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1. ª√–‡¿∑·≈–¥—™π’§ÿ≥¿“æ¢Õßµ—«Õ¬à“ß ‘Ëß·«¥≈âÕ¡

ÀâÕßªØ‘∫—µ‘°“√ ‘Ëß·«¥≈âÕ¡ ¡’¢Õ∫‡¢µ§«“¡√—∫º‘¥™Õ∫„π°“√«‘‡§√“–Àå∑¥ Õ∫
µ—«Õ¬à“ßÀ≈“°À≈“¬ª√–‡¿∑ §«“¡√Ÿâæ◊Èπ∞“π¥â“π ‘Ëß·«¥≈âÕ¡®÷ß¡’§«“¡®”‡ªìπ¡“°
‡√‘Ë¡µâπ®“°§«“¡‡¢â“„®≈—°…≥–¢Õßµ—«Õ¬à“ßª√–‡¿∑µà“ßÊ °“√∑√“∫§ÿ≥ ¡∫—µ‘¢Õß
µ—«Õ¬à“ß∑’Ë‡À¡“– ¡„Àâπ”‰ª«‘‡§√“–Àå∑¥ Õ∫‰¥â §«“¡‡¢â“„®æ◊Èπ∞“ππ’È ®–π”‰ª Ÿà°“√
ªØ‘∫—µ‘ß“π«‘‡§√“–Àå∑¥ Õ∫∑’Ë∂Ÿ°µâÕß„π¢—ÈπµÕπµàÕÊ ‰ª

µ—«Õ¬à“ß ‘Ëß·«¥≈âÕ¡À≈“°À≈“¬ª√–‡¿∑·≈–®”π«π¡“°∂Ÿ° àß‡¢â“ÀâÕßªØ‘∫—µ‘°“√
 ‘Ëß·«¥≈âÕ¡ ”À√—∫∑”°“√«‘‡§√“–Àå∑¥ Õ∫ ‡æ◊ËÕ„Àâ‰¥â¢âÕ¡Ÿ≈‰ª„™â„π°“√ª√–‡¡‘π
 ∂“π°“√≥å¢Õßªí≠À“¡≈æ‘… ‘Ëß·«¥≈âÕ¡¢Õßª√–‡∑» ‡ΩÑ“√–«—ßªí≠À“∑’ËÕ“®‡°‘¥¢÷Èπ
Õ—π àßº≈°√–∑∫µàÕ ÿ¢¿“æÕπ“¡—¬¢Õßª√–™“™π µ≈Õ¥®π„™âª√–°Õ∫°“√æ‘®“√≥“
®—¥∑”·≈–ª√—∫ª√ÿß¡“µ√∞“π ¡“µ√°“√ ·≈–·ºπ°“√·°â‰¢ªí≠À“¡≈æ‘… ‡™àπ
°“√µ√«® Õ∫·≈–·°â‰¢ªí≠À“¡≈æ‘…®“°‚√ß¶à“ —µ«å ¡“µ√∞“π°“√√–∫“¬‰Õ‡ ’¬®“°
√∂¬πµå∑’Ë„™â‡§√◊ËÕß¬πµå‡∫π´‘π ‡ªìπµâπ ¥—ßπ—Èπµ—«Õ¬à“ß ‘Ëß·«¥≈âÕ¡·µà≈–ª√–‡¿∑®÷ß‰¥â√—∫
°“√«‘‡§√“–Àå∑¥ Õ∫¥—™π’§ÿ≥¿“æ∑’Ë·µ°µà“ß°—π¢÷Èπ°—∫®ÿ¥ª√– ß§å¢Õß°“√π”¢âÕ¡Ÿ≈‰ª„™â

1.1 µ—«Õ¬à“ßπÈ”     ¡’À≈“¬ª√–‡¿∑ ¥—ßπ’È

ë πÈ”º‘«¥‘π ‰¥â·°à ·¡àπÈ” ≈”∏“√ Àâ«¬ §≈Õß ÀπÕß ∫÷ß Õà“ß‡°Á∫πÈ” ‡ªìπµâπ
·À≈àßπÈ”º‘«¥‘π‡ªìπªí®®—¬À≈—°∑’Ë ”§—≠ °≈à“«§◊Õ ·¡àπÈ” “¬À≈—°Ê ‰¥â·°à ·¡àπÈ”‡®â“æ√–¬“
·¡àπÈ”∑à“®’π ·¡àπÈ”ªÉ“ —° ·¡àπÈ”·¡à°≈Õß ‡ªìπµâπ

ë πÈ”∑–‡≈ ‰¥â·°à ·À≈àßπÈ”∑–‡≈™“¬ΩíòßÕ—π¥“¡—π ™“¬Ωíòßµ–«—πÕÕ° ‡ªìπµâπ
ë πÈ”‡ ’¬®“°™ÿ¡™π ‰¥â·°à πÈ”∑‘Èß®“°∑’ËÕ¬ŸàÕ“»—¬ Õ“§“√™ÿ¥ ∫â“π®—¥ √√

 ∂“πª√–°Õ∫°“√µà“ßÊ „π¬à“πæ“≥‘™¬°√√¡ ‰¥â·°à ‚√ß·√¡ ‚√ßæ¬“∫“≈ µ≈“¥ ¥
√â“πÕ“À“√ √«¡∂÷ß ∂“∫—π·≈–Àπà«¬ß“π√“™°“√µà“ßÊ

ë πÈ”∑‘Èß®“°°“√‡°…µ√°√√¡ ·∫àß‡ªìπ 2 ª√–‡¿∑„À≠àÊ §◊ÕπÈ”∑‘Èß®“°°“√™–≈â“ß
¢Õß‡ ’¬®“°æ◊Èπ∑’Ë‡°…µ√°√√¡ ·≈–πÈ”‡ ’¬®“°°“√‡æ“–‡≈’È¬ß —µ«åπÈ”

§Ÿà¡◊Õ§«“¡√Ÿâæ◊Èπ∞“π
 ”À√—∫‡®â“Àπâ“∑’ËÀâÕßªØ‘∫—µ‘°“√ ‘Ëß·«¥≈âÕ¡
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µ“√“ß∑’Ë 1 ª√–‡¿∑¢Õßµ—«Õ¬à“ßπÈ”·≈–¥—™π’§ÿ≥¿“æ∑’Ë∑¥ Õ∫

ë πÈ”‡ ’¬®“°‚√ßß“πÕÿµ “À°√√¡ À√◊Õ‚√ß∫”∫—¥πÈ”‡ ’¬ ®ÿ¥‡°Á∫µ—«Õ¬à“ßπÈ”®–‡ªìπ
®ÿ¥∑’ËπÈ”‡¢â“ (influent) ·≈–®ÿ¥πÈ”ÕÕ° (effluent) ¢Õß‚√ß∫”∫—¥πÈ”‡ ’¬

ë πÈ”„µâ¥‘π ‡ªìπ·À≈àßπÈ”∑’Ë‡°‘¥®“°°“√‰À≈´÷¡¢ÕßπÈ”Ωπ∑’Ëµ°≈ß¡“æ◊Èπ‚≈°

§ÿ≥¿“æπÈ”¢÷Èπ°—∫ ‘Ëß‡®◊Õªπ„ππÈ” πÈ”¡’ ‘Ëß‡®◊Õªπ∑—Èß “√Õ‘π∑√’¬å ·≈– “√Õπ‘π∑√’¬å
 ‘Ëß‡®◊Õªπµà“ßÊ ‡À≈à“π’È‡ªìπ∑—Èß¢Õß·¢Áß ¢Õß‡À≈« ·≈–°ä“´ ‡™àπ  “√‡§¡’ ‡°≈◊Õ·√à
‚≈À–Àπ—° ·≈–®ÿ≈‘π∑√’¬å ´÷Ëß‡ªìπ “‡Àµÿ°àÕ„Àâ‡°‘¥ªí≠À“°“√ªπ‡ªóôÕπµàÕ ‘Ëß·«¥≈âÕ¡
¥—ßπ—Èπ °“√‡≈◊Õ°¥—™π’§ÿ≥¿“æ°“√∑¥ Õ∫ ®÷ß¡’§«“¡ ”§—≠‡æ◊ËÕ„Àâ‰¥â¢âÕ¡Ÿ≈§ÿ≥¿“æπÈ”
‰ª„™âª√–‚¬™πå‰¥âµ√ßµ“¡®ÿ¥ª√– ß§å µ—«Õ¬à“ß¥—™π’§ÿ≥¿“æ∑’Ë∑¥ Õ∫¢Õßµ—«Õ¬à“ßπÈ”
¥—ßµ“√“ß∑’Ë 1

πÈ”º‘«¥‘π

πÈ”∑–‡≈

πÈ”∑‘Èß®“°Õ“§“√

πÈ”∑‘Èß®“°°“√‡°…µ√

πÈ”∑‘Èß®“°ø“√å¡ ÿ°√

πÈ”∑‘Èß®“°‚√ßß“π
Õÿµ “À°√√¡

µ‘¥µ“¡µ√«® Õ∫§ÿ≥¿“æπÈ”
ª√–®”ªï

µ‘¥µ“¡µ√«® Õ∫§ÿ≥¿“æπÈ”
ª√–®”ªï

‡æ◊ËÕ§«∫§ÿ¡°“√√–∫“¬πÈ”∑‘Èß

‡æ◊ËÕµ√«® Õ∫§ÿ≥¿“æπÈ”∫√‘‡«≥
„°≈âæ◊Èπ∑’Ë°“√‡°…µ√
‡æ◊ËÕ°”Àπ¥¡“µ√∞“π§«∫§ÿ¡
°“√√–∫“¬πÈ”∑‘Èß®“°ø“√å¡ ÿ°√
‡æ◊ËÕ·°â‰¢ªí≠À“¡≈æ‘…‡π◊ËÕß®“°
‡ªìπ‡√◊ËÕß√âÕß‡√’¬π

µ“¡¡“µ√∞“π§ÿ≥¿“æ·À≈àßπÈ”º‘«¥‘π
‰¥â·°à ∫’‚Õ¥’ ‰π‡µ√∑-‰π‚µ√‡®π ∑Õß·¥ß
 —ß°– ’ ‡ªìπµâπ
µ“¡¡“µ√∞“π§ÿ≥¿“æπÈ”∑–‡≈™“¬Ωíòß
‰¥â·°à ·∫§∑’‡√’¬°≈ÿà¡‚§≈‘øÕ√å¡∑—ÈßÀ¡¥
øÕ ‡øµ-øÕ øÕ√—  ·Õ¡‚¡‡π’¬-
‰π‚µ√‡®π ‡ªìπµâπ
µ“¡¡“µ√∞“π§«∫§ÿ¡√–∫“¬πÈ”∑‘Èß®“°
Õ“§“√ ‰¥â·°à ∫’‚Õ¥’ ¢Õß·¢Áß·¢«π≈Õ¬
πÈ”¡—π·≈–‰¢¡—π ‡ªìπµâπ
 “√°”®—¥·¡≈ß·≈–»—µ√Ÿæ◊™™π‘¥∑’Ë¡’
§≈Õ√’π
∫’‚Õ¥’ ´’‚Õ¥’ ‰π‚µ√‡®π√«¡ ‡ªìπµâπ

¢÷Èπ°—∫ª√–‡¿∑¢Õß‚√ßß“π·≈–ªí≠À“
¡≈æ‘… ‡™àπ ‚√ßß“π™ÿ∫‚≈À– ∑¥ Õ∫‚≈À–
∫’‚Õ¥’ ¢Õß·¢Áß·¢«π≈Õ¬ ‡ªìπµâπ

ª√–‡¿∑¢Õßµ—«Õ¬à“ßπÈ” ®ÿ¥ª√– ß§å¢Õß°“√∑¥ Õ∫ ¥—™π’§ÿ≥¿“æ∑’Ë∑¥ Õ∫
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1.2 µ—«Õ¬à“ßÕ“°“»     °“√µ√«® Õ∫¡≈æ‘…∑“ßÕ“°“» ‰¥â·°à °“√µ√«®«—¥§ÿ≥¿“æ
Õ“°“»„π∫√√¬“°“» °“√µ√«®«—¥§ÿ≥¿“æÕ“°“»„π∑’Ë∑”ß“π ·≈–°“√µ√«®«—¥§ÿ≥¿“æ
Õ“°“»∑’Ë·À≈àß°”‡π‘¥ °“√µ√«®«—¥§ÿ≥¿“æÕ“°“»‡ªìπ°“√µ√«®«—¥ΩÿÉπ≈–ÕÕß·≈–
°ä“´¡≈æ‘… ´÷Ëßªπ‡ªóôÕπ„π∫√√¬“°“» ‡π◊ËÕß®“°«— ¥ÿ∑’Ë„™â‡°Á∫µ—«Õ¬à“ßÕ“°“»®–
·µ°µà“ß°—π ¢÷Èπ°—∫ªí®®—¬À≈“¬Õ¬à“ß‡™àπ ¥—™π’§ÿ≥¿“æ∑’ËµâÕß°“√∑¥ Õ∫ ·À≈àß‡°Á∫
µ—«Õ¬à“ß ∂â“µâÕß°“√∑¥ Õ∫ “√Õ‘π∑√’¬å√–‡À¬ßà“¬ ‡æ◊ËÕµ√«®«—¥§ÿ≥¿“æÕ“°“»„π
∫√√¬“°“» ®–‡°Á∫µ—«Õ¬à“ßÕ“°“»¥â«¬ canister ·µà∂â“µ√«®«—¥®“°∫√‘‡«≥‚√ßß“π
Õÿµ “À°√√¡ À√◊Õ®“°¬“πæ“Àπ–®–‡°Á∫µ—«Õ¬à“ß¥â«¬ desorption tube À√◊Õ charcoal tube
‡ªìπµâπ ª√–‡¿∑¢Õßµ—«Õ¬à“ßÕ“°“»·≈–¥—™π’§ÿ≥¿“æ∑’Ë∑¥ Õ∫ ¥—ßµ“√“ß∑’Ë 2

µ“√“ß∑’Ë 2 µ—«Õ¬à“ßÕ“°“»·≈–¥—™π’§ÿ≥¿“æ∑’Ë∑¥ Õ∫

µ—«Õ¬à“ßÕ“°“»

- ‡°Á∫µ—«Õ¬à“ß‚¥¬„™â glass filters
- ‡°Á∫µ—«Õ¬à“ß‚¥¬„™â quartz fiber filters
- ‡°Á∫µ—«Õ¬à“ß‚¥¬„™â canister

- ‡°Á∫µ—«Õ¬à“ß‚¥¬„™â cartridge
- ‡°Á∫µ—«Õ¬à“ß‚¥¬„™â filter pack

- ‡°Á∫µ—«Õ¬à“ß‚¥¬„™â Sampling bag

- ‡°Á∫µ—«Õ¬à“ß‚¥¬„™â Thermal
desorption tube

‡æ◊ËÕµ‘¥µ“¡µ√«® Õ∫
§ÿ≥¿“æÕ“°“»„π
∫√√¬“°“»ª√–®”ªï

‡æ◊ËÕµ‘¥µ“¡µ√«® Õ∫
°“√µ° – ¡¢Õß°√¥
‡æ◊ËÕ»÷°…“‰Õ√–‡À¬
πÈ”¡—π‡∫π´‘π®“°§≈—ß
πÈ”¡—π‡™◊ÈÕ‡æ≈‘ß
‡æ◊ËÕµ√«® Õ∫ªí≠À“
¡≈æ‘…®“°‚√ßß“π
Õÿµ “À°√√¡

µ“¡¡“µ√∞“π§ÿ≥¿“æÕ“°“»„π
∫√√¬“°“» ‰¥â·°à
- ΩÿÉπ√«¡ (TSP) ·≈– “√µ–°—Ë«
- ΩÿÉπ¢π“¥‡≈Á° (PM

10
)

-  “√Õ‘π∑√’¬å√–‡À¬ ‡™àπ ‡∫π´’π
‚∑≈ŸÕ’π ‰´≈’π ‡Õ∑‘≈‡∫π´’π
‡ªìπµâπ

- carbonyl compounds
SO

4
2-  NO

3
-  Cl-  Na+  NH

4
+  K+

     Mg2+  Ca2+

Total Hydrocarbon

-  “√Õ‘π∑√’¬å√–‡À¬ ‡™àπ ‡∫π´’π
‚∑≈ŸÕ’π ‰´≈’π ‡Õ∑‘≈‡∫π´’π
‡ªìπµâπ

µ—«Õ¬à“ßÕ“°“» ®ÿ¥ª√– ß§å¢Õß°“√∑¥ Õ∫ ¥—™π’§ÿ≥¿“æ∑’Ë∑¥ Õ∫
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1.3 µ—«Õ¬à“ß¥‘π     °“√«‘‡§√“–Àå∑¥ Õ∫µ—«Õ¬à“ß¥‘π¡—°¡“®“°°“√»÷°…“º≈°√–∑∫µàÕ
 ‘Ëß·«¥≈âÕ¡∫√‘‡«≥„°≈â‡§’¬ß°‘®°√√¡µà“ßÊ ‡™àπ µ√«® Õ∫°“√ªπ‡ªóôÕπ¢Õßµ–°—Ë«„π¥‘π
∫√‘‡«≥„°≈â‡§’¬ß‚√ß∂≈ÿßµ–°—Ë« µ√«® Õ∫ “√°”®—¥·¡≈ß·≈–»—µ√Ÿæ◊™„π¥‘π∫√‘‡«≥æ◊Èπ∑’Ë
‡°…µ√°√√¡ µ√«® Õ∫°“√µ° – ¡¢Õß‚≈À–„πµ–°Õπ¥‘π®“°·À≈àßπÈ”∑–‡≈∑’ËÕ¬Ÿà„°≈â
·À≈àßÕÿµ “À°√√¡ ‡ªìπµâπ

√Ÿª∑’Ë 1 µ—«Õ¬à“ßπÈ” µ—«Õ¬à“ßΩÿÉπ„πÕ“°“»∑’Ë‡°Á∫‚¥¬„™â glass filters ·≈–

µ—«Õ¬à“ßÕ“°“»∑’Ë‡°Á∫‚¥¬„™â cartridge (®“°´â“¬‰ª¢«“)

1.4 µ—«Õ¬à“ß‡π◊ÈÕ‡¬◊ËÕ     ‡™àπ µ—«Õ¬à“ßª≈“ °ÿâß ÀÕ¬ ·≈–æ◊™ ‡æ◊ËÕ∑¥ Õ∫°“√ – ¡
¢Õß‚≈À–  “√°”®—¥·¡≈ß·≈–»—µ√Ÿæ◊™ ‡ªìπµâπ
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2. §«“¡√Ÿâæ◊Èπ∞“π‡°’Ë¬«°—∫ “√‡§¡’

2.1 ª√–‡¿∑¢Õß “√‡§¡’

 ∂“π–¢Õß “√‡§¡’∑’Ë„™â„πÀâÕßªØ‘∫—µ‘°“√¡’ 3  ∂“π– §◊Õ ¢Õß·¢Áß ¢Õß‡À≈« ·≈–
°ä“´ ∑—Èß 3  ∂“π–π’È “¡“√∂´◊ÈÕ‰¥â®“°ºŸâ·∑π®”Àπà“¬ “√‡§¡’ ¢Õß·¢Áß ·≈–¢Õß‡À≈«
∫√√®ÿÕ¬Ÿà„π¢«¥·°â«À√◊Õ¢«¥æ≈“ µ‘° ·≈–°ä“´∫√√®ÿ„π∑àÕ‡À≈Á° ¡’°“√·∫àß°≈ÿà¡¢Õß “√
µ“¡§ÿ≥ ¡∫—µ‘∑“ß‡§¡’‡æ◊ËÕ„Àâ‡À¡“– ¡„π°“√®—¥‡°Á∫

