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‚ Õ‚´π‡ªìπ°ä“´∑’Ë¡’Õ¬Ÿà„π∫√√¬“°“»‚≈°

µ“¡∏√√¡™“µ‘·µà«à“¡’Õ¬Ÿà„πª√‘¡“≥∑’Ë

πâÕ¬¡“° ‡¡◊ËÕ¡πÿ…¬å√Ÿâ®—°‚Õ‚´π‡ªìπ

§√—Èß·√°π—Èπ‡√“¬—ß‰¡à√Ÿâ∂÷ß§ÿ≥ ¡∫—µ‘·≈–∫∑∫“∑

∑’Ë·∑â®√‘ß¢Õß‚Õ‚´π„π∏√√¡™“µ‘ À≈“¬ ‘∫ªïµàÕ

¡“‡√“∂÷ß‰¥â√—∫√Ÿâ∂÷ß∫∑∫“∑∑’Ë ”§—≠À√◊Õ§ÿ≥Ÿª°“√

¢Õß‚Õ‚´π∑’Ë¡’µàÕ‚≈°„π¢≥–‡¥’¬«°—π‡√“°Á‰¥â√—∫

√Ÿâ∂÷ßæ‘…¿—¬¢Õß‚Õ‚´π„π∞“π– “√¡≈æ‘…∑“ß

Õ“°“»∑’Ë ”§—≠µ—«Àπ÷Ëß‡™àπ°—π  ªï æ.». 2498 ∂◊Õ

«à“‡ªìπ§√—Èß·√°∑’Ë¡’°“√°”Àπ¥¡“µ√∞“π§«“¡

‡¢â¡¢âπ¢Õß “√ÕÕ°´‘·¥π∑å (Oxidant) „π∫√√¬“

°“»¢Õß√—∞·§≈‘øÕ√å‡π’¬  À√—∞Õ‡¡√‘°“ µàÕ¡“„πªï

æ.». 2518 ‡¡◊ËÕ√Ÿâ·πà™—¥·≈â««à“ “√ Oxidant ∑’Ë

‡ªìπµ—« ”§—≠∑’Ë°àÕªí≠À“¥â“π ÿ¢¿“æ§◊Õ‚Õ‚´π

®÷ß‰¥â¡’°“√ª√—∫¡“µ√∞“π‡ªìπ “√ Oxidant ∑’Ë

‡∑’¬∫‡∑à“‚Õ‚´π (Oxidant as Ozone) ‚¥¬

§”π÷ß∂÷ßº≈‡ ’¬À“¬∑’Ë‡°‘¥¢÷Èπ°—∫√–∫∫∑“ß‡¥‘π

À“¬„®·≈–°“√√–§“¬‡§◊Õßµ“ ¥—ßπ—Èπ°≈à“«‰¥â«à“‚Õ‚´π¡’ Õß∫∑∫“∑

∑’Ëµ√ß¢â“¡°—πÕ¬Ÿà „πµ—«‡Õß ∫∑∫“∑Àπ’Ëß‡ªìπæ√–‡Õ°∑”Àπâ“∑’Ë

ª°ªÑÕß‚≈°®“°√—ß ’ UV (Ultraviolet) Õ’°∫∑∫“∑Àπ’Ëß§◊Õ‡ªìπ

ºŸâ√â“¬∑’Ë‡ªìπÕ—πµ√“¬µàÕ ÿ¢¿“æ¢Õß§π‡√“√«¡∑—Èß∑”§«“¡‡ ’¬

À“¬µàÕæ◊™º≈∑“ß°“√‡°…µ√

‚Õ‚´π¡’ ∂“π–‡ªìπ°ä“´‚¥¬∏√√¡™“µ‘‡™àπ‡¥’¬«°—∫°ä“´ÕÕ°´‘‡®π

∑’Ë‡√“À“¬„®Õ¬Ÿàµ≈Õ¥‡«≈“ ·µàµà“ß∑’Ë«à“‚Õ‚´π¡’Õ–µÕ¡¢ÕßÕÕ° ‘́-

‡®π “¡Õ–µÕ¡ „π¢≥–∑’Ë°ä“´ÕÕ° ‘́‡®π¡’ÕÕ° ‘́‡®π‡æ’¬ß Õß

Õ–µÕ¡‡∑à“π—Èπ  Ÿµ√‚¡‡≈°ÿ≈¢Õß‚Õ‚´π®÷ß· ¥ß¥â«¬ —≠≠≈—°…≥å O
3

·≈– Ÿµ√‚¡‡≈°ÿ≈¢Õß°ä“´ÕÕ°´‘‡®π· ¥ß¥â«¬ —≠≠≈—°…≥å O
2

®”π«πÀπ÷ËßÕ–µÕ¡¢ÕßÕÕ° ‘́‡®π∑’Ë‡æ‘Ë¡‡¢â“¡“„π‚¡‡≈°ÿ≈¢Õß°ä“´

ÕÕ° ‘́‡®π¡’º≈µàÕ§ÿ≥ ¡∫—µ‘∑“ß‡§¡’∑’Ë°”Àπ¥∫∑∫“∑ ”§—≠¢Õß

‚Õ‚´π∑—Èß∑“ß¥’·≈–∑“ß√â“¬

∏’√æ≈ §—ß§–‡°µÿ
 ∂“∫—π«‘®—¬ ¿“«–·«¥≈âÕ¡

‚Õ‚´π¡“®“°‰Àπ? ¡’∫∑∫“∑Õ¬à“ß‰√?
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‚¥¬∏√√¡™“µ‘‚Õ‚´π‡°‘¥¢÷Èπ„π∫√√¬“°“»®“°ªØ‘°‘√‘¬“‡§¡’√–À«à“ß

