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°π°æ√ Õ∏‘ ÿ¢ ·≈–«‘™“¥“ ®ß¡’«“ π“

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

°“√æ—≤π“«‘∏’«‘‡§√“–Àåª√‘¡“≥ p, p′′′′′-DDE „ππÈ”¡—πª≈“

‚¥¬«‘∏’ Isotope Dilution Mass Spectrometry-Exact Signal Matching

∫∑§—¥¬àÕ ‰¥âæ—≤π“«‘∏’«‘‡§√“–Àå “√‡§¡’ªÑÕß°—π°”®—¥»—μ√Ÿæ◊™°≈ÿà¡ÕÕ√å°“‚π§≈Õ√’π ™π‘¥ p, p′-DDE „ππÈ”¡—πª≈“

‚¥¬«‘∏’ Isotope dilution mass spectrometry (IDMS)-Exact signal matching ÷́Ëß‡ªìπ«‘∏’ primary method ·≈–

¬◊π¬—π§«“¡∂Ÿ°μâÕß·≈–·¡àπ¬”¢Õß«‘∏’‚¥¬°“√«‘‡§√“–Àå«— ¥ÿÕâ“ßÕ‘ß√—∫√ÕßπÈ”¡—πª≈“ BCR CRM 589 ¡’§à“Õâ“ßÕ‘ßª√‘¡“≥

p, p′-DDE ‡∑à“°—∫ 610 ± 40 μg/kg º≈μ√«®æ∫ª√‘¡“≥‡©≈’Ë¬®“°°“√«‘‡§√“–Àå 5 È́” ‡∑à“°—∫  610 μg/kg ‚¥¬¡’§à“

‡∫’Ë¬ß‡∫π¡“μ√∞“π (SD) ‡∑à“°—∫ 13 μg/kg ·≈–‡¡◊ËÕπ”«‘∏’ IDMS ¡“«‘‡§√“–Àåμ—«Õ¬à“ßπÈ”¡—πª≈“„π‚§√ß°“√ Trace organic

Interlaboratory Comparison-APMP.QM-P4 ÷́Ëß‡ªìπ‚§√ß°“√‡ª√’¬∫‡∑’¬∫º≈«‘‡§√“–Àå√–À«à“ßÀâÕßªØ‘∫—μ‘°“√∑’Ë¥”‡π‘π°“√

‚¥¬§≥–°√√¡°“√∑’Ëª√÷°…“∑“ß¥â“π¡“μ√«‘∑¬“‡§¡’ (The Consecutive Committee for Amount of Substance, CCQM)

æ∫«à“ ª√‘¡“≥∑’Ëμ√«®æ∫®“°«‘∏’¥—ß°≈à“«¡’§à“‡∑à“°—∫ 158.0 ± 3.5 μg/kg ́ ÷Ëß¡’§à“‡¢â“„°≈â§à“Õâ“ßÕ‘ß¢Õß‚§√ß°“√∑’Ë°”Àπ¥‰«â∑’Ë

160.4 ± 10.0 μg/kg §«“¡ ”‡√Á®®“°°“√æ—≤π“«‘∏’¥—ß°≈à“« ∑”„ÀâÀâÕßªØ‘∫—μ‘°“√ ”π—°§ÿ≥¿“æ·≈–§«“¡ª≈Õ¥¿—¬Õ“À“√

¡’§«“¡æ√âÕ¡„π°“√‡ªìπÀâÕßªØ‘∫—μ‘°“√Õâ“ßÕ‘ß¢Õßª√–‡∑»„π¥â“π°“√«—¥ª√‘¡“≥ “√‡§¡’ªÑÕß°—π°”®—¥»—μ√Ÿæ◊™°≈ÿà¡

ÕÕ√å°“‚π§≈Õ√’πμ°§â“ß„πÕ“À“√   “¡“√∂∑”Àπâ“∑’Ë∂à“¬∑Õ¥¡“μ√∞“π°“√«—¥„Àâ·°àºŸâμâÕß°“√„™â„πª√–‡∑» æ—≤π“ ®—¥À“

·≈–„Àâ§à“Õâ“ßÕ‘ß·°à«— ¥ÿÕâ“ßÕ‘ß ‡ªìπºŸâ¥”‡π‘π°“√·ºπ∑¥ Õ∫§«“¡™”π“≠°“√«—¥ ·≈–‡ªìπμ—«·∑πª√–‡∑»‰∑¬„π°“√‡¢â“

√à«¡‡ª√’¬∫‡∑’¬∫º≈°“√«—¥ Key comparison ∑—Èß„π√–¥—∫¿Ÿ¡‘¿“§·≈–√–¥—∫‚≈°

∫∑π”

°“√ Õ∫°≈—∫‰¥â¢Õß°“√«—¥ (Measurement

traceability) ‡ªìπ§ÿ≥ ¡∫—μ‘¢Õßº≈°“√«—¥À√◊Õ§à“

¡“μ√∞“π„¥Ê ´÷Ëß‡™◊ËÕ¡‚¬ß‰ª¬—ß§à“Õâ“ßÕ‘ß√–¥—∫™“μ‘

À√◊Õ√–¥—∫π“π“™“μ‘ºà“π°“√‡ª√’¬∫‡∑’¬∫Õ¬à“ß

μàÕ‡π◊ËÕß (unbroken chain of comparison) ‚¥¬¡’

§à“§«“¡‰¡à·πàπÕπ°“√«—¥ (Measurement

uncertainty) √–∫ÿ‰«â(1)  ”À√—∫°“√«‘‡§√“–Àå∑’Ë‡ªìπ

°“√«—¥·∫∫μ√ß‰ªμ√ß¡“ μ—«Õ¬à“ß‡™àπ °“√™—ËßπÈ”Àπ—°

À√◊Õ°“√«—¥Õÿ≥À¿Ÿ¡‘ ‡ªìπ°“√«—¥∑’Ë “¡“√∂ Õ∫

°≈—∫‰¥â‰ª¬—ß Systeme Internationale (SI) units

·μàº≈°“√«—¥∑’Ë‰¥â®“°°“√«‘‡§√“–Àå∑’Ë¡’¢—ÈπμÕπ

´—∫´âÕπÀ“°μâÕß°“√„Àâ Õ∫°≈—∫‰¥â‰ª¬—ß SI units

Õ“®∑”‰¥â‚¥¬„™â«‘∏’ primary method À√◊Õ„™â«‘∏’«—¥

∑’Ë‡∑’¬∫°—∫ª√‘¡“≥¢Õß pure sample of analyte

À√◊Õ„™â«‘∏’«—¥∑’Ë‡∑’¬∫°—∫§à“¢Õß«— ¥ÿÕâ“ßÕ‘ß√—∫√Õß

(Certified Reference Material, CRM) ∑’Ë‡À¡“– ¡

À√◊Õ«—¥‚¥¬«‘∏’ defined method

«‘∏’ primary method ‡ªìπ«‘∏’∑’Ë¡’§ÿ≥¿“æ∑“ß

¡“μ√«‘∑¬“ Ÿß ÿ¥ (the highest metrological

qualities) ÷́Ëß«‘∏’°“√ “¡“√∂Õ∏‘∫“¬·≈–‡¢â“„®‰¥â

„πÀπà«¬ SI units ·≈–º≈°“√«—¥¬Õ¡√—∫‰¥â‚¥¬

‰¡àμâÕßÕâ“ßÕ‘ß “√¡“μ√∞“π ·≈–¡’§à“§«“¡‰¡à·πàπÕπ
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Patterns of Drug Use among Rave-Goers in Pattaya, Chonburi in 2002 Varaporn  cholumpai at al.Method Development of p, p´-DDE Quantitation in Fish Oil Kanokporn Atisook and Wischada Jongmevasna

πâÕ¬∑’Ë ÿ¥ «‘∏’ primary method ®–‰¡àπ”¡“„™â„π

ÀâÕßªØ‘∫—μ‘°“√∑—Ë«‰ª (routine laboratory) «‘∏’

primary methods ‰¥â·°à «‘∏’ gravimetry, titrimetry,

coulometry, differential scanning calorimetry,

isotope dilution-inductive couple plasma-mass

spectrometry (ID-ICP-MS), instrumental neutron

activation analysis (INAA), nuclear magnetic

resonance spectrometry (NMR), cavity ring down

spectrometry ·≈– isotope dilution mass

spectrometry (IDMS)

 ‡∑§π‘§ isotope dilution mass spectrometry

(IDMS) ‰¥â∂Ÿ°æ—≤π“¢÷Èπ§√—Èß·√°„π∑»«√√… 1950

„™â„π°“√«‘‡§√“–Àå·√à∏“μÿ μàÕ¡“‡¡◊ËÕ‡§√◊ËÕß¡◊Õ∂Ÿ°

æ—≤π“„Àâ„™âßà“¬¢÷Èπ ®÷ß¡’°“√¢¬“¬¡“ª√–¬ÿ°μå„™â°—∫

Õ‘π∑√’¬å«‘‡§√“–Àå (organic analysis) „π∑»«√√…

1970(2) °“√„™â‡∑§π‘§ IDMS „πªí®®ÿ∫—π∂Ÿ°π”¡“

„™â„π°“√«‘‡§√“–Àåª√‘¡“≥ “√μ°§â“ßª√‘¡“≥πâÕ¬

„πß“πª√–®” ‡™àπ dioxin, nitrofuran metabolites

‡ªìπμâπ ‡¡◊ËÕ‡∑§π‘§ double IDMS À√◊Õ exact

signal matching ‰¥â∂Ÿ°π”‡ πÕ‚¥¬ Mackay LG

·≈–§≥–(3) ‚¥¬°“√‡μ‘¡ “√ isotopically labeled

spike solution (13C-labeled analogue  ”À√—∫

organic analyte) ≈ß„πμ—«Õ¬à“ß (sample blend)