‚¥¬ à«π„À≠à  “√‡§¡’¡’∑—Èß∑’Ë‡ªìπ°√¥ ‡∫  ·≈–‡ªìπ°≈“ß °√¥·°à·≈–‡∫ ·°à
µâÕß„™â¥â«¬§«“¡√–¡—¥√–«—ß µ—«Õ¬à“ß¢Õß°√¥·°à ‡™àπ °√¥‰Œ‚¥√§≈Õ√‘° °√¥´—≈øŸ√‘°
·≈–°√¥‰πµ√‘° µ—«Õ¬à“ß¢Õß‡∫ ·°à ‡™àπ ‚ªµ— ‡´’¬¡‰Œ¥√Õ°‰´¥å ·§≈‡´’¬¡ÕÕ°‰´¥å
·≈–·Õ¡‚¡‡π’¬ °√¥·°à·≈–‡∫ ·°à§«√‡°Á∫·¬°®“°°—π„πæ◊Èπ∑’Ë∑’Ëª≈Õ¥¿—¬ ‡æ√“–À“°
√«¡ “√∑’Ë‡ªìπ°√¥·≈–‡∫ ‰«â¥â«¬°—π®–∑”„Àâ‡°‘¥§«“¡√âÕπ ·≈– “¡“√∂∑”ªØ‘°‘√‘¬“
Õ¬à“ß√ÿπ·√ß‡¡◊ËÕº ¡°—π  “√≈–≈“¬‡°≈◊Õ ‡™àπ ·Õ¡‚¡‡π’¬¡§≈Õ‰√¥å ‡øÕ√‘§§≈Õ‰√¥å
Õ≈Ÿ¡‘‡π’¬¡´—≈‡øµ ·≈–‚´‡¥’¬¡Õ–´‘‡µ∑ §◊Õ “√≈–≈“¬°√¥À√◊Õ‡∫ ‡¡◊ËÕº ¡°—∫πÈ” ´÷Ëß
¡’§ÿ≥ ¡∫—µ‘‰¡à·√ß‡∑à“°—∫°√¥·°àÀ√◊Õ‡∫ ·°à ·µà∂Ÿ°√–∫ÿ«à“‡ªìπ “√°—¥°√àÕπ (corrosive)
¥â«¬‡™àπ°—π ´÷ËßÀ¡“¬∂÷ß “√‡§¡’∑’Ë “¡“√∂°—¥º‘«Àπ—ß À√◊Õ∑”Õ—πµ√“¬µàÕ‡π◊ÈÕ‡¬◊ËÕ¢Õß
√à“ß°“¬‡¡◊ËÕ —¡º—  ∑”„Àâ‡ªìπ√Õ¬‰À¡âÀ√◊Õ§—π

 “√∫“ß™π‘¥ “¡“√∂„Àâ (reduction) À√◊Õ√—∫ (oxidation) Õ‘‡≈°µ√Õπ®“°«— ¥ÿÕ◊Ëπ
µ—«Õ¬à“ß¢Õß “√ÕÕ°´‘‰¥´åÕ¬à“ß·√ß ‡™àπ ‚ªµ— ‡´’¬¡‡ªÕ√å´—≈‡øµ ‚ªµ— ‡´’¬¡
‡ªÕ√å¡—ß°“‡πµ ‚´‡¥’¬¡‰¥‚§√‡¡µ ·≈–‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å °√¥‰πµ√‘°‡ªìπ∑—Èß “√
ÕÕ°´‘‰¥´åÕ¬à“ß·√ß ·≈–‡ªìπ°√¥Õ¬à“ß·√ß¥â«¬ µ—«Õ¬à“ß “√√’¥‘«´åÕ¬à“ß·√ß‡™àπ ‚≈À–
Õ≈Ÿ¡‘‡π’¬¡  —ß°– ’ ·≈–‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å  “√√’¥‘«´å·≈– “√ÕÕ°´‘‰¥´åµâÕß‰¡à‡°Á∫‰«â
¥â«¬°—π ‡æ√“–‡¡◊ËÕº ¡°—πÕ“®‡°‘¥°“√µ‘¥‰ø πÕ°®“°π’È  “√‡§¡’∫“ß™π‘¥∑’Ëµ‘¥‰ø‰¥âßà“¬
‡√’¬°«à“ “√‰«‰ø (flammable)  “√‰«‰ø¡’∑—Èß∑’Ë‡ªìπ¢Õß·¢Áß ¢Õß‡À≈« ·≈–°ä“´ ‡™àπ
‡Œ°‡´π Õ’‡∏Õ√å ·Õ≈°ÕŒÕ≈å °ä“´‰Œ‚¥√‡®π °ä“´Õ–‡´∑‘≈’π ·≈–‚≈À–·¡°π’‡´’¬¡
¢Õß·¢Áß‰«‰ø¡’Õ—πµ√“¬πâÕ¬°«à“¢Õß‡À≈«·≈–°ä“´ ¢Õß‡À≈«‰«‰øπ—Èπ¡’§ÿ≥ ¡∫—µ‘√–‡À¬
°≈“¬‡ªìπ‰Õ‰¥â¥’
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 “√‡§¡’„πÀâÕßªØ‘∫—µ‘°“√ à«π„À≠à‡ªìπ “√æ‘… (toxic) µâÕß‰¡à∑¥ Õ∫¥â«¬°“√
™‘¡ ·≈–§«√¥¡°≈‘Ëπ¥â«¬§«“¡√–¡—¥√–«—ß §«√„ à∂ÿß¡◊Õ‡æ◊ËÕÀ≈’°‡≈’Ë¬ß°“√ —¡º—  “√‡§¡’
‚¥¬µ√ß Àâ“¡√—∫ª√–∑“π  Ÿ∫∫ÿÀ√’Ë À√◊Õ¥◊Ë¡πÈ”„πÀâÕßªØ‘∫—µ‘°“√ µ“¡¢âÕ∫—ß§—∫¢Õß OSHA
(Occupational Safety and Health Administration) µ—«Õ¬à“ß∑¥ Õ∫„πÀâÕßªØ‘∫—µ‘°“√
¡’ “√∑’Ë‡ªìπÕ—πµ√“¬‡™àπ°—π ¥—ßπ—Èπæ÷ß√–≈÷°‡ ¡Õ«à“∑—Èßµ—«Õ¬à“ß∑¥ Õ∫·≈– “√‡§¡’„π
ÀâÕßªØ‘∫—µ‘°“√‡ªìπ “√æ‘…

 “√‡§¡’∑’Ë‡ªìπ°√¥ ‡∫  ÕÕ°´‘‰¥´å ·≈–√’¥‘«´å ‡ªìπ “√‰«‰ø·≈–‡ªìπæ‘…
µâÕß‡¢’¬π∫Õ°‰«â™—¥‡®π«à“®—¥‡°Á∫Õ¬à“ß‰√ ºŸâ·∑π®”Àπà“¬ “√µâÕß¡’¢âÕ¡Ÿ≈√“¬≈–‡Õ’¬¥
¥â“π§«“¡ª≈Õ¥¿—¬¢Õß “√‡§¡’ (Material Safety Data Sheet, MSDS) ´÷Ëß∂Ÿ°∫—ß§—∫
µ“¡°ÆÀ¡“¬„πª√–‡∑» À√—∞Õ‡¡√‘°“ MSDS ‡ªìπ‡Õ° “√ √ÿª§ÿ≥ ¡∫—µ‘∑“ß‡§¡’
·≈–Õ—πµ√“¬¢Õß “√ «‘∏’ªØ‘∫—µ‘„π°√≥’‰ø‰À¡â À√◊Õ°“√ª∞¡æ¬“∫“≈‡∫◊ÈÕßµâπ
ÀâÕßªØ‘∫—µ‘°“√µâÕß¡’‡Õ° “√ MSDS ·≈–æ√âÕ¡∑’Ë®–„Àâ‡®â“Àπâ“∑’ËÀâÕßªØ‘∫—µ‘°“√À¬‘∫„™â‰¥â

 “√‡§¡’∫“ß™π‘¥¡’πÈ”ª√–°Õ∫Õ¬Ÿà„π√Ÿª‰Œ‡¥√∑ (hydrate) Õ¬à“ß‡™àπ ‚´‡¥’¬¡
‰∏‚Õ´—≈‡øµ‡æπµ–‰Œ‡¥√∑ (Na

2
S

2
O

3
.5H

2
O) ¡’πÈ” 5 ‚¡‡≈°ÿ≈ª√–°Õ∫°—∫‚¡‡≈°ÿ≈¢Õß

‚´‡¥’¬¡‰∏‚Õ´—≈‡øµ ‚¥¬∑—Ë«‰ª “√‡§¡’∑’Ë¡’πÈ”‡ªìπÕß§åª√–°Õ∫ ®–¡’ “√∑’ËÕ¬Ÿà„π√Ÿª‰¡à¡’
πÈ”¥â«¬ ‡√’¬°«à“ anhydrous ∑—Èß Õß√Ÿª‡ªìπ “√¢Õß·¢Áß·≈–·Àâß  “√ hydrate 5.0 °√—¡
®–¡’πÈ” 1.82 °√—¡ ·≈–‚´‡¥’¬¡‰∏‚Õ´—≈‡øµ 3.18 °√—¡ „π¢≥–∑’Ë anhydrous ‡ªìπ‚´‡¥’¬¡
‰∏‚Õ´—≈‡øµ∑—ÈßÀ¡¥ ∫“ß°√≥’  “√∑’ËÕ¬Ÿà„π√Ÿª hydrate ¡’§«“¡Õ¬Ÿàµ—«¡“°°«à“ anhydrous
‡™àπ ‚´‡¥’¬¡‰∏‚Õ´—≈‡øµ  “√™π‘¥π’È®÷ß¡—°Õ¬Ÿà„π√Ÿª hydrate

 “√‡§¡’Õ◊ËπÊ ‡™àπ ‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å §“√å∫Õ‡πµ ·≈–øïπÕ≈ ‡ªìπ “√∑’Ë‡ªìπ
¢Õß·¢Áß ·µà‡¡◊ËÕ‡ªî¥„™â·≈â« “√®–‡ª≈’Ë¬π√Ÿª‡ªìπ¢Õß·¢ÁßÀ≈Õ¡·≈–¢ÿàπ¢“«  “√ª√–‡¿∑π’È
¥Ÿ¥πÈ” (§«“¡™◊Èπ) ‰¥â¥’·≈–‡ªìπªí≠À“„π°√≥’∑’ËµâÕß°“√√ŸâπÈ”Àπ—°®√‘ß¢Õß “√ πÕ°®“°π’È
¬—ß¡’ “√∫“ß™π‘¥¥Ÿ¥§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“» ‡™àπ ‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å¥Ÿ¥
§“√å∫Õπ‰¥ÕÕ°‰´¥å„πÕ“°“»·≈–‡ª≈’Ë¬π√Ÿª‡ªìπ‚´‡¥’¬¡§“√å∫Õ‡πµ
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µ“√“ß∑’Ë 3 µ—«Õ¬à“ß “√‡§¡’∑’Ë„™â„πÀâÕßªØ‘∫—µ‘°“√ ‘Ëß·«¥≈âÕ¡

µ“√“ß∑’Ë 4 µ—«Õ¬à“ß¢âÕ¡Ÿ≈„π MSDS

™◊ËÕ “√‡§¡’ ª√–‡¿∑¢Õß “√  ∂“π–

°√¥‰Œ‚¥√§≈Õ√‘°

 “√≈–≈“¬·Õ¡‚¡‡π’¬

‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å

πÕ√å¡—≈‡Œ°‡´π

Õ–´’‚µ‰π‰µ√≈å

‡¡Õ√å§‘«√’ (II) ´—≈‡øµ

·¡ß°“π’  (II) ´—≈‡øµ‡µµ√“‰Œ‡¥√µ

´‘≈‡«Õ√å´—≈‡øµ

‚ªµ— ‡´’¬¡‡ªÕ√åÕÕ°‚´‰¥´—≈‡øµ

 “√°—¥°√àÕπ (°√¥)

 “√°—¥°√àÕπ (‡∫ )

 “√°—¥°√àÕπ (‡∫ )

 “√‰«‰ø

 “√‰«‰ø

 “√æ‘…

 “√Õ—πµ√“¬

 “√√–§“¬‡§◊Õß

 “√ÕÕ°´‘‰¥´å

¢Õß‡À≈«

¢Õß‡À≈«

¢Õß·¢Áß

¢Õß‡À≈«

¢Õß‡À≈«

¢Õß·¢Áß

¢Õß·¢Áß

¢Õß·¢Áß

¢Õß·¢Áß

™◊ËÕ “√ °√¥‰Œ‚¥√§≈Õ√‘°

 ¡∫—µ‘∑“ß‡§¡’/°“¬¿“æ ¢Õß‡À≈« ‰¡à¡’ ’ °≈‘Ëπ·√ß

¢âÕ¡Ÿ≈‡°’Ë¬«°—∫Õ—πµ√“¬ ∑”„Àâ‡°‘¥·º≈‰À¡â √–§“¬‡§◊ÕßµàÕ√–∫∫À“¬„®

¡“µ√∞“π°“√ª∞¡æ¬“∫“≈

 ‡¡◊ËÕ Ÿ¥¥¡ „Àâ√—∫Õ“°“»∫√‘ ÿ∑∏‘Ï π” àß·æ∑¬å

 ‡¡◊ËÕ∂Ÿ°º‘«Àπ—ß ™–≈â“ßÕÕ°¥â«¬πÈ”®”π«π¡“° ∑“¥â«¬‚æ≈’‡Õ∑‘≈’π‰°≈§Õ≈ 400

 ‡¡◊ËÕ‡¢â“µ“ ™–≈â“ßÕÕ°¥â«¬πÈ”®”π«π¡“°‡ªìπ‡«≈“Õ¬à“ßπâÕ¬ 10 π“∑’

°“√ªÑÕß°—π à«π∫ÿ§§≈

 ¢âÕ§«√ªØ‘∫—µ‘ ‡ª≈’Ë¬π‡ ◊ÈÕºâ“∑’Ë‡ªóôÕπ “√‡§¡’∑—π∑’ ∑“§√’¡ªÑÕß°—πº‘« ≈â“ß¡◊Õ

·≈–Àπâ“À≈—ß°“√„™â “√
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2.2 ‡°√¥ “√‡§¡’      “√‡§¡’·∫àß‡ªìπÀ≈“¬‡°√¥ §◊Õ

2.2.1 Technical or Commercial Grade
‡ªìπ “√∑’Ë¡’§«“¡∫√‘ ÿ∑∏‘ÏµË”„™â„πß“π∑’Ë “√¡≈∑‘π‰¡à¡’º≈°√–∑∫µàÕß“ππ—Èπ ‡™àπ

„™â„πÕÿµ “À°√√¡°“√º≈‘µ∑“ßÕÿµ “À°√√¡ ‡µ√’¬¡ “√ ”À√—∫≈â“ß ∑”§«“¡ –Õ“¥
‡§√◊ËÕß·°â« Õÿª°√≥å À√◊Õ‡ªìπ “√¥Ÿ¥§«“¡™◊Èπ„π‡¥´‘‡§‡µÕ√å  “√‡°√¥π’ÈÕ“®¡’§«“¡
∫√‘ ÿ∑∏‘Ï Ÿß 95 - 97% ·µà¬—ß¡’ ‘Ëß‡®◊Õªπ 50,000 ppm

2.2.2 Reagent Grade
‡ªìπ “√∑’Ë¡’§ÿ≥¿“æµ“¡¡“µ√∞“π¢Õß Reagent Chemical Committee of the

American Chemical Society (ACS) ¡“µ√∞“ππ’ÈÕÕ°·∫∫ ”À√—∫‡©æ“–ÀâÕßªØ‘∫—µ‘°“√‡§¡’
¡’°“√· ¥ß§à“ maximum limits of impurity ∫π©≈“°¿“™π–∫√√®ÿÕ¬à“ß™—¥‡®π  “√‡§¡’
∑’Ë„™â„πß“π«‘‡§√“–Àå∑“ß‡§¡’Õ¬à“ßπâÕ¬∑’Ë ÿ¥§«√‡ªìπ ACS reagent grade

2.2.3  “√¡“µ√∞“π‡°√¥Õ◊Ëπ
- USP Grade ‡ªìπ “√∑’Ë√—∫√Õß§ÿ≥¿“æµ“¡¡“µ√∞“π United States

Pharmacoeia
- NF Grade ‡ªìπ “√∑’Ë√—∫√Õß§ÿ≥¿“æµ“¡¡“µ√∞“π National Formulary
- FCC Grade ‡ªìπ “√∑’Ë√—∫√Õß§ÿ≥¿“æµ“¡¡“µ√∞“π¢Õß the Food

Chemicals Codex (FCC)
 “√‡À≈à“π’È°”Àπ¥§ÿ≥ ¡∫—µ‘ ”À√—∫„™â„πÕÿµ “À°√√¡Õ“À“√·≈–¬“ ́ ÷Ëß¡’¢âÕ°”Àπ¥

∑’Ë·µ°µà“ß®“° “√ ”À√—∫ÀâÕßªØ‘∫—µ‘°“√‡§¡’
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2.2.4 Chemically Pure Grade (CP)
‡ªìπ “√‡§¡’∑’Ë¡’§«“¡∫√‘ ÿ∑∏‘Ï§àÕπ¢â“ß Ÿß (‡°‘π°«à“§à“°”Àπ¥¢Õß USP À√◊Õ NF)

·µà¡’§ÿ≥¿“æµË”°«à“ “√‡§¡’∑’Ë‡ªìπ reagent grade „™â‡µ√’¬¡√’‡Õ‡®πµå „πß“π«‘‡§√“–Àå
∑¥ Õ∫ ·≈–°“√«‘‡§√“–Àå “√„πÀâÕßªØ‘∫—µ‘°“√

2.2.5 Standard Grade
‡ªìπ “√∑’Ë¡’§«“¡∫√‘ ÿ∑∏‘Ï Ÿß ¡’ ¡∫—µ‘‡ªìπ “√¡“µ√∞“π ¡’„∫√—∫√Õß· ¥ßº≈°“√

«‘‡§√“–Àå·≈–· ¥ß√“¬≈–‡Õ’¬¥Õ¬à“ß™—¥‡®π∫π©≈“°¿“™π–∫√√®ÿ
2.2.6 Special - Purpose Reagent Chemicals
‡ªìπ “√∑’Ë‡°√¥ Ÿß°«à“ ACS reagent grade ‡ªìπ “√‡§¡’·≈–µ—«∑”≈–≈“¬ ∑’Ë‡µ√’¬¡

¢÷Èπ¡“„™â‡©æ“–ß“π‡™àπ
- µ—«∑”≈–≈“¬™π‘¥ Pesticides grade  ”À√—∫„™â„π°“√‡µ√’¬¡µ—«Õ¬à“ß·≈–

«‘‡§√“–Àåª√‘¡“≥ pesticides ‚¥¬„™â‡§√◊ËÕß Gas Chromatograph
- µ—«∑”≈–≈“¬™π‘¥ HPLC grade  ”À√—∫°“√«‘‡§√“–Àåª√‘¡“≥  “√Õ‘π∑√’¬å

ª√‘¡“≥πâÕ¬ ‚¥¬„™â‡§√◊ËÕß HPLC

‡π◊ËÕß®“°‡∑Õ¡∑’Ë„™â‡√’¬°‡°√¥¢Õß “√‡§¡’®–·µ°µà“ß°—π‚¥¬∫√‘…—∑ºŸâº≈‘µ·µà≈–·Ààß
‡æ◊ËÕ„Àâ‡®â“Àπâ“∑’Ë∑¥ Õ∫‡¢â“„® µ“√“ß∑’Ë 5 ‡ªìπ°“√‡ª√’¬∫‡∑’¬∫‡°√¥ “√‡§¡’∑’Ë‡À¡◊Õπ°—π
®“°∫√‘…—∑ºŸâº≈‘µ∑’Ë ”§—≠
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Highest purity organic
  solvent
Pesticide quality organic
  solvent
Trace metals acids
Instrumental analysis
HPLC
UV Spectrophotometric
ACS Reagent

Reagents w/o ACS
  specifications
Chemically pure
Practical
Technical

GC Resolv Grade,
Optima Grade
Pesticide

Optima
TraceMetal
HPLC
Spectranalyzed
Certified ACS
Reagent
Certified

Purified
Practical
Technical

Ultra
Resi-Analyzed
_

Ultrex/UltrexII
Instra-Analyzed
Analyzed HPLC
Photrex
Baker Analyzed
Reagent
Baker Analyzed
Reagent
Chemically Pure
Practical
Technical

