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Arsenic adsorption of lateritic soil, limestone powder, lime and fly ash
on arsenic-contaminated soil
Songklanakarin J. Sci. Technol., May 2007, 29(Suppl. 2) : 401-411

Arsenic adsorption efficiency of soil covering materials (lateritic soil, limestone powder, lime and   fly
ash) on arsenic-contaminated soil obtained from Ronpiboon District, Nakhon Sri Thammarat Province to
solve arsenic air pollution problem was investigated using batch experiments. The four types of the afore-
mentioned soil covering materials were examined to determine their arsenic adsorption efficiency, equili-
brium time as well as adsorption isotherms.

The results revealed that among soil covering materials mixed with arsenic-contaminated soil at
10% w/w, the efficiency of arsenic adsorption of fly ash, lateritic soil, lime and limestone powder were 84, 60,
38 and 1% respectively. The equilibrium time for lateritic soil at pH 4 was achieved  within 4 hrs, whereas
pH 7 and 12, the equilibrium time was 6 hrs. For fly ash, 2 hrs were required to reach the equilibrium at pH
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12, while the equilibrium time was attained within 6 hrs at pH 4 and 7. Furthermore, lateritic soil possessed
high arsenic adsorption efficiency at pH 7 and 4 and best fit with the Langmuir isotherm. The fly ash show-
ing high arsenic adsorption efficiency at pH 12 and 7 fit the Freundlich isotherm at pH 12 and Langmuir
isotherm at pH 7.

This indicated that lateritic soil was suitable for arsenic adsorption at low pH, whilst at high pH,
arsenic was well adsorbed by fly ash. The Freundlich and Langmuir isotherm could be used to determine
quantities of soil covering materials for arsenic adsorption to prevent arsenic air pollution from arsenic-
contaminated soils.

Key words : arsenic, soil covering materials, contamination, adsorption, isotherm
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°“√»÷°…“π’È‡ªìπ°“√À“ª√– ‘∑∏‘¿“æ¢Õß¥‘π≈Ÿ°√—ß À‘πªŸπΩÿÉπ ªŸπ¢“« ·≈–‡∂â“≈Õ¬ „π°“√¥Ÿ¥´—∫ “√ÀπŸ∑’Ë

ªπ‡ªóôÕπ„π¥‘π®“° Õ.√àÕπæ‘∫Ÿ≈¬å ®.π§√»√’∏√√¡√“™ ‡æ◊ËÕ≈¥º≈°√–∑∫¢Õß “√ÀπŸ∑’Ë – ¡Õ¬Ÿà„π¥‘π‰¡à„ÀâøÿÑß°√–®“¬

ÕÕ° ŸàÕ“°“» ‚¥¬„™â°“√∑¥≈Õß·∫∫·∫∑™å ‡æ◊ËÕÀ“ª√– ‘∑∏‘¿“æ„π°“√¥Ÿ¥´—∫ “√ÀπŸ¢Õß«— ¥ÿ∑—Èß 4 ™π‘¥ ·≈–À“‡«≈“

∑’Ë‡¢â“ Ÿà ¿“«– ¡¥ÿ≈ µ≈Õ¥®π‰Õ‚´‡∑Õ¡¢Õß°“√¥Ÿ¥´—∫

º≈°“√»÷°…“æ∫«à“‡¡◊ËÕ„™âÕ—µ√“ à«π°“√º ¡√–À«à“ß«— ¥ÿ§≈ÿ¡¥‘π·≈–¥‘π‡À¡◊Õß·√à∑’Ë 10% w/w ª√– ‘∑∏‘¿“æ

¢Õß«— ¥ÿ§≈ÿ¡¥‘π„π°“√¥Ÿ¥´—∫ “√ÀπŸ®“°¡“°‰ªÀ“πâÕ¬¥—ßπ’È  ‡∂â“≈Õ¬  ¥‘π≈Ÿ°√—ß  ªŸπ¢“«  ·≈–À‘πªŸπΩÿÉπ  ‚¥¬¡’

ª√– ‘∑∏‘¿“æ 84% 60% 38% ·≈– 1% µ“¡≈”¥—∫  ·≈–®“°°“√»÷°…“‡«≈“∑’Ë‡¢â“ Ÿà ¿“«– ¡¥ÿ≈¢Õß¥‘π≈Ÿ°√—ßæ∫«à“

∑’Ëæ’‡Õ™ 4 ®–‡¢â“ Ÿà ¿“«– ¡¥ÿ≈¿“¬„π‡«≈“ 4 ™—Ë«‚¡ß   à«π∑’Ëæ’‡Õ™ 7 ·≈– 12 „™â‡«≈“ 6 ™—Ë«‚¡ß   ”À√—∫‡∂â“≈Õ¬∑’Ë

æ’‡Õ™ 12 ®–‡√‘Ë¡‡¢â“ Ÿà ¿“«– ¡¥ÿ≈¿“¬„π‡«≈“ 2 ™—Ë«‚¡ß   à«π∑’Ëæ’‡Õ™ 4 ·≈– 7 ®–„™â‡«≈“ 6 ™—Ë«‚¡ß  πÕ°®“°π—Èπ

æ∫«à“¥‘π≈Ÿ°√—ß¡’ ¡¥ÿ≈¢Õß°“√¥Ÿ¥´—∫ Ÿß ÿ¥∑’Ëæ’‡Õ™ 7 ·≈– 4 ·≈–≈—°…≥–°“√¥Ÿ¥´—∫‡ªìπ·∫∫ Langmuir   à«π

‡∂â“≈Õ¬¡’ ¡¥ÿ≈¢Õß°“√¥Ÿ¥´—∫ Ÿß ÿ¥∑’Ëæ’‡Õ™ 12 ·≈– 7 ·≈–≈—°…≥–°“√¥Ÿ¥´—∫∑’Ëæ’‡Õ™ 12 ‡ªìπ·∫∫ Freundlich ·≈–

æ’‡Õ™ 7 ‡ªìπ·∫∫ Langmuir

®“°º≈°“√«‘®—¬∫àß™’È‰¥â«à“ ¥‘π≈Ÿ°√—ß¡’§«“¡‡À¡“– ¡„π°“√π”‰ª„™â¥Ÿ¥´—∫ “√ÀπŸ‰¥â¥’„π ¿“«–∑’Ë¡’æ’‡Õ™µË”

 à«π‡∂â“≈Õ¬¡’§«“¡‡À¡“– ¡„π°“√π”‰ª„™â¥Ÿ¥ —́∫ “√ÀπŸ‰¥â¥’„π ¿“«–∑’Ë¡’æ’‡Õ™ Ÿß πÕ°®“°π’È‰Õ‚´‡∑Õ¡ (Isotherm)

¢Õß Langmuir ·≈– Freundlich  “¡“√∂π”‰ª„™â„π°“√§”π«≥ª√‘¡“≥«— ¥ÿ§≈ÿ¡¥‘π∑’Ë®–„™â„π°“√ªÑÕß°—π°“√øÿÑß

