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Abstract
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Biosorption of lead (II) and copper (II) by biomass of some marine algae
Songklanakarin J. Sci. Technol., 2004, 26(5) : 727-740

Biosorption of heavy metal ions by algae is a potential technology for treating wastewater contami-

nated with heavy metals. Adsorption of lead (II) and copper (II) in aqueous solutions by some marine algae

available in large quantities in Pattani Bay including Gracilaria fisheri, Ulva reticulata and Chaetomorpha sp.

were investigated. The effect of pH on metal sorption of the algal biomass and the metal uptake capacity of

the algal biomass comparing to that of synthetic adsorbents including activated carbon and siliga gel were

studied by using batch equilibrium experiments. Each dried adsorbent was stirred in metal ions solutions

with different pH or different concentration at room temperature for 24 hours and the residual metal ions

were analysed using atomic absorption spectrophotometer. The initial concentrations of lead and copper ions

were 70 µµµµµg/l and 20 mg/l, respectively. It was found that the effect of pH on metal sorption was similar in

each algal biomass. The metal uptake capacity increased as pH of the solution increased from 2.0 to 4.0 and

reached a plateau at pH 5.0-7.0. The metal uptake capacities of each algal biomass were similar. At low con-

centrations of metal ions, the metal adsorption occurred rapidly while at higher metal concentration less

metal adsorption by each algal biomass was observed. The metal adsorption of activated carbon and silica

gel occurred gradually and was less than those of algal biomass. The equilibrium data of copper and lead

ions fitted well to the Langmuir and Freundlich isotherm models. The maximum sorption capacity (Q
m
)
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values (mean±SD) of Chaetomorpha sp., U. reticulata, G. fisheri, activated carbon and silica gel for lead ions

were 1.26±0.14, 1.19±0.14, 1.18±0.15, 1.14±0.11 and 1.15±0.12 mg/g, respectively. For copper adsorption, the

Q
m
 values for G. fisheri, U. reticulata and Chaetomorpha biomass were 15.87±1.03, 14.71±1.02 and 12.35±

1.03 mg/g, respectively. While those of activated carbon and silica gel were not different (Q
m
 = 8.64±0.95 and

8.16±0.97 mg/g, respectively).

The removal of metals (lead and copper) by each algal biosorbents and activated carbon were also

studied using a continuous flow system. The concentration of each metal was 20 mg/l. It was found that the

column packed with Chaetomorpha biomass had lead removal capacity (1.90 mg/g) higher than those for

U. reticulata and G. fisheri (1.20 and 1.04 mg/g, respectively). For copper, the three algal adsorbents exhibited

similar removal capacities within a range of 7.00-9.60 mg/g, whereas activated carbon column had least

sorption capacity for lead and copper
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°“√¥Ÿ¥´—∫∑“ß™’«¿“æ¢Õß‚≈À–Àπ—°‚¥¬„™â “À√à“¬ ‡ªìπ‡∑§π‘§∑’Ë¡’·π«‚πâ¡∑’Ë®–°”®—¥‚≈À–Àπ—°„ππÈ”‡ ’¬‰¥â

Õ¬à“ß¡’ª√– ‘∑∏‘¿“æ·≈–√“§“∂Ÿ° ‰¥â»÷°…“§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫‚≈À–Àπ—° §◊Õ µ–°—Ë«·≈–∑Õß·¥ß„π “√≈–≈“¬

‚¥¬™’«¡«≈¢Õß “À√à“¬∑–‡≈∑’Ëæ∫¡“°„πÕà“«ªíµµ“π’ ´÷Ëß‰¥â·°à  “À√à“¬º¡π“ß (Gracilaria fisheri),  “À√à“¬º—°°“¥

(Ulva reticulata) ·≈– “À√à“¬‰ â‰°à (Chaetomorpha sp.) ‚¥¬»÷°…“º≈¢Õßæ’‡Õ™µàÕ§«“¡ “¡“√∂¥Ÿ¥´—∫‚≈À–Àπ—°

(µ–°—Ë« ·≈–∑Õß·¥ß) ¢Õß«— ¥ÿµ—«Õ¬à“ß “À√à“¬‡À≈à“π’È ·≈–»÷°…“§«“¡ “¡“√∂¥Ÿ¥´—∫‚≈À–Àπ—°¢Õßµ—«Õ¬à“ß “À√à“¬

™π‘¥µà“ßÊ ‡ª√’¬∫‡∑’¬∫°—∫ “√¥Ÿ¥´—∫ —ß‡§√“–Àå§◊Õ ∂à“π°—¡¡—πµå ·≈–´‘≈‘°“‡®≈ ·∫∫‰¡àµàÕ‡π◊ËÕß ‚¥¬°“√‡¢¬à“«— ¥ÿ

µ—«Õ¬à“ß„π “√≈–≈“¬‚≈À–·µà≈–™π‘¥ ∑’Ëæ’‡Õ™µà“ßÊ À√◊Õ∑’Ë§«“¡‡¢â¡¢âπµà“ßÊ °—π ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ·≈–«—¥

ª√‘¡“≥‚≈À–∑’Ë‡À≈◊Õ„π “√≈–≈“¬‚¥¬‡§√◊ËÕßÕ–µÕ¡¡‘§·Õ∫´Õæ™—π ‡¡◊ËÕ„™â§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬µ–°—Ë«·≈–

∑Õß·¥ß‡∑à“°—∫ 70 ‰¡‚§√°√—¡/≈‘µ√ ·≈– 20 ¡°./≈‘µ√ µ“¡≈”¥—∫ º≈°“√»÷°…“æ∫«à“ æ’‡Õ™¡’º≈µàÕ°“√¥Ÿ¥´—∫‚≈À–

‚¥¬«— ¥ÿµ—«Õ¬à“ß “À√à“¬∑—Èß “¡™π‘¥„π∑”πÕß‡™àπ‡¥’¬«°—π§◊Õ ¡’§à“°“√¥Ÿ¥´—∫‡æ‘Ë¡¢÷Èπ‡¡◊ËÕæ’‡Õ™ ¢Õß “√≈–≈“¬¡’§à“

‡æ‘Ë¡¢÷Èπ®“° 2.0 ∂÷ß 4.0 ·≈–‡√‘Ë¡§ß∑’Ë ≥ æ’‡Õ™ 5.0-7.0 «— ¥ÿ “À√à“¬∑—Èß “¡™π‘¥ “¡“√∂¥Ÿ¥´—∫‚≈À–‰¥â„°≈â‡§’¬ß°—π

∑’Ë§«“¡‡¢â¡¢âπ‚≈À–µË”Ê ·≈–¥Ÿ¥´—∫‰¥âπâÕ¬≈ß∑’Ë§«“¡‡¢â¡¢âπ‚≈À– Ÿß¢÷Èπ  à«π∂à“π°—¡¡—πµå ·≈–´‘≈‘°“‡®≈ ¡’°“√¥Ÿ¥

´—∫‚≈À–Àπ—°‰¥âπâÕ¬°«à“·≈–‡°‘¥Õ¬à“ß§àÕ¬‡ªìπ§àÕ¬‰ª °≈‰°°“√¥Ÿ¥´—∫‚≈À–‡ªìπ‰ªµ“¡·∫∫®”≈Õß¢Õß·≈ß§å‡¡’¬√å

·≈–ø√ÿπ¥‘™ ‚¥¬«— ¥ÿ “À√à“¬‰ â‰°à  “À√à“¬º—°°“¥  “À√à“¬º¡π“ß ∂à“π°—¡¡—πµå ·≈–´‘≈‘°“‡®≈ ¡’§«“¡ “¡“√∂

¥Ÿ¥´—∫µ–°—Ë« Ÿß ÿ¥ (Q
m
) ‡∑à“°—∫ 1.26+0.14, 1.19+0.14, 1.18+0.15, 1.14+0.11 ·≈– 1.15+0.12 ¡°./°√—¡ µ“¡≈”¥—∫

°√≥’∑Õß·¥ß «— ¥ÿ “À√à“¬º¡π“ß  “À√à“¬º—°°“¥ ·≈– “À√à“¬‰ â‰°à  “¡“√∂¥Ÿ¥´—∫∑Õß·¥ß Ÿß ÿ¥ (Q
m
) ‡∑à“°—∫

15.87+1.03, 14.71+1.02 ·≈– 12.35+1.03 ¡°./°√—¡ µ“¡≈”¥—∫   à«π∂à“π°—¡¡—πµå·≈–´‘≈‘°“‡®≈¡’§à“ Q
m
 ‰¡à·µ°µà“ß°—π

(8.64+0.95 ·≈– 8.16+0.97 ¡°./°√—¡ µ“¡≈”¥—∫)

º≈°“√»÷°…“°“√°”®—¥‚≈À–Àπ—°·µà≈–™π‘¥§◊Õ µ–°—Ë« ·≈–∑Õß·¥ß ·∫∫√–∫∫µàÕ‡π◊ËÕß ‚¥¬„™â«— ¥ÿµ—«Õ¬à“ß

Õ∫·Àâß·µà≈–™π‘¥ §«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬µ–°—Ë« ·≈–∑Õß·¥ß§◊Õ 20 ¡°./≈‘µ√, æ’‡Õ™ 5.0+0.5 µ“¡≈”¥—∫ æ∫«à“

§Õ≈—¡πå∑’Ë∫√√®ÿ«— ¥ÿ “À√à“¬‰ â‰°à ¡’§«“¡ “¡“√∂≈¥ª√‘¡“≥µ–°—Ë« (1.90 ¡°./°√—¡) ´÷Ëß¡“°°«à“°√≥’¢Õß “À√à“¬

º—°°“¥·≈– “À√à“¬º¡π“ß°”®—¥µ–°—Ë« (1.20 ·≈– 1.04 ¡°./°√—¡ µ“¡≈”¥—∫) „π°√≥’¢Õß∑Õß·¥ß «— ¥ÿ “À√à“¬∑—Èß

 “¡™π‘¥ “¡“√∂°”®—¥∑Õß·¥ß‰¥â‰¡à·µ°µà“ß°—π¡“°π—° (7.00-9.60 ¡°./°√—¡)  à«π§Õ≈—¡πå∑’Ë∫√√®ÿ∂à“π°—¡¡—πµå¡’

