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oxygen, D.O.) /1f25.3~6.3 mg/L »

P16 gkl » SEEWE > 7kiR25.0~26.0°C »
B 31.0 ppt > pHAMFA7.9~8.5 » IBEEST 5.5~
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Table 1. Chemical analysis of scawater used in

toxicity experiments.

Item Value

Salinity
Total alkalinity

32 ppt
115 mg/l as CaCOy

Total hardness 5128 mg/l as CaCOgy

Ammonia 31 pg/L as Ammonia—N
Nitrite 15 pg/L as Nitrite-N

Nitrat 35 pg/L as Nitrate=N

Silica 20 pg/L as SiO,)

Phosphate 26 pg/L as Orthophosphate—p
COD 1 mg/L

Mercury nd*

Copper 7 ppb

Cadmium 2 ppb

Zinc 8 ppb

*nd: not detectable

FE30.0 ppt » pHMR7.2~7.9 » BE BN 5.2~
6.4 mg/L -

P40 B IHEER - BB » /KiR27.0~27.5°C »
BEE31.0 ppt > pHAMHR8.1~8.5 » IBE E /5.0~
6.1 mg/l -
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Table 2. Regressional relationship between mortality (Y, in probit) and mercury concentration
(X, log mg/L) at various development stages of Penaeus penicillatus.

Time (h)  Juveniles (day) Y=a+bX LC50 (mg/L) Chi-square
24 P8 Y=-0.3324+2.3375X 0.191 (0.149~0.246) 3.195"
P16 Y=-1.4636+2.9537X 0.154 (0.127~0.188) 8.824"
P24 Y=-1.3557+3.0228X 0.127 (0.104~0.154) 7.701"
P32 Y=-0.3165+2.5994X 0.111 (0.088~0.140) 7.716"
P40 Y=-0.3940+2.6396X 0.111 (0.088~0.139) 4.989"
48 P8 Y=-2.2295+3.7559X 0.084 (0.069~0.102)  16.506
P16 Y=-1.4023+3.7014X 0.054 (0.040~0.071)  38.897
P24 Y=-1.6553+3.8040X 0.056 (0.043~0.074)  56.718
P32 Y=0.4778+2.6009X 0.055 (0.037~0.082)  20.977
P40 Y=-1.1599+3.7236X 0.045 (0.032~0.063)  11.037

n=6, number of nominal concentration for calculation.

Y, significance at 95% level.
(), 95% confidence limits.

0.2
0.18
0.16 |
0.14
0.12
0.1 F
0.08 A

0.06 N R

0.04 f 48 h: Y=0.0819-0.0010X
0.02 F R=-0.8251

24 h: Y=0.1997-0.0025X
R=-0.9423*

—

LC50 (ppm

0 6 12 18 24 30 36 42

Juvenile (days)

Fig. 1. Correlations between LC50-mercury (ppm) and development stage (in days after meta-
morphosis) in Penaeus penicillatus.
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Table 3. Regressional relationship between mortality (Y, in probit) and copper concentration (X,
log mg/L) at various development stages of Penaeus penicillatus.

Time (h)  Juveniles (day) Y=a+bX LC50 (mg/L) Chi-square
24 P8 Y=0.0655+4.0738X 1.63 (1.390~1.900) 3.821"
P16 Y=2.1108+2.1206X 2.30 (1.780~2.980) 3.319"
P24 Y=2.5449+1.5409X 3.92 (2.105~7.303) 1.893"
P32 Y=1.1554+2.3962X 4.02 (2.628~6.153) 1.078"
P40 Y=1.4940+2.1309X 4.41 (2.587~7.542) 1.037°
48 P8 Y=-1.5609+5.8846X 1.30 (1.141~1.488) 7.246"
P16 Y=2.4912+2.0076X 1.78 (1.343~2.352) 2.648"
P24 Y=2.7762+1.7264X 1.94 (1.425~2.645) 2.836"
P32 Y=0.4943+3.3038X 2.31 (1.949~2.740) 0.801"
P40 Y=2.4397+1.6384X 3.65 (2.126~6.278) 2.218"
72 P8 Y=0.6056+5.2165X 0.69 (0.493~0.981) 4.128"
P16 Y=3.7916+1.4553X 0.68 (0.234~1.957) 1.109"
P24 Y=2.3176+2.4999X 1.18 (0.836~1.674) 0.358"
P32 Y=1.0204+3.4299X 1.45 (1.183~1.769) 2.009"
P40 Y=2.6934+1.7686X 2.01 (1.494~2.716) 0.672"

n=6, number of nominal concentration for calculation.

*, significance at 95% level.
( ), 95% confidence limits.

5 ~ A(24 h): Y=1.072040.0910X R=0.9466*
4.5 } B(48 h): Y=0.6270+0.0654X R=0.9291* -
C(72 h): Y=0.1790+0.0426X R=0.964 &*

LC50 (ppm)

Juvenile (days)

Fig. 2. Correlations between LC50-copper (ppm) and development stage (in days after meta-
morphosis) in Penaeus penicillatus.
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Fig. 5. A comparison of LC50-24 h values of mercury, copper, cadmium and zinc to Penaeus

penicillatus juveniles.

Fig. 6. A comparison
penicillatus juveniles.

Juvenile (days)

of LC50-48 h values of mercury, copper, cadmium and zinc to

Penaeus
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A comparison of LC50-72 h values of copper, cadmium and zinc to Penaeus penicillatus
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The Toxicity of Heavy Metals to Juvenile Penaeus penicillatus in Each Stage

Abstract

The tolerance of red-tail shrimp juveniles, Penaeus penicillatus, to heavy metal toxicity was examined by
exposing the juveniles at various developmental stages to varying concentrations of mercury, copper, cadmium
and zinc in 30~32 ppt seawater (pH 7.1 ~8.5) at 25~ 27°C. The static renewal method was used for daily
water exchange. The results indicated that LC50-24 h of Hg, Cu, Cd and Zn was 0.14, 3.26, 3.40 and 4.25
mg/L, respectively. The order of the toxicity was Hg > Cu > Cd > Zn. LC50 of Hg, Cu, Cd and Zn at 48 h was
0.06, 2.20, 1.90 and 2.09 mg/L, respectively, and the order of toxicity was found to be Hg > Cd > Zn > Cu. The
toxicity tolerance of shrimp juveniles to the heavy metals varied with developmental stages; the tolerance to
copper and cadmium increased as the development proceeded, while that to mercury and zinc declined as the

shrimp developed.

Key words: Toxicity, Heavy metals, LC50, Penaeus penicillatus
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