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√“¬ß“π®“°ÀâÕßªØ‘∫—μ‘°“√ « °√¡«‘∑¬ æ 2552; 51 (1) : 56-63

Accepted for publication, 8 September 2008

»»‘∏√ ÀÕ¡¥”√ß§å«ß»å ·≈–Õÿ¡“ ∫√‘∫Ÿ√≥å

 ”π—°§ÿ≥¿“æ·≈–§«“¡ª≈Õ¥¿—¬Õ“À“√ °√¡«‘∑¬“»“ μ√å°“√·æ∑¬å ∂ππμ‘«“ππ∑å ππ∑∫ÿ√’ 11000

°“√«‘‡§√“–Àåª√‘¡“≥æ≈«ß∑’Ë≈–≈“¬ÕÕ°¡“®“°¿“™π–æ≈“ μ‘°∫√√®ÿÕ“À“√

™π‘¥æÕ≈‘‡Õ∑‘≈’π‡∑‡√ø∑“‡≈μ

∫∑§—¥¬àÕ °“√«‘‡§√“–ÀåÀ“ª√‘¡“≥æ≈«ß∑’Ë≈–≈“¬ÕÕ°¡“®“°¿“™π–æ≈“ μ‘°∫√√®ÿÕ“À“√™π‘¥æÕ≈‘‡Õ∑‘≈’π‡∑‡√ø∑“‡≈μ

‚¥¬°“√·™àμ—«Õ¬à“ß≈ß„π¿“™π–∫√√®ÿ “√≈–≈“¬°√¥Õ–´’μ‘°√âÕ¬≈– 4 ‚¥¬ª√‘¡“μ√ ∑’ËÕÿ≥À¿Ÿ¡‘ 60 ± 2 ÌC ‡ªìπ‡«≈“ 30 π“∑’

„πÕà“ßπÈ”§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘  ·≈â«π” “√≈–≈“¬∑’Ë‰¥â‰ª«—¥À“ª√‘¡“≥æ≈«ß  ‚¥¬„™â Graphite Furnace AAS ∑’Ë§«“¡¬“«§≈◊Ëπ

217.6  π“‚π‡¡μ√  „™â “√≈–≈“¬π‘°‡°‘≈ 500 ¡‘≈≈‘°√—¡μàÕ≈Ÿ°∫“»°å‡¥ ‘́‡¡μ√‡ªìπ modifier °“√∑¥ Õ∫§«“¡∂Ÿ°μâÕß¢Õß

«‘∏’æ∫«à“ ¢’¥®”°—¥¢Õß°“√μ√«®æ∫ (Limit of Detection, LOD) ‡∑à“°—∫ 1 ‰¡‚§√°√—¡μàÕ≈Ÿ°∫“»°å‡¥ ‘́‡¡μ√ ·≈–¢’¥®”°—¥

¢Õß°“√«—¥‡™‘ßª√‘¡“≥ (Limit of Quantitation, LOQ) ‡∑à“°—∫ 2 ‰¡‚§√°√—¡μàÕ≈Ÿ°∫“»°å‡¥ ‘́‡¡μ√  ™à«ß°“√«‘‡§√“–Àå∑’Ë„Àâ

§«“¡ —¡æ—π∏å‡ªìπ‡ âπμ√ß (Linear working range) „π™à«ß§«“¡‡¢â¡¢âπ 2-50 ‰¡‚§√°√—¡μàÕ≈Ÿ°∫“»°å‡¥ ‘́‡¡μ√

§à“ Correlation coefficient ‡∑à“°—∫ 1.000 ∑¥ Õ∫§«“¡·¡àπ (Accuracy) ·≈–§«“¡‡∑’Ë¬ß (Precision) ‚¥¬°“√‡μ‘¡

 “√≈–≈“¬æ≈«ß≈ß„πμ—«Õ¬à“ß„Àâ¡’§«“¡‡¢â¡¢âπ 6 √–¥—∫ √–¥—∫≈– 10 È́” æ∫«à“ %recovery Õ¬Ÿà„π™à«ß 84.0-107.4

·≈– %RSD Õ¬Ÿà„π™à«ß 0.8-5.6  ´÷Ëß‡ªìπ§à“∑’Ë¬Õ¡√—∫‰¥â §◊Õ ‰¡à‡°‘π§à“ predicted RSD
r

∫∑π”