§«“¡ “¡“√∂°”®—¥µ–°—Ë«·≈–∑Õß·¥ß‰¥âπâÕ¬∑’Ë ÿ¥
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°“√ªπ‡ªóôÕπ¢Õß‚≈À–Àπ—°∑’Ë‡ªìπæ‘…Õ—π‡π◊ËÕß¡“®“°
°‘®°√√¡µà“ßÊ ¢Õß¡πÿ…¬å ‡ªìπªí≠À“ ”§—≠∑’Ëæ∫¡“°„π
ªí®®ÿ∫—π °‘®°√√¡¥—ß°≈à“«‰¥â·°à ‡°…µ√°√√¡ Õÿµ “À°√√¡
µà“ßÊ  ‡™àπ  °“√∑”‡À¡◊Õß·√à  °“√º≈‘µ “√‡§¡’  ‚≈À–·≈–
·∫µ‡µÕ√’ ‡ªìπµâπ  ‚≈À–Àπ—°∑’Ëªπ‡ªóôÕπÕ¬Ÿà„π¢Õß‡ ’¬®“°
°‘®°√√¡‡À≈à“π’È∑’Ë∂Ÿ°ª≈àÕ¬≈ß Ÿà ‘Ëß·«¥≈âÕ¡ ¡—°®– – ¡Õ¬Ÿà
„π ‘Ëß·«¥≈âÕ¡  ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π·À≈àßπÈ”∏√√¡™“µ‘
®“°√“¬ß“π¢Õßª√’¬“·≈–§≥– (2541) æ∫°“√ªπ‡ªóôÕπ
¢Õß‚≈À–Àπ—° „ππÈ” µ–°Õπ¥‘π ·≈–æ◊™πÈ” (À≠â“∑–‡≈
·≈– “À√à“¬) ‡ªìπ®”π«π¡“°µ“¡∫√‘‡«≥µà“ßÊ √Õ∫Õà“«
ªíµµ“π’ ‚¥¬æ∫°“√ªπ‡ªóôÕπ¢Õß‚≈À–Àπ—°„πµ–°Õπ¥‘π
¡“°∑’Ë ÿ¥ ª√‘¡“≥∑Õß·¥ß  —ß°– ’ ·§¥‡¡’¬¡ ·≈–µ–°—Ë«
‡∑à“°—∫ 59.5, 178.3, 21.7 ·≈– 22.3 ¡°./°‘‚≈°√—¡ µ“¡
≈”¥—∫  °“√ – ¡‚≈À–Àπ—°‡À≈à“π’È„π ‘Ëß·«¥≈âÕ¡ ‡ªìπº≈
„Àâ¡πÿ…¬å·≈– ‘Ëß¡’™’«‘µµà“ßÊ µâÕß‡ ’Ë¬ßµàÕ°“√‰¥â√—∫æ‘…®“°
‚≈À–Àπ—°∑’Ëªπ‡ªóôÕπÕ¬Ÿà„π√–¥—∫§«“¡‡¢â¡¢âπ ÷́Ëß‡°‘π°«à“
 ¿“æµ“¡∏√√¡™“µ‘¡“°¬‘Ëß¢÷Èπ ‡π◊ËÕß®“°‚≈À–Àπ—°¡’§«“¡
§ß∑π ‰¡à “¡“√∂∂Ÿ°¬àÕ¬ ≈“¬‰¥â¥â«¬«‘∏’∑“ß‡§¡’ °“¬¿“æ
À√◊Õ∑“ß™’«¿“æ ®÷ß “¡“√∂ – ¡Õ¬Ÿà„π ‘Ëß¡’™’«‘µ∑ÿ°√–¥—∫
„πÀà«ß‚ à́Õ“À“√ À“°ª√‘¡“≥°“√ – ¡„π ‘Ëß¡’™’«‘µπ’È¡’§à“
 Ÿß°«à“¢’¥®”°—¥ (threshold level) ¢Õß ‘Ëß¡’™’«‘µ·µà≈–™π‘¥
·≈â«®–°àÕ„Àâ‡°‘¥Õ“°“√‡ªìπæ‘…¢÷Èπ (Chaisuksant, 1997)

‰¥â¡’§«“¡ π„®·≈–»÷°…“«‘®—¬‡æ◊ËÕÀ“«‘∏’°“√°”®—¥
‚≈À–Àπ—°∑’Ëªπ‡ªóôÕπ„πª√‘¡“≥ Ÿß‡À≈à“π’È®“°πÈ”∑‘Èß®“°
‚√ßß“πÕÿµ “À°√√¡  «‘∏’°“√µà“ßÊ ∑’Ëπ‘¬¡„™â°—π„πªí®®ÿ∫—π
‰¥â·°à °“√µ°µ–°Õπ¥â«¬ “√‡§¡’∫“ß™π‘¥ (chemical pre-

cipitation) °√–∫«π°“√ÕÕ°´‘‡¥™—π/√’¥—°™—π (chemical

oxidation/reduction)  °“√√–‡À¬ (evaporation)  °“√
·≈°‡ª≈’Ë¬π‰ÕÕÕπ (ion exchange)  °“√·¬°¥â«¬·ºàπ
‡¬◊ËÕ∫“ß (membrane separation) ·≈–°“√™ÿ∫¥â«¬‰øøÑ“
(electroplating) ‡ªìπµâπ (Aderhold et al., 1996)

Õ¬à“ß‰√°Áµ“¡ «‘∏’°“√‡À≈à“π’È¡—°‰¡à¡’ª√– ‘∑∏‘¿“æ ·≈–/À√◊Õ
¡’√“§“·æß¡“°‡¡◊ËÕπ”¡“„™â„π°“√°”®—¥‚≈À–Àπ—°∑’Ë¡’Õ¬Ÿà
„πª√‘¡“≥πâÕ¬Ê (< 100 ¡°./≈‘µ√) (Volesky, 1987) ‰¥â
¡’°“√æ—≤π“‡∑§‚π‚≈¬’„À¡àÊ „π°“√°”®—¥‚≈À–‡ªìπæ‘…∑’Ë¡’
ª√‘¡“≥πâÕ¬Ê ÕÕ°®“°πÈ”‡ ’¬®“°‚√ßß“πÕÿµ “À°√√¡
«‘∏’°“√Àπ÷Ëß°Á§◊Õ  °“√¥Ÿ¥´—∫∑“ß™’«¿“æ  (biosorption)

‚¥¬„™â«— ¥ÿ∑’Ë‰¥â®“°∏√√¡™“µ‘´÷Ëß‡√’¬°«à“  “√¥Ÿ¥´—∫™’«¿“æ

(biosorbent) ¢âÕ¥’¢Õß‡∑§π‘§°“√¥Ÿ¥ —́∫∑“ß™’«¿“æπ’È§◊Õ
 “¡“√∂°”®—¥‰ÕÕÕπ¢Õß‚≈À–Àπ—°∑’Ë≈–≈“¬πÈ”„πª√‘¡“≥
πâÕ¬Ê  µ—«¥Ÿ¥´—∫∑’Ë„™â¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫ Ÿß ¡’
§«“¡®”‡æ“– √“§“‰¡à·æß ·≈–‰¡à¡’Õ—πµ√“¬ πÕ°®“°π’È
Õÿª°√≥å·≈–‡§√◊ËÕß¡◊Õ∑’Ë„™â°Á‰¡à¬ÿàß¬“°´—∫´âÕπ (Yu et al.,

1998)

 “√¥Ÿ¥ —́∫∑’Ë ‡µ√’¬¡‰¥â®“°∏√√¡™“µ‘·≈–®“°
º≈‘µ¿—≥±å∏√√¡™“µ‘π—Èπ‰¥â·°à ·∫§∑’‡√’¬ √“  “À√à“¬ ¬’ µå
ºß∂à“π  “√¥Ÿ¥ —́∫®”æ«°¥‘π‰¥Õ–µÕ¡ (diatomaceous

earth) º—°µ∫™«“ ·≈–«— ¥ÿ‡À≈◊Õ„™â®“°‡°…µ√°√√¡µà“ßÊ
‡ªìπµâπ ®“°°“√»÷°…“æ∫«à“  “À√à“¬∑–‡≈ª√–‡¿∑ “À√à“¬
 ’πÈ”µ“≈¡’ ¡∫—µ‘¥Ÿ¥´—∫‚≈À–Àπ—°®“°πÈ”‡ ’¬‰¥â¡“°°«à“ “√
À√◊Õº≈‘µ¿—≥±å™’«¿“æÕ◊ËπÊ ·≈– “√¥Ÿ¥´—∫∑’Ë‡µ√’¬¡‰¥â®“°
 “À√à“¬∑–‡≈‡À≈à“π’È ¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫‚≈À–Àπ—°
∑’Ë„°≈â‡§’¬ßÀ√◊Õ¡“°°«à“‡√´‘π —ß‡§√“–Àå (synthetic ion-

exchange resin) Õ’°¥â«¬ (Yu et al., 1998)

Õà“«ªíµµ“π’‡ªìπæ◊Èπ∑’ËÀπ÷Ë ß∑’Ëæ∫ “À√à“¬∑–‡≈
®”π«π¡“° ‰¥â·°à  “À√à“¬ ’‡¢’¬« (‡™àπ Ulva reticulata,

Chaetomorpha sp.) ´÷Ëß¬—ß‰¡à¡’°“√„™âª√–‚¬™πå  ·≈–
 “À√à“¬ ’·¥ß  (‡™àπ Gracilaria  fisheri  ·≈–  G.

tenuistipitata)   ÷́Ëß “À√à“¬ ’·¥ß™π‘¥ G. fisheri

™“«ª√–¡ß‰¥â‡°Á∫‡°’Ë¬«‡æ◊ËÕ‡ªìπÕ“À“√ ·≈–®”Àπà“¬ ”À√—∫
 °—¥«ÿâπ„π‚√ßß“πÕÿµ “À°√√¡Õ“À“√ ¥—ßπ—ÈπÀ“° “¡“√∂
π”«— ¥ÿ∏√√¡™“µ‘„π∑âÕß∂‘Ëπ∑’Ë “¡“√∂À“‰¥âßà“¬¡“„™â„Àâ‡°‘¥
ª√–‚¬™πå„π°“√»÷°…“°“√¥Ÿ¥´—∫‚≈À–Àπ—° °Áπ—∫«à“®–‡ªìπ
°“√™à«¬ª√–À¬—¥§à“„™â®à“¬„π°“√°”®—¥‚≈À–Àπ—°‰¥â¡“°
πÕ°®“°π’È¢âÕ¡Ÿ≈‡°’Ë¬«°—∫ “√¥Ÿ¥´—∫™’«¿“æ®”æ«° “À√à“¬
∑–‡≈„πª√–‡∑»‰∑¬ ¬—ß¡’‰¡à¡“°

¥â«¬‡Àµÿ¥—ß°≈à“«π’È ®÷ß‡ªìπ®ÿ¥ π„®∑’Ë®–π” “À√à“¬
∑–‡≈∑’Ëæ∫¡“°„πÕà“«ªíµµ“π’ ‰¥â·°à  “À√à“¬ º¡π“ß (G.

fisheri)   “À√à“¬º—°°“¥ (U. reticulata)  ·≈– “À√à“¬
‰ â‰°à (Chaetomorpha sp.) ¡“»÷°…“ ¡∫—µ‘°“√¥Ÿ¥´—∫
‚≈À–Àπ—°§◊Õ µ–°—Ë« ∑Õß·¥ß ·∫∫ ¡¥ÿ≈ ´÷Ëß‰¥â·°à º≈¢Õß
æ’‡Õ™µàÕ°“√¥Ÿ¥´—∫‚≈À–Àπ—°  §«“¡ “¡“√∂¥Ÿ¥´—∫‚≈À–
Àπ—°¢Õßµ—«Õ¬à“ß “À√à“¬‡ª√’¬∫‡∑’¬∫°—∫ “√¥Ÿ¥´—∫
 —ß‡§√“–Àå  (synthetic  adsorbents)  §◊Õ∂à“π°—¡¡—πµå
(activated carbon) ·≈–´‘≈‘°“‡®≈ (silica gel)  »÷°…“
·Õ¥´Õ∫™—π‰Õ‚´‡∑Õ√å¡ (adsorption isotherms) µ“¡
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·∫∫®”≈Õß°“√¥Ÿ¥´—∫¢Õß·≈ß§å‡¡’¬√å (Langmuir) ·≈–
ø√ÿπ¥‘™ (Freundlich) µ≈Õ¥®π»÷°…“°“√¥Ÿ¥ —́∫‚≈À–Àπ—°
‚¥¬√–∫∫µàÕ‡π◊ËÕß ‡æ◊ËÕ‡ªìπ·π«∑“ß„π°“√π”‰ª„™â∫”∫—¥
πÈ”‡ ’¬∑’Ëªπ‡ªóôÕπ‚≈À–Àπ—°∑’Ë¡’ª√‘¡“≥πâÕ¬Ê „π·À≈àßπÈ”
∏√√¡™“µ‘µàÕ‰ª

