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∫∑§—¥¬àÕ

‡Õ∑∏“‚π≈“¡’π (2-Õ–¡‘‚π‡Õ∑∏“πÕ≈) ‡ªìπ “√∑’Ëπ‘¬¡„™â°—πÕ¬à“ß·æ√àÀ≈“¬„πÕÿμ “À°√√¡
‡™àπ „πÕÿμ “À°√√¡°“√º≈‘μºß´—°øÕ°·≈–¬“ ·μàÕ¬à“ß‰√°Áμ“¡‡Õ∑∏“‚π≈“¡’ππ—Èπ “¡“√∂°àÕ„Àâ‡°‘¥°“√
√–§“¬‡§◊ÕßμàÕº‘«Àπ—ß ¥«ßμ“ ·≈–ªÕ¥‰¥â Õ’°∑—Èß°“√‰¥â√—∫ “√„πª√‘¡“≥¡“°Õ“®°àÕ„Àâ‡°‘¥¿“«–√–∫∫
ª√– “∑ à«π°≈“ß∂Ÿ°°¥∑—∫ (central nervous system depression) ´÷Ëß°“√μ√«®«—¥¥â«¬‡§√◊ËÕß¡◊Õ∑’Ë„™â‚¥¬
∑—Ë«‰ª„πÀâÕßªØ‘∫—μ‘°“√π—Èπ≈â«π·≈â«·μà„™â‡«≈“π“π ¡’√“§“·æß ·≈–¡’‡§√◊ËÕß¡◊Õ∑’Ë¬ÿàß¬“° —́∫´âÕπ ¥—ßπ—Èπ
„πß“π«‘®—¬π’È ∑“ßºŸâ«‘®—¬®÷ß‰¥âπ”‡ πÕ«‘∏’∑“ß‡≈◊Õ°∑’Ë®– “¡“√∂§—¥°√Õß·≈–μ√«®«—¥‡Õ∑∏“‚π≈“¡’π‰¥âÕ¬à“ß
ßà“¬·≈–√«¥‡√Á« ‚¥¬„π°“√μ√«®«—¥®–Õ“»—¬À≈—°°“√„π°“√ÕÕ° ‘́‡¥™—πÕπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√¿“¬„μâ
 ¿“«–„π°“√∑¥≈Õß  àßº≈„ÀâÕπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√¡’¢π“¥‡≈Á°≈ß·≈–‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß ’®“° ’
¡à«ß‡ªìπ ’ â¡ ·μàÀ“°„π “√≈–≈“¬π—Èπª√–°Õ∫¥â«¬‡Õ∑∏“‚π≈“¡’π ‡Õ∑∏“‚π≈“¡’π®– “¡“√∂¬—∫¬—Èß°“√
‡°‘¥ÕÕ°´‘‡¥™—π¢ÕßÕπÿ¿“§‡ß‘π‰¥â∑”„Àâ ’¢Õß “√≈–≈“¬‰¡à‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß ‚¥¬¿“¬„μâ ¿“«–∑’Ë
‡À¡“– ¡ æ∫«à“§à“§«“¡‡¢â¡ ’π—Èπ· ¥ß§«“¡ —¡æ—π∏å‡ªìπ‡ âπμ√ß°—∫≈ÁÕ°°“√‘∑÷¡¢Õß§«“¡‡¢â¡¢âπ¢Õß
‡Õ∑∏“‚π≈“¡’π„π™à«ß 1 μgL-1-100 mgL-1 ·≈–¡’¢’¥®”°—¥„π°“√μ√«®«—¥‡∑à“°—∫ 0.5 μgL-1 πÕ°®“°π’È«‘∏’
°“√μ√«®«—¥‡™‘ß ’π’È¬—ß· ¥ß§«“¡‰«„π°“√μ√«®«‘‡§√“–Àå·≈–§«“¡∂Ÿ°μâÕß∑’Ë¥’ ∑”„Àâß“π«‘®—¬∑’Ëæ—≤π“¢÷Èππ’È
 “¡“√∂π”¡“ª√–¬ÿ°μå„™â‡æ◊ËÕ°“√§—¥°√Õß·≈–«‘‡§√“–Àå‡Õ∑∏“‚π≈“¡’π‰¥âÕ¬à“ß∂Ÿ°μâÕß·≈–√«¥‡√Á«
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Colorimetric Screening and Analysis of Ethanolamine
using Silver Nanoparticles as Colorimetric Agent

Abdulhadee Yakoh and Weena Siangproh*

ABSTRACT

Ethanolamine (2-aminoethanol) are widely used in many industries such as the
production of detergent and pharmaceuticals. Ethanolamine is irritating to the skin, eyes and
lungs. Moreover, extensive using may cause central nervous system depression in exposed to
animals. Unfortunately, several analytical methods used for the detection of ethanolamine require
time-consuming operation, expensive and sophisticated instrument which limiting their
applications. Here, we report an alternatively novel visual method for simple and rapid
determination of the ethanolamine. In this work, the assay principle is based on the oxidation of
silver nanoparticles (AgNPs), which induces the etching of AgNPs and the changing of color
from violet to orange. However, the presence of ethanolamine can prevent the etching of the
AgNPs. Under optimal conditions, the mean color intensity is related linearly to the logarithmic
concentration of ethanolamine in the range of 1 μgL-1-100 mgL-1 with a detection limit of 0.5
μgL-1. This colorimetric assay exhibits good sensitivity and accuracy, providing a simple and
rapid method for the screening and analysis of ethanolamine.

Keywords: ethanolamine, silver nanoparticles (AgNPs), screening, colorimetric agent
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∫∑π”
‡Õ∑∏“‚π≈“¡’π (Ethanolamine) À√◊Õ 2-Õ–¡‘‚π‡Õ∑∏“πÕ≈ (2-aminoethanol) §◊Õ