æ≈“ μ‘°™π‘¥æÕ≈‘‡Õ∑‘≈’π‡∑‡√ø∑“‡≈μ

(PET) ‡°‘¥®“°ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ√å‰√‡´™—Ëπ¢Õß

petroleum monomers terephthalic acid ·≈–

ethylene glycol  ‚¥¬¡’æ≈«ß (antimony), ‰∑‡∑‡π’¬¡

(titanium) À√◊Õ‡®Õ√å¡“‡π’¬¡ (germanium) ‡ªìπ

μ—«‡√àßªØ‘°‘√‘¬“ ´÷Ëß à«π„À≠à„π∑“ßÕÿμ “À°√√¡

π‘¬¡„™âæ≈«ß (antimony) ‡ªìπμ—«‡√àßªØ‘°‘√‘¬“

‡π◊ËÕß®“°√“§“∂Ÿ° æ≈«ß¡’º≈°√–∑∫μàÕ ÿ¢¿“æ

∑”„Àâ‡°‘¥Õ“°“√§≈◊Ëπ‰ â Õ“‡®’¬π ·≈–∑âÕß‡ ’¬(1)

ª√–°“»°√–∑√«ß “∏“√≥ ÿ¢ ©∫—∫∑’Ë 295

(æ.». 2548) ‡√◊ËÕß °”Àπ¥§ÿ≥¿“æÀ√◊Õ¡“μ√∞“π

¢Õß¿“™π–∫√√®ÿ∑’Ë∑”®“°æ≈“ μ‘° °”Àπ¥„Àâ

æ≈“ μ‘°™π‘¥æÕ≈‘‡Õ∑‘≈’π‡∑‡√ø∑“‡≈μ ”À√—∫

∫√√®ÿÕ“À“√∑—Ë«‰ª ·≈–∫√√®ÿπ¡À√◊Õº≈‘μ¿—≥±åπ¡

¡’æ≈«ß≈–≈“¬ÕÕ°¡“‰¥â‰¡à‡°‘π 0.05 ·≈– 0.025

¡‘≈≈‘°√—¡μàÕ≈Ÿ°∫“»°å‡¥´‘‡¡μ√(2) μ“¡≈”¥—∫

°“√μ√«®«‘‡§√“–ÀåÀ“ª√‘¡“≥æ≈«ß‚¥¬„™â‡∑§π‘§

UV-VIS spectrometry(3) „™âª√‘¡“≥ “√ °—¥

μ—«Õ¬à“ß (leaching solution) ®”π«π¡“° ·≈–μâÕß

‡æ‘Ë¡§«“¡‡¢â¡¢âπ (concentration) „Àâ°—∫μ—«Õ¬à“ß

‚¥¬°“√√–‡À¬‡æ◊ËÕ„Àâ “¡“√∂«—¥ª√‘¡“≥æ≈«ß‰¥â

∑”„Àâ‡ ’¬‡«≈“„π°“√«‘‡§√“–Àå ‚¥¬‡∑§π‘§π’È

¡’¢’¥®”°—¥¢Õß°“√«—¥‡™‘ßª√‘¡“≥ (Limit of

Quantitation, LOQ) ‡∑à“°—∫ 0.05 ¡‘≈≈‘°√—¡μàÕ

≈Ÿ°∫“»°å‡¥´‘‡¡μ√ ´÷Ëß‡∑à“°—∫¡“μ√∞“π°”Àπ¥

 ”À√—∫∫√√®ÿÕ“À“√∑—Ë«‰ª ‰¡à “¡“√∂À“ª√‘¡“≥

æ≈«ß„πæ≈“ μ‘°™π‘¥æÕ≈‘‡Õ∑‘≈’π‡∑‡√ø∑“‡≈μ

 ”À√—∫∫√√®ÿπ¡À√◊Õº≈‘μ¿—≥±åπ¡‰¥â  ®÷ß‰¥âæ—≤π“

«‘∏’«‘‡§√“–Àå„Àâ¡’§«“¡√«¥‡√Á«¢÷Èπ „™âª√‘¡“≥

 “√ °—¥μ—«Õ¬à“ßπâÕ¬≈ß ·≈– “¡“√∂À“ª√‘¡“≥
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æ≈«ß„πæ≈“ μ‘°™π‘¥æÕ≈‘‡Õ∑‘≈’π‡∑‡√ø∑“‡≈μ

 ”À√—∫∫√√®ÿÕ“À“√∑—Ë«‰ª ·≈–∫√√®ÿπ¡À√◊Õ

º≈‘μ¿—≥±åπ¡‰¥â ‚¥¬„™â‡∑§π‘§ Graphite Furnace

Atomic Absorption Spectrophotometry ·≈–‰¥â

∑”°“√μ√«® Õ∫§«“¡∂Ÿ°μâÕß¢Õß«‘∏’«‘‡§√“–Àå

°àÕππ”¡“„™â

     «— ¥ÿ·≈–«‘∏’°“√

‡§√◊ËÕß¡◊Õ·≈–Õÿª°√≥å

- ‡§√◊ËÕß Graphite Furnace Atomic

Absorption Spectrophotometer ¢Õß Varian √ÿàπ

Spectra AA800 Zeeman background correction,

hollow cathode lamp (æ≈«ß), √–∫∫©’¥ “√

Õ—μ‚π¡—μ‘, Graphite component [Plateau Tube

(Coated)-GTA Part number : 63 100011-00]