·≈– “√¡“μ√∞“π (calibration blend) ·≈–

ª√‘¡“≥¢Õß analyte „π calibration standard ‡∑à“°—∫

ª√‘¡“≥¢Õß analyte „πμ—«Õ¬à“ß ‡æ◊ËÕ≈¥§«“¡‰¡à

·πàπÕπ¢Õß°“√«—¥„ÀâπâÕ¬∑’Ë ÿ¥ «‘∏’ IDMS-exact

signal matching π’È∂◊Õ‰¥â«à“‡ªìπ«‘∏’ primary method

ÀâÕßªØ‘∫—μ‘°“√«‘‡§√“–Àå “√°”®—¥»—μ√Ÿæ◊™

·≈–¬“ —μ«åμ°§â“ß ¢Õß ”π—°§ÿ≥¿“æ·≈–§«“¡

ª≈Õ¥¿—¬Õ“À“√ ( §Õ.) ‰¥â„Àâ∫√‘°“√μ√«®

«‘‡§√“–Àå “√‡§¡’ªÑÕß°—π°”®—¥»—μ√Ÿæ◊™μ°§â“ß„π

Õ“À“√¡“‡ªìπ‡«≈“π“π ‚¥¬¥”‡π‘π°“√‚¥¬π—°

«‘‡§√“–Àå∑’Ëºà“π°“√Ωñ°Õ∫√¡·≈–¡’ª√– ∫°“√≥å Ÿß

„™â«‘∏’«‘‡§√“–Àå∑’Ëºà“π°“√∑¥ Õ∫§«“¡∂Ÿ°μâÕß „™â

 “√¡“μ√∞“π·≈–«— ¥ÿÕâ“ßÕ‘ß∑’Ë Õ∫°≈—∫‰¥â  ·≈–¡’

°√–∫«π°“√§«∫§ÿ¡§ÿ≥¿“æ∑—Èß¿“¬„π·≈–¿“¬πÕ°

∑”„Àâ¡’§«“¡¡—Ëπ„®«à“§ÿ≥¿“æº≈°“√«‘‡§√“–Àå¡’

§«“¡∂Ÿ°μâÕß·≈–‡™◊ËÕ∂◊Õ‰¥â ¥—ßπ—Èπ ‡¡◊ËÕ§≥–°√√¡°“√

∑’Ëª√÷°…“∑“ß¥â“π¡“μ√«‘∑¬“‡§¡’ (chemical

metrology) ‡√’¬°«à“ CCQM (The Consecutive

Committee for Amount of Substance) ´÷Ëß∑”

Àπâ“∑’Ë‡ªìπºŸâª√– “π°“√‡ª√’¬∫‡∑’¬∫√–¥—∫π“π“™“μ‘

(intercomparison at international level) ∑’Ë‡√’¬°«à“

key comparisons ¡Õ∫„Àâ ∂“∫—π¡“μ√«‘∑¬“

·Ààß™“μ‘¢Õßª√–‡∑»ÕÕ ‡μ√‡≈’¬ (National

Measurement Institute Australia, NMIA) ‡ªìπ

ºŸâª√– “π°“√‡ª√’¬∫‡∑’¬∫√–¥—∫¿Ÿ¡‘¿“§‡Õ‡™’¬·≈–

·ª ‘́øî° ́ ÷Ëß‡√’¬°‚§√ß°“√‡ª√’¬∫‡∑’¬∫√–¥—∫¿Ÿ¡‘¿“§

π’È‡√’¬°«à“ APMP (The Asia Pacific Metrology

Programme)(4)  „π‡¥◊Õπ∏—π«“§¡ 2548  NMIA ‰¥â

¥”‡π‘π°“√‚§√ß°“√∑¥≈Õß ™◊ËÕ APMP.QM-pilot

study P4-Determination of p, p′-DDE in fish oil

¢÷Èπ  “√ p, p′-DDE ‡ªìπ “√‡¡μ“‚∫‰≈μå¢Õß “√

p, p′-DDT „π°≈ÿà¡ÕÕ√å°“‚π§≈Õ√’π∑’Ë¡’§«“¡

§ßμ—« Ÿß μ°§â“ß„πÀà«ß‚´àÕ“À“√·≈– ‘Ëß·«¥≈âÕ¡π“π

∂÷ß·¡â«à“„πª√–‡∑»μà“ß Ê ®–¡’°ÆÀ¡“¬Àâ“¡„™â

π”‡¢â“ ·≈–®”Àπà“¬ ¡“π“π°«à“ 20 ªï·≈â« °“√‡≈◊Õ°

 “√ p, p′-DDE ‡π◊ËÕß®“°‡ªìπ “√∑’Ë¡’°“√μ√«®

«‘‡§√“–Àå„πÕ“À“√Õ¬Ÿà„π∑ÿ°ª√–‡∑»·≈–‡ªìπªí≠À“

∑“ß¥â“π ÿ¢¿“æ ÀâÕßªØ‘∫—μ‘°“√∑’Ë‡¢â“√à«¡‚§√ß°“√

§√—Èßπ’È‰¡à‰¥â®”°—¥‡©æ“– ∂“∫—π¡“μ√«‘∑¬“∑’Ë„™â«‘∏’

primary method  §Õ. ®÷ß‰¥â¢Õ ¡—§√‡¢â“√à«¡

‚¥¬‰¥â√—∫§«“¡‡ÀÁπ™Õ∫®“° ∂“∫—π¡“μ√«‘∑¬“

·Ààß™“μ‘¢Õßª√–‡∑»‰∑¬ (National Institute of

Metrology Thailand, NIMT)  §Õ. ‰¥â«‘‡§√“–Àå

ª√‘¡“≥„πμ—«Õ¬à“ß fish oil ‚¥¬„™â«‘∏’«‘‡§√“–Àå∑’Ë„™â

„πß“πª√–®” (routine analysis) ¥â«¬‡§√◊ËÕß¡◊Õ

gas chromatograph-electron capture detector

(GC-ECD) ·≈–‰¥â√“¬ß“πª√‘¡“≥∑’Ëæ∫æ√âÕ¡§à“
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°“√æ—≤π“«‘∏’«‘‡§√“–Àåª√‘¡“≥ p, p′ -DDE „ππÈ”¡—πª≈“ °π°æ√  Õ∏‘ ÿ¢  ·≈–«‘™“¥“  ®ß¡’«“ π“

§«“¡‰¡à·πàπÕπ (full uncertainty budget) ¥â«¬

‚§√ß°“√π’È¡’ª√–‡∑»μà“ßÊ „π¿Ÿ¡‘¿“§‡Õ‡™’¬·≈–

·ª´‘øî°‡¢â“√à«¡ 9 ª√–‡∑» 12 Àπà«¬ß“π ‰¥â·°à

ÕÕ ‡μ√‡≈’¬ (2 Àπà«¬ß“π) ŒàÕß°ß Õ‘π‚¥π’‡´’¬ ≠’ËªÿÉπ

‡°“À≈’ ¡“‡≈‡ ’́¬ (2 Àπà«¬ß“π) π‘« ’́·≈π¥å

(2 Àπà«¬ß“π) øî≈‘ªªîπ å ·≈–ª√–‡∑»‰∑¬

´÷ËßÀπà«¬ß“π∑’Ë‡¢â“√à«¡¢Õßª√–‡∑»≠’ËªÿÉπ §◊Õ

National Metrology Institute of Japan (NMIJ)

‡°“À≈’ §◊Õ Korea Research Institute of Standards

and Science (KRISS) ·≈– 1 „π 2 ·Ààß¢Õß

ÕÕ ‡μ√‡≈’¬ §◊Õ NMIA ‡ªìπ ∂“∫—π¡“μ√«‘∑¬“

·Ààß™“μ‘ ́ ÷Ëß‡§¬‡¢â“√à«¡„π‚§√ß°“√   key comparison

√–¥—∫‚≈° §◊Õ CCQM ¥â«¬ ®÷ß∂◊Õ«à“‡ªìπ°“√

‡™◊ËÕ¡‚¬ß√–À«à“ß‚§√ß°“√√–¥—∫‚≈° Ÿà√–¥—∫¿Ÿ¡‘¿“§

º≈æ∫«à“ §à“¢Õßª√–‡∑»‰∑¬∑’Ë  §Õ. ‡ªìπμ—«·∑π

‰¥â√“¬ß“π‡∑à“°—∫ 152.2 ± 14.2 μg/kg Õ¬Ÿà„π

™à«ß∑’Ë¬Õ¡√—∫¢Õß§à“Õâ“ßÕ‘ß‡∑à“°—∫ 160.4 ±  10.0

μg/kg Õ¬à“ß‰√°Áμ“¡ °“√μ√«®«‘‡§√“–Àå¥â«¬«‘∏’