°√–®“¬¢Õß “√ÀπŸ„π¥‘π∑’Ëªπ‡ªóôÕπ “√ÀπŸ ŸàÕ“°“»‰¥â

 “√ÀπŸÀ“°¡’°“√ªπ‡ªóôÕπ„π ‘Ëß·«¥≈âÕ¡¡“°‡°‘π
¡“µ√∞“π∑’Ë°”Àπ¥‰«â Õ“®°àÕ„Àâ‡°‘¥æ‘…µàÕ¡πÿ…¬å ∑—Èß‚¥¬∑“ß
µ√ß·≈–∑“ßÕâÕ¡ ¥—ß‡™àπ ∫√‘‡«≥ µ.√àÕπæ‘∫Ÿ≈¬å Õ.√àÕπæ‘∫Ÿ≈¬å
®.π§√»√’∏√√¡√“™  ´÷Ëß‡§¬¡’°“√∑”‡À¡◊Õß·√à¥’∫ÿ°  ∑”„Àâ¡’
‡»…·√àÕ“√å‡´‚π‰æ‰√¥å (Arsenopyrite) ª–ªπ„π¥‘π·≈–
·À≈àßπÈ”  πÕ°®“°π’È¬—ßæ∫«à“ “√ÀπŸ∑’Ëªπ‡ªóôÕπÕ¬Ÿà„π¥‘π
∫√‘‡«≥‡À¡◊Õß·√à·≈–∫√‘‡«≥∑’Ë‡§¬∑‘Èß°“°·√à¡’°“√‡§≈◊ËÕπ∑’Ë Ÿà
º‘«¥‘π·≈– “¡“√∂ªπ‡ªóôÕπ‰ª ŸàÕ“°“»‚¥¬√Õ∫„π√Ÿª¢ÕßΩÿÉπ

≈–ÕÕß ‡π◊ËÕß®“°æ◊Èπ∑’Ë‡À≈à“π—Èπ‰¡à¡’æ◊™À√◊Õ ‘Ëßª°§≈ÿ¡æ◊Èπº‘«
¥‘π„π™à«ßƒ¥Ÿ·≈âß ‡¡◊ËÕº‘«¥‘π·Àâß·≈–¡’≈¡æ—¥ºà“π Õπÿ¿“§
¥‘π∑’Ë¡’ “√ÀπŸªπ‡ªóôÕπ‡À≈à“π’È®–∂Ÿ°≈¡æ—¥æ“·≈–øÿÑß°√–®“¬
‰ª∑—Ë« ∫“ß à«π “¡“√∂µ°≈ß∫πÀ≈—ß§“ ·≈–‡¡◊ËÕΩπµ°ΩÿÉπ
 “√ÀπŸ∑’Ë – ¡Õ¬Ÿà∫πÀ≈—ß§“®–∂Ÿ°™–≈â“ß≈ß¡“¬—ß¿“™π–‡°Á∫
πÈ”Ωπ ∑”„ÀâπÈ”Ωπ¡’°“√ªπ‡ªóôÕπ “√ÀπŸ¥â«¬  πÕ°®“°π’È
 “√ÀπŸ∑’Ëªπ‡ªóôÕπÕ¬Ÿà„πÕ“°“»  ¥‘π ·≈–πÈ”Ωπ  “¡“√∂·æ√à
‡¢â“ Ÿà√à“ß°“¬ª√–™“™π„π∫√‘‡«≥ µ.√àÕπæ‘∫Ÿ≈¬å ·≈–Õ“®°àÕ
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„Àâ‡°‘¥§«“¡‡ ’Ë¬ß√«¡µàÕ°“√‡°‘¥‚√§¡–‡√Áß‰¥â (°‘µµ‘¬“, 2542)
´÷Ëß°“√ªπ‡ªóôÕπ¢Õß “√ÀπŸ¥—ß°≈à“«  ¡’·À≈àß∑’Ë¡“∑’Ë “¡“√∂
√–∫ÿ‰¥â 2 ∫√‘‡«≥ §◊Õ (1) æ◊Èπ∑’Ë∑’Ëºà“π°“√∑”‡À¡◊Õß·√à¥’∫ÿ°
∫π‡¢“√àÕππ“- √«ß®—π∑√å ·≈–‚√ß·µàß·√à ´÷Ëß¡’°Õß°“°·√à
 “√ÀπŸ∑’Ë‡°‘¥®“°°“√·¬°·√à®–¡’ “√ÀπŸ‡®◊Õªπ Ÿß 1-30%
°Õß°“°·√à‡À≈à“π’È∂Ÿ°∑‘Èß‰«â„π 7 ∫√‘‡«≥ §‘¥‡ªìπª√‘¡“≥√«¡
ª√–¡“≥ 2,500 ≈∫.‡¡µ√ ·≈– (2) æ◊Èπ∑’Ë√“∫µ–°Õπ‡™‘ß
‡¢“·≈–µ–°ÕππÈ”æ“  ´÷Ëß¡’ “√ÀπŸªπ‡ªóôÕπ„π√–¥—∫ Ÿß°«à“
50 ¡°./°°. ∂÷ß 80% ¢Õßæ◊Èπ∑’Ë ”√«® ·≈–¬—ßæ∫«à“æ◊Èπ∑’Ë∑’Ë
¡’§«“¡‡ ’Ë¬ß ŸßµàÕ°“√‰¥â√—∫ “√ÀπŸ‡¢â“ Ÿà√à“ß°“¬¢Õßª√–™“™π
„π µ.√àÕπæ‘∫Ÿ≈¬å Õ. √àÕπæ‘∫Ÿ≈¬å §◊Õ À¡Ÿà∑’Ë 1, 2, 12 ·≈–
13 πÕ°®“°π’È§«“¡‡ ’Ë¬ßµàÕ°“√‰¥â√—∫ “√ÀπŸ ‡°‘¥®“°°“√∑”
°‘®°√√¡„π∫√‘‡«≥∑’Ë¡’ΩÿÉπ “√ÀπŸ °“√ —¡º— ¥‘π‚¥¬µ√ß ·≈–
°“√¥◊Ë¡πÈ”Ωπ∑’Ë¡’ “√ÀπŸªπ‡ªóôÕπ (Õπß§å, 2540 ·≈–°‘µµ‘¬“,
2542) ¥—ßπ—ÈπÀ“°¡’¡“µ√°“√‡æ◊ËÕªÑÕß°—π°“√·æ√à°√–®“¬
¢Õß “√ÀπŸ„π¥‘π‰¡à„Àâ‡§≈◊ËÕπ∑’Ë¢÷Èπ Ÿàº‘«¥‘π·≈–°≈“¬‡ªìπΩÿÉπ
∑’Ë¡’ “√ÀπŸªπ‡ªóôÕπ °ÁÕ“®‡ªìπ·π«∑“ßÀπ÷Ëß„π°“√ªÑÕß°—π
·≈–·°â‰¢º≈°√–∑∫ √«¡∂÷ß≈¥§«“¡‡ ’Ë¬ßµàÕ°“√‰¥â√—∫ “√ÀπŸ
‡¢â“ Ÿà√à“ß°“¬¢Õßª√–™“™π‰¥â