- Õà“ßπÈ”√âÕπ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘

- °ä“´Õ“√å°Õπ§«“¡∫√‘ ÿ∑∏‘Ï 99.999%

- ‡§√◊ËÕß·°â«·≈–Õÿª°√≥åæ≈“ μ‘° °àÕπ

„™âß“π·™à¥â«¬ “√≈–≈“¬°√¥‰πμ√‘°√âÕ¬≈– 10

‚¥¬ª√‘¡“μ√ ∑‘Èß§â“ß§◊π·≈â«≈â“ß°√¥ÕÕ°¥â«¬πÈ”

deionized À≈“¬ Ê §√—Èß º÷Ëß„Àâ·Àâß„π¿“™π–

ªî¥ π‘∑

 “√‡§¡’·≈– “√¡“μ√∞“π

-  “√‡§¡’ (AR Grade) : °√¥Õ–´’μ‘°

‡¢â¡¢âπ 99.7% (J.T. Baker) π‘°‡°‘≈‰π‡μ√∑

§«“¡‡¢â¡¢âπ 1,000 ¡‘≈≈‘°√—¡μàÕ≈Ÿ°∫“»°å‡¥´‘‡¡μ√

πÈ”°≈—ËπÀ√◊ÕπÈ” deionized ∑’Ë¡’§«“¡μâ“π∑“π ≥18

megohm-cm

-  “√¡“μ√∞“π :  “√≈–≈“¬¡“μ√∞“π-

æ≈«ß§«“¡‡¢â¡¢âπ 1,000 ¡‘≈≈‘°√—¡μàÕ≈Ÿ°∫“»°å-

‡¥ ‘́‡¡μ√

°“√‡μ√’¬¡ “√‡§¡’

 “√≈–≈“¬°√¥Õ–´’μ‘°√âÕ¬≈– 4 ‚¥¬ª√‘¡“μ√

‡μ√’¬¡‚¥¬‡®◊Õ®“ß°√¥Õ–´’μ‘°‡¢â¡¢âπ 40 ¡‘≈≈‘≈‘μ√

„ππÈ” deionized ·≈–ª√—∫ª√‘¡“μ√‡ªìπ 1,000

¡‘≈≈‘≈‘μ√

 “√≈–≈“¬π‘°‡°‘≈ 100 ¡‘≈≈‘°√—¡μàÕ

≈Ÿ°∫“»°å‡¥´‘‡¡μ√ ‡μ√’¬¡‚¥¬π‘°‡°‘≈‰π‡μ√∑®”π«π

500 ‰¡‚§√≈‘μ√ ª√—∫ª√‘¡“μ√‡ªìπ 5 ¡‘≈≈‘≈‘μ√

¥â«¬πÈ”°≈—Ëπ

°“√‡μ√’¬¡ “√≈–≈“¬¡“μ√∞“π

-  “√≈–≈“¬¡“μ√∞“πæ≈«ß 50 ‰¡‚§√-

°√—¡μàÕ≈Ÿ°∫“»°å‡¥´‘‡¡μ√ : ®“° “√≈–≈“¬

¡“μ√∞“πæ≈«ß 1,000 ¡‘≈≈‘°√—¡μàÕ≈Ÿ°∫“»°å

‡¥´‘‡¡μ√  „Àâ‡®◊Õ®“ß≈ß¥â«¬ “√≈–≈“¬°√¥Õ–´’μ‘°

√âÕ¬≈– 4 ‚¥¬ª√‘¡“μ√ ®π‰¥â§«“¡‡¢â¡¢âπ∑’ËμâÕß°“√

-  “√≈–≈“¬¡“μ√∞“π ”À√—∫ √â“ß°√“ø

¡“μ√∞“πæ≈«ß : „™â “√≈–≈“¬¡“μ√∞“πæ≈«ß

50 ‰¡‚§√°√—¡μàÕ≈Ÿ°∫“»°å‡¥´‘‡¡μ√ μ—Èß√–∫∫

°“√∑”ß“π¢Õß‡§√◊ËÕß·∫∫ automix

Standard Method (conc) ug/l Mix (Conc) ug/l Blank  ul Blank ul

   Cal Zero 0 0 20 0
   Standard 1 5 5 18 2
   Standard 2 10 10 16 4
   Standard 3 20 20 12 8
   Standard 4 30 30 8 12
   Standard 5 40 40 4 16

   Standard 6 50 50 0 20
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Patterns of Drug Use among Rave-Goers in Pattaya, Chonburi in 2002 Varaporn  cholumpai at al.Antimony Dissolved from Plastic Containers Sasitorn Homdumrongvong and Uma  Boriboon

