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Comparative acute toxicity of copper(II), cadmium(II), and
gallium(III) on freshwater shrimp(macrobrachium nipponense)

and reference values for five aquatic organisms
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ABSTRACT

The purposes of this study were to evaluate acute lethal concentrations of
copper, cadmium, and gallium on freshwater shrimp(Macrobrachium
nipponense). The static renewal test method of acute toxicity test was
used, and water temperature was maintained at 25.00.50C. Data of indi-
vidual metal obtained from acute toxicity tests were determined using probit
analysis method by Finney. The median lethal concentration(96-h LC50) of
copper, cadmium, and gallium for M. nipponense were estimated as 0.0313,
0.0539, and 2.8266mg/l, respectively. Comparing the tolerance of
M.nipponense with other species which exposed to these metals from our
former acute toxicity tests, it is obviously that the M.nipponense is more
sensitive than that of various other aquatic animals.
2008 Trade Science Inc. - INDIA

INTRODUCTION

Semiconductor industry has become one of the
leading manufacturing in almost every developed coun-
try. Copper, cadmium, and gallium are essential transi-
tion metals which are widely being used for the manu-
facture of integrated circuits and electroplating appli-
ances. These metals are released into the environments
by manufacturing processes, such as etching, wet pol-
ishing, and cleaning operations may be produce many
potentially hazardous wastes[3,4]. Industrial accidental
spillages might be lead to high concentration metal com-

pounds in the water and effects on aquatic organisms
will be associated with acute and chronic toxic effects.
Because the heavy metals are not degraded and accu-
mulate in ecosystems, and toxic effects may be found
at the molecular, cellular, histological level even to ho-
meostasis in organisms[2]. In the last decade, many re-
ports also revealed that these metal compounds poten-
tial possesses toxicological, apoptotic, and carcinogenic
properties[27,17,13,8].

Industrial wastewater discharges contain various
metallic compounds, toxicity of processes is further com-
plicated by the presence of mixture, and the combined
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effects have to be carried out[16]. Each metal generates
variable pollution issues in freshwater environments, and
therefore metals have to be considered separately and
in combination as well[24]. Individual components of
heavy metal have been reported by different authors to
have varying toxicological effects on aquatic organisms,
death of animal have also been reported at various con-
centrations[7]. Both acute and chronic toxicity tests were
found more detail information to assess environmental
stresses, for establishing water quality criteria and in
regulating wastewater discharges. However, the results
of acute toxicity will provide practical critical values that
can be used for establishing tentative water quality cri-
teria of novel toxicants. Fish and shrimp are particularly
sensitive to environmental contamination of water, and
are recognized as a useful model for detection of water
quality[21]. Freshwater fish can be used in three ways in
pollution control, involving three different time frames:
(1) the determination of water quality criteria from which
standards can be established, (2) monitoring the health
of populations of aquatic animals in the field or in a
hatchery, (3) providing an early warning system of po-
tential harm to the environment[1].

Searching for suitable model species has became a
need to evaluate the water quality in aquatic environ-
ment. Stream fish, Cyprinus carpio and Acrosscheilus
paradoxus are important fish species in local stream.
Japanese eel (Anguilla japonica), a seawater prawn
geographically distributed from Japanese, Taiwan, to
southern Pacific Ocean in Fareast Asia, was one of
important aquacultural species in Taiwan. White shrimp
Litopenaeus vannamei, a tropical seawater prawn
geographically distributed from Sonora, Maxico, to
northern Peru in Mid- and Southern America[9], was
one of worldwide important prawn species in aquacul-
ture, not only in North, Central, and South America but
also in Asia as an exotic culture species. The aquacul-
tural water used to keep and rear fish in farms always
came directly from the coastal water without any other
processes. However, the coastal part of the seawater
was very easy to be contaminated by many kinds of
pollutants, such as chemical residues and human patho-
gens, and heavy metals[10]. Especially, these streams and
fish farm are near semiconductor manufacturing districts
in Taiwan. There were some risks to use the natural
coastal water directly in aquaculture, which provided a
large part of aquatic products to human beings.

Freshwater shrimp(Macrobrachium nipponense)
is a common aquatic invertebrate widely distributed in
downstream of rivers throughout eastern Asia-Pacific
area and constructs a primary connection in the fresh-
water ecological chain. The purposes of this study were
to assess under laboratory conditions the acute lethal
toxicity of concentrations

 
of copper, gallium, and cad-

mium on juvenile M.nipponense, to determine individual
safety concentrations. We also compiled 96-h LC

50

values of copper, cadmium, and gallium to aquatic ani-
mals from our laboratory. Search for suitable model
species which can be used as a practical species to
reveal toxicological information.

EXPERIMENTAL

Freshwater shrimp(Macrobrachium nipponense)
were obtained from the local commercial suppliers.
M.nipponense were transported to the glass aquarium
in our laboratory which was equipped with a water-
cycling device; dechlorinated tap water(pH 7.4-8.1;
dissolved oxygen concentration 7.3-7.8mg/l; hardness
38-45 CaCO

3
mg/l) was used during the entire experi-

ment. The temperature was maintained at 25.00.50C,
and the photoperiod was set at 12h of light and 12h of
dark. They were acclimated for 2 weeks and fed
aquarium shrimp mixture everyday. Juveniles
(4.21.7mm in body length) were used in the initial ex-
periments. Copper sulfate (II) and cadmium chloride
(II) were purchased from Sigma(St. Louis, MO). Gal-
lium sulfate (III) was purchased from Alfa Aesar(Ward
Hill, MA). All metal compounds had a purity of 99% or
greater. Stock solutions were prepared in deionized
water (1000mg/l test chemical in 0.1% nitric acid).