ß“π«‘®—¬π’È®÷ß‡πâπ°“√»÷°…“ª√– ‘∑∏‘¿“æ¢Õß«— ¥ÿ§≈ÿ¡
¥‘π ´÷Ëß‰¥â·°à ¥‘π≈Ÿ°√—ß À‘πªŸπΩÿÉπ ªŸπ¢“« ·≈–‡∂â“≈Õ¬ „π
°“√¥Ÿ¥´—∫ “√ÀπŸ ·≈–∂â“æ∫«à“«— ¥ÿ™π‘¥„¥¡’§«“¡ “¡“√∂„π
°“√¥Ÿ¥´—∫ “√ÀπŸ‰¥â¥’ ·≈â«®–∂Ÿ°π”‰ª„™â§«∫§ÿ¡°“√‡§≈◊ËÕπ∑’Ë
¢Õß “√ÀπŸ Ÿàº‘«¥‘π‚¥¬°“√µ√÷ß “√ÀπŸ‰«â°—∫¥‘π‡æ◊ËÕªÑÕß°—π
°“√ªπ‡ªóôÕπ‰ª ŸàÕ“°“»·≈– ‘Ëß·«¥≈âÕ¡‚¥¬√Õ∫„π√Ÿª¢ÕßΩÿÉπ
≈–ÕÕß

«‘∏’°“√∑¥≈Õß

°“√‡°Á∫·≈–‡µ√’¬¡µ—«Õ¬à“ß¥‘π

‡°Á∫µ—«Õ¬à“ß¥‘π∑’Ë¡’ “√ÀπŸªπ‡ªóôÕπ®“°∫√‘‡«≥‚√ß
·µàß·√à‡°à“ Õ.√àÕπæ‘∫Ÿ≈¬å  ·≈–¥‘π≈Ÿ°√—ß®“°∫àÕ°”π—π¢«¥
Õ.™–Õ«¥ ®.π§√»√’∏√√¡√“™  ‚¥¬∑”°“√ ÿà¡‡°Á∫µ—«Õ¬à“ß¥‘π
·∫∫ composite sample  ®“°º‘«¥‘π®π∂÷ß√–¥—∫§«“¡≈÷°
30 ´¡. ¡“À≈“¬Ê ®ÿ¥ ·≈â«¡“º ¡°—π ·≈–‡°Á∫‡∂â“≈Õ¬¡“
®“°‡µ“‡º“¢¬–®—ßÀ«—¥¿Ÿ‡°Áµ π”µ—«Õ¬à“ß¥‘π‡À¡◊Õß·√à·≈–¥‘π
≈Ÿ°√—ß¡“º÷Ëß≈¡®π·Àâß  à«πÀ‘πªŸπΩÿÉπ ªŸπ¢“«·≈–‡∂â“≈Õ¬
π”‰ªÕ∫∑’Ë 103-105oC ‡ªìπ‡«≈“ 24 ™¡.  ®“°π—Èππ”

µ—«Õ¬à“ß¡“∫¥·≈â«√àÕπºà“πµ–·°√ß¢π“¥√Ÿ‡ªî¥ 2 ¡¡. ‡°Á∫
 à«π∑’Ëºà“πµ–·°√ß (¢π“¥‡≈Á°°«à“ 2 ¡¡.) ‰«â„π¿“™π–
polyethylene ‡æ◊ËÕªÑÕß°—π°“√ªπ‡ªóôÕπ®π°«à“®–∑”°“√
«‘‡§√“–Àåæ’‡Õ™ (¥‘π : πÈ” = 1:5)  §à“§«“¡π”‰øøÑ“ (¥‘π :
πÈ” = 1:5)  ª√‘¡“≥ “√Õ‘π∑√’¬å (Walkley & Black
Method) ª√‘¡“≥‡À≈Á°∑—ÈßÀ¡¥·≈–ª√‘¡“≥·§≈‡ ’́¬¡∑—ÈßÀ¡¥
«‘‡§√“–Àåµ“¡¡“µ√∞“π¢Õß Method of Soil Analysis
·≈â««—¥ª√‘¡“≥‚¥¬„™â flame atomic absorption spectro-
photometer (FAAS) ¢Õß Varian √ÿàπ Spectra 220,
Australia (Klute, 1986 and Page et al., 1982)   à«π
ª√‘¡“≥ “√ÀπŸ∑—ÈßÀ¡¥«‘‡§√“–Àåµ“¡ method 200.9 ¢Õß
US.EPA ´÷Ëß °—¥‚¥¬„™â (1+1) HNO

3
 : (1+4) HCl

‡∑à“°—∫ 4 : 10 ·≈â«π”‰ª√’ø≈—°´å∑’ËÕÿ≥À¿Ÿ¡‘ 95oC ‡ªìπ‡«≈“
30 π“∑’ ª≈àÕ¬„Àâ‡¬Áπ·≈â«ª√—∫ª√‘¡“µ√„Àâ‰¥â 100 ¡≈. °√Õß
¥â«¬°√–¥“…°√Õß‡∫Õ√å 42 ·≈â«π”πÈ” à«π„ ‰ª«—¥ª√‘¡“≥
 “√ÀπŸ∑—ÈßÀ¡¥¥â«¬ graphite furnace atomic absorption
spectrophotometer (GFASS) ¢Õß PerkinElmer √ÿàπ
Optima 2000 DV, USA (Creed et al., 1994)

°“√»÷°…“ª√– ‘∑∏‘¿“æ°“√¥Ÿ¥ —́∫ “√ÀπŸ¥â«¬«— ¥ÿ§≈ÿ¡¥‘π

°“√«“ß·ºπ°“√∑¥≈Õß®–„™â («— ¥ÿ§≈ÿ¡¥‘π + ¥‘π
‡À¡◊Õß·√à) : πÈ” = 1 : 4 ¥—ß Table 1  ·≈–°”Àπ¥„Àâ
Õ—µ√“ à«π°“√º ¡√–À«à“ß«— ¥ÿ§≈ÿ¡¥‘π·µà≈–™π‘¥ ·≈–¥‘π
‡À¡◊Õß·√à‡ªìπ¥—ßπ’È§◊Õ  2  4  6  8  ·≈– 10 (%w/w) ·≈â«
‡µ‘¡πÈ”°≈—Ëπ 100 ¡≈.  π”‰ª‡¢¬à“ 48 ™¡.  ®“°π—Èπ°√Õß
¥â«¬·ºàπ°√Õß GF/C π”πÈ” à«π„ ‰ª«‘‡§√“–Àåæ’‡Õ™  §à“
§«“¡π”‰øøÑ“ ª√‘¡“≥ “√Õ‘π∑√’¬å ª√‘¡“≥‡À≈Á° ª√‘¡“≥
·§≈‡´’¬¡ ·≈–ª√‘¡“≥ “√ÀπŸ ‡æ◊ËÕÀ“ª√– ‘∑∏‘¿“æ¢Õß«— ¥ÿ
§≈ÿ¡¥‘π∑—Èß 4 ™π‘¥„π°“√¥Ÿ¥´—∫ “√ÀπŸ ∑—Èßπ’È‡æ◊ËÕ§—¥‡≈◊Õ°
«— ¥ÿ§≈ÿ¡¥‘π∑’Ë¡’ª√– ‘∑∏‘¿“æ Õß™π‘¥‡æ◊ËÕ„™â„π°“√∑¥≈Õß
¢—ÈπµàÕ‰ª