°“√‡μ√’¬¡ “√ °—¥μ—«Õ¬à“ß (Leaching solution)

π”μ—«Õ¬à“ß¡“μ—¥„Àâ‰¥â¢π“¥ 1 Ó 5  ‡´πμ‘‡¡μ√

≈â“ß¥â«¬πÈ”°≈—Ëπ ∑‘Èß‰«â„Àâ·Àâß„π¿“™π–ªî¥ π‘∑

π”μ—«Õ¬à“ß„ à„π¿“™π–∑’Ë∫√√®ÿ 20 ¡‘≈≈‘≈‘μ√ “√

≈–≈“¬°√¥Õ–´’μ‘°√âÕ¬≈– 4 ‚¥¬ª√‘¡“μ√ (æ◊Èπ∑’Ë

μ—«Õ¬à“ß 1 μ“√“ß‡´πμ‘‡¡μ√μàÕ “√≈–≈“¬°√¥

Õ–´’μ‘°√âÕ¬≈– 4 ‚¥¬ª√‘¡“μ√ 2 ¡‘≈≈‘≈‘μ√) π”‰ª

·™à‰«â„πÕà“ßπÈ”√âÕπ ‚¥¬§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘¢Õß

 “√≈–≈“¬‰«â∑’Ë 60 ± 2 ÌC ‡ªìπ‡«≈“ 30 π“∑’

 ¿“«–¢Õß‡§√◊ËÕß GFAAS
(4)

ªØ‘∫—μ‘μ“¡§Ÿà¡◊Õ°“√μ√«®«‘‡§√“–Àå‚¥¬‡§√◊ËÕß

Varian Spectra AA Zeeman graphite furnace

- „™â “√≈–≈“¬π‘°‡°‘≈‡ªìπ modifier,

total volume 25 ‰¡‚§√≈‘μ√, sample volume 20

‰¡‚§√≈‘μ√ ·≈– modifier volume 5 ‰¡‚§√≈‘μ√

©’¥ “√·∫∫  co injection «—¥∑’Ë§«“¡¬“«§≈◊Ëπ  217.6

π“‚π‡¡μ√ μ—Èß√–∫∫°“√∑”ß“π¥—ßπ’È

- Reagent blank °√¥Õ– ’́μ‘°√âÕ¬≈– 4

‚¥¬ª√‘¡“μ√

Atomizer Pyrolytic Coated Partitioned

Graphite Tube

1 85 5.0 3.0 Normal No No

2 100 40.0 3.0 Normal No No

3 150 10.0 3.0 Normal No No

4 600 5.0 3.0 Normal No No

5 600 1.0 3.0 Normal No No

6 600 2.0 0.0 Normal No Yes

7 2100 1.5 0.0 Normal Yes Yes

8 2100 3.0 0.0 Normal Yes Yes

9 2100 2.0 3.0 Normal No Yes

Step Temp ( ÌC) Time (s) Flow (L/min) Gas Type Read Signal Storage

°“√∑¥ Õ∫§«“¡∂Ÿ°μâÕß¢Õß«‘∏’«‘‡§√“–Àå 
(5, 6)

°“√∑¥ Õ∫§«“¡‡ªìπ‡ âπμ√ß·≈–™à«ß°“√«—¥

(Linearity and Working Range)

©’¥ “√≈–≈“¬ reagent blank ·≈–

 “√≈–≈“¬¡“μ√∞“πæ≈«ß§«“¡‡¢â¡¢âπ 5, 10, 20,

30, 40 ·≈– 50 ‰¡‚§√°√—¡μàÕ≈Ÿ°∫“»°å‡¥´‘‡¡μ√

·μà≈–§«“¡‡¢â¡¢âπ©’¥´È” 2 §√—Èß  √â“ß°√“ø¡“μ√∞“π

· ¥ß§«“¡ —¡æ—π∏å √–À«à “ß§«“¡‡¢â¡¢âπ°—∫

°àÕπ∑”°“√«‘‡§√“–ÀåμâÕß∑” sensitivity  check „Àâ‰¥â§à“ absorbance Õ¬Ÿà„π™à«ß ± 20% ¢Õß§à“∑’ËºŸâº≈‘μ‡§√◊ËÕß¡◊Õ

°”Àπ¥‰«â

absorbance §”π«≥§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å (r)