∑’Ë„™â„πß“πª√–®”¥â«¬‡§√◊ËÕß¡◊Õ GC-ECD ¡’§à“

§«“¡‰¡à·πàπÕπ¡“°°«à“‡∑§π‘§ IDMS ∑’Ë ∂“∫—π

¡“μ√«‘∑¬“·Ààß™“μ‘¢Õßª√–‡∑»Õ◊Ëπ„™â(5) ¥—ßπ—Èπ‡æ◊ËÕ

‡μ√’¬¡§«“¡æ√âÕ¡„π°“√‡¢â“√à«¡ key comparison

§√—ÈßμàÕ‰ª  §Õ. ®÷ß¥”‡π‘π°“√æ—≤π“«‘∏’«‘‡§√“–Àå

ª√‘¡“≥ p, p′-DDE „ππÈ”¡—πª≈“¥â«¬‡∑§π‘§

IDMS-Exact signal matching ‚¥¬„™â‡§√◊ËÕß¡◊Õ

GC-mass spectrometer (GC-MS) ·≈–π”«‘∏’∑’Ë

‰¥âæ—≤π“¢÷Èπ¡“„™â«‘‡§√“–Àå«— ¥ÿÕâ“ßÕ‘ß√—∫√Õß ·≈–

μ—«Õ¬à“ßπÈ”¡—πª≈“¢Õß°“√‡ª√’¬∫‡∑’¬∫√–À«à“ß

ÀâÕßªØ‘∫—μ‘°“√ APMP.QM-P4

√“¬ß“ππ’Èπ”‡ πÕº≈°“√«‘‡§√“–Àåª√‘¡“≥

p, p′-DDE „πμ—«Õ¬à“ßπÈ”¡—πª≈“ (APMP.QM-

P4) ‚¥¬«‘∏’  IDMS-Exact signal matching ∑’Ë‰¥â

æ—≤π“¢÷Èπ ·≈–‡ª√’¬∫‡∑’¬∫ª√‘¡“≥∑’Ëμ√«®æ∫

‚¥¬«‘∏’¥—ß°≈à“«°—∫º≈°“√μ√«®«‘‡§√“–Àå‚¥¬«‘∏’

modified AOAC ∑’Ë„™â„πß“πª√–®” ·≈–º≈°“√

μ√«®«‘‡§√“–Àå¢Õß ∂“∫—π¡“μ√«‘∑¬“·Ààß™“μ‘

¢Õßμà“ßª√–‡∑»∑’Ë‡¢â“√à«¡‚§√ß°“√ ‚¥¬¡ÿàßÀ¡“¬∑’Ë

· ¥ß‡∑§π‘§«‘∏’°“√«‘‡§√“–Àå ·≈–«‘∏’°“√ª√–¡“≥

§à“§«“¡‰¡à·πàπÕπ ‡æ◊ËÕ· ¥ß„Àâ‡ÀÁπ«à“§«“¡

 ”‡√Á®„π°“√æ—≤π“«‘∏’ IDMS-Exact signal

matching ∑”„ÀâÀâÕßªØ‘∫—μ‘°“√ ”π—°§ÿ≥¿“æ·≈–

§«“¡ª≈Õ¥¿—¬Õ“À“√¡’§«“¡æ√âÕ¡„π°“√‡ªìπÀâÕß

ªØ‘∫—μ‘°“√Õâ“ßÕ‘ß¢Õßª√–‡∑»„π¥â“π°“√«—¥ª√‘¡“≥

 “√‡§¡’ªÑÕß°—π°”®—¥»—μ√Ÿæ◊™°≈ÿà¡ÕÕ√å°“‚π§≈Õ√’π

μ°§â“ß„πÕ“À“√  “¡“√∂∑”Àπâ“∑’Ë∂à“¬∑Õ¥

¡“μ√∞“π°“√«—¥„Àâ·°àºŸâμâÕß°“√„™â„πª√–‡∑»

æ—≤π“ ®—¥À“ ·≈–„Àâ§à“Õâ“ßÕ‘ß·°à«— ¥ÿÕâ“ßÕ‘ß

‡ªìπºŸâ¥”‡π‘π°“√·ºπ∑¥ Õ∫§«“¡™”π“≠°“√«—¥

·≈–‡ªìπμ—«·∑πª√–‡∑»‰∑¬„π°“√‡¢â “√à «¡

‡ª√’¬∫‡∑’¬∫º≈°“√«—¥ Key comparison ∑—Èß„π

√–¥—∫¿Ÿ¡‘¿“§·≈–√–¥—∫‚≈°

«— ¥ÿ·≈–«‘∏’°“√

μ—«Õ¬à“ß

μ—«Õ¬à“ß fish oil „π‚§√ß°“√ Trace organic

Interlaboratory Comparison-APMP.QM-P4

 “√¡“μ√∞“π

Certified Reference Material  (CRM 430)

¢Õß Community Bureau of Reference (BCR);

Organochlorine pesticides in pork fat, p, p′-DDE

0.82 ± 0.06 mg/kg, Certified Reference Material

(CRM 598)  ¢Õß BCR;  Organochlorine pesticides

in cod liver oil, p, p′-DDE 610 ± 40  μg/kg,

p, p′-DDE IPO 119 §«“¡∫√‘ ÿ∑∏‘Ï 99.8 ± 0.1%

(m/m) ¢Õß Institute of Industrial Organic

Chemistry Analytical Department, Poland,

p, p′-DDE in MeOH 100.2 μg/ml ¢Õß Accu

Standard Inc. U.S.A. ·≈–  13C
12

 - p, p′-DDE

§«“¡∫√‘ ÿ∑∏‘Ï 99% ¢Õß Cambridge Isotope

Laboratories, Inc.  U.S.A.
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 “√‡§¡’

acetone AR, acetonitrile AR, aluminium

oxide AR (90 active, neutral, 70-230 mesh for

column chromatography), n-hexane PR, sodium

chloride AR, sodium sulfate anhydrous AR

(granular), πÈ”°≈—Ëπ

‡§√◊ËÕß¡◊Õ·≈–Õÿª°√≥å

‡§√◊ËÕß™—Ëß 3 μ”·Àπàß, ‡§√◊ËÕß™—Ëß≈–‡Õ’¬¥ 5

μ”·Àπàß, muffle furnace, rotary evaporator, water

bath Õÿ≥À¿Ÿ¡‘πâÕ¬°«à“ 40 ÌC ª√–°Õ∫¥â«¬√–∫∫

πÈ”À≈àÕ‡¬ÁπÀ¡ÿπ‡«’¬πÕÿ≥À¿Ÿ¡‘μË”°«à“ -15 ÌC,

shaker,  GC-ECD (Agilent Technologies 6890N)

¡’ ¿“«–‡§√◊ËÕß¡◊Õ ¥—ßπ’È

Column : RTX-Cl Pesticide, 30 m, 0.32

mm id, 0.5 μm film thickness

Temperature : Injector 250 ÌC, splitless

mode

Oven - initial 70 ÌC hold 1 min, rate

30 ÌC/min to 210 ÌC, rate 2 ÌC/min  to final

250 ÌC hold 1 min

Detector 300  ÌC

Flow : Helium (constant flow) - 1.5 ml/

min

Nitrogen (make up) - 60 ml/min

·≈– GC-MS (Agilent Technologies

6890N-5973 Inert) ¡’ ¿“«–‡§√◊ËÕß¡◊Õ ¥—ßπ’È

Column : DB-35ms, 30 m, 0.25 mm id,

0.25 μm film thickness

Temperature : Injector  250 ÌC, splitless
mode

Oven - initial 70 ÌC hold 1 min, rate
30 ÌC/min to 220 ÌC, rate 3 ÌC/min  to final
255 ÌC hold 2 min

Detector - MSD transfer line 280 ÌC
Flow : Helium (constant flow) 1.2 ml/

min

¿“æ∑’Ë 1 · ¥ß Ÿμ√‚§√ß √â“ß·≈–·¡  ‡ª°μ√—¡¢Õß p, p′ -DDE (p, p′-(Dichlorodiphenyl) -2, 2-

dichloroethylene) Formula : C
14

H
8
Cl

4
 Molecular weight : 318.0241 CAS Registry Number :

72-55-9

m/z

NIST Chemistry WebBook (http://webbook.nist.gov/chemistry)

R
el

.A
bu

nd
an

ce

p, p′-DDE

MASS SPECTRUM
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°“√æ—≤π“«‘∏’«‘‡§√“–Àåª√‘¡“≥ p, p′ -DDE „ππÈ”¡—πª≈“ °π°æ√  Õ∏‘ ÿ¢  ·≈–«‘™“¥“  ®ß¡’«“ π“

MSD parameter : MS Quadrupole tem-

perature 150 ÌC

MS source temperature 230 ÌC

Ionisation mode : Electron impact

Selective Ion Monitoring with

Ion 1 246 AMU, 30 ms dwell

Ion 2 248 AMU, 30 ms dwell

Ion 3 258 AMU, 30 ms dwell

Ion 4 260 AMU, 30 ms dwell

°“√‡μ√’¬¡ “√¡“μ√∞“π

 “√¡“μ√∞“π p, p′-DDE ·≈– 13C
12

-

p, p′-DDE ∑’Ë„™â„π°“√«‘‡§√“–Àå‚¥¬‡∑§π‘§ IDMS

‡μ√’¬¡‚¥¬„™â‡§√◊ËÕß™—Ëß≈–‡Õ’¬¥∑»π‘¬¡ 5 μ”·Àπàß

¢≥–™—Ëß·≈–‡μ√’¬¡ “√¡“μ√∞“π ®–μâÕß§«∫§ÿ¡

Õÿ≥À¿Ÿ¡‘ÀâÕß„ÀâÕ¬Ÿà„π™à«ß 25 ± 0.5 ÌC μ≈Õ¥‡«≈“

™—Ëß´È” 5 §√—Èß „™â‡∑§π‘§ double zero reading

1. Stock standard solution §«“¡‡¢â¡¢âπ

ª√–¡“≥ 50  μ g/g : ™—Ëß volumetric flask ¢π“¥

50 ml ·≈â«™—Ëß “√¡“μ√∞“π„ à„π volumetric flask

„Àâ‰¥âπÈ”Àπ—° “√ª√–¡“≥ 2.5 mg  ‡μ‘¡ n-hexane

ª√—∫ª√‘¡“μ√„Àâ§√∫ 50 ml ·≈â«π”‰ª™—ËßπÈ”Àπ—°

∑—ÈßÀ¡¥Õ’°§√—Èß

2. Intermediate standard  §«“¡‡¢â¡¢âπ

ª√–¡“≥ 1 μg/g À√◊Õ 1,000 ng/g : ™—Ëß volumetric

flask ¢π“¥ 50 ml ªî‡ªμ stock standard solution

ª√‘¡“μ√ 1 ml „ à„π volumetric flask ·≈â«™—Ëß

πÈ”Àπ—° ‡μ‘¡ n-hexane ª√—∫ª√‘¡“μ√„Àâ§√∫ 50 ml

·≈â«π”‰ª™—ËßπÈ”Àπ—°∑—ÈßÀ¡¥Õ’°§√—Èß

«‘∏’«‘‡§√“–Àå

°“√«‘‡§√“–Àåª√‘¡“≥ p, p′-DDE ·∫àß‡ªìπ

2 ¢—ÈπμÕπ §◊Õ ‡√‘Ë¡®“°°“√ °—¥·≈–∑”„Àâ∫√‘ ÿ∑∏‘Ï

‚¥¬«‘∏’ modified AOAC ·≈â«μ√«®«‘‡§√“–Àå

ª√‘¡“≥‚¥¬‡§√◊ËÕß¡◊Õ GC-ECD ‡æ◊ËÕ∑√“∫

ª√‘¡“≥π”¡“‡ªìπ·π«∑“ß„π°“√‡μ√’¬¡ sample

blend (μ—«Õ¬à“ß) ·≈– calibration blend

( “√¡“μ√∞“π) «‘‡§√“–Àå´È”¥â«¬«‘∏’ IDMS-exact

signal matching Õ’°§√—ÈßÀπ÷Ëß‚¥¬∑”°“√«‘‡§√“–Àåμ“¡

¢—ÈπμÕπ ¥—ßπ’È

1. °“√ °—¥·≈–°“√∑”„Àâ∫√‘ ÿ∑∏‘Ï μ“¡«‘∏’

