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Abstract
Musika, C., Thongra-ar, W. and Chomrung, A.

Toxicity of mercury and copper to marine phytoplankton, Dunaliella salina,
Tetraselmis sp. and Chaetoceros calcitrans
Songklanakarin J. Sci. Technol., 2005, 27(4) : 915-928

Static 96-hour phytoplankton growth tests were carried out to measure the toxicity of mercury (Hg)

and copper (Cu) on growth (cell density) and chlorophyll a content of three marine phytoplankton species:

Dunaliella salina, Tetraselmis sp. and Chaetoceros calcitrans. The experiments were carried out at a temper-

ature of 27±1ºC, using natural seawater (salinity 30 psu) filtered with a 0.4 µµµµµ polycarbonate membrane,

under continuous illumination of 3800±200 lux and they were repeated three times for each metal. Results

showed that C. calcitrans was the most sensitive species to Hg and Cu, followed by Tetraselmis sp. and D.
salina, respectively. In addition, Hg was found to be more toxic to the three species than Cu. The mean IC

50

values of Hg on growth of D. salina, Tetraselmis sp. and C. calcitrans were 0.277, 0.144 and 0.043 mg L-1,

respectively, while those of Cu were 1.132, 0.270 and 0.090 mg L-1, respectively.
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æ‘…¢Õßª√Õ∑·≈–∑Õß·¥ß‰¥â∑”°“√»÷°…“°—∫·æ≈ß°åµÕπæ◊™∑–‡≈ 3 ™π‘¥ §◊Õ Dunaliella salina, Tetraselmis

sp. ·≈– Chaetoceros calcitrans ‚¥¬»÷°…“º≈∑’Ë¡’µàÕ°“√‡®√‘≠‡µ‘∫‚µ (§«“¡Àπ“·πàπ¢Õß‡´≈≈å) ·≈–ª√‘¡“≥§≈Õ-

‚√øî≈≈å ‡Õ ¿“¬„π‡«≈“ 96 ™—Ë«‚¡ß ∑”°“√∑¥≈Õß∑’ËÕÿ≥À¿Ÿ¡‘ 27+1
o
C „™âπÈ”∑–‡≈∏√√¡™“µ‘ §«“¡‡§Á¡ 30 æ’‡Õ ¬Ÿ

°√Õßºà“π·ºàπ°√Õß polycarbonate membrane ¢π“¥√Ÿ‡ªî¥ 0.4 ‰¡§√Õπ „Àâ· ß «à“ß 3800+200 ≈—°´å Õ¬à“ßµàÕ‡π◊ËÕß

·≈–∑¥≈Õß´È”„π≈—°…≥–‡¥’¬«°—π√«¡ 3 §√—Èß ”À√—∫‚≈À–Àπ—°·µà≈–™π‘¥ º≈°“√∑¥≈Õßæ∫«à“ C. calcitrans ¡’

§«“¡‰«„π°“√µÕ∫ πÕßµàÕ§«“¡‡ªìπæ‘…¢Õßª√Õ∑·≈–∑Õß·¥ß Ÿß ÿ¥ √Õß≈ß¡“ ‰¥â·°à Tetraselmis sp. ·≈– D.

salina µ“¡≈”¥—∫ ‚¥¬§«“¡‡ªìπæ‘…¢Õßª√Õ∑∑’Ë¡’µàÕ·æ≈ß°åµÕπæ◊™∑—Èß 3 ™π‘¥  Ÿß°«à“∑Õß·¥ß °≈à“«§◊Õ §à“‡©≈’Ë¬

IC
50
 ¢Õßª√Õ∑µàÕ D. salina, Tetraselmis sp. ·≈– C. calcitrans ‡∑à“°—∫ 0.277, 0.144 ·≈– 0.043 ¡°./≈‘µ√ µ“¡

≈”¥—∫ „π¢≥–∑’Ë§à“‡©≈’Ë¬ IC
50
 ¢Õß∑Õß·¥ßµàÕ·æ≈ß°åµÕπæ◊™∑—Èß 3 ™π‘¥ ‡∑à“°—∫ 1.132, 0.270 ·≈– 0.090 ¡°./≈‘µ√

µ“¡≈”¥—∫

°“√ªπ‡ªóôÕπ¢Õß‚≈À–Àπ—°„π ‘Ëß·«¥≈âÕ¡∑“ß∑–‡≈
¡’·À≈àß∑’Ë¡“ ”§—≠ 2 ·À≈àß §◊Õ ®“°∏√√¡™“µ‘ ·≈–®“°
°“√°√–∑”¢Õß¡πÿ…¬å ‡™àπ °“√∑”‡À¡◊Õß·√à °“√ª≈àÕ¬∑‘Èß
πÈ”‡ ’¬®“°‚√ßß“π °“√„™âªÿÜ¬‡§¡’·≈–¬“ª√“∫»—µ√Ÿæ◊™„π
¿“§°“√‡°…µ√ ‡ªìπµâπ  ‚≈À–Àπ—°‡ªìπ “√∑’Ë§ßµ—« ‰¡à
 “¡“√∂ ≈“¬µ—«‰¥â ¡’§«“¡‡ªìπæ‘… Ÿß  “¡“√∂‡¢â“‰ª – ¡
„π√à“ß°“¬¢Õß ‘Ëß¡’™’«‘µ ·≈–∂à“¬∑Õ¥‰ª¬—ßºŸâ∫√‘‚¿§„π
√–¥—∫∑’Ë Ÿß°«à“‰¥â  ª°µ‘‚≈À–À≈“¬™π‘¥ ‡™àπ ∑Õß·¥ß
·¡ß°“π’   —ß°– ’ ·≈–‡À≈Á° ®—¥‡ªìπ∏“µÿÕ“À“√ª√‘¡“≥
πâÕ¬ ∑’Ë¡’§«“¡®”‡ªìπµàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õß ‘Ëß¡’™’«‘µ ‚¥¬
¡’∫∑∫“∑ ”§—≠„π√–∫∫°“√∑”ß“π¢Õß‡ÕÁπ‰™¡å ¢≥–‡¥’¬«
°—π¡’‚≈À–Õ’°°≈ÿà¡´÷Ëß‰¡àæ∫«à“¡’ª√–‚¬™πå·µà°≈—∫‡ªìπæ‘…
‚¥¬µ√ßµàÕ ‘Ëß¡’™’«‘µ ‡™àπ ª√Õ∑ ·§¥‡¡’¬¡ ·≈–µ–°—Ë«
(Errasquin and Vazquez, 2003)  Õ¬à“ß‰√°Áµ“¡ ‡¡◊ËÕ
·À≈àßπÈ”¡’‚≈À–∑’Ë¡’§«“¡®”‡ªìπ Ÿß‡°‘π‰ª À√◊Õ¡’‚≈À–™π‘¥
∑’Ë‰¡à®”‡ªìπª√“°ØÕ¬Ÿà„π√–¥—∫Àπ÷Ëß °Á “¡“√∂‡ªìπæ‘…µàÕ
 ‘Ëß¡’™’«‘µ‰¥â (Negilski, 1976) ‚¥¬‡©æ“–·æ≈ß°åµÕπæ◊™
´÷Ëß®—¥‡ªìπ “À√à“¬‡´≈≈å‡¥’¬«∑’Ë “¡“√∂ —ß‡§√“–Àå· ß
 √â“ßÕ“À“√‰¥â‡Õß ·≈–¡’§«“¡ ”§—≠„π√–∫∫π‘‡«»·À≈àßπÈ”
„π∞“π–∑’Ë‡ªìπºŸâº≈‘µ‡∫◊ÈÕßµâπ √«¡∑—Èß‡ªìπÕ“À“√≈”¥—∫·√°
 ”À√—∫ºŸâ∫√‘‚¿§„π«ß®√Àà«ß‚´àÕ“À“√  À“°«—πÀπ÷Ëß‡¡◊ËÕ

∑–‡≈´÷Ëß‡ªìπ·À≈àßπÈ”∏√√¡™“µ‘∑’Ë‡§¬Õÿ¥¡ ¡∫Ÿ√≥å‰ª¥â«¬
 —µ«åπÈ” ‰¥â√—∫º≈°√–∑∫®“°‚≈À–Àπ—° Õ“®∑”„ÀâºŸâº≈‘µ
‡∫◊ÈÕßµâπÕ¬à“ß·æ≈ß°åµÕπæ◊™≈¥≈ß °Á¬àÕ¡ àßº≈°√–∑∫‰ª
¬—ßÀà«ß‚ à́Õ“À“√„π√–¥—∫ Ÿß¢÷Èπ√«¡∂÷ß¡πÿ…¬ǻ ÷Ëß‡ªìπºŸâ∫√‘‚¿§
 Ÿß ÿ¥¥â«¬