 “√Õ‘π∑√’¬å∑’Ë‡ªìπ∑—Èß·Õ≈°ÕŒÕ≈≈åª∞¡¿Ÿ¡‘ (primary alcohol) ·≈–‡Õ¡’πª∞¡¿Ÿ¡‘ (primary amine) ®—¥
‡ªìπ “√∑’Ë¡’ƒ∑∏‘Ï‡ªìπ‡∫ ÕàÕπ (weak base) ‚¥¬‡Õ∑∏“‚π≈“¡’π‡ªìπ “√∑’Ëπ‘¬¡„™âÕ¬à“ß·æ√àÀ≈“¬„π
Õÿμ “À°√√¡μà“ßÊ ‡™àπ °“√„™â‡ªìπ “√‡§¡’„π°“√ scrubbing ¢Õß acidic gases [1], °“√„™â‡ªìπ«—μ∂ÿ¥‘∫
μ—Èßμâπ„π°√–∫«π°“√º≈‘μμà“ßÊ ‡™àπ ºß´—°øÕ° ‡ªìπμâπ πÕ°®“°π’È‡Õ∑∏“‚π≈“¡’π¬—ß∂Ÿ°π”¡“„™â‡ªìπ “√∑’Ë
™à«¬‡æ‘Ë¡§«“¡‡ ∂’¬√ (stabilizer) À√◊Õ “√∑’Ë„™â„π°“√§«∫§ÿ¡æ’‡Õ™ (pH) ¢ÕßªØ‘°‘√‘¬“„πÕÿμ “À°√√¡°“√
º≈‘μ¬“ [2] ‚¥¬®“°¢âÕ¡Ÿ≈∑“ßæ‘…«‘∑¬“æ∫«à“ °“√‰¥â√—∫ “√‡Õ∑∏“‚π≈“¡’π„πª√‘¡“≥¡“°Õ“®°àÕ„Àâ‡°‘¥
¿“«–√–∫∫ª√– “∑ à«π°≈“ß∂Ÿ°°¥∑—∫ (central nervous system depression) Õ’°∑—Èß Modica-Napolitano,
J.S. ·≈–§≥– [3] ¬—ß‰¥â∑”°“√»÷°…“∂÷ßº≈°√–∑∫®“° “√™π‘¥π’È ·≈–æ∫«à“°“√‰¥â√—∫ “√‡Õ∑∏“‚π≈“¡’ππ—Èπ
 “¡“√∂¬—∫¬—Èß°“√∑”ß“π¢Õß°√–∫«π°“√À“¬„®„π mitochondria ¢Õß ‘Ëß¡’™’«‘μ (Mitochondria respiratory
activity) ÷́Ëß°àÕ„Àâ‡°‘¥¿“«–§«“¡º‘¥ª°μ‘∑“ßÕ“√¡≥å (the pathophysiology of affective illnesses) ‡™àπ
¿“«–´÷¡‡»√â“ (depression) ·≈– ‚√§Õ“√¡≥å Õß¢—È« (Bipolar disorder) ‚¥¬√–¥—∫¢Õß “√‡Õ∑∏“‚π≈“¡’π
∑’Ë “¡“√∂¬Õ¡„Àâ¡’‰¥â (threshold limit value, TLV) §◊Õ 3 mgL-1 [2] ®–‡ÀÁπ«à“°“√μ√«®«‘‡§√“–Àå
‡Õ∑∏“‚π≈“¡’ππ—Èπ¡’§«“¡ ”§—≠Õ¬à“ß¡“°μàÕ¡πÿ…¬å·≈– ‘Ëß¡’™’«‘μ ¥—ßπ—Èπ«‘∏’∑’Ë„™â„π°“√«‘‡§√“–Àå‡Õ∑∏“‚π≈“¡’π
®÷ß®”‡ªìπμâÕß¡’§«“¡∂Ÿ°μâÕß ·¡àπ¬” ·≈–πà“‡™◊ËÕ∂◊Õ ·μà‡π◊ËÕß®“°§ÿ≥ ¡∫—μ‘¢Õß‡Õ∑∏“‚π≈“¡’π ‡™àπ ¡«≈
‚¡‡≈°ÿ≈πâÕ¬, §«“¡¡’¢—È«¡“°, °“√√–‡À¬μË”, ∂Ÿ°‰ÕÕÕ‰π ǻ‰¥âßà“¬„π “√≈–≈“¬πÈ” (aqueous solution) ·≈–
‰¡à¡’À¡Ÿà‚§√‚¡øÕ√å (chromophore) „π°“√¥Ÿ¥°≈◊π· ß™à«ß¬Ÿ«’-«‘ ‘‡∫‘≈ (UV-Vis) ∑”„Àâ°“√μ√«®«‘‡§√“–Àå
π—Èπ∑”‰¥â¬“° ∑”„Àâæ∫√“¬ß“π°“√«‘®—¬∑’ËπâÕ¬¡“°Ê ·μàÕ¬à“ß‰√°Áμ“¡®“°°“√∑∫∑«π«√√≥°√√¡∑—ÈßÀ¡¥∑’Ë
‡°’Ë¬«¢âÕß æ∫‡∑§π‘§∑“ß«‘‡§√“–Àå∑’Ë‰¥â∂Ÿ°π”¡“„™â„π°“√«‘‡§√“–ÀåÀ“ª√‘¡“≥‡Õ∑∏“‚π≈“¡’π ‡™àπ ‡∑§π‘§
·°ä ‚§√¡“‚∑°√“øï (Gas chromatography (GC)) [4], ¢Õß‡À≈« ¡√√∂π– Ÿß (High performance liquid
chromatography (HPLC)) [5] À√◊Õ‰ÕÕÕπ‚§√¡“‚∑°√“øï (Ion chromatography) [6] ´÷Ëß≈â«π·≈â«·μà„™â
‡§√◊ËÕß¡◊Õ∑’Ë√“§“·æß μâÕßÕ“»—¬ºŸâ∑’Ë¡’§«“¡™”π“≠„π‡§√◊ËÕß¡◊Õπ—ÈπÊ „™â‡«≈“„π°“√μ√«®«‘‡§√“–Àåπ“π ·≈–¡’
¢—ÈπμÕπ„π°“√‡μ√’¬¡μ—«Õ¬à“ß∑’Ë§àÕπ¢â“ß¬ÿàß¬“°´—∫´âÕπ ´÷ËßÕ“®‰¡à‡À¡“– ¡μàÕ°“√π”‰ª„™â„π°“√μ√«®
«‘‡§√“–Àå„πß“π∑’ËμâÕß°“√∑√“∫º≈∑—π∑’ (real time analysis) ®÷ß‡°‘¥¢âÕ®”°—¥„π°“√„™âß“π¢÷Èπ ¥—ßπ—Èπ„πß“π
«‘®—¬π’È∑“ßºŸâ«‘®—¬®÷ß¡’‡ªÑ“À¡“¬∑’Ë®–æ—≤π“«‘∏’°“√§—¥°√Õß·≈–μ√«®«‘‡§√“–Àå‡Õ∑∏“‚π≈“¡’π„Àâ¡’§«“¡ßà“¬
√«¥‡√Á« ¡’√“§“∂Ÿ° ·≈–„Àâº≈∑’Ë¡’§«“¡∂Ÿ°μâÕß·¡àπ¬”‡™◊ËÕ∂◊Õ‰¥â