°ä“´ÕÕ° ‘́‡®π°—∫ÕÕ° ‘́‡®πÕ–µÕ¡ ‚Õ‚´π à«π„À≠àª√“°ØÕ¬Ÿà„π

∫√√¬“°“»™—Èπ Stratosphere´÷ËßÕ¬Ÿà Ÿß¢÷Èπ‰ª®“°æ◊Èπº‘«‚≈°¢÷Èπ‰ª

‡ªìπ√–¬–∑“ßª√–¡“≥ 10 ∂÷ß 50 °‘‚≈‡¡µ√ ¥—ßπ—Èπ‚Õ‚´π„π

∫√√¬“°“»™—Èππ’È®÷ß∂Ÿ°‡√’¬°«à“ çStratospheric ozoneé ·≈–‡π◊ËÕß

®“° Stratospheric ozone ∑”Àπâ“∑’Ëª°ªÑÕß‚≈°®“°√—ß ’ UV ¥—ß

π—Èπ®÷ß∂Ÿ°‡√’¬°„πÕ’°™◊ËÕÀπ’Ëß«à“ çGood ozoneé  ”À√—∫‚Õ‚´π∑’Ë

‡ªìπªí≠À“¡≈æ‘…‡°‘¥¢÷ÈπÕ¬Ÿà„π∫√√¬“°“»™—Èπ≈à“ß√–¥—∫º‘«‚≈°®÷ß

∂Ÿ°‡√’¬°«à“ çTrotospheric ozoneé À√◊Õ çBad ozoneé

„πªï æ.». 2328 Van Muramπ—°‡§¡’™“«¥—∑™å‰¥â°≈‘Ëπ·ª≈°Ê∫√‘-

‡«≥„°≈â‡§’¬ß°—∫‡§√◊ËÕß¡◊Õ‰øøÑ“ ∂‘µ¬å Õ’° 16 ªïµàÕ¡“¡’°≈‘Ëπ‡™àπ

‡¥’¬«°—ππ’È‡°‘¥¢÷Èπ√–À«à“ß°“√∑¥≈Õß·¬°πÈ”¥â«¬‰øøÑ“ ·µà®π°√–

∑—Ëß∂÷ßªï æ.». 2383 Christian Friedrich Schonbein π—°«‘∑¬“-

»“ µ√å™“«‡¬Õ√¡—π®÷ß‰¥â√—∫°“√¬Õ¡√—∫Õ¬à“ß‡ªìπ∑“ß°“√«à“‡ªìπ

ºŸâ§âπæ∫‚Õ‚´π·≈–‰¥âµ—Èß™◊ËÕµ“¡¿“…“°√’°«à“ çOzeiné ´÷ËßÀ¡“¬

∂÷ß°≈‘Ëπ

Õ’° 17 ªïµàÕ¡“ (ªï æ.». 2400 À√◊Õ√“«Ê 11 ªïÀ≈—ß°“√∂÷ß·°à

°√√¡¢Õß Schonbein) ®÷ß‡ªìπ°â“«·√°„πª√–«—µ‘»“ µ√å¢Õß°“√

„™âª√–‚¬™πå®“°‚Õ‚´π‡¡◊ËÕπ—°‡§¡’™“«‡¬Õ√¡—π Werner von Sie-

mens ‰¥âª√–¥‘…∞å‡§√◊ËÕß°”‡π‘¥‚Õ‚´π¢÷Èπ ”‡√Á®‡ªìπ§√—Èß·√° ‡π◊ËÕß

®“°‚Õ‚´π‡ªìπ°ä“´∑’Ë ‰¡à‡ ∂’¬√·≈–¡’§«“¡‰«ªØ‘°‘√‘¬“ Ÿß¥—ßπ—Èπ®÷ß

‰¡à‡À¡“–µàÕ°“√º≈‘µ·≈–∫√√®ÿ‡æ◊ËÕπ”‰ª„™âß“π ·µà§«√µâÕßº≈‘µ

·≈–„™âß“π∑—π∑’ ‡§√◊ËÕß°”‡π‘¥‚Õ‚´π¥—ß°≈à“«‡ªìπ∑’Ë√Ÿâ®—°„ππ“¡

çSiemens TypeéOzone generator ·¡â°√–π—Èπ°Áµ“¡ Ÿµ√‡§¡’

¢Õß‚Õ‚´π°Á¬—ß‰¡à‡ªìπ∑’Ë√Ÿâ·πà™—¥®π°√–∑—Ëß„πªï æ.». 2408 ‡¡◊ËÕ Soret

Jacques-Louis ‰¥â§âπæ∫ Ÿµ√‡§¡’¢Õß‚Õ‚´π µ—Èß·µàªï æ.». 2413

‡ªìπµâπ¡“¡’°“√∫—π∑÷°‡°’Ë¬«°—∫°“√„™âª√–‚¬™πå®“°‚Õ‚´π¡“°¢÷Èπ

‡√◊ËÕ¬Ê µ—«Õ¬à“ß‡™àπ

● æ.». 2429 æ∫«à“‚Õ‚´π “¡“√∂¶à“‡™◊ÈÕ‚√§„ππÈ”‡ ’¬‰¥â†

● æ.». 2436 ‡ªìπ§√—Èß·√°∑’Ë¡’°“√„™â‚Õ‚´π„π√–∫∫πÈ”ª√–ª“

● æ.». 2439 Nikola Tesla ‰¥â®¥ ‘∑∏‘∫—µ√‡§√◊ËÕß º≈‘µ‚Õ‚´π

‡ªìπ‡§√◊ËÕß·√°¢Õß‡¢“ µàÕ¡“„πªï æ.». 2443 ∫√‘…—∑ The Tesla

Ozone Company ‰¥â‡√‘Ë¡¢“¬‡§√◊ËÕßº≈‘µ‚Õ‚´π„Àâ°—∫·æ∑¬å

● æ.». 2449 ‚√ßº≈‘µπÈ”ª√–ª“∑’Ë„™â ‚Õ‚´π‰¥â∂Ÿ°µ‘¥µ—Èß¢÷Èπ‡ªìπ

§√—Èß·√°„πª√–‡∑»Ω√—Ëß‡» ∑’Ë‡¡◊Õß Nice ·≈–‰¥â„™â ‚Õ‚´πÕ¬à“ß

µàÕ‡π◊ËÕß‡ªìπ‡«≈“À≈“¬ªï®π‰¥â©“¬“«à“ çPlace

of birth of ozone for drinking water treat-

menté

● „π™à«ß ß§√“¡‚≈°§√—Èß∑’Ë 1 (æ.». 2457-2461)