®“°∫∑∫“∑·≈–§«“¡ ”§—≠¢Õß·æ≈ß°åµÕπæ◊™
¥—ß°≈à“«¢â“ßµâπ ®÷ß∑”„Àâ¡’°“√„™â·æ≈ß°åµÕπæ◊™‡ªìπ¥—™π’
∫àß™’È°“√ªπ‡ªóôÕπ¢Õß “√¡≈æ‘… √«¡∑—Èß‚≈À–Àπ—°„π·À≈àß
πÈ”°—πÕ¬à“ß·æ√àÀ≈“¬‚¥¬‡©æ“–„πµà“ßª√–‡∑» (Laube

et al., 1980)  ”À√—∫ª√–‡∑»‰∑¬°“√»÷°…“§«“¡‡ªìπæ‘…
¢Õß‚≈À–Àπ—°°—∫·æ≈ß°åµÕπæ◊™∑–‡≈¡’Õ¬Ÿà§àÕπ¢â“ßπâÕ¬
‡∑à“∑’Ë¡’°“√√“¬ß“π‰«â ‰¥â·°à °“√»÷°…“¢Õß ÿ«√√≥’ ·≈–
¡—≥∑π“ (2525) ·««µ“ ·≈–§≥– (2536) °√¡§«∫§ÿ¡
¡≈æ‘… (2545) ·≈– Thongra-ar ·≈–§≥– (1995) °“√
»÷°…“¥—ß°≈à“«¬—ß‰¡à§√Õ∫§≈ÿ¡‚≈À–Àπ—°∑’Ë ”§—≠·≈–¡’°“√
µ√«®æ∫„ππÈ”∑–‡≈∫√‘‡«≥™“¬ΩíòßÕà“«‰∑¬ ‡™àπ ª√Õ∑ ·≈–
∑Õß·¥ß ´÷Ëß®—¥Õ¬Ÿà„π®”π«π‚≈À–Àπ—° 10 Õ—π¥—∫·√°∑’Ë¡’
æ‘…¡“°∑’Ë ÿ¥µàÕ ‘Ëß¡’™’«‘µ„π∑–‡≈ (Davies, 1978) ¥—ßπ—Èπ
°“√»÷°…“§√—Èßπ’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“æ‘…¢Õßª√Õ∑
·≈–∑Õß·¥ß∑’Ë¡’µàÕ·æ≈ß°åµÕπæ◊™∑–‡≈ 3 ™π‘¥ §◊Õ
Dunaliella salina, Tetraselmis sp. ·≈– Chaetoceros
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calcitrans ´÷Ëß‡ªìπ “À√à“¬‡´≈≈å‡¥’¬«∑’Ë¡’¢π“¥‡≈Á°·≈–
¡’§«“¡ ”§—≠„πÕÿµ “À°√√¡°“√‡æ“–‡≈’È¬ß —µ«åπÈ” ‚¥¬π”
¡“„™â‡ªìπÕ“À“√ —µ«åπÈ”∑—Èß∑“ßµ√ß·≈–∑“ßÕâÕ¡ ´÷Ëß¢âÕ¡Ÿ≈
∑’Ë‰¥â®“°°“√»÷°…“§√—Èßπ’È “¡“√∂π”¡“„™â‡ªìπ¢âÕ¡Ÿ≈æ◊Èπ∞“π
„π°“√ª√—∫ª√ÿß§à“¡“µ√∞“π§ÿ≥¿“æπÈ”™“¬Ωíòß∑–‡≈¢Õß
‰∑¬‰¥âµàÕ‰ª

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß

°“√»÷°…“§«“¡‡ªìπæ‘…¢Õß “√ª√Õ∑·≈–∑Õß·¥ß
°—∫·æ≈ß°åµÕπæ◊™∑–‡≈ 3 ™π‘¥§◊Õ D. salina, Tetraselmis

sp. ·≈– C. calcitrans  ∑”°“√∑¥≈Õß‚¥¬„™â«‘∏’∑¥ Õ∫
°“√‡®√‘≠‡µ‘∫‚µ¢Õß·æ≈ß°åµÕπæ◊™·∫∫πÈ”π‘Ëß ·≈–‰¡à¡’
°“√‡ª≈’Ë¬π “√≈–≈“¬∑¥≈Õßµ≈Õ¥√–¬–‡«≈“ 96 ™—Ë«‚¡ß
«‘∏’°“√∑¥≈Õß¥”‡π‘πµ“¡§Ÿà¡◊Õ°“√∑¥ Õ∫§«“¡‡ªìπæ‘…∑’Ë„™â
°—∫ ‘Ëß¡’™’«‘µ„π∑–‡≈‡¢µ√âÕπ ¿“¬„µâ‚§√ß°“√§«“¡√à«¡¡◊Õ
¥â“π«‘∑¬“»“ µ√å∑“ß∑–‡≈√–À«à“ßÕ“‡´’¬π·≈–·§π“¥“
√–¬–∑’Ë 2 (CPMS-II, 1995) §«“¡‡ªìπæ‘…· ¥ß‚¥¬º≈
¢Õß “√∑’Ë¡’µàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈åÀ√◊Õ§«“¡Àπ“·πàπ
¢Õß‡´≈≈å ·≈–ª√‘¡“≥§≈Õ‚√øî≈≈å ‡Õ ‚¥¬¡’¢—ÈπµÕπ°“√
∑¥≈Õß ¥—ßπ’È

1. °“√‡µ√’¬¡À—«‡™◊ÈÕ·æ≈ß°åµÕπæ◊™

π”À—«‡™◊ÈÕ·æ≈ß°åµÕπæ◊™ D. salina, Tetra-

selmis sp. ·≈– C. calcitrans ®“°ÀâÕßªØ‘∫—µ‘°“√
·æ≈ß°åµÕπæ◊™  ∂“∫—π«‘∑¬“»“ µ√å∑“ß∑–‡≈ ¡À“«‘∑¬“≈—¬
∫Ÿ√æ“ ¡“‡æ“–¢¬“¬æ—π∏ÿå„π¢«¥·°â«¢π“¥ 2 ≈‘µ√ ‚¥¬„™â
πÈ”∑–‡≈∏√√¡™“µ‘ §«“¡‡§Á¡ 30 æ’‡Õ ¬Ÿ ´÷Ëßºà“π°“√°√Õß
¥â«¬ºâ“°√Õß¢π“¥√Ÿ‡ªî¥ 38 ‰¡§√Õπ ·≈–π÷Ëß¶à“‡™◊ÈÕ∑’Ë
Õÿ≥À¿Ÿ¡‘ 121ºC §«“¡¥—π 15 ªÕπ¥å/µ√.π‘È« ‡ªìπ‡«≈“ 15

π“∑’  ‡µ‘¡Õ“À“√‡≈’È¬ß‡™◊ÈÕ Ÿµ√ Walne's media (≈—¥¥“,

2543) ∑’Ë¡’ “√ EDTA √«¡Õ¬Ÿà¥â«¬ ª√—∫§à“§«“¡‡ªìπ°√¥-
¥à“ß ‡∑à“°—∫ 7.8±0.1 ‡µ‘¡À—«‡™◊ÈÕ·æ≈ß°åµÕπæ◊™·≈–‡≈’È¬ß
„Àâ‰¥â√–¬–∑’Ë¡’°“√·æ√à¢¬“¬æ—π∏ÿåÕ¬à“ß√«¥‡√Á« (log phase)

¿“¬„µâ ¿“«–§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ 27±1ºC „ÀâÕ“°“»·≈–· ß
Õ¬à“ßµàÕ‡π◊ËÕß  „™â‡«≈“ 4-5 «—π

2. °“√‡µ√’¬¡ “√‡§¡’∑’Ë„™â„π°“√∑¥≈Õß

 “√≈–≈“¬¢Õßª√Õ∑·≈–∑Õß·¥ß ‡µ√’¬¡®“°
HgCl

2
 ·≈– CuSO

4
.5H

2
O µ“¡≈”¥—∫ ‚¥¬≈–≈“¬„ππÈ”

¥‘‰ÕÕÕπ‰π´å MAXIMA (18.2 mΩ) „Àâ‰¥â§«“¡‡¢â¡¢âπ
‡√‘Ë¡µâπ¢Õß‚≈À–Õ‘ÕÕπ·µà≈–™π‘¥ ‡∑à“°—∫ 1000 ¡°./≈‘µ√
À≈—ß®“°π—Èπ®÷ßπ”¡“‡®◊Õ®“ß¥â«¬πÈ”∑–‡≈™π‘¥‡¥’¬«°—∫∑’Ë„™â
„π°“√‡µ√’¬¡À—«‡™◊ÈÕ·æ≈ß°åµÕπæ◊™ ·µà°√Õßºà“π·ºàπ°√Õß
¢π“¥√Ÿ‡ªî¥ 0.4 ‰¡§√Õπ (polycarbonate membrane)