ªí®®ÿ∫—ππ“‚π‡∑§‚π‚≈¬’‰¥â‡¢â“¡“¡’ à«π™à«¬„π°“√∑”„Àâ°“√μ√«®«‘‡§√“–Àåμà“ßÊ π—Èπßà“¬¢÷Èπ ‡™àπ
°“√π”Õπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√ (AgNPs) ·≈– Õπÿ¿“§∑Õß¢π“¥π“‚π‡¡μ√ (AuNPs) ¡“„™â‡ªìπμ—«
μ√«®«—¥‡™‘ß ’¢Õß “√À≈“¬ª√–‡¿∑ ‡™àπ  “√™’«¿“æ  “√Õ‘π∑√’¬å ·≈– “√Õπ‘π∑√’¬åμà“ßÊ ‚¥¬®“°§ÿ≥ ¡∫—μ‘
∑’Ë‚¥¥‡¥àπ¢ÕßÕπÿ¿“§¢π“¥π“‚π‡¡μ√‰¡à«à“®–‡ªìπ §à“ —¡ª√– ‘∑∏‘Ï°“√¥Ÿ¥°≈◊π· ß∑’Ë Ÿß §«“¡‡¢â“°—π‰¥â∑“ß
™’«¿“æ §«“¡‡ ∂’¬√ ·≈–√“§“∑’Ë∂Ÿ° ∑”„ÀâÕπÿ¿“§¢π“¥π“‚π‡¡μ√‰¥â√—∫§«“¡ π„®Õ¬à“ß°«â“ß¢«“ß ¥—ßπ—Èπ„π
ß“π«‘®—¬π’È∑“ßºŸâ«‘®—¬®÷ß‰¥â‡≈◊Õ°„™âÕπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√ (AgNPs) ÷́Ëß¡’°“√√“¬ß“π‰«â«à“¡’§à“
 —¡ª√– ‘∑∏‘Ï°“√¥Ÿ¥°≈◊π· ß∑’Ë Ÿß°«à“Õπÿ¿“§∑Õß¢π“¥π“‚π‡¡μ√ (AuNPs) ∂÷ß 100 ‡∑à“ ∑’Ë¢π“¥Õπÿ¿“§
‡¥’¬«°—π Õ’°∑—Èß¬—ß¡’√“§“∑’Ë∂Ÿ°°«à“¡“„™â‡ªìπμ—«μ√«®«—¥‡™‘ß ’ ‚¥¬„π°“√§—¥°√Õß·≈–μ√«®«‘‡§√“–ÀåÀ“
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‡Õ∑∏“‚π≈“¡’ππ—Èπ®–Õ“»—¬À≈—°°“√¬—∫¬—Èß°“√‡ª≈’Ë¬π·ª≈ß ’¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√ ‚¥¬„π ¿“«–∑’Ë
‰¡à¡’‡Õ∑∏“‚π≈“¡’πÕ¬Ÿàπ—Èπ®–‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß ’ “√≈–≈“¬¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√®“° ’¡à«ß‡ªìπ
 ’ â¡‡æ√“–Õπÿ¿“§‡ß‘π®–¡’¢π“¥‡≈Á°≈ß ·μà„π°√≥’∑’Ë¡’‡Õ∑∏“‚π≈“¡’πÕ¬Ÿà„π “√≈–≈“¬ Õπÿ¿“§‡ß‘π®–¬—ß§ß¡’
¢π“¥‡∑à“‡¥‘¡À√◊Õ„°≈â‡§’¬ß¢Õß‡¥‘¡¡“°∑’Ë ÿ¥ ¥—ßπ—Èπ°“√‡ª≈’Ë¬π·ª≈ß ’¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√®“°
 ’¡à«ß‡ªìπ ’ â¡π—Èπ®–‡°‘¥‰¥â¬“°¢÷Èπ ¥—ß· ¥ß„π√Ÿª∑’Ë 1 ∑”„Àâ°“√§—¥°√Õß·≈–°“√μ√«®«—¥ª√‘¡“≥‡Õ∑∏“‚π≈“¡’π
 “¡“√∂∑”‰¥â‚¥¬°“√μ‘¥μ“¡°“√‡ª≈’Ë¬π·ª≈ß ’∑’Ë‡°‘¥¢÷Èππ—Èπ‰¥â¥â«¬μ“‡ª≈à“‚¥¬‰¡àμâÕßÕ“»—¬‡§√◊ËÕß¡◊ÕÕ◊ËπÊ
∑’Ë¬ÿàß¬“°´—∫´âÕπ

®“°¢âÕ¥’¢Õß«‘∏’∑’Ëæ—≤π“¢÷Èπ‰¡à«à“®–‡ªìπ§«“¡√«¥‡√Á« ßà“¬ ·≈–√“§“∑’Ë∂Ÿ° ∑”„Àâ “¡“√∂π”«‘∏’∑’Ë
æ—≤π“¢÷Èππ’È‰ªª√–¬ÿ°μå„™â„π°“√§—¥°√Õß·≈–«‘‡§√“–Àå‡Õ∑∏“‚π≈“¡’π„πμ—«Õ¬à“ß®√‘ßμàÕ‰ª‰¥â

√Ÿª∑’Ë 1 · ¥ßÀ≈—°°“√μ√«®«—¥‡Õ∑∏“‚π≈“¡’π‚¥¬„™âÕπÿ¿“§‡ß‘π¢π“¥π“‚π‡ªìπμ—«μ√«®«—¥‡™‘ß ’

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß
 “√‡§¡’

‡Õ∑∏“‚π≈“¡’π 97% (Ethanolamine 97%), ‚§∫Õ≈μå´—≈‡øμ‡Œªμ–‰Œ‡¥√μ (Cobalt sulfate
heptahydrate), §Õª‡ªÕ√å‰π‡μ√μ (Copper nitrate), §Õª‡ªÕ√å´—≈‡øμ (Copper Sulfate), π‘°‡°‘≈´—≈‡øμ
(Nickel sulfate), ·§≈‡ ’́¬¡§≈Õ‰√¥å (Calcium chloride) ®“°∫√‘…—∑´‘°¡“-·Õ≈¥‘™ Õπÿ¿“§‡ß‘π¢π“¥
π“‚π‡¡μ√ (Silver nanoparticles) ‚¥¬¡’·ªÑß (starch) ‡ªìπμ—«‡æ‘Ë¡‡ ∂’¬√¿“æ ®“°Àπà«¬ªØ‘∫—μ‘°“√«‘®—¬
Õÿª°√≥å√—∫√Ÿâ ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ ´÷Ëßª√–°Õ∫‰ª¥â«¬Õπÿ¿“§‡ß‘π¢π“¥π“‚π ’¡à«ß (45 π“‚π‡¡μ√),
‡À≈◊Õß (10 π“‚π‡¡μ√) ·≈–πÈ”‡ß‘π (50 π“‚π‡¡μ√), πÈ”¥’‰ÕÕÕ‰π ǻ (Deionized water)
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Õÿª°√≥å·≈–‡§√◊ËÕß¡◊Õ
‰¡‚§√ªî‡ªμ¢π“¥ 100 ·≈– 1000 ‰¡‚§√≈‘μ√ (Micropipette, 100-1000 μL) ®“°∫√‘…—∑

Eppendorf, ‡§√◊ËÕß¬Ÿ«’-«‘ ´‘‡∫‘≈ ‡ª°‚μ√¡‘‡μÕ√å (UV-Vis spectrometer) ®“°∫√‘…—∑´‘¡“  ÷ ·≈– °≈âÕß
¥‘®‘μ—≈ (Digital camera) √ÿàπ Cyber-shot DSC-TX1 ®“°∫√‘…—∑‚´π’Ë

«‘∏’°“√¥”‡π‘π°“√«‘®—¬
1. °“√§—¥°√Õß·≈–μ√«®«—¥‡Õ∑∏“‚π≈“¡’π‡™‘ß ’¥â«¬Õπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√