°“√»÷°…“√–¬–‡«≈“ —¡º— ‡æ◊ËÕ‡¢â“ Ÿà ¿“«– ¡¥ÿ≈¢Õß°“√

¥Ÿ¥´—∫ “√ÀπŸ

®“°º≈°“√»÷°…“§«“¡ “¡“√∂„π°“√¥Ÿ¥ —́∫¢Õß “√
ÀπŸ∫π«— ¥ÿ§≈ÿ¡¥‘π™π‘¥µà“ßÊ  ∑”„Àâ∑√“∫«à“¥‘π≈Ÿ°√—ß·≈–
‡∂â“≈Õ¬ ¡’ª√– ‘∑∏‘¿“æ Ÿß„π°“√¥Ÿ¥´—∫ “√ÀπŸ ¥—ßπ—Èπ®÷ß„™â
¥‘π≈Ÿ°√—ß·≈–‡∂â“≈Õ¬¡“∑”°“√»÷°…“‚¥¬°“√∑¥≈Õß ‰¥â„™â
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ª√‘¡“≥«— ¥ÿ§≈ÿ¡¥‘π 2 °√—¡/ “√≈–≈“¬ “√ÀπŸ 50 ¡≈.
(§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ “√ÀπŸ (Na

2
HAsO

4
.7H

2
O)

‡∑à“°—∫ 100 ¡°. “√ÀπŸ/≈‘µ√)  ·≈–‡µ‘¡‚´‡¥’¬¡§≈Õ‰√¥å
(NaCl) 0.05 ‚¡≈“√å  ‡æ‘Ë¡ ionic strength  ‡æ◊ËÕ∑”„Àâ
 “√≈–≈“¬∑’Ë „™â∑¥≈Õß¡’ ¡∫—µ‘∑“ß‡§¡’„°≈â‡§’¬ß°—∫πÈ”∑’ËÕ¬Ÿà „π
™àÕß«à“ß¢Õß‡¡Á¥¥‘πµ“¡∏√√¡™“µ‘ (Mopoung and Thavorn-
yutikarn, 2004) ·≈–∑”°“√∑¥≈Õß∑’Ë æ’‡Õ™ 4 7 ·≈– 12
(± 0.05)  ∑”°“√∑¥≈Õß 3 ´È”  π”‰ª‡¢¬à“¿“¬„µâÕÿ≥À¿Ÿ¡‘
25oC ·≈–‡°Á∫µ—«Õ¬à“ßµ“¡‡«≈“∑’Ë°”Àπ¥‰«â ‡ªìπ√–¬–‡«≈“
µ—Èß·µà 0-24 ™¡.  ®“°π—Èππ”µ—«Õ¬à“ß∑’Ë‡¢¬à“·≈â«‰ª∑”°“√
‡À«’Ë¬ß∑’Ë§«“¡‡√Á« 16,000 √Õ∫/π“∑’ ‡ªìπ‡«≈“ 10 π“∑’
(Pierce and Moore, 1980)  ·≈â«π”µ—«Õ¬à“ßπÈ” à«π„ 
‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥ “√ÀπŸ‚¥¬«‘∏’ colorimetry molyb-
denum blue (Johnson and Pilson, 1972)

°“√»÷°…“§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫¢Õß “√ÀπŸ∫π«— ¥ÿ

§≈ÿ¡¥‘π

„™âª√‘¡“≥«— ¥ÿ§≈ÿ¡¥‘π 2 °√—¡/ “√≈–≈“¬ “√ÀπŸ 50
¡≈. ´÷Ëß¡’§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬ “√ÀπŸ (Na

2
HAsO

4
.

7H
2
O) ‡√‘Ë¡µâπ‡∑à“°—∫ 25 50 100 150 ·≈– 200 ¡°.

 “√ÀπŸ/≈. ∑”°“√∑¥≈Õß∑’Ë æ’‡Õ™ 4, 7 ·≈– 12 (± 0.05)
∑”°“√∑¥≈Õß 3 ´È” π”‰ª‡¢¬à“¿“¬„µâÕÿ≥À¿Ÿ¡‘ 25oC ‡ªìπ
‡«≈“ 24 ™¡. ®“°π—Èππ”µ—«Õ¬à“ß∑’Ë‡¢¬à“·≈â«‰ª∑”°“√‡À«’Ë¬ß
∑’Ë§«“¡‡√Á« 16,000 √Õ∫/π“∑’ ‡ªìπ‡«≈“ 10 π“∑’ ·≈â«π”
µ—«Õ¬à“ßπÈ” à«π„ ‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥ “√ÀπŸ ‚¥¬«‘∏’
colorimetry molybdenum blue (Johnson and Pilson,
1972)

