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Development of Reverse Flow Injection Analysis
 for Determination of Iron (II)

«‘√—™  ‡√◊Õß»√’µ√–°Ÿ≈  (Wirat  Ruengsitagoon)1*

∫∑§—¥¬àÕ

‰¥âæ—≤π“«‘∏’‚ø≈Õ‘π‡®§™—πÕ–π“≈‘´’ ·∫∫¬âÕπ°≈—∫ ”À√—∫À“ª√‘¡“≥‡À≈Á° (II) ‚¥¬¡’µ—«µ√«®«—¥·∫∫

 ‡ª§‚∑√‚ø‚µ‡¡µ√‘°  ÷́Ëß¡’À≈—°°“√æ◊Èπ∞“π∑’Ë‡¡◊ËÕ©’¥ “√≈–≈“¬√’‡Õ‡®πµå‡µµ√“‰´§≈‘π 200 ‰¡‚§√≈‘µ√ ‡¢â“‰ª

„π°√–· ∑’Ë¡’ “√≈–≈“¬¡“µ√∞“πÀ√◊Õ “√≈–≈“¬µ—«Õ¬à“ß¢Õß‡À≈Á° (II) Õ¬Ÿà ¥â«¬Õ—µ√“°“√‰À≈¢Õß “√≈–≈“¬

∑’Ë‡À¡“– ¡‡∑à“°—∫ 3.0 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ °“√¥Ÿ¥°≈◊π§≈◊Ëπ· ß¢Õß “√ª√–°Õ∫‡À≈Á° (II) - ‡µµ√“‰´§≈‘π∑’Ë‡°‘¥¢÷Èπ

®–∂Ÿ°«—¥∑’Ë§«“¡¬“«§≈◊Ëπ 440 π“‚π‡¡µ√ °“√»÷°…“π’È‰¥âÀ“ ¿“«–°“√«‘‡§√“–Àå∑’Ë‡À¡“– ¡‚¥¬„™â«‘∏’°“√»÷°…“

ªí®®—¬§√—Èß≈–Àπ÷Ëßªí®®—¬ ¿“¬„µâ ¿“«–°“√«‘‡§√“–Àå∑’Ë‡À¡“– ¡π’È®–‰¥â°√“ø¡“µ√∞“π∑’Ë¡’§«“¡‡ªìπ‡ âπµ√ß„π™à«ß

§«“¡‡¢â¡¢âπ 25.0 - 500.0 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ §«“¡ —¡æ—π∏å¢Õß§«“¡‡ªìπ‡ âπµ√ß‡∑à“°—∫ 0.9984  ¡’§à“¢’¥

®”°—¥µË” ÿ¥ (s/n=3) ‡∑à“°—∫ 2.31 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ”À√—∫µ—«Õ¬à“ß‡À≈Á° (II)  «‘∏’°“√«‘‡§√“–Àå∑’Ë‰¥âæ—≤π“¢÷Èπ

π’È “¡“√∂π”‰ª„™â„π°“√«‘‡§√“–Àåµ—«Õ¬à“ß‡À≈Á° (II) „πµ—«Õ¬à“ßπÈ”¥â«¬Õ—µ√“‡√Á«¢Õß°“√«‘‡§√“–Àå 70 µ—«Õ¬à“ßµàÕ™—Ë«‚¡ß

Abstract

A reverse flow injection analysis spectrophotometric procedure for the determination of iron (II)

has been developed. The method is based on the injection of 200 µl of tetracycline reagent solution into

the flowing stream of an iron (II) standard or sample solution with the optimum flow rate of 3.0 ml min-1.

The absorption of iron (II) - tetracycline complex is monitored at a wavelength of 440 nm. The flow injection

system and the experimental conditions were optimized by means of the univariate method. Under

the optimum conditions, linear calibration graphs over the concentration range of 25.0 - 500.0 µg ml-1 were

obtained with the correlation coefficient of 0.9984.  The detection limit (s/n=3) was 2.31 µg ml-1 for iron (II).

The method was successfully applied to the determination of iron (II) in water samples with a sample

throughput of 70 h-1.

§” ”§—≠: ‚ø≈Õ‘π‡®§™—π,   ‡ª§‚∑√‚ø‚µ‡¡µ√‘°  ‡À≈Á° (II),  ‡µµ√“‰´§≈‘π  µ—«Õ¬à“ßπÈ”
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ª√‘¡“≥‡À≈Á° (II) ‚¥¬„™â‡µµ√“‰´§≈‘π‡ªìπ√’‡Õ‡®πµå

„π°“√∑”ªØ‘°‘√‘¬“ ‡∑§π‘§‚ø≈Õ‘π‡®§™—πÕ–π“≈‘´’ 

·∫∫¬âÕπ°≈—∫®–‡ªìπ‡∑§π‘§∑’Ë„™â “√≈–≈“¬µ—«Õ¬à“ß

∑”Àπâ“∑’Ë ‡ªìπ “√≈–≈“¬µ—«æ“ (carrier) ®–π”

 “√µ—«Õ¬à“ß‡¢â“ Ÿà°“√«‘‡§√“–Àå‚¥¬„™âªíö¡·√ß¥—πµË”

 àßºà “π “√≈–≈“¬¥—ß°≈à “«‰ª√«¡°—∫√’ ‡Õ ‡®πµå

∑’Ë©’¥ºà“π√–∫∫©’¥ “√ (injector) ÷́Ëß«‘∏’°“√π’È

‡ªìπ√–∫∫°“√«‘ ‡§√“–Àå∑’Ë ‡À¡“– ”À√—∫°√≥’∑’Ë¡’

