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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+1°C, using natural seawater (salinity 30 psu) filtered with a 0.4 p 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,
values of Hg on growth of D. salina, Tetraselmis sp. and C. calcitrans were 0.277, 0.144 and 0.043 mg L,
respectively, while those of Cu were 1.132, 0.270 and 0.090 mg L', respectively.
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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  Chlorophylla  With Respect
(mg L) (mg L)  (x10°cell mL') of Growth Content (ug L") 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.

“fyme 8@ (p<0.05) laa C. calcitrans dowly  lasanuiduisedsanuaznasuasiinlugluosnis
lumsnay uwesdedvuadlanzis aeld 9 0 ses  Sgdulavenmes wazUSumasalsilas 1o likadn
seande  Terraselmis sp. wag D. salina ewdney  ldilanuuendreiuadredie dgn1e 8@ (p>0.05)
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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 = Chlorophylla With Respect
(mg L) (mg L")  (x10°cell mL') of Growth Content (ugL™') 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.

o & = P o | X = o oA X a @

F95uI9 wsadeanldetrvlaagienitaduaniiy et 219U ‘gﬂwamiﬂﬂam
anadluie (toxicity endpoint) *1MIUNIIANEATY

1 = g// 5 1 a I a
anl AIMNANIANBIATNBNUI USanNa VLU
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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  Chlorophylla With Respect
(mg L) (mg L) (x10°cell mL"') of Growth Content (ug L") 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.

! 1 3 [t a { ! . .
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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,, IC,,
(mgL") (mgL') (mgL') (mgL")

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

Chlorophylla 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

Chlorophylla 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

Chlorophylla 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

Chlorophylla 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

Chlorophylla 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

Chlorophylla 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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Figure 1. Comparison of 96-h IC, for mercury and copper with different phytoplankton
species on (a) cell growth and (b) chlorophyll a.
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Table 5. Comparison of the toxicity of mercury on tropical marine organisms.

Species Life Stage Test Temp. Salinity Exposure Effect Statistical Reference
Duration °C) (psu)  Type Measure Endpoint
(mg L)
Dunaliella salina Log phase 96-h 27£1 30 Static Cell density ~ IC,;=0.277  This study
Chlorophyll a  IC, = 0.269
Tetraselmis sp. Log phase 96-h 27£1 30 Static Cell density ~ IC, =0.144  This study
Chlorophyll a IC, =0.218
Chaetoceros Log phase 96-h 27+1 30 Static Cell density ~ IC,;=0.043  This study
calcitrans Chlorophyll a  IC, = 0.047
Tetraselmis sp. 5-d 96-h 23-26 34 Static Cell density  IC, = 0.034  Gonzales (1997)
Seabass, Juvenile 96-h 25-27 31-32  Static Survival LC,,=0.113  Chayarat (1985)
Lates calcarifer
Seabass, Juvenile 96-h 28-29 29 Static Survival LC,,=0.086 Tamiyavanich
Lates calcarifer (1984)
Seabass, ~12-d 7-d 25.2-28.9 2 Static-renewal Survival LC,,= 0.054 Thongra-ar
Lates calcarifer 7-d 25.6-29.3 10 Survival LC,,= 0.045 eral. (2003)
7-d 25.0-28.5 20 Survival LC,, = 0.048
7-d 25.0-29.2 30 Survival LC,, = 0.038
Seabass, ~12-d 7-d 25.2-28.9 2 Static-renewal Growth IC,;= 0.019 Thongra-ar
Lates calcarifer 7-d 25.6-29.3 10 Growth IC, ;= 0.015  eral. (2003)
7-d 25.0-28.5 20 Growth IC,,= 0.023
7-d 25.0-29.2 30 Growth IC,, = 0.020
Milkfish, Juvenile 96-h 28-30 15-16  Static Survival LC,,=0.38 Diaz (1995)
Chanos chanos
Estuarine Prawn ~ Post Larvae ~ 48-h 96-h 19-24  Flowthrough  Survival LC,,= 0.016 McClurg (1984)
Penacus indicus Survival LC,, = 0.015
Giant prawn, Various 96-h 25.5-27.0 12 Static Survival LC,,= 0.05- Piyanetal.
Macrobrachium  larval stages 0.34  (1985)
rosenbergii
Giant prawn, Post larvae 96-h 28 12 Static Survival LC, = 0.031 Navanarasest
Macrobrachium (P, ) and Menasveta
rosenbergii (1986)
Pacific oyster, Embryo 48-h 20£1 33.79  Static Development EC, =0.007 Martin et al.
Crassostrea gigas +0.07 (1981)
Mussel, Embryo 48-h 171 33.79  Static Development EC, =0.006 Martin et al.
Mytilus edulis +0.07 (1981)
Clam, Donax faba 96-h 27-32 Static Survival LC,,=0.160 Sommanee (1980)

. o da e
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4 . Y A .
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Table 6. Comparison of the toxicity of copper on tropical marine organisms.

Species Life Stage Test Temp. Salinity Exposure Effect Statistical Reference
Duration (°C) (psu)  Type Measure Endpoint

Dunaliella salina  Log phase 96-h 27+1 30 Static Cell density  IC, =1.132 This study
Chlorophylla IC, = 0. 680

Tetraselmis sp. Log phase 96-h 27+1 30 Static Cell density  IC, =0.270  This study
Chlorophylla IC, =0.335

Chaetoceros Log phase 96-h 27+1 30 Static Cell density  IC, =0.090  This study

calcitrans Chlorophylla IC, =0.082

Tetraselmis - 96-h 19-29 34 Static Cell density  IC, =0.22 Gonzales (1997)

tetrahele

Isochrysis Log phase 5-day - 27 Static Cell density ~ EC, =091 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,,=0.017  Thongra-ar

Diadema setosum eggs fertilization (1997)

Seabass, 12-d 7-d 27-30  23-29  Static-renewal Survival LC,,=>1.40 Thongra-ar and

Lates calcarifer Growth IC,;=> 140 Musika (1997)

Green-lipped 3-4 cm 24-h 25-28  25-27  Static Mortality EC,,=0.25 Yap et al. (2004)

mussel,
Perna viridis

o o Ry
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