·≈–‡µ‘¡Õ“À“√‡≈’È¬ß‡™◊ÈÕ Ÿµ√ Walne's media ∑’Ë‰¡à‡µ‘¡ “√
EDTA ≈ß‰ª„π Ÿµ√Õ“À“√ (CPMS-II, 1995) „Àâ¡’§«“¡
‡¢â¡¢âπµà“ßÊ °—π 5 √–¥—∫ ‚¥¬§«“¡‡¢â¡¢âπ∑’Ë‡≈◊Õ°„™â‰¥â
®“°°“√∑¥≈Õß‡∫◊ÈÕßµâπ (preliminary test) ‡æ◊ËÕÀ“™à«ß
§«“¡‡¢â¡¢âπ°«â“ßÊ ¢Õß “√ª√Õ∑·≈–∑Õß·¥ß∑’Ë “¡“√∂
¬—∫¬—Èß°“√‡®√‘≠‡µ‘∫‚µ¢Õß·æ≈ß°åµÕπæ◊™·µà≈–™π‘¥„π™à«ß
0-100% ®“°°≈ÿà¡§«∫§ÿ¡ ·≈–π”™à«ß§«“¡‡¢â¡¢âπ∑’Ë‰¥â
¡“¢¬“¬„™â„π°“√∑¥≈Õß®√‘ß§◊Õ ª√Õ∑Õ¬Ÿà„π™à«ß 0.050-

0.450, 0.010-0.250 ·≈– 0.010-0.070 ¡°./≈‘µ√  ”À√—∫
D. salina, Tetraselmis sp. ·≈– C. calcitrans µ“¡≈”¥—∫
 à«π∑Õß·¥ßÕ¬Ÿà„π™à«ß 0.100-3.000, 0.050-0.650 ·≈–
0.010-0.200 ¡°./≈‘µ√  ”À√—∫ D. salina, Tetraselmis

sp. ·≈– C. calcitrans µ“¡≈”¥—∫ πÕ°®“°π’È¬—ß¡’°≈ÿà¡
§«∫§ÿ¡∑’Ë‰¡à‡µ‘¡ “√≈–≈“¬‚≈À–‰«â„™â„π°“√‡ª√’¬∫‡∑’¬∫
¥â«¬ ∑”°“√∑¥≈Õß„π¢«¥·°â«√Ÿª™¡æŸà ¢π“¥ 250 ¡≈.
ª√‘¡“µ√¢Õß “√≈–≈“¬∑¥≈Õß 100 ¡≈. §«“¡‡¢â¡¢âπ≈–
4 È́”  ·≈–∑ÿ°§√—Èß®–·∫àß “√≈–≈“¬∑¥≈Õß·µà≈–§«“¡
‡¢â¡¢âπ‰«â«‘‡§√“–ÀåÀ“§«“¡‡¢â¡¢âπ∑’Ë·∑â®√‘ß¢Õß‚≈À–∑’Ë
‡µ‘¡≈ß‰ª °“√«‘‡§√“–Àå∑Õß·¥ß„™â«‘∏’ °—¥µ—«Õ¬à“ß¥â«¬«‘∏’
cobalt-APDC coprecipitation technique ´÷Ëß¥—¥·ª≈ß
®“°«‘∏’¢Õß Huizenga (1981) ·≈–«—¥§à“§«“¡‡¢â¡¢âπ¥â«¬
‡§√◊ËÕß Flame Atomic Absorption Spectrophotometry

(Perkin Elmer; AAnalyst 100)  à«πª√Õ∑∑”°“√ °—¥
µ—«Õ¬à“ß‚¥¬«‘∏’ BrCl oxidation (Quemerais and Cossa,

1997)   «—¥§«“¡‡¢â¡¢âπ‚¥¬„™â‡∑§π‘§ Cold Vapour

Atomic Absorption Spectrometry ¥â«¬√–∫∫ Flow

Injection Mercury Hydride System (Perkin Elmer;

FIAS 100) §à“ method detection limit (MDL) ¢Õß
ª√Õ∑·≈–∑Õß·¥ß ‡∑à“°—∫ 0.0001 ·≈– 0.005 ¡°./≈‘µ√
µ“¡≈”¥—∫

3. °“√∑¥≈Õß

π”À—«‡™◊ÈÕ·æ≈ß°åµÕπæ◊™∑’Ëª√—∫§«“¡Àπ“·πàπ
¢Õß‡´≈≈å‡∑à“°—∫ 1 x 106 ‡´≈≈å/¡≈. ®”π«π 1 ¡≈. ‡µ‘¡

´



Songklanakarin J. Sci. Technol.

Vol.27  No.4  Jul. - Aug. 2005 918

Toxicity of mercury and copper to marine phytoplankton

Musika, C., et al.

≈ß‰ª„π “√≈–≈“¬∑¥≈Õß¢Õß·µà≈–Àπà«¬∑¥≈Õß∑’Ë‡µ√’¬¡
‰«â ‡æ◊ËÕ„Àâ‰¥â§«“¡Àπ“·πàπ‡√‘Ë¡µâπ‡∑à“°—∫ 1 x 104 ‡´≈≈å/
¡≈.  ‡∑à“°—π∑ÿ°Àπà«¬∑¥≈Õß  æ√âÕ¡∑—Èß‡¢¬à“·≈–ªî¥¥â«¬
Õ–≈Ÿ¡‘‡π’¬¡øÕ¬¥å ‡æ◊ËÕªÑÕß°—π°“√ªπ‡ªóôÕπ®“°¿“¬πÕ°
·≈â«π”‰ª«“ß·∫∫ ÿà¡„πµŸâ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ 27±1ºC „Àâ
· ß «à“ß 3800±200 ≈—°´å Õ¬à“ßµàÕ‡π◊ËÕß ‡¢¬à“¢«¥«—π≈–
3 §√—Èß ‡æ◊ËÕªÑÕß°—π·æ≈ß°åµÕπæ◊™µ°µ–°ÕπÀ√◊Õ‡°“–µ‘¥
¿“™π– ‡¡◊ËÕ§√∫°”Àπ¥ 96 ™—Ë«‚¡ß ‡°Á∫µ—«Õ¬à“ß„π·µà≈–
Àπà«¬∑¥≈Õß ®”π«π 0.9 ¡≈. ≈ß„π¢«¥ vial ‡µ‘¡πÈ”¬“
øÕ√å¡“≈’π 4 % (v/v) ≈ß‰ª 0.1 ¡≈. ‡°Á∫‰«âπ—∫®”π«π
‡´≈≈å   ·≈–π”µ—«Õ¬à“ß∑’Ë‡À≈◊Õ‰ª°√Õß‡æ◊ËÕ«‘‡§√“–ÀåÀ“
ª√‘¡“≥§≈Õ‚√øî≈≈å ‡Õ  µ“¡«‘∏’¢Õß UNESCO (1966)

‚¥¬ °—¥µ—«Õ¬à“ß¥â«¬Õ–´‘‚µπ 90 % (v/v) ·≈–«—¥§«“¡
‡¢â¡¢âπ¥â«¬‡§√◊ËÕß Spectrophotometer (Unicam; UV

300) ∑”°“√∑¥≈Õß´È”„π≈—°…≥–‡¥’¬«°—ππ’È√«¡ 3 §√—Èß
„π∑ÿ°§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬‚≈À–Àπ—°∑’Ë„™â·≈–
·æ≈ß°åµÕπæ◊™·µà≈–™π‘¥ ‚¥¬‡°≥±å°“√¬Õ¡√—∫º≈°“√
∑¥≈Õß∑ÿ°§√—Èßæ‘®“√≥“®“°§«“¡Àπ“·πàπ¢Õß‡´≈≈å„π
°≈ÿà¡§«∫§ÿ¡‡¡◊ËÕ ‘Èπ ÿ¥°“√∑¥≈ÕßµâÕß‰¡àπâÕ¬°«à“ 2 x 105