¡’°“√„™â ‚Õ‚´π‡æ◊ËÕ√—°…“∫“¥·º≈ √—°…“

Trench foot (‡°‘¥®“°°“√∑’Ë‡∑â“ —¡ºâ °—∫§«“¡

Õ—∫™◊Èπ·≈–§«“¡‡¬Áπ‡ªìπ‡«≈“π“π) ·≈–‡π◊ÈÕ

µ“¬‡πà“ (Gangrene) ‡ªìπµâπ

● æ.». 2472 ¡’°“√æ‘¡æå‡º¬·æ√àÀπ—ß ◊Õ çOzone

and Its Therapeutic Actioné „π À√—∞

Õ‡¡√‘°“·≈– æ.». 2496 æ‘¡æå‡º¬·æ√àÀπ—ß ◊Õ

çMedical Ozoneé ·≈–¡’°“√Õ∫√¡·æ∑¬å

¥â“π°“√∫”∫—¥¥â«¬‚Õ‚´π„π‡¬Õ√¡—π

πÕ°®“°π’È·≈â«¬—ß¡’°“√„™âª√–‚¬™πå®“°‚Õ‚´π

„π¥â“πÕ◊ËπÊ ‡™àπ °“√∂πÕ¡Õ“À“√ °“√∑”§«“¡

 –Õ“¥ √–«à“¬πÈ” ‡ªìπµâπ ∑’Ëøíß¥Ÿ·≈â«§àÕπ¢â“ß

·ª≈°°Á§◊Õ¡’√“¬ß“π°“√„™â‚Õ‚´π„π°“√√—°…“ºŸâ

ªÉ«¬‡Õ¥ å „πªï æ.». 2541 USEPA ‰¥â¬◊π¬—π

∂÷ßº≈ —¡ƒ∑∏‘Ï¢Õß°“√„™â ‚Õ‚´π„π°“√°”®—¥‡™◊ÈÕ

‚√§Õ—πµ√“¬µà“ßÊ „ππÈ”´÷Ëß√«¡∂÷ß‡™◊ÈÕ Cryptos-

poridium ∑’Ë∑πµàÕ§≈Õ√’π¥â«¬

°“√„™âª√–‚¬™πå®“°‚Õ‚´π √ÿª‰¥â«à“‡°◊Õ∫∑—ÈßÀ¡¥

‡ªìπ‡√◊ËÕß∑’Ë‡°’Ë¬«°—∫ ÿ¢¿“æ‚¥¬‡√‘Ë¡®“°°“√„™â

‡ªìπ “√¶à“‡™◊ÈÕ„π√–∫∫πÈ”ª√–ª“·≈–®π∂÷ßªí®®ÿ-

∫—ππ’È¡’‡¡◊Õßµà“ßÊ¡“°°«à“ 2,500 ·Ààß¡’°“√„™â

‚Õ‚´π„π°√–∫«π°“√º≈‘µπÈ”¥◊Ë¡/ª√–ª“

∫√√¬“°“»¢Õß‚≈°·∫àßÕÕ°‰¥â‡ªìπ 5 ™—Èπµ“¡

√–¬–§«“¡ Ÿß¢÷Èπ‰ª®“°æ◊Èπº‘«‚≈°¥—ßπ’È (1) Tro-

posphere 0-10 °‘‚≈‡¡µ√ (2) Stratosphere

10-50 °‘‚≈‡¡µ√ (3) Mesosphere 50-80 °‘‚≈

‡¡µ√ (4) Thermosphere 80-500 °‘‚≈‡¡µ√ ·≈–

‚Õ‚´πª°ªÑÕß‚≈°
Stratospheric çgoodé Ozone
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(5) Exosphere µ—Èß·µà 500 °‘‚≈‡¡µ√¢÷Èπ‰ª

∫√√¬“°“»‚≈°ª√–°Õ∫¥â«¬°ä“´‰π‚µ√‡®π·≈–

°ä“´ÕÕ° ‘́‡®π‡ªìπ à«π„À≠à (78 ·≈– 21 ‡ªÕ√å

‡´πµåµ“¡≈”¥—∫) °ä“´Õ“√å°Õπ 0.9 ‡ªÕ√å‡´Áπµå

√«¡ 99.9 ‡ªÕ√å‡´Áπµå ∑’Ë‡À≈◊Õ‡ªìπ‰ÕπÈ” °ä“´§“√å-

∫Õπ‰¥ÕÕ°‰´¥å·≈–°ä“´Õ◊ËπÊ  ”À√—∫‚Õ‚´π¡’