modified AOAC(6) ∑”°“√«‘‡§√“–Àå  2 ́ È” (duplicate

analysis) ™—Ëßμ—«Õ¬à“ß 1 g ≈ß„π separatory funnel

¢π“¥ 250 ml ·≈â«≈–≈“¬¥â«¬ n-hexane 13 ml

 °—¥¥â«¬ acetonitrile ∑’ËÕ‘Ë¡μ—«¥â«¬ n-hexane 30 ml

3 §√—Èß π”™—Èπ acetonitrile ¡“‡®◊Õ®“ß¥â«¬πÈ”°≈—Ëπ

500 ml, saturated sodium chloride solution 40 ml

·≈â« °—¥¥â«¬ n-hexane 100 ml 1 §√—Èß 50 ml

1 §√—Èß √«¡™—Èπ n-hexane ≈â“ß¥â«¬πÈ”°≈—Ëπ 100 ml

2 §√—Èß °”®—¥πÈ”„π™—Èπ n-hexane ¥â«¬ sodium sulfate

anhydrous ·≈â«°√Õßºà“π°√–¥“…°√Õß π”‰ª

√–‡À¬≈¥ª√‘¡“μ√¥â«¬‡§√◊ËÕß rotary evaporator

®π‡À≈◊Õª√‘¡“μ√ª√–¡“≥ 3 ml   “√ °—¥∂Ÿ°∑”„Àâ

∫√‘ ÿ∑∏‘Ï ‚¥¬ºà“π alumnium oxide column (25%

deactivated) 10 g, elute column ¥â«¬ n-hexane

100 ml π” eluate ‰ª√–‡À¬≈¥ª√‘¡“μ√¥â«¬‡§√◊ËÕß

rotary evaporator ®π‡°◊Õ∫·Àâß ª√—∫ª√‘¡“μ√¥â«¬

n-hexane «‘‡§√“–Àåª√‘¡“≥ p, p′-DDE ¥â«¬‡§√◊ËÕß

GC-ECD ‚¥¬π” “√ °—¥∑’Ë‰¥â©’¥‡¢â“‡§√◊ËÕß GC-

ECD ‡ª√’¬∫‡∑’¬∫°—∫ “√¡“μ√∞“π ·≈–§”π«≥

ª√‘¡“≥ p, p′-DDE ∑’Ëμ√«®æ∫®“° Ÿμ√

ng/g p, p′-DDE found
     peak area of analyte in sample x ng of standard

     peak area of standard x g of sample injected
=
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2. °“√«‘‡§√“–Àåª√‘¡“≥ p, p′-DDE ‚¥¬«‘∏’

IDMS-Exact signal matching(3, 4)

‡μ√’¬¡ sample blend (B) §◊Õ  “√º ¡

√–À«à“ßμ—«Õ¬à“ß°—∫ 13C
12

 - p, p′-DDE ‚¥¬™—Ëß

μ—«Õ¬à“ß‰¢¡—π (x) ·≈–‡μ‘¡ 13C
12

 - p, p′-DDE

„Àâ¡’§«“¡‡¢â¡¢âπ‡∑à“°—∫ª√‘¡“≥ p, p′-DDE

∑’Ë§”π«≥‰¥â®“°°“√«‘‡§√“–Àå¥â«¬ GC-ECD

πÈ”Àπ—°¢Õßμ—«Õ¬à“ß·≈–πÈ”Àπ—°¢Õß 13C
12

- p, p′-

DDE „π sample blend  „™â —≠≈—°…≥å m
X
 ·≈–  m

Y

‡μ√’¬¡ calibration blend (Bc) §◊Õ  “√

º ¡√–À«à“ß “√¡“μ√∞“π p, p′-DDE °—∫ 13C
12

 -

p, p′-DDE ‚¥¬™—Ëß “√¡“μ√∞“π p, p′-DDE ·≈–
13C

12
 - p, p′-DDE  πÈ”Àπ—°‡∑à“°—∫∑’Ëº ¡„π sample

blend (‚¥¬πÈ”Àπ—°¢Õß standard p, p′-DDE

·≈– 13C
12

 - p, p′-DDE „π calibration blend π’È

„™â —≠≈—°…≥å m
Zc
 ·≈– m

Yc

©’¥ sample blend ·≈– calibration blend

‡¢â“√–∫∫ GC-MS ‚¥¬ ©’¥ blend ≈– 5 ́ È” §”π«≥

mean ion abundance ratio ¢Õß sample blend (R
B
)

·≈– mean ion abundance ratio ¢Õß calibration

blend (R
Bc
) ‚¥¬§à“ R

B
 §«√‡¢â“„°≈â 1 À√◊Õ§«√

®–Õ¬Ÿà„π™à«ß 1 ± 0.05 ∂â“‰¡àÕ¬Ÿà„π™à«ß°”Àπ¥

μâÕß‡μ√’¬¡ sample blend „À¡à ·μà∂â“ R
B
 Õ¬Ÿà„π™à«ß

∑’Ë°”Àπ¥ „Àâæ‘®“√≥“§à“ R
Bc

 «à“¡’§«“¡„°≈â‡§’¬ß°—∫

R
B
 ‚¥¬μâÕß‰¡à¡’§«“¡·μ°μà“ß°—π‡°‘π°«à“ 5.0%

§”π«≥§«“¡‡¢â¡¢âπ C
X
 ¢Õß “√ p, p′-DDE

∑’Ë¡’Õ¬Ÿà„πμ—«Õ¬à“ß ‚¥¬„™â Ÿμ√§”π«≥ ¥—ßπ’È

C
X
=  C

Z
 . m

Y
 . m

Zc 
. R

B

              m
X
   m

Yc
   R

Bc

where

C
X

- concentration of analyte in sample X

C
Z

- concentration of analyte in standard Z

m
Y
- mass of spike Y added to the sample

X to  prepare the sample blend B

m
X
- mass of sample X added to the

spike Y to prepare the sample

blend B

m
Zc
 -mass of standard solution Z added

to the spike Y to make calibration

blend Bc

m
Yc 

-mass of  spike Y added to the

standard solution Z to make

calibration blend Bc

R
B

- isotope amount ratio of sample

blend B

R
Bc

- isotope amount ratio of calibration

blend Bc

„π°√≥’∑’Ë sample blend „Àâ§à“  R
B
 Õ¬Ÿà„π

™à«ß∑’Ë°”Àπ¥ ·μà calibration blend „Àâ§à“ R
Bc

 ∑’Ë

‰¡à„°≈â‡§’¬ß°—∫ R
B
 „Àâ‡μ√’¬¡‡©æ“– calibration blend

„À¡à ‡æ◊ËÕ„Àâ R
B
 ·≈– R

Bc
 ¡’§«“¡·μ°μà“ß‰¡à‡°‘π

5.0% °“√‡μ√’¬¡ sample blend ·≈– calibration

blend ·μà≈–§√—Èß ‡√’¬°«à“ iteration °“√º ¡§√—Èß

·√°‡√’¬°«à“ first iteration À“°§à“ ion abundance

ratio ¬—ß¡’§«“¡·μ°μà“ß‡°‘π§à“∑’Ë°”Àπ¥ §◊Õ 5.0%

μâÕß‡μ√’¬¡ second iteration À√◊Õ third iteration

μàÕ‰ª®π°«à“§à“ ion abundance ratio ¢Õß sample

blend ·≈– calibration blend ®–·μ°μà“ß°—π‰¡à‡°‘π

5.0%
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°“√ª√–¡“≥§à“§«“¡‰¡à·πàπÕπ

ª√–¡“≥§à “§«“¡‰¡à ·πà πÕπμ“¡«‘ ∏’

EURACHEM Guide(1) ‚¥¬§”π÷ß∂÷ß·À≈àß§«“¡

‰¡à·πàπÕπ¢Õß·μà≈–«‘∏’ ·≈–§”π«≥§«“¡‰¡à·πàπÕπ

¢¬“¬‚¥¬„™â§à“ k = 2 ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπª√–¡“≥

95%

1. «‘∏’ modified AOAC ·≈–«‘‡§√“–Àå

ª√‘¡“≥ GC-ECD ¡’·À≈àß§«“¡‰¡à·πàπÕπ¡“®“°

πÈ”Àπ—°μ—«Õ¬à“ß‰¢¡—π ª√‘¡“μ√ ÿ¥∑â“¬¢Õß “√ °—¥

§«“¡∫√‘ ÿ∑∏‘Ï¢Õß “√¡“μ√∞“π·≈–°“√‡μ√’¬¡

 “√≈–≈“¬¡“μ√∞“π §«“¡∂Ÿ°μâÕß (Bias) ·≈–

§«“¡·¡àπ¬”¢Õß«‘∏’ (Method Precision)

2. «‘∏’ IDMS-exact signal matching ¡’