 “√≈–≈“¬µ—«Õ¬à“ßª√‘¡“≥¡“° ·≈–¬—ß “¡“√∂

∑’Ë®–ª√–À¬—¥√’‡Õ‡®πµå‰¥â (Pojanagaroon et al., 2002)

‡µµ√“‰´§≈‘π (Oka et al., 1995) ¡’≈—°…≥–‡ªìπºß ’

‡À≈◊Õß ‰¡à¡’°≈‘Ëπ ≈–≈“¬πÈ”‰¥â¥’ ‡ªìπ¬“ªØ‘™’«π–

∑’Ë¡’°“√„™âÕ¬à“ß·æ√àÀ≈“¬¡“‡ªìπ‡«≈“π“π·≈–¬—ß§ß„™â

Õ¬Ÿà„πªí®®ÿ∫—π ‡π◊ËÕß®“°ÕÕ°ƒ∑∏‘Ï‰¥â°«â“ß “¡“√∂

¬—∫¬—Èß‡™◊ÈÕ·∫§∑’‡√’¬‰¥â∑—Èß·°√¡∫«°·≈–·°√¡≈∫

·≈– “¡“√∂‡°‘¥‡ªìπ “√ª√–°Õ∫‡™‘ß´âÕπ°—∫‡À≈Á° (II)

‰¥â (Sutan et al., 1992) ®÷ß‰¥âπ” “√¥—ß°≈à“«¡“

„™â‡ªìπ√’‡Õ‡®πµå ”À√—∫°“√»÷°…“„π§√—Èßπ’È

®“°√“¬ß“π¢Õßß“π«‘®—¬µà“ßÊ ∑’Ëºà“π¡“

¡’À≈“¬«‘∏’∑’Ë “¡“√∂∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“√–À«à“ß‡µµ√“

‰´§≈‘π·≈– “√∑’Ë∑”„Àâ‡°‘¥ªØ‘°‘√‘¬“‡©æ“– (specific

reagent) ·≈â«∑”°“√«—¥ —≠≠“≥∑’Ë‡°‘¥¢÷Èπ ‡∑§π‘§∑’Ë„™â

¡’«‘∏’µà“ßÊ ‡™àπ «‘∏’∑“ß‡§¡’‰øøÑ“ (electrochemical

methods) (Galvez et al., 1999) «‘∏’¬Ÿ«’-«‘ ‘‡∫‘≈ ‡ª§

‚∑√‚ø‚µ‡¡µ√’ (UV-Visible spectrophotometry) (Gong

and Zhang, 1997)  «‘∏’ø≈ŸÕÕ‡√ ‡´π∑å (fluorescence)

(Gracia et al., 2004) ·≈–«‘∏’‚§√¡“‚∑°√“øï·∫∫

¢Õß‡À≈« (liquid chromatography) (Croubles et al.,

1995) À√◊Õ°“√‡°‘¥ªØ‘°‘√‘¬“°—∫‡µµ√“‰´§≈‘π¬—ßÕ“®„™â

 “√∑’Ë ‡°‘¥ªØ‘°‘√‘¬“ ‡©æ“–·∫∫‡§¡‘≈Ÿ¡‘ ‡π ‡´π∑å

(chemiluminescence) ‡™àπ °“√∑”ªØ‘°‘√‘¬“°—∫‚∫√¡’π

(bromine) (Alwarthan and Townshend, 1988) À√◊Õ

‡Œ°´–‰´¬“‚π‡øÕ√å‡√∑ (hexacyano-ferrate(III))

(Pena et al., 2000) ‡ªìπµâπ

∫∑π”

‚ø≈Õ‘π‡®§™—πÕ–π“≈‘´’  (Flow Injection

Analysis; FIA) ‡ªìπ‡∑§π‘§°“√«‘‡§√“–Àå·∫∫

µàÕ‡π◊ËÕß´÷Ëß‰¥â§‘¥§âπ·≈–π”‡ πÕ‡ªìπ§√—Èß·√°‚¥¬

Ruzicka ·≈– Hansen (Ruzicka and Hansen, 1988)

‡∑§π‘§¥—ß°≈à“«¡’À≈—°°“√æ◊Èπ∞“π¥—ßπ’È §◊Õ ‡¡◊ËÕ∑”°“√ºà“π

(flow)  “√≈–≈“¬µ—«æ“ (carrier) ·≈–/À√◊Õ √’‡Õ‡®πµå

(reagent) ‡¢â“‰ª„π√–∫∫∑àÕ¢Õß “√≈–≈“¬·≈–

‡¡◊ËÕ©’¥ “√µ—«Õ¬à“ß (sample) ∑’ËµâÕß°“√«‘‡§√“–Àå

‡¢â“‰ªº ¡ “√∑—ÈßÀ¡¥ ®–‡°‘¥ªØ‘°‘√‘¬“°—π¿“¬„π

∫√‘‡«≥∑àÕ∑“ß‡¥‘π¢Õß “√≈–≈“¬ ∫√‘‡«≥∑’Ë ‡°‘¥

ªØ‘°‘√‘¬“π’È ‡√’¬°«à“§Õ¬≈å ”À√—∫º ¡ “√≈–≈“¬

(mixing coil) À≈—ß®“°∑’Ë “√‰¥â∑”ªØ‘°‘√‘¬“°—π

 ¡∫Ÿ√≥å·≈â« ®– àßºà“π “√∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“‡¢â“‰ª Ÿà