«‘∏’°“√∑¥≈Õß

1. °“√‡µ√’¬¡ “À√à“¬

1) ∑”°“√‡°Á∫ “À√à“¬∑–‡≈™π‘¥µà“ßÊ ®“°∫√‘‡«≥
‚¥¬√Õ∫Õà“«ªíµµ“π’§◊Õ ∑’Ë∫â“πµ—πÀ¬ß≈ÿ‚≈– ª“°·¡àπÈ”¬–À√‘Ëß
∫â“π¥“‚µä– ·≈–·À≈¡µ“™’

2) π” “À√à“¬∑’Ë®–«‘‡§√“–Àå¡“≈â“ß¥â«¬πÈ”ª√–ª“
·≈–πÈ”°≈—ËπÀ≈“¬Ê §√—Èß °àÕπÕ∫„Àâ·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ 60ºC

‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß„πµŸâÕ∫ ·≈â«π”¡“∫¥„Àâ≈–‡Õ’¬¥ °àÕπ
π”‰ª√àÕπ¥â«¬µ–·°√ß√àÕπ„Àâ¡’¢π“¥Õπÿ¿“§ ª√–¡“≥
300-600 ‡¡™

2. »÷°…“°“√ªπ‡ªóôÕπ‚≈À–Àπ—°„πµ—«Õ¬à“ß “À√à“¬

∑”°“√«‘ ‡§√“–ÀåÀ“ª√‘¡“≥‚≈À–Àπ—°µ“¡«‘∏’
¡“µ√∞“π¢Õß APHA (1992)   ‚¥¬°“√¬àÕ¬µ—«Õ¬à“ß
 “À√à“¬∑’ËÕ∫·Àâß·≈–∫¥≈–‡Õ’¬¥®”π«π 1 °√—¡ ¥â«¬°√¥
‰πµ√‘°‡¢â¡¢âπ 5 ¡≈. „Àâ§«“¡√âÕπ®π‡°‘¥§«—π ’πÈ”µ“≈
‡¡◊ËÕ§«—π ’πÈ”µ“≈®“ß≈ß ≈¥Õÿ≥À¿Ÿ¡‘ ·≈â«§àÕ¬Ê ‡µ‘¡°√¥
‡ªÕ√å§≈Õ√‘°‡¢â¡¢âπ 10 ¡≈. ‡¢¬à“„Àâ‡¢â“°—π „Àâ§«“¡√âÕπ
µàÕ‰ª®π‡°‘¥§«—π ’¢“« ®–‰¥â “√≈–≈“¬„  «“ß∑‘Èß„Àâ‡¬Áπ
°√Õß¥â«¬°√–¥“…°√Õß ª√—∫ª√‘¡“µ√¥â«¬πÈ”°≈—Ëπ‡ªìπ 50

¡≈. „π¢«¥«—¥ª√‘¡“µ√°àÕππ”‰ª«‘‡§√“–Àå¥â«¬‡§√◊ËÕß
Õ–µÕ¡¡‘°·Õ∫´Õæ™—π ‡ª§‚µ√‚ø‚µ¡‘‡µÕ√å·∫∫‡ø≈¡
°√≥’¢Õß∑Õß·¥ß·≈–·∫∫°√“‰øµå   °√≥’µ–°—Ë« (AAS-

Flame/Graphite furnace, Perkin Elmer Analyst 100)

∑’Ë»Ÿπ¬å‡§√◊ËÕß¡◊Õ°≈“ß §≥–«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’

3. °“√»÷°…“°“√¥Ÿ¥´—∫‚≈À–Àπ—°¢Õß “À√à“¬™π‘¥µà“ßÊ

·∫∫ ¡¥ÿ≈ (Batch equilibrium system)

3.1 »÷°…“º≈¢Õßæ’‡Õ™ µàÕ§«“¡ “¡“√∂¥Ÿ¥´—∫

‚≈À–Àπ—°¢Õßµ—«Õ¬à“ß “À√à“¬

1) π”µ—«Õ¬à“ß “À√à“¬∑’ËÕ∫·Àâß®”π«π 0.1

°√—¡ ¡“‡µ‘¡ “√≈–≈“¬‚≈À–Àπ—° (µ–°—Ë«‡¢â¡¢âπ 70 ‰¡‚§√
°√—¡/≈‘µ√ À√◊Õ∑Õß·¥ß 20 ¡°./≈‘µ√) ª√‘¡“µ√ 50 ¡≈.
∑’Ë¡’§à“æ’‡Õ™µà“ßÊ °—π §◊Õ 2.0, 3.0, 4.0, 4.5, 5.0, 6.0 ·≈–
7.0 π”¡“‡¢¬à“¥â«¬‡§√◊ËÕß‡¢¬à“ §«“¡‡√Á« 100 √Õ∫/π“∑’
‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß ‡æ◊ËÕ„Àâ°√–∫«π°“√¥Ÿ¥´—∫‡°‘¥¢÷Èπ®π
∂÷ß ¡¥ÿ≈ µ“¡«‘∏’°“√¢Õß Matheickal ·≈– Yu (1996)

2) ‡¡◊ËÕ§√∫‡«≈“  °√Õß “À√à“¬ÕÕ°‚¥¬„™â
‡§√◊ËÕß°√Õß‡¬◊ËÕ∫“ß (membrane filter, Millipore) ¢π“¥
0.45 ‰¡‚§√‡¡µ√ π” “√≈–≈“¬„ ∑’Ë°√Õß‰¥â¡“µ√«®À“
ª√‘¡“≥‚≈À–Àπ—°∑’Ë‡À≈◊Õ¥â«¬‡§√◊ËÕß AAS

3) π”§à“æ’‡Õ™∑’Ë‡À¡“– ¡‰ª„™â„π°“√∑¥≈Õß
µàÕ‰ª

3.2 »÷°…“§«“¡ “¡“√∂¥Ÿ¥´—∫‚≈À–Àπ—°¢Õß«— ¥ÿ

 “À√à“¬‡ª√’¬∫‡∑’¬∫°—∫ “√¥Ÿ¥´—∫ —ß‡§√“–Àå

1) π”µ—«Õ¬à“ß«— ¥ÿ¥Ÿ¥ —́∫∑’ËÕ∫·Àâß®”π«π
0.1 °√—¡ ¡“‡µ‘¡ “√≈–≈“¬‚≈À–Àπ—°∑’Ë∑√“∫§«“¡‡¢â¡¢âπ
·πàπÕπ„π·µà≈–™ÿ¥°“√∑¥≈Õß (Pb2+ 0, 0.25, 0.5, 1, 2, 4

¡°./≈‘µ√; Cu2+ 0, 5, 10, 15, 20, 25 ¡°./≈‘µ√) ·≈–ª√—∫
§à“æ’‡Õ™¢Õß “√≈–≈“¬„Àâ‰¥â 5.0±0.5 (§à“∑’Ë‰¥â®“°°“√
∑¥≈Õß¢âÕ 3.1) ‚¥¬„™â°√¥‰πµ√‘°À√◊Õ‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å
∑”°“√‡¢¬à“ §«“¡‡√Á« 100 √Õ∫/π“∑’ ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß
‡¡◊ËÕ§√∫‡«≈“  °√Õß “À√à“¬ÕÕ°‚¥¬„™â‡§√◊ËÕß°√Õß‡¬◊ËÕ∫“ß
(membrane filter, Millipore) ¢π“¥ 0.45 ‰¡‚§√‡¡µ√
π” “√≈–≈“¬„ ∑’Ë°√Õß‰¥â¡“µ√«®À“ª√‘¡“≥‚≈À–Àπ—°∑’Ë
‡À≈◊Õ¥â«¬‡§√◊ËÕß AAS

3.3 °“√»÷°…“®≈π»“ µ√å¢Õß°“√¥Ÿ¥´—∫‚≈À–Àπ—°

1) ‡¢¬à“µ—«Õ¬à“ß “À√à“¬∑’ËÕ∫·Àâß 0.1 °√—¡
„π¿“™π–∑’Ë∫√√®ÿ “√≈–≈“¬‚≈À–Àπ—°·µà≈–™π‘¥§◊Õ µ–°—Ë«
„π “√≈–≈“¬ §«“¡‡¢â¡¢âπ 15 ·≈– 50 ‰¡‚§√°√—¡/≈‘µ√
 à«π∑Õß·¥ß ‡¢â¡¢âπ 10 ·≈– 20 ¡°./≈‘µ√ ´÷Ëß¡’§à“æ’‡Õ™
5.0±0.5 ‚¥¬„™â§«“¡‡√Á« 100 √Õ∫/π“∑’

2) «‘‡§√“–ÀåÀ“§«“¡‡¢â¡¢âπ¢Õß‚≈À–Àπ—°„π
 “√≈–≈“¬·µà≈–™ÿ¥∑’Ë‡«≈“µà“ßÊ °—π §◊Õ 0, 5, 10, 15, 20,

25, 30, 60, 120, 180 ·≈– 240 π“∑’ ‚¥¬„™â‡§√◊ËÕß AAS

4. °“√»÷°…“°“√¥Ÿ¥ —́∫‚≈À–Àπ—°¢Õß “À√à“¬ ·∫∫√–∫∫

µàÕ‡π◊ËÕß (Continuous Flow System)

1) ∫√√®ÿ “À√à“¬∑’ËÕ∫·Àâß≈ß„π§Õ≈—¡πå¢π“¥‡ âπ
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ªï∑’Ë 26 ©∫—∫∑’Ë 5 °.¬.-µ.§. 2547
°“√¥Ÿ¥´—∫∑“ß™’«¿“æ¢Õßµ–°—Ë«·≈–∑Õß·¥ß‚¥¬™’«¡«≈
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ºà“π»Ÿπ¬å°≈“ß 1.5 ´¡. „Àâ¡’§«“¡ Ÿßª√–¡“≥ 10-15 ´¡.
2) ºà“π “√≈–≈“¬‚≈À–Àπ—°µ–°—Ë« À√◊Õ∑Õß·¥ß

(‡¢â¡¢âπ 20 ¡°./≈‘µ√) æ’‡Õ™ 5.0±0.5 ≈ß„π§Õ≈—¡πå
ª√—∫Õ—µ√“°“√‰À≈¢Õß “√≈–≈“¬ª√–¡“≥ 1.5 ¡≈./π“∑’
·≈–‡°Á∫ “√≈–≈“¬∑’ËÕÕ°®“°§Õ≈—¡πå®”π«π 10 ¡≈. „π
·µà≈–À≈Õ¥