·À≈àß§«“¡‰¡à·πàπÕπ¡“®“° πÈ”Àπ—° isotope 13C
12

- p, p′-DDE „π sample blend; m
y
, πÈ”Àπ—°

μ—«Õ¬à“ß‰¢¡—π„π sample blend; m
x
, πÈ”Àπ—° “√

¡“μ√∞“π„π calibration blend; m
zc
, πÈ”Àπ—°  isotope

„π calibration blend; m
yc
,  “√¡“μ√∞“π (§«“¡

∫√‘ ÿ∑∏‘Ï  ·≈–°“√™—Ëß) ·≈–§«“¡·¡àπ¬”¢Õß

«‘∏’ (Method Precision)

°“√§«∫§ÿ¡§ÿ≥¿“æ°“√«‘‡§√“–Àå

«‘‡§√“–Àå CRM 430 ‚¥¬«‘∏’ Modified

AOAC ·≈–«‘‡§√“–Àå CRM 598 ‚¥¬«‘∏’ IDMS-

Exact signal matching §«∫§Ÿà‰ª°—∫μ—«Õ¬à“ß

„™â ∂‘μ‘™à«ß§«“¡‡™◊ËÕ¡—Ëπ (confidence interval)(7)

„π°“√ª√–‡¡‘π

º≈

º≈°“√μ√«®«‘‡§√“–Àå μ—«Õ¬à“ß fish oil

„π‚§√ß°“√ Trace organic Interlaboratory

Comparison-APMP.QM-P4  ́ ÷Ëß¡’§à“Õâ“ßÕ‘ß ‡∑à“°—∫

160.4 ± 10.0 μg/kg ‚¥¬«‘∏’ modified AOAC

‡æ◊ËÕ„Àâ∑√“∫ª√‘¡“≥ p, p′-DDE °àÕπ∑’Ë®–π”‰ª

«‘‡§√“–Àå¥â«¬«‘∏’ IDMS-exact signal matching

‰¥âª√‘¡“≥‡©≈’Ë¬®“°°“√«‘‡§√“–Àå 2 È́”‡∑à“°—∫

152.2 μg/kg ‚¥¬¡’§à“§«“¡‰¡à·πàπÕπ‡∑à“°—∫

± 14.2 μg/kg ‡¡◊ËÕ«‘‡§√“–Àå¥â«¬«‘∏’ IDMS

‰¥âª√‘¡“≥‡©≈’Ë¬®“°°“√«‘‡§√“–Àå 5 È́”‡∑à“°—∫

158.0 μg/kg ‚¥¬¡’§à“§«“¡‰¡à·πàπÕπ‡∑à“°—∫

± 3.5 μg/kg (μ“√“ß∑’Ë 1)

μ“√“ß∑’Ë 1 ª√‘¡“≥ p, p′-DDE ·≈–§à“§«“¡‰¡à·πàπÕπ (U) ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπª√–¡“≥ 95% ¢Õß

μ—«Õ¬à“ß fish oil „π‚§√ß°“√ TCQM/APMP Trace oganic Interlaboratory Comparison-APMP.QM-P4

¢Õß°√¡«‘∑¬“»“ μ√å°“√·æ∑¬å

ª√‘¡“≥ p, p′-DDE „πμ—«Õ¬à“ß p, p′-DDE ± U (μg/kg)

- §à“Õâ“ßÕ‘ß (Reference value) 160.4 ± 10.0

- §à“∑’Ë‰¥â®“°«‘∏’ modified AOAC 152.2 ± 14.2

- §à“∑’Ë‰¥â®“°«‘∏’ IDMS-Exact signal matching 158.0 ± 3.5
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‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ª√‘¡“≥‡©≈’Ë¬∑’Ë‰¥â®“°«‘∏’

IDMS-exact signal matching ·≈–§à“ relative

expanded uncertainty °—∫ª√‘¡“≥·≈– uncertainty

∑’Ë ∂“∫—π¡“μ√«‘∑¬“¢Õßª√–‡∑»μà“ßÊ ‰¥â·°à

ÕÕ ‡μ√‡≈’¬ ‡°“À≈’ ·≈–≠’ËªÿÉπ «‘‡§√“–Àå¥â«¬«‘∏’

‡¥’¬«°—π ·≈–√“¬ß“π‚§√ß°“√ APMP.QM-P4

æ∫«à“¡’§à“„°≈â‡§’¬ß°—π (μ“√“ß∑’Ë 2)

°“√ª√–¡“≥§à“§«“¡‰¡à·πàπÕπ μ“¡«‘∏’

EURACHEM Guide ‰¥â§”π«≥ª√‘¡“≥§«“¡‰¡à

·πàπÕπ (Quantify uncertainty components) §«“¡

‰¡à·πàπÕπ√«¡ (Calculate total uncertainty) ·≈–

§«“¡‰¡à·πàπÕπ¢¬“¬ (Expanded uncertainty) ¢Õß

«‘∏’ modified AOAC «‘‡§√“–Àåª√‘¡“≥¥â«¬‡§√◊ËÕß

GC-ECD ·≈–¢Õß«‘∏’ IDMS-exact signal matching

(μ“√“ß∑’Ë 3 ·≈– 4 ·≈–¿“æ∑’Ë 2 ·≈– 3) · ¥ß

 —¥ à«π¢ÕßÕß§åª√–°Õ∫·À≈àß§«“¡‰¡à·πàπÕπ

¢Õß°“√«‘‡§√“–Àåª√‘¡“≥ p, p′-DDE „π‰¢¡—π‚¥¬

«‘∏’  modified AOAC  ·≈–«‘∏’ IDMS-Exact signal

matching

‡æ◊ËÕ‡ªìπ°“√· ¥ß§ÿ≥¿“æ¢Õß«‘∏’«‘‡§√“–Àå

∑’Ë„™â ‰¥â·°à «‘∏’ modified AOAC ¥â«¬‡§√◊ËÕß¡◊Õ

GC-ECD π”¡“«‘‡§√“–Àå«— ¥ÿÕâ“ßÕ‘ß¡“μ√∞“π

CRM 430 (certified value ‡∑à“°—∫ 0.82 ± 0.06

mg/kg) °“√«‘‡§√“–Àå 3 ́ È” ‰¥âª√‘¡“≥‡∑à“°—∫ 0.70

± 0.06  mg/kg  ‡¡◊ËÕ§”π«≥‡ªìπ % Recovery ‰¥â

‡∑à“°—∫ 85.6% ·≈–æ∫«à“Õ¬Ÿà„π™à«ß¬Õ¡√—∫¢Õß

confidence limit ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπ 95% §◊Õ

0.67 ∂÷ß 0.97 mg/kg  ·≈–‡¡◊ËÕπ”«‘∏’∑’Ëæ—≤π“¢÷Èπ

‰¥â·°à «‘∏’ IDMS-exact signal matching

¥â«¬‡§√◊ËÕß¡◊Õ GC-MS „™â«‘‡§√“–Àå«— ¥ÿÕâ“ßÕ‘ß

¡“μ√∞“π CRM 598 (certified value ‡∑à“°—∫

610 ± 40 μg/kg) °“√«‘‡§√“–Àå 5 ´È” ‰¥âª√‘¡“≥

‡∑à“°—∫ 610 ± 13 μg/kg  ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫

ª√‘¡“≥∑’Ë«‘‡§√“–Àå‰¥â°—∫§à“Õâ“ßÕ‘ß æ∫«à“ ‰¡à¡’

§«“¡·μ°μà“ß¢Õß§à“∑’Ë«‘‡§√“–Àå‰¥â°—∫§à“Õâ“ßÕ‘ß

μ“√“ß∑’Ë 2 ª√‘¡“≥ p, p′-DDE ·≈–§à“ relative expanded uncertainty ∑’Ë√–¥—∫§«“¡‡™◊ËÕ¡—Ëπª√–¡“≥ 95%

¢Õßμ—«Õ¬à“ß fish oil „π‚§√ß°“√ Trace organic Interlaboratory Comparison-APMP.QM-P4 ¢Õß

ª√–‡∑»μà“ß Ê

ª√–‡∑» p, p′-DDE (μg/kg) Relative expanded uncertainty (%)

‰∑¬ (DMSc) 158.0 2.2

ÕÕ ‡μ√‡≈’¬ (NMIA) 157.0 2.9

‡°“À≈’ (KRISS) 161.7 1.1

≠’ËªÿÉπ (NMIJ) 163.0 2.0
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°“√æ—≤π“«‘∏’«‘‡§√“–Àåª√‘¡“≥ p, p′ -DDE „ππÈ”¡—πª≈“ °π°æ√  Õ∏‘ ÿ¢  ·≈–«‘™“¥“  ®ß¡’«“ π“

1. Sample weight 1 g 0.00124 g 0.00124

2. Final volume
    - Calibration 5 ml 0.01021 ml 0.00204
    - Dilution 5 ml 0.01155 ml 0.00231
Total 0.00308

3. Standard
3.1 Purity 100 μg/ml 2.88675 μg/ml 0.02887
3.2 Dilution (I)

- Calibration 1 ml 0.00285 ml 0.00286
- Temperature 1 ml 0.00231 ml 0.00231
- Calibration 50 ml 0.02449 ml 0.00049
- Temperature 50 ml 0.11547 ml 0.00231

3.3 Dilution (II)
- Calibration 1 ml 0.00285 ml 0.00286
- Temperature 1 ml 0.00231 ml 0.00231
- Calibration 25 ml 0.01633 ml 0.00065
- Temperature 25 ml 0.05774 ml 0.00231

