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(Daphnia pulex)

(EC50 

value) (LC50 value)
24h-EC50 0.060mg/L 48h-EC50 0.023 

mg/L
(p<0.05)

(p<0.05)
(p<0.05)

24h-LD50 0.038 mg/L 48h-LD50

0.030 mg/L
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[1]

[2]

(mercury) (lead) (cadmium)
(zinc) (copper)

[3]

[3]

(Oxidative Stress 
Responses) [4]

[5]

[6]

[7]

[8]

5 mM

[4]

(10μg/L)

[1]

[9]

[10]

(Daphnia magna)
[11]

[12]

[13-16]
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[17]

[18]

5-10μm

[19]

[20]

1.  
(HYPONeX2, The 

HYPONeX Corp., OH, USA)
1.0 g 1000 mL

400 mL 500 mL 121
15

4 [21]

(Chlorella vulgaris)
400 mL ( 14%

15% 13.5%
10%) 500 mL

(40W) (
20 cm) 10-20 μmol 

m-2 s-1 27±1 7
1.0×106 cells/mL

(counting chamber) [21]

2. 

(Daphnia pulex)
4L

300

5
25±1

16 10-
20 μmol m-2 s-1 7

5 mg/L 5%

50%

1.0×105 cells/mL [22]

0.77 mM 
CaCl2 2H2O 0.46 mM MgSO4 0.01 
mM K2HPO4 0.20 mM NaNO3 1.50 mM 
NaHCO3 0.11 mM Na2SiO3 9H2O 0.39 
mM H3BO3 0.08 mM KCl pH 7.0
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(deionized and distilled water)
pH 1N HCl 1N NaOH
[22]

1.  
(Cadmium Chlor ide) CAS. 

NO:10108-64-2 :CdCl2

(140 g/L 20 ) (Merck 
Index, 2001)

0.020, 0.024, 0.026, 0.028, 
0.030 mg/L

0.020, 0.024, 0.026, 0.028, 
0.030 mg/L

2.  

0.020, 0.024, 0.026, 
0.028, 0.030 mg/L 20 mL

( 24 )
50 mL 5

50 mL
4

25±1 RH( ) 50%
=16:8 (hr)

48 D.C.C. (Digital 
Computed Camera system)

(50 ×) 24 48
PROBIT

(US EPA, 1996) 24 48
EC50

[23,24]

3.  

(Reverses Osmosis water)

200, 400, 600, 800, 1000 mg/L
1.0×106 cells/

mL 1 mL
50 mL 50 mL 3

30 μmol 
m-2 s-1 25±1 pH 6.5

=16:8 (hr) 24

 (

) 72 [25]

4.  
1000 mg/

L
(Fig.1)

1000 mg/L

0.020, 0.024, 0.026, 
0.028, 0.030 mg/L 50 mL

1.0×10 6 ce l l s /
mL 1 mL

50 mL 50 mL
3

30 μmol m-2 s-1 25±1 pH 6.5
=16:8 (hr)

24

72 [25, 26]
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5. 

0.020, 0.024, 0.026, 
0.028, 0.030 mg/L 72

1.0×106 cells/mL 100 mL
250 mL

( 24
) 5

4
25±1 RH 50%

=16:8 (hr)
48 (50 x)

24 48
PROBIT

[27] 24 48 LD50

6. 

Probit program 
version 1.3

(Effective Median Concentration; EC50 
value) (Median Lethal 
Concentration; LC50 value) [27]

(Chi-Square test)

p<0.05

24 EC50 0.060 mg/L 48
EC50 0.023 mg/L

(p<0.05)

(p<0.05)

1.0×106 cells/mL

(p<0.05)

24 LD50 0.038 mg/L 48
LD50 0.030 mg/L

24h-EC50 48h-EC50
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24 EC50

0.060 mg/L 48 EC50 0.023 mg/L
24 48 EC50

(24h/48h toxicity ratio 2.61)
( )

( 0.098×106 cells/
mL/24h 0.793×106 cells/mL/48h
1 .925×10 6 ce l l s /mL/72h)