µ—«µ√«®«—¥ (detector) ´÷Ëß®– “¡“√∂µ√«®«—¥ —≠≠“≥

∑’Ë‡°‘¥¢÷Èπ‰¥â  —≠≠“≥∑’Ë‡°‘¥¢÷Èππ’È®–·ª√º—π‚¥¬µ√ß°—∫

ª√‘¡“≥¢Õß “√µ—«Õ¬à“ß ´÷Ëß‡ªìπÀ≈—°°“√æ◊Èπ∞“π

¢Õß°“√ª√–¬ÿ°µå„™â‡∑§π‘§π’È„π°“√«‘‡§√“–Àå‡™‘ßª√‘¡“≥

(quantitative analysis) √–∫∫æ◊Èπ∞“π¢Õß‚ø≈Õ‘π‡®§™—π

Õ–π“≈‘́ ’ ®–ª√–°Õ∫‰ª¥â«¬ (Calatayud, 1996)  Àπ÷Ëß

√–∫∫¢—∫‡§≈◊ËÕπ “√≈–≈“¬ (propulsion system)

∑”Àπâ“∑’Ë¢—∫‡§≈◊ËÕπ “√≈–≈“¬‡¢â“‰ª„π√–∫∫´÷Ëß®–„™â

ªíö¡·√ß¥—πµË”À√◊Õ∑’Ë‡√’¬°«à“ªíö¡·∫∫‡æÕ√å√‘ µ“≈µ‘°

 Õß √–∫∫π” “√µ—«Õ¬à“ß‡¢â“ Ÿà°“√«‘‡§√“–Àå (sample

introduction unit) ‡ªìπ«‘∏’∑’Ë®–π” “√≈–≈“¬µ—«Õ¬à“ß

‡¢â“‰ª Ÿà°√–· µ—«æ“ (carrier)  “¡ °“√‰À≈¢Õß “√

µ—«Õ¬à“ß·≈–°“√‡°‘¥ªØ‘°‘√‘¬“ (sample transport and

reaction) ‡ªìπ à«π∑’Ë‡°‘¥ªØ‘°‘√‘¬“‡©æ“– ”À√—∫

°“√µ√«®«—¥·µà≈–™π‘¥ ·≈–  ’Ë √–∫∫µ√«®«—¥ —≠≠“≥

(detection unit) ‡ªìπ à«π∑’Ëµ√«®«—¥§à“ —≠≠“≥∑’Ë‡°‘¥

®“°ªØ‘°‘√‘¬“‡©æ“–µà“ßÊ

„π°“√»÷°…“§√—È ßπ’È  ‰¥âæ—≤π“‡∑§π‘§

°“√«‘‡§√“–Àå‚ø≈Õ‘π‡®§™—πÕ–π“≈‘´’ ·∫∫¬âÕπ°≈—∫

(reverse flow injection analysis: rFIA) ‡æ◊ËÕ«‘‡§√“–Àå

´

´
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 “√‡§¡’ Õÿª°√≥å-‡§√◊ËÕß¡◊Õ ·≈–«‘∏’

°“√»÷°…“

1.   “√‡§¡’·≈–°“√‡µ√’¬¡ “√≈–≈“¬

- ‡µµ√“‰´§≈‘π (Tetracycline

hydrochloride : C
22
H

24
N

2
O

8
.HCl : Fluka®)

‡µ√’¬¡ “√≈–≈“¬‡µµ√“‰´§≈‘π

‡¢â¡¢âπ 900 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ : ™—Ëß‡µµ√“‰´§≈‘π

¡“ 0.5000 °√—¡ „ à≈ß„π¢«¥ª√—∫ª√‘¡“µ√¢π“¥ 500

¡‘≈≈‘≈‘µ√ ª√—∫ª√‘¡“µ√¥â«¬πÈ”°≈—Ëπ®–‰¥â “√≈–≈“¬

‡µµ√“‰´§≈‘π‡¢â¡¢âπ 1000 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√

®“°π—Èπªî‡ªµ “√≈–≈“¬∑’Ë‡µ√’¬¡‰¥â¡“ 90 ¡‘≈≈‘≈‘µ√

·≈–ª√—∫ª√‘¡“µ√‡ªìπ100 ¡‘≈≈‘≈‘µ√¥â«¬πÈ”°≈—ËπÕ’°§√—Èß

®–‰¥â “√≈–≈“¬‡µµ√“‰´§≈‘π‡¢â¡¢âπ 900 ‰¡‚§√

°√—¡µàÕ¡‘≈≈‘≈‘µ√

- ·Õ¡‚¡ ‡π’ ¬¡ ‡øÕ√å √—  ´— ≈ ‡øµ

(Ammonium ferrous sulfate : (NH
4
)
2
 [Fe(SO

4
)].6H

2
O

: Fluka®)

‡µ√’¬¡ “√≈–≈“¬‡À≈Á° (II) ‡¢â¡¢âπ

1000 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ¥â«¬°“√™—Ëß·Õ¡‚¡‡π’¬¡

‡øÕ√å√—  —́ ‡øµ¡“ 7.0219 °√—¡ ≈–≈“¬„π°√¥‰πµ√‘°

‡¢â¡¢âπ 0.005  ‚¡≈µàÕ≈‘µ√„π¢«¥ª√‘¡“µ√¢π“¥

1000 ¡‘≈≈‘≈‘µ√ ®–‰¥â “√≈–≈“¬‡À≈Á° (II) ‡¢â¡¢âπ

1000 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ ®“°π—Èπ∑”°“√‡µ√’¬¡

 “√≈–≈“¬¡“µ√∞“π‡À≈Á° (II) ∑’Ë¡’§«“¡‡¢â¡¢âπ 25, 50,

100, 250 ·≈– 500 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√  ¥â«¬°“√

‡®◊Õ®“ß¥â«¬ “√≈–≈“¬°√¥‰πµ√‘°‡¢â¡¢âπ 0.005

‚¡≈µàÕ≈‘µ√„πª√‘¡“µ√∑’Ë‡À¡“– ¡

- °√¥‰πµ√‘° (Nitric acid : HNO
3
 :