Õ¬Ÿàª√–¡“≥ 0.00006 ‡ªÕ√å‡´πµå ÷́Ëß à«π„À≠à

(90 ‡ªÕ√å‡´πµå) Õ¬Ÿà„π™—Èπ Stratosphere ·≈–

∂Ÿ°‡√’¬°«à“ Stratospheric ozone ∑”Àπâ“∑’Ëª°

ªÑÕß¡πÿ…¬å·≈– ‘Ëß¡’™’«‘µµà“ßÊ ∫π‚≈°®“°Õ—π-

µ√“¬ ¢Õß√—ß ’ UV (‚¥¬‡©æ“– UV-b ·≈– UV-

a) ¥—ßπ—Èπ‚Õ‚´π„π™—Èππ’È®÷ß∂Ÿ°‡√’¬°«à“ çGood

ozoneé ´÷Ëßµ√ß¢â“¡°—∫Õ‚´π∑’ËÕ¬Ÿà „π√–¥—∫æ◊Èπ

‚≈°(™—Èπ Troposphere)∑’Ë‡ªìπÕ—πµ√“¬µàÕ ÿ¢¿“æ

¡πÿ…¬å√«¡∑—Èßæ◊™º≈∑“ß°“√‡°…µ√/ªÉ“‰¡â ®÷ß

∂Ÿ°‡√’¬°«à“ çBad ozoneé

∂â“‰¡à¡’‚Õ‚´π°√Õß√—ß ’ UV ®“°· ßÕ“∑‘µ¬å

°àÕπ∑’Ë®– àÕß≈ß¡“∂÷ßº‘«‚≈°°Á§ß®–‰¡à‡À≈◊Õ ‘Ëß¡’

™’«‘µ‡À≈◊ÕÕ¬Ÿà∫π‚≈°Õ’°µàÕ‰ª ‚Õ‚´π “¡“√∂

°√Õß √—ß ’ UV-b ·≈– UV-c ‰¥â‡ªìπ à«π„À≠à

·µà°√Õß√—ß ’ UV-a ‰¥âª√–¡“≥§√÷ËßÀπ÷Ëß ‡«≈“

‡√“ÕÕ°·¥¥·√ßÊ‡√“¬—ßµâÕß„ à‡ ◊ÈÕºâ“ª°§≈ÿ¡

À√◊Õ„™â√à¡À√◊Õ„™â§√’¡°—π·¥¥‡æ◊ËÕªÑÕß°—πº‘«‰À¡â

·≈–ªÑÕß°—π‰¡à„Àâ‡ªìπ¡–‡√Áßº‘«Àπ—ß µâÕß «¡·«àπ

µ“°—π·¥¥‡æ◊ËÕªÑÕß°—π “¬µ“π’Ë À¡“¬∂÷ß«à“· ß

·¥¥∑’Ë∂Ÿ°°√Õß·≈â«‚¥¬‚Õ‚´π ≈Õßπ÷°¿“æ«à“

∂â“‚Õ‚´π∂Ÿ°∑”≈“¬‰ª≈¥≈ß·≈â«®–‡ªìπÕ¬à“ß‰√?

√—ß ’ UV ∑’Ë‡¢â¡¢âππÕ°®“°∑”„Àâ‡°‘¥ªí≠À“ ÿ¢

¿“æ°—∫§π·≈â«¬—ß¡’º≈µàÕæ◊™æ√√≥µàÕ√–∫∫π‘‡«»

∑“ß∑–‡≈‡™àπ °“√≈¥≈ß¢Õß·æ≈ß§åµÕπæ◊™º≈

√â“¬µàÕæ—≤π“°“√„π™à«ßµâπ¢Õß —µ«åπÈ”µà“ßÊ

‡ªìπµâπ·≈–¡’º≈µàÕ°“√ ‡ª≈’Ë¬π·ª≈ß¢Õß«—Ø®—°√

µ“¡∏√√¡™“µ‘¢Õß∏“µÿ/ “√ª√–°Õ∫ ‡ªìπµâπ

‡ªìπº≈°√–∑∫ ‘Ëß·«¥≈âÕ¡∑’Ë ”§—≠ª√–°“√Àπ÷Ëß¢Õß‚≈°·¡â∂Ÿ°‡√’¬°

«à“À≈ÿ¡‚Õ‚´πÀ√◊Õ çOzone holeé °Áµ“¡·µà„π§«“¡‡ªìπ®√‘ß°Á‰¡à

‰¥âÀ¡“¬∂÷ßÀ≈ÿ¡À√◊Õ™àÕß«à“ß∑’Ë‡°‘¥¢÷Èπ„π™—Èπ‚Õ‚´π·µàÀ¡“¬∂÷ßæ◊Èπ∑’Ë

„π∫√√¬“°“»™—Èπ Stratosphere ∑’Ë¡’ª√‘¡“≥‚Õ‚´π‡À≈◊ÕÕ¬ŸàπâÕ¬

¡“° ‚¥¬∏√√¡™“µ‘√–¥—∫À√◊Õ§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π°Á¡’§«“¡·ª√