º≈°“√∑¥≈Õß·≈–«‘®“√≥å

º≈°“√»÷°…“ ¡∫—µ‘¢Õß¥‘π‡À¡◊Õß·√à·≈–«— ¥ÿ§≈ÿ¡¥‘π

µ—«Õ¬à“ß¢Õß¥‘π‡À¡◊Õß·√à∑’Ëπ”¡“»÷°…“ (Table 2) ¡’
ª√‘¡“≥∑—ÈßÀ¡¥¢Õß “√ÀπŸ·≈–‡À≈Á° Ÿß¡“°‡π◊ËÕß®“°‡ªìπ
µ—«Õ¬à“ß¥‘π‡À¡◊Õß·√à∑’Ëπ”¡“®“°∫√‘‡«≥‚√ß·µàß·√à‡°à“ ‚¥¬
 “√ÀπŸ∑’Ëæ∫Õ¬Ÿà‡ªìπº≈®“°°“√ ≈“¬µ—«¢Õß·√àÕ“√å‡´‚π‰æ‰√¥å
µ—«Õ¬à“ß¥‘ππ’È®÷ß “¡“√∂„™â‡ªìπµ—«·∑π¢Õß¥‘π‡À¡◊Õß·√à∑’Ëæ∫
Õ¬Ÿà∑—Ë«‰ª„πÕ.√àÕπæ‘∫Ÿ≈¬å ‰¥â   ·≈–‡ªìπ∑’Ëπà“ —ß‡°µ«à“¥‘π
‡À¡◊Õß·√àπ’È¡’§à“æ’‡Õ™‡∑à“°—∫ 7.60 ´÷Ëß‰¡à‡ªìπ°√¥µ“¡∑’Ë§“¥
«à“®–æ∫Õ¬Ÿà „π¥‘π‡À¡◊Õß·√à∑—Ë«‰ª  ∑’Ë¡’°“√ªπ‡ªóôÕπ¢Õß·√à
Õ“√å‡´‚π‰æ‰√¥å·≈–°“√∑’Ëæ’‡Õ™¢Õß¥‘π‡æ‘Ë¡ Ÿß¢÷Èππ’È Õ“®‡π◊ËÕß
¡“®“°„π¿“§„µâ¡’Õ“°“»√âÕπ™◊Èπ·≈–Ωπµ°™ÿ°  ‡¡◊ËÕ¥‘π
‡À¡◊Õß·√à∂Ÿ°πÈ”Ωπ™–≈â“ß‡ªìπ√–¬–‡«≈“π“πÀ≈“¬Ê ªï
‰Œ‚¥√‡®π‰ÕÕÕπ∑’ËÕ¬Ÿà „π¥‘π®–∂Ÿ°™–≈â“ßÕÕ°‰ª®“°Àπâ“µ—¥
¥‘π∑”„Àâæ’‡Õ™¢Õß¥‘π Ÿß¢÷Èπ  ”À√—∫¥‘π≈Ÿ°√—ß¡’§à“æ’‡Õ™‡∑à“°—∫
5.02 ‡¡◊ËÕ„ à≈ß„π¥‘π‡À¡◊Õß·√à ®–∑”„Àâ¥‘π‡À¡◊Õß·√à¡’æ’‡Õ™
≈¥≈ß ·≈–¥‘π≈Ÿ°√—ß¬—ß¡’§à“§«“¡π”‰øøÑ“µË”  πÕ°®“°π—Èπ
ª√‘¡“≥‡À≈Á°∑’Ë¡’Õ¬Ÿà Ÿß®–∑”„Àâ “¡“√∂¥Ÿ¥´—∫ “√ÀπŸ∑’Ëªπ
‡ªóôÕπ„π¥‘π‰¥â¡“°¢÷Èπ ( ÿ√æ≈, 2531)    ”À√—∫À‘πªŸπΩÿÉπ
ªŸπ¢“«·≈–‡∂â“≈Õ¬  πÕ°®“°®–¡’ª√‘¡“≥·§≈‡ ’́¬¡Õ¬Ÿà Ÿß
¡“° ¬—ß¡’æ’‡Õ™·≈–§à“§«“¡π”‰øøÑ“ Ÿß   ‡¡◊ËÕ„ à≈ß„π¥‘π
‡À¡◊Õß·√à®–¡’º≈∑”„Àâ¥‘π‡À¡◊Õß·√à¡’æ’‡Õ™ Ÿß¡“° ‡ªìπº≈
∑”„Àâ¥‘π¡’ ¡∫—µ‘‰¡à‡À¡“– ¡Õ¬à“ß¬‘Ëß ”À√—∫°“√ª≈Ÿ°æ◊™§≈ÿ¡
¥‘π∑’Ë®–∂Ÿ°π”¡“„™â‡æ◊ËÕªÑÕß°—π°“√øÿÑß°√–®“¬¢Õß¥‘π∑’Ë¡’ “√
ÀπŸªπ‡ªóôÕπ

Table 1. The experimental design for the determination of arsenic adsorption efficiency
of soil covering materials (4 types)

Treatment                                   Treatment Description

1 As contaminated soil (25 g) + deionized water (100 ml)
2 (Lateritic soil+ As contaminated soil)* 25 g + deionized water (100 ml)
3 (Limestone powder + As contaminated soil)* 25 g + deionized water (100 ml)
4 (Lime+ As contaminated soil)* 25 g + deionized water (100 ml)
5 (Fly ash+ As contaminated soil)* 25 g + deionized water (100 ml)

Note : * The amounts of soil covering materials in the As contaminated soil were 2, 4, 6, 8 and 10%
(w/w) for each treatment.
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Table 2. The  chemical properties of arsenic - contaminated soil collected from Ronpiboon District,
Nakhon Si Thammarat Province and soil covering materials.

      Parameters As-contaminated soil Lateritic soil Limestone Lime Fly ash
powder

pH   7.60±0.03   5.02±0.06     8.98±0.02 12.58±0.02 12.10±0.02
Electric Conductivity      74±3.26      20±0.53      156±0.49     9,850±179.69  38,366±880.66
  (µs/cm)
Organic Matter (%)   0.56±0.01   0.58±0.01     4.14±0.06  18.27±0.15   4.99±0.11
Total  As  (mg/kg)      78±0.23      21±0.07        13±0.03       17±0.04      13±0.12
Total  Fe  (mg/kg) 3,504±8.73 15,391±80.98        20±1.81         1±0.24   3,871±11.00
Total Ca (mg/kg)    278±2.47      52±0.62 101,135±79.60 112,542±79.05 75,804±73.00

º≈°“√»÷°…“ª√– ‘∑∏‘¿“æ°“√¥Ÿ¥´—∫ “√ÀπŸ¥â«¬«— ¥ÿ§≈ÿ¡

¥‘π

º≈°“√»÷°…“«— ¥ÿ§≈ÿ¡¥‘π ”À√—∫¥‘π‡À¡◊Õß·√à∑’Ë¡’ “√
ÀπŸªπ‡ªóôÕπ æ∫«à“ª√– ‘∑∏‘¿“æ¢Õß«— ¥ÿ§≈ÿ¡¥‘π∑’Ë “¡“√∂
¥Ÿ¥´—∫ “√ÀπŸ‰¥â¡“°∑’Ë ÿ¥∑’Ë 10% w/w ®“°¡“°‰ªπâÕ¬
‰¥â·°à ‡∂â“≈Õ¬ ¥‘π≈Ÿ°√—ß ªŸπ¢“« ·≈– À‘πªŸπΩÿÉπ ‚¥¬¡’
ª√– ‘∑∏‘¿“æ„π°“√°”®—¥ “√ÀπŸ 84% 60% 38% ·≈–
1% µ“¡≈”¥—∫ (Figure 1) ´÷Ëß· ¥ß«à“‡∂â“≈Õ¬¡’ª√– ‘∑∏‘-
¿“æ„π°“√°”®—¥ “√ÀπŸ Ÿß ÿ¥·≈–À‘πªŸπΩÿÉπ¡’ª√– ‘∑∏‘¿“æ
„π°“√°”®—¥ “√ÀπŸπâÕ¬∑’Ë ÿ¥