‡æ◊ËÕ»÷°…“§«“¡‡ªìπ‡ âπμ√ß ´÷Ëß§«√¡’§à“‰¡àμË”°«à“

0.9975

©’¥ “√≈–≈“¬μ—«Õ¬à“ß∑’Ë ‡μ‘¡ “√≈–≈“¬

¡“μ√∞“π 5 √–¥—∫§«“¡‡¢â¡¢âπ §◊Õ 2, 5, 10, 25

·≈– 50 ‰¡‚§√°√—¡μàÕ≈Ÿ°∫“»°å‡¥´‘‡¡μ√ §«“¡

‡¢â¡¢âπ≈– 10 ´È” ‡æ◊ËÕ∑¥ Õ∫§«“¡‡ªìπ‡ âπμ√ß

¢Õß«‘∏’«‘‡§√“–Àå
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°“√À“¢’¥®”°—¥¢Õß°“√μ√«®æ∫ (Limit of

detection, LOD)

∑”°“√∑¥ Õ∫‚¥¬©’¥ “√≈–≈“¬ matrix

blank 10 ́ È” À“§à“ mean ·≈– SD  §”π«≥§à“ LOD

= mean blank + 3SD

°“√À“¢’¥®”°—¥¢Õß°“√«—¥‡™‘ßª√‘¡“≥ (Limit of

quantitation, LOQ)

§”π«≥§à“ LOQ (estimated) = mean blank

+ 10SD ·≈â«∑”°“√∑¥ Õ∫‚¥¬©’¥ “√≈–≈“¬

μ—«Õ¬à“ß∑’Ë‡μ‘¡ “√≈–≈“¬¡“μ√∞“π∑’Ë√–¥—∫ estimated

LOQ ‚¥¬«‘‡§√“–Àå 10 ´È” §”π«≥§à“ %recovery

·≈– %RSD ‡æ◊ËÕÀ“§à“ LOQ ∑’Ë¬Õ¡√—∫‰¥â

°“√∑¥ Õ∫§«“¡·¡àπ·≈–§«“¡‡∑’Ë¬ß (Accuracy

and Precision)

©’¥ “√≈–≈“¬μ—«Õ¬à“ß∑’Ë ‡μ‘¡ “√≈–≈“¬

¡“μ√∞“π 6 √–¥—∫§«“¡‡¢â¡¢âπ §◊Õ 5, 10, 25, 50,

75 ·≈– 100 ‰¡‚§√°√—¡μàÕ≈Ÿ°∫“»°å‡¥´‘‡¡μ√

§«“¡‡¢â¡¢âπ≈– 10 È́” §”π«≥§à“√âÕ¬≈–°“√

°≈—∫§◊π (%recovery) ÷́Ëß§«√Õ¬Ÿà„π™à«ß 80 - 110

§à“ %RSD ·≈–°“√ª√–‡¡‘π¥â«¬ predicted RSD
r

μ“¡  Horwitzûs equation

°“√ª√–‡¡‘π§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥

(Measurement Uncertainty)
(7)

°“√ª√–‡¡‘π§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥

μ“¡«‘∏’∑’Ë‰¥â∑¥ Õ∫ ‚¥¬„™âμ—«Õ¬à“ß∑’Ë¡’°“√‡μ‘¡ “√

¡“μ√∞“π 50 ‰¡‚§√°√—¡μàÕ≈Ÿ°∫“»°å‡¥´‘‡¡μ√

‚¥¬§”π«≥®“°∑ÿ°·À≈àß∑’Ë¡“¢Õß§«“¡‰¡à·πàπÕπ

∑—ÈßÀ¡¥ ·≈â«§”π«≥§«“¡‰¡à·πàπÕπ¢¬“¬ ∑’Ë√–¥—∫

§«“¡‡™◊ËÕ¡—Ëπ 95% ÷́Ëß§à“ k = 2

ª√‘¡“≥æ≈«ß∑’Ëæ∫ (¡‘≈≈‘°√—¡μàÕ≈Ÿ°∫“»°å

‡¥´‘‡¡μ√)  =  C
s

º≈

°“√∑¥ Õ∫§«“¡‡ªìπ‡ âπμ√ß·≈–™à«ß°“√«—¥

(Linearity and Working Range)

®“°°“√©’¥ “√≈–≈“¬ reagent blank ·≈–

 “√≈–≈“¬¡“μ√∞“πæ≈«ß§«“¡‡¢â¡¢âπ 5, 10, 20,

30, 40 ·≈– 50 ‰¡‚§√°√—¡μàÕ≈Ÿ°∫“»°å‡¥´‘‡¡μ√

·≈â« √â“ß°√“ø¡“μ√∞“π· ¥ß§«“¡ —¡æ—π∏å

√–À«à“ß§«“¡‡¢â¡¢âπ°—∫ absorbance ‰¥â°√“ø∑’Ë

‡ªìπ‡ âπμ√ß §à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å (r) ‡∑à“°—∫

0.9997 (¿“æ∑’Ë 1)

y = 0.0048x + 0.0012

r = 0.9997
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®“°°“√©’¥ “√≈–≈“¬μ—«Õ¬à“ß∑’Ë‡μ‘¡ “√