‡´≈≈å/¡≈. (CPMS-II, 1995)

4. °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

°“√«‘‡§√“–Àå§«“¡‡ªìπæ‘…¢Õßª√Õ∑·≈–∑Õß·¥ß
µàÕ·æ≈ß°åµÕπæ◊™∑—Èß 3 ™π‘¥ „™â«‘∏’«‘‡§√“–ÀåÀ“§à“√–¥—∫
§«“¡‡¢â¡¢âπ∑’Ë¡’º≈µàÕ°“√‡®√‘≠‡µ‘∫‚µ ·≈–ª√‘¡“≥§≈Õ-
‚√øî≈≈å ‡Õ ‚¥¬æ‘®“√≥“®“°§à“ NOEC, LOEC, IC

25
 ·≈–

IC
50
 ‡¡◊ËÕ NOEC (no observed effect concentration)

À¡“¬∂÷ß √–¥—∫§«“¡‡¢â¡¢âπ Ÿß ÿ¥¢Õß “√∑’Ë„™â·≈–‰¡à¡’º≈
∑”„Àâ°“√‡®√‘≠‡µ‘∫‚µ À√◊Õª√‘¡“≥§≈Õ‚√øî≈≈å ‡Õ ¢Õß
·æ≈ß°åµÕπæ◊™·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘°—∫°≈ÿà¡
§«∫§ÿ¡ LOEC (lowest observed effect concentration)

À¡“¬∂÷ß √–¥—∫§«“¡‡¢â¡¢âπµË” ÿ¥¢Õß “√∑’Ë„™â ·≈–¡’º≈
∑”„Àâ°“√‡®√‘≠‡µ‘∫‚µ À√◊Õª√‘¡“≥§≈Õ‚√øî≈≈å ‡Õ ¢Õß
·æ≈ß°åµÕπæ◊™·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘°—∫°≈ÿà¡
§«∫§ÿ¡  ´÷Ëß§à“  NOEC  ·≈–  LOEC  §”π«≥‚¥¬„™â
‚ª√·°√¡ ”‡√Á®√Ÿª TOXSTAT (Gulley et al., 1990)

 à«π§à“ IC
25
 ·≈– IC

50
 (inhibition concentration) À¡“¬

∂÷ß √–¥—∫§«“¡‡¢â¡¢âπ¢Õß “√∑’Ë¡’º≈¬—∫¬—Èß°“√‡®√‘≠‡µ‘∫‚µ
À√◊Õ°“√ √â“ß§≈Õ‚√øî≈≈å ‡Õ ¢Õß·æ≈ß°åµÕπæ◊™≈¥≈ß 25

·≈– 50% µ“¡≈”¥—∫ ´÷Ëß§”π«≥‚¥¬„™â‚ª√·°√¡ ”‡√Á®√Ÿª
ICPIN (Norberg-King, 1993)

º≈°“√∑¥≈Õß

æ‘…¢Õßª√Õ∑·≈–∑Õß·¥ß∑’Ë¡’µàÕ°“√‡®√‘≠‡µ‘∫‚µ
·≈–ª√‘¡“≥§≈Õ‚√øî≈≈å ‡Õ ¢Õß·æ≈ß°åµÕπæ◊™∑–‡≈ 3 ™π‘¥
‰¥â·°à D. salina, Tetraselmis sp. ·≈– C. calcitrans

· ¥ß„π Table 1-3 æ∫«à“§«“¡Àπ“·πàπ¢Õß‡´≈≈å„π
°≈ÿà¡§«∫§ÿ¡∑ÿ°™ÿ¥°“√∑¥≈Õß¡’§à“ Ÿß°«à“‡°≥±å°“√¬Õ¡√—∫
∑’Ë°”Àπ¥‰«â‚¥¬ CPMS-II (1995) §◊Õ  Ÿß°«à“ 2 x 105

‡´≈≈å/¡≈.  ‚¥¬ C. calcitrans ¡’°“√‡æ‘Ë¡®”π«π‡´≈≈å
 Ÿß ÿ¥ (√–À«à“ß 724-881 x 103 ‡´≈≈å/¡≈.) √Õß≈ß¡“§◊Õ
D. salina (√–À«à“ß 478-647 x 103 ‡´≈≈å/¡≈.) ·≈–
Tetraselmis sp. (√–À«à“ß 237-473 x 103 ‡´≈≈å/¡≈.) µ“¡
≈”¥—∫ „π¢≥–∑’Ë D. salina ¡’°“√‡æ‘Ë¡ª√‘¡“≥§≈Õ‚√øî≈≈å
‡Õ  Ÿß ÿ¥ √Õß≈ß¡“§◊Õ Tetraselmis sp. ·≈– C. calcitrans

µ“¡≈”¥—∫ °“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å ·≈–ª√‘¡“≥§≈Õ‚√-
øî≈≈å ‡Õ ¢Õß·æ≈ß°åµÕπæ◊™∑—Èß 3 ™π‘¥ ≈¥≈ßµ“¡≈”¥—∫
§«“¡‡¢â¡¢âπ¢Õßª√Õ∑·≈–∑Õß·¥ß∑’Ë‡æ‘Ë¡¢÷Èπ πÕ°®“°π’È¬—ß
æ∫«à“∑Õß·¥ß∑’Ë√–¥—∫§«“¡‡¢â¡¢âπµË” (0.108 ¡°./≈‘µ√)
 “¡“√∂°√–µÿâπ D. salina „Àâ √â“ß§≈Õ‚√øî≈≈å ‡Õ ‡æ‘Ë¡¢÷Èπ
®“°¿“«–ª°µ‘  °“√µ√«® Õ∫§«“¡‡¢â¡¢âπ¢Õßª√Õ∑·≈–
∑Õß·¥ß∑’Ë¡’Õ¬Ÿà®√‘ß„π “√≈–≈“¬°àÕπ°“√∑¥≈Õß·µà≈–§√—Èß
æ∫«à“¡’§à“„°≈â‡§’¬ß°—∫§«“¡‡¢â¡¢âπ∑’Ë‡µ√’¬¡‰«â  ¥—ßπ—Èπ„π
√“¬ß“π©∫—∫π’È®÷ß‡≈◊Õ°„™â§«“¡‡¢â¡¢âπ∑’Ë¡’Õ¬Ÿà®√‘ß„π “√
≈–≈“¬∑¥≈Õß ”À√—∫§”π«≥À“§à“§«“¡‡ªìπæ‘… (NOEC,

LOEC, IC
25
 ·≈– IC

50
) ¢Õßª√Õ∑·≈–∑Õß·¥ß∑’Ë¡’µàÕ

·æ≈ß°åµÕπæ◊™∑—Èß 3 ™π‘¥
º≈°“√«‘‡§√“–Àå√–¥—∫§«“¡‡ªìπæ‘…¢Õßª√Õ∑·≈–

∑Õß·¥ß∑’Ë¡’µàÕ·æ≈ß°åµÕπæ◊™∑—Èß 3 ™π‘¥ · ¥ß‰«â„π Table

4  ÷́Ëßæ∫«à“ª√Õ∑¡’æ‘… Ÿß°«à“∑Õß·¥ß∑—Èßº≈∑’Ë¡’µàÕ°“√
‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å·≈–ª√‘¡“≥§≈Õ‚√øî≈≈å ‡Õ ·≈–‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫§«“¡‰«„π°“√µÕ∫ πÕßµàÕæ‘…¢Õßª√Õ∑·≈–
∑Õß·¥ß ‚¥¬æ‘®“√≥“®“°§à“‡©≈’Ë¬¢Õß IC

50
 (Figure 1) ∑—Èß

º≈∑’Ë¡’µàÕ°“√‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å·≈–ª√‘¡“≥§≈Õ‚√øî≈≈å
‡Õ æ∫«à“·æ≈ß°åµÕπ∑—Èß 3 ™π‘¥ ¡’§«“¡‰«„π°“√µÕ∫
 πÕßµàÕæ‘…¢Õßª√Õ∑·≈–∑Õß·¥ß ·µ°µà“ß°—πÕ¬à“ß¡’π—¬
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 ”§—≠∑“ß ∂‘µ‘ (p<0.05) ‚¥¬ C. calcitrans ¡’§«“¡‰«
„π°“√µÕ∫ πÕßµàÕæ‘…¢Õß‚≈À–∑—Èß Õß‰¥â Ÿß∑’Ë ÿ¥  √Õß
≈ß¡“§◊Õ  Tetraselmis sp.  ·≈–  D. salina  µ“¡≈”¥—∫

‚¥¬§«“¡‡ªìπæ‘…¢Õßª√Õ∑·≈–∑Õß·¥ß∑’Ë«—¥„π√Ÿª¢Õß°“√
‡®√‘≠‡µ‘∫‚µ¢Õß‡´≈≈å ·≈–ª√‘¡“≥§≈Õ‚√øî≈≈å ‡Õ „Àâº≈∑’Ë
‰¡à¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (p>0.05)

Table 1. Summary of responses for 96-h Dunaliella salina toxicity tests with mercury and copper.