º—π‰ªµ“¡ªí®®—¬∫“ßÕ¬à“ß ‡™àπ ƒ¥Ÿ°“≈ ·≈– §«“¡ Ÿß ‡ªìπµâπ ‡¡◊ËÕ

¡’°“√∑”≈“¬‚Õ‚´π‡°‘¥¢÷Èπ°Á®–¡’°√–∫«π°“√ √â“ß¢÷Èπ‡æ◊ËÕ∑¥·∑π

¥—ßπ—Èπ√–¥—∫¢Õß Stratospheric ozone ®÷ß§àÕπ¢â“ß§ß∑’Ëµ—Èß·µà

§√‘ µ»µ«√√…∑’Ë 1970 ¡’À≈—°∞“π∑“ß«‘∑¬“»“ µ√å∑’Ë· ¥ß„Àâ‡ÀÁπ

«à“‚Õ‚´π°”≈—ß∂Ÿ°∑”≈“¬„πÕ—µ√“∑’Ë Ÿß°«à“°√–∫«π°“√µ“¡∏√√¡

™“µ‘®π¡’º≈„Àâ√–¥—∫‚Õ‚´π≈¥≈ßÕ¬à“ßº‘¥ª°µ‘

‚Õ‚´π„π∫√√¬“°“»™—Èπ Stratosphere ∂Ÿ°∑”≈“¬‰¥â‡¡◊ËÕ —¡º— °—∫

Õ–µÕ¡¢Õß§≈Õ√’π·≈–‚∫√¡’π §≈Õ√’πÀπ÷ËßÕ–µÕ¡ “¡“√∂∑”≈“¬

‚Õ‚´π‰¥â¡“°°«à“ 100,000 ‚¡‡≈°ÿ≈°àÕπ∑’Ë®–∂Ÿ°°”®—¥ÕÕ°‰ª®“°

™—Èπ Stratosphere  “√ª√–°Õ∫∫“ßÕ¬à“ß “¡“√∂ª≈¥ª≈àÕ¬

Õ–µÕ¡¢Õß§≈Õ√’πÀ√◊Õ‚∫√¡’π‡¡◊ËÕ°√–∑∫°—∫√—ß ’ UV „π™—Èπ

Stratosphere  “√ª√–°Õ∫‡À≈à“π’È®÷ß∂Ÿ°®—¥«à“‡ªìπ “√∑”≈“¬

‚Õ‚´π À√◊Õ ODS (Ozone-depleting substances)  “√‡À≈à“

π’È‡ªìπ “√Õ‘π∑√’¬å∑’Ë¡’§≈Õ√’πÀ√◊Õ‚∫√¡’π‡ªìπÕß§åª√–°Õ∫ ODS

πÕ°®“°∑”≈“¬‚Õ‚´π‰¥â√«¥‡√Á«·≈â«¬—ß¡’Õ“¬ÿ¬“«π“ππ—∫ ‘∫π—∫

√âÕ¬ªï„π∫√√¬“°“»™—Èπ Stratosphere µ—«Õ¬à“ß¢Õß ODS ‰¥â·°à

CFCs HCFCs Carbon tetrachloride Methyl chloroform

Halons ·≈– Methyl bromide ‡ªìπµâπ

‡ªìπªí≠À“ ”§—≠√–¥—∫‚≈°∑’Ë∑ÿ°Êª√–‡∑»®”‡ªìπµâÕß√à«¡¡◊Õ°—π

·°â ‰¢·≈–ªÑÕß°—π®÷ß∑”„Àâ‡°‘¥ çMontreal Protocolé ¢÷Èπ„πªï

æ.».2530 ‚¥¬¡’ 197 ª√–‡∑»√à«¡≈ßπ“¡ °≈à“«‰¥â«à“π’Ë‡ªìπ¢âÕ

µ°≈ßπ“π“™“µ‘©∫—∫·√°„πª√–«—µ‘»“ µ√å∑’Ë ‰¥â√—∫§«“¡√à«¡¡◊Õ®π

®–‡°‘¥Õ–‰√¢÷Èπ∂â“‚≈°‰¡à¡’
Strartosphericozone

À≈ÿ¡‚Õ‚´π

Stratospheric ozone
∂Ÿ°∑”≈“¬Õ¬à“ß‰√?

°“√≈¥≈ß¢Õß
Stratospheric ozone
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ª√– ∫§«“¡ ”‡√Á®¥â«¬¥’·≈–‡æ◊ËÕ‡ªìπ°“√√”≈÷°∂÷ß¥—ßπ—Èπ„πªï æ.».

2537 UN ®÷ß‰¥âª√–°“»„Àâ«—π∑’Ë 16 °—π¬“¬π¢Õß∑ÿ°ªï‡ªìπ çIn-

ternational Day for the Protection of the Ozone Layeré ¢÷Èπ

AQG (Air Quality Guideline) ∑’ËÕÕ°‚¥¬Õß§å°“√Õπ“¡—¬‚≈°

À√◊Õ WHO ‰¥â°”Àπ¥„Àâ‚Õ‚´π‡ªìπ 1 „π 4 ¢Õß Classical/Com-

mon pollutants US.EPA „π§√“«∑’Ëª√–°“»„™â¡“µ√∞“π

§ÿ≥¿“æÕ“°“»√–¥—∫™“µ‘À√◊Õ NAAQS (National Ambient Air

Quality Standards) ¢÷Èπ‡ªìπ§√—Èß·√°„πªï æ.». 2514 ‰¥â°”Àπ¥

Principal pollutant‰«â 5 ™π‘¥ ·≈–‚Õ‚´π‡ªìπÀπ’Ëß„ππ—Èπ®÷ß

ªØ‘‡ ∏‰¡à ‰¥â«à“‚Õ‚´π‡ªìπ “√¡≈æ‘…∑“ßÕ“°“» ”§—≠µ—«Àπ÷Ëß

ª√–°“√ ”§—≠§◊Õ¡“µ√∞“π‚Õ‚´π¡’°“√ª√—∫‡ª≈’Ë¬π¡“‚¥¬µ≈Õ¥

‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π™à«ß¬’Ë ‘∫∑’Ëºà“π¡“¡’º≈®“°°“√»÷°…“«‘®—¬