Total 0.02953

4. Bias, Recovery 88.13% 3.099% 0.03516

5. Precision 0.702 mg/kg 0.0035 mg/kg 0.00499

Combined uncertainty 0.04657

μ“√“ß∑’Ë 3 °“√§”π«≥§«“¡‰¡à·πàπÕπ√«¡°“√«‘‡§√“–Àåª√‘¡“≥ p, p′-DDE „π‰¢¡—π ‚¥¬«‘∏’

modified AOAC

Component Value, x u(x) u(x)/x

√“¬ß“πª√‘¡“≥ p, p′-DDE  ‡∑à“°—∫ 152.2 ± 14.2 μg/kg

1. m
y

0.27872 g 1.61 Ó 10-5g 5.97 Ó 10-5

2. m
x

0.51977 g 1.61 Ó 10-5g 3.10 Ó 10-5

3. m
zc

0.25069 g 5.72 Ó 10-5g 0.00023

4. m
yc

0.24960 g 6.53 Ó 10-5g 0.00026

5. c
z

5.1 Purity 99.8% 0.05% 0.00050
5.2 Mass

- Stock 0.00295 g 1.61 Ó 10-5g 0.00547
- Intermediate 0.40743 g 1.61 Ó 10-5g 3.96 Ó 10-5

Total 0.00549

6.  Precision 610 μg/kg 5.814 μg/kg 0.00953

Combined uncertainty 0.01100

Component Value, x u(x) u(x)/x

√“¬ß“πª√‘¡“≥ p, p′-DDE  ‡∑à“°—∫ 158.0 ± 3.5 μg/kg

μ“√“ß∑’Ë 4 °“√§”π«≥§«“¡‰¡à·πàπÕπ√«¡°“√«‘‡§√“–Àå p, p′-DDE „π‰¢¡—π ‚¥¬«‘∏’  IDMS-Exact

signal matching
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¿“æ∑’Ë 2  —¥ à«π¢ÕßÕß§åª√–°Õ∫·À≈àß§«“¡‰¡à·πàπÕπ¢Õß°“√«‘‡§√“–Àåª√‘¡“≥ p, p′-DDE „π‰¢¡—π

‚¥¬«‘∏’ modified AOAC

Contributions of Measurement Uncertainty

(modified AOAC)

Sample weight
(0.07%)

final volume (0.44%)

standard (40.65%)

Precision (1.16%)

Bias (57.67%)

¿“æ∑’Ë 3  —¥ à«π¢ÕßÕß§åª√–°Õ∫·À≈àß§«“¡‰¡à·πàπÕπ¢Õß°“√«‘‡§√“–Àåª√‘¡“≥ p, p′-DDE „π‰¢¡—π

‚¥¬«‘∏’ IDMS-Exact signal matching

Contributions of Measurement Uncertainty

(IDMS-Exact Signal Matching)

m
y
 (0.003%)

m
x
 (0.001%)m

yc
 (0.05%)

m
zc
 (0.05%)

standard (13.12%)

Precision (86.76%)
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°“√æ—≤π“«‘∏’«‘‡§√“–Àåª√‘¡“≥ p, p′ -DDE „ππÈ”¡—πª≈“ °π°æ√  Õ∏‘ ÿ¢  ·≈–«‘™“¥“  ®ß¡’«“ π“

«‘®“√≥å

°“√æ—≤π“«‘∏’μ√«®«‘‡§√“–Àå “√Õ‘π∑√’¬å

‚¥¬‡∑§π‘§ IDMS ‡ªìπ°“√„™â‡§√◊ËÕß¡◊Õ Gas

Chromatograph (GC) ´÷Ëß¡’ Mass spectrometer

(MS) ‡ªìπμ—«μ√«®«—¥ „™â isotopically labeled

analogue ¢Õß “√∑’ËμâÕß°“√«‘‡§√“–Àå‡μ‘¡≈ß‰ª

‡æ◊ËÕ„™â‡ªìπ internal standard ¥—ß‡™àπ °“√„™â  13C
12

 -

p, p′-DDE ‡ªìπ internal standard „π°“√μ√«®

«‘‡§√“–Àå p, p′-DDE  ‚¥¬‡≈◊Õ° ion m/z 246

·≈– 258 ‡æ◊ËÕ∑”°“√«‘‡§√“–Àå¡«≈¢Õß “√∑—Èß Õß

μ“¡≈”¥—∫ ‡π◊ËÕß®“°°“√„™â “√ isotopically labeled

analogue ‡ªìπ internal standard  “¡“√∂™¥‡™¬

°“√ Ÿ≠À“¬À√◊Õ°“√ ≈“¬μ—«¢Õß “√∑’Ë π„®∑’ËÕ“®

‡°‘¥¢÷Èπ„π¢—ÈπμÕπ°“√‡μ√’¬¡μ—«Õ¬à“ß ·≈–À≈—°°“√

§”π«≥º≈‚¥¬„™â —¥ à«π (ratio) √–À«à“ßª√‘¡“≥

 “√∑’Ë π„®°—∫ “√ isotopically labeled analogue

∑”„Àâ‰¡àμâÕß§”π÷ß∂÷ß total recovery ¢Õß«‘∏’ ´÷Ëß

‡ªìπ¢âÕ¥’‡Àπ◊Õ°«à“°“√§”π«≥‚¥¬„™â external

standard „πªí®®ÿ∫—π°“√«‘‡§√“–Àåπ’È‰¥âπ”¡“„™â„π

°“√«‘‡§√“–Àå “√μ°§â“ßª√‘¡“≥πâÕ¬„πß“πª√–®”

‡™àπ °“√«‘‡§√“–Àå¬“ —μ«åμ°§â“ß„πÕ“À“√  nitrofuran

metabolites ‡ªìπμâπ

°“√μ√«®«‘‡§√“–Àå¥â«¬«‘∏’ IDMS À“°

μâÕß°“√§«“¡∂Ÿ°μâÕß ·¡àπ¬” Ÿß ‡æ◊ËÕ„Àâ§à“∑’Ë

«‘‡§√“–Àå‰¥â‡¢â“„°≈â§à“®√‘ß¡“°∑’Ë ÿ¥  Õ∫°≈—∫‰¥â

‚¥¬μ√ß°—∫ SI unit ·≈–¡’§à“§«“¡‰¡à·πàπÕππâÕ¬

´÷Ëß®—¥«à“‡ªìπ«‘∏’ primary method „™â‡ªìπ«‘∏’Õâ“ßÕ‘ß

„π°“√°”Àπ¥§à“Õâ“ßÕ‘ß¢Õß«— ¥ÿÕâ“ßÕ‘ß√—∫√Õß‰¥â

„π°“√«‘‡§√“–Àå®”‡ªìπμâÕß¡’§«“¡√–¡—¥√–«—ß·≈–

§«∫§ÿ¡¢—ÈπμÕπμà“ßÊ μ≈Õ¥°“√«‘‡§√“–Àå„Àâ¡’

§«“¡∂Ÿ°μâÕß·¡àπ¬” Ÿß ÿ¥ „π°“√‡μ√’¬¡μ—«Õ¬à“ß

·≈– “√¡“μ√∞“π®–μâÕß∑”°“√‡μ√’¬¡‚¥¬ºà“π°“√

™—Ëß‡∑à“π—Èπ (gravimetric preparation) ∑”„Àâ “¡“√∂

≈¥º≈°√–∑∫®“°Õÿ≥À¿Ÿ¡‘∑’Ë¡’μàÕ°“√¢¬“¬μ—«

¢Õßª√‘¡“μ√¢Õß “√≈–≈“¬ ∑”„Àâ§à“§«“¡‰¡à

·πàπÕπ¢Õß§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬∑’Ë‡μ√’¬¡

¢÷Èπ¡’§à“πâÕ¬ ¥â«¬‡Àμÿπ’È„π°“√«‘‡§√“–Àå®÷ßμâÕß„Àâ

§«“¡ ”§—≠°—∫°“√™—Ëß‡ªìπÕ¬à“ß¬‘Ëß ‚¥¬®”‡ªìπμâÕß

„™â‡§√◊ËÕß™—Ëß∑’Ë¡’§«“¡≈–‡Õ’¬¥∑’Ë‡À¡“– ¡ Õ¬à“ßπâÕ¬

5 μ”·Àπàß ¡’°“√ Õ∫‡∑’¬∫·≈–∫”√ÿß√—°…“Õ¬à“ß¥’

 ¡Ë”‡ ¡Õ æ√âÕ¡°—∫°“√§«∫§ÿ¡ ¿“«–¢≥–™—Ëß ·≈–

‡æ◊ËÕ≈¥ mass bias ¢Õß°“√™—Ëß„Àâ§à“πÈ”Àπ—°∑’ËÕà“π‰¥â

¡’§«“¡∂Ÿ°μâÕß·¡àπ¬”¡“°¢÷Èπ ®”‡ªìπμâÕß∑”°“√

Õà“π´È”À≈“¬§√—Èß √«¡∑—Èß„™â‡∑§π‘§°“√Õà“π·∫∫

double zero reading ´÷Ëß‡ªìπ°“√Õà“π§à“πÈ”Àπ—° “√

‚¥¬‰¡à∑”°“√ tare ·≈–∑”°“√∫—π∑÷°§à“ zero

∑—Èß°àÕπ™—Ëß·≈–À≈—ß™—Ëßπ’È‡æ◊ËÕ≈¥º≈°√–∑∫∑’Ë‡°‘¥®“°

°“√ drift ¢Õß‡§√◊ËÕß™—Ëß∑’ËÕ“®‡°‘¥„π√–À«à“ß∑”°“√

™—Ëß  πÕ°®“°π—Èπ°“√‡≈◊Õ°À≈—°°“√§”π«≥º≈¢Õß

«‘∏’ IDMS ·μà≈–À≈—°°“√π—Èπ®–¡’º≈°√–∑∫μàÕ

§«“¡∂Ÿ°μâÕß·≈–§à“§«“¡‰¡à·πàπÕπ¢Õß«‘∏’