Ultimar

Nanograde

AR Select Plus
AR Select
Chrom-AR
Spectra R
ACS

_

Lab-Grade
Technical
Technical

Use Fisher J.T. Baker Merck Mallinckrodt

2.3  “√¡“µ√∞“π

2.3.1  “√¡“µ√∞“πª∞¡¿Ÿ¡‘ (Primary standard) ‡ªìπ “√∑’Ë„™â«—¥§«“¡‡¢â¡¢âπ
∑’Ë·πàπÕπ¢Õß “√≈–≈“¬„¥Ê (Standardization)  à«π„À≠à‡ªìπæ«°‡°≈◊Õ¢Õß°√¥∑’Ë¡’
§«“¡∫√‘ ÿ∑∏‘Ï Ÿß·≈– “¡“√∂∑”„Àâ·Àâß∑’ËÕÿ≥À¿Ÿ¡‘´÷Ëß –¥«°„π°“√ªØ‘∫—µ‘ À√◊Õ‡ªìπ
 “√¡“µ√∞“π∑’Ë‰¥â√—∫°“√¬Õ¡√—∫°—π‚¥¬∑—Ë«‰ª ∑’Ë¡’§ÿ≥ ¡∫—µ‘∑“ß¡“µ√«‘∑¬“ Ÿß ÿ¥ ‚¥¬
‰¡à®”‡ªìπµâÕßÕâ“ßÕ‘ß∂÷ß¡“µ√∞“πÕ◊Ëπ  à«π„À≠à®—¥∑”‚¥¬Õß§å°√√–¥—∫™“µ‘ À√◊ÕÕß§å°√
„π√–¥—∫ª√–‡∑»∑’Ë¡’™◊ËÕ‡ ’¬ß·≈–‡ªìπ∑’Ë¬Õ¡√—∫°—π‚¥¬∑—Ë«‰ª ‡™àπ NIST (National Institute
of Standards and Technology, USA), BCR (Bureau of Reference, Commission of the EU)
‡ªìπµâπ

Seccosolv

Suprasolv ,
Unisolv

Suprapur

_
LiChrosolv

Uvasol

ACS

_

pure, extrapure
pure, extrapure
pure, extrapure

µ“√“ß∑’Ë 5 ‡ª√’¬∫‡∑’¬∫‡°√¥ “√‡§¡’∑’Ë‡À¡◊Õπ°—π®“°∫√‘…—∑ºŸâº≈‘µ∑’Ë ”§—≠
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µ“√“ß∑’Ë 6  “√¡“µ√∞“πª∞¡¿Ÿ¡‘·≈–°“√„™â

 “√¡“µ√∞“πª∞¡¿Ÿ¡‘ °“√„™â

Potassium biiodate Standard source of iodine
Potassium dichromate Standardization of redox solution
Potassium hydrogen phthalate Standardization of base solution
Sodium carbonate Standardization of acid solution
Sodium chloride Total dissolved solids, chloride
Cd standard solution (from NIST) Calibration of Atomic Absorption Spectrophotometer

2.3.2  “√¡“µ√∞“π∑ÿµ‘¬¿Ÿ¡‘ (Secondary standard)  “√≈–≈“¬„¥Ê ∑’Ë‰¥â∑”°“√
standardize °—∫ “√¡“µ√∞“πª∞¡¿Ÿ¡‘·≈â«∂◊Õ«à“‡ªìπ “√¡“µ√∞“π∑ÿµ‘¬¿Ÿ¡‘ ·≈–Õ“®„™â
·∑π “√¡“µ√∞“πª∞¡¿Ÿ¡‘‰¥â ´÷Ëß„™â¡“°„π°“√‡µ√’¬¡·≈–π” “√≈–≈“¬‡∫ ‰ª„™â
‡æ√“–ª√–À¬—¥‡«≈“ ‡π◊ËÕß®“° “√≈–≈“¬∑’ËµâÕß°“√„™â‰¡àÕ¬Ÿàµ—« ·≈–µâÕß°“√ standardize
∫àÕ¬Ê

‡¡◊ËÕ‰¥â√—∫ “√‡§¡’À√◊Õ “√¡“µ√∞“π §«√∫—π∑÷°«—π∑’Ë‰¥â√—∫∫π¿“™π–∫√√®ÿ “√·≈–
°“√√—∫√Õß°“√∑¥ Õ∫ ‡°Á∫ “√„πæ◊Èπ∑’Ë‡©æ“– ‡°Á∫„∫√—∫√Õß·≈– MSDS ∑’Ë‡ªìπªí®®ÿ∫—π
‰«â„π·øÑ¡ §«√µ√«® Õ∫ MSDS ∑ÿ° 2 - 3 ªï

 “√∑—ÈßÀ¡¥¡’Õ“¬ÿ°“√„™âß“π ‡¡◊ËÕ‡°Á∫‰«â„π ¿“«–∑’Ë‡À¡“– ¡ Õ“®‡°Á∫‰¥âπ“π‡ªìπ
 —ª¥“Àå ‡¥◊Õπ À√◊Õªï ¡—°°”Àπ¥«—πÀ¡¥Õ“¬ÿ¢Õß “√‰«â∑’Ë©≈“° À“°‰¡à¡’®–°”Àπ¥
√–¬–‡«≈“ 1 ªïÀ≈—ß®“°«—π∑’Ë‰¥â√—∫ “√

√’‡Õ‡®πµå·≈– “√¡“µ√∞“π∫“ß™π‘¥‡°Á∫‰«â∑’ËÕÿ≥À¿Ÿ¡‘µË”°«à“Õÿ≥À¿Ÿ¡‘ÀâÕß ¥—ßπ—Èπ
µâÕß‡°Á∫‰«â„πµŸâ‡¬ÁπÀ√◊Õ™àÕß·™à·¢Áß (freezer) µ—«Õ¬à“ß √’‡Õ‡®πµå ·≈– “√¡“µ√∞“π‰¡à§«√
‡°Á∫‰«â„πµŸâ‡¥’¬«°—π ‡æ√“–«à“Õ“®®–‡°‘¥°“√ªπ‡ªóôÕπ‰¥â
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2.4 πÈ” (Reagent water)     ∑’Ë„™â„πÀâÕßªØ‘∫—µ‘°“√

πÈ”∑’Ë„™â‡µ√’¬¡ “√‡§¡’À√◊Õ‡®◊Õ®“ßµ—«Õ¬à“ß„πÀâÕßªØ‘∫—µ‘°“√ ®”‡ªìπµâÕß‡≈◊Õ°
„™âπÈ”„Àâ‡À¡“– ¡°—∫¥—™π’§ÿ≥¿“æ∑’ËµâÕß°“√∑¥ Õ∫ ‡æ◊ËÕ‰¡à„Àâ‡°‘¥°“√ªπ‡ªóôÕπÀ√◊Õ
 “√·∑√° Õ¥ „π∑’Ëπ’È®÷ß°≈à“«∂÷ßª√–‡¿∑¢ÕßπÈ”µ“¡∑’Ë The American Society for Testing
Material (ASTM) °”Àπ¥ ·≈–°√–∫«π°“√º≈‘µπÈ”‡æ◊ËÕ„Àâ‰¥âπÈ”∑’Ë‡À¡“– ¡°—∫ß“π∑¥ Õ∫

πÈ”°≈—ËπÀ√◊ÕπÈ”∑’Ëª√“»®“°Õ‘ÕÕπ‡ªìππÈ”‡°√¥∑’Ë„™â„πÀâÕßªØ‘∫—µ‘°“√ ́ ÷Ëß ASTM ‰¥â
°”Àπ¥ª√–‡¿∑¢ÕßπÈ”∫√‘ ÿ∑∏‘Ï‡ªìπ 4 ª√–‡¿∑  ”À√—∫„™â„πÀâÕßªØ‘∫—µ‘°“√µ“¡ ASTM
D1193-99 ‚¥¬¡’§ÿ≥ ¡∫—µ‘¢ÕßπÈ”·µà≈–ª√–‡¿∑ ¥—ßµ“√“ß∑’Ë 7

µ“√“ß∑’Ë 7 §ÿ≥ ¡∫—µ‘¢ÕßπÈ”·µà≈–ª√–‡¿∑µ“¡∑’Ë ASTM °”Àπ¥

Microbiological contamination - When bacterial levels need to be controlled, reagent grade types should be
further classified as follows :

Type A Type B Type C
Maximum heterotrophic bacteria count 10/1000 ml 10/100 ml 100/10 ml
Endotoxin, EU/mlB <0.03 0.25 not applicable

A The measurement of pH in Type I,II and III reagent waters has been eliminated from this specification because
these grades of water do not contain constitutents in sufficient quantity to significantly after the pH

B EU = Endotoxin units

Parameter Type I Type II Type III Type IV

Electrical conductivity, max, µS/cm at 298 K (25 ÌC)

Electrical resistivity, min, MΩ, cm at 298 K (25 ÌC)

pH at 298 K (25 ÌC)

Total Organic Carbon (TOC), max, µg/L

Sodium, max, µg/L

Chloride, max, µg/L

Total silica, max, µg/L

0.056

18

A

50

1

1

3

1.0

1.0

A

50

5

5

3

0.25

4.0

A

200

10

10

500

5.0

0.2

5.0 to 8.0

no limit

50

50

no limit



17

πÈ”‡ªìπ “√∑’Ë∑”„Àâ∫√‘ ÿ∑∏‘Ï‰¥â¬“°  ‘Ëß‡®◊ÕªπÀ≈—°∑’ËÕ¬Ÿà„ππÈ” §◊Õ ‡°≈◊ÕÕ‘ÕÕπ∑’Ë
≈–≈“¬πÈ”‰¥â °ä“´  “√Õ‘π∑√’¬å ¢Õß·¢Áß·¢«π≈Õ¬ ®ÿ≈™’æ °“√°”®—¥ ‘Ëß‡®◊ÕªπÕÕ°®“°πÈ”
µâÕß„™âª√‘¡“≥πÈ”®”π«π¡“° ´÷Ëß√“§“·æß ·≈–„™â‡«≈“¡“° «‘∏’∑’Ëª√–À¬—¥°«à“ §◊ÕµâÕß√Ÿâ
®ÿ¥ª√– ß§å¢Õß°“√„™âπÈ” ·≈–‡µ√’¬¡πÈ”‰¡à„Àâ¡’ “√∑’Ë π„®«‘‡§√“–Àå ·≈–‰¡à¡’ “√·∑√° Õ¥

«‘∏’À≈—°¢Õß°“√∑”πÈ”„Àâ∫√‘ ÿ∑∏‘Ï §◊Õ deionization, distillation, filtration, reverse
osmosis, adsorption, ultrafiltration, sterilization ·≈– ultraviolet radiation «‘∏’∑’Ë‡°à“∑’Ë ÿ¥ §◊Õ
°“√°≈—Ëπ

πÈ”°≈—Ëπ∏√√¡¥“∑’Ë„™â¡—°®–¡’‚≈À–ª√‘¡“≥πâÕ¬ ‡™àπ ∑Õß·¥ß≈–≈“¬ªπÕ¬Ÿà∫â“ß
´÷ËßÕ“®‰ª¢—¥¢«“ß°“√«‘‡§√“–Àå “√µà“ßÊ ‚¥¬«‘∏’°“√‡ª√’¬∫‡∑’¬∫ ’ (colorimetric method)
„π°√≥’π’È®–∑”°“√°≈—Ëπ´È”‚¥¬„™â‡§√◊ËÕß¡◊Õ„π°“√°≈—Ëπ∑’Ë‡ªìπ·°â«

πÈ”∑’Ëª√“»®“°Õ‘ÕÕπ ‡µ√’¬¡‚¥¬ºà“ππÈ”Õ¬à“ß™â“Ê ≈ß‰ª„π™—Èπ¢Õß‡√´‘π
·≈°‡ª≈’Ë¬πª√–®ÿ™π‘¥ª√–®ÿ∫«°·≈–ª√–®ÿ≈∫º ¡°—π (mixed bed) ‡æ◊ËÕ°”®—¥Õ‘ÕÕπ ·≈–
¢Õß·¢ÁßÕÕ°®“°πÈ” µàÕ®“°π—Èπºà“π cartridge ∑’Ë‡µ‘¡¥â«¬ activated carbon ‡æ◊ËÕ°”®—¥
 “√Õ‘π∑√’¬åÕÕ°®“°πÈ” ¥—ßπ—Èπ ≈”¥—∫¢Õß cartridge ∑’Ëº≈‘µπÈ”∫√‘ ÿ∑∏‘Ï ¡’§«“¡ ”§—≠¢÷Èπ
°—∫°“√„™âπÈ” ÿ¥∑â“¬ πÈ” ”À√—∫«‘‡§√“–Àå‚≈À–§«√ºà“π ion - exchange ‡ªìπÀπà«¬ ÿ¥∑â“¬
„π¢≥–∑’ËπÈ”∑’Ë«‘‡§√“–Àå “√Õ‘π∑√’¬åµâÕß„™â carbon filter ‡ªìπÀπà«¬ ÿ¥∑â“¬ ÀâÕßªØ‘∫—µ‘
°“√ à«π„À≠à ‡√‘Ë¡µâπ¥â«¬πÈ”¥◊Ë¡ºà“π deionizing resin cartridge ·≈– / À√◊Õ activated
carbon adsorption cartridge ·≈–µ“¡¥â«¬°“√°≈—Ëπ

°“√‡°Á∫πÈ”∑’Ë∫√‘ ÿ∑∏‘Ï °√–∑”‰¥â¬“° ‡æ√“–πÈ”®—∫§“√å∫Õπ‰¥ÕÕ°‰´¥å ·Õ¡‚¡‡π’¬
·≈– ‘Ëß‡®◊Õªπ„πÕ“°“» ·≈–Õ“®‡°‘¥ “√®ÿ≈™’æ ·≈–√“ ¢«¥∑’Ë‡°Á∫πÈ”µâÕßªÑÕß°—π°“√
 —¡º— °—∫Õ“°“»‡æ◊ËÕªÑÕß°—π°“√ªπ‡ªóôÕπ ¥—ßπ—Èπ ÀâÕßªØ‘∫—µ‘°“√‰¡à§«√‡µ√’¬¡πÈ”∫√‘ ÿ∑∏‘Ï
¡“°‡°‘π§«“¡µâÕß°“√„™â„π·µà≈–«—π √–∫∫º≈‘µπÈ”∫√‘ ÿ∑∏‘Ï∑’Ë∑—π ¡—¬∂Ÿ°ÕÕ°·∫∫„Àâº≈‘µ
πÈ”∫√‘ ÿ∑∏‘Ïµ“¡µâÕß°“√ √–∫∫‡À≈à“π’ÈµâÕß‰≈à (flush) πÈ”ÕÕ°®“°¢—ÈπµÕπ ÿ¥∑â“¬¢Õß
√–∫∫°àÕπ„™â ¡’∫√‘…—∑À≈“¬·Ààß‡ªìπºŸâ·∑π®”Àπà“¬‡§√◊ËÕßº≈‘µπÈ”∫√‘ ÿ∑∏‘Ï ´÷ËßµàÕ‚¥¬µ√ß
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°—∫πÈ”¥◊Ë¡ ÀâÕßªØ‘∫—µ‘°“√µâÕß‡¢’¬π«‘∏’°“√ (protocol)  ”À√—∫µ√«® Õ∫§ÿ≥¿“æπÈ”∑’Ëº≈‘µ
‚¥¬‡§√◊ËÕß∑”πÈ”∫√‘ ÿ∑∏‘Ï «‘∏’∑’Ëßà“¬Õ“®∑”‚¥¬µ√«® Õ∫§à“§«“¡π”‰øøÑ“‡ªìπª√–®”
 ”À√—∫„™â„πß“π«‘‡§√“–Àå‚≈À– ·≈–ß“π‡§¡’∑—Ë«‰ª ∑—π∑’∑’ËπÈ”¡’§ÿ≥¿“æµË”°«à“¡“µ√∞“π
∑’ËµâÕß°“√ ‡®â“Àπâ“∑’ËÀâÕßªØ‘∫—µ‘°“√µâÕß‡ª≈’Ë¬π cartridge À√◊Õ‚¥¬°“√‡°Á∫∫—π∑÷°¢Õß
ª√‘¡“µ√πÈ”∑’Ëº≈‘µ‚¥¬ cartridge ·≈–ª√–¡“≥Õ“¬ÿ°“√„™âß“π¢Õß cartridge §«√‡µ√’¬¡
cartridge ‰«â°àÕπ∑’ËµâÕßÀ¬ÿ¥°“√∑¥ Õ∫ ‡æ√“–‰¡à¡’πÈ”∑’Ë¡’§ÿ≥¿“æµ“¡µâÕß°“√„™â„π
°“√∑¥ Õ∫
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3. °“√‡µ√’¬¡ “√≈–≈“¬·≈– “√≈–≈“¬‡®◊Õ®“ß

3.1 §«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬

 “√≈–≈“¬ (solution) §◊Õ¢Õßº ¡‡π◊ÈÕ‡¥’¬«¢Õß “√ ÕßÀ√◊Õ¡“°°«à“ Õß™π‘¥
¢÷Èπ‰ª ´÷Ëßª√–°Õ∫¥â«¬Õß§åª√–°Õ∫∑’Ë¡’ª√‘¡“≥¡“°·≈–Õ¬Ÿà„π ∂“π–∑“ß°“¬¿“æ
‡À¡◊Õπ “√≈–≈“¬π—Èπ ‡√’¬°«à“ µ—«∑”≈–≈“¬ (solvent)  à«π “√Õ◊ËπÕ’° “√Àπ÷Ëß ‡√’¬°«à“
µ—«∂Ÿ°≈–≈“¬ (solute) µ—«∂Ÿ°≈–≈“¬Õ“®‡ªìπ¢Õß·¢ÁßÀ√◊Õ¢Õß‡À≈«°Á‰¥â ·µà à«π„À≠à
µ—«∑”≈–≈“¬‡ªìπ¢Õß‡À≈« „π°√≥’∑’Ëµ—«∑”≈–≈“¬‡ªìππÈ” ‡√’¬° “√≈–≈“¬π—Èπ«à“
 “√≈–≈“¬πÈ” (aqueous solution)

 “√≈–≈“¬‡®◊Õ®“ß (diluted solution) §◊Õ “√≈–≈“¬∑’Ë¡’µ—«∂Ÿ°≈–≈“¬Õ¬ŸàπâÕ¬
 “√≈–≈“¬‡¢â¡¢âπ (concentrated solution) §◊Õ “√≈–≈“¬∑’Ë¡’µ—«∂Ÿ°≈–≈“¬Õ¬Ÿà¡“°
‡°≥±å„π°“√µ—¥ ‘π«à“µ—«∂Ÿ°≈–≈“¬¡’¡“°πâÕ¬‡∑à“„¥ ®÷ß∂◊Õ«à“‡ªìπ “√≈–≈“¬‡¢â¡¢âπ
À√◊Õ‡®◊Õ®“ßπ—Èπ‰¡à·πàπÕπ ¥—ßπ—Èπ®÷ßπ‘¬¡∫Õ°§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬‰«â‡ªìπ
Àπà«¬µà“ßÊ ‡™àπ

3.1.1 ‡ªÕ√å‡´Áπµå °“√∫Õ°§«“¡‡¢â¡¢âπ‡ªìπ‡ªÕ√å‡´ÁπµåÀ√◊Õ√âÕ¬≈– π‘¬¡„™â„π
°‘®°“√∑—Ë«‰ª ‡™àπ πÈ”‡°≈◊Õ‡¢â¡¢âπ 3% ‡ªìπµâπ °“√«—¥‡ªìπ‡ªÕ√å‡´Áπµå Õ“®‡ªìπ

- ‡ªÕ√å‡´ÁπµåπÈ”Àπ—°µàÕπÈ”Àπ—° (%wt/wt) ∫“ß∑’‡√’¬°‡ªÕ√å‡´Áπµå‚¥¬
πÈ”Àπ—° À¡“¬∂÷ßπÈ”Àπ—°µ—«∂Ÿ°≈–≈“¬µàÕπÈ”Àπ—° “√≈–≈“¬ 100 Àπà«¬πÈ”Àπ—°‡¥’¬«°—π
‡™àπ  “√≈–≈“¬‚´‡¥’¬¡§≈Õ‰√¥å 3% §◊Õ “√≈–≈“¬∑’Ë¡’‡π◊ÈÕ‚´‡¥’¬¡§≈Õ‰√¥å 3 °√—¡
√«¡°—∫πÈ” 97 °√—¡‡ªìπ “√≈–≈“¬ 100 °√—¡