J. T. Baker®)

‡µ√’¬¡°√¥‰πµ√‘°‡¢â¡¢âπ 0.005

‚¡≈µàÕ≈‘µ√  ∑”‰¥â‚¥¬ªî‡ªµ°√¥‰πµ√‘°‡¢â¡¢âπ 65 %

¡“ 8 ¡‘≈≈‘≈‘µ√  ª√—∫ª√‘¡“µ√¥â«¬πÈ”°≈—Ëπ„π¢«¥

ª√‘¡“µ√¢π“¥  500 ¡‘≈≈‘≈‘µ√ ®–‰¥â°√¥‰πµ√‘°

‡¢â¡¢âπ 0.5 ‚¡≈µàÕ≈‘µ√ ®“°π—Èπªî‡ªµ “√≈–≈“¬

∑’Ë‡µ√’¬¡‰¥â¡“ 1 ¡‘≈≈‘≈‘µ√·≈–ª√—∫ª√‘¡“µ√‡ªìπ

100 ¡‘≈≈‘≈‘µ√¥â«¬πÈ”°≈—Ëπ„π¢«¥ª√—∫ª√‘¡“µ√

®–‰¥â°√¥‰πµ√‘°‡¢â¡¢âπ 0.005 ‚¡≈µàÕ≈‘µ√

2.  Õÿª°√≥å-‡§√◊ËÕß¡◊Õ√–∫∫‚ø≈Õ‘π‡®§™—π

         -   √–∫∫π” àß “√≈–≈“¬·√ß¥—πµË”

(Peristaltic Pump EYERA®√ÿàπ MP1000, Japan)

         -   √–∫∫©’¥ “√µ—«Õ¬à“ß (Injector Rheodyne®

√ÿàπ 5020, U.S.A.)

         -   ∑àÕπ” àß “√≈–≈“¬ (PTFE tubling)  ‡ âπ

ºà“π»Ÿπ¬å°≈“ß¿“¬„π 0.8 mm (Elkay®, Ireland)

         -   √–∫∫µ√«®«—¥ —≠≠“≥·∫∫ UV-Visible

Detector  (LCD® √ÿàπ UV-3200, U.S.A.)

         -   ‡§√◊ËÕß∫—π∑÷° —≠≠“≥ (Kip & Zonen®

√ÿàπ BD50, The Netherlands)

3.  °“√‡µ√’¬¡µ—«Õ¬à“ßπÈ”

µ—«Õ¬à“ßπÈ”‡°Á∫¡“®“°∫÷ß»√’∞“π´÷Ëß‡ªìπ

·À≈àßπÈ”∏√√¡™“µ‘¿“¬„π¡À“«‘∑¬“≈—¬¢Õπ·°àπ

‡°Á∫µ—«Õ¬à“ßπÈ”„π¿“™π–∑’Ë∑”¥â«¬‚æ≈’ ‡Õ∏‘≈≈’π

(polyethylene container) ∑’Ëºà“π°“√≈â“ß¥â«¬°√–

∫«π°“√≈â“ß‡§√◊ËÕß·°â«·∫∫ª°µ‘ ·≈â«°≈—È«¿“™π–

¥â «¬°√¥‰πµ√‘°·≈–πÈ”°≈—Ë πª√“»®“°‰ÕÕÕπ

°àÕπ°“√«‘ ‡§√“–Àåπ”µ—«Õ¬à“ßπÈ”¡“°√Õß‚¥¬„™â

°√–¥“…°√Õß Whatman No 40 ·≈–π”µ—«Õ¬à“ßπÈ”

¡“∑”°“√√’¥—°™—π (reduction) ‚¥¬„™â “√≈–≈“¬

¢Õß°√¥·Õ §Õ√å∫‘° (ascorbic acid) ‡æ◊ËÕ∑”°“√

‡ª≈’Ë¬π‡À≈Á° (III) „π “√≈–≈“¬µ—«Õ¬à“ßπÈ”„ÀâÕ¬Ÿà

„π√Ÿª¢Õß‡À≈Á° (II) (Pascual-Reguera et al., 1997)

·≈–µâÕß∑” “√≈–≈“¬¢Õßµ—«Õ¬à“ßπÈ”„Àâ¡’§à“§«“¡

‡ªìπ°√¥¥à“ß‡∑à“°—∫ 3 ‡æ◊ËÕªÑÕß°—π°“√‡°‘¥ÕÕ°´‘‡¥™—π

(oxidation) ¢Õß‡À≈Á° (II) „π “√≈–≈“¬µ—«Õ¬à“ßπÈ”

¬âÕπ°≈—∫‰ª‡ªìπ‡À≈Á° (III) (Barry et al., 1994)

4. «‘∏’‚ø≈Õ‘π‡®§™—πÕ–π“≈‘´’ ·∫∫

¬âÕπ°≈—∫

„™â‡¡π‘‚ø≈¥å (manifold)  ”À√—∫√–∫∫

‚ø≈Õ‘π‡®§™—πÕ–π“≈‘´’ ∑’ËÕÕ°·∫∫‰«â¥—ß· ¥ß„π

√Ÿª∑’Ë 1 ¥â«¬°“√©’¥ (inject)  “√≈–≈“¬‡µµ√“‰´§≈‘π

∑’Ë„™â‡ªìπ√’‡Õ‡®πµå‡¢â¡¢âπ 900 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√

„πª√‘¡“≥§√—Èß≈– 200 ‰¡‚§√≈‘µ√ ºà“π‡¢â“‰ª

„π°√–·  “√≈–≈“¬¡“µ√∞“π (standard solution)
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À√◊Õ “√≈–≈“¬µ—«Õ¬à“ß (sample stream) ∑’ËµâÕß°“√