«‘‡§√“–ÀåÕ’°¥â«¬ ‡™àπ „π°“√„™âÀ≈—°°“√§”π«≥º≈

‚¥¬°√“ø¡“μ√∞“π (calibration curve) ∂÷ß·¡â«à“

®–„™â —¥ à«π√–À«à“ßª√‘¡“≥ “√∑’Ë π„®°—∫ “√

isotopically labeled analogue „π°“√§”π«≥

‡æ◊ËÕ≈¥·À≈àß§«“¡·πàπÕπ∑’Ë‡°‘¥®“° total recovery

¢Õß«‘∏’·≈â«°Áμ“¡ ·μà∂â“ —¥ à«π¥—ß°≈à“«‰¡à‡∑à“°—∫

 —¥ à«π∑’ËÕ¬Ÿà°÷Ëß°≈“ß¢Õß°√“ø¡“μ√∞“ππ—Èπ°Á®–

∑”„Àâ‡°‘¥§à“§«“¡‰¡à·πàπÕπ¢Õß°“√§”π«≥º≈

®“°°“√„™â°√“ø¡“μ√∞“π‰¥â ¥—ßπ—Èπ®÷ß‰¥â¡’°“√

æ—≤π“‡∑§π‘§°“√§”π«≥º≈∑’Ë‡√’¬°«à“ IDMS -

exact signal matching π”‡ πÕ‚¥¬ Sargent M

·≈–§≥–(2) ·≈– Mackay LG ·≈–§≥–(3) ¡’

À≈—°°“√ ”§—≠ §◊Õ °“√§”π«≥ª√‘¡“≥ “√∑’Ë π„®

„πμ—«Õ¬à“ß®–∑”‰¥â°ÁμàÕ‡¡◊ËÕ —¥ à«π√–À«à“ßª√‘¡“≥

 “√∑’Ë π„®°—∫ “√ isotopically labeled analogue

∑—Èß„π “√≈–≈“¬μ—«Õ¬à“ß∑’Ë‡√’¬°«à“ sample blend

·≈–„π “√≈–≈“¬ “√¡“μ√∞“π∑’Ë‡√’¬°«à“ calibration
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blend ¡’§à“‡∑à“°—πæÕ¥’®π¡’ —¥ à«π‡∑à“°—∫ 1 (ratio

= 1) ´÷ËßÀ¡“¬§«“¡«à“ ≥ ®ÿ¥π’È®–‰¡à¡’§à“§«“¡

‰¡à ·πàπÕπ∑’Ë ‡ °‘ ¥®“°°“√§”π«≥º≈‚¥¬„™â

 “√≈–≈“¬¡“μ√∞“π¥—ß°≈à“« ∑”„Àâ≈¥·À≈àß

¢Õß§«“¡‰¡à·πàπÕπ¢Õß«‘∏’«‘‡§√“–Àå‰¥â ¥—ßπ—Èπ

„π∑“ßªØ‘∫—μ‘°àÕπ∑’Ë®–∑”°“√«‘‡§√“–Àå«‘∏’ IDMS

®÷ß®”‡ªìπμâÕß∑”°“√À“ª√‘¡“≥‡∫◊ÈÕßμâπ‚¥¬„™â°“√

«‘‡§√“–ÀåÕ◊Ëπ ‡æ◊ËÕ®–‰¥âπ”ª√‘¡“≥ “√∑’Ë‰¥â¡“§”π«≥

„π°“√‡μ√’¬¡ sample blend ·≈– calibration blend

„Àâ¡’§à“ —¥ à«π‡¢â“„°≈â°—π¡“°∑’Ë ÿ¥ ÷́Ëß°√≥’π’È

°”Àπ¥„Àâ —¥ à«π¥—ß°≈à“«·μ°μà“ß°—π‰¡à‡°‘π 5%

·μà„π§«“¡‡ªìπ®√‘ß‡ªìπ°“√¬“°¡“°∑’Ë®–‡μ√’¬¡„Àâ

‰¥â —¥ à«π‡∑à“°—π„π§√—Èß·√° ®÷ß®”‡ªìπμâÕß¡’°“√

∑”´È”‚¥¬‡∑§π‘§∑’Ë‡√’¬°«à“ iteration °≈à“«§◊Õ

‡¡◊ËÕ‡μ√’¬¡ first iteration ·≈â« —¥ à«π¥—ß°≈à“«

¬—ß‰¡à‡ªìπ‰ªμ“¡°”Àπ¥ „Àâπ”§«“¡‡¢â¡¢âπ¢Õß

first iteration ¡“§”π«≥‡æ◊ËÕ‡μ√’¬¡ second, third

À√◊Õ fourth iteration ®π°«à“ —¥ à«π¥—ß°≈à“«

®–‡ªìπ‰ªμ“¡°”Àπ¥®÷ß®–∑”°“√§”π«≥º≈ ·≈–

ª√‘¡“≥ “√∑’Ëμ√«®æ∫„πμ—«Õ¬à“ß∑’Ë§”π«≥‰¥â®–

∂◊Õ«à“‡ªìπ definitive value ·μàÕ¬à“ß‰√°Áμ“¡ «‘∏’π’È

¬—ß§ß¡’·À≈àß§à“§«“¡‰¡à·πàπÕπ∑’Ë ”§—≠∑’Ë‡°‘¥®“°

§à“§«“¡‰¡à·πàπÕπ¢Õß§«“¡∫√‘ ÿ∑∏‘Ï¢Õß “√

¡“μ√∞“π∑’Ë„™â§”π«≥ ¥—ßπ—Èπ °“√‡≈◊Õ°„™â “√

¡“μ√∞“π∑’Ë¡’§à“§«“¡‰¡à·πàπÕπ¢Õß§«“¡∫√‘ ÿ∑∏‘Ï

πâÕ¬π—Èπ ¬àÕ¡ àßº≈∂÷ß§à“§«“¡‰¡à·πàπÕπ¢Õß«‘∏’∑’Ë

≈¥≈ß¥â«¬ ·μà “√¡“μ√∞“π™π‘¥¥—ß°≈à“«®–¡’√“§“

 Ÿß¡“° ®“°∑’Ë°≈à“«¡“¢â“ßμâπ®–‡ÀÁπ«à“«‘∏’ IDMS-

exact signal matching ∑’Ë®–„™â‡ªìπ primary method

π—Èπ‡ªìπ«‘∏’∑’ËμâÕß¡’°“√§«∫§ÿ¡§à“§«“¡‰¡à·πàπÕπ

®“°·À≈àßμà“ßÊ„Àâ‡°‘¥¢÷ÈππâÕ¬∑’Ë ÿ¥ ®÷ß‡ªìπ«‘∏’∑’Ë„™â

‡«≈“„π°“√«‘‡§√“–Àå¡“° §à“„™â®à“¬ Ÿß „™â‡ªìπ«‘∏’

«‘‡§√“–Àå‡æ◊ËÕ«—μ∂ÿª√– ß§å‡©æ“–∑’ËμâÕß°“√º≈∑’Ë¡’

§«“¡∂Ÿ°μâÕß·¡àπ¬” Ÿß¡“°‡∑à“π—Èπ ‰¡à‡À¡“– ¡∑’Ë

®–π”¡“„™â„πß“π∫√‘°“√

®“°ª√– ∫°“√≥å¥â“π°“√«‘‡§√“–Àå “√‡§¡’

ªÑÕß°—π°”®—¥»—μ√Ÿæ◊™°≈ÿà¡ÕÕ√å°“‚π§≈Õ√’πμ°§â“ß

„πÕ“À“√ ‚¥¬„™â«‘∏’ modified AOAC ‡ªìπß“πª√–®”

¡“°°«à“ 30 ªï ÀâÕßªØ‘∫—μ‘°“√«‘‡§√“–Àå “√°”®—¥

»—μ√Ÿæ◊™·≈–¬“ —μ«åμ°§â“ß  ”π—°§ÿ≥¿“æ·≈–

§«“¡ª≈Õ¥¿—¬Õ“À“√ ‰¥âæ—≤π“«‘∏’·≈–®—¥À“

‡§√◊ËÕß¡◊Õ∑’Ë¡’§«“¡®”‡æ“– (specificity) ·≈–

§«“¡‰« (sensitivity) ∑’Ë‡À¡“– ¡ ‰¥â·°à ‡§√◊ËÕß¡◊Õ

GC-ECD ·≈–„π√–À«à“ß°“√ªØ‘∫—μ‘ß“π‰¥â¥”‡π‘π

°“√§«∫§ÿ¡§ÿ≥¿“æº≈°“√«‘‡§√“–Àå∑—Èß¿“¬„π·≈–

¿“¬πÕ° ‚¥¬®—¥À“«— ¥ÿÕâ“ßÕ‘ß∑’Ë‡À¡“– ¡·≈–‡¢â“

√à«¡°“√∑¥ Õ∫§«“¡™”π“≠‚¥¬°“√‡ª√’¬∫‡∑’¬∫

√–À«à“ßÀâÕßªØ‘∫—μ‘°“√°—∫Àπà«¬ß“πμà“ßª√–‡∑»

∑’Ë¡’§«“¡πà“‡™◊ËÕ∂◊ÕÕ¬à“ß ¡Ë”‡ ¡Õ ‡¡◊ËÕπ”«‘∏’

¥— ß°≈à “«¡“„™â«‘ ‡§√“–Àåμ—«Õ¬à “ß„π‚§√ß°“√

APMP.QM-P4 ®“°√“¬ß“π∑’Ë‰¥â√—∫‚§√ß°“√œ

‰¥â°”Àπ¥§à“Õâ“ßÕ‘ß (reference value) ‡∑à“°—∫

160.4 ± 10.0 μg/kg π—Ëπ§◊Õ§à“Õâ“ßÕ‘ßÕ¬Ÿà„π™à«ß

150.4 ∂÷ß 170.4 μg/kg ·≈–ª√‘¡“≥∑’Ë  §Õ.