‡μ√’¬¡ “√≈–≈“¬·∫≈ß§å ‚¥¬°“√À¬¥ “√≈–≈“¬¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√ ’¡à«ß‡¢â¡¢âπ
50 mgL-1 ª√‘¡“μ√ 200 μL ≈ß„π∂“¥À≈ÿ¡„ À≈ÿ¡∑’Ë 1 ∑’Ëºà“π°“√≈â“ß¥â«¬πÈ”¥’‰ÕÕÕ‰π ǻ·≈–Õ∫„Àâ·Àâß
·≈â« ®“°π—Èπ∑”°“√À¬¥ “√≈–≈“¬‚§∫Õ≈μå´—≈‡øμ‡¢â¡¢âπ 1000 mgL-1 ª√‘¡“μ√ 200 μL ·≈–
 “√≈–≈“¬·§≈‡´’¬¡§≈Õ‰√¥å 100 mgL-1 ª√‘¡“μ√ 200 μL ≈ß„π∂“¥À≈ÿ¡°àÕπÀπâ“∑’Ë¡’°“√À¬¥Õπÿ¿“§
‡ß‘π¢π“¥π“‚π‡¡μ√  “√≈–≈“¬®–‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß ’¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π®“° ’¡à«ß‡ªìπ ’ â¡
´÷Ëß “¡“√∂¡Õß‡ÀÁπ‰¥â¥â«¬μ“‡ª≈à“¿“¬„π‡«≈“ 3 π“∑’ ∑”°“√∫—π∑÷°¿“æ°“√‡ª≈’Ë¬π·ª≈ß ’∑’Ë‡°‘¥¢÷Èπ

®“°π—Èπ∑”°“√μ√«®«—¥‡Õ∑∏“‚π≈“¡’π‚¥¬°“√À¬¥ “√≈–≈“¬¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√ ’¡à«ß
‡¢â¡¢âπ 50 mgL-1 ª√‘¡“μ√ 200 μL ≈ß„π∂“¥À≈ÿ¡„ À≈ÿ¡∑’Ë 2 ∑’Ëºà“π°“√≈â“ß¥â«¬πÈ”¥’‰ÕÕÕ‰π´å·≈–
Õ∫„Àâ·Àâß·≈â« ®“°π—Èπ∑”°“√À¬¥ “√≈–≈“¬‚§∫Õ≈μå´—≈‡øμ‡¢â¡¢âπ 1000 mgL-1 ª√‘¡“μ√ 200 μL
μ“¡¥â«¬ “√≈–≈“¬‡Õ∑∏“‚π≈“¡’π∑’Ë§«“¡‡¢â¡¢âπμà“ßÊ ª√‘¡“μ√ 200 μL ·≈– “√≈–≈“¬·§≈‡´’¬¡§≈Õ‰√¥å
100 mgL-1 ª√‘¡“μ√ 200 μL ≈ß„π∂“¥À≈ÿ¡∑’Ë¡’°“√À¬¥Õπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√‰«â·≈â« ‚¥¬ “√
≈–≈“¬®–‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß ’¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π‡æ’¬ß‡≈Á°πâÕ¬®π·∑∫®–‰¡à “¡“√∂ —ß‡°μ‰¥â¥â«¬
μ“‡ª≈à“ ‡π◊ËÕß®“°°“√¬—∫¬—Èß°“√‡ª≈’Ë¬π·ª≈ß ’¢Õß‡Õ∑∏“‚π≈“¡’π ∑”°“√∫—π∑÷°¿“æ°“√‡ª≈’Ë¬π·ª≈ß ’∑’Ë
‡°‘¥¢÷Èπ¢Õß “√≈–≈“¬∑—Èß ÕßÀ≈ÿ¡¥â«¬°≈âÕß¥‘®‘μ—≈ ·≈â«π”‰ª«‘‡§√“–Àå‡™‘ßª√‘¡“≥‚¥¬´Õø∑å·«√å Adobe
Photoshop ‡æ◊ËÕÀ“§à“§«“¡‡¢â¡ ’¢Õß “√≈–≈“¬ ‚¥¬§à“§«“¡‡¢â¡ ’∑’ËÕà“π§à“‰¥â®–∂Ÿ°π”¡“æ≈Õμ‡ªìπ
§“≈‘‡∫√™—Ëπ‡§‘√åø‡∑’¬∫°—∫§«“¡‡¢â¡¢âπ‡æ◊ËÕ„™â„π°“√«‘‡§√“–ÀåÀ“ª√‘¡“≥‡Õ∑∏“‚π≈“¡’π„πμ—«Õ¬à“ßμàÕ‰ª

2. »÷°…“°“√¥Ÿ¥°≈◊π· ß¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√¥â«¬‡§√◊ËÕß¬Ÿ«’-«‘ ´‘‡∫‘≈ ‡ª°‚μ√¡‘‡μÕ√å
‡æ◊ËÕ»÷°…“∂÷ß·π«‚πâ¡¢Õß¢π“¥∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√´÷Ëß¡’§«“¡

 —¡æ—π∏å°—∫ ’¢Õß “√≈–≈“¬ ®÷ßπ” “√≈–≈“¬∑’ËμâÕß°“√»÷°…“¡“∑”°“√μ√«®«—¥°“√¥Ÿ¥°≈◊π· ß¥â«¬‡§√◊ËÕß¬Ÿ«’-
«‘ ´‘‡∫‘≈ ‡ª°‚μ√¡‘‡μÕ√å„π™à«ß§«“¡¬“«§≈◊Ëπ 390-800 π“‚π‡¡μ√ (nm) ‚¥¬„™â§‘«‡«μ¡“μ√∞“π§«“¡
°«â“ß 1 ‡´πμ‘‡¡μ√
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º≈°“√«‘®—¬
1.  ‡ª°μ√—¡°“√¥Ÿ¥°≈◊π· ß¬Ÿ«’-«‘ ´‘‡∫‘≈

