NDMAFP ᐚࡋϸԶၨեǶϸᔈ໒ࡕۈణ਼Ծҗ୷ஒ diltiazemϩη

่ᄬύϐΟભữှᚆǴӢϸᔈۈ߃໘ࢤϐ໻ࣁ೽ϩ਼ϯǴࡺೀ౛߃ය DMA ࡋᐚޑ

ᒿϐ΢ϲǴନΑफ़եԖᐒނϐሡෛໆǴԶ٬ၨଯᏊໆޑෛữૈᆶ೽ϩफ़ှޑ

diltiazemϸᔈѦǴќ΋Бय़ΨӢ DMA ܈ DMA ᜪ਼ϯౢޑނғԋԶቚமΑෛữᆶ

DMA ϐϸᔈ܄Ǵ٬ள NDMAFP ϐᐚࡋᒿϐቚуǶޔௗа HPUV ਼ϯ diltiazem໻

ёफ़ှϿ೽ϩޑ NPDOC٠ઇᚯځϩη่ᄬǴჹܭ DON फ़ှ٠คԋਏǴᆶൂԛޑ

బу H2O2܈ӭԛబу H2O2࣬ၨϐΠ਼ځϯำࡋၨեǴ೷ԋ NDMAFP ༾൯ቚуޑ

ᖿ༈Ƕ 

คፕൂԛ܈ӭԛబу H2O2БԄǴNDMAFP ӧ࿶ HPUV/H2O2ϸᔈ 30 ϩដࡕ

ᆶ߾फ़եᖿ༈ࡋᐚޑ DON ࣬՟Ǵаൂԛబу H2O2ಔԶقǴ30 Կ 60 ϩដϐ໔Π

फ़൯ࡋനεȐNDMAFP Πफ़ϐೲ౗ऊࣁ 3 µg/L/minȑǴӧௗΠٰΒλਔϣϐޑफ़ե

ೲ౗߾εऊᆢ࡭όᡂȐ0.34 µg/L/minȑǶᢀჸ DON ᆶ DMA ᡂϯёว౜ǴԜࡋᐚޑ
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Βᅿୖኧନϸᔈ 0 ϩដѦ֡ᆶ NDMAFP ᐚࡋև౜҅࣬ᜢǶӧϸᔈ 30ϩដਔǴൂ