¡“°¡“¬∑’Ë∫àß™’È«à“º≈®“°¡≈æ‘…∑“ßÕ“°“»¡’§«“¡‡°’Ë¬«¢âÕß‚¥¬

µ√ß°—∫ªí≠À“ ÿ¢¿“æ¢Õßª√–™“™π ‡°’Ë¬«¢âÕß°—∫¿“«–ªÉ«¬‰¢â

·≈–°“√µ“¬°àÕπ‡«≈“Õ—π§«√ µ—Èß·µàªïæ.». 2540 ‡ªìπµâπ¡“

¡“µ√∞“π‚Õ‚´π‰¥â¡’°“√ª√—∫·°â„π∑ÿ°§√“«∑’Ë USEPA ¡’°“√∑∫

∑«π¡“µ√∞“π§ÿ≥¿“æÕ“°“» (°àÕπÀπâ“π’È¡’°“√ª√—∫·°â≈à“ ÿ¥§◊Õªï

æ.». 2522) WHO °Á¡’°“√ª√—∫·°â¥â«¬‡Àµÿº≈‡™àπ‡¥’¬«°—π°—∫

USEPA ·µà‡ªìπ‰ª„π≈—°…≥–∑’Ë¡’°“√ª°ªÑÕßµàÕ ÿ¢¿“æ¢Õßª√–

™“°√¡“°°«à“ (¥Ÿ¢âÕ¡Ÿ≈ª√–°Õ∫°“√Õà“π„π°√Õ∫∑â“¬∫∑§«“¡)

À≈—ß®“°∑’Ë‡√“√Ÿâ®—°·≈–µ—Èß™◊ËÕ„Àâ«à“ ç‚Õ‚´πé √«¡∂÷ß«à“‰¡àπ“πµàÕ¡“

‚Õ‚´π°Á “¡“√∂∂Ÿ°º≈‘µ¢÷Èπ¡“‰¥â·≈–‰¥â¡’°“√π”¡“„™âª√–‚¬™πå¥â“π

 ÿ¢¿“æ·≈– “∏“√≥ ÿ¢Õ¬à“ßÀ≈“°À≈“¬µàÕ‡π◊ËÕß¡“∂÷ßªí®®ÿ∫—π

‚Õ‚´π¡’§«“¡ª≈Õ¥¿—¬‡æ’¬ßæÕ ”À√—∫°“√¬Õ¡√—∫„Àâ„™â ‰¥â°—∫πÈ”

¥◊Ë¡∑—Èß„π√–∫∫º≈‘µπÈ”ª√–ª“·≈–πÈ”¥◊Ë¡∫√√®ÿ¢«¥√«¡∂÷ß°“√„™â

ª√–‚¬™πå∑“ß°“√·æ∑¬å·µà∑”‰¡‚Õ‚´π∂÷ß°≈“¬¡“‡ªìπ “√¡≈æ‘…

∑“ßÕ“°“»∑’Ë ”§—≠‰¥â Õ—π∑’Ë®√‘ß·≈â«§ÿ≥ ¡∫—µ‘ ”§—≠¢Õß‚Õ‚´π

∑’Ë‡√“π”¡“„™âª√–‚¬™πå°Á‡ªìπ≈—°…≥– ¡∫—µ‘‡¥’¬«°—π∑’Ë∑”„Àâ‚Õ‚´π

‡ªìπ “√¡≈æ‘…∑“ßÕ“°“» π—Ëπ§◊Õ§«“¡‡ªìπ “√ Oxidant π—Ëπ‡Õß

‚Õ‚´π‡ªìπ “√¡≈æ‘…∑“ßÕ“°“»∑’Ë§àÕπ¢â“ß·ª≈°°«à“ “√¡≈æ‘…

Õ◊ËπÊ∑’Ë·À≈àß°”‡π‘¥ ‚Õ‚´π‰¡à ‰¥â∂Ÿ°ª≈àÕ¬ÕÕ°¡“‚¥¬µ√ß®“°°‘®

°√√¡„¥Ê¢Õß¡πÿ…¬å∑—Èß ‘Èπ ·µà‡°‘¥¢÷Èπ¡“®“°ªØ‘°‘√‘¬“‡§¡’„π∫√√¬“

°“»√–À«à“ß “√¡≈æ‘…∑“ßÕ“°“»Õ◊ËπÊ‚¥¬¡’· ß

·¥¥‡ªìπ·À≈àßæ≈—ßß“π ¥—ßπ—Èπ‚¥¬°”‡π‘¥‚Õ‚´π

®÷ß®—¥‡ªìπ “√¡≈æ‘…∑ÿµ‘¬¿Ÿ¡‘ (Secondary pol-

lutant)  “‡Àµÿ¢Õß°“√‡æ‘Ë¡¢÷Èπ¢Õß‚Õ‚´π„π ∫√√

¬“°“»®π∑”„Àâ‡°‘¥‡ªìπªí≠À“¡≈æ‘… (Ozone

pollution) π—Èπ à«π„À≠à¡“®“°ªØ‘°‘√‘¬“√–À«à“ß

°ä“´ NO
2
 °—∫ VOCs ( “√Õ‘π∑√’¬å√–‡À¬ßà“¬)

¥—ß· ¥ß„π√Ÿª ¡°“√Õ¬à“ßßà“¬¥—ßπ’È

 NO
2
 + light =    NO+O ÇÇ(1)

 O
2
+O =    O

3
ÇÇ(2)

‚Õ‚´π¡’º≈µàÕ ÿ¢¿“æ¢Õß§π‡√“‚¥¬µ√ß®“°°“√

 Ÿ¥≈¡À“¬„®‡¢â“‰ª ‚Õ‚´π∑”Õ—πµ√“¬µàÕ√–∫∫

≈¡À“¬„®·≈–ªÕ¥µ—Èß·µà™àÕß®¡Ÿ°≈ß‰ª∂÷ß à«π

≈÷°∑’Ë ÿ¥∫√‘‡«≥∑’Ë‡°‘¥°“√·≈°‡ª≈’Ë¬π°ä“´ÕÕ° ‘́-

‡®π°—∫°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å√–À«à“ßÕ“°“»