- π” “√≈–≈“¬∑’Ë‡°Á∫„π·µà≈–À≈Õ¥¡“«‘‡§√“–Àå
À“ª√‘¡“≥‚≈À–Àπ—°∑’Ë‡À≈◊ÕÕ¬Ÿà ‚¥¬„™â‡§√◊ËÕß AAS

- ‡ª√’¬∫‡∑’¬∫§«“¡ “¡“√∂°“√¥Ÿ¥´—∫‚≈À–
Àπ—°°—∫ “√¥Ÿ¥ —́∫ —ß‡§√“–Àå ‰¥â·°à ∂à“π°—¡¡—πµå ·≈– ‘́≈‘°“
‡®≈ ÷́Ëß∑”°“√∑¥≈Õß„π∑”πÕß‡¥’¬«°—π

º≈°“√∑¥≈Õß

1. ª√‘¡“≥‚≈À–Àπ—° (µ–°—Ë« ·≈–∑Õß·¥ß) ∑’Ëªπ‡ªóôÕπ

„π«— ¥ÿµ—«Õ¬à“ß

º≈°“√µ√«® Õ∫À“ª√‘¡“≥‚≈À–Àπ—°§◊Õ µ–°—Ë«
·≈–∑Õß·¥ß „π«— ¥ÿµ—«Õ¬à“ß “À√à“¬∑’Ë‡°Á∫®“°Õà“«ªíµµ“π’
‡ª√’¬∫‡∑’¬∫°—∫∂à“π°—¡¡—πµå · ¥ß„π Table 1 ´÷Ëß®–‡ÀÁπ
‰¥â«à“ ª√‘¡“≥‚≈À–Àπ—°µ–°—Ë«·≈–∑Õß·¥ß∑’Ëæ∫„π«— ¥ÿ
µ—«Õ¬à“ß¡’ª√‘¡“≥πâÕ¬¡“°  §◊Õæ∫ª√‘¡“≥µ–°—Ë«„π™à«ß
0.25-0.55 ¡°./°°. ·≈–∑Õß·¥ß „π™à«ß 2.00-7.62 ¡°./
°°. ‚¥¬§à“ limit of determination ¢Õß«‘∏’°“√«‘‡§√“–Àå
µ–°—Ë«·≈–∑Õß·¥ßπ’È ‡∑à“°—∫ 0.05 ·≈– 0.25 ¡°./°°.
ª√‘¡“≥∑’Ëµ√«®æ∫π’È¡’§à“µË”°«à“∑’Ë√“¬ß“π‚¥¬ª√’¬“·≈–§≥–
(2541) ´÷Ëßæ∫µ–°—Ë«·≈–∑Õß·¥ß„π “À√à“¬º¡π“ß·≈–
 “À√à“¬º—°°“¥∑’Ë‡°Á∫®“°Õà“«ªíµµ“π’Õ¬Ÿà„π™à«ß 4.74-26.78

·≈– 3.68-9.96 ¡°./°°. µ“¡≈”¥—∫ ·≈–®‘πµπ“ (2543)

´÷Ëßæ∫ª√‘¡“≥µ–°—Ë«„π “À√à“¬º¡π“ß·≈– “À√à“¬‰ â‰°àÕ¬Ÿà
„π™à«ß 0.84-2.80 ¡°./°°. ·≈– 1.62-3.11 ¡°./°°. µ“¡
≈”¥—∫

2. °“√»÷°…“§«“¡ “¡“√∂¥Ÿ¥ —́∫‚≈À–Àπ—° (Heavy Metal

Uptake Capacity) ‚¥¬«— ¥ÿµ—«Õ¬à“ß·∫∫ ¡¥ÿ≈ (Batch

Equilibrium Experiment)

§«“¡ “¡“√∂¥Ÿ¥ —́∫‚≈À–Àπ—°‚¥¬«— ¥ÿµ—«Õ¬à“ß
√“¬ß“π„π√Ÿª¢Õß Q ´÷ËßÀ¡“¬∂÷ß ª√‘¡“≥‚≈À–Àπ—°∑’Ë∂Ÿ°
¥Ÿ¥´—∫ (‰¡‚§√°√—¡/≈‘µ√ À√◊Õ ¡°./≈‘µ√) µàÕª√‘¡“≥«— ¥ÿ
µ—«Õ¬à“ß∑’Ë„™â (°√—¡) ¥—ßπ—Èπ Àπà«¬¢Õß Q §◊Õ ‰¡‚§√°√—¡/
°√—¡ À√◊Õ ¡°./°√—¡

2.1 °“√»÷°…“º≈¢Õßæ’‡Õ™µàÕ§«“¡ “¡“√∂¥Ÿ¥

´—∫‚≈À–Àπ—°¢Õßµ—«Õ¬à“ß “À√à“¬

1) ®“°°“√»÷°…“§«“¡ “¡“√∂¥Ÿ¥´—∫µ–°—Ë«
‚¥¬ G. fisheri, U. reticulata À√◊Õ Chaetomorpha sp.

ª√‘¡“≥™π‘¥≈– 0.1 °√—¡ „π “√≈–≈“¬µ–°—Ë«‡¢â¡¢âπ 70

‰¡‚§√°√—¡/≈‘µ√ ª√‘¡“µ√ 50 ¡≈. ≥ æ’‡Õ™µà“ßÊ §◊Õ 2.0,

3.0, 4.0, 4.5, 5.0, 5.5, 6.0 ·≈– 7.0 „Àâº≈°“√∑¥≈Õß
· ¥ß„π Figure 1 ®–‡ÀÁπ‰¥â«à“ °“√¥Ÿ¥´—∫µ–°—Ë«‚¥¬«— ¥ÿ
µ—«Õ¬à“ß “À√à“¬·µà≈–™π‘¥¡’·π«‚πâ¡‡™àπ‡¥’¬«°—π §◊Õ¡’
Õ—µ√“°“√°“√¥Ÿ¥ —́∫‡æ‘Ë¡¢÷Èπ Ÿß ‡¡◊ËÕæ’‡Õ™¢Õß “√≈–≈“¬¡’
§à“‡æ‘Ë¡¢÷Èπ®“° 2.0 ∂÷ß 5.0  Õ—µ√“°“√‡æ‘Ë¡°“√¥Ÿ¥´—∫®–
≈¥≈ß·≈–‡√‘Ë¡§ß∑’Ë ≥ æ’‡Õ™ 5.0-7.0 ‚¥¬ G. fisheri ®–
¥Ÿ¥ —́∫µ–°—Ë«‡æ‘Ë¡¢÷Èπ®“° 28.50 ‰¡‚§√°√—¡/°√—¡ ∑’Ëæ’‡Õ™
2.0 ‰ª‡ªìπ 35.30 ‰¡‚§√°√—¡/°√—¡∑’Ëæ’‡Õ™ 7.0    à«π
U. reticulata  ·≈–  Chaetomorpha sp.  ¥Ÿ¥´—∫µ–°—Ë«
‡æ‘Ë¡¢÷Èπ®“° 27.80 ·≈– 27.60 ‰¡‚§√°√—¡/°√—¡∑’Ëæ’‡Õ™ 2.0

Table 1. Lead and copper content in samples. (mean±SD)

       Samples Lead (mg/kg) Copper (mg/kg)

Gracilaria fisheri 0.48±0.04 2.40±0.03
Ulva reticulata 0.55±0.02 7.35±0.02
Chaetomorpha sp. 0.26±0.05 7.62±0.03
Activated carbon 0.25±0.05 2.00±0.08

Number of samples = 3
nd. = not detected
detection limit of AAS = 8.6 µµµµµg/l (Pb, Graphite AAS), 0.085 mg/l (Cu, Flame AAS)
limit of determination (LOQ) = 0.05 mg/kg (Pb), 0.25 mg/kg (Cu)
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‰ª‡ªìπ 35.10 ·≈– 35.20 ‰¡‚§√°√—¡/°√—¡ ∑’Ëæ’‡Õ™ 7.0

µ“¡≈”¥—∫
2) ®“°°“√»÷°…“§«“¡ “¡“√∂¥Ÿ¥ —́∫∑Õß·¥ß

‚¥¬„™â«— ¥ÿ “À√à“¬ª√‘¡“≥Õ¬à“ß≈– 0.1 °√—¡ „π “√≈–≈“¬
∑Õß·¥ß‡¢â¡¢âπ 20 ¡°./≈‘µ√ ª√‘¡“µ√ 50 ¡≈. ≥ æ’‡Õ™
µà“ßÊ §◊Õ 2.0, 3.0, 4.0, 4.5, 5.0, 5.5, 6.0 ·≈– 7.0

„Àâº≈°“√∑¥≈Õß · ¥ß„π Figure 2 ®–æ∫«à“æ’‡Õ™¡’º≈
µàÕ°“√¥Ÿ¥´—∫∑Õß·¥ß‡™àπ‡¥’¬«°—∫°√≥’¢Õßµ–°—Ë« §◊Õ
 “À√à“¬ “¡“√∂¥Ÿ¥´—∫∑Õß·¥ß‰¥â‡æ‘Ë¡¢÷Èπ‡¡◊ËÕæ’‡Õ™¢Õß

 “√≈–≈“¬¡’§à“‡æ‘Ë¡¢÷Èπ®“° 2.0 ∂÷ß 5.0 Õ—µ√“°“√‡æ‘Ë¡°“√
¥Ÿ¥´—∫‚≈À–®–≈¥≈ß·≈–°“√¥Ÿ¥´—∫‚≈À–‡°‘¥§àÕπ¢â“ß§ß∑’Ë
„π™à«ßæ’‡Õ™ 5.0-7.0 ‚¥¬ G. fisheri ®–¥Ÿ¥´—∫∑Õß·¥ß
‡æ‘Ë¡¢÷Èπ®“°  3.70  ¡°./°√—¡  ∑’Ëæ’‡Õ™  2.0  ‰ª‡ªìπ  6.70

¡°./°√—¡ ∑’Ëæ’‡Õ™ 7.0      à«π U. reticulata ·≈–
Chaetomorpha sp. ¥Ÿ¥´—∫∑Õß·¥ß‡æ‘Ë¡¢÷Èπ®“° 3.58 ·≈–
3.55 ¡°./°√—¡ ∑’Ëæ’‡Õ™ 2.0 ‰ª‡ªìπ 6.40 ·≈– 6.60 ¡°./
°√—¡ ∑’Ëæ’‡Õ™ 7.0 µ“¡≈”¥—∫

®–‡ÀÁπ‰¥â«à“ æ’‡Õ™∑’Ë‡À¡“– ¡„π°“√¥Ÿ¥´—∫

Figure 1. Lead  uptake  capacity  (Q,  µ µ µ µ µg/g)  by  Ulva  reticulata,  Gracilaria  fisheri  and

Chaetomorpha sp. in lead (II) solution (70 µµµµµg/l) at different pH. Bars represent

± 1 SD.