À“§«“¡‡¢â¡¢âπ¢Õß‡À≈Á° (II) ‚¥¬„™â “√≈–≈“¬

¢Õß°√¥‰πµ√‘°‡¢â¡¢âπ 0.005  ‚¡≈µàÕ≈‘µ√‡ªìπµ—«

∑”≈–≈“¬  “√≈–≈“¬µ—«Õ¬à“ßπ’È®–‰À≈¥â«¬Õ—µ√“‡√Á«

„π√–∫∫‚ø≈Õ‘π‡®§™—πÕ–π“≈‘́ ’ ‡∑à“°—∫ 3.0 ¡‘≈≈‘≈‘µ√

µàÕπ“∑’   ¡’§«“¡¬“«¢Õß§Õ¬≈å ”À√—∫º ¡ “√≈–≈“¬

(mixing coil) ¬“« 75 ‡´πµ‘‡¡µ√ „™â¬Ÿ«’-«‘ ‘‡∫‘≈ ‡ª§

‚∑√‚ø‚µ¡‘‡µÕ√å‡ªìπµ—«µ√«®«—¥ —≠≠“≥¢Õß “√ª√–°Õ∫

‡™‘ß´âÕπ ∑’Ë‡°‘¥¢÷Èπ√–À«à“ß “√≈–≈“¬‡µµ√“‰´§≈‘π

°—∫ “√≈–≈“¬¡“µ√∞“πÀ√◊Õ “√≈–≈“¬µ—«Õ¬à“ß‡À≈Á° (II)

∑’Ë§«“¡¬“«§≈◊Ëπ 440 π“‚π‡¡µ√ ∑”°“√∫—π∑÷°

≈—°…≥– —≠≠“≥ FI-grams ∑’Ë‰¥â¥â«¬‡§√◊ËÕß∫—π∑÷°

 —≠≠“≥ (chart recorder) π”§à“§«“¡ Ÿß¢Õß —≠≠“≥

∑’Ë‰¥â¡“∑”°“√§”π«≥À“ª√‘¡“≥µ—«Õ¬à“ß∑’Ë∑”°“√

»÷°…“µàÕ‰ª

º≈°“√»÷°…“

°“√æ—≤π“«‘∏’°“√«‘‡§√“–Àåª√‘¡“≥‡À≈Á° (II)

¥â«¬«‘∏’‚ø≈Õ‘π‡®§™—πÕ–π“≈‘´’ ·∫∫¬âÕπ°≈—∫

‰¥âÀ“ ¿“«–°“√∑¥≈Õß∑’Ë‡À¡“– ¡‚¥¬„™â«‘∏’°“√

»÷°…“ªí®®—¬§√—Èß≈–Àπ÷Ëßªí®®—¬ (univariate method)

°“√»÷°…“ ¿“«–°“√∑¥≈Õß∑’Ë ‡À¡“– ¡¥—ß°≈à“«

®–»÷°…“®“° “√≈–≈“¬¡“µ√∞“π‡À≈Á° (II) ‡¢â¡¢âπ  100

‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ º≈°“√»÷°…“∑—ÈßÀ¡¥‰¥â· ¥ß

„πµ“√“ß∑’Ë 1

°“√À“ ¿“«–°“√∑¥≈Õß∑’Ë‡À¡“– ¡

∑”°“√∫—π∑÷° ‡ª§µ√—¡¢Õß “√ª√–°Õ∫

‡™‘ß´âÕπ√–À«à“ß “√≈–≈“¬¡“µ√∞“π‡À≈Á° (II)