∑’ËÀ“¬„®‡¢â“‰ª°—∫‡≈◊Õ¥ πÕ°®“°π’È¬—ß¡’º≈µàÕµ“

·≈–º‘«Àπ—ß™—ÈππÕ°

º≈µàÕ ÿ¢¿“æ®“°‚Õ‚´π‚¥¬√«¡æÕ°≈à“«∂’ß

‚¥¬¬àÕ‰¥â¥—ßπ’È

● º≈°√–∑∫µàÕ√–∫∫ªÕ¥·≈–≈¥ª√– ‘∑∏‘¿“æ

°“√∑”ß“π¢ÕßªÕ¥

● º≈°√–∑∫µàÕ√–∫∫À—«„®·≈–À≈Õ¥‡≈◊Õ¥

● ∑”„Àâ‡°‘¥æ—≤π“°“√¢Õß‚√§À≈Õ¥‡≈◊Õ¥·¢Áß

À√◊Õµ’∫

● ∑”„Àâ‡°‘¥æ—≤π“°“√¢Õß‚√§ÀÕ∫À◊¥

● ∑”„ÀâÕ“¬ÿ —Èπ≈ß

ºŸâ∑’ËÕ¬Ÿà„π°≈ÿà¡‡ ’Ë¬ßµàÕ°“√‰¥â√—∫‚Õ‚´πºà“π∑“ß

≈¡À“¬„®ª√–°Õ∫¥â«¬ ºŸâªÉ«¬‚√§ÀÕ∫À◊¥ ‡¥Á°

§π·°à ·≈–ºŸâ∑’Ë¡’°‘®°√√¡°≈“ß·®âß (‚¥¬‡©æ“–

ºŸâ∑’Ë∑”ß“ππÕ°Õ“§“√) πÕ°®“°π’ÈºŸâ∑’Ë∫√‘‚¿§ “√

Õ“À“√∫“ßÕ¬à“ß‰¡àæÕ‡æ’¬ß ‰¥â·°à «‘µ“¡‘π C ·≈–

‚Õ‚´π Àπ÷Ëß„π “√¡≈æ‘…∑“ßÕ“°“» ”§—≠

º≈°√–∑∫µàÕ ÿ¢¿“æ

°≈ÿà¡‡ ’Ë¬ß
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«‘µ“¡‘π E ‡ªìπµâπ ¡’§«“¡‡ ’Ë¬ß Ÿß¡“°µàÕ°“√

‰¥â√—∫‚Õ‚´π ‡¥Á°∂◊Õ«à“Õ¬Ÿà„π°≈ÿà¡∑’Ë¡’§«“¡‡ ’Ë¬ß

 Ÿß¡“°‡π◊ËÕß®“°‡ªìπ«—¬∑’ËªÕ¥¬—ßÕ¬Ÿà „π√–¬–

æ—≤π“°“√·≈–¡—°¡’°‘®°√√¡πÕ°Õ“§“√ Ÿß ∑”„Àâ

¡’‚Õ°“ √—∫‚Õ‚´π¡“°¢÷Èπ √«¡∑—Èß‡¥Á°¡’·π«‚πâ¡

∑’Ë®–‡ªìπÀÕ∫À◊¥¡“°°«à“ºŸâ „À≠à

‡√◊ËÕß¢Õß‚Õ‚´ππ’È§àÕπ¢â“ß·ª≈°°«à“ “√¡≈æ‘…

Õ◊ËπÊÕ¬Ÿà∫â“ß∑’Ë«à“ „π¢≥–∑’Ë‡√“æ¬“¬“¡À“∑“ß

ªÑÕß°—π‰¡à„Àâ‡°‘¥‚Õ‚´π ·µà„πÕ’°∑“ßÀπ’Ëß‡√“°Á

°”≈—ßª°ªÑÕß‚Õ‚´πÕ¬Ÿà¥â«¬‡™àπ°—π °Á‚Õ‚´πµ—«

‡¥’¬«°—ππ’Ë·À≈– ‡æ’¬ß·µà«à“µ—«Àπ÷Ëß‡°‘¥®“°

¡πÿ…¬å(·¡â®–‡ªìπ∑“ßÕâÕ¡)·≈–Õ¬Ÿà„π∫√√¬“°“»