Figure 2. Copper uptake capacity (Q, mg/g) by U. reticulata, G. fisheri and Chaetomorpha
sp. in copper (II) solution (20 mg/l) at different pH. Bars represent ± 1 SD.
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‚≈À–Àπ—°‡À≈à“π’ÈÕ¬Ÿà„π™à«ß 4-6 µ√ß°—∫º≈∑’Ë‰¥â®“°≥—∞°¡≈
(2541) ´÷Ëß∑¥≈Õß°“√¥Ÿ¥´—∫∑Õß·¥ß‚¥¬ “À√à“¬º¡π“ß
(G. fisheri)   ·≈–„°≈â‡§’¬ß°—∫º≈°“√∑¥≈Õß¢Õß
Matheickal  ·≈–  Yu  (1996)  „π°“√¥Ÿ¥´—∫µ–°—Ë«‚¥¬
 “À√à“¬ ’πÈ”µ“≈ (Ecklonia radiata) ´÷Ëß√“¬ß“πæ’‡Õ™∑’Ë
‡À¡“– ¡§◊Õ 4.5-5.5

æ’‡Õ™¢Õß “√≈–≈“¬¡’º≈µàÕ°“√¥Ÿ¥´—∫‚≈À–
Àπ—°∑—Èß “¡™π‘¥„π∑”πÕß‡¥’¬«°—π ∑—Èßπ’È‡π◊ËÕß®“°æ’‡Õ™¡’
§«“¡ —¡æ—π∏å°—∫À¡Ÿàøíß°å™—πµà“ßÊ ∑’ËÕ¬Ÿà∫√‘‡«≥æ◊Èπº‘«¢Õß
 “À√à“¬ ´÷Ëßª√–°Õ∫¥â«¬‚æ≈’·´§§“‰√¥åª√–‡¿∑‡´≈≈Ÿ‚≈ 
·≈–¡—°¡’À¡Ÿàµà“ßÊ Õ¬Ÿà¥â«¬ ‡™àπ À¡Ÿà§“√å∫Õπ‘≈ À¡ŸàøÕ ‡øµ
·≈–À¡ŸàÕ–¡‘‚π ‡ªìπµâπ ∑’Ëæ’‡Õ™µË”Ê (™à«ß 2-3) ®–¡’§«“¡
‡¢â¡¢âπ¢Õß‚ª√µÕπ Ÿß  À¡Ÿàøíß°å™—π‡À≈à“π’È¡—°¡’ª√–®ÿ‡ªìπ
»Ÿπ¬åÀ√◊Õ‡ªìπ∫«° ¡’°“√·¢àß¢—π„π°“√®—¥∫πº‘«Àπâ“¢Õß
 “À√à“¬√–À«à“ß‚ª√µÕπ·≈–‰ÕÕÕπ¢Õß‚≈À–Àπ—° ®÷ß∑”„Àâ
æ—π∏–√–À«à“ß‚≈À–°—∫µ—«¥Ÿ¥´—∫‰¡à§ß∑’Ë  ·≈–‚ª√µÕπ¡’
ª√– ‘∑∏‘¿“æ„π°“√®—∫°—∫‰ÕÕÕπ¢Õß‚≈À–‰¥â¥’°«à“ ‡ªìπ
º≈„Àâ°“√¥Ÿ¥´—∫‚≈À–‰¡à¥’π—° ‡¡◊ËÕæ’‡Õ™¢Õß “√≈–≈“¬ Ÿß
¢÷Èπ (¡“°°«à“ 4) §«“¡‡¢â¡¢âπ‚ª√µÕπ≈¥≈ß  „π¢≥–∑’Ë
À¡Ÿàøíß°å™—πµà“ßÊ ®–¡’ª√–®ÿ‡ªìπ≈∫  ‰ÕÕÕπ‚≈À–¡’§«“¡
 “¡“√∂·¢àß¢—π°—∫‚ª√µÕπ‰¥â Ÿß ®÷ß∑”„Àâ°“√¥Ÿ¥ —́∫‚≈À–
‡°‘¥‰¥â¥’¢÷Èπ (Darnall et al., 1986; Fourest and Roux,

1992)   „π°“√∑¥≈Õßπ’È‰¡à‰¥â∑¥≈Õß∑’Ëæ’‡Õ™ Ÿß°«à“ 7

‡π◊ËÕß®“°®–‡°‘¥°“√µ°µ–°Õπ¢Õß‚≈À–Àπ—°„π “√≈–≈“¬
´÷ËßÕ“®Õ¬Ÿà„π√Ÿª¢Õß metal hydroxide (Buffle and De

Vitre, 1994) ∑”„Àâ‰¡à “¡“√∂∑¥≈Õß‰¥â  πÕ°®“°π’È ‰¥â
‡≈◊Õ°∑”°“√∑¥≈Õß°“√¥Ÿ¥´—∫‚≈À–µ–°—Ë«„π™à«ß§«“¡‡¢â¡¢âπ

πâÕ¬Ê (√–¥—∫‰¡‚§√°√—¡/≈‘µ√) ·≈–∑Õß·¥ß∑’Ë§«“¡‡¢â¡¢âπ
√–¥—∫¡°./°√—¡ ‡π◊ËÕß®“°√“¬ß“π∑’Ë¡’¡“°àÕπ¡—°∑”∑’Ë§«“¡
‡¢â¡¢âπµ–°—Ë« ŸßÊ  ·≈–„π·À≈àßπÈ”∏√√¡™“µ‘∑’Ëªπ‡ªóôÕπ
‚≈À–Àπ—°¡—°µ√«®æ∫ª√‘¡“≥‚≈À–µ–°—Ë«∑’ËπâÕ¬°«à“∑Õß·¥ß

2.2 §«“¡ “¡“√∂¥Ÿ¥´—∫‚≈À–Àπ—°‚¥¬ “À√à“¬

‡ª√’¬∫‡∑’¬∫°—∫ “√¥Ÿ¥ —́∫ —ß‡§√“–Àå

1) º≈°“√∑¥≈Õß°“√¥Ÿ¥ —́∫‚≈À–Àπ—°µ–°—Ë«
‚¥¬ G. fisheri, U. reticulata ·≈– Chaetomorpha sp.

‡ª√’¬∫‡∑’¬∫°—∫ “√¥Ÿ¥´—∫ —ß‡§√“–Àå §◊Õ ∂à“π°—¡¡—πµå ·≈–
´‘≈‘°“‡®≈ · ¥ß„π Table 2 ·≈– Figure 3 æ∫«à“ “À√à“¬
∑—Èß “¡™π‘¥¡’§«“¡ “¡“√∂¥Ÿ¥´—∫‚≈À–Àπ—°µ–°—Ë«‰¥â„°≈â
‡§’¬ß°—π∑’Ë§«“¡‡¢â¡¢âπ‚≈À–µË”Ê ·≈–®–¥Ÿ¥´—∫‰¥âπâÕ¬≈ß∑’Ë
§«“¡‡¢â¡¢âπ‚≈À– Ÿß¢÷Èπ ´÷Ëßæ‘®“√≥“‰¥â®“°§à“‡ªÕ√å‡´πµå
°“√¥Ÿ¥´—∫ ´÷Ëß¡’§à“≈¥≈ß  à«π “√¥Ÿ¥´—∫ —ß‡§√“–Àå§◊Õ ∂à“π
°—¡¡—πµå ·≈– ‘́≈‘°“‡®≈ ¡’°“√¥Ÿ¥ —́∫‚≈À–Àπ—°‰¥âπâÕ¬°«à“
·≈–‡°‘¥Õ¬à“ß§àÕ¬‡ªìπ§àÕ¬‰ª

2) º≈°“√∑¥≈Õß°“√¥Ÿ¥ —́∫∑Õß·¥ß‚¥¬ G.

fisheri, U. reticulata À√◊Õ Chaetomorpha sp. ‡ª√’¬∫
‡∑’¬∫°—∫∂à“π°—¡¡—πµå ·≈–´‘≈‘°“‡®≈ · ¥ß„π Table 3 ·≈–
Figure 4 ®–‡ÀÁπ‰¥â«à“ °√“ø¡’·π«‚πâ¡‡™àπ‡¥’¬«°—∫°√≥’
¢Õßµ–°—Ë« §◊Õ  “À√à“¬∑—Èß “¡™π‘¥  “¡“√∂¥Ÿ¥ —́∫‚≈À–
∑Õß·¥ß‰¥â„°≈â‡§’¬ß°—π∑’Ë§«“¡‡¢â¡¢âπ‚≈À–µË”Ê  ·≈–®–
¥Ÿ¥´—∫‰¥âπâÕ¬≈ß∑’Ë§«“¡‡¢â¡¢âπ‚≈À– Ÿß¢÷Èπ æ‘®“√≥“‰¥â®“°
§à“‡ªÕ√å‡´πµå°“√¥Ÿ¥´—∫ ´÷Ëß¡’§à“≈¥≈ß   à«π∂à“π°—¡¡—πµå
·≈– ‘́≈‘°“‡®≈¡’°“√¥Ÿ¥ —́∫‚≈À–Àπ—°‰¥âπâÕ¬°«à“·≈–‡°‘¥
Õ¬à“ß§àÕ¬‡ªìπ§àÕ¬‰ª  °“√∑’Ë “À√à“¬ “¡“√∂¥Ÿ¥ —́∫‚≈À–
Àπ—°‰¥â¥’„π “√≈–≈“¬™à«ß§«“¡‡¢â¡¢âπµË”Ê  πà“®–‡ªìπ

Table 3. Copper uptake capacity (Q, mg/g) and %adsorption (%Ad) at initial concentrations (C
0
, mg/

l) of copper by G. fisheri, U. reticulata, Chaetomorpha sp., activated carbon and silica gel.

        G. fisheri           U. reticulata        Chaetomorpha sp.   activated carbon silica gel

Q (mg/g) %Ad Q (mg/g) %Ad Q (mg/g) %Ad Q (mg/g) %Ad Q (mg/g) %Ad

5 1.75 70.0 1.80 72.0 1.88 75.4 1.53 61.5 1.70 68.0
10 3.30 66.0 3.35 67.0 3.60 72.0 2.76 55.2 2.55 51.0
15 4.68 62.4 4.60 61.3 4.94 65.9 3.71 49.5 3.61 48.0
20 6.00 60.0 6.00 60.0 6.35 63.5 4.40 44.0 4.30 43.0
25 7.33 58.6 7.45 59.6 7.48 59.8 5.45 43.6 5.70 45.6

%Adsorption (%Ad) = adsorbed metal concentration (mg/l) / initial metal concentration (C
0
, mg/l) x 100

C
0

(mg/l)
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Table 2. Lead uptake capacity (Q, mg/g) and %adsorption (%Ad) at initial concentrations (C
0
, mg/l)

of lead by G. fisheri, U. reticulata, Chaetomorpha sp., activated carbon and silica gel.