‡æ◊ËÕ»÷°…“∂÷ß·π«‚πâ¡¢Õß¢π“¥∑’Ë‡ª≈’Ë¬π·ª≈ß‰ª¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√´÷Ëß¡’§«“¡
 —¡æ—π∏å°—∫ ’¢Õß “√≈–≈“¬ ®÷ßπ” “√≈–≈“¬∑’ËμâÕß°“√»÷°…“¡“∑”°“√μ√«®«—¥°“√¥Ÿ¥°≈◊π· ß¥â«¬‡§√◊ËÕß¬Ÿ«’-
«‘ ´‘‡∫‘≈ ‡ª°‚μ√¡‘‡μÕ√å„π™à«ß§«“¡¬“«§≈◊Ëπ 390-800 nm ‚¥¬®“°°¬Ÿ«’-«‘ ´‘‡∫‘≈ ‡ª°μ√—¡ (√Ÿª∑’Ë 2) · ¥ß
„Àâ‡ÀÁπ∂÷ß§«“¡¬“«§≈◊Ëπ¢Õß§à“°“√¥Ÿ¥°≈◊π· ß Ÿß ÿ¥ ´÷Ëß®–æ∫«à“∑’Ë ¿“«–ª°μ‘Õπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√
 “¡“√∂¥Ÿ¥°≈◊π· ß‰¥â∑’Ë§«“¡¬“«§≈◊Ëπ 542 nm (a) ·≈–°“√‡μ‘¡‚§∫Õ≈μå´—≈‡øμ‰¡à àßº≈μàÕ°“√‡ª≈’Ë¬π
μ”·Àπàß¢Õß§«“¡¬“«§≈◊Ëπ (b) ·μàÀ“°∑”°“√‡μ‘¡·§≈‡ ’́¬¡§≈Õ‰√¥å≈ß‰ª ®–æ∫«à“®“° ‡ª°μ√—¡®–‡°‘¥
°“√‡≈◊ËÕπμ”·Àπàß¢Õß§«“¡¬“«§≈◊Ëπ‰ª∑“ß§«“¡¬“«§≈◊Ëπ∑’Ë —Èπ≈ß (Blue shift) ®“° 542 nm ¡“¬—ß
477 nm (c) ´÷Ëß¡’§«“¡ Õ¥§≈âÕß°—∫°“√‡ª≈’Ë¬π·ª≈ß ’¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π∑’Ë‡°‘¥¢÷Èπ ‚¥¬®–‡°‘¥°“√
‡ª≈’Ë¬π·ª≈ß ’®“° ’¡à«ß‡ªìπ ’ â¡ ´÷Ëß· ¥ß„Àâ‡ÀÁπ∂÷ß¢π“¥¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π∑’Ë¡’¢π“¥‡≈Á°≈ß ∑—Èßπ’È
∑“ßºŸâ«‘®—¬‡™◊ËÕ«à“°“√‡≈◊ËÕπμ”·Àπàß¢Õß§«“¡¬“«§≈◊Ëπ·≈–°“√‡ª≈’Ë¬π·ª≈ß ’∑’Ë‡°‘¥¢÷Èπ‡°‘¥‡π◊ËÕß®“°„π ¿“«–
∑’Ë¡’·§≈‡´’¬¡§≈Õ‰√¥åÕ¬Ÿà¥â«¬π—Èπ ÕÕ°´‘‡®π®– “¡“√∂ÕÕ°´‘‰¥ å (Oxidize) Õπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√‰¥â
∑”„ÀâÕπÿ¿“§‡ß‘π¢π“¥π“‚π¡’¢π“¥‡≈Á°≈ß‰ªÕ’° „π¢≥–‡¥’¬«°—π À“°„π “√≈–≈“¬¡’‡Õ∑∏“‚π≈“¡’πÕ¬Ÿà
®“° ‡ª°μ√—¡®–æ∫«à“ ‰¡à‡°‘¥°“√‡≈◊ËÕπμ”·Àπàß¢Õß§«“¡¬“«§≈◊Ëπ (d) ·≈– ’¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π¬—ß
§ß¡’ ’¡à«ß ‰¡à‡ª≈’Ë¬π·ª≈ß‡ªìπ ’ â¡ ´÷Ëß®“°ª√“°Ø°“√≥å∑’Ë‡°‘¥¢÷Èπ ∑“ßºŸâ«‘®—¬‡™◊ËÕ«à“‡Õ∑∏“‚π≈“¡’ππ—Èπ
 “¡“√∂¬—∫¬—Èß°“√ÕÕ° ‘́‰¥ åÕπÿ¿“§‡ß‘π¢π“¥π“‚π®“°ÕÕ° ‘́‡®π„π ¿“«–∑’Ë¡’‚§∫Õ≈μå·≈–·§≈‡ ’́¬¡§≈Õ‰√¥å‰¥â
‚¥¬§«“¡ “¡“√∂„π°“√¬—∫¬—Èß°“√‡ª≈’Ë¬π·ª≈ß ’π—Èπ¡’§«“¡ —¡æ—π∏å°—∫§«“¡‡¢â¡¢âπ¢Õß‡Õ∑∏“‚π≈“¡’π
·μà ”À√—∫°≈‰°°“√¬—∫¬—Èß°“√ÕÕ° ‘́‰¥ ǻÕπÿ¿“§‡ß‘π¢π“¥π“‚π®“°ÕÕ° ‘́‡®π„π ¿“«–∑’Ë¡’‚§∫Õ≈μå·≈–
·§≈‡´’¬¡§≈Õ‰√¥å¥â«¬‡Õ∑∏“‚π≈“¡’ππ—Èπ¬—ßÕ¬Ÿà„π¢—ÈπμÕπ°“√»÷°…“∑’Ë≈–‡Õ’¬¥≈ß‰ª
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√Ÿª∑’Ë 2 · ¥ß¬Ÿ«’-«‘ ´‘‡∫‘≈ ‡ª°μ√—¡¢Õß (a) Õπÿ¿“§‡ß‘π¢π“¥π“‚π 100 mgL-1 (b) Õπÿ¿“§‡ß‘π¢π“¥
π“‚π 100 mgL-1 ·≈–‚§∫Õ≈μǻ —≈‡øμ 1000 mgL-1 (c) Õπÿ¿“§‡ß‘π¢π“¥π“‚π 100 mgL-1, ‚§∫Õ≈μå
´—≈‡øμ 1000 mgL-1 ·≈– ·§≈‡´’¬¡§≈Õ‰√¥å 100 mgL-1 ·≈– (d) Õπÿ¿“§‡ß‘π¢π“¥π“‚π
100 mgL-1, ‚§∫Õ≈μå´—≈‡øμ 1000 mgL-1, ‡Õ∑∏“‚π≈“¡’π 100 mgL-1 ·≈–·§≈‡ ’́¬¡§≈Õ‰√¥å
100 mgL-1
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2. °“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡μàÕ°“√§—¥°√Õß·≈–μ√«®«‘‡§√“–Àå‡Õ∑∏“‚π≈“¡’π
 ¿“«–μà“ßÊ ∑’Ë„™â„π°“√∑¥≈Õß‰¡à«à“®–‡ªìπ ™π‘¥¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π º≈¢Õß‚§∫Õ≈μǻ —≈‡øμ

·≈–º≈¢Õß§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡§≈Õ‰√¥å ≈â«π·≈â«·μà àßº≈μàÕª√– ‘∑∏‘¿“æ„π°“√μ√«®«‘‡§√“–Àå∑—Èß ‘Èπ
¥—ßπ—Èπ„π°“√∑¥≈Õß®÷ß®–μâÕß¡’°“√‡≈◊Õ° ¿“«–∑’Ë‡À¡“– ¡μàÕ°“√∑¥≈Õß

2.1 º≈°“√»÷°…“°“√‡≈◊Õ°™π‘¥¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√∑’Ë‡À¡“– ¡
ªí®®—¬·√°∑’Ë àßº≈μàÕ°“√∑¥≈Õß§◊Õ™π‘¥¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√ ‚¥¬„π°“√∑¥≈Õß

Õπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√ ’μà“ßÊ ‰¡à«à“®–‡ªìπ ’¡à«ß (¢π“¥Õπÿ¿“§ 45 nm) πÈ”‡ß‘π (¢π“¥Õπÿ¿“§ 50 nm)
·≈–  ’‡À≈◊Õß (¢π“¥Õπÿ¿“§ 10 nm) ‰¥â∂Ÿ°π”¡“∑¥ Õ∫ ‚¥¬æ∫«à“„π ¿“«–∑’Ë‰¡à¡’‡Õ∑∏“‚π≈“¡’πÕ¬Ÿàπ—Èπ
(control) Õπÿ¿“§‡ß‘π¢π“¥π“‚π ’¡à«ß “¡“√∂∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß ’®“° ’¡à«ß‡ªìπ ’ â¡´÷Ëß„Àâ§à“º≈
μà“ß¢Õß§«“¡‡¢â¡ ’∑’Ë¡“°∑’Ë ÿ¥‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫Õπÿ¿“§‡ß‘π¢π“¥π“‚π ’Õ◊ËπÊ ¥—ßπ—Èπ‡¡◊ËÕ¡’‡Õ∑∏“‚π≈“¡’π
100 mgL-1 Õ¬Ÿà °“√‡ª≈’Ë¬π·ª≈ß ’∑’Ë‡°‘¥¢÷Èπ®–∂Ÿ°¬—∫¬—Èß ∑”„Àâ “√≈–≈“¬¬—ß§ß¡’ ’¡à«ß ·≈–‡¡◊ËÕ∑”°“√
‡ª√’¬∫‡∑’¬∫§«“¡‡¢â¡ ’°—∫ control ÷́Ëß¡’ ’ â¡ æ∫«à“®–„Àâº≈μà“ß§«“¡‡¢â¡ ’∑’Ë™—¥‡®π∑’Ë ÿ¥‡¡◊ËÕ‡∑’¬∫°—∫
Õπÿ¿“§‡ß‘π¢π“¥π“‚π ’Õ◊ËπÊ ∑“ßºŸâ«‘®—¬‡™◊ËÕ«à“ª√“°Ø°“√≥å∑’Ë‡°‘¥¢÷Èππ—Èπ‡ªìπº≈¡“®“°¢π“¥¢ÕßÕπÿ¿“§‡ß‘π
¢π“¥π“‚π ‚¥¬Õπÿ¿“§‡ß‘π¢π“¥π“‚π ’πÈ”‡ß‘π (¢π“¥ 50 nm) Õ“®¡’¢π“¥∑’Ë„À≠à‡°‘π‰ª ∑”„Àâ‡¡◊ËÕ‡°‘¥
°“√ÕÕ° ‘́‰¥ å¢÷Èπ®–‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß ’‡ªìπ ’·¥ß ÷́Ëß„Àâ§à“º≈μà“ß§«“¡‡¢â¡ ’∑’ËπâÕ¬°«à“ „π¢≥–‡¥’¬«°—π
Õπÿ¿“§‡ß‘π¢π“¥π“‚π ’‡À≈◊Õß (¢π“¥ 10 nm) Õ“®¡’¢π“¥∑’Ë‡≈Á°‡°‘π‰ª ∑”„Àâ°“√ÕÕ° ‘́‰¥ å ‡°‘¥¢÷Èπ
‰¥â¬“° ®÷ß¡’°“√‡ª≈’Ë¬π·ª≈ß ’‡°‘¥¢÷Èπ‡æ’¬ß‡≈Á°πâÕ¬·≈–„Àâº≈μà“ß§«“¡‡¢â¡ ’ ’πâÕ¬‡™àπ‡¥’¬«°—π
¥—ßπ—ÈπÕπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√ ’¡à«ß®÷ß‰¥â∂Ÿ°π”¡“„™â„πß“π«‘®—¬π’È

2.2 º≈¢Õß°“√‡μ‘¡‚§∫Õ≈μå´—≈‡øμ
‚§∫≈Õμå´—≈‡øμ®—¥‡ªìπÕ’°Àπ÷Ëßªí®®—¬ ”§—≠μàÕ ¿“«–°“√∑¥≈Õß ´÷Ëß„π°“√∑¥≈Õß‰¥â∑”°“√

∑¥ Õ∫°“√‡ª≈’Ë¬π·ª≈ß ’∑’Ë‡°‘¥¢÷Èπ„π ¿“«–∑’Ë¡’‡Õ∑∏“‚π≈“¡’π 100 mgL-1 ‚¥¬¡’‚§∫Õ≈μå´—≈‡øμ 1000
mgL-1 ·≈–ª√“»®“°‚§∫Õ≈μå´—≈‡øμ æ∫«à“°“√¡’Õ¬Ÿà¢Õß‚§∫Õ≈μå´—≈‡øμ∑”„Àâ “√≈–≈“¬¬—ß§ß¡’ ’¡à«ß
À√◊Õ “¡“√∂¬—∫¬—Èß°“√‡ª≈’Ë¬π·ª≈ß ’¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π‰¥â ‚¥¬°≈‰°°“√¬—∫¬—Èß°“√ÕÕ° ‘́‰¥ ǻ
Õπÿ¿“§‡ß‘π¢π“¥π“‚π®“°ÕÕ° ‘́‡®π„π ¿“«–∑’Ë¡’‚§∫Õ≈μå·≈–·§≈‡ ’́¬¡§≈Õ‰√¥å¥â«¬‡Õ∑∏“‚π≈“¡’π∑’Ë
·πàπÕππ—Èπ¬—ß§ßÕ¬Ÿà„π¢—ÈπμÕπ°“√»÷°…“∑’Ë≈–‡Õ’¬¥≈ß‰ª ·μà∑“ßºŸâ«‘®—¬‡™◊ËÕ«à“ ‚§∫Õ≈μå “¡“√∂ª√–æƒμ‘μ—«
‡ªìπμ—«‡√àßªØ‘°‘√‘¬“ (catalyst) „πªØ‘°‘√‘¬“ÕÕ° ‘́‡¥™—Ëπ‰¥â ¥—ßπ—Èπ„πß“π«‘®—¬π’È®÷ß‡≈◊Õ°„™â‚§∫Õ≈μǻ —≈‡øμ 1000
mgL-1 ‡ªìπ “√∑’Ë™à«¬‡æ‘Ë¡§«“¡ “¡“√∂„π°“√¬—∫¬—Èß°“√‡ª≈’Ë¬π·ª≈ß ’¢Õß‡Õ∑∏“‚π≈“¡’π
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2.3 º≈°“√»÷°…“§«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡¢Õß·§≈‡ ’́¬¡§≈Õ‰√¥å
πÕ°®“°π’È §«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡§≈Õ‰√¥å°Á àßº≈ ”§—≠μàÕ°“√‡ª≈’Ë¬π·ª≈ß ’¢ÕßÕπÿ¿“§

‡ß‘π¢π“¥π“‚π ´÷Ëß„π°“√∑¥≈Õß‰¥â∑”°“√∑¥ Õ∫º≈¢Õß°“√‡ª≈’Ë¬π·ª≈ß ’¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π ‚¥¬
¡’§«“¡‡¢â¡¢âπ¢Õß·§≈‡´’¬¡§≈Õ‰√¥å‡ªìπ 100 mgL-1 ·≈– 1000 mgL-1 æ∫«à“°“√„™â·§≈‡ ’́¬¡§≈Õ‰√¥å
‡¢â¡¢âπ 1000 mgL-1  àßº≈∑”„Àâ°“√ —ß‡°μ°“√‡ª≈’Ë¬π·ª≈ß ’π—Èπ∑”‰¥â¬“° ‡π◊ËÕß®“°®– —ß‡°μ°“√¬—∫¬—Èß
°“√‡ª≈’Ë¬π·ª≈ß ’¥â«¬‡Õ∑∏“‚π≈“¡’π‰¥â≈¥≈ß ¥—ßπ—Èπ®÷ß‡≈◊Õ°„™â·§≈‡´’¬¡§≈Õ‰√¥å§«“¡‡¢â¡¢âπ 100 mgL-1