º≈°“√»÷°…“√–¬–‡«≈“ —¡º— ‡æ◊ËÕ‡¢â“ Ÿà ¿“«– ¡¥ÿ≈¢Õß

°“√¥Ÿ¥´—∫ “√ÀπŸ

º≈°“√∑¥≈Õßª√“°ØÕ¬Ÿà „π°√“ø· ¥ß√–¬–‡«≈“∑’Ë
‡¢â“ Ÿà ¿“«– ¡¥ÿ≈¢Õß “√ÀπŸ∑’Ë∂Ÿ°¥Ÿ¥´—∫¥â«¬¥‘π≈Ÿ°√—ß ·≈–
‡∂â“≈Õ¬ (Figure 2 ·≈– 3) ‚¥¬æ∫«à“∑’Ëæ’‡Õ™ 4 ¥‘π≈Ÿ°√—ß
®–‡¢â“ Ÿà ¿“«– ¡¥ÿ≈¿“¬„π‡«≈“ª√–¡“≥ 240 π“∑’ ∑’Ëæ’‡Õ™
7 ·≈– 12 ®–„™â‡«≈“ª√–¡“≥ 360 π“∑’   à«π‡∂â“≈Õ¬∑’Ë
æ’‡Õ™ 12 ®–‡√‘Ë¡‡¢â“ Ÿà ¿“«– ¡¥ÿ≈¿“¬„π‡«≈“ª√–¡“≥ 120
π“∑’ ∑’Ëæ’‡Õ™ 4 ·≈– 7 ®–„™â‡«≈“ª√–¡“≥ 360 π“∑’ ´÷Ëß
· ¥ß„Àâ‡ÀÁπ«à“æ’‡Õ™¡’Õ‘∑∏‘º≈µàÕ°“√¥Ÿ¥´—∫¢Õß “√ÀπŸ ‚¥¬
æ∫«à“∑’Ëæ’‡Õ™µË” ¥‘π≈Ÿ°√—ß®– “¡“√∂¥Ÿ¥´—∫ “√ÀπŸ‰¥â¥’°«à“
‡∂â“≈Õ¬ ‡π◊ËÕß®“° Fe(OH)

3
 „π¥‘π≈Ÿ°√—ß®–∑”ªØ‘°‘√‘¬“√à«¡

°—π°—∫ “√ÀπŸ∑’ËÕ¬Ÿà„π√Ÿª HAsO
4

-2 ·≈–‡°‘¥°“√µ°µ–°Õπ‰¥â
FeAsO

4
.2H

2
O (scorodite) (Wilson and Hawkin,1987)

·µà∑’Ëæ’‡Õ™ Ÿß  ‡∂â“≈Õ¬®– “¡“√∂¥Ÿ¥´—∫ “√ÀπŸ‰¥â¥’°«à“¥‘π

≈Ÿ°√—ß ‡π◊ËÕß®“°„π‡∂â“≈Õ¬®–¡’ Ca(OH)
2
 ‡ªìπÕß§åª√–°Õ∫

÷́Ëß “¡“√∂¥Ÿ¥ —́∫À√◊Õ√«¡µ—«°—∫ “√ÀπŸ·≈â«‡°‘¥°“√µ°µ–°Õπ
·≈–°“√µ°µ–°Õπ à«π„À≠à®–Õ¬Ÿà„π√Ÿª¢Õß Ca-As-O ‡™àπ
Ca

4
(OH)

2
(AsO

4
)
2
.4H

2
O ·≈– Ca

3
(AsO

4
)
2
.32/

3
 H

2
O

(Moon et al., 2004 ·≈– Nishimura et al., 1985)

º≈°“√»÷°…“§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫¢Õß “√ÀπŸ∫π

«— ¥ÿ§≈ÿ¡¥‘π

§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫¢Õß “√ÀπŸ “¡“√∂Õ∏‘∫“¬
‰¥â¥â«¬‰Õ‚´‡∑Õ¡¢Õß°“√¥Ÿ¥´—∫  ´÷Ëß°Á§◊Õ  §«“¡ —¡æ—π∏å
√–À«à“ßπÈ”Àπ—°À√◊Õª√‘¡“≥¢Õß “√∑’Ë∂Ÿ°¥Ÿ¥ —́∫°—∫§«“¡
‡¢â¡¢âπ¢Õß “√∑’Ë¬—ß§ß‡À≈◊ÕÕ¬Ÿà∑’Ë®ÿ¥ ¡¥ÿ≈¢Õß°“√¥Ÿ¥´—∫
(Schuliger, 1978) ‚¥¬°“√æ‘®“√≥“‡≈◊Õ°‰Õ‚´‡∑Õ¡π—Èπ®–
æ‘®“√≥“®“°§à“§ß∑’Ë¢Õß°“√¥Ÿ¥ —́∫§«∫§Ÿà°—∫ —¡ª√– ‘∑∏‘Ï°“√
µ—¥ ‘π„® (coefficient of determination : R2) ´÷Ëß¡’§à“
√–À«à“ß 0 -1 ‚¥¬§à“‡¢â“„°≈â 0 À¡“¬§«“¡«à“¡’§«“¡πà“‡™◊ËÕ
∂◊ÕµË” ÿ¥   à«π§à“∑’Ë‡¢â“„°≈â 1 À¡“¬§«“¡«à“¡’§«“¡πà“‡™◊ËÕ
∂◊Õ Ÿß∑’Ë ÿ¥  ·∫∫®”≈Õß∑’Ëπ‘¬¡π”¡“„™â„π°“√«‘‡§√“–Àå¡’Õ¬Ÿà
 Õß√Ÿª·∫∫§◊Õ Freundlich Isotherm ·≈– Langmuir
Isotherm ¥—ß ¡°“√∑’Ë (1) ·≈–  ¡°“√∑’Ë (2)

Freundlich Isotherm
q  =  x/m  =  KC

f

1/n (1)

Langmuir Isotherm
1/q  =  (1/C

f
)(K

A
*q

m
) + (1/ q

m
) (2)
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Figure 1.  Efficiency of arsenic adsorption of soil covering materials (4 types)

Figure 2.  Reaction time for arsenic adsorpted by lateritic soil to achieve equilibrium

Figure 3.  Reaction time for arsenic adsorpted by fly ash to achieve equilibrium
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‡¡◊ËÕ q §◊Õ ¡«≈¢Õß “√ÀπŸ∑’Ë∂Ÿ°¥Ÿ¥ —́∫µàÕ¡«≈¢Õß«— ¥ÿ
§≈ÿ¡¥‘π

C
f
§◊Õ §«“¡‡¢â¡¢âπ¢Õß “√ÀπŸ∑’Ë‡À≈◊ÕÕ¬Ÿà„π

 “√≈–≈“¬ ≥  ¿“«– ¡¥ÿ≈, ¡°./≈‘µ√
x §◊Õ ¡«≈¢Õß “√ÀπŸ∑’Ë∂Ÿ°¥Ÿ¥ —́∫, ¡°.
m §◊Õ ¡«≈¢Õß«— ¥ÿ§≈ÿ¡¥‘π, ¡°.
K, n, qm ·≈– KA  §◊Õ §à“§ß∑’Ë∑’Ë‰¥â®“°°“√

     ∑¥≈Õß

‡¡◊ËÕæ‘®“√≥“º≈°“√»÷°…“®”·π°µ“¡ ¿“«–æ’‡Õ™∑’Ë
∑¥≈Õß¥—ß Table 3 (Figure 5 ·≈– Figure 7) æ∫«à“∑’Ë
æ’‡Õ™ 7 ·≈– 4 §«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫ “√ÀπŸ¢Õß¥‘π
≈Ÿ°√—ß®– Ÿß∑’Ë ÿ¥ ‡π◊ËÕß®“°∑’Ëæ’‡Õ™ 4 ∂÷ß 7 ¡’°“√¥Ÿ¥´—∫‡°‘¥
¢÷Èπ‰¥â¥’°«à“æ’‡Õ™Õ◊Ëπ ‡æ√“–¥‘π∑’Ë„™â»÷°…“π—Èπ‡ªìπ¥‘π∏√√¡™“µ‘
´÷Ëß¡’§à“ pH