°—∫ “√≈–≈“¬‡µµ√“‰´§≈‘π¥â«¬‡§√◊ËÕß¬Ÿ«’-«‘ ‘‡∫‘≈ ‡ª§‚∑√

‚ø‚µ¡‘‡µÕ√å„π™à«ß§«“¡¬“«§≈◊Ëπ 200 - 700 π“‚π‡¡µ√

æ∫«à“°“√¥Ÿ¥°≈◊π§≈◊Ëπ· ß∑’Ë„Àâ§à“§«“¡«àÕß‰«„π°“√

«‘‡§√“–Àåª√‘¡“≥ Ÿß ÿ¥∑’Ë 440 π“‚π‡¡µ√ ‚¥¬æ∫«à“

°“√‡°‘¥ “√ª√–°Õ∫‡™‘ß ấÕπ√–À«à“ß “√≈–≈“¬

µ—«Õ¬à“ß‡À≈Á° (II) °—∫ “√≈–≈“¬‡µµ√“‰´§≈‘π (Sultan

et al., 1992) ®–‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ∑’Ë “¡“√∂

· ¥ß‰¥â¥â«¬ ¡°“√‡§¡’„π√Ÿª∑’Ë 2 ®÷ß„™â¢âÕ¡Ÿ≈æ◊Èπ∞“π

¥—ß°≈à“«π’È„π°“√»÷°…“‡æ◊ËÕÀ“ ¿“«–°“√∑¥≈Õß

∑’Ë‡À¡“– ¡µàÕ‰ª

º≈°“√»÷°…“§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬

‡µµ√“‰´§≈‘π∑’Ë„™â‡ªìπ√’‡Õ‡®πµå ‰¥â∑”°“√»÷°…“

„π™à«ß§«“¡‡¢â¡¢âπ 100, 300, 500, 700 ·≈– 900

‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ æ∫«à“§«“¡ Ÿß¢Õß —≠≠“≥

¡’§à“‡∑à“°—∫ 85.5, 138.5, 172.0, 190.5 ·≈– 215.5

¡‘≈≈‘‚«≈∑å µ“¡≈”¥—∫ §à“∑’Ë‡À¡“– ¡ ”À√—∫§«“¡‡¢â¡¢âπ

¢Õß “√≈–≈“¬‡µµ√“‰´§≈‘π¡’§à“‡∑à“°—∫ 900 ‰¡‚§√

°√—¡µàÕ¡‘≈≈‘≈‘µ√ ´÷ËßÀ“°§«“¡‡¢â¡¢âπ¢Õß‡µµ√“‰´

§≈‘π Ÿß¡“°°«à“π’È ®–∑”„Àâ‡°‘¥°“√Õÿ¥µ—π¢Õßµ–°Õπ

∑’Ë‡°‘¥¢÷Èπ®“° “√ ª√–°Õ∫‡™‘ß´âÕπ„π√–∫∫∑àÕ‰¥â

º≈°“√»÷°…“‰¥â· ¥ß„π√Ÿª∑’Ë 3

º≈°“√»÷°…“§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬

°√¥‰πµ√‘°   ‰¥â∑”°“√»÷°…“„π™à«ß§«“¡‡¢â¡¢âπ

0.5, 0.05, 0.005  ·≈– 0.0005  ‚¡≈µàÕ≈‘µ√  æ∫«à“

§«“¡ Ÿß¢Õß —≠≠“≥¡’§à“‡∑à“°—∫  56.5, 115.0, 222.0

·≈– 160.0  ¡‘≈≈‘‚«≈∑å µ“¡≈”¥—∫ §à“∑’Ë‡À¡“– ¡

 ”À√—∫§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬°√¥‰πµ√‘°¡’§à“

‡∑à“°—∫ 0.005 ‚¡≈µàÕ≈‘µ√  ®“°°“√»÷°…“æ∫«à“

À“°§«“¡‡¢â¡¢âπ¢Õß°√¥‰πµ√‘°¡’§«“¡‡¢â¡¢âπ∑’ËµË”°«à“

0.0005 ‚¡≈µàÕ≈‘µ√ ®–æ∫«à“ “√≈–≈“¬∑’Ë‡°‘¥¢÷Èπ

®–¡’§«“¡¢ÿàπ¢Õß “√≈–≈“¬ª√“°Ø¢÷Èπ´÷Ëß®–¡’º≈µàÕ

§«“¡§ß∑’Ë¢Õß —≠≠“≥∑’Ë∑”°“√∫—π∑÷°   º≈°“√»÷°…“

‰¥â· ¥ß„π√Ÿª∑’Ë  4

º≈°“√»÷°…“§«“¡¬“«¢Õß§Õ¬≈åº ¡ “√≈–≈“¬

(mixing coil) ·≈–ª√‘¡“µ√¢Õß‡µµ√“‰´§≈‘π´÷Ëß„™â‡ªìπ

√’‡Õ‡®πµå∑’Ë©’¥‡¢â“‰ª„π√–∫∫‚ø≈Õ‘π‡®§™—πÕ–π“≈‘´’ 

·∫∫¬âÕπ°≈—∫ ‰¥â∑”°“√»÷°…“§«“¡¬“«¢Õß§Õ¬≈å

∑’Ë¡’§«“¡¬“«  25, 50, 75, 100  ·≈– 125  ‡´πµ‘‡¡µ√

·≈–ª√‘¡“µ√¢Õß√’‡Õ‡®πµå„π°“√«‘‡§√“–Àå  50, 100, 150,

200 ·≈– 250 ‰¡‚§√≈‘µ√ ®“°°“√»÷°…“‰¥â§à“§«“¡

 Ÿß¢Õß —≠≠“≥¡’§à“‡∑à“°—∫  107.5, 194.5, 200.0, 164.0,

159.0  ·≈– 121.0, 136.5, 170.0, 191.0, 197.5

¡‘≈≈‘‚«≈∑å µ“¡≈”¥—∫ æ∫«à“§«“¡¬“«¢Õß§Õ¬≈å

º ¡ “√≈–≈“¬∑’Ë‡À¡“– ¡¡’§à“‡∑à“°—∫ 75 ‡´πµ‘‡¡µ√

·≈–ª√‘¡“µ√¢Õß‡µµ√“‰´§≈‘π∑’Ë„™â‡ªìπ√’‡Õ‡®πµå

∑’Ë‡À¡“– ¡¡’§à“‡∑à“°—∫ 200 ‰¡‚§√≈‘µ√ ‚¥¬æ‘®“√≥“
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®“°≈—°…≥–¢Õß —≠≠“≥∑’Ë∫—π∑÷°‰¥â ·≈–Õ—µ√“‡√Á«

„π°“√«‘‡§√“–Àåµ—«Õ¬à“ß∑’Ë‡À¡“– ¡ º≈°“√»÷°…“‰¥â

· ¥ß„π√Ÿª∑’Ë  5  ·≈–√Ÿª∑’Ë  6

º≈°“√»÷°…“Õ—µ√“‡√Á«¢Õß “√≈–≈“¬¡“µ√∞“π

À√◊Õ “√≈–≈“¬µ—«Õ¬à“ß‡À≈Á° (II) ∑’Ë∑”°“√»÷°…“

‚¥¬„™â‡∑§π‘§‚ø≈Õ‘π‡®§™—πÕ–π“≈‘´’ ·∫∫¬âÕπ°≈—∫

∑”°“√»÷°…“Õ—µ√“‡√Á«¢Õß “√≈–≈“¬„π™à«ß∑’Ë‡∑à“°—∫

1.0, 2.0, 3.0, 4.0  ·≈–  5.0 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ ‰¥â§à“