√Ÿª∑’Ë 3 · ¥ßº≈°“√§—¥°√Õß·≈–«‘‡§√“–Àå‡Õ∑∏“‚π≈“¡’π„π ¿“«–∑’Ë‡À¡“– ¡ §◊Õ „™â “√≈–≈“¬‡ß‘π¢π“¥
π“‚π‡¡μ√ ’¡à«ß ‚§∫Õ≈μå´—≈‡øμ 1000 mgL-1 ·≈–·§≈‡ ’́¬¡§≈Õ‰√¥å 100 mgL-1

√Ÿª∑’Ë 3 · ¥ß°“√‡ª≈’Ë¬π ’¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√„π ¿“«–∑’Ë¡’‡Õ∑∏“‚π≈“¡’π 100 mgL-1 ¥â«¬
Õπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√ ’¡à«ß¢π“¥Õπÿ¿“§ 35 nm ‡∑’¬∫°—∫ control (control §◊Õ  “√≈–≈“¬
º ¡¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π‡¡μ√, ‚§∫Õ≈μå´—≈‡øμ ·≈– ·§≈‡ ’́¬¡§≈Õ‰√¥å) ¿“¬„μâ ¿“«–
°“√∑¥≈Õß∑’Ë‡À¡“– ¡

3. °“√∑¥ Õ∫§«“¡„™â‰¥â¢Õß«‘∏’«‘‡§√“–Àå
¿“¬„μâ ¿“«–∑’Ë‡À¡“– ¡ æ∫«à“°“√§—¥°√Õß·≈–μ√«®«‘‡§√“–Àå‡Õ∑∏“‚π≈“¡’π‚¥¬«‘∏’«‘‡§√“–Àå

∑’Ëæ—≤π“¢÷Èππ—Èπ · ¥ß§«“¡ —¡æ—π∏å‡™‘ß‡ âπ√–À«à“ß§à“§«“¡‡¢â¡ ’‡©≈’Ë¬ (Mean intensity) ·≈–≈ÁÕ°°“√‘∑÷¡
¢Õß§«“¡‡¢â¡¢âπ¢Õß‡Õ∑∏“‚π≈“¡’π (logarithmic concentration of ethanolamine) ‡ªìπ·∫∫‡ âπμ√ß
‚¥¬™à«ß§«“¡‡ªìπ‡ âπμ√ßπ—ÈπÕ¬Ÿà„π™à«ß 1 μgL-1 ∂÷ß 100 mgL-1 ‚¥¬¡’ —¡ª√– ‘∑∏‘Ï§«“¡‡ªìπ‡ âπμ√ß (r2)
‡∑à“°—∫ 0.9852 ¥—ß· ¥ß„π√Ÿª∑’Ë 4 ·≈–¡’¢’¥®”°—¥μ√«®«—¥·≈–À“ª√‘¡“≥‡∑à“°—∫ 0.5 μgL-1 ·≈– 1 μgL-1

μ“¡≈”¥—∫
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√Ÿª∑’Ë 4 °√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡ ’‡©≈’Ë¬ (Mean intensity) ·≈–≈ÁÕ°°“√‘∑÷¡¢Õß§«“¡
‡¢â¡¢âπ¢Õß‡Õ∑∏“‚π≈“¡’π∑’Ë§«“¡‡¢â¡¢âπ·μ°μà“ß°—π

º≈¢Õß°“√»÷°…“§«“¡®”‡æ“–¢Õß«‘∏’«‘‡§√“–Àå ∑”°“√§—¥°√Õß·≈–«‘‡§√“–Àå‡Õ∑∏“‚π≈“¡’π∑’Ë
§«“¡‡¢â¡¢âπ‡∑à“°—∫ 100 mgL-1 ‡¡◊ËÕ¡’°“√‡μ‘¡ “√√∫°«π (Interference) Õ◊ËπÊ ∑’ËÕ“®æ∫‰¥â„πμ—«Õ¬à“ßπÈ”∑‘Èß
‡æ◊ËÕμ√«® Õ∫¥Ÿ«à“ “√√∫°«π‡À≈à“π—Èπ¡’º≈°√–∑∫μàÕ°“√‡ª≈’Ë¬π ’¢Õß “√≈–≈“¬À√◊Õ‰¡à ‚¥¬„™âÀ≈—°°“√
«à“°“√√∫°«π∑’Ë¬Õ¡√—∫‰¥â®–„Àâ™à«ß§à“‡∫’Ë¬ß‡∫π¢Õß§«“¡‡¢â¡ ’‡©≈’Ë¬‰¥â‡∑à“°—∫ ± 5 ‡ªÕ√å‡´Áπμå æ∫«à“§«“¡
‡¢â¡¢âπ¢Õß “√√∫°«π∑’Ë¡’º≈μàÕ°“√μ√«®«—¥‡Õ∑∏“‚π≈“¡’π · ¥ß„πμ“√“ß∑’Ë 1 ®“°º≈°“√»÷°…“æ∫«à“
«‘∏’∑’Ëæ—≤π“¢÷Èπ¡“π’È¡’§«“¡®”‡æ“–‡®“–®ß¥’μàÕ°“√§—¥°√Õß·≈–«‘‡§√“–Àå‡Õ∑∏“‚π≈“¡’π

μ“√“ß∑’Ë 1 · ¥ßº≈¢Õß “√√∫°«π∑’Ë‡μ‘¡≈ß‰ª∑’Ë§«“¡‡¢â¡¢âπ Ÿß¡“°®÷ß®–¡’º≈√∫°«πμàÕ°“√«‘‡§√“–Àå

 “√√∫°«π Õ—μ√“ à«π§«“¡‡¢â¡¢âπ¢Õß “√√∫°«π
(§«“¡‡¢â¡¢âπ¢Õß‡Õ∑“‚π≈“¡’πμàÕ§«“¡‡¢â¡¢âπ¢Õß

 “√√∫°«π)

Zn2+, Mn2+, Mg2+, Ni2+, Cr6+

Al3+, Fe2+, NO3
-, NO2

-

SO4
2-, CN-, CH3COO- ¡“°°«à“ 1000
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4. º≈¢Õß°“√«—¥ª√‘¡“≥‡Õ∑∏“‚π≈“¡’π„πμ—«Õ¬à“ßπÈ”∑‘Èß
μ—«Õ¬à“ß∑’Ë‡≈◊Õ°∑”°“√«‘‡§√“–Àå„πß“π«‘®—¬π’È ‰¥â·°à πÈ”∑‘Èß ∑¥ Õ∫‚¥¬°“√‡μ‘¡ “√¡“μ√∞“π