PZC
 Õ¬Ÿà∑’Ëæ’‡Õ™ª√–¡“≥ 4 ∂÷ß 5 ¥—ßπ—Èπ∑’Ëæ’‡Õ™ 4

À√◊ÕµË”°«à“ ª√–®ÿ√«¡∫πº‘«Àπâ“®–‡ªìπª√–®ÿ∫«°∑”„Àâ°“√
¥Ÿ¥µ‘¥º‘«‡°‘¥‰¥â¥’¢÷Èπ  „π¢≥–‡¥’¬«°—πæ’‡Õ™∑’Ë‡æ‘Ë¡¡“°¢÷Èπ
∑”„Àâª√–®ÿ√«¡∑’Ëº‘«Àπâ“¥‘π®–‡ªìπ≈∫¡“°¢÷Èπ ¥—ßπ—Èπ°“√¥Ÿ¥
´—∫¢Õß “√ÀπŸ®÷ß‡°‘¥‰¥âπâÕ¬≈ß (∏π—™æ√ ·≈–§≥–, 2548;
Sabine, 2002 ·≈– Mopoung and Thavornyutikarn,
2004) ·≈–®“°§à“ R2 (linear regression) ¢Õß‰Õ‚´‡∑Õ¡
°“√¥Ÿ¥´—∫∑—Èß Õß®–æ∫«à“ ¡¥ÿ≈¢Õß°“√¥Ÿ¥´—∫¡’·π«‚πâ¡
‡ªìπ·∫∫ Langmuir ¡“°°«à“ Freundlich ·µà∑—Èßπ’È§à“ R2

¡’§à“ Ÿß„°≈â‡§’¬ß°—π¡“°∑—Èß Õß ¡°“√ ®÷ß∂◊Õ«à“∑—Èß Õß ¡°“√
°Á¡’§«“¡‡À¡“– ¡∑’Ë®–π”¡“Õ∏‘∫“¬§«“¡ —¡æ—π∏å√–À«à“ß
ª√‘¡“≥¢Õß¥‘π≈Ÿ°√—ß°—∫§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫ “√ÀπŸ
¿“¬„µâ ¿“«–∑’Ë∑”°“√∑¥≈Õß‰¥â

     ®“° Table 4  Figure 4 ·≈– Figure 6 æ∫«à“∑’Ëæ’‡Õ™
12 ·≈– 7 §«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫ “√ÀπŸ¢Õß‡∂â“≈Õ¬®–
 Ÿß∑’Ë ÿ¥‡π◊ËÕß®“°„π‡∂â“≈Õ¬®–¡’Õß§åª√–°Õ∫¢Õß Ca(OH)

2

Õ¬Ÿà Ÿß¡“°   πÕ°®“°π’È¬—ß¡’Õß§åª√–°Õ∫∑“ß·√à«‘∑¬“´÷Ëß
ª√–°Õ∫‰ª¥â«¬º≈÷°·√à¢Õß KCl, NaCl, CaCO

3
, Ca(OH)

2
,

CaSO
4
,  CaCl

2
,  CaClOH,  CaSO

4
.2H

2
O  ·≈–

K
86.5

Al
86.5

Si
105.5

O
384

  (æ®π’¬å, 2545) ·≈– Ca(OH)
2
 ®–

‡°‘¥ªØ‘°‘√‘¬“°“√ ≈“¬µ—«‰¥â¥’„π ¿“«–∑’Ë‡ªìπ¥à“ß (Ricou et
al., 1999) ®÷ß∑”„Àâ “¡“√∂¥Ÿ¥´—∫ “√ÀπŸ‰¥â¥’¡“° √«¡∂÷ß
 “√ÀπŸ∑’Ë≈–≈“¬Õ¬Ÿà „ππÈ”„π ¿“«–∑’Ë¡’ÕÕ°´‘‡®π·≈–¡’æ’‡Õ™
 Ÿß  “√ÀπŸ®–Õ¬Ÿà „π√Ÿª¢Õß AsO

4

-3 ®÷ß “¡“√∂∑”ªØ‘°‘√‘¬“
√à«¡°—π°—∫ Ca(OH)

2
 ·≈â«µ°µ–°Õπ‰¥â Ca

3
(AsO

4
)
2
.32/

3

H
2
O (Ferguson and Gavis, 1972 ·≈– Nishimura et

al., 1985) ·≈–®“°§à“ R2 (linear regression) ¢Õß‰Õ‚´-
‡∑Õ¡°“√¥Ÿ¥´—∫∑—Èß Õß ®–æ∫«à“ ¡¥ÿ≈¢Õß°“√¥Ÿ¥´—∫∑’Ëæ’‡Õ™
12 ¡’·π«‚πâ¡‡ªìπ·∫∫ Freundlich  ·µà¢≥–‡¥’¬«°—π∑’Ë
æ’‡Õ™ 7 ®–æ∫«à“ ¡¥ÿ≈¢Õß°“√¥Ÿ¥´—∫¡’·π«‚πâ¡‡ªìπ·∫∫
Langmuir

 √ÿªº≈°“√∑¥≈Õß

®“°°“√»÷°…“ª√– ‘∑∏‘¿“æ¢Õß«— ¥ÿ§≈ÿ¡¥‘π 4 ™π‘¥
∑’Ëπ”¡“„™â¥Ÿ¥´—∫ “√ÀπŸ‡æ◊ËÕµ√÷ß “√ÀπŸ‰¡à„Àâ‡§≈◊ËÕπ∑’Ë Ÿàº‘«¥‘π
 “¡“√∂ √ÿªº≈°“√∑¥≈Õß‰¥â¥—ßπ’È

1) ª√– ‘∑∏‘¿“æ¢Õß«— ¥ÿ§≈ÿ¡¥‘π„π°“√¥Ÿ¥ —́∫ “√ÀπŸ
„π¥‘π‡√’¬ß≈”¥—∫®“°¡“°‰ªπâÕ¬§◊Õ ‡∂â“≈Õ¬ ¥‘π≈Ÿ°√—ß ªŸπ¢“«
·≈–À‘πªŸπΩÿÉπ µ“¡≈”¥—∫

Table 3. Freundlich Isotherm for arsenic adsorption of lateritic soil and
fly ash

Lateritic soil q= KC
f
1/n Slope n K R2

pH 4 q = 322.62C
f
0.6801 0.6801 1.47 322.62 0.983

pH 7 q = 189.37C
f
0.7182 0.7182 1.39 189.37 0.979

pH 12 q = 52.97C
f
0.7916 0.7916 1.26 52.97 0.883

Fly ash
pH 4 q = 23.27C

f
1.0739 1.0739 0.93 23.27 0.936

pH 7 q = 132.34C
f
0.9592 0.9592 1.04 132.34 0.967

pH 12 q = 569.38C
f
0.7386 0.7386 1.35 569.38 0.989
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Figure 4.  Langmuir isotherm of lateritic soil for arsenic adsorption