- ‡ªÕ√å‡ Á́πµåπÈ”Àπ—°µàÕª√‘¡“µ√ (%wt/vol) À¡“¬∂÷ßπÈ”Àπ—°µ—«∂Ÿ°≈–≈“¬
‡ªìπ°√—¡µàÕª√‘¡“µ√¢Õß “√≈–≈“¬‡ªìπ¡‘≈≈‘≈‘µ√ ‡™àπ  “√≈–≈“¬‚´‡¥’¬¡§≈Õ‰√¥å 3%
(πÈ”Àπ—°/ª√‘¡“µ√) §◊Õ “√≈–≈“¬ 100 ¡‘≈≈‘≈‘µ√ ¡’‡π◊ÈÕ‚´‡¥’¬¡§≈Õ‰√¥å 3 °√—¡

- ‡ªÕ√å‡´Áπµåª√‘¡“µ√µàÕª√‘¡“µ√ (%vol/vol) ∫“ß∑’‡√’¬°‡ªÕ√å‡´Áπµå
‚¥¬ª√‘¡“µ√ À¡“¬∂÷ßª√‘¡“µ√µ—«∂Ÿ°≈–≈“¬µàÕª√‘¡“µ√ “√≈–≈“¬ 100 Àπà«¬ª√‘¡“µ√
‡¥’¬«°—π ‡™àπ  “√≈–≈“¬°√¥‡°≈◊Õ 3% (ª√‘¡“µ√/ª√‘¡“µ√) À¡“¬§«“¡«à“ ¡’‡π◊ÈÕ
°√¥‡°≈◊Õ 3 ¡‘≈≈‘≈‘µ√„π “√≈–≈“¬ 100 ¡‘≈≈‘≈‘µ√
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3.1.2 ‚¡≈“√å√‘µ‘È (Molarity) ‡ªìπ°“√∫Õ°§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬„πÕ—µ√“ à«π
¢ÕßπÈ”Àπ—° “√µàÕª√‘¡“µ√ “√≈–≈“¬ ‚¡≈“√å (Molar ; M) À¡“¬∂÷ß®”π«π‚¡≈
(°√—¡‚¡‡≈°ÿ≈) ¢Õßµ—«∂Ÿ°≈–≈“¬„π “√≈–≈“¬ 1 ≈‘µ√ ‡™àπ ∂â“≈–≈“¬ NaCl Àπ—° 58 °√—¡
(1 °√—¡‚¡‡≈°ÿ≈) „ππÈ”·≈â«∑”„Àâ¡’ª√‘¡“µ√‡ªìπ 1 ≈‘µ√  “√≈–≈“¬π’È®–¡’§«“¡‡¢â¡¢âπ
1 ‚¡≈“√å (1 M)

3.1.3 πÕ√å¡—≈≈‘µ’È (Normality) ‡ªìπ°“√∫Õ°§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬„π
Õ—µ√“ à«π¢Õßµ—«∂Ÿ°≈–≈“¬µàÕª√‘¡“µ√ “√≈–≈“¬ πÕ√å¡—≈ (Normal ; N) À¡“¬∂÷ß
®”π«π°√—¡ ¡¡Ÿ≈¢Õßµ—«∂Ÿ°≈–≈“¬„π “√≈–≈“¬ 1 ≈‘µ√ ‡™àπ  “√≈–≈“¬°√¥ H

2
SO

4
 2N

À¡“¬§«“¡«à“  “√≈–≈“¬π—Èπ 1 ≈‘µ√ ¡’‡π◊ÈÕ°√¥ H
2
SO

4
 2 °√—¡ ¡¡Ÿ≈ À√◊Õ (2x49) =

98 °√—¡

3.2 °“√‡µ√’¬¡ “√≈–≈“¬

°“√‡µ√’¬¡ “√≈–≈“¬‡√‘Ë¡µâπ¥â«¬ ¢Õß·¢ÁßÀπ÷Ëß™π‘¥À√◊Õ¡“°°«à“Àπ÷Ëß™π‘¥
´÷ËßµâÕß°“√≈–≈“¬„ππÈ” ‡®â“Àπâ“∑’Ë∑¥ Õ∫µâÕß√Ÿâ®ÿ¥ª√– ß§å¢Õß “√≈–≈“¬∑’Ë„™â„π«‘∏’
°“√∑¥ Õ∫ ¬°µ—«Õ¬à“ß‡™àπ „π«‘∏’∑¥ Õ∫  “√≈–≈“¬ A ∂Ÿ°‡µ√’¬¡®“° “√≈–≈“¬
·¡°‡π‡´’¬¡§≈Õ‰√¥å 5 °√—¡ „ππÈ” 1 ≈‘µ√ „π¢≥–∑’Ë “√≈–≈“¬ B ‡µ√’¬¡®“°≈–≈“¬
‚ªµ— ‡´’¬¡‰Œ‚¥√‡®πæ“∑“‡≈  1.378 °√—¡ „ππÈ” ·≈–‡®◊Õ®“ß‡ªìπ 1,000 ¡‘≈≈‘≈‘µ√
 —ß‡°µ«à“§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ A ‰¡à¡’º≈°√–∑∫µàÕ°“√§”π«≥º≈°“√∑¥ Õ∫
„π¢≥–∑’Ë„™â‚ªµ— ‡´’¬¡‰Œ‚¥√‡®πæ“∑“‡≈  1.391 °√—¡·∑π 1.378 °√—¡ „π°“√‡µ√’¬¡
 “√≈–≈“¬ B ®–„Àâº≈°“√∑¥ Õ∫∑’Ë¡’‡≈¢π—¬ ”§—≠∑’Ë·µ°µà“ß°—π  “√≈–≈“¬ B ‡√’¬°«à“
determinative À√◊Õ stoichiometric reagent ¥—ßπ—Èπ‡®â“Àπâ“∑’Ë∑¥ Õ∫ “¡“√∂‡µ√’¬¡
 “√≈–≈“¬ A ‚¥¬„™â toploading balance ·µà “√≈–≈“¬ B µâÕß„™â analytical balance
(¥Ÿ√“¬≈–‡Õ’¬¥‡§√◊ËÕß™—Ëß„π 5.1) ∂â“À“°‰¡à “¡“√∂µ—¥ ‘π„®‰¥â«à“ ª√–‡¿∑¢Õß “√‡§¡’∑’Ë
µâÕß°“√‡µ√’¬¡‡ªìπª√–‡¿∑„¥ „Àâ‡ªìπ°“√Ωñ°ªØ‘∫—µ‘∑’Ë¥’‚¥¬‡µ√’¬¡ “√≈–≈“¬‡ ¡◊Õπ«à“
‡ªìπª√–‡¿∑ determinative reagent
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À≈—ß®“°‡®â“Àπâ“∑’Ë∑¥ Õ∫ µ—¥ ‘π„®‰¥â«à“µâÕß°“√∑”Õ–‰√ ¢—ÈπµÕπµàÕ‰ª§◊Õ
°“√‰ª∑’ËÀâÕß‡°Á∫ “√‡§¡’ ‡æ◊ËÕ„Àâ‰¥â “√∑’ËµâÕß°“√ ∂â“µâÕß°“√ potassium phosphate
dibasic 2.314 °√—¡‡æ◊ËÕ‡µ√’¬¡ “√≈–≈“¬  “√≈–≈“¬π—Èπ‰¡à„™à¡“®“° 2.314 °√—¡¢Õß “√
potassium phosphate tribasic, potassium phosphate dibasic trihydrate À√◊Õ potassium
phosphate monobasic ∂÷ß·¡â«à“ trihydrate  “¡“√∂„™â‡µ√’¬¡§«“¡‡¢â¡¢âπ¢Õß
 “√≈–≈“¬∑’ËµâÕß°“√‰¥â ·µà‡®â“Àπâ“∑’Ë∑¥ Õ∫µâÕß§”π«≥ª√‘¡“≥ “√‡©æ“–∑’ËµâÕß°“√
™—Ëß‡∑à“π—Èπ ™◊ËÕ “√‡§¡’‡ªìπ™◊ËÕ‡©æ“–  “√ª√–°Õ∫¡“°¡“¬¡’¡“°°«à“Àπ÷Ëß™◊ËÕ Õ¬à“ß‡™àπ
sodium phosphate dibasic, sodium biphosphate dibasic, sodium hydrogen phosphate
dibasic ·≈– disodium hydrogen phosphate ‡ªìπ “√™π‘¥‡¥’¬«°—π§◊Õ Na

2
HPO

4

∂â“‡ªìπ‰ª‰¥â‡®â“Àπâ“∑’Ë∑¥ Õ∫§«√µ√«® Õ∫ Ÿµ√∑“ß‡§¡’∑’Ë√–∫ÿ‰«â∫π¢«¥ “√„Àâµ√ß°—∫
 Ÿµ√∑“ß‡§¡’¢Õß “√∑’ËµâÕß°“√‡µ√’¬¡„π«‘∏’∑¥ Õ∫

‡¡◊ËÕ‰¥â “√‡§¡’∑’ËµâÕß°“√·≈â« µâÕßµ—¥ ‘π„®«à“ “√π—ÈπµâÕß·ÀâßÀ√◊Õ‰¡à  “√∫“ß™π‘¥
Õ¬à“ß‡™àπ ‚´‡¥’¬¡´—≈‰ø¥å (sodium sulfide) À√◊Õ øïπÕ≈ ®–¥Ÿ¥§«“¡™◊Èπ‰¥â‡√Á«¡“°‡¡◊ËÕ‡ªî¥¢«¥
∂â“«‘∏’∑¥ Õ∫√–∫ÿ«à“  “√‡§¡’µâÕß∑”„Àâ·Àâß ‡®â“Àπâ“∑’Ë∑¥ Õ∫§«√„ à “√≈ß„π∫’°‡°Õ√å
À√◊Õ°√–®°π“Ãî°“∑’Ë –Õ“¥ Õ∫„πµŸâÕ∫∑’ËÕÿ≥À¿Ÿ¡‘·≈–√–¬–‡«≈“∑’Ë°”Àπ¥ ∂÷ß·¡â«à“
Õÿ≥À¿Ÿ¡‘∑’Ë∑”„Àâ·Àâß§◊Õ 104 Ì‡´≈‡´’¬  ·µà “√∫“ß™π‘¥ ‡™àπ ‚´‡¥’¬¡§“√å∫Õ‡πµ
µâÕß°“√Õÿ≥À¿Ÿ¡‘∑’Ë Ÿß°«à“

ª°µ‘‡ªìπ°“√Ωñ°ªØ‘∫—µ‘∑’Ë¥’„π°“√™—Ëß “√‚¥¬µ√ß„π¢«¥ª√‘¡“µ√ ·µàª“°¢«¥
‡≈Á°‡°‘π‰ª∑’Ë®–„Àâ‰¥â “√∑—ÈßÀ¡¥‚¥¬‰¡àÀ° Õ“®·°âªí≠À“‚¥¬™—Ëß “√≈ß„π weighting
boat «“ß°√«¬°√Õß≈ß„πª“°¢«¥ª√‘¡“µ√‡æ◊ËÕÀ≈’°‡≈’Ë¬ß°“√À°√–À«à“ß∂à“¬‡∑ “√®“°
weighting boat ≈â“ß weighting boat ¥â«¬πÈ”°≈—Ëπ®“°¢«¥©’¥πÈ”‡æ◊ËÕ„Àâ‰¥â “√∑—ÈßÀ¡¥≈ß
„π¢«¥ª√‘¡“µ√ À≈—ß®“° “√Õ¬Ÿà„π¢«¥·≈â« ‡µ‘¡πÈ”®π°√–∑—Ëß‰¥âª√–¡“≥ 3/4 ¢Õß¢«¥
ªî¥®ÿ°¢«¥ ·≈â«À¡ÿπ¢«¥ª√‘¡“µ√¥â«¬¢âÕ¡◊Õ ‡æ◊ËÕ„Àâ “√„π¢«¥≈–≈“¬®πÀ¡¥ ‡µ‘¡
µ—«∑”≈–≈“¬„π¢«¥ª√‘¡“µ√„Àâ à«π‚§âß‡«â“µË” ÿ¥¢Õß “¬µ“Õ¬Ÿà„π√–¥—∫‡¥’¬«°—π°—∫
¢’¥∫Õ°ª√‘¡“µ√ ‡æ◊ËÕªÑÕß°—π°“√‡°‘¥ paralle error ªî¥®ÿ°¢«¥ª√‘¡“µ√·≈â«§«Ë”¢«¥®“°
∫π≈ß≈à“ß ∑”·∫∫π’È 2 - 3 §√—Èß‡æ◊ËÕ„Àâ “√≈–≈“¬º ¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—π ·≈–¡’‡π◊ÈÕ “√
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‡∑à“°—π∑ÿ° à«π °≈—∫¢«¥ª√‘¡“µ√„ÀâÕ¬Ÿà„π≈—°…≥–‡¥‘¡ ·≈â«®—∫§Õ¢«¥À¡ÿπ‰ª¡“
ª√–¡“≥ 1/

4
 √Õ∫ ∑”´È”®π·πà„®«à“ “√≈–≈“¬º ¡‡ªìπ‡π◊ÈÕ‡¥’¬«°—π ¢Õß·¢Áß´÷Ëß≈–≈“¬

‰¥â¬“°  “¡“√∂º ¡°—∫µ—«∑”≈–≈“¬„π¢«¥√Ÿª™¡æŸà À√◊Õ ∫’°‡°Õ√å „™â‡§√◊ËÕß°«π
(magnetic stirrer) ™à«¬≈–≈“¬ ‡∑ “√≈–≈“¬„π¢«¥ª√‘¡“µ√·≈–ª√—∫ª√‘¡“µ√ ÿ¥∑â“¬

∫—π∑÷°°“√‡µ√’¬¡ “√≈–≈“¬≈ß„π ¡ÿ¥®¥∫—π∑÷° (Laboratory notebook) ‡æ◊ËÕ
‡°Á∫√—°…“¢âÕ¡Ÿ≈ ́ ÷Ëßª√–°Õ∫¥â«¬ «—π∑’Ë ·≈–‡«≈“‡µ√’¬¡ “√≈–≈“¬ ™◊ËÕºŸâ‡µ√’¬¡ À¡“¬‡≈¢
lot ∑’Ëº≈‘µ “√∑’Ë„™â (‡æ◊ËÕ “¡“√∂∑«π Õ∫°≈—∫‰ª¬—ß„∫√—∫√Õß¢Õß∫√‘…—∑ºŸâº≈‘µ) πÈ”Àπ—°
·≈–ª√‘¡“µ√∑’Ë‡µ√’¬¡ ·≈–Õ◊ËπÊ ‡™àπ §à“ pH

3.3 °“√‡µ√’¬¡ “√≈–≈“¬‡®◊Õ®“ß

‡®â“Àπâ“∑’Ë∑¥ Õ∫µâÕß‡¢â“„®¢âÕ®”°—¥¢ÕßÕÿª°√≥åÀâÕßªØ‘∫—µ‘°“√ ·≈–√Ÿâ«à“
®–„™âÕÿª°√≥å∑’Ë¡’Õ¬Ÿà„Àâ‰¥âº≈¥’∑’Ë ÿ¥‰¥âÕ¬à“ß‰√  ”À√—∫‡®â“Àπâ“∑’Ë∑¥ Õ∫ÀâÕßªØ‘∫—µ‘°“√
 ‘Ëß·«¥≈âÕ¡  “√¡≈æ‘…∑’Ë«‘‡§√“–Àå¡’√–¥—∫ª√‘¡“≥ “√µË”∂÷ß ppm À√◊Õ ppb µ—«Õ¬à“ß‡™àπ
°“√æ‘®“√≥“‡µ√’¬¡ “√¡“µ√∞“π·Õ¡‚¡‡π’¬∑’Ë√–¥—∫§«“¡‡¢â¡¢âπ 5 ¡‘≈≈‘°√—¡µàÕ≈‘µ√
ª°µ‘‡µ√’¬¡ “√¡“µ√∞“π®“°·Õ¡‚¡‡π’¬¡§≈Õ‰√¥å ´÷Ëß¡’¡«≈‚¡‡≈°ÿ≈ 53.49 °√—¡µàÕ‚¡≈
·≈–¡«≈ ¡¥ÿ≈ 3.141 °√—¡µàÕ 1.000 °√—¡·Õ¡‚¡‡π’¬ Õ“®‡ªìπ‰ª‰¥â∑’Ë®–™—Ëß·Õ¡‚¡‡π’¬¡
§≈Õ‰√¥å 15.7 ¡‘≈≈‘°√—¡∫π‡§√◊ËÕß™—Ëß ·≈–‡®◊Õ®“ß‡ªìπ 1,000 ¡‘≈≈‘≈‘µ√ ‡π◊ËÕß®“°‡§√◊ËÕß™—Ëß
¡’¢âÕ®”°—¥ ¥—ßπ—Èπ§«“¡‡¢â¡¢âπ¢Õß “√¡“µ√∞“ππ’È ¡’§«“¡‰¡à·πàπÕπ√–À«à“ß 1 - 6 %
°“√™—Ëß “√„Àâ‰¥â + 0.1 ¡‘≈≈‘°√—¡ ∫“ß§√—Èß‡ªìπ‰ª‰¡à‰¥â ‡π◊ËÕß®“°¢π“¥¢Õß “√¢Õß‡¢Áß
«‘∏’°“√‡µ√’¬¡∑’Ë¥’§◊Õ ‡µ√’¬¡ “√¡“µ√∞“π‡¢â¡¢âπ ‡™àπ 500.0 ¡‘≈≈‘°√—¡µàÕ≈‘µ√ ‚¥¬°“√
™—Ëß·Õ¡‚¡‡π’¬¡§≈Õ‰√¥å 1.570 °√—¡ ·≈–‡®◊Õ®“ß‡ªìπ 1,000 ¡‘≈≈‘≈‘µ√ „π°√≥’π’ÈπÈ”Àπ—°∑’Ë
µâÕß°“√§◊Õ + 1.0 ¡‘≈≈‘°√—¡ ´÷Ëß‡ªìπ‰ª‰¥â‚¥¬™—Ëß “√¥â«¬§«“¡√–¡—¥√–«—ß „™â volumetric
pipet 10.00 ¡‘≈≈‘≈‘µ√ ªî‡ªµ stock solution 10.00 ¡‘≈≈‘≈‘µ√·≈–‡®◊Õ®“ß‡ªìπ 1,000 ¡‘≈≈‘≈‘µ√



23

„π¢«¥ª√‘¡“µ√ ®–‰¥â working standard 5.000 ¡‘≈≈‘°√—¡µàÕ≈‘µ√ ∑’Ë√Ÿâ§à“∂÷ß + 0.001 ¡‘≈≈‘°√—¡
µàÕ≈‘µ√ ·≈–§à“§«“¡‰¡à·πàπÕπ < 0.1% «‘∏’°“√π’È¬—ß “¡“√∂‡®◊Õ®“ß 1.00, 2.00, 5.00
·≈– 20.00 ¡‘≈≈‘≈‘µ√ ¢Õß “√≈–≈“¬¡“µ√∞“ππ’È ‡æ◊ËÕ„Àâ‰¥â working standard ®“°
πÈ”Àπ—°∑’Ë™◊ËÕ∂◊Õ‰¥â ¥—ßπ—Èπ‡ªìπ°“√°”®—¥·À≈àß¢Õß§«“¡§≈“¥‡§≈◊ËÕπ¢π“¥„À≠àÕÕ°®“°
°“√∑”°√“ø¡“µ√∞“πÀ≈“¬√–¥—∫§«“¡‡¢â¡¢âπ‰¥â