        G. fisheri           U. reticulata        Chaetomorpha sp.   activated carbon silica gel

Q (mg/g) %Ad Q (mg/g) %Ad Q (mg/g) %Ad Q (mg/g) %Ad Q (mg/g) %Ad

0.25 0.112 89.6 0.113 90.4 0.115 92.0 0.095 76.0 0.09 72.0
0.5 0.226 91.0 0.22 88.0 0.215 86.0 0.195 78.0 0.17 68.0
1.0 0.42 84.6 0.43 86.0 0.43 86.9 0.37 74.0 0.325 65.0
2.0 0.75 75.0 0.75 75.3 0.76 76.0 0.58 58.0 0.51 51.0
4.0 1.04 52.0 1.07 53.5 1.10 55.0 0.89 44.7 0.85 42.5

%Adsorption (%Ad) = adsorbed metal concentration (mg/l) / initial metal concentration (C
0
, mg/l) x 100

C
0

(mg/l)

Figure 3. Lead uptake capacity (Q, mg/g) at equilibrium lead concentrations (C
eq

, mg/l) by

various adsorbents. Bars represent ± 1 SD.

Figure 4. Copper uptake capacity (Q, mg/g) at equilibrium copper concentrations (C
eq

,

mg/l) by various adsorbents. Bars represent ± 1 SD.
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ª√–‚¬™πå„π°“√°”®—¥‚≈À–Àπ—°„π·À≈àßπÈ”∑’Ë¡’°“√ªπ‡ªóôÕπ
‚≈À–Àπ—°ª√‘¡“≥πâÕ¬Ê

2.3 ‰Õ‚´‡∑Õ√å¡¢Õß°“√¥Ÿ¥´—∫‚≈À–Àπ—°‚¥¬

 “À√à“¬µ—«Õ¬à“ß

º≈°“√»÷°…“‡∫◊ÈÕßµâπ„π¢âÕ 2.2  “¡“√∂π”¡“
»÷°…“‰Õ‚´‡∑Õ√å¡¢Õß°“√¥Ÿ¥´—∫‰¥â‚¥¬°“√‡¢’¬π°√“ø
‰Õ‚´‡∑Õ√å¡°“√¥Ÿ¥´—∫µ–°—Ë«·≈–∑Õß·¥ßµ“¡ ¡°“√¢Õß
·≈ß§å‡¡’¬√å (Langmuir) ·≈–ø√ÿπ¥‘™ (Freundlich) ‚¥¬
∑’Ë·∫∫®”≈Õß¢Õß·≈ß§å‡¡’¬√å ‡ªìπ°“√¥Ÿ¥´—∫∑’Ëµ—«∂Ÿ°¥Ÿ¥´—∫
‡√’¬ß°—π‡æ’¬ß™—Èπ‡¥’¬«∫πæ◊Èπº‘«µ—«¥Ÿ¥´—∫  à«π¢Õßø√ÿπ¥‘™
‡ªìπ°“√¥Ÿ¥´—∫∑’Ëµ—«∂Ÿ°¥Ÿ¥´—∫‡√’¬ß´âÕπ°—πÀ≈“¬™—Èπ∫πæ◊Èπ
º‘«µ—«¥Ÿ¥´—∫ (·¡âπ, 2535)

·∫∫®”≈Õß¢Õß·≈ß§å‡¡’¬√å:
C

eq
/Q   =   1/Q

m
·b + C

eq
/Q

m
          (1)

‡¡◊ËÕ C
eq

= §«“¡‡¢â¡¢âπ∑’Ë ¿“«– ¡¥ÿ≈ (steady

state) (¡°./≈‘µ√)

Q = §«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫ = ª√‘¡“≥
‚≈À–Àπ—°∑’Ë∂Ÿ°¥Ÿ¥´—∫µàÕª√‘¡“≥ “√
¥Ÿ¥´—∫ (¡°./°√—¡)

Q
m

= §«“¡ “¡“√∂ Ÿß ÿ¥„π°“√¥Ÿ¥ —́∫ (¡°./
°√—¡)

b = §à“§ß∑’Ë°“√¥Ÿ¥´—∫·∫∫™—Èπ‡¥’¬« (Ad-

sorption affinity)

·∫∫®”≈Õß¢Õßø√ÿπ¥‘™:

ln Q   =   ln K + 1/n ln C
eq

          (2)

‡¡◊ËÕ K = Freundlich sorption coefficient =

§à“§ß∑’Ë· ¥ß§«“¡ “¡“√∂„π°“√¥Ÿ¥ —́∫
·∫∫À≈“¬™—Èπ (¡°./°√—¡)

n = §à“§ß∑’Ë· ¥ß°“√¢÷Èπµ√ß°—∫§«“¡‡¢â¡¢âπ
¢Õß “√≈–≈“¬

 √ÿª§à“§ß∑’Ë‰Õ‚´‡∑Õ√å¡¢Õß·≈ß§å‡¡’¬√å·≈–
ø√ÿπ¥‘™  ”À√—∫°“√¥Ÿ¥´—∫‚≈À–‚¥¬«— ¥ÿ∑—Èß 5 ™π‘¥ · ¥ß
„π Table 4 ´÷Ëßæ∫«à“·∫∫®”≈Õß¢Õß·≈ß§å‡¡’¬√å·≈–¢Õß
ø√ÿπ¥‘™  “¡“√∂Õ∏‘∫“¬°≈‰°°“√¥Ÿ¥´—∫¢Õß«— ¥ÿ¥Ÿ¥´—∫∑—Èß
Àâ“™π‘¥ ‚¥¬ “À√à“¬∑—Èß “¡™π‘¥ ¡’°≈‰°°“√¥Ÿ¥´—∫∑’Ë‡ªìπ
‰ª‰¥â∑—Èß·∫∫·≈ß§å‡¡’¬√å·≈–ø√ÿπ¥‘™ ‡π◊ËÕß®“° —¡ª√– ‘∑∏‘Ï
 À —¡æ—π∏å (correlation coefficient) (r2) ¡’§à“„°≈â‡§’¬ß
°—π

 ”À√—∫°“√¥Ÿ¥´—∫‚≈À–·∫∫·≈ß§å‡¡’¬√å  æ∫«à“
µ—«Õ¬à“ß “À√à“¬ G. fisheri ¥Ÿ¥´—∫µ–°—Ë«„°≈â‡§’¬ß°—∫ U.

reticulata ·≈–§àÕπ¢â“ßπâÕ¬°«à“¢Õß Chaetomorpha sp.

´÷Ëß “¡“√∂¥Ÿ¥´—∫µ–°—Ë«‰¥â Ÿß°«à“ (Q
m
 = 1.26±0.13 ¡°./

°√—¡) ·µà¡’·π«‚πâ¡¥Ÿ¥´—∫∑Õß·¥ß (Q
m
 = 15.87±1.03

¡°./°√—¡)  ∑’Ë¥’°«à“°√≥’µ—«Õ¬à“ß  U.  reticulata  ·≈–
Chaetomorpha sp. (14.71±1.02 ·≈– 12.35±1.03 ¡°./
°√—¡ µ“¡≈”¥—∫)  ´÷Ëß§«“¡·µ°µà“ßπ’È Õ“®®–‡π◊ËÕß¡“®“°

Table 4. Langmuir isotherm and Freundlich isotherm of lead and copper uptake by bio-

mass of algae and synthetic adsorbents.

              Langmuir isotherm (mean±SD)   Freundlich isotherm (mean±SD)

Qm(mg/g) b r2 K (mg/g) n r2

Pb: G. fisheri 1.18±0.15 3.74±0.06 0.999 0.91±0.05 1.93±0.17 0.954
U. reticulata 1.19±0.14 3.94±0.06 0.999 0.94±0.06 1.93±0.15 0.955
Chaetomorpha sp. 1.26±0.14 3.59±0.09 0.995 0.96±0.08 1.92±0.14 0.965
activated carbon 1.14±0.11 1.62±0.04 0.984 0.64±0.06 1.71±0.14 0.948
silica gel 1.15±0.12 1.05±0.05 0.967 0.53±0.04 1.56±0.12 0.984

Cu: G. fisheri 15.87±1.03 0.08±0.02 0.966 1.31±0.17 1.36±0.11 0.999
U. reticulata 14.71±1.02 0.09±0.03 0.901 1.42±0.18 1.43±0.15 0.996
Chaetomorpha sp. 12.35±1.03 0.15±0.05 0.966 1.70±0.20 1.53±0.15 0.993
activated carbon 8.64±0.95 0.10±0.03 0.966 1.04±0.12 1.61±0.10 0.994
silica gel 8.16±0.97 0.12±0.03 0.809 1.23±0.11 1.86±0.12 0.953
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 “À√à“¬·µà≈–™π‘¥¡’Õß§åª√–°Õ∫¬àÕ¬¢Õß‚§√ß √â“ßºπ—ß
‡´≈≈å∑’Ë·µ°µà“ß°—π ®÷ß¡’§«“¡ “¡“√∂„π°“√®—∫°—∫‚≈À–
·µà≈–™π‘¥‰¥â·µ°µà“ß°—π   à«π∂à“π°—¡¡—πµå·≈–´‘≈‘°“‡®≈
¡’ª√– ‘∑∏‘¿“æ¥Ÿ¥´—∫‚≈À–Àπ—°·µà≈–™π‘¥‰¥âµË”°«à“«— ¥ÿ
¥Ÿ¥´—∫™’«¿“æ

§«“¡ “¡“√∂¥Ÿ¥´—∫‚≈À–µ–°—Ë«¢Õß«— ¥ÿµ—«Õ¬à“ß
 “À√à“¬∑—Èß “¡™π‘¥π’È æ∫«à“¡’§à“„°≈â‡§’¬ß°—∫«— ¥ÿ “À√à“¬
 ’πÈ”µ“≈ Undaria pinnatifida ´÷Ëß treat ¥â«¬ xanthate

(Kim et al., 1984) ·µàµË”°«à“°√≥’¢Õß natural zeolites

(Blanchard et al., 1984)  ·∫§∑’‡√’¬ Pseudomonas

aeruginosa PU21 (Chang et al., 1997)  «— ¥ÿ “À√à“¬
 ’πÈ”µ“≈ Ecklonia radiata (Matheickal and Yu, 1996)

·≈– E. maxima (Feng and Aldrich, 2004) (¥Ÿ Table 5)

 ”À√—∫§«“¡ “¡“√∂¥Ÿ¥´—∫∑Õß·¥ß æ∫«à“ ¡’
§à“„°≈â‡§’¬ß°—∫°√≥’¢Õß«— ¥ÿ¥Ÿ¥´—∫∑’Ë‡ªìπ‡™◊ÈÕ√“ Rhizopus

arrhizus (Tobin et al., 1984) ·∫§∑’‡√’¬ Streptomyces

noursei (Mattuschka and Strabe, 1993)  ·≈–¡’§à“
¡“°°«à“«— ¥ÿ¥Ÿ¥´—∫∑’Ë‡ªìπ‡™◊ÈÕ√“ Aspergillus oryzae

(Huang et al., 1991)   ·µà¡’§à“πâÕ¬°«à“°√≥’¢Õß«— ¥ÿ‡™◊ÈÕ
√“ Penicillium chrysogenum (Fourest et al., 1994)

·∫§∑’‡√’¬ Pseudomonas aeruginosa PU21 (Chang

et al., 1997)   “À√à“¬¢π“¥‡≈Á° (microalgae) æ«°
Scenedesmus obliquus  ·≈–  Synechocystis sp.