ԛబу H2O2ಔ 1 mg N/Lޑ DON ᆶ DMA ϩձёғԋ 56 µg/L ᆶ 1256 µg/L ޑ

NDMAǴԿϸᔈ 180ϩដਔ߾ϩձࣁ 17 µg/L ᆶ 129 µg/LǴԶӭԛబу H2O2ಔӧ

30ϩដਔ 1 mg N/Lޑ DON ᆶ DMA ϩձёғԋ 50 µg/L ᆶ 1594 µg/L ޑ NDMAǴ

Կϸᔈ 180ϩដਔ߾ϩձࣁ 21 µg/L ᆶ 80 µg/L ǶKim ᆶ ClevengerȐ2007ȑࣴز

ӧۓڰෛữᐚࡋΠ DMA ᆶ NDMAFP ғԋᜢ߯Ǵว౜ෛữᆶޑ DMA ವԸКॶޑ

ᆶ log NDMA ໔Ԗؼӳޑጕ܄ᜢ߯ǶӧНύ໻Ԗ DMA ਔǴ྽΋ෛữᆶ DMA ವޑ

ᅟᐚࡋКٯεܭ 1ǴԖ ޑ28% DMA ཮೏ᙯඤࣁ NDMAǹԶ྽ΒޣКٯեܭ 1 ਔǴ

ځ NDMA ғԋК߾ٯεࣁफ़եǶՠऩаҁࣴزύౢ܌ғޑ DMA ᆶෛữᐚࡋжΕ

ள܌ᜢ߯ԄǴځ NDMAFP ᄬ่ނԖᐒܭϐғԋໆǶҗډჴሞளܭᇻե߾Ⴃෳॶޑ

ύޑΟભữᆶځдᜪ՟ DMA ่ᄬౢނΨࢂ NDMA ᐱаൂە٠ό፾ࡺ፦Ǵ߻ DMA

ᐚࡋႣෳ NDMAFPǴӧΟભữǵѤભữ܈ DMA ᜪԖᐒނᐚࡋଯਔ཮ե՗ځғԋ

ወૈǴԶа DON ՗ी NDMA ғԋໆΨ཮Ԗ܌ᇤৡǴЀࢂځӧНύ֖܌΋ભữǵ

ΒભữᐚࡋၨեਔǴ཮೷ԋ NDMAFP  ଯ՗Ƕޑ

ᆕӝ 4.1.9࿯ᆶҁ࿯܌ளϐ่݀ёว౜ჹܭ NDMA ᆶෛữԖނғԋǴԖᐒޑ

ԋКݤ٠คࡋΠǴε൯ቚуෛữᐚࡋԖᐒේᐚޑۓڰᜢ߯ӸӧǶӧٯКޑന٫ځ

ޑࡋғԋ࣬ჹᐚޑٯ NDMAǹԶӧޑۓڰෛữᐚࡋΠǴԖᐒේᐚࡋᡂϯΨό΋ۓ

཮ᆶ NDMAFP և౜҅࣬ᜢᖿ༈ǶԜ౜ຝᆶ Choiᆶ ValetineȐ2002ȑ่࣬݀زࣴޑ

՟Ǵӧޑۓڰ DMA ᐚࡋΠቚуෛữᏊໆǴӧၨեෛữᐚࡋጄൎਔǴDMA ᆶ

NDMAFP ٠ό΋ۓև౜҅࣬ᜢǹ྽΋ෛữᆶ DMA ᐚࡋКࣁٯ 0.5-1ਔ NDMA Ԗ

നεғԋໆǴՠᝩុቚу DMA ᐚ٠ࡋ҂ғԋ׳ଯໆޑ NDMAǴԜӢ DMA ໻೏

೽ϩ਼ϯࣁ UDMH ϷΒҘ୷ෛữ(dimethylchloramine, DMCA)ǴԶޑޣࡕғԋࣁё

଍ϸᔈǴӧ DMA ᐚࡋၸଯݩރޑΠϸᔈ཮ୃӛ DMCA ϸᔈǴёૈ຾Զफ़եޑ

NDMA ڋԖਏ௓ࣁғԋǶޑ NDMAFPǴᔈҗѐନ NDMA ፦๱ЋǴ٬Ҕၨଯ਼߻

ϯᏊϷкޑىϸᔈਔ໔ωёዴჴफ़եНᡏϐ NDMAFPǶ 
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კ 4.24 Diltiazem࿶ HPUV/H2O2ೀ౛ϐ NDMAFP ᐚࡋᡂϯ 
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ಃϖകಃϖകಃϖകಃϖക ่ፕ่ፕ่ፕ่ፕ 

 