µ—«Õ¬à“ß ¡°“√∑’Ë„™â§”π«≥§«“¡‡¢â¡¢âπ ÿ¥∑â“¬¢Õß°“√‡®◊Õ®“ß

C
i
V

i
 = C

f
V

f

C
i
 ·≈– C

f
 ‡ªìπ§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ·≈– ÿ¥∑â“¬µ“¡≈”¥—∫

V
i
 ·≈– V

f
 ‡ªìπª√‘¡“µ√‡√‘Ë¡µâπ·≈– ÿ¥∑â“¬¢Õß “√≈–≈“¬∑’Ë„™â„π°“√‡®◊Õ®“ß

¬°µ—«Õ¬à“ß‡™àπ µâÕß°“√‡µ√’¬¡ “√¡“µ√∞“π 6.00 ¡‘≈≈‘°√—¡µàÕ≈‘µ√ ®”π«π
50.0 ¡‘≈≈‘≈‘µ√®“° stock solution 100 ¡‘≈≈‘°√—¡µàÕ≈‘µ√ C

i
 §◊Õ 100 ¡‘≈≈‘°√—¡µàÕ≈‘µ√ C

f

§◊Õ 6.00 ¡‘≈≈‘°√—¡µàÕ≈‘µ√ ·≈– V
f
 §◊Õ 50.0 ¡‘≈≈‘≈‘µ√ ¥—ßπ—Èπ V

i
 (ª√‘¡“µ√¢Õß stock

solution ∑’Ë„™â‡æ◊ËÕ‡®◊Õ®“ß) §◊Õ 3.00 ¡‘≈≈‘≈‘µ√ ‡®â“Àπâ“∑’Ë∑¥ Õ∫µâÕß‡µ√’¬¡ “√≈–≈“¬
‡®◊Õ®“ß‚¥¬‡µ‘¡ stock solution 3.00 ¡‘≈≈‘≈‘µ√≈ß„π¢«¥ª√‘¡“µ√¢π“¥ 50.0 ¡‘≈≈‘≈‘µ√
·≈–‡®◊Õ®“ß„Àâ‰¥âª√‘¡“µ√

‡∑§π‘§Õ◊ËπÊ §◊Õ °“√‡®◊Õ®“ß “√≈–≈“¬ (1+4) ·≈– (1:5) ¡’§«“¡À¡“¬‡À¡◊Õπ
°—π ‡™àπ ‡µ√’¬¡ “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å (1+4) À¡“¬§«“¡«à“ stock solution
1 ª√‘¡“µ√ ·≈–‡µ‘¡µ—«∑”≈–≈“¬ 4 ª√‘¡“µ√ (1:5) À¡“¬§«“¡«à“ stock solution
1 ª√‘¡“µ√ ·≈–‡µ‘¡µ—«∑”≈–≈“¬®π‰¥âª√‘¡“µ√√«¡‡ªìπ 5 ‡∑à“¢Õßª√‘¡“µ√‡√‘Ë¡µâπ
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3.4 °“√‡°Á∫ “√≈–≈“¬∑’Ë‡µ√’¬¡

¢«¥ª√‘¡“µ√‰¡à„™à¿“™π– ”À√—∫‡°Á∫ “√≈–≈“¬∑’Ë‡µ√’¬¡‰¥â ‡¡◊ËÕ‡µ√’¬¡
 “√≈–≈“¬·≈â«„Àâ∂à“¬≈ß„π¢«¥·°â« À√◊Õæ≈“ µ‘°∑’Ë –Õ“¥ µ“¡§«“¡‡À¡“– ¡
¢«¥∑’Ë‡°Á∫ “√≈–≈“¬§«√¡’Ω“ªî¥ (screw cap) ∑’Ë¡’ Teflon  cap liner ¢«¥ “√‡§¡’™π‘¥
∑’Ë¡’ ground glass stopper §«√„™â‡°Á∫ “√≈–≈“¬°√¥  ”À√—∫ “√≈–≈“¬¥à“ß§«√‡°Á∫
„π¢«¥ Teflon  À√◊Õ polyethylene ™π‘¥§«“¡Àπ“·πàπ Ÿß ªî¥ªÑ“¬¢«¥‡°Á∫ “√‡§¡’
´÷Ëß√–∫ÿ§«“¡‡¢â¡¢âπ¢Õß “√ «—π∑’Ë‡µ√’¬¡ «—π∑’Ëµ√«® Õ∫§«“¡‡¢â¡¢âπ «—πÀ¡¥Õ“¬ÿ
 ∂“π∑’Ë‡°Á∫‡©æ“– ·≈–ºŸâ‡µ√’¬¡

 “√≈–≈“¬À≈“¬™π‘¥§«√‡°Á∫‰«â„πµŸâ‡¬Áπ ª√‘¡“µ√·≈–§«“¡‡¢â¡¢âπ¢Õß
 “√≈–≈“¬‡ª≈’Ë¬π‰ªµ“¡Õÿ≥À¿Ÿ¡‘ ¥—ßπ—Èπ §«√‡Õ“¢«¥ “√ÕÕ°®“°µŸâ‡¬Áπµ—Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘
ÀâÕß°àÕπ„™â„π°“√∑¥ Õ∫

πÈ”·≈–µ—«∑”≈–≈“¬®–√–‡À¬ÕÕ°®“°¢«¥‰¥â ·¡â«à“ªî¥¢«¥ π‘∑·≈â« ∑ÿ°§√—Èß∑’Ë
π” “√≈–≈“¬ÕÕ°®“°¢«¥ „Àâ∑”‡§√’ËÕßÀ¡“¬√–¥—∫ “√≈–≈“¬‰«âπÕ°¢«¥ ·≈–«—π∑’Ë
‚¥¬‡©æ“–‡¡◊ËÕ “√≈–≈“¬∂Ÿ°‡°Á∫„π¢«¥¥Ÿ¥-ª≈àÕ¬ “√ (dispenser bottles) ‡æ√“–«à“
µ—«∑”≈–≈“¬√–‡À¬‰¥â ‰¡à§«√¥Ÿ¥ “√‡§¡’‚¥¬µ√ß®“°¢«¥¥â«¬ªî‡ªµ „Àâ‡∑ “√≈ß„π
∫’°‡°Õ√å·≈–„™âªî‡ªµ¥Ÿ¥ “√®“°∫’°‡°Õ√å  “√‡§¡’∑’Ë‡À≈◊Õ„Àâ‡∑∑‘Èß ‰¡à‡∑§◊π°≈—∫≈ß
„π¢«¥‡æ◊ËÕªÑÕß°—π°“√ªπ‡ªóôÕπ

 “√‡§¡’‡ªìπ¢—ÈπµÕπ°“√«‘‡§√“–Àå¢—Èπ·√°„πÀâÕßªØ‘∫—µ‘°“√ ¥—ßπ—Èπ §«√√–¡—¥√–«—ß
°“√‡µ√’¬¡·≈–‡°Á∫√—°…“ “√‡§¡’ ´÷Ëß®–¡’º≈‚¥¬µ√ßµàÕ§ÿ≥¿“æ¢Õßº≈°“√«‘‡§√“–Àå
∑¥ Õ∫∑’Ëº≈‘µ‚¥¬ÀâÕßªØ‘∫—µ‘°“√
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4. ‡§√◊ËÕß·°â«„πÀâÕßªØ‘∫—µ‘°“√

4.1 ª√–‡¿∑·≈–§ÿ≥≈—°…≥–¢Õß·°â« (Type and Characteristics of Glass)

‚¥¬ª°µ‘‡√“¡—°æ∫¿“™π–∑’Ë∑”¥â«¬·°â«„πÀâÕßªØ‘∫—µ‘°“√‡ ¡Õ ≈—°…≥–¢Õß
·°â«§◊Õ „  ·¢Áß ∑πµàÕ “√‡§¡’ §«“¡√âÕπ §«“¡‡¬Áπ §«“¡¥—π ·≈– ÿ≠≠“°“» „πÕ¥’µ
·°â«∑’Ë„™â„πÀâÕßªØ‘∫—µ‘°“√∑”¥â«¬ soda lime glass À√◊Õ soft glass ∑’Ë‡√’¬°‡™àππ’È‡æ√“–«à“
·°â«®–ÕàÕπµ—«ßà“¬‡¡◊ËÕ∂Ÿ°‡ª≈«‰ø¢Õßµ–‡°’¬ß∫ÿπ‡ π ´÷Ëß‡®â“Àπâ“∑’Ë‡∑§π‘§¢ÕßÀâÕß
ªØ‘∫—µ‘°“√ “¡“√∂´àÕ¡À√◊Õµ°·µàß‡§√◊ËÕß·°â«∑’Ë·µ°À√◊Õ√â“«‰¥â ªí®®ÿ∫—π ÀâÕßªØ‘∫—µ‘°“√
„™â·°â«™π‘¥ borosilicate aluminosilicate ·≈– quartz ´÷ËßµâÕß„™âÕÿ≥À¿Ÿ¡‘ Ÿß ·≈–‡§√◊ËÕß¡◊Õ
‡©æ“–„π°“√µ°·µàß·°â« √«¡∑—Èß„™âºŸâ∑’Ë¡’§«“¡™”π“≠ ¥—ßπ—Èπ‡§√◊ËÕß·°â« à«π„À≠à®÷ßµâÕß
 —Ëß´◊ÈÕ®“°ºŸâ·∑π®”Àπà“¬

‡§√◊ËÕß·°â«∑’Ë∑”¥â«¬ borosilicate ´÷Ëß„™â„πÀâÕßªØ‘∫—µ‘°“√  “¡“√∂„™âß“π™à«ß
Õÿ≥À¿Ÿ¡‘ÀâÕß∂÷ß 230 Ì‡´≈‡´’¬  ‡§√◊ËÕß·°â«∑’Ë∑”¥â«¬ quartz ·≈– sintered powdered
quartz  “¡“√∂„™âß“π„π‡µ“‡º“Õÿ≥À¿Ÿ¡‘ Ÿß (muffle furnace) ‰¥â ‡§√◊ËÕß·°â«„À¡à
¡’§ÿ≥ ¡∫—µ‘‡ªìπ¥à“ß‡≈Á°πâÕ¬ ¥—ßπ—Èπ§«√≈â“ß·™à„π°√¥‰Œ‚¥√§≈Õ√‘° À√◊Õ°√¥‰πµ√‘°∑’Ë
‡¢â¡¢âπ 1% ·≈–∑”§«“¡ –Õ“¥°àÕπ„™âß“π ‚¥¬„™â·ª√ßÕàÕπ∂Ÿ¥â«¬πÈ”√âÕπ ·≈–πÈ”¬“≈â“ß
‡æ◊ËÕ°”®—¥ “√Õ‘π∑√’¬å ·≈–¢Õß·¢Áß∑’Ëµ‘¥Õ¬Ÿà∑’Ëº‘«‡§√◊ËÕß·°â« ≈â“ß¥â«¬πÈ”√âÕπ·≈–πÈ”°≈—Ëπ
µ“¡≈”¥—∫

·°â« “¡“√∂∑πµàÕ “√‡§¡’‰¥âÀ≈“¬™π‘¥ ·µà‰¡à∑πµàÕ°√¥øÕ øÕ√‘°∑’Ë√âÕπ
¥à“ß·°à ·≈– “√∑’Ë¡’ ionic fluoride Õ¬à“ß‡™àπ hydrofluoric acid ·≈– potassium fluoride
 ‘Ëß‡®◊Õªπ∑’Ë‡ªìπ‚≈À–„π·°â« “¡“√∂·≈°‡ª≈’Ë¬π°—∫‚≈À–Õ‘ÕÕπ∫«°„π “√≈–≈“¬∑’Ë¡’
 ¿“«–‡ªìπ°√¥‰¥â ª√‘¡“≥‚≈À–∑’Ëæ∫Õ¬Ÿà„π·°â«√–¥—∫‡ªÕ√å‡´Áπµå §◊Õ ´‘≈‘°Õπ Õ≈Ÿ¡‘‡π’¬¡
‚´‡¥’¬¡ ·≈–‚∫√Õπ √–¥—∫ sub% §◊Õ ≈‘‡∏’¬¡ ‡´Õ√å‚§‡π’¬¡ ‚ªµ— ‡´’¬¡ ø≈ŸÕÕ√’π §≈Õ√’π
´—≈‡øÕ√å ·≈– ·Õπµ‘‚¡π’
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ASTM E438-92 (Reapproved 1996) ·∫àßª√–‡¿∑¢Õß‡§√◊ËÕß·°â«∑’Ëº≈‘µ„™â„π
ÀâÕßªØ‘∫—µ‘°“√ µ“¡§ÿ≥≈—°…≥–‡©æ“–¢Õß·°â« ¥—ßπ’È

1. Type I Class A - borosilicate glass ™π‘¥°“√¢¬“¬µ—«µË”
2. Type I Class B - alumino borosilicate glass
3. Type II - soda lime glass

Õß§åª√–°Õ∫∑“ß‡§¡’ ·≈–§ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß·°â«·µà≈–ª√–‡¿∑
¥—ßµ“√“ß∑’Ë 8 - 10 §ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß·°â« ·≈–§à“ tolerances µâÕß‡ªìπ
§à“‡©æ“–¢Õß∫√‘…—∑ºŸâº≈‘µ·µà≈–·Ààß

µ“√“ß∑’Ë 8 Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß·°â« Type I

Type I, Class A Type I, Class B
weight % weight %

Major constituents, approximate :
SiO

2
81 73

B
2
O

3
13 10

Al
2
O

3
2 7

BaO see below 0 - 2
CaO see below 1
Na

2
O 4 6

K
2
O see below 1

  Trace constituents, max :
As

2
O

3
 plus Sb

2
O

3
0.005 0.1

PbO 0.1 0.1
MgO 0.1 0.3
ZnO 0.1 0.1
CaO 0.1 see above
K

2
O 0.75A see above

 All other constituents, max 0.2 1.0

     A Each manufacturer must publish the maximum percentage in his glass
because certain limited applications require a level under 0.1%
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µ“√“ß∑’Ë 9 Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß·°â« Type II

Composition A, Composition B,
weight % weight %

Major constituents, approximate :
SiO

2
68 72

B
2
O

3
2 ...

Al
2
O

3
3 2

BaO 2 ...
CaO 5 5
MgO 4 4

Na
2
O 15 16

K
2
O 1 1

Trace constituents, max :
As

2
O

3
 plus Sb

2
O

3
0.1 0.1

PbO 0.1 0.1
All other constituents, max 1.0 1.0

Linear coefficient of expansion, (32-33)+1.5 (48-56)+2 (90-93)+2 E228

  0 to 300 ÌC, cm/cm  ÌC X 10-7

Annealing point,  ÌC 560+10 574+10 (520-540)+10 C598

Softening point,  ÌC (815-820)+10 (783-799)+10 (700-720)+10 C338

Density, annealed, g/cm3 (2.23-2.24)+0.02 (2.33-2.36)+0.02 (2.47-2.53)+0.02 C729A

Chemical durability, titration 1.0 1.0 9.5 C225

  equivalent of 0.02N H
2
SO

4
/10 g (Method P-W)

  of glass, max, ml

A      See Day, R.K., Glass Research Methods, Industrial Publications, Inc., Chicago, IL, 1953, pp. 98-100

Property Type I, Class A Type I, Class B Type II Glass ASTM Method

µ“√“ß∑’Ë 10 §ÿ≥ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß·°â«
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4.2 √“¬≈–‡Õ’¬¥‡§√◊ËÕß·°â«ÀâÕßªØ‘∫—µ‘°“√ (Laboratory Glassware Description)

4.2.1 ∫’°‡°Õ√å (Beakers)
∫’°‡°Õ√å¡’ 2 ª√–‡¿∑§◊Õ Griffin beaker ·≈– Berzelius beaker ∑—Èß Õßª√–‡¿∑¡’ª“°

(spout) ∫π¢Õ∫∫’°‡°Õ√å ‡æ◊ËÕ„Àâ‡∑‰¥âßà“¬ Griffin beaker ¡’≈—°…≥– —Èπ·≈–°«â“ß°«à“
Berzelius beaker ∑’Ë¢π“¥ª√‘¡“µ√‡∑à“°—π ∫’°‡°Õ√å∑’Ë‡ªìπ‡∑ø≈Õπ (Teflon)  ¡’ª“°∫’°‡°Õ√å
∑’Ë‡∑ “√‰¥â¥’°«à“ ·≈–∑πµàÕ°“√·µ° ∫’°‡°Õ√å¡’ª√–‚¬™πå ”À√—∫„™âº ¡ “√≈–≈“¬
‡°Á∫µ—«Õ¬à“ß ∑”ªØ‘°‘√‘¬“ (reaction) °“√¬àÕ¬ (digestion) ·≈–ß“π∑—Ë«‰ª ¢’¥∫Õ°ª√‘¡“µ√
¢Õß∫’°‡°Õ√å‡ªìπ§à“‚¥¬ª√–¡“≥·≈–ª°µ‘„™â°√–®°π“Ãî°“ªî¥∫’°‡°Õ√å

4.2.2 ¢«¥√Ÿª™¡æŸà (Erlenmeyer flasks)
‡ªìπ¿“™π– ”À√—∫„™âß“π∑—Ë«‰ª ·≈–„™â∑”ªØ‘°‘√‘¬“ ºπ—ß·°â«Àπ“ ¡’∑—Èßª“°°«â“ß

·≈–·§∫ Erlenmeyer flask ª“°°«â“ß„™â ”À√—∫°“√‰µ‡µ√∑·≈–°“√º ¡ “√ ™π‘¥∑’Ë
¢Õ∫ª“°‡√’¬∫Õ“®ªî¥¥â«¬ ®ÿ°§Õ√å° ¬“ßÕàÕπ ¬“ß·¢Áß π’‚Õæ√’π (neoprene) ´‘≈‘‚§π
(silicone) ‚æ≈’‡Õ∏‘≈’π (polyethylene) ·≈–«— ¥ÿÕ◊ËπÊ ®ÿ°ªî¥ (stopper) ∑’Ë∑”¥â«¬«— ¥ÿ
∏√√¡™“µ‘ ·≈– “√ —ß‡§√“–Àå ¡’™à«ß¢Õß§«“¡‰«·≈–∑πµàÕ “√‡§¡’‰¥â°«â“ß¡“° ¥—ßπ—Èπ
«— ¥ÿ∑’Ë„™â∑”®ÿ°µâÕß‡À¡“– ¡°—∫ “√‡§¡’∑’Ë„™â ∑”„Àâ¡’®ÿ°ªî¥∑’Ë·µ°µà“ß°—π„πÀâÕßªØ‘∫—µ‘°“√
·µàÀâÕßªØ‘∫—µ‘°“√ à«π„À≠à À≈’°‡≈’Ë¬ßªí≠À“‚¥¬‰¡à µäÕ° plain-top Erlenmeyer flask ‰«â
·µà„™â ground - glass flask ™π‘¥‡©æ“– ∂â“µâÕß°“√ªî¥ª“° plain Erlenmeyer flask ‡æ◊ËÕ
ªÑÕß°—π°“√ªπ‡ªóôÕπ Õ“®„™â∫’°‡°Õ√å À√◊Õ°√–®°π“Ãî°“¢π“¥‡≈Á°«“ß∫π flask
‰¥â‡™àπ°—π °“√Õ∫‡æ“–‡™◊ÈÕ¢ÕßÕ“À“√‡≈’È¬ß‡™◊ÈÕ„π Erlenmeyer flask „™â ”≈’·∑π®ÿ°
 ”À√—∫°“√‡°Á∫ “√≈–≈“¬ ®–„™â Erlenmeyer flask ™π‘¥∑’Ë¡’ ground-glass polyethylene
À√◊Õ Teflon  stopper À√◊Õ∑’Ë¡’ screw cap
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4.2.3 °√–®°π“Ãî°“ (Watchglasses)
„™âªî¥∫’°‡°Õ√å ‡æ◊ËÕªÑÕß°—π°“√ªπ‡ªóôÕπÀ√◊Õ ‘Ëß‡®◊Õªπ≈ß„π∫’°‡°Õ√å ·≈–‡®â“Àπâ“∑’Ë

∑¥ Õ∫ “¡“√∂ —ß‡°µ “√„π∫’°‡°Õ√å‰¥â °√–®°π“Ãî°“∑”¥â«¬º‘«‡√’¬∫≈◊Ëπ ‡¡◊ËÕ “√∂Ÿ°
∑”„Àâ‡¥◊Õ¥‡ªìπ‰Õ ‰Õ√âÕπ°√–∑∫°—∫°√–®°π“Ãî°“∑’Ë‡¬Áπ°«à“ ·≈–§«∫·πàπ‡ªìπÀ¬¥
¢Õß‡À≈«°≈—∫≈ß¡“„π “√≈–≈“¬