Metal Test Nominal Actual Mean Growth % Mean % Chlorophyll a
No. Conc. Conc. Response Inhibition Chlorophyll a With Respect

(mg L-1) (mg L-1) (x103 cell mL-1) of Growth Content (µµµµµg L-1) to Control

  Hg 1 0.450 0.494 122 81* 95 20*
0.350 0.382 148 76* 119 26*
0.250 0.275 244 61* 175 38*
0.150 0.163 421 33* 278 60*
0.050 0.053 620 1 396 85

Control 0.0002 628 465

2 0.450 0.488 85 85* 107 28*
0.350 0.388 131 76* 114 30*
0.250 0.281 265 52* 205 55*
0.150 0.167 376 31 339 90
0.050 0.053 519 5 362 96

Control < 0.0001 549 377

3 0.450 0.488 106 78* 71 21*
0.350 0.385 194 59* 107 32*
0.250 0.280 272 43* 175 53*
0.150 0.167 322 33 239 72
0.050 0.053 471 1 328 99

Control < 0.0001 478 332

  Cu 1 3.000 3.024 183 65* 64 18*
2.200 2.274 228 57* 94 27*
1.500 1.575 238 55* 106 30*
0.800 0.809 288 41* 123 35*
0.100 0.105 460 13 384 109

Control 0.009 531 352

2 3.000 3.060 209 62* 55 14*
2.200 2.287 215 61* 76 19*
1.500 1.577 228 59* 92 23*
0.800 0.818 317 43* 186 46*
0.100 0.109 550 1 421 104

Control 0.009 556 406

3 3.000 3.334 274 58* 108 23*
2.200 2.401 282 56* 127 28*
1.500 1.565 299 54* 155 33*
0.800 0.834 331 49* 160 35*
0.100 0.110 617 5 494 107

Control < 0.005 647 462

* Significantly (p<0.05) lower than the control.
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¥—ßπ—Èπ®÷ß “¡“√∂‡≈◊Õ°„™âÕ¬à“ß„¥Õ¬à“ßÀπ÷Ëß‡ªìπ¥—™π’∫àß™’È
§«“¡‡ªìπæ‘… (toxicity endpoint)  ”À√—∫°“√»÷°…“§√—Èß
µàÕ‰ª

«‘®“√≥å·≈– √ÿªº≈°“√∑¥≈Õß

®“°°“√»÷°…“§√—Èßπ’Èæ∫«à“ ª√Õ∑¡’§«“¡‡ªìπæ‘…

Table 2. Summary of responses for 96-h Tetraselmis sp. toxicity tests with mercury and copper.

Metal Test Nominal Actual Mean Growth % Mean % Chlorophyll a
No. Conc. Conc. Response Inhibition Chlorophyll a With Respect

(mg L-1) (mg L-1) (x103 cell mL-1) of Growth Content (µµµµµg L-1) to Control

  Hg 1 0.250 0.281 22 93* 64 28*
0.180 0.200 96 69* 75 33*
0.120 0.133 176 43* 153 66*
0.060 0.064 218 29* 157 68*
0.010 0.011 286 7 198 86

Control < 0.0001 308 231

2 0.250 0.265 45 90* 193 39*
0.180 0.187 166 65* 299 61*
0.120 0.133 246 48* 368 75*
0.060 0.062 316 33* 437 89
0.010 0.011 371 21 486 99

Control < 0.0001 473 491

3 0.250 0.284 56 87* 215 46*
0.180 0.202 147 66* 281 61*
0.120 0.134 224 48* 347 75*
0.060 0.064 312 28 408 88
0.010 0.010 345 21 458 99

Control < 0.0001 435 462

  Cu 1 0.650 0.740 43 83* 41 18*
0.500 0.549 68 73* 69 30*
0.350 0.389 128 49* 133 58*
0.200 0.218 193 23 139 60
0.05 0.059 252 0 180 78

Control 0.005 252 231

2 0.650 0.670 17 95* 45 19*
0.500 0.484 18 94* 50 24*
0.350 0.352 76 76* 68 33*
0.200 0.206 135 58* 115 55*
0.050 0.048 272 15 181 87

Control 0.005 322 209

3 0.650 0.688 32 87* 52 29*
0.500 0.494 65 72* 74 42*
0.350 0.335 83 65* 87 49*
0.200 0.207 132 44* 123 69*
0.050 0.054 196 17 160 91

Control 0.009 237 177

* Significantly (p<0.05) lower than the control.
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 Ÿß°«à“∑Õß·¥ß  ª√–¡“≥ 2-4 ‡∑à“  ¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß
·æ≈ß°åµÕπæ◊™  ‚¥¬§à“‡©≈’Ë¬§«“¡‡ªìπæ‘… (96-h IC

50
)

¢Õßª√Õ∑∑’Ë¡’µàÕ D. salina, Tetraselmis sp. ·≈– C.

calcitrans ‡∑à“°—∫ 0.277, 0.144 ·≈– 0.043 ¡°./≈‘µ√

Table 3. Summary of responses for 96-h Chaetoceros calcitrans toxicity tests with mercury and

copper.

Metal Test Nominal Actual Mean Growth % Mean % Chlorophyll a
No. Conc. Conc. Response Inhibition Chlorophyll a With Respect

(mg L-1) (mg L-1) (x103 cell mL-1) of Growth Content (µµµµµg L-1) to Control

  Hg 1 0.070 0.075 0 100* 0 0*
0.055 0.056 17 98* 2 1*
0.040 0.041 447 47* 168 71*
0.025 0.027 572 32* 212 90
0.010 0.010 629 25* 224 95

Control 0.0003 843 235

2 0.070 0.074 0 100* 0 0*
0.055 0.057 14 98* 3 1*
0.040 0.042 388 51* 164 67*
0.025 0.027 522 33* 201 82*
0.010 0.011 578 26* 221 90

Control 0.0004 783 245

3 0.070 0.067 0 100* 0 0*
0.055 0.057 85 90* 24 12*
0.040 0.043 431 47* 156 75*
0.025 0.028 546 32* 196 94
0.010 0.011 631 22* 207 99

Control 0.0001 808 209

  Cu 1 0.200 0.211 65 93* 6 3*
0.150 0.157 107 88* 14 8*
0.100 0.110 201 77* 35 20*
0.050 0.052 703 20* 134 76
0.010 0.010 843 4 152 87

Control < 0.005 881 176

2 0.200 0.215 57 93* 3 3*
0.150 0.160 168 81* 13 10*
0.100 0.104 394 55* 53 43*
0.050 0.052 579 44* 89 72*
0.010 0.010 691 21 106 86

Control < 0.005 875 124

3 0.200 0.214 68 91* 11 10*
0.150 0.158 185 75* 23 21*
0.100 0.105 319 56* 48 44*
0.050 0.050 525 27 71 66*
0.010 0.009 626 13 106 98

Control < 0.005 724 108

* Significantly (p<0.05) lower than the control.
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Table 4. Summary  of  statistical  endpoints  measured  in  phytoplankton  toxicity  tests  of

Dunaliella salina, Tetraselmis sp. and Chaetoceros calcitrans with mercury and copper.