    ҁࣴز௖૸а UV/H2O2 ำׇೀ౛ڙৎ৥ԦНԦࢉচН֖܈ේԖᐒ߻፦ਔ

NPDOCϷԖᐒේफ़ှޑ੝܄Ϸჹ֖ᅹ֖܈ේ੃ࢥୋౢނғԋޑቹៜǶჴᡍ่݀ᡉ

Ң UV/H2O2 ೀ౛ڙৎ৥ԦНԦࢉচН܈Ϻฅ֖ේԖᐒ߻፦֡ёԏډ΋ۓԋਏǴՠ

НύᗭಈރԖᐒނ፦ᐚࡋၸଯਔ཮ቹៜణ਼Ծҗ୷ϐ਼ϯਏ౗Ǵځ NPDOCޑᐚࡋ

ᡂϯ֡ӧϸᔈ߃යև౜΢ϲϐᖿ༈Ǵՠᒿ๱ణ਼Ծҗ୷਼ុ࡭ϯԶफ़եǴDON ޑ

਼ϯΨԖ࣬՟ޑᖿ༈ǶԜ౜ຝᔈࢂҗܭణ਼Ծҗ୷਼ϯಈ৩ၨεϩηԖᐒ٠ނஒ

ܭಈ৩λࣁफ़ှځ 0.45 µmޑྋှ܄Ԗᐒ܌ނठǶ 

    ৎ৥ԦНύޑ֖܌Ԗᐒނӭ่ࣁᄬፄᚇЪሡෛໆၨଯϐނ፦Ǵхࡴፄኧޱ३

ᕉϐ PPCPsаϷܰᆶෛϸᔈޑữ୷܈ᴏ两฻֖ේԖᐒ፦Ǵ࿶ UV/H2O2ำׇೀ౛ࡕ

ᡉҢణ਼Ծҗ୷਼ϯ໻ૈѐନऊ ޑ50% THMFP ᆶ HAAFPǴЪϸᔈၸำύ

C-DBPFPᐚ֡ࡋև౜Ӄϲࡕफ़ᖿ༈Ǵబуϐ੃ࢥᏊёᆶ਼ϯԖᐒ܈ނᆶ DBPs߻

፦ϸᔈғԋ DBPsǶ࿶ၸ UV/H2O2 ำׇೀ౛ࡕణ਼Ծҗ୷਼ϯԖᐒނԶफ़եሡෛ

ໆǴӧύ໔ౢ֖ނԖ DBP ٬уෛೀ౛ਔёԖၨଯᏊໆϐෛ຾Չߦ፦ਔஒ߻ DBPs

ғԋϸᔈǴࡺ THMFP ᆶ HAAFP ֡և౜΢ϲᖿ༈Ǵ྽ύ໔ౢނύ DBP ፦೴ᅌ߻

೏फ़ှࡕ DBPFPωᒿϐΠफ़ǶЪၨଯྜྷᚆηᐚࡋϷణ਼Ծҗ୷਼ޑϯ٬੃ࢥୋౢ

ᅿЪගଯނᅿୃӛ֖ྜྷނ HAAFP  ǶٯғԋКޑ

    UV/H2O2 ਼ϯೀ౛่݀ᡉҢӧ਼ϯ 30 ϩដࡕջёफ़ե 10ʘࢬܫԦНύϐ

NDMA ፦ၲ߻ 50%ǴԶගଯෛữబуᐚ٠ࡋ҂ԋК٬ޑٯ NDMAFP ғԋໆቚуǴ

Ԝ౜ຝёૈҗܭෛữ਼ϯΚၨ১Ǵค਼ុ࡭ݤϯԖᐒේаౢғ NDMA ठǴ܌፦߻

ӵటֹӄѐନ NDMA  ణ਼Ծҗ୷ୖᆶϸᔈǶޑ፦ǴሡाၨଯᏊໆ߻

፦࿶߻жᄊϐԖᐒڗόӕ֖ේ่ᄬϷේڀ௖૸ࣁ     HPUV/H2O2 ᆶ LPUV/H2O2

਼ϯࡕϐԖᐒނϷ DBPFP਼ޑϯਏ౗Ǵჴᡍ่݀ᡉҢڀशᕉ่ᄬϷޔᅹ᜘่ϐԖ

ᐒޑނNPDOCԖၨଯޑफ़ှਏ౗ǴԶ֖ڀේशᕉ܈િެ่ᄬ҃ᆄڀữ୷ޣϐDON
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ϿΑଯૈໆ๋ѦӀܭၨ৒ܰ೏फ़ှǶаեᓸ๋Ѧᐩ(LPUV/H2O2)຾Չ਼ϯਔǴҗ߾

ޑࡋௗ਼ϯբҔǴЪ٬Ҕၨեᐚޔޑ H2O2Ǵ໻ᙖၨեᐚޑࡋణ਼Ծҗ୷໔ௗ਼ϯ

Ҟ኱ԖᐒނǴ٬ளځԖᐒޑނफ़ှਏ౗֡ၨ HPUV/H2O2ࣁեǶ 

    ٩֖ᅹ੃ࢥୋౢނᐚࡋᡂϯᖿ༈ёஒϤᅿҞ኱߻፦ϩٿࣁᜪǴ่ᄬၨᙁൂЪ

คፕࢂց਼ډڙϯೀ౛ DBPFP֡คܴᡉᡂ୏ޣǴаϷ่ᄬၨࣁፄᚇЪ࿶਼ϯೀ౛

ࡕ DBPFPև౜όӕᡂ୏ᖿ༈ޣǶа่ᄬၨፄᚇޑ DMAPMA Ϸ diltiazemٯࣁǴ٩

਼ϯࡕ DBPFPᐚޑࡋ੃ߏᡉҢ DMAPMA ϐ਼ϯਏ౗εܭ diltiazemǴԶ HPUV ϐ

਼ϯਏૈΞଯܭ LPUVǶdiltiazemޑ C-DBPᡂ୏ᖿ༈ᆶబуࢬܫԦНჴᡍ܌ᕇ่

݀࣬ӕǴϸᔈ߃යణ਼Ծҗ୷਼ޑϯቚу DBP߻፦ޑғԋǴ྽ DBP߻፦ֹӄफ़ှ

ډωёᢀჸࡕ THMFPᆶ HAAFP  फ़եǶޑ

    Ԗᐒ߻፦ϩηύޑ΋ભữǵΒભữ܈ϣㄽữ֡ߚЬाϐ NDMA ፦Ǵ่ᄬ҃߻

ᆄ֖ԖΟભữޑϩηӵ diltizem Ϸ DMAPMA ωёᆶෛữϸᔈғԋၨଯᐚࡋϐ

NDMAǶൂᐱ HPUV ਼ϯ٠คݤԖਏ౗ޑफ़ှ NPDOCϷ DONǴӵаၨଯૈໆჹ

diltiazem ຾Չߏਔ໔਼ޑϯϸᔈǴൂԛ܈ӭԛబу H2O2 ନёफ़ե NPDOC Ϸ

DONǴᆶനଯॶ࣬ၨΠёफ़եၲ 85-90% ϐ NDMAFP ѐନǶ٬Ҕ DON а௢՗

diltiazemޑ NDMAFP ёளؼډӳ࣬ޑᜢ܄ǴЬाࢂҗ่ځܭᄬύޑේ֡ࣁ NDMA

ჴሞНᡏύϐܭठǹՠҗ܌፦߻ DON ࣁ֡ߚ٠ NDMA ፦ǴЪ྽Нύค߻ DMA

Ӹӧਔځ٩ϩη่ᄬϝёૈڀԖ NDMAFPǴࡺऩஒ DON ܈ DMA ᔈҔӧჴሞНኬ

ύஒёૈౢғᇤৡǶԜѦҗܭᕉნНᡏύ C/N КϷԖᐒނಔԋৡ౦ࣗεǴNPDOC

ҭό፾ەҔаຑ՗ NDMA ғԋ੝܄Ƕ 
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