√Ÿª∑’Ë 2 ∫’°‡°Õ√å™π‘¥ Griffin, Berzelius ¢«¥√Ÿª™¡æŸà™π‘¥ ground-glass ·≈– plain tops

(®“° ấ“¬‰ª¢«“)

4.2.4 ¢«¥·°â« (Glass bottles)
„™â ”À√—∫∫√√®ÿµ—«Õ¬à“ß  “√‡§¡’(reagent)  “√≈–≈“¬ ·≈–‡æ◊ËÕß“π∑¥ Õ∫¥â“π

·∫§∑’‡√’¬∑’Ë„™âª√‘¡“µ√µ—«Õ¬à“ß 100 ¡‘≈≈‘≈‘µ√ ª°µ‘¡’ screwtop, plastic cap À√◊Õ ®ÿ°ªî¥
À√◊Õ groud-glass stopper ¢«¥µ—«Õ¬à“ß¡’À≈“¬¢π“¥ ‡™àπ vial ¢π“¥ 40 ¡‘≈≈‘≈‘µ√
 ”À√—∫‡°Á∫µ—«Õ¬à“ß “√Õ‘π∑√’¬å√–‡À¬ßà“¬ jar ¢π“¥ 120 ¡‘≈≈‘≈‘µ√  ”À√—∫‡°Á∫µ—«Õ¬à“ß
¥‘π ¢«¥·°â« ’™“ª“°·§∫ ¢π“¥ 1,000 ¡‘≈≈‘≈‘µ√  ”À√—∫‡°Á∫µ—«Õ¬à“ß∑¥ Õ∫ “√°”®—¥
·¡≈ß ‡ªìπµâπ ¢«¥·°â«„™â ”À√—∫‡ªìπ¿“™π–∫√√®ÿ ‰¡à§«√„™â‡µ√’¬¡ “√‡§¡’ À√◊Õ
„Àâ§«“¡√âÕπ‚¥¬µ—Èß∫π hotplate
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4.2.5 ¢«¥ ”À√—∫ ÿ≠≠“°“» (Vacuum flasks) À√◊Õ
¢«¥ ”À√—∫°√Õß (Filtering flasks)
‡ªìπ¢«¥ Erlenmeyer flask ∑’Ë¡’ºπ—ß·°â«Àπ“ ·≈–¡’ side arm „°≈âª“°¢«¥ ”À√—∫

ª√–°Õ∫°—∫ vacuum source §«√„™â gasket ∑’Ë∑”¥â«¬¬“ß neoprene µàÕ√–À«à“ß funnel
·≈– flask ‰¡à§«√„™â·°â«µàÕ·°â«‚¥¬µ√ß

4.2.6 ¢«¥‡®≈¥“Àå≈ (Kjeldahl flasks)
‡ªìπ¢«¥°âπ°≈¡ ºπ—ß·°â«Àπ“ ¡’§Õ¬“« ”À√—∫„™â„π°“√¬àÕ¬‡æ◊ËÕ∑¥ Õ∫ “√Õ‘π∑√’¬å

‰π‚µ√‡®π√«¡ flask ª√–‡¿∑π’È∂Ÿ°ÕÕ°·∫∫‡æ◊ËÕ„Àâ “¡“√∂„™â§«“¡√âÕπ·≈–∑”ªØ‘°‘√‘¬“
‡§¡’√ÿπ·√ß √–«—ßÕ¬à“„Àâ°âπ¢«¥ —¡º— ‚¥¬µ√ß°—∫‚≈À–∑’Ë„Àâ§«“¡√âÕπ ¢«¥‡®≈¥“Àå≈
¡’µ—Èß·µà¢π“¥ 30 - 800 ¡‘≈≈‘≈‘µ√

√Ÿª∑’Ë 3 ¢«¥·°â« ¢«¥ ”À√—∫ ÿ≠≠“°“» ¢«¥‡®≈¥“Àå≈ ·≈–°√«¬·¬°

(®“° ấ“¬‰ª¢«“)
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4.2.7 °√«¬·¬° (Separatory funnels)
„™â ”À√—∫°“√ °—¥ “√‚¥¬‡∑§π‘§ liquid-liquid extraction ‡æ◊ËÕ·¬° “√Õ‘π∑√’¬åÕÕ°®“°

µ—«Õ¬à“ßπÈ” ‚¥¬ “√Õ‘π∑√’¬åÕ¬Ÿà„π™—Èπµ—«∑”≈–≈“¬Õ‘π∑√’¬å ´÷Ëß·¬°®“°™—ÈππÈ” ªí®®ÿ∫—π
µ—«°√«¬·¬°¬—ß§ß‰¡à‡ª≈’Ë¬π·ª≈ß „π¢≥–∑’Ë stopcock ·≈–®ÿ°ªî¥‰¥â‡ª≈’Ë¬π·ª≈ß®“°∑’Ë
∑”¥â«¬·°â«‡ªìπ‡∑ø≈Õπ ªí≠À“∑’Ë ”§—≠„π°“√ °—¥¥â«¬°√«¬·¬°§◊Õ °“√‡°‘¥Õ‘¡—≈™—Ëπ
¡’«‘∏’·°â‰¢∑’Ë‡ªìπ¡“µ√∞“π§◊Õ ‚¥¬°“√‡´πµ‘øî«®å °“√°«π¥â«¬·∑àß·°â« ‡ªìπµâπ

4.3 ‡§√◊ËÕß¡◊Õ«—¥ª√‘¡“µ√ (Volumetric Measuring Tools)

¡’‡§√◊ËÕß¡◊Õ (device) «—¥ª√‘¡“µ√ 5 ª√–‡¿∑∑’Ë‡À¡“– ¡°—∫ß“π∑’ËµâÕß°“√
§«“¡∂Ÿ°µâÕß·≈–·¡àπ¬” ‰¥â·°à ∫‘«‡√µ (burets) ¢«¥ª√‘¡“µ√ (volumetric flasks) ªî‡ªµ
™π‘¥ª√‘¡“µ√ (volumetric pipets) ªî‡ªµ™π‘¥°“√«—¥ (measuring pipets) ·≈–°√–∫Õ°µ«ß
(graduated cylinders) °“√ Õ∫‡∑’¬∫ (calibrate) µ“¡ ASTM standard √–∫ÿ‰«â«à“‡§√◊ËÕß·°â«
«—¥ª√‘¡“µ√ ¡’ 3 ‡°√¥ Class A Class B ·≈– student À√◊Õ economy grade ASTM standard
°”Àπ¥§à“ tolerance ‰¡à‡°‘π∑’Ë· ¥ß‰«â∫π‡§√◊ËÕß·°â« Class A ‡ªìπ‡§√◊ËÕß·°â«∑’Ë¡’§«“¡·¡àπ Ÿß
¡’§à“ tolerance µË” Class B ‡ªìπ‡§√◊ËÕß·°â«∑’Ë¡’§«“¡·¡àπµË” ¡’§à“ tolerance ‡ªìπ Õß‡∑à“
¢Õß Class A ¥Ÿµ“√“ß∑’Ë 11-14 ¿“™π–«—¥ª√‘¡“µ√™π‘¥æ≈“ µ‘°∑—ÈßÀ¡¥ (Teflon Nalgene
Polypropylene Polymethylpentane Polyethylene ·≈–Õ◊ËπÊ) ‡ªìπ Class B ‡§√◊ËÕß·°â«
«—¥ª√‘¡“µ√ Class A ®–¡’µ—«Õ—°…√ çAé ‡¢’¬π‰«â„°≈â¬’ËÀâÕ‡§√◊ËÕß·°â« ‡§√◊ËÕß·°â«∑’Ë‰¡à¡’
µ—«Õ—°…√ çAé ª√“°Ø ®–‡ªìπ Class B À√◊Õ¡’§«“¡∂Ÿ°µâÕßπâÕ¬°«à“

4.3.1 ¢«¥ª√‘¡“µ√ (Volumetric flasks)
‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë„™â‡µ√’¬¡ “√≈–≈“¬¡“µ√∞“πÀ√◊Õ “√≈–≈“¬∑’Ë¡’§«“¡‡¢â¡¢âππâÕ¬°«à“

 “√≈–≈“¬‡¥‘¡ ¢«¥ª√‘¡“µ√¡’À≈“¬¢π“¥ ‡™àπ ¢π“¥ 50, 100, 250, 500, 1,000 ·≈–
2,000 ¡‘≈≈‘≈‘µ√ ‡ªìπµâπ
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°“√ªî¥¢«¥ª√‘¡“µ√™π‘¥ screw-threaded top ®–„™â screw cap  à«π ground-glass
joints „™â®ÿ°ªî¥ (stopper) ™π‘¥‚æ≈’‡Õ∏‘≈’π ‡∑ø≈Õπ À√◊Õ·°â« ®ÿ°ªî¥™π‘¥æ≈“ µ‘°®–„™â
‰¥â¥’∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß·µà®–√—Ë«‡¡◊ËÕ flask ∂Ÿ°‡°Á∫„πµŸâ‡¬Áπ ¥—ßπ—Èπ‡¡◊ËÕ®ÿ°ªî¥™π‘¥æ≈“ µ‘°
µ‘¥·πàπ°—∫ ground-glass joint „Àâ«“ß flask ‰«â„π™àÕß‡¬Áπ ®ÿ°ªî¥®–§àÕ¬Ê À¥µ—«·≈–
‡Õ“ÕÕ°®“°¢«¥‰¥âßà“¬ ®ÿ°ªî¥™π‘¥·°â«®–µ‘¥·πàπ‰¥â¥’∑’ËÕÿ≥À¿Ÿ¡‘µà“ß°—π ·µà®–µ‘¥·πàπ
‡¡◊ËÕÕ¬Ÿà„π™àÕß‡¬Áπ ‡π◊ËÕß®“°ªØ‘°‘√‘¬“∑“ß‡§¡’√–À«à“ß¢«¥·°â«¢Õß joint ·≈–®ÿ°ªî¥
®ÿ°ªî¥™π‘¥ ‡∑ø≈Õπ ‰¡à∑”ªØ‘°‘√‘¬“‡§¡’√–À«à“ßº‘«·≈– ground glass joint ®÷ßªî¥‰¥â π‘∑
·≈–‰¡àµ‘¥·πàπ  à«π screw cap ªî¥‰¥â·πàπ¡“°‡ªìπº≈∑”„Àâ‡°‘¥°“√·µ°‰¥â‡¡◊ËÕ«“ß flask
‰«â„π™àÕß‡¬Áπ ¢«¥ª√‘¡“µ√∂Ÿ°ÕÕ°·∫∫¡“‡æ◊ËÕ„™â‡µ√’¬¡ “√‡§¡’ (reagent)  “√≈–≈“¬
¡“µ√∞“π (standard) ·≈–‡®◊Õ®“ßµ—«Õ¬à“ß ·≈â«∂à“¬ “√≈–≈“¬≈ß„π¢«¥æ≈“ µ‘°À√◊Õ
¢«¥·°â« ‡æ◊ËÕ‡°Á∫√—°…“

¢«¥ª√‘¡“µ√∑—ÈßÀ¡¥‡ªìπ‡§√◊ËÕß·°â« Õ∫‡∑’¬∫™π‘¥∫√√®ÿ (to contain) „™âµ—«¬àÕ TC
À√◊Õ C À√◊Õ In (ISO) À¡“¬§«“¡«à“‡¡◊ËÕ flask ∂Ÿ°‡µ‘¡¥â«¬¢Õß‡À≈«∂÷ß¢’¥ª√‘¡“µ√ ¡—π®–
∫√√®ÿª√‘¡“µ√‡©æ“–¢Õß¢Õß‡À≈« Õ¬à“ß‡™àπ 100.0 ¡‘≈≈‘≈‘µ√

µ“√“ß∑’Ë 11 ‡ª√’¬∫‡∑’¬∫§à“ Tolerance Class A ·≈– Class B ¢Õß¢«¥ª√‘¡“µ√

Nominal volume (ml) Tolerance (ml)
Class A Class B

10 +0.02 +0.04

25 +0.03 +0.06

50 +0.05 +0.10

100 +0.08 +0.16

250 +0.12 +0.24

500 +0.20 +0.40

1,000 +0.30 +0.60
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4.3.2 °√–∫Õ°µ«ß (Graduated cylinders)
‡ªìπÀ≈Õ¥·°â«À√◊Õæ≈“ µ‘° ∑’Ë¡’¢’¥∫Õ°ª√‘¡“µ√Õ¬Ÿà¥â“π¢â“ß °√–∫Õ°µ«ß‡ªìπ

‡§√◊ËÕß·°â« Õ∫‡∑’¬∫™π‘¥ TC ·≈– TD „™â ”À√—∫∂à“¬ª√‘¡“µ√µ—«Õ¬à“ß (>50 ml)  ”À√—∫
∑¥ Õ∫ °√–∫Õ°µ«ß∂Ÿ°ÕÕ°·∫∫ ”À√—∫°“√‡µ√’¬¡ “√º ¡µ—«∑”≈–≈“¬ µ—«Õ¬à“ß‡™àπ
∂â“µâÕß°“√‡µ√’¬¡ “√≈–≈“¬ 30% water-isopropane ®–„™â°√–∫Õ°µ«ß‡ªìπ‡§√◊ËÕß·°â«
„π°“√‡µ√’¬¡‰¥â ·µà‰¡à„™â°√–∫Õ°µ«ß ”À√—∫º ¡ “√‡§¡’ ´÷ËßÕ“®‡°‘¥ªØ‘°‘√‘¬“
„Àâ§«“¡√âÕπ ·≈–∑”„Àâ°√–∫Õ°µ«ß·µ°√â“«‰¥âßà“¬

µ“√“ß∑’Ë 12 ‡ª√’¬∫‡∑’¬∫§à“ Tolerance Class A ·≈– Class B ¢Õß°√–∫Õ°µ«ß

Nominal volume (ml) Tolerance (ml)
Class A Class B

10 +0.08 +0.1

25 +0.14 +0.3

50 +0.2 +0.4

100 +0.35 +0.6

250 +0.65 +1.4

500 +1.10 +2.6

1,000 +2.0 +5.0
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√Ÿª∑’Ë 4 ¢«¥ª√‘¡“µ√ Class A °√–∫Õ°µ«ß Class A ·≈–∫‘«‡√µ Class A

(®“° ấ“¬‰ª¢«“)

4.3.3 ∫‘«‡√µ (Burets)
‡ªìπ‡§√◊ËÕß·°â««—¥ª√‘¡“µ√∑’Ë„™â„π°“√‰µ‡µ√∑¡’≈—°…≥–§≈â“¬ measuring pipets §◊Õ

¡’¢’¥∫Õ°ª√‘¡“µ√µà“ßÊ ‰«â ∫‘«‡√µ¡’À≈“¬¢π“¥ ¥—ßπ—Èπ‡¡◊ËÕ®–π”∫‘«‡√µ‰ª„™â®÷ß§«√‡≈◊Õ°
„Àâ‡À¡“–°—∫≈—°…≥–¢Õßß“π∑’Ë®–π”‰ª„™â¥â«¬ ¢’¥∫Õ°ª√‘¡“µ√µ—Èß·µà»Ÿπ¬å∑’Ë¥â“π∫π¢Õß
∫‘«‡√µ ∫àß∫Õ°ª√‘¡“µ√∑’Ëª≈àÕ¬ÕÕ°

 à«π„À≠à°“√„™â∫‘«‡√µ∑’Ë‰¥â§à“∂Ÿ°µâÕß‡¡◊ËÕª≈àÕ¬ª√‘¡“µ√¡“°°«à“ 80% ¢Õßª√‘¡“µ√
∑—ÈßÀ¡¥ ∫‘«‡√µ®–∂Ÿ°¬÷¥„Àâµ‘¥°—∫∑’Ë∫π¢“µ—Èß ‡¡◊ËÕ®–„ à “√≈–≈“¬≈ß„π∫‘«‡√µ µâÕß≈â“ß
∫‘«‡√µ¥â«¬ “√≈–≈“¬π—Èπ°àÕπ ‡∑ “√≈–≈“¬≈ß„π∫‘«‡√µ„ÀâÕ¬Ÿà‡Àπ◊Õ√–¥—∫¢’¥»Ÿπ¬å
‡æ’¬ß‡≈Á°πâÕ¬ °“√‡∑ “√≈–≈“¬≈ß„π∫‘«‡√µ µâÕß‡∑ “√≈–≈“¬ºà“π°√«¬°√Õß
‡æ◊ËÕ‰¡à„Àâ “√≈–≈“¬À° ∂â“‡∑ “√≈–≈“¬≈ß„π∫’°‡°Õ√å·≈â«®÷ß‡∑≈ß„π∫‘«‡√µ ∂â“∫’°‡°Õ√å
‰¡à –Õ“¥®–∑”„Àâ “√≈–≈“¬π—Èπ °ª√°À√◊Õ§«“¡‡¢â¡¢âπÕ“®‡ª≈’Ë¬π·ª≈ß‰¥â
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µ“√“ß∑’Ë 13 ‡ª√’¬∫‡∑’¬∫§à“ Tolerance Class A ·≈– Class B ¢Õß∫‘«‡√µ

Nominal volume (ml)
Tolerance (ml)

Class A Class B

5 +0.01 -
10 +0.02 +0.04
25 +0.03 +0.06
50 +0.05 +0.10
100 +0.10 +0.20

4.3.4 ªî‡ªµ (Pipets)
Measuring pipets (Mohr) ∑”®“°·∑àß·°â«µ√ß ∑’Ë¡’√Ÿµ√ß°≈“ß¢π“¥ ¡Ë”‡ ¡Õ

·≈–¡’¢’¥∫Õ°ª√‘¡“µ√µ—Èß·µà»Ÿπ¬å∑’ËÕ¬Ÿà„°≈â¥â“π∫π¢Õßªî‡ªµ∂÷ß¥â“π≈à“ß„°≈âª“°ªî‡ªµ
ªî‡ªµ∫Õ°ª√‘¡“µ√√«¡∑—ÈßÀ¡¥·≈–ª√‘¡“µ√¬àÕ¬ µ—«Õ¬à“ß‡™àπ ç5 ml in 0.1é
À¡“¬§«“¡«à“ §«“¡®ÿ∑—ÈßÀ¡¥ 5 ml ·≈–¡’¢’¥∫Õ°ª√‘¡“µ√∑ÿ°Ê 0.1 ml measuring pipets
∂Ÿ°„™â‡æ◊ËÕ∫àß™’Èª√‘¡“µ√∑’Ë∂à“¬ (deliver) ¢Õß‡À≈«‚¥¬‡∑§π‘§∑’Ë·µ°µà“ß°—π√–À«à“ßµ”·Àπàß
¢Õß¢Õß‡À≈«‡√‘Ë¡µâπ·≈– ÿ¥∑â“¬¥â«¬°“√ª≈àÕ¬ª√‘¡“µ√ Ÿß ÿ¥ÕÕ°®“°ª“°¢Õßªî‡ªµ
measuring pipets ∂Ÿ° Õ∫‡∑’¬∫¥â«¬§à“ tolerance Class A ·≈– B °“√ª≈àÕ¬¢Õß‡À≈«®“°
10 - ml measuring pipet Class A ¡’§à“ tolerance §◊Õ +0.02 ml ·≈– relative tolerance 2%