Species Metal Test endpoint Test No. NOEC LOEC IC
25

IC
50

(mg L-1) (mg L-1) (mg L-1) (mg L-1)

Dunaliella salina Hg Cell density 1 0.053 0.163 0.135 0.231
2 0.167 0.281 0.188 0.275
3 0.167 0.280 0.139 0.325
Mean 0.129 0.241 0.154 0.277

Chlorophyll a 1 0.053 0.163 0.097 0.212
2 0.167 0.281 0.214 0.301
3 0.167 0.280 0.154 0.294
Mean 0.129 0.241 0.155 0.269

Cu Cell density 1 0.105 0.809 0.456 1.394
2 0.109 0.818 0.476 1.016
3 0.110 0.834 0.442 0.991
Mean 0.108 0.820 0.458 1.132

Chlorophyll a 1 0.105 0.809 0.370 0.634
2 0.109 0.818 0.431 0.753
3 0.110 0.834 0.382 0.654
Mean 0.108 0.818 0.394 0.680

Tetraselmis sp. Hg Cell density 1 0.011 0.064 0.053 0.152
2 0.011 0.062 0.026 0.139
3 0.064 0.134 0.041 0.140
Mean 0.028 0.087 0.040 0.144

Chlorophyll a 1 0.011 0.064 0.043 0.166
2 0.062 0.133 0.133 0.226
3 0.064 0.134 0.134 0.264
Mean 0.046 0.110 0.103 0.218

Cu Cell density 1 0.218 0.389 0.228 0.393
2 0.048 0.206 0.084 0.176
3 0.054 0.207 0.097 0.242
Mean 0.107 0.267 0.136 0.270

Chlorophyll a 1 0.218 0.389 0.089 0.434
2 0.048 0.206 0.106 0.239
3 0.054 0.207 0.167 0.331
Mean 0.107 0.267 0.121 0.335

Chaetoceross Hg Cell density 1 < 0.010 0.010 0.010 0.042
calcitrans 2 < 0.011 0.011 0.010 0.042

3 < 0.011 0.011 0.016 0.044
Mean < 0.011 0.011 0.012 0.043

Chlorophyll a 1 0.027 0.041 0.038 0.046
2 0.011 0.027 0.034 0.046
3 0.028 0.043 0.042 0.048
Mean 0.013 0.037 0.038 0.047

Cu Cell density 1 0.010 0.052 0.057 0.083
2 0.010 0.052 0.022 0.092
3 0.050 0.105 0.043 0.094
Mean 0.023 0.070 0.041 0.090

Chlorophyll a 1 0.053 0.110 0.054 0.079
2 0.010 0.052 0.043 0.092
3 0.010 0.050 0.011 0.075
Mean 0.024 0.071 0.046 0.082
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µ“¡≈”¥—∫ ·≈–¢Õß∑Õß·¥ß ‡∑à“°—∫ 1.132, 0.270 ·≈–
0.090 ¡°./≈‘µ√ µ“¡≈”¥—∫  º≈°“√»÷°…“π’È Õ¥§≈âÕß°—∫
√“¬ß“π¢Õß Davies (1978) ´÷Ëß‰¥â‡√’¬ß≈”¥—∫§«“¡‡ªìπ
æ‘…¢Õß‚≈À–Àπ—°µàÕ ‘Ëß¡’™’«‘µ„π∑–‡≈‰«â§◊Õ Hg > Cd > Ag

> Ni > Se > Pb > Cu > Cr > As > Zn ·≈–√“¬ß“π¢Õß
Canterford ·≈– Canterford (1980) ´÷Ëß»÷°…“æ‘…¢Õß
‚≈À–Õ‘ÕÕπ (free metal) °—∫·æ≈ß°åµÕπæ◊™∑–‡≈ æ∫«à“
§«“¡‡ªìπæ‘…¢Õß Hg2+ > Ag+ > Cu2+ > Pb2+ > Cd2+ >

Zn2+ > Ti+ °“√∑’Ëª√Õ∑¡’æ‘…µàÕ·æ≈ß°åµÕπæ◊™ Ÿß°«à“
∑Õß·¥ßπ—Èπ Õ“®‡π◊ËÕß®“°ª√Õ∑¡’§ÿ≥ ¡∫—µ‘æ‘‡»…„π°“√
‡¢â“®—∫ (specific binding) °—∫·æ≈ß°åµÕπæ◊™‰¥â¥’°«à“
‚≈À–Àπ—°Õ◊ËπÀ≈“¬™π‘¥ (Kamp-Nielson, 1971)

πÕ°®“°π’È·æ≈ß°åµÕπæ◊™·µà≈–™π‘¥  ¬—ß¡’§«“¡
∑π∑“πµàÕæ‘…¢Õß‚≈À–Àπ—°‰¥â·µ°µà“ß°—π (Davies,

1978)   ”À√—∫°“√»÷°…“§√—Èßπ’Èæ∫«à“ C. calcitrans ´÷Ëß
‡ªìπ‰¥Õ–µÕ¡¡’§«“¡‰«µàÕæ‘…¢Õßª√Õ∑·≈–∑Õß·¥ß¡“°
°«à“ Tetraselmis sp. ·≈– D. salina ´÷Ëß‡ªìπ “À√à“¬
 ’‡¢’¬«  “‡ÀµÿÕ“®‡π◊ËÕß¡“®“°·æ≈ß°åµÕπæ◊™·µà≈–™π‘¥¡’
§ÿ≥ ¡∫—µ‘¢Õß‡¬◊ËÕÀÿâ¡‡´≈≈å·≈–ª√– ‘∑∏‘¿“æ„π°“√¢®—¥ “√
æ‘… (detoxication) ·µ°µà“ß°—π °“√»÷°…“¢Õß Davies

(1976, 1978) æ∫«à“ D. tertiolecta ¡’§«“¡∑π∑“πµàÕ
°“√‰¥â√—∫ª√Õ∑·≈–∑Õß·¥ß Ÿß¡“° ‡π◊ËÕß®“°‡¬◊ËÕÀÿâ¡‡´≈≈å
¡’§ÿ≥ ¡∫—µ‘„π°“√¬Õ¡„Àâ‚≈À–´÷¡ºà“π‡¢â“ Ÿà‡´≈≈å‰¥âπâÕ¬
∑”„ÀâÕ—µ√“°“√ – ¡‚≈À–¿“¬„π‡´≈≈å‡°‘¥¢÷Èπ‰¥â™â“ ‡¡◊ËÕ
‡∑’¬∫°—∫ Isochrysis galbana ´÷Ëß‡ªìπ‰¥Õ–µÕ¡ ª√–°Õ∫
°—∫ D. tertiolecta ¡’°≈‰°„π°“√≈¥§«“¡‡ªìπæ‘…¢Õß‚≈À–
‚¥¬°“√‡ª≈’Ë¬π√Ÿªª√Õ∑·≈–∑Õß·¥ß„ÀâÕ¬Ÿà„π√Ÿª¢Õß‚≈À–
—́≈‰ø¥å∑’Ë‰¡à≈–≈“¬πÈ” ¥â«¬°“√®—∫°—∫ —́≈‡øÕ√å (sulphydryl

groups) ´÷Ëß‡ªìπÕß§åª√–°Õ∫¢Õß‚ª√µ’π·≈–‡ÕÁπ‰´¡å
πÕ°®“°π’È Nassiri ·≈–§≥– (1996) æ∫«à“·æ≈ß°åµÕπ
æ◊™ Tetraselmis suecica ¡’°≈‰°„π°“√°”®—¥∑Õß·¥ß
 à«π‡°‘π∑’Ë√—∫‰«â ¥â«¬°“√¢—∫ÕÕ°®“°‡´≈≈åæ√âÕ¡°—∫ “√
Õ‘π∑√’¬åÕ◊Ëπ¢≥–∑’Ë¡’°“√·∫àß‡´≈≈å ·µàÕ—µ√“°“√·∫àß‡´≈≈å®–
™â“≈ßµ“¡≈”¥—∫§«“¡‡¢â¡¢âπ∑’Ë‡æ‘Ë¡¢÷Èπ„π™à«ß 0.2-1.0 ¡°./
≈‘µ√ ‚¥¬∑’Ë§«“¡‡¢â¡¢âπ 1 ¡°./≈‘µ√ ‰¡àæ∫°“√·∫àß‡´≈≈å
·≈–¬—ßæ∫«à“ T. suecica ¡’°“√ – ¡∑Õß·¥ß‰«â„π‡´≈≈å
‰¥â¡“°°«à“„π “√≈–≈“¬À≈“¬‡∑à“  ´÷Ëß Õ¥§≈âÕß°—∫°“√
»÷°…“¢Õß Yap ·≈–§≥– (2004) ‡¡◊ËÕ∑¥≈Õß°—∫ “À√à“¬
 ’πÈ”µ“≈ Isochrysis galbana

„πª√–‡∑»‡¢µ√âÕπ (tropical zone) °“√»÷°…“
§«“¡‡ªìπæ‘…¢Õßª√Õ∑·≈–∑Õß·¥ß∑’Ë¡’µàÕ·æ≈ß°åµÕπæ◊™
∑–‡≈¡’√“¬ß“π‰«â§àÕπ¢â“ßπâÕ¬ ‚¥¬ Gonzales (1997) ‰¥â
∑”°“√»÷°…“§«“¡‡ªìπæ‘…¢Õßª√Õ∑∑’Ë¡’ Tetraselmis sp.