2 0 0  m g / L
0.113×10 6 ce l l s /

mL/24h 1.995×106 cells/mL/48h
2.493×106 cells/mL/72h

4 0 0  m g / L

0.243×106 cells/mL/24h 3.313×106 cells/
mL/48h 3.518×106 cells/mL/72h

6 0 0  m g / L
0 . 1 4 3 × 1 0 6  c e l l s /

mL/24h 4.370×106 cells/mL/48h
4.673×106 cells/mL/72h

800 mg/L
0.298×106 cells/mL/24h 5.010×106 cells/
mL/48h 5.661×106 cells/mL/72h

1 0 0 0  m g / L
0 . 1 9 5 × 1 0 6  c e l l s /

mL/24h 5.693×106 cells/mL/48h  
6.000×106 cells/mL/72h ( )

 (D. pulex) (EC50 value)
(LD50 value )

Time exposed (hour)
Toxicity (mg/L)

EC50 value LD50 value

24 0.060 0.039a 0.038 0.001b

48 0.023 0.004 0.030 0.001

24h/48h toxicity ratio 2.61c 1.27

a: significance, p 0.05
b: non-significance, p 0.05
c: biotoxic accumulation
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 (×106 cells/mL)

Time (hr)
Conc. (mg/L)

0 200 400 600 800 1000

0 1.000 1.000 1.000 1.000 1.000 1.000

24 0.098 0.113 0.243 0.143 0.298 0.195

48 0.793 1.995 3.313 4.370 5.010 5.693

   72 1.925 2.493 3.518 4.673 5.661 6.000

0 72
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(200 mg/L 400 
mg/L 600 mg/L 800 mg/L 1000 mg/L)

(p<0.05)
24 1×106 cells/
mL 48

72
1×106 cells/mL

0.020 
mg/L 0.105×106 cells/
mL/24h 4.138×106 cells/mL/48h
4.610×106 cells/mL/72h

0 .024  mg/L
0.115×106 cells/mL/24h 3.298×106 cells/
mL/48h 3.970×106 cells/mL/72h

0 . 0 2 6  m g / L
0 . 0 8 3 × 1 0 6  c e l l s /

mL/24h 2.643×106 cells/mL/48h
2.998×106 cells/mL/72h

0 .028  mg/L
0.098×106 cells/mL/24h 2.358×106 cells/
mL/48h 2.308×106 cells/mL/72h

0 . 0 3 0  m g / L
0 . 0 8 0 × 1 0 6  c e l l s /

mL/24h 1.778×106 cells/mL/48h
2.053×10 6 cel ls /mL/72h( )

(0.020 mg/L 0.024 mg/L 0.026 
mg/L 0.028 mg/L 0.030 mg/L)

(p<0.05)

24 1×106 cells/mL
48

72
1×106 cells/mL

48 72

(p<0.05)

( )

24
LD50 0.038 mg/L 48 LD50

0.030 mg/L( )

(0.020 mg/L 0.024 mg/L
0.026 mg/L 0.028 mg/L 0.030 mg/L)

( 1.0×106 cells/mL)
24

48
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(×106 cells/mL) (%) 

Time (hr)
Conc. (mg/L)

0.00 0.020 0.024 0.026 0.028 0.030

0 1.000 1.000 1.000 1.000 1.000 1.000

0h-GIR 0.00 0.00 0.00 0.00 0.00 0.00

24 0.148 0.105 0.115 0.083 0.098 0.080

24h-GIR 0.00 28.81 22.20 44.07 33.90 45.76

48 5.878 4.138 3.298 2.643 2.358 1.778

48h-GIR 0.00 29.60 43.89 55.04 59.88 69.75

72 6.000 4.610 3.970 2.998 2.378 2.053

72h-GIR 0.00 23.17 33.83 50.03 60.04 65.78

GIR: Growth inhibition rate (%)

 0 72
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(0.030 mg/L 0.023 
mg/L)

EC50

LD50

LD50 EC50

24h-EC50 48h-EC50

24h-LD50 48h-LD50

24h-EC50/48h-
EC50 2.61 24h-LD50/48h-LD50

1.27 1( )

48 EC50 0.023 mg/L
Barata [12] 2002

48 EC50 0.025 mg/L

Anita
(2008)[28] Wu (2008)[29]