§«“¡ Ÿß¢Õß —≠≠“≥¡’§à“‡∑à“°—∫  100.0, 170.0, 205.0,

159.5  ·≈– 108.5 ¡‘≈≈‘‚«≈∑å µ“¡≈”¥—∫ æ∫«à“

Õ—µ√“‡√Á«∑’Ë‡À¡“– ¡ ”À√—∫°“√«‘‡§√“–Àåπ’È¡’§à“‡∑à“°—∫

3.0  ¡‘≈≈‘≈‘µ√µàÕπ“∑’ º≈°“√»÷°…“‰¥â· ¥ß„π√Ÿª∑’Ë 7

§ÿ≥≈—°…≥–¢Õß°“√«‘‡§√“–Àå

¿“¬„µâ ¿“«–°“√∑¥≈Õß∑’Ë‰¥â∑”°“√»÷°…“

‰¥âÀ“§à“∑’Ë‡À¡“– ¡ ”À√—∫«‘∏’‚ø≈Õ‘π‡®§™—πÕ–π“≈‘́ ’ 

·∫∫¬âÕπ°≈—∫ ”À√—∫À“ª√‘¡“≥‡À≈Á° (II) ¥—ß· ¥ß

‰«â„πµ“√“ß∑’Ë 1 ∑”°“√ √â“ß °√“ø¡“µ√∞“π

¢Õß “√≈–≈“¬¡“µ√∞“π‡À≈Á° (II) ∑’Ë¡’§«“¡‡¢â¡¢âπ

„π™à«ß 25.0 - 500.0 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√

æ∫§«“¡ —¡æ—π∏å‡ªìπ‡ âπµ√ß “¡“√∂· ¥ß‰¥â¥â«¬

 ¡°“√ y = 0.0276x + 2.2892  ‡¡◊ËÕ x  ‡ªìπ§«“¡

‡¢â¡¢âπ¢Õß “√≈–≈“¬¡“µ√∞“πÀ√◊Õ “√≈–≈“¬

µ—«Õ¬à“ß‡À≈Á° (II)    ¡’Àπà«¬‡ªìπ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√

·≈– y  ‡ªìπ§à“§«“¡ Ÿß¢Õß —≠≠“≥∑’Ë«—¥‰¥â¡’Àπà«¬

‡ªìπ¡‘≈≈‘‚«≈∑å  §à“ —¡ª√– ‘∑∏‘Ï¢Õß§«“¡‡ªìπ‡ âπµ√ß

(correlation  coefficient ; r2) ‡∑à“°—∫ 0.9984  (n = 5)

§à“¢’¥®”°—¥µË” ÿ¥ (LOD) „π°“√«‘‡§√“–Àå‡∑à“°—∫ 2.31

‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√   ·≈–§à“¢’¥®”°—¥µË” ÿ¥ (LOQ)

¢Õß°“√«‘‡§√“–Àåª√‘¡“≥‡∑à“°—∫  12.46  ‰¡‚§√°√—¡

µàÕ¡‘≈≈‘≈‘µ√

§à“‡ªÕ√å‡´Áπµå§«“¡‡∫’Ë¬ß‡∫π —¡æ—∑∏å (%R.S.D.)

¢Õß§«“¡∂Ÿ°µâÕß„π°“√«‘‡§√“–Àǻ È”Ê (reproducibility)

„π “√≈–≈“¬µ—«Õ¬à“ß‡À≈Á° (II)  ∑’Ë§«“¡‡¢â¡¢âπ 50  ·≈–

400  ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ (n=12) Õ¬Ÿà„π™à«ß 0.93 -

1.86 %  ¡’§à“‡ªÕ√å‡ Á́πµå¢Õß°“√§◊π°≈—∫ (percentage

of recoveries) ¢Õß “√≈–≈“¬µ—«Õ¬à“ß‡À≈Á° (II)

∑’Ë¡’§«“¡‡¢â¡¢âπ 50  ·≈– 400  ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√

(n=3)  Õ¬Ÿà„π™à«ß 101.25 - 115.33 % ‡¡◊ËÕ‡ª√’¬∫

‡∑’¬∫°—∫«‘∏’Õ–µÕ¡¡‘§·Õ∫´Õ∫™—π ‡ª§‚∑√‚ø‚µ‡¡µ√’

∑’Ë„™â‡ªìπ«‘∏’¡“µ√∞“π ®–¡’§à“‡ªÕ√å‡´Áπµå¢Õß°“√§◊π

°≈—∫¢Õß “√≈–≈“¬µ—«Õ¬à“ß‡À≈Á° (II) ∑’Ë¡’§«“¡‡¢â¡¢âπ

50  ·≈– 400 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√ (n=3)  Õ¬Ÿà„π

™à«ß 91.71 - 103.75 % °“√«‘‡§√“–Àåª√‘¡“≥‡À≈Á° (II)

‚¥¬«‘∏’∑’Ëæ—≤π“¢÷Èππ’Èæ∫«à“‰ÕÕÕπ  Cu2+,  Zn2+,  Pb2+,

Ca2+,  Mg2+ ·≈– Mn2+ ¡’°“√√∫°«π°“√«‘‡§√“–Àå

‡≈Á°πâÕ¬®π‰ª∂÷ßª“π°≈“ß ÷́Ëß„Àâ§à“§«“¡ Ÿß —¡æ—∑∏å

¢Õßæ’§ (relative of peak height)  Õ¬Ÿà√–À«à“ß 82.25

- 114.37 % ‡¡◊ËÕ‡∑’¬∫°—∫°√≥’∑’Ë‰¡à¡’ “√√∫°«πÕ¬Ÿà„π

 “√≈–≈“¬µ—«Õ¬à“ßπÈ”·¡â«à“®–¡’‰ÕÕÕπ‡À≈à“π’ÈÕ¬Ÿà„π

ª√‘¡“≥∂÷ß 2,500 ‰¡‚§√°√—¡µàÕ¡‘≈≈‘≈‘µ√°Áµ“¡

„π°“√«‘‡§√“–Àåª√‘¡“≥‡À≈Á° (II) „πµ—«Õ¬à“ßπÈ”