≈–≈“¬¡“μ√∞“π 5 √–¥—∫§«“¡‡¢â¡¢âπ §◊Õ 2, 5, 10,

25 ·≈– 50 ‰¡‚§√°√—¡μàÕ≈Ÿ°∫“»°å‡¥´‘‡¡μ√

 √â“ß°√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ

¢Õßæ≈«ß∑’Ë‡μ‘¡°—∫ absorbance §à“ —¡ª√– ‘∑∏‘Ï

 À —¡æ—π∏å (r) ‡∑à“°—∫ 1.000 (¿“æ∑’Ë2)

°“√À“¢’¥®”°—¥¢Õß°“√μ√«®æ∫ (Limit of

detection, LOD)

º≈°“√∑¥ Õ∫‚¥¬©’¥ “√≈–≈“¬ matrix

blank 10 ́ È” §”π«≥§à“ LOD ‡∑à“°—∫ 1 ‰¡‚§√°√—¡

μàÕ≈Ÿ°∫“»°å‡¥´‘‡¡μ√

°“√À“¢’¥®”°—¥¢Õß°“√«—¥‡™‘ßª√‘¡“≥ (Limit of

quantitation, LOQ)

®“°°“√§”π«≥§à“ LOQ (estimated) ‡∑à“°—∫

2 ‰¡‚§√°√—¡μàÕ≈Ÿ°∫“»°å‡¥ ‘́‡¡μ√ ·≈â«∑”°“√

∑¥ Õ∫‚¥¬°“√©’¥ “√≈–≈“¬μ—«Õ¬à“ß∑’Ë ‡μ‘¡

 “√≈–≈“¬¡“μ√∞“π 2 ‰¡‚§√°√—¡μàÕ≈Ÿ°∫“»°å

‡¥´‘‡¡μ√  ‚¥¬«‘‡§√“–Àå 10 È́” §à“ %recovery

Õ¬Ÿà„π™à«ß 83.8 - 107.6 ·≈– %RSD ‡∑à“°—∫ 7.4

´÷ËßÕ¬Ÿà„π‡°≥±å¬Õ¡√—∫‰¥â

°“√∑¥ Õ∫§«“¡·¡àπ·≈–§«“¡‡∑’Ë¬ß (Accuracy

and Precision)

®“°°“√©’¥ “√≈–≈“¬μ— «Õ¬à “ß∑’Ë ‡μ‘¡

 “√≈–≈“¬¡“μ√∞“π 6 √–¥—∫§«“¡‡¢â¡¢âπ §◊Õ

5, 10, 25, 50, 75 ·≈– 100 ‰¡‚§√°√—¡μàÕ

≈Ÿ°∫“»°å‡¥´‘‡¡μ√ §«“¡‡¢â¡¢âπ≈– 10 È́” §”π«≥

§à“√âÕ¬≈–°“√°≈—∫§◊π (%recovery) Õ¬Ÿà„π™à«ß

84.0-107.4  §à“ % RSD Õ¬Ÿà„π™à«ß 0.8-5.6  ´÷Ëß

‰¡à‡°‘π§à“  predicted RSD
r
 μ“¡ Horwitzûs equation

(μ“√“ß∑’Ë 1)

°“√ª√–‡¡‘π§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥

(Measurement Uncertainty)

°“√ª√–¡“≥§à“§«“¡‰¡à·πàπÕπ¢Õß°“√«—¥

μ“¡«‘∏’∑’Ë‰¥â∑¥ Õ∫ ‚¥¬„™âμ—«Õ¬à“ß∑’Ë¡’°“√‡μ‘¡ “√

¡“μ√∞“π 50 ‰¡‚§√°√—¡μàÕ≈Ÿ°∫“»°å‡¥´‘‡¡μ√

æ∫«à“¡’§à“‡∑à“°—∫ 43.8071 ± 3.6800 ‰¡‚§√°√—¡

μàÕ≈Ÿ°∫“»°å‡¥´‘‡¡μ√ À√◊Õ 0.0438 ± 0.0037

¡‘≈≈‘°√—¡μàÕ¡‘≈≈‘≈‘μ√ ·À≈àß∑’Ë¡“¢Õß§«“¡

‰¡à·πàπÕπ, §à“ Combine standard uncertainty,

§à“ Expanded uncertainty (μ“√“ß∑’Ë 2)

®“°°“√μ√«®«‘‡§√“–Àåæ≈«ß∑’Ë≈–≈“¬ÕÕ°¡“

®“°¿“™π–æ≈“ μ‘°™π‘¥æÕ≈‘‡Õ∑‘≈’π‡∑‡√ø∑“‡≈μ

®”π«π 9 μ—«Õ¬à“ß  ´÷Ëßμ√«®‰¡àæ∫∑ÿ°μ—«Õ¬à“ß

¿“æ∑’Ë 2  °√“ø· ¥ß§«“¡‡ªìπ‡ âπμ√ß¢Õß«‘∏’«‘‡§√“–Àå

y = 0.0048x + 0.004

r = 1.000
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§«“¡‡¢â¡¢âπ¢Õßæ≈«ß (ug/l)