‡Õ∑∏“‚π≈“¡’π≈ß‰ª„πμ—«Õ¬à“ß∑’Ë√–¥—∫§«“¡‡¢â¡¢âπμà“ßÊ °—π ·≈–π”¡“«‘‡§√“–Àå¥â«¬«‘∏’∑’Ëæ—≤π“¢÷Èπ¿“¬„μâ
 ¿“«–∑’Ë‡À¡“– ¡ ∑”°“√»÷°…“§«“¡‡∑’Ë¬ß·≈–§«“¡·¡àπ¢Õß«‘∏’ ®“°°“√μ√«®«—¥ª√‘¡“≥‡Õ∑∏“‚π≈“¡’π„π
μ—«Õ¬à“ß®√‘ß æ∫«à“‡¡◊ËÕ∑”°“√§”π«≥À“§à“√âÕ¬≈–°“√°≈—∫§◊π (%Recovery) ¡’§à“Õ¬Ÿà„π™à«ß 98.70-116.32%
·≈–§à“§«“¡‡∑’Ë¬ß (%RSD) Õ¬Ÿà„π™à«ß 5.58-7.36% ®–‡ÀÁπ‰¥â«à“§à“∑’Ë‰¥â‡ªìπ§à“∑’Ë “¡“√∂¬Õ¡√—∫‰¥â
¥—ßπ—Èπ«‘∏’∑’Ëæ—≤π“¢÷Èπ®÷ß “¡“√∂μ√«®«—¥ª√‘¡“≥‡Õ∑∏“‚π≈“¡’π„πμ—«Õ¬à“ß®√‘ß‰¥â

 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“·≈–æ—≤π“«‘∏’∑’Ë„™â„π°“√μ√«®«—¥‡Õ∑∏“‚π≈“¡’π‚¥¬Õ“»—¬À≈—°°“√

‡ª≈’Ë¬π·ª≈ß ’¢ÕßÕπÿ¿“§‡ß‘π¢π“¥π“‚π ‚¥¬«‘∏’∑’Ëæ—≤π“¢÷Èππ’È‡ªìπ«‘∏’∑’Ë¡’√“§“∂Ÿ°  –¥«° √«¥‡√Á« ·≈–¡’
§«“¡‰«„π°“√μ√«®«‘‡§√“–Àå∑’Ë¥’ ®÷ß≈¥¢’¥®”°—¥„π°“√„™âß“π®“°‡§√◊ËÕß¡◊ÕÕ◊ËπÊ ∑’Ë¡’√“§“·æß‰¥â Õ’°∑—Èß¬—ß
 “¡“√∂π”‰ªμàÕ¬Õ¥‡æ◊ËÕæ—≤π“‡ªìπÕÿª°√≥å∑’Ë “¡“√∂μ√«®«—¥‡Õ∑∏“‚≈¡’π·∫∫√Ÿâº≈∑—π∑’‰¥â„π™’«‘μª√–®”«—π
‚¥¬¿“¬„μâ ¿“«–∑’Ë‡À¡“– ¡ «‘∏’«‘‡§√“–Àå∑’Ëæ—≤π“¢÷Èπæ∫«à“¡’™à«ß§«“¡‡ªìπ‡ âπμ√ßÕ¬Ÿà„π™à«ß 1 μgL-1 ∂÷ß
100 mgL-1 ·≈–¡’¢’¥®”°—¥μ√«®«—¥·≈–À“ª√‘¡“≥‡∑à“°—∫ 0.5 μgL-1 ·≈– 1 μgL-1 μ“¡≈”¥—∫ ´÷Ëß‡ªìπ
§«“¡‡¢â¡¢—π∑’Ë§√Õ∫§≈ÿ¡√–¥—∫¢Õß “√‡Õ∑∏“‚π≈“¡’π∑’Ë “¡“√∂¬Õ¡„Àâ¡’‰¥â (threshold limit value, TLV)
§◊Õ 3 mgL-1 Õ’°∑—Èß¬—ß “¡“√∂μ‘¥μ“¡º≈‰¥â®“°°“√‡ª≈’Ë¬π·ª≈ß ’∑’Ë‡°‘¥‰¥âÕ¬à“ßßà“¬·≈–√«¥‡√Á« ‚¥¬À“°
 “√≈–≈“¬π—Èπ¡’‡Õ∑∏“‚π≈“¡’πÕ¬Ÿà ‡Õ∑∏“‚π≈“¡’π®– “¡“√∂¬—∫¬—Èß°“√‡ª≈’Ë¬π·ª≈ß®“° ’¢ÕßÕπÿ¿“§‡ß‘π
¢π“¥π“‚π‡¡μ√®“° ’¡à«ß‡ªìπ ’ â¡‰¥â ´÷Ëß “¡“√∂‡ÀÁπ°“√‡ª≈’Ë¬π·ª≈ß∑’Ë‡°‘¥¢÷Èππ’È¥â«¬μ“‡ª≈à“‚¥¬‰¡àμâÕß„™â
‡§√◊ËÕß¡◊Õ„¥Ê ®÷ß‡ªìπ°“√ª√–À¬—¥‡«≈“·≈–≈¥§à“„™â®à“¬®“°°“√μ√«®«—¥¥â«¬‡§√◊ËÕß¡◊Õ∑’Ë¡’√“§“·æß·≈–„™â
‡«≈“π“π ·≈– “¡“√∂æ—≤π“μàÕ‰ª‡ªìπ™ÿ¥μ√«®«—¥ “√‡Õ∑∏“‚π≈“¡’π ◊∫μàÕ‰ª„πÕπ“§μ‰¥â

°‘μμ‘°√√¡ª√–°“»
¢Õ¢Õ∫§ÿ≥‡ß‘π∑ÿπ π—∫ πÿπ°“√«‘®—¬®“°ß∫ª√–¡“≥·ºàπ¥‘π¡À“«‘∑¬“≈—¬ ª√–®”ªï 2558
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SWU Sci. J. Vol. 31 No. 2 (2015)26

‡Õ° “√Õâ“ßÕ‘ß
1. D., A.; Sengupta, A.; Kumar, S. D.; Kumbhar, A. G.; Venkateswaran, G. 2011. Derivatization

Ion Chromatography for the Determination of Monoethanolamine in Presence of Hydrazine
in PHWR Steam-Water Circuits. International Journal of Analytical Chemistry, 2011, 1-5.

2. Prasanna, S.J.; Kumar, K.S.R.P.; Mukkanti, K.; Kumar, V.J.; Sharma, H.K. 2010. A Simple
andSensitive Ion Chromatography Method for the Determination of Ethanolamine in
Parmaceutical Drug Substances. Der Pharma Chemica, 2(4), 409-416.

3. Modica-Napolitano, J. S.; Renshaw, P. F. 2004. Ethanolamine and Phosphoethanolamine
Inhibit Mitochondrial Function in vitro: Implications for Mitochondrial Dysfunction
Hypothesis in Depression and Bipolar Disorder. Biological Psychiatry, 55 (3), 273-277.

4. Piekos, R.; Kobylczyk, K.; Grzybowski, J. 1975. Quantitative Gas Chromatographic
Determination of Ethanolamines as Trimethylsilyl Derivatives. Analytical Chemistry,
47 (7), 1157-1159.

5. McMaster, C.; Choy, P. 1992. The Determination of Tissue Ethanolamine Levels by
Reverse-Phase High-Performance Liquid Chromatography. Lipids, 27 (7), 560-563.

6. Mrklas, O.; Chu, A.; Lunn, S. 2003. Determination of Ethanolamine, Ethylene Glycol and
Triethylene Glycol by Ion Chromatography for Laboratory and Field Biodegradation
Studies. Journal of Environmental Monitoring, 5 (2), 336-340.

‰¥â√—∫∫∑§«“¡«—π∑’Ë 18 °—π¬“¬π 2558
¬Õ¡√—∫μ’æ‘¡æå«—π∑’Ë 4 æƒ»®‘°“¬π 2558



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