Serological pipets ¡’¢’¥∫Õ°ª√‘¡“µ√µ—Èß·µà»Ÿπ¬å„°≈â à«π∫π¢Õßªî‡ªµ∂÷ßª“°ªî‡ªµ
serological pipets ¡’¢’¥∫Õ°ª√‘¡“µ√∑—ÈßÀ¡¥·≈–ª√‘¡“µ√¬àÕ¬‡À¡◊Õπ measuring pipets
‡™àπ ç1ml in 0.1é serological pipets ∂Ÿ° Õ∫‡∑’¬∫‡æ◊ËÕ∫Õ°§«“¡·µ°µà“ß√–À«à“ß√–¥—∫
¢Õß‡À≈«‡√‘Ë¡µâπ·≈– ÿ¥∑â“¬ ‡æ◊ËÕ∂à“¬ª√‘¡“µ√∑’Ë Õ∫‡∑’¬∫∑—ÈßÀ¡¥ ¢Õß‡À≈«∂Ÿ°ª≈àÕ¬
ÕÕ°®π°√–∑—Ëß‰¡à¡’‡À≈◊ÕÕ¬Ÿà„πª“°ªî‡ªµ ªî‡ªµ™π‘¥π’È¡’‡©æ“–§à“ tolerance Class B
·≈–ª√‘¡“µ√∑—ÈßÀ¡¥∂Ÿ°∫Õ°¥â«¬§à“ tolerance ¢Õßª√‘¡“µ√∑—ÈßÀ¡¥ °“√ª≈àÕ¬ “√ 1.0 ml
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®“° 10 - ml serological pipets Class B ®–¡’§à“ tolerance +0.04 ml serological pipets
™π‘¥æ‘‡»…®–¡’ª“°°«â“ß ”À√—∫¢Õß‡À≈«Àπ◊¥·≈–µ—«Õ¬à“ß∑’Ë¡’ “√·¢«π≈Õ¬‡®◊Õªπ
´÷Ëß®–‰ªÕÿ¥µ—πªî‡ªµª“°·§∫‰¥â ®÷ß¡’ª√–‚¬™πå ”À√—∫°“√∂à“¬µ—«Õ¬à“ß«‘‡§√“–Àå BOD

Volumetric pipets À√◊Õ Transfer pipets ®–¡’ à«π∑’Ë‡ªìπ°√–‡ª“–·≈–¡’¢’¥∫Õ°
ª√‘¡“µ√‡æ’¬ß¢’¥‡¥’¬« ‡ªìπ‡§√◊ËÕß·°â« Õ∫‡∑’¬∫™π‘¥ ”À√—∫∂à“¬¢Õß‡À≈« (to deliver)
„™âµ—«¬àÕ TD À√◊Õ D À√◊Õ Ex (ISO) ‡™àπ‡¥’¬«°—∫ªî‡ªµ™π‘¥Õ◊Ëπ ‡¡◊ËÕª≈àÕ¬ “√≈–≈“¬
ÕÕ°®“°ªî‡ªµ·≈â« Àâ“¡‡ªÉ“ “√≈–≈“¬∑’Ëµ°§â“ßÕ¬Ÿà∑’Ëª≈“¬¢Õßªî‡ªµ ·µà§«√·µ–ª≈“¬
∑’ËÕ¬Ÿà¢â“ß„πªî‡ªµ°—∫¢â“ß¿“™π–‡Àπ◊Õ√–¥—∫ “√≈–≈“¬„π¿“™π–π—Èπ —°§√Ÿà ª√–¡“≥ 30
«‘π“∑’ ‡æ◊ËÕ„Àâ “√≈–≈“¬∑’ËÕ¬Ÿà¢â“ß„πªî‡ªµ‰À≈ÕÕ°¡“Õ’°  ”À√—∫ “√≈–≈“¬∑’Ë‡À≈◊ÕÕ¬Ÿà
„πªî‡ªµπ—Èπ¡‘„™àª√‘¡“µ√¢Õß “√≈–≈“¬∑’Ë®–«—¥ volumetric pipets ¡’Àπà«¬¢Õßª√‘¡“µ√
µ—Èß·µà 1-10 ml ·≈–ª√‘¡“µ√∑’Ë¡“°°«à“ ¥—ßµ“√“ß∑’Ë 14

Bacteriological pipets ÕÕ°·∫∫¡“‡æ◊ËÕ„™â„πÕÿµ “À°√√¡°“√º≈‘µ ¡’¢π“¥ 1.1, 2.2,
10 ·≈– 11 ¡‘≈≈‘≈‘µ√ ¡’∑—Èß™π‘¥ª“°°«â“ß·≈–·§∫ §à“ tolerance ¢Õßªî‡ªµ™π‘¥π’È
°«â“ß°«à“ Class B standard Õ“®æ∫ªî‡ªµ™π‘¥π’È„πß“π∑¥ Õ∫¥â“π®ÿ≈™’««‘∑¬“¢Õß
ÀâÕßªØ‘∫—µ‘°“√ ‘Ëß·«¥≈âÕ¡ ·µà‰¡à‡À¡“– ”À√—∫ß“π∑¥ Õ∫∑“ß‡§¡’

µ“√“ß∑’Ë 14 ‡ª√’¬∫‡∑’¬∫§à“ Tolerance Class A ·≈– Class B ¢Õßªî‡ªµ

Nominal volume (ml)
Tolerance (ml)

Class A Class B

1 +0.006 +0.012
5 +0.01 +0.02
10 +0.02 +0.04
25 +0.03 +0.06
50 +0.05 +0.10
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πÕ°®“°ªî‡ªµ™π‘¥·°â«·≈â« ªí®®ÿ∫—πÀâÕßªØ‘∫—µ‘°“√¡’°“√„™âªî‡ªµÕ—µ‚π¡—µ‘
(Autopipetters) ¡’∑—Èß∑’Ë‡ªìπ·∫∫„™â°≈‰° (mechanic) ·≈–·∫∫„™â‰øøÑ“ (electronic)
´÷Ëß‡À¡“– ”À√—∫ß“π¥â“π ‘Ëß·«¥≈âÕ¡∑’ËµâÕßªî‡ªµ “√ª√‘¡“≥πâÕ¬√–¥—∫‰¡‚§√≈‘µ√
ªî‡ªµÕ—µ‚π¡—µ‘¡’À≈“¬¢π“¥ ·≈–∑’Ëπ‘¬¡„™â§◊Õ ¢π“¥ 250 ·≈– 1,000 ‰¡‚§√≈‘µ√
«‘∏’°“√„™â‡§√◊ËÕß®–·µ°µà“ß°—π·µà≈–∫√‘…—∑ºŸâº≈‘µ ‡™àπ Õ“®°”Àπ¥√Ÿª·∫∫ª≈àÕ¬
ª√‘¡“µ√·πàπÕπª√‘¡“µ√‡¥’¬«‚¥¬∫√‘…—∑ºŸâº≈‘µ ·∫∫ª√—∫ª√‘¡“µ√‰¥â„π™à«ß∑’ËµâÕß°“√
‚¥¬‡®â“Àπâ“∑’Ë∑¥ Õ∫ ·≈–·∫∫ “¡“√∂ª≈àÕ¬ª√‘¡“µ√‰¥âÀ≈“¬§√—Èß„π‡«≈“‡¥’¬«°—π
ªî‡ªµÕ—µ‚π¡—µ‘π’ÈµâÕß¡’°“√ Õ∫‡∑’¬∫°àÕπ„™âß“π‡™àπ°—π ‡®â“Àπâ“∑’Ë∑¥ Õ∫µâÕß‡¢â“„®
À≈—°°“√„™â  ‡°≈∫Õ°ª√‘¡“µ√ «‘∏’°“√‡ª≈’Ë¬πª√‘¡“µ√ ·≈–‡≈◊Õ°„™â disposable tip
„Àâ‡À¡“– ¡°àÕπ„™â·µà≈–∫√‘…—∑®–º≈‘µ tip ·µ°µà“ß°—π‡©æ“–√ÿàπ

√Ÿª∑’Ë 5 volumetric pipet Class A, measuring pipet Class A ·≈– serological pipet Class A

ªî‡ªµÕ—µ‚π¡—µ‘·≈– Tip (®“°´â“¬‰ª¢«“)
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5. ‡§√◊ËÕß¡◊Õæ◊Èπ∞“π„πÀâÕßªØ‘∫—µ‘°“√

5.1 ‡§√◊ËÕß™—Ëß (Balances)

‡§√◊ËÕß™—Ëßπ—∫‡ªìπÕÿª°√≥åæ◊Èπ∞“π„πÀâÕßªØ‘∫—µ‘°“√∑—Ë«‰ª ªí®®ÿ∫—π¡’‡§√◊ËÕß™—Ëß
À≈“¬™π‘¥ ·µà≈–™π‘¥¡’À≈“¬·∫∫ ´÷Ëß¡’ºŸâº≈‘µÕÕ°¡“®”Àπà“¬¡“°¡“¬ ‡§√◊ËÕß™—Ëß
·µà≈–™π‘¥¡’§«“¡‡À¡“– ¡°—∫ß“π·µà≈–ª√–‡¿∑ ®÷ß§«√‡≈◊Õ°„™â„Àâ∂Ÿ°µâÕß ‡®â“Àπâ“∑’Ë
∑¥ Õ∫§«√∑√“∫«—µ∂ÿª√– ß§å ·≈–¢Õ∫‡¢µ¢Õß°“√„™â‡§√◊ËÕß™—Ëß ‡ªìπµâπ«à“§«√√Ÿâ«à“
®–™—ËßÕ–‰√ πÈ”Àπ—°∑’Ë™—Ëß‰¡à‡°‘π‡∑à“‰√ ·≈–∑’Ë ”§—≠∑’Ë ÿ¥®–µâÕß∑√“∫«à“ À“°¡’§«“¡
§≈“¥‡§≈◊ËÕπ¢Õß‡§√◊ËÕß™—Ëß‡°‘¥¢÷Èπ ¬Õ¡„Àâ‡§√◊ËÕß™—Ëß§≈“¥‡§≈◊ËÕπ‰¥â¡“°∑’Ë ÿ¥‡∑à“‰√

∂â“®–·∫àß‡§√◊ËÕß™—Ëßµ“¡°“√∑”ß“π·≈â« Õ“®·∫àß‰¥â‡ªìπ 2 ™π‘¥„À≠àÊ §◊Õ
Mechanical balance ·≈– Electrical balance ‡§√◊ËÕß™—Ëß™π‘¥ Mechanical balance
‡ªìπ‡§√◊ËÕß™—Ëß∑’Ë¡’µÿâ¡πÈ”Àπ—°‡æ◊ËÕª√—∫„Àâ·¢π‡§√◊ËÕß™—ËßÕ¬Ÿà„π ¡¥ÿ≈ ‰¥â·°à Equal-arm balance
·≈– Triple-beam balance ªí®®ÿ∫—π„™âπâÕ¬ „π∑’Ëπ’È®–°≈à“«∂÷ß‡§√◊ËÕß™—Ëß™π‘¥ Electrical
balance ´÷Ëß„™â°—πÕ¬à“ß°«â“ß¢«“ß„πÀâÕßªØ‘∫—µ‘°“√ §◊Õ

1. Toploading balance ‡ªìπ‡§√◊ËÕß™—Ëß™π‘¥À¬“∫ ™—ËßπÈ”Àπ—°‰¥â≈–‡Õ’¬¥ 0.1 °√—¡
(πÈ”Àπ—°¡“° ÿ¥ 4,000 °√—¡) À√◊Õ 0.01 °√—¡ (πÈ”Àπ—°¡“° ÿ¥ 300 °√—¡)

2. Analytical balance ‡ªìπ‡§√◊ËÕß™—Ëß™π‘¥≈–‡Õ’¬¥ æ—≤π“¡“®“° Toploading
balance ‚¥¬¡’µŸâ (draft shield) §√Õ∫®“π™—ËßπÈ”Àπ—° ¡’§«“¡‰«¡“°°«à“ Toploading
balance  “¡“√∂™—ËßπÈ”Àπ—°‰¥â≈–‡Õ’¬¥ 0.1 ¡‘≈≈‘°√—¡ (πÈ”Àπ—°¡“° ÿ¥ 200 °√—¡) À√◊Õ
0.01 ¡‘≈≈‘°√—¡ (πÈ”Àπ—°¡“° ÿ¥ 40 °√—¡) ¥—ßπ—Èπ ‡§√◊ËÕß™—Ëß™π‘¥π’ÈµâÕß√–«—ß°“√ —Ëπ –‡∑◊Õπ
·≈–‰¡à§«√ª√—∫™‘Èπ à«π¢Õß‡§√◊ËÕß™—Ëß
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√Ÿª∑’Ë 6 Toploading balance ·≈– Analytical balance

‚¥¬∑—Ë«‰ª ¡’«‘∏’°“√„™â‡§√◊ËÕß™—Ëß ¥—ßπ’È
1. µ√«® Õ∫«à“≈Ÿ°πÈ” (bubble) „π bullûs-eye level indicator Õ¬Ÿàµ√ß°≈“ß ‡æ◊ËÕ„Àâ

‡§√◊ËÕß™—Ëßµ—Èß‰¥â√–¥—∫
2. ·πà„®«à“‡ªî¥ «‘∑´å‡§√◊ËÕß·≈â«
3. °¥ tare πÈ”Àπ—°®“π‡ª≈à“„ÀâÕà“ππÈ”Àπ—°‡ªìπ»Ÿπ¬å
4. ‡≈◊Õ°µÿâ¡πÈ”Àπ—°¡“µ√∞“π 1 ¢π“¥ «“ß≈ß∫π®“π™—Ëß‚¥¬„™â§’¡§’∫ ™—ËßπÈ”Àπ—°

Õà“π§à“∑’Ë§ß∑’Ë ·≈–®¥πÈ”Àπ—°≈ß„π ¡ÿ¥∫—π∑÷°°“√µ√«® Õ∫‡§√◊ËÕß™—Ëßª√–®”«—π
∂â“πÈ”Àπ—°Õ¬Ÿà¿“¬„π§à“ tolerance ¢Õßµÿâ¡πÈ”Àπ—°¡“µ√∞“π ®÷ß„™â‡§√◊ËÕß™—Ëß‰¥â
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5. «“ß¿“™π–∫√√®ÿ (‡ª≈à“) ∫πµ√ß°≈“ß¢Õß®“π™—Ëß ·≈–Õà“π‡¡◊ËÕ§à“§ß∑’Ë °¥ tare
bar ‡æ◊ËÕ„ÀâÕà“ππÈ”Àπ—°‡ªìπ»Ÿπ¬å

6. ‡µ‘¡ “√≈ß„π¿“™π–∫√√®ÿÕ¬à“ß√–¡—¥√–«—ß
- ∂â“‡ªìπ¢Õß·¢Áß §«√„™â spatula ∑’Ë –Õ“¥ ¢π“¥‡À¡“– ¡
- ∂â“‡ªìπ¢Õß‡À≈«∑’Ë‰¡à√–‡À¬ §«√„™â pasture pipet ·µà‡Õ“¿“™π–ÕÕ°®“°

®“π™—Ëß°àÕπ ‡µ‘¡ “√·≈–™—ËßπÈ”Àπ—°¢Õß “√√«¡°—∫πÈ”Àπ—°¿“™π– ∑”´È”®π°√–∑—Ëß‰¥â
πÈ”Àπ—°∑’ËµâÕß°“√

7. √Õ„Àâ°“√Õà“ππÈ”Àπ—°§ß∑’Ë ·≈–∫—π∑÷°πÈ”Àπ—°
8. ∂â“ “√‡§¡’‡°‘ππÈ”Àπ—°∑’ËµâÕß°“√ „Àâ‡Õ“ “√ÕÕ°Õ¬à“ß√–¡—¥√–«—ß ‡Õ“¿“™π–

ÕÕ°®“°®“π™—Ëß ·≈–‡Õ“ “√¢Õß·¢ÁßÕÕ°¥â«¬ spatula À√◊Õ‡Õ“¢Õß‡À≈«ÕÕ°¥â«¬
pasture pipet ·≈–™—ËßπÈ”Àπ—°„À¡à

9. ∂â“À“° “√∑’Ë™—ËßÀ°‡ªóôÕπ∫√‘‡«≥®“πÀ√◊Õ‡§√◊ËÕß™—Ëß®–µâÕß∑”§«“¡ –Õ“¥∑—π∑’
‚¥¬„™â·ª√ß¢πÕŸ∞ªí¥∑”§«“¡ –Õ“¥

5.2 ‡§√◊ËÕß«—¥æ’‡Õ™ (pH meter)

pH ¬àÕ¡“®“° Positive Potential of the Hydrogen Ions ‡ªìπ°“√«—¥ª√‘¡“≥¢Õß
H+ (‰Œ‚¥√‡®πÕ‘ÕÕπ) „π “√≈–≈“¬

°“√«—¥ pH §‘Õ°“√«—¥ ¿“æ§«“¡‡ªìπ°√¥À√◊Õ‡ªìπ¥à“ß¢Õß “√≈–≈“¬∑’Ë¡’πÈ”
‡ªìπµ—«∑”≈–≈“¬ (Aqueous solution) «‘∏’°“√«—¥∑”‰¥âÀ≈“¬«‘∏’ §◊Õ„™â°√–¥“… pH
„™â‡∑’¬∫ ’°—∫ “√¡“µ√∞“π∑’Ë∑√“∫§à“ pH ·≈–„™â‡§√◊ËÕß«—¥§◊Õ pH meter ´÷Ëß‡ªìπ«‘∏’∑’Ë„Àâ
º≈°“√«—¥∑’Ëπà“‡™◊ËÕ∂◊Õ·≈–∂Ÿ°µâÕß¡“°°«à“«‘∏’Õ◊Ëπ pH meter ª√–°Õ∫¥â«¬ à«π ”§—≠
2  à«π§◊Õ

1. Õ‘‡≈§‚∑√¥ ∑”Àπâ“∑’Ë‡ªìπ¿“§µ√«®√—∫§«“¡‡¢â¡¢âπ¢Õß‰Œ‚¥√‡®πÕ‘ÕÕπ„π
 “√≈–≈“¬∑’Ë pH 7 (Standard pH Buffer) §«“¡µà“ß»—°¬å√–À«à“ßÕ‘‡≈§‚∑√¥∑—Èß Õß§◊Õ
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Õ‘‡≈§‚∑√¥Õâ“ßÕ‘ß°—∫Õ‘‡≈§‚∑√¥µ√«®«—¥ ®–¡’§à“§«“¡µà“ß»—°¬å‡∑à“°—∫»Ÿπ¬å¡‘≈≈‘‚«≈∑å
(0 mV) ∂â“§«“¡‡¢â¡¢âπ¢Õß‰Œ‚¥√‡®πÕ‘ÕÕπ‡æ‘Ë¡¢÷ÈπÀ√◊Õ≈¥≈ß §«“¡µà“ß»—°¬å°Á®–‡æ‘Ë¡¢÷Èπ
À√◊Õ≈¥≈ßµ“¡§«“¡‡¢â¡¢âπ¢Õß‰Œ‚¥√‡®πÕ‘ÕÕπ„π “√≈–≈“¬π—Èπ ‚¥¬¡’Õ‘‡≈§‚∑√¥
‡ªìπµ—«∑”Àπâ“∑’Ë√—∫ —≠≠“≥

2. µ—«‡§√◊ËÕß pH Meter °Á§◊Õ Potentiometer ∑”Àπâ“∑’Ë
2.1 ª√—∫§«“¡µà“ß»—°¬å„Àâ°—∫Õ‘‡≈§‚∑√¥Õâ“ßÕ‘ß „Àâ¡’§«“¡µà“ß»—°¬å‡ªìπ

»Ÿπ¬å·≈–§ß∑’Ë
2.2 ·ª≈ß —≠≠“≥®“°§«“¡µà“ß»—°¬å¢ÕßÕ‘ÕÕπ¢ÕßÕ‘‡≈§‚∑√¥„Àâ‡ªìπ

§«“¡µà“ß»—°¬å‰øøÑ“
2.3 ¢¬“¬ —≠≠“≥§à“§«“¡µà“ß»—°¬å∑“ß‰øøÑ“ „Àâ‡æ‘Ë¡¡“°¢÷ÈπÕ¬à“ß

‡æ’¬ßæÕ„Àâ· ¥ßº≈∑’Ë¡‘‡µÕ√å·∫∫‡¢Á¡ À√◊Õµ—«‡≈¢

√Ÿª∑’Ë 7 ‡§√◊ËÕß«—¥æ’‡Õ™

Õ‘‡≈§‚∑√¥ªí®®ÿ∫—π à«π„À≠à‡ªìπ Combination pH Electrode ´÷ËßÕÕ°·∫∫‰«â
„Àâ –¥«°„π°“√„™âß“π ‚¥¬√«¡ à«π¢Õß Reference electrode ·≈– Glass electrode
¡“Õ¬Ÿà¥â«¬°—π
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Glass electrode À√◊Õ Õ‘‡≈§‚∑√¥µ√«®«—¥ ∑”¥â«¬·°â«™π‘¥æ‘‡»…∑’Ë¬Õ¡„Àâ
‡©æ“–‰Œ‚¥√‡®πÕ‘ÕÕπºà“π  à«π„À≠àÕÕ°·∫∫‡ªìπ√Ÿª°√–‡ª“– ¿“¬„π∫√√®ÿ buffer
‡Õ“‰«â·µà¡’∫“ßª√–‡¿∑‡ªìπ√ŸªÕ◊Ëπ ‡™àπ √Ÿª‡¢Á¡ ∑ÿ°™π‘¥®–‡À¡◊Õπ°—πµ√ß∫√‘‡«≥∑’Ë
‰Œ‚¥√‡®πÕ‘ÕÕπºà“πº‘«·°â«®–∫“ß¡“°  à«π Reference electrode ∑”Àπâ“∑’Ë„Àâ
»—°¬å‰øøÑ“∑’Ë‡°‘¥¢÷Èπ∑’Ë¢—È«µ√«®«—¥‡¥‘π§√∫«ß®√ ‚¥¬ KCl ™π‘¥Õ‘Ë¡µ—«∑’ËÕ¬Ÿà„πÕ‘‡≈§‚∑√¥
Õâ“ßÕ‘ß´÷¡ºà“πÕÕ°¡“‡ªìπ salt bridge ‡™◊ËÕ¡ glass electrode