(Donmez et al., 1999) µ≈Õ¥®π«— ¥ÿ “À√à“¬ ’πÈ”µ“≈
Ecklonia radiata (Matheickal et al., 1997) ·≈– E.

maxima (Feng and Aldrich, 2004) (¥Ÿ Table 5)

°√≥’°≈‰°°“√¥Ÿ¥ —́∫·∫∫ø√ÿπ¥‘™ «— ¥ÿµ—«Õ¬à“ß
 “À√à“¬¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫µ–°—Ë«∑’Ë§≈â“¬°—∫°√≥’
¢Õß·≈ß§å‡¡’¬√å§◊Õ Chaetomorpha sp. „Àâ§à“ —¡ª√– ‘∑∏‘Ï
°“√¥Ÿ¥´—∫ (sorption coefficient)  Ÿß∑’Ë ÿ¥ (K = 0.96

¡°./°√—¡) √Õß≈ß¡“§◊Õ U. reticulata ·≈– G. fisheri (K

= 0.94 ·≈– 0.91 ¡°./°√—¡ µ“¡≈”¥—∫) ´÷Ëßæ∫«à“¡’§à“
µË”°«à“°√≥’«— ¥ÿ‡™◊ÈÕ√“ Aspergillus niger (K = 1.69, n =

2.56) (Jianlong et al., 2001)  à«π°“√¥Ÿ¥ —́∫∑Õß·¥ß
Chaetomorpha sp. °Á„Àâ§à“ K  Ÿß∑’Ë ÿ¥ (1.70 ¡°./°√—¡)

√Õß≈ß¡“§◊Õ U. reticulata ·≈– G.  fisheri (K = 1.42

·≈– 1.31 ¡°./°√—¡ µ“¡≈”¥—∫) ´÷Ëß·µ°µà“ß®“°°√≥’¢Õß
·≈ß§å‡¡’¬√å

°“√∑’Ë«— ¥ÿ™’«¿“æ™π‘¥µà“ßÊ ‡À≈à“π’È¡’§«“¡
 “¡“√∂¥Ÿ¥´—∫‚≈À–Àπ—°‰¥â·µ°µà“ß°—π  à«πÀπ÷ËßÕ“®‡π◊ËÕß
¡“®“°Õß§åª√–°Õ∫æ«°‚æ≈’·´§§“‰√¥å¢Õß‚§√ß √â“ßºπ—ß
‡´≈≈å¢Õß«— ¥ÿ™’«¿“æ ª√–°Õ∫¥â«¬™π‘¥ ®”π«π·≈– ¡∫—µ‘

Table 5. Adsorption capacities (Q
m
, mg/g) of  Pb and Cu by the algal samples com-

pared to those of previous work.

               Samples Q
m
  (mg/g)        Reference

Pb: Three algal biomass 1.18-1.26 This study
Xanthated Undaria pinnatifida 1.21 Kim et al., 1984
Natural zeolites 16.6 Blanchard et al., 1984
Pseudomonas aeruginosa PU21 70.0 Chang et al., 1997
Ecklonia radiata 282 Matheickal and Yu, 1996
Ecklonia maxima 227-243 Feng and Aldrich, 2004

Cu: Three algal biomass 12.3-15.9 This study
Aspergillus oryzae 4.40 Huang et al., 1991
Streptomyces noursei 13.3 Mattuschka and Strabe, 1993
Rhizopus arrhizus 15.9 Tobin et al., 1984
Penicillium chrysogenum 24.7 Fourest et al., 1994
Pseudomonas aeruginosa PU21 23.0 Chang et al., 1997
Scenedesmus obliquus 26.7 Donmez et al., 1999
Synechocystis sp. 32.4 Donmez et al., 1999
Ecklonia radiata 70.5 Matheickal et al., 1997
Ecklonia maxima 85.0-94.0 Feng and Aldrich, 2004
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∑’Ë·µ°µà“ß°—π
2.4 ®≈π»“ µ√å  (Kinetics Profiles) ¢Õß°“√¥Ÿ¥

´—∫‚≈À–Àπ—°‚¥¬ “À√à“¬µ—«Õ¬à“ß

®“°°“√∑¥≈Õß®≈π»“ µ√å¢Õß°“√¥Ÿ¥ —́∫‚≈À–
Àπ—°·µà≈–™π‘¥ §◊Õ µ–°—Ë« (Pb2+ 15 ·≈– 50 ‰¡‚§√°√—¡/
≈‘µ√) ·≈–∑Õß·¥ß (Cu2+10 ·≈– 20 ¡°./≈‘µ√) ‚¥¬«— ¥ÿ
 “À√à“¬ “À√à“¬µà“ßÊ §◊Õ G. fisheri, U. reticulata ·≈–
Chaetomorpha sp. „Àâº≈· ¥ß„π Figure 5 ·≈– 6 ´÷Ëß
®–‡ÀÁπ‰¥â«à“ “À√à“¬·µà≈–™π‘¥¡’§«“¡ “¡“√∂¥Ÿ¥´—∫µ–°—Ë«

‰¥â„π‡«≈“∑’Ë√«¥‡√Á« ‚¥¬∑’Ë§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ¢Õßµ–°—Ë«
‡∑à“°—∫ 15 ·≈– 50 ‰¡‚§√°√—¡/≈‘µ√   “À√à“¬¥Ÿ¥´—∫‰¥â
90% ¢Õß°“√¥Ÿ¥´—∫‚¥¬ ¡∫Ÿ√≥å¿“¬„π‡«≈“ 15-30 π“∑’
´÷Ëßµ√ß°—∫º≈°“√∑¥≈Õß¢Õß Matheickal ·≈– Yu (1996)

∑’Ë√“¬ß“π°“√¥Ÿ¥´—∫µ–°—Ë«‚¥¬¡«≈™’«¿“æ¢Õß “À√à“¬
 ’πÈ”µ“≈ E. radiata ‰¥â‡°◊Õ∫ 100% ¿“¬„π‡«≈“ 15 π“∑’

 ”À√—∫°“√¥Ÿ¥ —́∫∑Õß·¥ß°Á‡™àπ‡¥’¬«°—π æ∫«à“
∑’Ë§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ¢Õß∑Õß·¥ß‡∑à“°—∫ 10 ·≈– 20 ¡°./
≈‘µ√  «— ¥ÿµ—«Õ¬à“ß “À√à“¬∑—Èß “¡™π‘¥¡’§«“¡ “¡“√∂

Figure 5. Lead  uptake  capacity  (Q,  µµµµµg/g)  by  biomass  of  U.  reticulata,  G.  fisheri  and

Chaetomorpha sp. at different sorption time (min) using 15 µµµµµg/l (dash line) and 50

µµµµµg/l (solid line) of lead (II) solutions. Bars represent ± 1 SD.

Figure 6. Copper uptake capacity (Q, mg/g) by biomass of U. reticulata, G. fisheri and

Chaetomorpha sp. at different sorption time (min) using 10 mg/l (dash line) and

20 mg/l (solid line) of copper (II) solutions. Bars represent ± 1 SD.
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¥Ÿ¥´—∫∑Õß·¥ß‰¥â„π‡«≈“∑’Ë√«¥‡√Á«§◊Õ ¿“¬„π√–¬–‡«≈“
15-30 π“∑’   “À√à“¬¥Ÿ¥´—∫∑Õß·¥ß‰¥â‡°◊Õ∫∂÷ß ¿“«–
 ¡¥ÿ≈ (Figure 6) º≈°“√∑¥≈Õßπ’Èµ√ß°—∫º≈°“√∑¥≈Õß
¢Õß  Matheickal  ·≈–§≥–  (1997)   ´÷Ëß√“¬ß“π«— ¥ÿ
 “À√à“¬ ’πÈ”µ“≈ E. radiata ¥Ÿ¥´—∫‚≈À–‰¥â∂÷ß 90% ¢Õß
°“√¥Ÿ¥´—∫‚¥¬ ¡∫Ÿ√≥å¿“¬„π√–¬–‡«≈“ 15 π“∑’

3. °“√∑¥ Õ∫°“√¥Ÿ¥´—∫‚≈À–Àπ—°‚¥¬√–∫∫µàÕ‡π◊ËÕß

(Continuous Flow Experiment)

º≈°“√»÷°…“°“√°”®—¥‚≈À–Àπ—°·µà≈–™π‘¥·∫∫
√–∫∫µàÕ‡π◊ËÕß ‚¥¬„™âµ—«Õ¬à“ß “À√à“¬∑’ËÕ∫·Àâß®”π«π 5

°√—¡ ∫√√®ÿ„π§Õ≈—¡πå ·≈–ºà“π “√≈–≈“¬µ–°—Ë«§«“¡‡¢â¡¢âπ
20 ¡°./≈‘µ√ ≈ß‰ª · ¥ß„π Figure 7 ®“°√Ÿª®–‡ÀÁπ«à“
°√“ø∑’Ë‰¥â®“°°“√æ≈Õµ√–À«à“ß§«“¡‡¢â¡¢âπ∑’Ë‡À≈◊Õ°—∫
ª√‘¡“µ√¢Õß “√≈–≈“¬‚≈À–Àπ—° ¡’≈—°…≥–‡ªìπ√Ÿªµ—«‡Õ 
§Õ≈—¡πå∑’Ë∫√√®ÿ«— ¥ÿ “À√à“¬ Chaetomorpha sp. ¡’§«“¡
 “¡“√∂≈¥ª√‘¡“≥µ–°—Ë«‰¥â¡“°°«à“«— ¥ÿ “À√à“¬Õ’° Õß
™π‘¥ ‚¥¬ 1 °√—¡¢Õßµ—«Õ¬à“ß  “¡“√∂°”®—¥µ–°—Ë«‰¥â 480

¡≈. „π¢≥–∑’Ë U. reticulata ·≈– G. fisheri °”®—¥µ–°—Ë«
‰¥â 305 ·≈– 260 ¡≈./°√—¡ µ“¡≈”¥—∫ ´÷Ëß‡¡◊ËÕ§”π«≥
§à“°“√¥Ÿ¥´—∫¢Õß§Õ≈—¡πå (sorption capacity)  ”À√—∫
Chaetomorpha sp., U. reticulata ·≈– G. fisheri ®–
‰¥â‡∑à“°—∫ 1.90, 1.20 ·≈– 1.02 ¡°./°√—¡ µ“¡≈”¥—∫
 à«π∂à“π°—¡¡—πµå¡’§«“¡ “¡“√∂¥Ÿ¥´—∫µ–°—Ë«‰¥âπâÕ¬∑’Ë ÿ¥

°“√∑¥≈Õß°“√¥Ÿ¥´—∫‚≈À–µ–°—Ë«·∫∫‡π◊ËÕßπ’È„Àâº≈
°“√∑¥≈Õßµ√ß°—∫°√≥’·∫∫ ¡¥ÿ≈ ´÷Ëßæ∫«à“ «— ¥ÿµ—«Õ¬à“ß
 “À√à“¬ Chaetomorpha sp.  “¡“√∂¥Ÿ¥´—∫µ–°—Ë«‰¥â¥’∑’Ë ÿ¥