¿“¬„µâ ¿“«–∑’Ë„™âπÈ”∑–‡≈ —ß‡§√“–Àå §«“¡‡§Á¡ 34 æ’‡Õ ¬Ÿ
Õÿ≥À¿Ÿ¡‘ 23-26ºC æ∫«à“§à“ IC

50
 ‡∑à“°—∫ 0.034 ¡°./≈‘µ√

´÷ËßµË”°«à“º≈∑’Ë‰¥â®“°°“√»÷°…“§√—Èßπ’È  ∑—Èßπ’ÈÕ“®‡π◊ËÕß¡“
®“° ¿“æ°“√∑¥≈Õß∑’Ëµà“ß°—π ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫º≈°“√
∑¥≈Õß°—∫ —µ«å∑¥≈ÕßÕ◊Ëπ (Table 5) æ∫«à“·æ≈ß°åµÕπ
æ◊™ “¡“√∂∑πµàÕ§«“¡‡ªìπæ‘…¢Õßª√Õ∑‰¥â Ÿß°«à“µ—«ÕàÕπ
¢Õßæ«°ÀÕ¬ °ÿâß À√◊Õ·¡â·µà≈Ÿ°ª≈“°–æß¢“« ´÷Ëß‡ªìπ —µ«å
¡’°√–¥Ÿ° —πÀ≈—ß·≈–πà“®–¡’§«“¡∑π∑“πµàÕæ‘…¢Õßª√Õ∑
¡“°°«à“·æ≈ß°åµÕπæ◊™´÷Ëß‡ªìπæ◊™™—ÈπµË”‡´≈≈å‡¥’¬«  “‡Àµÿ
Õ“®‡ªìπ‡æ√“–«à“°“√∑¥≈Õß°—∫·æ≈ß°åµÕπæ◊™‡ªìπ°“√
∑¥≈Õß·∫∫πÈ”π‘Ëß ∑”„Àâ‰¡à “¡“√∂√—°…“√–¥—∫§«“¡‡¢â¡¢âπ
¢Õßª√Õ∑∑’Ë¡’Õ¬Ÿà„ππÈ”∑¥≈Õß„Àâ§ß∑’Ë‰¥âµ≈Õ¥ 96 ™—Ë«‚¡ß
‡π◊ËÕß®“°ª√Õ∑¡’§ÿ≥ ¡∫—µ‘°≈“¬‡ªìπ‰Õ (volatilization)

Figure 1. Comparison of 96-h IC
50

 for mercury and copper with different phytoplankton

species on (a) cell growth and (b) chlorophyll a.
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‰¥â Ÿß ·≈–∂Ÿ°¥Ÿ¥´—∫∑’Ëº‘«¿“™π–∑¥≈Õß‰¥â¥’ (Carr and

Wilkniss, 1973; Lo and Wai, 1975) ®÷ß∑”„Àâª√Õ∑ à«π
Àπ÷Ëß Ÿ≠À“¬‰ª„π√–À«à“ß°“√∑¥≈Õß ∑—Èßπ’È¡’√“¬ß“π«à“
ª√Õ∑ “¡“√∂≈¥≈ß®“°‡√‘Ë¡µâπ 40-80% µ“¡√–¥—∫§«“¡
‡¢â¡¢âπ∑’Ë‡æ‘Ë¡¢÷Èπ ¿“¬„π‡«≈“ 24 ™—Ë«‚¡ß (Thongra-ar et

al., 2003) ¥—ßπ—Èπ„π∑”πÕß‡¥’¬«°—πª√‘¡“≥ª√Õ∑„ππÈ”
∑¥≈Õß§√—Èßπ’ÈÕ“®≈¥≈ß‰ª‰¥â¡“°‡¡◊ËÕ§√∫ 96 ™—Ë«‚¡ß ·≈–

∑”„Àâ·æ≈ß°åµÕπæ◊™∑’ËÕ¬Ÿà√Õ¥„π™à«ß·√°¡’°“√ª√—∫µ—«·≈–
∑πÕ¬Ÿà‰¥â„π™à«ßÀ≈—ßÊ   Õ¥§≈âÕß°—∫√“¬ß“π¢Õß°√¡
§«∫§ÿ¡¡≈æ‘… (2545) ´÷Ëßæ∫«à“ª√Õ∑§«“¡‡¢â¡¢âπ 0.030-

0.045 ¡°./≈‘µ√  “¡“√∂∑”„Àâ‡´≈≈å¢Õß Chaetoceros sp.

≈¥≈ßÕ¬à“ß√«¥‡√Á«„π 2 «—π·√°¢Õß°“√∑¥≈Õß À≈—ß®“°
π—Èπ‡´≈≈å¡’°“√ª√—∫µ—«  “¡“√∂·∫àß‡´≈≈å·≈–‡µ‘∫‚µ‰¥âµ“¡
ª°µ‘  ·µàª√– ‘∑∏‘¿“æ°“√‡®√‘≠‡µ‘∫‚µ≈¥≈ßµ“¡√–¥—∫§«“¡

Table 5. Comparison of the toxicity of mercury on tropical marine organisms.

       Species Life Stage Test Temp. Salinity Exposure Effect Statistical Reference

Duration (ºC) (psu) Type Measure Endpoint

(mg L-1)

Dunaliella salina Log phase 96-h 27±1 30 Static Cell density IC
50

 = 0.277 This study
Chlorophyll a IC

50
 = 0.269

Tetraselmis sp. Log phase 96-h 27±1 30 Static Cell density IC
50

 = 0.144 This study
Chlorophyll a IC

50
 = 0.218

Chaetoceros Log phase 96-h 27±1 30 Static Cell density IC
50

 = 0.043 This study
calcitrans Chlorophyll a IC

50
 = 0.047

Tetraselmis sp. 5-d 96-h 23-26 34 Static Cell density IC
50

 =  0.034 Gonzales (1997)

Seabass, Juvenile 96-h 25-27 31-32 Static Survival LC
50

 = 0.113 Chayarat (1985)
Lates calcarifer

Seabass, Juvenile 96-h 28-29 29 Static Survival LC
50

 = 0.086 Tamiyavanich
Lates calcarifer (1984)

Seabass, ~12-d 7-d 25.2-28.9 2 Static-renewal Survival LC
50

 =  0.054 Thongra-ar
Lates calcarifer 7-d 25.6-29.3 10 Survival LC

50
 =  0.045 et al. (2003)

7-d 25.0-28.5 20 Survival LC
50

 =  0.048
7-d 25.0-29.2 30 Survival LC

50
 =  0.038

Seabass, ~12-d 7-d 25.2-28.9 2 Static-renewal Growth IC
50

 =  0.019 Thongra-ar
Lates calcarifer 7-d 25.6-29.3 10 Growth IC

50
 =  0.015 et al. (2003)

7-d 25.0-28.5 20 Growth IC
50

 =  0.023
7-d 25.0-29.2 30 Growth IC

50
 =  0.020

Milkfish, Juvenile 96-h 28-30 15-16 Static Survival LC
50

 = 0.38 Diaz (1995)
Chanos chanos

Estuarine Prawn Post Larvae 48-h 96-h 19-24 Flowthrough Survival LC
50

 =  0.016 McClurg (1984)
Penaeus indicus Survival LC

50
 =  0.015

Giant prawn, Various 96-h 25.5-27.0 12 Static Survival LC
50

 =  0.05 - Piyan et al.
Macrobrachium larval stages              0.34 (1985)
rosenbergii

Giant prawn, Post larvae 96-h 28 12 Static Survival LC
50

 =  0.031 Navanarasest
Macrobrachium (P

4-5
) and Menasveta

rosenbergii (1986)

Pacific oyster, Embryo 48-h 20±1 33.79 Static Development EC
50

 = 0.007 Martin et al.
Crassostrea gigas ±0.07 (1981)

Mussel, Embryo 48-h 17±1 33.79 Static Development EC
50

 = 0.006 Martin et al.
Mytilus edulis ±0.07 (1981)

Clam, Donax faba 96-h 27-32 Static Survival LC
50

 = 0.160 Sommanee (1980)



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 27 ©∫—∫∑’Ë 4 °.§. -  .§. 2548
æ‘…¢Õßª√Õ∑·≈–∑Õß·¥ß∑’Ë¡’µàÕ·æ≈ß°åµÕπæ◊™∑–‡≈