™—Èπ≈à“ß ÿ¥  à«πÕ’°µ—«Àπ’Ëß‡°‘¥¢÷Èπµ“¡∏√√¡™“µ‘

·≈–Õ¬Ÿà„π∫√√¬“°“»™—Èπ∂—¥¢÷Èπ‰ª °“√∑’Ë‚Õ‚´π

Õ¬Ÿàµà“ß™—Èπ∫√√¬“°“»®÷ß∑”„Àâ¡’∫∑∫“∑µà“ß°—π‰ª

ç™—Èπ∫π‡ªìπ§ÿ≥-™—Èπ≈à“ß‡ªìπ‚∑…é

ªí≠À“∑’Ë‡°‘¥°—∫‚Õ‚´π™—Èπ∫π¥Ÿ·≈â«‰¡àπà“°—ß«≈

 —°‡∑à“‰√ ‡π◊ËÕß®“°‰¥â√—∫§«“¡√à«¡¡◊Õ°—πÕ¬à“ß

æ√âÕ¡‡æ’¬ß°—π®“°π“π“ª√–‡∑» ·µàªí≠À“‚Õ‚´π

™—Èπ≈à“ß¥Ÿ·≈â«πà“‡ªìπÀà«ß À≈—°∞“π®“°°“√«‘®—¬

∑”„ÀâµâÕß¡’°“√ª√—∫·°â§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π

„π¡“µ√∞“π§ÿ≥¿“æÕ“°“»¡“µ≈Õ¥„π™à«ß

¬’Ë ‘∫ªï¡“π’È °“√∑”„Àâ§«“¡‡¢â¡¢âπ¢Õß‚Õ‚´π„π

Õ“°“»≈¥≈ß°Á‰¡à ‰¥â∑”‰¥âßà“¬Ê ‡π◊ËÕß®“°‡ªìπ

 “√¡≈æ‘…∑ÿµ‘¬¿Ÿ¡‘ µâÕßÕ“»—¬°“√‰ª§«∫§ÿ¡ “√

µ—ÈßµâπÀ√◊Õ Precursor‰¥â·°à NO
2
 ·≈– VOC

S

‡ªìπµâπ ª√–°“√ ”§—≠§◊ÕªØ‘°‘√‘¬“°“√‡°‘¥

‚Õ‚´π¢÷Èπ°—∫ªí®®—¬∏√√¡™“µ‘∑’ËÕ¬ŸàπÕ°‡Àπ◊Õ°“√

§«∫§ÿ¡ ‡™àπ §«“¡‡¢â¡¢Õß· ß·¥¥ Õÿ≥À¿Ÿ¡‘

·≈–√–¥—∫§«“¡ Ÿß ‡ªìπµâπ πÕ°®“°π’È ‚Õ‚´π

‡ªìπ¡≈ “√∑’Ë‡¥‘π∑“ß‰¥â ‰°≈®“°·À≈àß°”‡π‘¥ ∑—Èß

À¡¥∑’Ë°≈à“«∂÷ßπ’È®÷ß∑”„Àâ‚Õ‚´π‡ªìπ¡≈æ‘…∑’Ë§“¥

‡¥“‰¥â¬“° ¥—ßπ—Èπ°“√·°âªí≠À“¡≈æ‘…‚Õ‚´π®÷ß

¬—ß§ß‡ªìπ§«“¡∑â“∑“¬Àπ÷Ëß∑’Ë√Õ°“√·°â ‰¢Õ¬Ÿà

∑â“¬‡√◊ËÕß

¢âÕ¡Ÿ≈ª√–°Õ∫°“√Õà“π

> · ßÕ“∑‘µ¬å∑”„Àâ‡°‘¥°“√·µ°µ—«¢Õß‚¡‡≈°ÿ≈°ä“´ÕÕ° ‘́‡®π‡ªìπ
Õ–µÕ¡ÕÕ° ‘́‡®π 2 Õ–µÕ¡ Õ–µÕ¡ÕÕ° ‘́‡®π¥—ß°≈à“« à«πÀπ÷Ëß∑”
ªØ‘°‘√‘¬“°—π‡Õß°≈“¬‡ªìπ°ä“´ÕÕ°´‘‡®π¢÷Èπ¡“„À¡à  à«πÀπ’Ëß∑”ªØ‘°‘√‘¬“
°—∫°ä“´ÕÕ°´‘‡®π°≈“¬‡ªìπ‚Õ‚´π¢÷Èπ¡“
> WHO / AQG  4 most common pollutants

●  Nitrogen dioxide
●  Ozone
●  Particulate matter
●  Sulfur dioxide

> US.EPA  / NAAQS  6 principal pollutants
●  Carbon monoxide (CO)
●  Nitrogen dioxide (NO

2
)

●  Ozone (O
3
)

●  Particulate matter (PM)
●  Sulfur dioxide (SO

2
)

●  Lead (‡æ‘Ë¡‡¢â“¡“„π æ.».2521)
> °“√ª√—∫·°â¡“µ√∞“π‚Õ‚´π¢Õß US.EPA (¡“µ√∞“π 8 ™—Ë«‚¡ß)

●  ªï æ.». 2540  0.08  ppm (160 mcg/m3)
●  ªï æ.». 2551  0.075 ppm (150 mcg/m3)
●  ªï æ.». 2558  0.070 ppm (140 mcg/m3)

> °“√ª√—∫·°â¡“µ√∞“π‚Õ‚´π¢Õß WHO (¡“µ√∞“π 8 ™—Ë«‚¡ß)
●  ªï æ.». 2543   120 mcg/m3 (0.06  ppm)
●  ªï æ.». 2548   100 mcg/m3 (0.05  ppm)

> ¡“µ√∞“πª√–‡∑»‰∑¬ ªï æ.». 2550 °”Àπ¥‰«â ‰¡à‡°‘π 0.07 ppm
À√◊Õ 0.14 mg/m3 (8 ™—Ë«‚¡ß)

∫√√≥“πÿ°√¡

● Cal/EPA.çHistory of Ozone and Oxidant Ambient Air Quality
Standardsé California Environmental Protection Agency.https://
www.arb.ca.gov/research/aaqs/caaqs/ozone/o-hist/o-hist.htm  (ac-
cessed November 11, 2016)

● NASA.çOzone Hole Watché National Aeronautics and Space
Administration.https://ozonewatch.gsfc.nasa.gov/facts/SH.html (ac-
cessed December 25, 2016)

● OZOFRESH.ç History of Ozoneé https://ozofresh.co.uk/15-history-
of-ozone.html  (accessed November 11, 2016)

● US.EPA. çTable of Historical Ozone National Ambient Air Quality
Standardsé US Environmental Protection Agency.https://
www.epa.gov/ozone-pollution/table-historical-ozone-national-am-
bient-air-quality-standards-naaqs (accessed December 22, 2016)

● US.EPA. çHealth Effects of Ozone Pollutioné US Environmental
Protection Agency. https://www.epa.gov/ozone-pollution/health-
effects-ozone-pollution (accessed December 24, 2016)

● US.EPA, çBasic Ozone Layer Scienceé US Environmental Protec-
tion Agency.https://www.epa.gov/ozone-layer-protection/basic-
ozone-layer-science (accessed December 25, 2016)

● WHO, çAir Quality Guideline Global Update 2005é World Health
Organization, 2006