‰¥â√“¬ß“πμ√«®æ∫‡∑à“°—∫ 152.2 ± 14.2 μg/kg

Õ¬Ÿà„π™à«ß°“√¬Õ¡√—∫¢Õß§à“Õâ“ßÕ‘ßÕ¬à“ßπà“æÕ„®

·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ª√–‡∑»¡“‡≈‡´’¬ (2 ÀâÕß

ªØ‘∫—μ‘°“√) øî≈‘ªªîπ å ·≈–π‘«´’·≈π¥å ∑’Ë„™â

‡§√◊ËÕß¡◊Õ GC-ECD æ∫«à“¡’‡æ’¬ß 2 ·Ààß ´÷Ëß√«¡

ª√–‡∑»‰∑¬ ∑’Ë√“¬ß“πª√‘¡“≥Õ¬Ÿà„π™à«ß°“√

¬Õ¡√—∫¢Õß§à“Õâ“ßÕ‘ß πÕ°®“°π—Èπ„π‚§√ß°“√π’È

‰ ¥â °” À π ¥ „ Àâ √ “ ¬ ß “ π §à “ § « “ ¡ ‰ ¡à · πà π Õ π

(uncertainty) √«¡∑—ÈßÀ≈—°°“√ª√–‡¡‘π uncertainty

budget ́ ÷Ëßª√–‡∑»‰∑¬√“¬ß“π§à“ relative expanded

uncertainty ª√–¡“≥ 10% ·μàÀπà«¬ß“π¡“μ√«‘∑¬“

·Ààß™“μ‘∑’Ë„™â«‘∏’  IDMS -  exact signal matching

‰¥â√“¬ß“π§à“ relative expanded uncertainty Õ¬Ÿà∑’Ë

1 - 3% ‡∑à“π—Èπ
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°“√æ—≤π“«‘∏’«‘‡§√“–Àåª√‘¡“≥ p, p′ -DDE „ππÈ”¡—πª≈“ °π°æ√  Õ∏‘ ÿ¢  ·≈–«‘™“¥“  ®ß¡’«“ π“

‡¡◊ËÕÀâÕßªØ‘∫—μ‘°“√‰¥âæ—≤π“«‘∏’ IDMS-

exact signal matching ·≈â« ‰¥â„™â«— ¥ÿÕâ“ßÕ‘ß

√—∫√Õß„π°“√· ¥ß§ÿ≥¿“æ¢Õß«‘∏’ æ∫«à“ §à“∑’Ë

«‘‡§√“–Àå‰¥â‰¡à¡’§«“¡·μ°μà“ß®“°§à“Õâ“ßÕ‘ß ®÷ß‰¥â

∑”°“√«‘‡§√“–Àåμ—«Õ¬à“ß¢Õß‚§√ß°“√ APMP.

QM-P4 Õ’°§√—Èß ´÷Ëßª√‘¡“≥ p, p′-DDE ∑’Ëμ√«®

æ∫‡∑à“°—∫ 158.0 ± 3.5 μg/kg ‡¡◊ËÕ‡∑’¬∫°—∫

§à“Õâ“ßÕ‘ß 160.4 ± 10.0 μg/kg æ∫«à“§à“∑’Ë‰¥â®“°

«‘∏’π’È¡’§à“„°≈â§à“Õâ“ßÕ‘ß ·≈–¡’§à“ relative expanded

uncertainty ª√–¡“≥ 2% ®“°º≈«‘‡§√“–Àå

μ—«Õ¬à“ß¥—ß°≈à“«∑—Èß«‘∏’ modified AOAC ·≈– «‘∏’

IDMS-exact signal matching ·≈–‡æ◊ËÕ¬◊π¬—π

§«“¡ “¡“√∂¢ÕßÀâÕßªØ‘∫—μ‘°“√  §Õ. ®÷ß‰¥â

¢Õ√—∫√Õß§«“¡ “¡“√∂ÀâÕßªØ‘∫—μ‘°“√μ“¡

¡“μ√∞“π ISO/IEC 17025 : 2005 ·≈–‰¥â√—∫

°“√√—∫√Õß®“° ”π—°¡“μ√∞“πÀâÕßªØ‘∫—μ‘°“√ ‡¡◊ËÕ

‡¥◊Õπ ‘ßÀ“§¡ 2550 · ¥ß„Àâ‡ÀÁπ«à“ÀâÕßªØ‘∫—μ‘°“√

 “√°”®—¥»—μ√Ÿæ◊™·≈–¬“ —μ«åμ°§â“ß¢Õß  §Õ.

¡’§«“¡√Ÿâ §«“¡™”π“≠ §«“¡ “¡“√∂ ·≈–¡’§«“¡

æ√âÕ¡„π°“√‡ªìπÀâÕßªØ‘∫—μ‘°“√Õâ “ßÕ‘ ß¢Õß

ª√–‡∑»„π¥â“π°“√«—¥ª√‘¡“≥ “√‡§¡’ªÑÕß°—π

°”®—¥»—μ√Ÿæ◊™°≈ÿà¡ÕÕ√å°“‚π§≈Õ√’πμ°§â“ß„πÕ“À“√

 “¡“√∂∑”Àπâ“∑’Ë∂à“¬∑Õ¥¡“μ√∞“π°“√«—¥„Àâ·°à

ºŸâμâÕß°“√„™â„πª√–‡∑» æ—≤π“ ®—¥À“ ·≈–„Àâ

§à“Õâ“ßÕ‘ß·°à«— ¥ÿÕâ“ßÕ‘ß ‡ªìπºŸâ¥”‡π‘π°“√·ºπ

∑¥ Õ∫§«“¡™”π“≠°“√«—¥ ·≈–‡ªìπμ—«·∑π

ª√–‡∑»‰∑¬„π°“√‡¢â“√à«¡‡ª√’¬∫‡∑’¬∫º≈°“√«—¥

Key comparison ∑—Èß„π√–¥—∫¿Ÿ¡‘¿“§·≈–√–¥—∫‚≈°

 √ÿª

®“°°“√∑’Ë ”π—°§ÿ≥¿“æ·≈–§«“¡ª≈Õ¥¿—¬

Õ“À“√ ‰¥âæ—≤π“«‘∏’°“√«‘‡§√“–Àå p, p′-DDE „π

μ—«Õ¬à“ßπÈ”¡—πª≈“ ‚¥¬‡∑§π‘§ IDMS-exact signal

matching ÷́Ëß∂◊Õ«à“‡ªìπ primary method ·≈–

‡μ√’¬¡°“√‡æ◊ËÕ‡¢â“√à«¡°“√‡ª√’¬∫‡∑’¬∫√–¥—∫

¡“μ√«‘∑¬“ πÕ°®“°®–‡ªìπ°â“«‡¥‘π ”§—≠∑’Ë®–π”

‰ª Ÿà°“√‡ªìπÀâÕßªØ‘∫—μ‘°“√Õâ“ßÕ‘ß¢Õßª√–‡∑»‰∑¬

 “¡“√∂∑”Àπâ“∑’Ë∂à“¬∑Õ¥¡“μ√∞“π°“√«—¥„Àâ·°à

ºŸâμâÕß°“√„™â„πª√–‡∑» æ—≤π“ ®—¥À“ ·≈–„Àâ§à“

Õâ“ßÕ‘ß·°à«— ¥ÿÕâ“ßÕ‘ß√—∫√Õß ‡ªìπºŸâ¥”‡π‘π°“√·ºπ

∑¥ Õ∫§«“¡™”π“≠°“√«—¥·≈â« ¬—ß‡ªìπ°“√æ—≤π“

Õß§å§«“¡√Ÿâ„À¡à„Àâ·°à∫ÿ§≈“°√„πÀπà«¬ß“πÕ’°¥â«¬

°‘μμ‘°√√¡ª√–°“»

¢Õ¢Õ∫æ√–§ÿ≥ ‡¿ —™°√À≠‘ß Õ¡√“ «ß»å-

æÿ∑∏æ‘∑—°…å ‡¿ —™°√À≠‘ß ¬ÿæ¥’ æ¬—§¶æ—π∏ÿå ·≈–

§ÿ≥À√√…“ ‰™¬«“π‘™ ∑’Ë‰¥â„Àâ°“√ π—∫ πÿπ°“√«‘®—¬

§√—Èßπ’È  ¢Õ¢Õ∫§ÿ≥ Dr. Lindsey Gillian Mackay

∑’Ë‰¥â„Àâ§«“¡√Ÿâ‡∑§π‘§ IDMS - exact signal matching

·≈–§ÿ≥∑‘æ«√√≥ π‘ËßπâÕ¬ ·≈–§ÿ≥«—π∑π’¬å ¢”‡≈‘»

∑’Ë‰¥â‡ πÕ·π– ∂‘μ‘·≈–«‘∏’°“√ª√–¡“≥§à“§«“¡

‰¡à·πàπÕπ°“√«—¥
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Development of Isotope Dilution Mass Spectrometry-Exact Signal

Matching Method for Quantitation of p, p′′′′′-DDE in Fish Oil

Kanokporn Atisook and Wischada Jongmevasna

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

ABSTRACT Analytical method of organochlorine pesticides: p, p′-DDE in fish oil using the isotope dilution

mass spectrometry (IDMS)-exact signal matching technique which was known as primary method has

been developed. The developed method was confirmed for their accuracy and precision by analyzing

the certified reference material fish oil (BCR CRM 589) which the certified value was 610 ± 40 μg/kg

The result showed that the mean value from 5 replicates analysis was 610 μg/kg and the standard

deviation was 13 μg/kg When using developed method to analyze fish oil sample of Trace organic

Interlaboratory Comparison APMP.QM-P4 which was the inter-laboratory comparison program organized

by the Consecutive Committee for Amount of Substance (CCQM). The amount of p, p′-DDE found was

158.0 ± 3.5 μg/kg which was close to reference value of 160.4 ± 10.0 μg/kg The accomplishment of

developing the method make the Bureau of Quality and Safety of Food ready to become the reference

laboratory in the field of organochlorine pesticides in food. The reference laboratory will transfer the traceability

of measurement to user in Thailand, develop, establish and characterize the reference value for producing

reference material, provide proficiency testing scheme and to be nominated as the representative of Thailand

to participate in regional or global key comparison.

Keywords : Isotope dilution mass spectrometry (IDMS), Exact matching, Primary method, p, p′-DDE,

fish oil