(D. magna D. carinata)

(2002~2008 )

( )

Scrag (2003)[19]

Sanitá di 
Toppi (2007)[8]
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0 72

[30]

[4] Croteau
(2007) (Freshwater snails)

[31]

(manganese) (chromium)
(nickel)

90%[18,32]

72

Barata (2002a)[11]

 

Year Author Heavy metal EC50 or LD50 value Test organism

2002a Barata et al.[11] Cd LD50: 0.032 mg/L C. vulgaris
D. magna

2002b Barata et al.[12] Cd Zn EC50: 0.025 mg/L D. magna

2005 Ruangsomboon 
& Wongrat [5] Cd EC50: 0.061 mg/L

LD50: 1.94 mg/L
C. vulgaris 
M. macrocopa
Predatory catfi sh

2006 Tsui et al.[33] Cd Cu LD50: 0.75 mg/L Sargassum 
D. magna

2007 James et al. [30] Cd LD50: 0.060 mg/L Rainbow trout

2007 Croteau et al. [31] Cd Cr LD50: 0.07 mg/L Freshwater snails

2008 Soares et al. [4] Cd Va LD50: 14.67 g/L Toadfi sh

2008 Anita et al. [28] Cd Cr EC50: 0.32 mg/L D. magna

2010 This study Cd EC50: 0.023 mg/L
LD50: 0.030 mg/L

C. vulgaris 
D. pulex

C. vulgaris: Chlorella vulgaris
D. magna: Daphnia magna
M. macrocopa: Moina macrocopa
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(Sargassum)
[33]

[12] Ruangsomboon
Wongrat (2006)

(M. macrocopa) (predatory catfish)

[5]

24h-EC50

0.060 mg/L 48h-EC50 0.023 mg/L

(p<0.05)

(p<0.05)

(p<0.05)
24h-LD50

0.038 mg/L 48h-LD50 0.030 mg/L
24h-EC50 48h-

EC50

[34]
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Toxicity of Cadmium Adsorbed by 
Chlorella vulgaris and its Feeding Relation 

with Daphnia pulex

Shih-Hsien Chang,  Chi-Yuan Lu,  Pin-Jae Chen,  Kai-Sung Wang*

Abstract
Purpose:The present study evaluated whether the environmental trace element, 

cadmium, could have bioaccumulation effects on both phytoplankton C. vulgaris and 
zooplankton D. pulex. 

Methods:We developed an in vitro assay system to detect toxic compounds in 
the aquatic environment using the 5th generation water flea (cladoceran) eggs. The 
eggs were placed in a culture medium containing nature-imitating water (hard water). 
Then, cadmium chloride was added at various doses in a series of experiments in 
which we performed acute toxicity tests for EC50 values, LC50 values, growth inhibition, 
accumulation of CdCl2 in the C. vulgaris and D. pulex. We then estimate the relationship 
among the test results.

Results:We found 24h-EC50 and 48h-EC50 of Cadmium chloride on D. pulex neonate 
to be 0.060 mg/L and 0.023 mg/L, respectively. The normal growth curve of Chlorella 
vulgaris showed that the growth rate increased with the concentration of the culture 
medium, and the growth rate was significantly better than that of the control group 
(p<0.05). On the other hand, the effects of CdCl2 on C. vulgaris showed that the growth 
rate decreased with the concentration of CdCl2, and was significantly less than the control 
group (p<0.05). The result showed that the 24h-LD50 and 48h-LD50 of CdCl2 adsorbed 
with C. vulgaris and feed with D. pulex were 0.038 mg/L and 0.030 mg/L, respectively.

Conclusion:From the results, we conclude that CdCl2 could be adsorbed by C. 
vulgaris which was consumed by the primary consumer D. pulex. The accumulation of 
CdCl2 is related to aquatic food relation. It can be inferred that the accumulation of CdCl2 
is in D. pulex leads to hurt or death, depending on CdCl2 concentration.

Keywords: Cadimium chloride, Chlorella vulgaris, Daphnia pulex, Growth inhibition, 
Bioaccumulating effect
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