‰¥â∑”°“√‡ª√’¬∫‡∑’¬∫«‘∏’«‘‡§√“–Àå√–À«à“ß«‘∏’‚ø≈Õ‘π‡®§™—π

Õ–π“≈‘´’ ·∫∫¬âÕπ°≈—∫ ·≈–«‘∏’Õ–µÕ¡¡‘§·Õ∫´Õ∫

™—π ‡ª§‚∑√‚ø‚µ‡¡µ√’¥—ßº≈°“√»÷°…“‰¥â· ¥ß„π

µ“√“ß∑’Ë  2 ‰¥â∑”°“√∑¥ Õ∫§à“∑“ß ∂‘µ‘‚¥¬„™â  student

t-test ®“°¢âÕ¡Ÿ≈¥—ß°≈à“« “¡“√∂§”π«≥§à“ t = 0.56

´÷Ëß‡ªìπ§à“∑’ËπâÕ¬°«à“§à“∑“ß∑ƒ…Ø’ (2.57, n = 6) ∑’Ë§à“

§«“¡‡™◊ËÕ¡—Ëπ 95 % (p value = 95 %)   “¡“√∂ √ÿª

‰¥â«à“º≈°“√«‘‡§√“–Àåª√‘¡“≥‡À≈Á° (II) ∑’Ë‰¥â®“°∑—Èß

 Õß«‘∏’‰¡à·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘

À√◊Õ°≈à“«‰¥â«à“«‘∏’°“√«‘‡§√“–Àåª√‘¡“≥‡À≈Á° (II)

¥â«¬«‘∏’‚ø≈Õ‘π‡®§™—πÕ–π“≈‘´’ ·∫∫¬âÕπ°≈—∫

¡’§«“¡∂Ÿ°µâÕß‰¡à·µ°µà“ß°—π®“°«‘∏’°“√«‘‡§√“–Àå‡À≈Á° (II)

¥â«¬«‘∏’¡“µ√∞“π∑’Ë„™â‡ª√’¬∫‡∑’¬∫„π°“√»÷°…“§√—Èßπ’È

 √ÿª·≈–«‘®“√≥åº≈°“√»÷°…“

«‘∏’‚ø≈Õ‘π‡®§™—πÕ–π“≈‘´’ ·∫∫¬âÕπ°≈—∫

∑’Ë‰¥âæ—≤π“¢÷Èπ‰¥â· ¥ß·≈â««à“‡ªìπ«‘∏’∑’Ëßà“¬ ¡’§«“¡∂Ÿ°µâÕß

∑’Ë Ÿß·≈–¡’§«“¡«àÕß‰«∑’Ë‡À¡“– ¡ ”À√—∫°“√µ√«®

«‘‡§√“–Àåª√‘¡“≥‡À≈Á° (II) ™à«ß§«“¡°«â“ß¢Õß°√“ø

¡“µ√∞“πÕ¬Ÿà„π™à«ß∑’Ë “¡“√∂„™âª√–‚¬™πå„π¥â“π

°“√«‘‡§√“–ÀåÀ“ª√‘¡“≥¢Õß‡À≈Á° (II) ‰¥âÕ¬à“ß

 ¡‡Àµÿº≈ «‘∏’∑’Ë‰¥âæ—≤π“¢÷Èπ‡ªìπ«‘∏’°“√«‘‡§√“–Àå

∑’Ë√«¥‡√Á« „™â “√‡§¡’ª√‘¡“≥πâÕ¬ ¡’§à“„™â®à“¬
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µàÕµ—«Õ¬à“ß∑’ËµË”·≈–ª√–À¬—¥ ¡’¢—ÈπµÕπ°“√‡µ√’¬¡

µ—«Õ¬à“ß∑’Ëßà“¬  Õ—µ√“‡√Á«„π°“√«‘‡§√“–Àåµ—«Õ¬à“ß∑’Ë‡√Á«∂÷ß

70 µ—«Õ¬à“ßµàÕ™—Ë«‚¡ß «‘∏’°“√«‘‡§√“–Àå∑’Ëæ—≤π“¢÷Èππ’È

 “¡“√∂π”‰ªª√–¬ÿ°µå„™â„π°“√«‘‡§√“–Àå„π°√≥’

∑’Ë¡’µ—«Õ¬à“ß∑’ËµâÕß°“√«‘‡§√“–Àå®”π«π¡“°  ”À√—∫

ß“πª√–®”∑—Ë«‰ª‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ

°‘µµ‘°√√¡ª√–°“»

ºŸâ»÷°…“«‘®—¬¢Õ¢Õ∫æ√–§ÿ≥¡À“«‘∑¬“≈—¬

¢Õπ·°àπ∑’Ë π—∫ πÿπ∑ÿπ«‘®—¬  ”À√—∫‚§√ß°“√«‘®—¬π’È

ºà“π∑ÿπÕÿ¥Àπÿπ∑—Ë«‰ª¡À“«‘∑¬“≈—¬¢Õπ·°àπ ª√–®”ªï

ß∫ª√–¡“≥ 2548 ·≈–¢Õ¢Õ∫§ÿ≥ß“π∫√‘°“√∑“ß«‘™“°“√

·≈–«‘®—¬ §≥–‡¿ —™»“ µ√å ∑’Ë π—∫ πÿπÕÿª°√≥å
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