A
bs



61

ª√‘¡“≥æ≈«ß∑’Ë≈–≈“¬ÕÕ°¡“®“°¿“™π–æ≈“ μ‘°∫√√®ÿÕ“À“√ »»‘∏√  ÀÕ¡¥”√ß§å«ß»å ·≈–Õÿ¡“  ∫√‘∫Ÿ√≥å

μ“√“ß∑’Ë 2 · ¥ß·À≈àß∑’Ë¡“¢Õß§«“¡‰¡à·πàπÕπ, §à“ Combine standard uncertainty, §à“ Expanded

uncertainty

1. Volumetric flask V
f

0.006137989

- 5 ml 5 ml Ó 4    0.029497140       0.005899428

- 10 ml 10 ml    0.015655137       0.0015655137

- 1000 ml 1000 ml    0.648716681    0.000648716681

2. Cylinder V
c

100 ml 0.437235634 0.004372356

3. Autopipette V
p

0.002402567

- 0.5 ml 0.5 ml Ó 4    0.00070505       0.0014101

- 1 ml 1 ml Ó 3    0.001194864       0.001194864

- 10 ml 10 ml Ó 2    0.015350081       0.0015350081

4. Conc of sample from C
s

0.043807 ug/ml 0.000464796         0.010610091

calibration curve

5. Purity of Sb  P
sb

       1003 ug/ml     2.886751         0.0028781

6. Precision Precision 1 0.039456558 0.039456558

7. Recovery Recovery 100    0.439262281      0.00439262281

8. Area, length A
v

0.00216333

1 cm Ó 2    0.00212132 0.00212132

5 cm Ó 2    0.00212132 0.000424264

    Combine standard uncertainty 0.042002587

    Expanded uncertainty U (r; result = 0.043807 ug/ml) r Ó 2 Ó 0.042002587  0.0037 ug/ml

Source of  uncertainty       Symbol x u(x) u(x)/x

μ“√“ß∑’Ë 1 º≈°“√∑¥ Õ∫§«“¡·¡àπ·≈–§«“¡‡∑’Ë¬ß¢Õß°“√«‘‡§√“–Àåª√‘¡“≥æ≈«ß∑’Ë≈–≈“¬ÕÕ°¡“®“°

¿“™π–æ≈“ μ‘°™π‘¥æÕ≈‘‡Õ∑‘≈’π‡∑‡√ø∑“‡≈μ ‚¥¬«‘‡§√“–Àå§«“¡‡¢â¡¢âπ≈– 10 ´È”

2.0 1.99 0.15        83.8 - 107.6 7.43 26.90

5.0 4.89 0.27        89.1 - 107.4 5.32 23.43

10.0 9.05 0.51        84.0 - 97.1 5.58 21.11

25.0 22.95 0.26        89.8 - 93.2 1.12 18.39

50.0 43.81 0.41        86.3 - 88.9 0.94 16.57

75.0 68.84 1.36        89.2 - 95.2 1.98 15.57

100.0 89.91 0.74 88.9 - 91.0 0.83 14.93

Spiked level (ug/l) Mean  SD %Recovery %RSD predicted RSD
r
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    «‘®“√≥å