°“√„™â‡§√◊ËÕß«—¥ pH ¡’§«“¡·µ°µà“ß°—π√–À«à“ßÀ≈“¬∫√‘…—∑·≈–¡’À≈“¬√ÿàπ
 “¡“√∂ªØ‘∫—µ‘µ“¡§Ÿà¡◊Õ«‘∏’°“√„™â¢Õß‡§√◊ËÕßπ—Èπ Õ¬à“ß‰√°Áµ“¡„π∑’Ëπ’È®–°≈à“«∂÷ß¢—ÈπµÕπ
°“√„™â‡§√◊ËÕß«—¥ pH ‚¥¬∑—Ë«‰ª ¥—ßπ’È

1. °«π “√≈–≈“¬∑’ËµâÕß°“√«—¥„Àâ‡ªìπ‡π◊ÈÕ‡¥’¬«°—π°àÕπ°“√«—¥ «‘∏’∑’Ë¥’∑’Ë ÿ¥§◊Õ
„™â magnetic stirrer µ—Èß “√≈–≈“¬∑‘Èß‰«âπ“π‡æ’¬ßæÕ∑’Ë®–„Àâ‡°‘¥°“√ ¡¥ÿ≈∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß

2. ∫—π∑÷°Õÿ≥À¿Ÿ¡‘¢Õß “√≈–≈“¬∑ÿ°§√—Èß °“√«—¥§à“ pH √«¡∑—Èß°“√∑” pH
calibration ∑’ËÕÿ≥À¿Ÿ¡‘‡¥’¬«°—π®–∑”„Àâ§à“ pH ∑’Ë«—¥‰¥â¡’§«“¡∂Ÿ°µâÕß

3. µ—Èß Temperature compensator ∫π‡§√◊ËÕß«—¥ ‡æ◊ËÕ™¥‡™¬Õÿ≥À¿Ÿ¡‘ °√≥’
‡§√◊ËÕß¡◊Õ·∫∫ßà“¬ ®–‰¡à¡’ temperature compensator ¥—ßπ—Èπ §«√«—¥∑’ËÕÿ≥À¿Ÿ¡‘ 20 Ì
À√◊Õ 25 Ì‡´≈‡´’¬  ¡‘©–π—Èπ®–„Àâ§à“°“√«—¥‰¡à∂Ÿ°µâÕß

4. ≈â“ßÕ‘‡≈§‚∑√¥¥â«¬πÈ”°≈—Ëπ ·≈–´—∫πÈ”„Àâ·Àâß¥â«¬°√–¥“…∑‘™™Ÿ µ√«® Õ∫
«à“ glass electrode ·µ° À√◊Õ¡’ ‘Ëß‡®◊Õªπ‡ªóôÕπÀ√◊Õ‰¡à

5. ª√—∫‡∑’¬∫‡§√◊ËÕß¡◊Õ µ—Èß‡§√◊ËÕß¡‘‡µÕ√å‰ª∑’Ë‚À¡¥ çpHé ®ÿà¡Õ‘‡≈§‚∑√¥
≈ß„π “√¡“µ√∞“π∫—ø‡øÕ√å∑’Ë√Ÿâ§à“ pH ª°µ‘§◊Õ pH 7.00 §«∫§ÿ¡°“√ª√—∫‡∑’¬∫„Àâ
Õà“π§à“‰¥â∂Ÿ°µâÕß

6. ‡Õ“Õ‘‡≈§‚∑√¥ÕÕ°®“° “√¡“µ√∞“π∫—ø‡øÕ√å·≈–≈â“ßÕ’°§√—Èß¥â«¬πÈ”°≈—Ëπ
°√≥’‡§√◊ËÕß¡◊Õ·∫∫ßà“¬¡’°“√ª√—∫‡∑’¬∫‡æ’¬ß§à“‡¥’¬« ‡√’¬°«à“ Single point standardization
´÷Ëß “√¡“µ√∞“π∫—ø‡øÕ√å∑’Ë„™âª√—∫‡∑’¬∫ §«√„°≈â‡§’¬ß°—∫§à“ pH ¢Õßµ—«Õ¬à“ß ∂â“‰¡à
„°≈â‡§’¬ß®–∑”„Àâº≈∑’ËÕà“π‰¥â¡’§«“¡º‘¥æ≈“¥ Ÿß ‚¥¬ª°µ‘§à“ pH ¢Õßµ—«Õ¬à“ß∑’Ëπ”¡“«—¥
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§«√Õ¬Ÿà„π™à«ß§à“ “√¡“µ√∞“π∫—ø‡øÕ√å +1.5 pH °√≥’‡§√◊ËÕß¡◊ÕÕ¬à“ß≈–‡Õ’¬¥ ®–¡’°“√
ª√—∫‡∑’¬∫ “√¡“µ√∞“π∫—ø‡øÕ√å 2 §à“ (pH 4 - 7 À√◊Õ pH 7 - 10) ‡√’¬°«à“ Two point
standardization ‡¡◊ËÕ‡§√◊ËÕßª√—∫‡∑’¬∫∑’Ë pH 7.00 ·≈â« ®ÿà¡Õ‘‡≈§‚∑√¥≈ß„π “√≈–≈“¬
¡“µ√∞“πµ—«∑’Ë 2 (pH 4 À√◊Õ pH 10) ∑’ËÕÿ≥À¿Ÿ¡‘‡¥’¬«°—π°—∫ “√¡“µ√∞“π·√° ª√—∫µ—«
§«∫§ÿ¡ slope ®π°√–∑—Ëß‰¥â§à“®√‘ß¢Õß “√¡“µ√∞“π∑’Ë 2 ª°µ‘‡§√◊ËÕß®–· ¥ß % slope
„Àâ∑√“∫ ´÷Ëß§«√Õ¬Ÿà„π™à«ß 80 - 120%

„π°“√ª√—∫‡∑’¬∫·∫∫ 2 ®ÿ¥ ®–‰¡à§√Õ∫§≈ÿ¡™à«ß pH „π°“√„™âß“π ∂â“À“°
ª√—∫‡∑’¬∫¥â«¬ “√¡“µ√∞“π∫—ø‡øÕ√å pH 4 - 7 ºŸâ„™â®– “¡“√∂«—¥µ—«Õ¬à“ß∑’Ë¡’Õ¬Ÿà„π™à«ß
pH ∑’Ë‡ªìπ°√¥ ∂â“µâÕß°“√«—¥µ—«Õ¬à“ß∑’Ë¡’ pH ∑’Ë‡ªìπ¥à“ß §à“∑’ËÕà“π‰¥â®–¡’§«“¡º‘¥æ≈“¥
¥—ßπ—ÈπµâÕßª√—∫‡∑’¬∫„À¡àÕ’°§√—Èß¥â«¬ “√¡“µ√∞“π∫—ø‡øÕ√å pH 7 - 10

7. ‡¡◊ËÕª√—∫‡∑’¬∫‡§√◊ËÕß·≈â« „Àâ«—¥§à“ pH ¢Õßµ—«Õ¬à“ß ≈â“ßÕ‘‡≈§‚∑√¥
√–À«à“ß°“√«—¥·µà≈–§√—Èß ®ÿà¡Õ‘‡≈§‚∑√¥≈ß„πµ—«Õ¬à“ß„Àâπ“πæÕ∑’ËÕà“π§à“ pH ‰¥â§ß∑’Ë

8. À≈—ß®“°‡≈‘°„™âÕ‘‡≈§‚∑√¥·≈â« Õ¬à“ª≈àÕ¬„ÀâÕ‘‡≈§‚∑√¥·Àâß ‡°Á∫ pH
electrode ‰«â„π “√≈–≈“¬ KCl „π∫’°‡°Õ√å À√◊Õ‚¥¬„™â electrode cap ∑’Ë‡µ‘¡¥â«¬
 “√≈–≈“¬ 1.0 ‚¡≈“√å KCl (pH 7.00)

9. ‡ª≈’Ë¬π «‘∑´å meter ‰ª∑’Ë»Ÿπ¬å ·µàÕ¬à“ªî¥°√–· ‰ø ‡§√◊ËÕß«—¥ pH ®–
Õà“π§à“‰¥â§ß∑’Ë ∂â“‡ªî¥‡§√◊ËÕß‰«â

5.3 ‡§√◊ËÕß«—¥§«“¡π”‰øøÑ“

§«“¡π”‰øøÑ“ (Conductivity) ‡ªìπ°“√«—¥§«“¡ “¡“√∂¢ÕßπÈ”∑’Ë®–„Àâ°√–· 
‰øøÑ“‰À≈ºà“π §ÿ≥ ¡∫—µ‘¢âÕπ’È¢÷ÈπÕ¬Ÿà°—∫§«“¡‡¢â¡¢âπ ™π‘¥¢ÕßÕ‘ÕÕπ∑’Ë¡’Õ¬Ÿ„ππÈ” ·≈–
Õÿ≥À¿Ÿ¡‘∑’Ë∑”°“√«—¥πÈ”∑’Ë¡’Õ‘ÕÕπ¢Õß “√µà“ßÊ Õ¬Ÿà §à“§«“¡π”‰øøÑ“‡ªìπ§à“√«¡¢ÕßÕ‘ÕÕπ
∑—ÈßÀ¡¥„ππÈ” §à“π’È‰¡à‰¥â∫Õ°„Àâ∑√“∫∂÷ß™π‘¥¢Õß “√„ππÈ” ∫Õ°·µà‡æ’¬ß«à“¡’°“√‡æ‘Ë¡
À√◊Õ≈¥¢ÕßÕ‘ÕÕπ∑’Ë≈–≈“¬„ππÈ”‡∑à“π—Èπ ‚¥¬∑—Ë«‰ª„ππÈ”∫√‘ ÿ∑∏‘Ï®–¬Õ¡„Àâ°√–· ‰øøÑ“
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‰À≈ºà“ππâÕ¬¡“° ‡√’¬°«à“¡’§«“¡π”‰øøÑ“µË” À√◊Õ¡’§«“¡µâ“π∑“π Ÿß À“°¡’ “√∑’Ë
·µ°µ—«‰¥â„ππÈ”‡æ‘Ë¡¢÷Èπ §à“§«“¡π”‰øøÑ“°Á‡æ‘Ë¡à¢÷Èπ À√◊Õ¡’ “√∑’Ë·µ°µ—«‰¥â„ππÈ”≈¥≈ß
§à“§«“¡π”‰øøÑ“≈¥≈ß µ“√“ß∑’Ë 15 · ¥ß§à“‚¥¬∑—Ë«‰ª¢Õß§«“¡π”‰øøÑ“

µ“√“ß∑’Ë 15 §à“∑—Ë«‰ª¢Õß§«“¡π”‰øøÑ“

µ—«Õ¬à“ß«—¥∑’ËÕÿ≥À¿Ÿ¡‘ 25 Ì‡´≈‡´’¬  §à“§«“¡π”‰øøÑ“ (µµµµµS/cm)

πÈ”∫√‘ ÿ∑∏‘Ï¬‘Ëß¬«¥ 0.055
πÈ”¥◊Ë¡ 50
πÈ”∑–‡≈ 53,000
5% NaOH 223,000
50% NaOH 150,000
10% HCl 700,000
32% HCl 700,000

Àπà«¬«—¥§à“§«“¡π”‰øøÑ“ ¡’Àπà«¬‡ªìπ mho ´÷Ëß‡ªìπ à«π°≈—∫¢Õß§à“§«“¡
µâ“π∑“π (Resistance, R) ‡ªìπ ohms ¥—ßπ—Èπ 1/ohm = 1 mho = 1 Simen (S) = 1,000 mS =
1,000,000 µS

§à“§«“¡π”‰øøÑ“ (K) À“‰¥â‚¥¬§Ÿ≥§à“ observed conductance ¢Õß “√≈–≈“¬
∑’ËÕà“π‰¥â¥â«¬§à“ cell constant, C

Cell constant §◊ÕÕ—µ√“ à«π¢Õß√–¬–∑“ß√–À«à“ßÕ‘‡≈§‚∑√¥ (d) µàÕæ◊Èπ∑’Ë
Àπâ“µ—¥¢ÕßÕ‘‡≈§‚∑√¥ (A) ·µà¡’º≈°√–∑∫¢Õß π“¡√Õ∫Ê æ◊Èπ∑’ËÕ‘‡≈§‚∑√¥¥â«¬ª√‘¡“≥
AR ¥—ßπ—Èπ C=d/(A+AR) ´÷Ëß‰¡à “¡“√∂À“º≈°√–∑∫π’È‡æ◊ËÕ§”π«≥ cell constant ‰¥â ¥—ßπ—Èπ
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À“§à“ cell constant ¢Õß specific cell ‚¥¬‡ª√’¬∫‡∑’¬∫°“√«—¥ “√≈–≈“¬¡“µ√∞“π∑’Ë
√Ÿâ§à“§«“¡π”‰øøÑ“

∂â“Õà“π observed conductance ‰¥â 200 µS ·≈–§à“ cell constant = 0.1/cm
¥—ßπ—Èπ K = 200 µS X 0.1/cm = 20 µS/cm

‡§√◊ËÕß«—¥§à“§«“¡π”‰øøÑ“ª√–°Õ∫¥â«¬
1. ‡§√◊ËÕß«—¥§«“¡π”‰øøÑ“∑’Ëª√–°Õ∫¢÷Èπ‡Õß ‚¥¬„™â‡§√◊ËÕß¡◊Õ∑’Ëª√–°Õ∫¥â«¬

·À≈àß¢Õß°√–·  ≈—∫ ‡™àπ conductivity cell À√◊Õ‡§√◊ËÕß¡◊ÕÕ◊ËπÊ ∑’Ë‡ªìπ —¥ à«π°—∫
°√–·  ≈—∫∑’Ëºà“π cell °—∫§«“¡µà“ß»—°¬å∑’Ëµ√ß¢â“¡

2. ‡§√◊ËÕß«—¥Õÿ≥À¿Ÿ¡‘  “¡“√∂Õà“π‰¥â„°≈â 0.1 Ì‡´≈‡´’¬  ·≈–Õà“π‰¥â„π™à«ß
23 - 27 Ì‡´≈‡´’¬  §«√‡≈◊Õ°«—¥Õÿ≥À¿Ÿ¡‘™π‘¥‰øøÑ“ ‡π◊ËÕß®“°¡’ Thermistor sensing
¢π“¥‡≈Á°∑”„ÀâÕà“π§à“‰¥â√«¥‡√Á«

3. Conductivity cell ¡’ 2 ™π‘¥ §◊Õ
3.1 Platinum-electrode type : conditivity cell ™π‘¥π’È¡’∑—Èß·∫∫ªî‡ªµ

À√◊Õ·∫∫®ÿà¡ °“√‡≈◊Õ°¢÷ÈπÕ¬Ÿà°—∫™à«ß conductivity ∑’ËµâÕß°“√«—¥ ·≈–™à«ß resistance
¢Õß‡§√◊ËÕß¡◊Õ‡æ◊ËÕ„Àâ·πà„®«à“‡§√◊ËÕß¡◊ÕÕ¬Ÿà„π ¿“æ∑’Ë¥’æ√âÕ¡∑’Ë®–„™â §«√∑”°“√µ√«®
™à«ßπ’È ‚¥¬°“√‡ª√’¬∫‡∑’¬∫º≈∑’Ë«—¥‰¥â®“°‡§√◊ËÕß¡◊Õ°—∫§à“ conductance ®√‘ßÊ ¢Õß
 “√≈–≈“¬ KCl

3.2 Nonplatinum-electrode type : conductivity cell ™π‘¥π’Èª√–°Õ∫¥â«¬
Õ‘‡≈§‚∑√¥´÷Ëß∑”®“°‚≈À–∏√√¡¥“∑’Ë¡’§«“¡∑π∑“π ‡™àπ ‡À≈Á°‰√â π‘¡ ¡—°„™â·æ√àÀ≈“¬
 ”À√—∫°“√«—¥∑’ËµàÕ‡π◊ËÕß·≈–„π¿“§ π“¡
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√Ÿª∑’Ë 8 ‡§√◊ËÕß«—¥§«“¡π”‰øøÑ“

„π∑“ßªØ‘∫—µ‘®–µâÕß∑”°“√ª√—∫‡∑’¬∫ (calibrate) conductivity cell °àÕπ∑’Ë®–
„™â«—¥µ—«Õ¬à“ß‡æ◊ËÕÀ“§à“ cell constant ‚¥¬«—¥§à“§«“¡µâ“π∑“π (R) ¢Õß “√¡“µ√∞“π
ª°µ‘„™â 0.01 ‚¡≈“√å KCl ´÷Ëß¡’§à“ specific conductance 1413 µmhos/cm ∑’Ë 25 Ì‡´≈‡´’¬ 

§”π«≥ cell constant ®“° Ÿµ√
C = K

KCl
 x R

KCl
 = 1413 x R

KCl
 ∑’Ë 25 Ì‡´≈‡´’¬ 

®“°π’ÈÀ“§à“§«“¡π”‰øøÑ“¢Õßµ—«Õ¬à“ß‚¥¬«—¥§à“§«“¡µâ“π∑“π„π cell ·≈â«
·∑π§à“„π Ÿµ√ §à“§«“¡π”‰øøÑ“, K = C/R ‡π◊ËÕß®“° §à“§«“¡π”‰øøÑ“¢÷Èπ°—∫Õÿ≥À¿Ÿ¡‘
¥—ßπ—Èπ§«√∑”°“√«—¥§à“§«“¡π”‰øøÑ“¢Õß “√¡“µ√∞“π·≈–µ—«Õ¬à“ß∑’ËÕÿ≥À¿Ÿ¡‘‡¥’¬«°—π
·µà‡π◊ËÕß®“°§à“§«“¡π”‰øøÑ“¡—°√“¬ß“πº≈∑’Ë 25 Ì‡´≈‡´’¬  ¥—ßπ—Èπ„π°“√‡ª≈’Ë¬π§à“
§«“¡π”‰øøÑ“¢Õßµ—«Õ¬à“ß∑’Ë∑”°“√«—¥∑’ËÕÿ≥À¿Ÿ¡‘Õ◊Ëπ„π™à«ß 0 - 30 Ì‡´≈‡´’¬  ¡“‡ªìπ∑’Ë
25 Ì‡´≈‡´’¬  µâÕßÀ“·ø§‡µÕ√å¡“§Ÿ≥ ´÷Ëß‰¥â®“°°“√„™â 0.01 ‚¡≈“√å KCl ‡ªìπÀ≈—° ‡™àπ
∂â“∑’ËÕÿ≥À¿Ÿ¡‘ 30 Ì‡´≈‡´’¬  °Á„™â 0.90 §Ÿ≥ À√◊Õ∑’Ë 20 Ì‡´≈‡´’¬  °Á„™â 1.10 §Ÿ≥ ‡ªìπµâπ
ªí®®ÿ∫—π‡§√◊ËÕß¡◊Õ«—¥§à“§«“¡π”‰øøÑ“®–¡’«‘∏’°“√ª√—∫§à“ cell constant ·≈–°“√™¥‡™¬
Õÿ≥À¿Ÿ¡‘‚¥¬Õ—µ‚π¡—µ‘
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