©≈«¬  ¡ÿ ‘°– ·≈–§≥–925

‡¢â¡¢âπ¢Õßª√Õ∑∑’Ë‡æ‘Ë¡¢÷Èπ
 à«π§«“¡‡ªìπæ‘…¢Õß∑Õß·¥ß∑’Ë¡’µàÕ·æ≈ß°åµÕπæ◊™

¡’√“¬ß“π°“√»÷°…“°—∫ Tetraselmis tetrahele (Gonzales,

1997)  ·≈–  Isochrysis galbana (Yap et al., 2004)

æ∫«à“√–¥—∫§«“¡‡ªìπæ‘… (IC
50
 À√◊Õ EC

50
) ‡∑à“°—∫ 0.22

·≈– 0.91 ¡°./≈‘µ√ µ“¡≈”¥—∫ ´÷ËßÕ¬Ÿà„π™à«ß¢Õß°“√»÷°…“
§√—Èßπ’È (0.090-1.132 ¡°./≈‘µ√) ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫æ‘…
¢Õß∑Õß·¥ß°—∫ ‘Ëß¡’™’«‘µ™π‘¥Õ◊Ëπ„π∑–‡≈‡¢µ√âÕπ (Table

6) æ∫«à“·æ≈ß°åµÕπæ◊™¡’§«“¡‰«µàÕæ‘…¢Õß∑Õß·¥ß‰¥â
 Ÿß°«à“≈Ÿ°ª≈“°–æß¢“« ·µà¡’§«“¡∑π∑“π Ÿß°«à“‰¢à·≈–
 ‡ªî√¡å¢Õß‡¡àπ∑–‡≈ ´÷Ëß®—¥‡ªìπ·æ≈ß°åµÕπ™π‘¥Àπ÷Ëß

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫æ‘…¢Õßª√Õ∑·≈–∑Õß·¥ß®“°°“√
»÷°…“§√—Èßπ’È°—∫æ‘…¢Õß·§¥‡¡’¬¡·≈– —ß°– ’∑’Ë¡’µàÕ·æ≈ß°å-
µÕπæ◊™∑–‡≈®“°°“√»÷°…“¢Õß·««µ“ ·≈–§≥– (2536)

æ∫«à“ª√Õ∑·≈–∑Õß·¥ß¡’æ‘… Ÿß°«à“ ¥—ßπ—Èπ≈”¥—∫§«“¡
‡ªìπæ‘…¢Õß‚≈À–∑’Ë¡’µàÕ·æ≈ß°åµÕπæ◊™∑–‡≈®“°°“√»÷°…“
∑—Èß Õß§√—Èß‡ªìπ¥—ßπ’È ª√Õ∑ > ∑Õß·¥ß >  —ß°– ’ > ·§¥‡¡’¬¡

√–¥—∫§«“¡‡ªìπæ‘…¢Õßª√Õ∑·≈–∑Õß·¥ß (IC
50

)

∑’Ë¡’µàÕ·æ≈ß°åµÕπæ◊™®“°°“√»÷°…“§√—Èßπ’È¡’§à“ Ÿß°«à“§«“¡

‡¢â¡¢âπ¢Õßª√Õ∑·≈–∑Õß·¥ß∑’Ëµ√«®æ∫„ππÈ”∑–‡≈∫√‘‡«≥
™“¬Ωíòß¢Õß‰∑¬·≈–„πÕà“«‰∑¬ ‚¥¬ª√Õ∑¡’§à“Õ¬Ÿà√–À«à“ß
< 0.01-0.69 ‰¡‚§√°√—¡/≈‘µ√ (°√¡§«∫§ÿ¡¡≈æ‘…, 2546)

·≈–∑Õß·¥ß¡’§à“Õ¬Ÿà√–À«à“ß 0.07-0.56 ‰¡‚§√°√—¡/≈‘µ√
(Rattanachongkiat, 1998) ª√‘¡“≥¥—ß°≈à“«¬—ß§ßÕ¬Ÿà„π
‡°≥±å¡“µ√∞“π§ÿ≥¿“æπÈ”™“¬Ωíòß∑–‡≈¢Õß‰∑¬ ́ ÷Ëß°”Àπ¥
‰«â„Àâ¡’§à“¢Õßª√Õ∑·≈–∑Õß·¥ß‰¡à‡°‘π 0.1 ·≈– 50 ‰¡‚§√-
°√—¡/≈‘µ√ µ“¡≈”¥—∫ (°√¡§«∫§ÿ¡¡≈æ‘…, 2540) ¬°‡«âπ
ª√Õ∑„πÕà“«‰∑¬∫“ß∫√‘‡«≥·≈–∫“ßƒ¥Ÿ°“≈∑’Ë¡’§à“ Ÿß‡°‘π
°«à“¡“µ√∞“π°”Àπ¥ ¥—ßπ—ÈπÀ“°¥”‡π‘π°“√ªÑÕß°—π·≈–
«“ß¡“µ√°“√‰¡à„Àâª√Õ∑·≈–∑Õß·¥ß„ππÈ”∑–‡≈ Ÿß‡°‘π
‡°≥±å¡“µ√∞“π ·æ≈ß°åµÕπæ◊™√«¡∑—Èß ‘Ëß¡’™’«‘µ„π≈”¥—∫
 Ÿß¢÷Èπ‰ª®–¬—ß§ßª≈Õ¥¿—¬®“°æ‘…¢Õß‚≈À–∑—Èß ÕßµàÕ‰ª

°‘µµ‘°√√¡ª√–°“»

ß“π«‘®—¬‡√◊ËÕßπ’È‰¥â√—∫°“√ π—∫ πÿπ∑ÿπ«‘®—¬®“°ß∫
ª√–¡“≥‡ß‘π√“¬‰¥â ¢Õß ∂“∫—π«‘∑¬“»“ µ√å∑“ß∑–‡≈
¡À“«‘∑¬“≈—¬∫Ÿ√æ“ ª√–®”ªïß∫ª√–¡“≥ 2546 ºŸâ«‘®—¬„§√à

Table 6. Comparison of the toxicity of copper on tropical marine organisms.

       Species Life Stage Test Temp. Salinity Exposure Effect Statistical Reference

Duration (ºC) (psu) Type Measure Endpoint

Dunaliella salina Log phase 96-h 27±1 30 Static Cell density IC
50

 = 1.132 This study
Chlorophyll a IC

50
 = 0. 680

Tetraselmis sp. Log phase 96-h 27±1 30 Static Cell density IC
50

 = 0.270 This study
Chlorophyll a IC

50
 = 0.335

Chaetoceros Log phase 96-h 27±1 30 Static Cell density IC
50

 = 0.090 This study
calcitrans Chlorophyll a IC

50
 = 0.082

Tetraselmis - 96-h 19-29 34 Static Cell density IC
50

 = 0.22 Gonzales (1997)
tetrahele

Isochrysis Log phase 5-day - 27 Static Cell density EC
50

 = 0.91 Yap et al. (2004)
galbana

Mysis shrimp, 24-h 35-d 24 30 Flowthrough Growth NOEC = 0.077 Lussier et al.
Mysidopsis bahia Survival LOEC = 0.140 (1985)

Sea urchin, Sperm and 20-min 25.5-28.8 32-33 Static Cell EC
50

 = 0.017 Thongra-ar
Diadema setosum eggs fertilization (1997)

Seabass, 12-d 7-d 27-30 23-29 Static-renewal Survival LC
50

 = > 1.40 Thongra-ar and
Lates calcarifer Growth IC

25
 = > 1.40 Musika (1997)

Green-lipped 3-4 cm 24-h 25-28 25-27 Static Mortality EC
50

 = 0.25 Yap et al. (2004)
mussel,
Perna viridis
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¢Õ¢Õ∫§ÿ≥‡ªìπÕ¬à“ß Ÿß ·≈–¢Õ¢Õ∫§ÿ≥‡®â“Àπâ“∑’Ë ∂“∫—π
«‘∑¬“»“ µ√å∑“ß∑–‡≈∑ÿ°∑à“π∑’Ë¡’ à«π™à«¬„Àâß“π«‘®—¬‡√◊ËÕß
π’È ”‡√Á®≈ÿ≈à«ß¥â«¬¥’

‡Õ° “√Õâ“ßÕ‘ß

°√¡§«∫§ÿ¡¡≈æ‘…. 2540. ‡°≥±å√–¥—∫§ÿ≥¿“æπÈ”·≈–¡“µ√∞“π
§ÿ≥¿“æπÈ”ª√–‡∑»‰∑¬. °Õß®—¥°“√§ÿ≥¿“æπÈ” °√¡
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