„π°√≥’¢Õß°“√¥Ÿ¥´—∫‚≈À–∑Õß·¥ß°Á„Àâº≈‡™àπ
‡¥’¬«°—π§◊Õ ‡¡◊ËÕ„™â “√≈–≈“¬∑Õß·¥ß‡¢â¡¢âπ 20 ¡°./≈‘µ√,
æ’‡Õ™ 5.0±0.5 ºà“π≈ß„π§Õ≈—¡πå·µà≈–™ÿ¥´÷Ëß∫√√®ÿ«— ¥ÿ
 “À√à“¬Õ∫·Àâß®”π«π 1.5 °√—¡ æ∫«à“ «— ¥ÿ “À√à“¬
Chaetomorpha sp.  “¡“√∂°”®—¥∑Õß·¥ß‰¥â 240 ¡≈./
°√—¡ ´÷Ëß¥’°«à“ U. reticulata ·≈– G. fisheri  (200 ·≈–
175 ¡≈./°√—¡ µ“¡≈”¥—∫) (Figure 8)   Õ¬à“ß‰√°Áµ“¡
§«“¡ “¡“√∂¥Ÿ¥´—∫∑Õß·¥ß√–À«à“ß«— ¥ÿ “À√à“¬∑—Èß “¡
™π‘¥π’È‰¡à·µ°µà“ß°—π¡“°π—° Õ¬Ÿà„π™à«ß 175-240 ¡≈./°√—¡
(7.0-9.6 ¡°./°√—¡) ´÷Ëßµà“ß®“°°√≥’¢Õß°“√¥Ÿ¥´—∫µ–°—Ë«
 à«π∂à“π°—¡¡—πµå¥Ÿ¥´—∫∑Õß·¥ß‰¥âπâÕ¬∑’Ë ÿ¥

∫∑ √ÿª

®“°°“√µ√«® Õ∫ª√‘¡“≥‚≈À–Àπ—°§◊Õ µ–°—Ë« ·≈–
∑Õß·¥ß   „π«— ¥ÿµ—«Õ¬à“ß “À√à“¬∑’Ë„™â„π°“√∑¥≈Õß¡’
ª√‘¡“≥πâÕ¬¡“° §◊Õ ª√‘¡“≥µ–°—Ë«Õ¬Ÿà„π™à«ß 0.25-0.55

¡°./°°. ·≈–∑Õß·¥ß 2.00-7.62 ¡°./°°.
º≈°“√»÷°…“§«“¡ “¡“√∂¥Ÿ¥ —́∫‚≈À–Àπ—°µ–°—Ë«

·≈–∑Õß·¥ß ¢Õß«— ¥ÿµ—«Õ¬à“ß “À√à“¬∑–‡≈∑’Ë‡°Á∫®“°Õà“«
ªíµµ“π’ ´÷Ëß‰¥â·°à  “À√à“¬º¡π“ß (G. fisheri),  “À√à“¬

Figure 7. Breakthrough  curve  of  lead  removal  by  algae  biomass  using  continuous  flow

system. Bars represent ± 1 SD.
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Figure 8. Breakthrough curve of copper removal by algae biomass using continuous flow

system. Bars represent ± 1 SD.

º—°°“¥ (U. reticulata)  ·≈– “À√à“¬‰ â‰°à (Chaeto-

morpha sp.) æ∫«à“æ’‡Õ™¡’º≈µàÕ°“√¥Ÿ¥´—∫‚≈À–‚¥¬«— ¥ÿ
µ—«Õ¬à“ß “À√à“¬∑—Èß “¡™π‘¥„π∑”πÕß‡™àπ‡¥’¬«°—π §◊Õ¡’
§à“°“√¥Ÿ¥´—∫‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á«‡¡◊ËÕæ’‡Õ™¢Õß “√≈–≈“¬
¡’§à“‡æ‘Ë¡¢÷Èπ®“° 2.0 ∂÷ß 4.0  ®“°π—ÈπÕ—µ√“°“√‡æ‘Ë¡°“√
¥Ÿ¥´—∫®–≈¥≈ß·≈–‡√‘Ë¡§ß∑’Ë ≥ æ’‡Õ™ 5.0-7.0

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°“√¥Ÿ¥´—∫µ–°—Ë«·≈–∑Õß·¥ß‚¥¬
«— ¥ÿ “À√à“¬∑—Èß “¡°—∫ “√¥Ÿ¥´—∫ —ß‡§√“–Àå§◊Õ ∂à“π°—¡¡—πµå
·≈–´‘≈‘°“‡®≈  æ∫«à“«— ¥ÿ “À√à“¬∑—Èß “¡™π‘¥¡’§«“¡
 “¡“√∂¥Ÿ¥ —́∫µ–°—Ë«‰¥â„°≈â‡§’¬ß°—π∑’Ë§«“¡‡¢â¡¢âπ‚≈À–µË”Ê
·≈–®–¥Ÿ¥´—∫‰¥âπâÕ¬≈ß∑’Ë§«“¡‡¢â¡¢âπ‚≈À– Ÿß¢÷Èπ  à«π∂à“π
°—¡¡—πµå ·≈–´‘≈‘°“‡®≈ ¡’°“√¥Ÿ¥´—∫‚≈À–Àπ—°‰¥âπâÕ¬°«à“
«— ¥ÿ “À√à“¬ ·≈–‡°‘¥Õ¬à“ß§àÕ¬‡ªìπ§àÕ¬‰ª ‚¥¬°“√¥Ÿ¥´—∫
‚≈À–µ–°—Ë«·≈–∑Õß·¥ß‡ªìπ‰ªµ“¡°≈‰°°“√¥Ÿ¥´—∫∑—Èß·∫∫
·≈ß§å‡¡’¬√å·≈–ø√ÿπ¥‘™ (r2 = 0.809-0.999 ·≈– 0.948-

0.999 µ“¡≈”¥—∫)

®“°°“√∑¥≈Õß®≈π»“ µ√å¢Õß°“√¥Ÿ¥ —́∫‚≈À–Àπ—°
·µà≈–™π‘¥ ‚¥¬«— ¥ÿ “À√à“¬µà“ßÊ æ∫«à“«— ¥ÿ “À√à“¬∑—Èß
 “¡™π‘¥¡’§«“¡ “¡“√∂¥Ÿ¥´—∫‚≈À–‰¥â„π‡«≈“∑’Ë√«¥‡√Á«
·≈–¥Ÿ¥´—∫‰¥â‡°◊Õ∫∂÷ß ¿“«– ¡¥ÿ≈§◊Õ ‰¥â∂÷ß√âÕ¬≈– 90 ¢Õß
°“√¥Ÿ¥´—∫‚¥¬ ¡∫Ÿ√≥å ¿“¬„π√–¬–‡«≈“ 15-30 π“∑’

º≈°“√»÷°…“°“√°”®—¥‚≈À–Àπ—°·µà≈–™π‘¥§◊Õ µ–°—Ë«
·≈–∑Õß·¥ß ·∫∫√–∫∫µàÕ‡π◊ËÕß ‚¥¬„™â “√≈–≈“¬‚≈À–
‡¢â¡¢âπÕ¬à“ß≈– 20 ¡°./°√—¡ ºà“π≈ß„π§Õ≈—¡πå∑’Ë∫√√®ÿ
«— ¥ÿ “À√à“¬·µà≈–™π‘¥·≈–∂à“π°—¡¡—πµå∑’ËÕ∫·Àâß æ∫«à“

§Õ≈—¡πå∑’Ë∫√√®ÿ«— ¥ÿ “À√à“¬ Chaetomorpha sp. ¡’§«“¡
 “¡“√∂≈¥ª√‘¡“≥µ–°—Ë« ´÷Ëß¡“°°«à“ G. fisheri ·≈– U.

reticulata °√≥’¢Õß∑Õß·¥ß §«“¡ “¡“√∂≈¥ª√‘¡“≥
∑Õß·¥ß√–À«à“ß«— ¥ÿ “À√à“¬∑—Èß “¡™π‘¥π’È‰¡à·µ°µà“ß°—π
¡“°π—°   à«π§Õ≈—¡πå∑’Ë∫√√®ÿ∂à“π°—¡¡—πµå “¡“√∂°”®—¥
‚≈À–‰¥âπâÕ¬∑’Ë ÿ¥

°‘µµ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥ºŸâ¡’ à«π™à«¬‡À≈◊Õ„π°“√«‘®—¬ ´÷Ëß‰¥â·°à
§ÿ≥‚ ≈¥“«—≈¬å »‘√‘√—µπæ—π∏å §ÿ≥°π°»—°¥‘Ï π‘ ¿“∏√ §ÿ≥
®‘πµπ“ ÕàÕπ°≈â“ §ÿ≥≥—Ø°¡≈  ÿ¢–æ—≤πå §ÿ≥ «≈’ À≈ß ¡—π
·≈–§ÿ≥Õÿ‰√«√√≥ ß“π·¢Áß  ‚§√ß°“√«‘®—¬π’È à«πÀπ÷Ëß‰¥â√—∫
∑ÿπ π—∫ πÿπ®“°   ”π—°«‘®—¬·≈–æ—≤π“  ¡À“«‘∑¬“≈—¬
 ß¢≈“π§√‘π∑√å «‘∑¬“‡¢µªíµµ“π’

‡Õ° “√Õâ“ßÕ‘ß

®‘πµπ“ ÕàÕπ°≈â“. 2543.  °“√«‘‡§√“–ÀåÀ“µ–°—Ë«·≈–§«“¡
 “¡“√∂„π°“√¥Ÿ¥´—∫µ–°—Ë«¢Õß “À√à“¬º¡π“ß·≈–
 “À√à“¬‰ â‰°à®“°Õà“«ªíµµ“π’.  °“√«‘®—¬√–¥—∫ª√‘≠≠“µ√’
§≥–«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’ ¡À“«‘∑¬“≈—¬ ß¢≈“-
π§√‘π∑√å «‘∑¬“‡¢µªíµµ“π’

≥—Ø°¡≈  ÿ¢–æ—≤πå. 2541. °“√«‘‡§√“–ÀåÀ“‚≈À–∫“ß™π‘¥·≈–
§«“¡ “¡“√∂„π°“√¥Ÿ¥ —́∫‚≈À–Àπ—°„π “À√à“¬º¡π“ß
®“°Õà“«ªíµµ“π’. °“√«‘®—¬√–¥—∫ª√‘≠≠“µ√’  “¢“‡§¡’-
™’««‘∑¬“ §≥–«‘∑¬“»“ µ√å·≈–‡∑§‚π‚≈¬’ ¡À“«‘∑¬“≈—¬
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 ß¢≈“π§√‘π∑√å «‘∑¬“‡¢µªíµµ“π’
ª√’¬“ «‘√‘¬“ππ∑å «‘‰≈√—µπå ™’«–‡»√…∞∏√√¡ ®√’√—µπå  ”√“≠

·≈– √“«ÿ∏ ‡¥™¡≥’. 2541. °“√ªπ‡ªóôÕπ‚≈À–Àπ—°
∫“ß™π‘¥„πÕà“«ªíµµ“π’  „π√“¬ß“π«‘®—¬‚§√ß°“√Õà“«
ªíµµ“π’√–¬–∑’Ë 2  µÕπ∑’Ë (3)4  §≥–«‘∑¬“»“ µ√å·≈–
‡∑§‚π‚≈¬’  ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å «‘∑¬“‡¢µ
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