°“√æ—≤π“«‘∏’«‘‡§√“–ÀåÀ“ª√‘¡“≥æ≈«ß∑’Ë

≈–≈“¬ÕÕ°¡“ ‚¥¬„™â‡∑§π‘§ Graphite Furnace

Atomic Absorption (GFAAS)  “¡“√∂«‘‡§√“–Àå

ª√‘¡“≥æ≈«ß∑’Ë√–¥—∫μË”°«à“‡∑§π‘§ UV-VIS

Spectrometry ´÷Ëß¡’§à“ LOQ 0.05 ¡‘≈≈‘°√—¡μàÕ

≈Ÿ°∫“»°å‡¥´‘‡¡μ√ ‡æ√“–‡ªìπ‡∑§π‘§∑’Ë¡’§«“¡‰« Ÿß

„™âª√‘¡“≥ “√ °—¥μ—«Õ¬à“ßπâÕ¬ ·≈–‰¡à‡ ’¬‡«≈“„π

°“√‡μ√’¬¡μ—«Õ¬à“ß §◊Õ‰¡àμâÕß‡æ‘Ë¡§«“¡‡¢â¡¢âπ

„Àâ°—∫ “√≈–≈“¬μ—«Õ¬à“ß  “¡“√∂©’¥ “√≈–≈“¬

μ—«Õ¬à“ß‰¥â‚¥¬μ√ß ®“°°“√À“§à“¢’¥®”°—¥¢Õß

°“√μ√«®æ∫ (LOD) ‡∑à“°—∫ 1 ‰¡‚§√°√—¡μàÕ

≈Ÿ°∫“»°å‡¥´‘‡¡μ√ ·≈–°“√À“¢’¥®”°—¥¢Õß

°“√μ√«®«—¥‡™‘ßª√‘¡“≥ (LOQ) ‡∑à“°—∫ 2  ‰¡‚§√°√—¡

μàÕ≈Ÿ°∫“»°å‡¥´‘‡¡μ√  ‡ªìπ‰ªμ“¡‡°≥±å°“√¬Õ¡√—∫

§◊Õ LOD πâÕ¬°«à“ 1/20 ¢Õß target value ·≈–

LOQ πâÕ¬°«à“ 1/10 ¢Õß target value(4) ‡∑§π‘§π’È

  “¡“√∂À“ª√‘ ¡ “≥æ≈«ß „πæ≈“ μ‘ °™π‘ ¥

æÕ≈‘‡Õ∑‘≈’π‡∑‡√ø∑“‡≈μ ”À√—∫∫√√®ÿÕ“À“√∑—Ë«‰ª

·≈– ”À√—∫∫√√®ÿπ¡À√◊Õº≈‘μ¿—≥±åπ¡‰¥â

     °‘μμ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥ §ÿ≥ ÿ¿—∑√“ Õ‘Ë¡‡Õ‘∫ ·≈–§≥–

∑”ß“π ∑’Ë°√ÿ≥“μ√«®μâπ©∫—∫ ¢Õ¢Õ∫§ÿ≥

§ÿ≥∑‘æ«√√≥ π‘ËßπâÕ¬ ∑’Ë„Àâ§”·π–π”‡√◊ËÕß°“√

ª√–¡“≥§à“§«“¡‰¡à·πàπÕπ ¢Õ∫§ÿ≥‡®â“Àπâ“∑’Ë

∑ÿ°∑à“π∑’Ë¡’ à«π™à«¬„Àâ∫∑§«“¡π’È ‰¥â ‡º¬·æ√à

„π«“√ “√

 √ÿª

«‘∏’«‘‡§√“–Àåª√‘¡“≥æ≈«ß∑’Ë≈–≈“¬ÕÕ°¡“

®“°¿“™π–æ≈“ μ‘°∫√√®ÿÕ“À“√™π‘¥æÕ≈‘‡Õ∑‘≈’π

‡∑‡√ø∑“‡≈μ‚¥¬‡∑§π‘§ Graphite Furnace Atomic

Absorption (GFAAS) ‡ªìπ«‘∏’∑’Ë “¡“√∂„™âμ√«®

«‘ ‡§√“–ÀåÀ“ª√‘¡“≥æ≈«ß„πæ≈“ μ‘°™π‘¥

æÕ≈‘‡Õ∑‘≈’π‡∑‡√ø∑“‡≈μ ”À√—∫∫√√®ÿÕ“À“√∑—Ë«‰ª

·≈– ”À√—∫∫√√®ÿπ¡À√◊Õº≈‘μ¿—≥±åπ¡ „Àâ§à“§«“¡

·¡à π·≈–§«“¡ ‡∑’Ë ¬ ßÕ¬Ÿà „ π ‡°≥±å∑’Ë ¬ Õ¡√— ∫

°“√‡μ√’¬¡μ—«Õ¬à“ß√«¥‡√Á«  “¡“√∂π”‰ª„™â„πß“π

ª√–®”‰¥â
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Determination of Antimony Dissolved from Polyethylene Terephthalate

Food Containers

Sasitorn Homdumrongvong and Uma Boriboon

Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000, Thailand.

ABSTRACT Antimony is extracted from polyethylene terephthalate food containers by extracting

the sample with 4% v/v acetic acid, at 60  ±  2 ÌC for 30 minute in water bath. The leached solutions were

quantitative analysed for antimony by GFAAS at the wavelength of 217.6 nm., using 500 mg/l nickle

solution as modifier. The limit of detection (LOD) of antimony was 1 ug/dm3 and the limit of quantitation

(LOQ) was 2 ug/dm3. The working range and linearity showed that the correlation coefficient (r) at the range

of 2-50 ug/dm3 was 1.000. Accuracy and precision tests were performed by adding known amount of antimony

into the leaching solution of the extracted sample. The %recovery of antimony from 6

levels were between 84.0-107.4 and %RSD were between 0.8-5.6, which were not exceeded

the predicted RSD
r

Keywords : antimony,  polyethylene terephthalate, food containers, GFAAS