Figure 5.  Freundlich isotherm of lateritic soil for arsenic adsorption

2) ¥‘π≈Ÿ°√—ß¡’√–¬–‡«≈“ —¡º— ‡æ◊ËÕ‡¢â“ Ÿà ¿“«– ¡¥ÿ≈
¿“¬„π‡«≈“ª√–¡“≥ 240 π“∑’ ∑’Ëæ’‡Õ™ 4 ·≈– 360 π“∑’
∑’Ëæ’‡Õ™ 7 ·≈– 12  à«π‡∂â“≈Õ¬®–‡¢â“ Ÿà ¿“«– ¡¥ÿ≈¿“¬„π
‡«≈“ª√–¡“≥ 120 π“∑’ ∑’Ëæ’‡Õ™ 12  ·≈– 360 π“∑’ ∑’Ë
æ’‡Õ™ 4 ·≈– 7

3) ¥‘π≈Ÿ°√—ß¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥ —́∫ “√ÀπŸ Ÿß ÿ¥
∑’Ëæ’‡Õ™ 7 ·≈– 4  ·≈– ¡¥ÿ≈¢Õß°“√¥Ÿ¥´—∫¡’·π«‚πâ¡‡ªìπ
·∫∫ Langmuir   à«π„π‡∂â“≈Õ¬æ∫«à“¡’§«“¡ “¡“√∂„π
°“√¥Ÿ¥´—∫ “√ÀπŸ Ÿß ÿ¥∑’Ëæ’‡Õ™ 12 ·≈– 7 ·≈– ¡¥ÿ≈¢Õß
°“√¥Ÿ¥ —́∫ ¡’·π«‚πâ¡‡ªìπ·∫∫ Freundlich ·≈– Langmuir

Table 4 Langmuir Isotherm for arsenic adsorption of lateritic soil and fly ash

Lateritic soil 1/q = (1/ C
f
)(K

A
*q

m
) + (1/ q

m
) Slope qm KA R2

pH 4 1/q = (1/ C
f
)4.2689 + 0.1522 4.2689 6.57 0.04 0.987

pH 7 1/q = (1/ C
f
)7.9051 + 0.1657 7.9051 6.04 0.02 0.994

pH 12 1/q = (1/ C
f
)4.2689 + 0.1522 4.2689 1.95 0.02 0.772

Fly ash
pH 4 1/q = (1/ C

f
)44.6180 - 0.3192 44.6180 -3.13 -0.01 0.936

pH 7 1/q = (1/ C
f
)9.0709 - 0.0550 9.0709 -18.18 -0.01 0.977

pH 12 1/q = (1/ C
f
)1.6508 + 0.1672 1.6508 5.98 0.10 0.988
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Figure 6.  Langmuir isotherm of fly ash for arsenic adsorption

Figure 7.  Freundlich isotherm of fly ash for arsenic adsorption

µ“¡≈”¥—∫   πÕ°®“°π’È‰Õ‚´‡∑Õ¡¢Õß Langmuir ·≈–
Freundlich  “¡“√∂π”‰ª„™â „π°“√§”π«≥À“ª√‘¡“≥«— ¥ÿ
§≈ÿ¡¥‘π∑’Ë®–„™â „π°“√ªÑÕß°—π°“√øÿÑß°√–®“¬¢Õß “√ÀπŸ Ÿà
Õ“°“»„π¥‘π∑’Ëªπ‡ªóôÕπ “√ÀπŸ‰¥â

4) ¥‘π≈Ÿ°√—ß·≈–‡∂â“≈Õ¬‡ªìπ«— ¥ÿ∑’Ë¡’√“§“∂Ÿ°·≈–À“
‰¥âßà“¬„π®—ßÀ«—¥π§√»√’∏√√¡√“™ ·≈–¡’§«“¡ “¡“√∂„π°“√
¥Ÿ¥´—∫ “√ÀπŸ‰¥â§àÕπ¢â“ß¥’ ®÷ß¡’»—°¬¿“æ∑’Ë®–π”¡“„™â‡ªìπ
«— ¥ÿ§≈ÿ¡¥‘π„πæ◊Èπ∑’Ë∑’Ëªπ‡ªóôÕπ “√ÀπŸ„πÕ”‡¿Õ√àÕπæ‘∫Ÿ≈¬å
®—ßÀ«—¥π§√»√’∏√√¡√“™ ‡æ◊ËÕªÑÕß°—π°“√‡§≈◊ËÕπ∑’Ë¢Õß “√ÀπŸ
 Ÿàº‘«¥‘π·≈–Õ“°“»

5) ∂÷ß·¡â«à“‡∂â“≈Õ¬®–¡’ª√– ‘∑∏‘¿“æ„π°“√¥Ÿ¥´—∫
 “√ÀπŸ„π¥‘π‰¥â Ÿß°«à“¥‘π≈Ÿ°√—ß  ·µàÀ“°π”‡∂â“≈Õ¬‰ª‡ªìπ

«— ¥ÿ§≈ÿ¡¥‘π®–∑”„Àâæ’‡Õ™ ·≈–§à“§«“¡π”‰øøÑ“¢Õß¥‘π∑’Ë
ªπ‡ªóôÕπ “√ÀπŸ¡’§à“ Ÿß ∑”„Àâ¥‘π¡’ ¡∫—µ‘∑’Ë‰¡à‡À¡“– ¡µàÕ
°“√‡®√‘≠‡µ‘∫‚µ¢Õßæ◊™§≈ÿ¡¥‘π ¥—ßπ—Èπ¥‘π≈Ÿ°√—ß∑’Ë¡’ª√– ‘∑∏‘-
¿“æ„π°“√¥Ÿ¥´—∫ “√ÀπŸ‰¥â√Õß≈ß¡“ ®÷ß¡’§«“¡‡À¡“– ¡
¡“°∑’Ë ÿ¥„π°“√‡ªìπ«— ¥ÿ§≈ÿ¡¥‘π∑’Ëªπ‡ªóôÕπ “√ÀπŸ‡π◊ËÕß®“°
¥‘π≈Ÿ°√—ß ®–∑”„Àâæ’‡Õ™¢Õß¥‘π‡ªìπ°≈“ß¡“°¢÷Èπ ·≈–¥‘π
≈Ÿ°√—ß¬—ß¡’§à“§«“¡π”‰øøÑ“µË”  ‡¡◊ËÕ„ à≈ß‰ª„π¥‘π®–‰¡à‰ª
‡æ‘Ë¡§«“¡‡§Á¡„Àâ°—∫¥‘π∑”„Àâ ¡∫—µ‘¢Õß¥‘π¡’§«“¡‡À¡“– ¡
 ”À√—∫ª≈Ÿ°æ◊™§≈ÿ¡¥‘π ‚¥¬æ◊™§≈ÿ¡¥‘π°Á‡ªìπªí®®—¬ ”§—≠
Àπ÷Ëß„π°“√≈¥°“√øÿÑß°√–®“¬¢ÕßΩÿÉπ∑’Ë¡’ “√ÀπŸªπ‡ªóôÕπ‰ª Ÿà
Õ“°“»
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