Laboratory static renewal tests were conducted
to determine the median lethal concentration(LC

50
)for

M.nipponense. Ten animal of similar size were randomly
sampled and placed in 20-l glass beakers. After 24h
of acclimatization, M.nipponense were exposed to
different copper (0, 0.005, 0.01, 0.05, 0.1, and 0.2
mg/l), cadmium(0, 0.005, 0.01, 0.05, 0.1, 0.2 and 0.4
mg/l), and gallium(0, 0.5, 1.0, 2.0, 4.0, 6.0, 8.0, and
10.0mg/l) concentrations for 96h or more, respectively.
The control and each treated group were run in dupli-
cate. During the experiment, dead animal were removed,
and mortality was recorded after 24, 48, 72, and 96h.
The LC50 of every test chemicals and their 95% con-
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fidence limits for M.nipponense were calculated using
a Basic program from the probit analysis described by
finney[6].

RESULTS AND DISCUSSION

Median lethal concentrations(48-h and 96-h) of
three metals to freshwater shrimp (Macrobrachium
nipponense) are present in TABLE 1. Results demon-
strated that mortality rate of the exposed M.nipponense
and the concentrations of the testing solution are posi-
tively related. It is clear that the higher the concentra-
tion, the shorter the LC

50
 of the M.nipponense. Based

on LC
50 

values, the rank order of metals from most toxic
to least toxic was: copper, cadmium, gallium.

From the toxicity testing of gallium, no mortality was
observed in the group of M.nipponense exposed to
2.0mg/l within the first 48 hours, the 96-h LC

50
 of the

M.nipponense was determined to be 2.8266mg L-1 with
upper and lower limits of 1.9292 and 4.1414mg/l, re-
spectively. Obviously, the toxicity of gallium to
M.nipponense is less than those of other metal in present
study. Nevertheless, there are numerous studies car-
ried out on the gallium compounds for use in semicon-
ductor manufacturing has been accompanied by increas-
ing amounts of toxic materials and harmful to health,
such as bone marrow  depression, hemorrhagic nephri-
tis, and testicular toxicity in vertebrates[23,29,22]. As to
aquatic animals, Lin and Hwang[12] showed that the 96-
h LC

50
 of gallium for tilapia larvae(Oreochromis

mossambicus) was estimated to be 14.32mg/l; reveal-
ing M.nipponense is more sensitive to gallium expo-
sure than is the tilapia. Betoulle[26] reported that
gallium(III) accumulates in head kidney and blood in
the juvenile common carp(Cyprinus carpio). Gallium
also acts as a hepatotoxicity and causes renal damage
in treated C.carpio[18,19].

Compared to copper, higher cadmium dose are
needed to obtain 48-hr and 96-h LC

50
. Copper has a

stronger toxicity than cadmium in the present study. Both
cadmium and copper are highly toxic for aquatic or-
ganism; effects of short and long term of exposure to
two metals are already reported in considerable stud-
ies[7,11,25,5]. Liver and kidney of Japanese eel (Anguilla
japonica) are of high bioaccumulative affinity towards
cadmium ion[15]. Karan et al.[28] reported significant
changes in metabolic enzymes in gill, liver, and blood of

C.carpio exposed to sublethal concentration of cop-
per(96-h LC

50 
value: 0.64mg/l). Acute lethal effects of

these metals were attributed to excess mucous cover-
ing gill tissues and lead to the breakdown of respiratory
function.

There have some difficulties to compare our 96-h
LC

50
 values with other published papers because the

physical parameters and the life stages of the test ani-
mals were different. We have compiled 96-h LC

50
 val-

ues of gallium, cadmium, and copper to aquatic animals
from our laboratory(TABLE 2). Our results are in good
agreement with the reports using fish and shrimp spe-
cies; i.e. the acute 96-h LC

50
 values are in the mg/l

range. Comparing the tolerance of M.nipponense jenvile
with those of other species investigated such as C.carpio
jenvile and fry, adult zebrafish(Brachydanio rerio),
freshwater fish larvae(Acrosscheilus paradoxus), white

 LC50(mg/l) 
 48 h 96h 

Copper(II) 0.0959(0.0686-0.1343) 
0.0313 

(0.0174-0.0562) 

Cadmium(II) 0.1120(0.0824-1.1523) 
0.0539 

(0.0284-0.1021) 

Gallium(III) 7.0307(4.6778-10.5671) 
2.8266 

(1.9292-4.1414) 

TABLE 1: Median lethal concentrations(LC
50

)of copper, cad-
mium, and gallium to freshwater shrimp(Macrobrachium
nipponense)

TABLE 2 : 96-h LC
50

 values(mg/l) of copper, cadmium, and
gallium to aquatic organism

Life stages of the test animals (f: fry; l: larva; j: juvenile)

species 
Cu 
(II) 

Cd 
(II) 

Ga 
(III) 

citation 

Cyprinus carpio (j)   19.78 
Yang and Chen 

2003b 

Cyprinus carpio (f)   12.55 
Yang and Chen 

2003b 
Macrobrachium 
nipponense (j) 

  2.827 This study 

Anguilla japonica (l)  3.77  Yang 1995 

Litopenaeus vannamei (l)  1.07  
Wu and Chen 

2004 
Acrosscheilus  
paradoxus (l)  0.29  Yuan 1994 

Macrobrachium  
nipponense (j) 

 0.054  This study 

Anguilla japonica (l) 0.31   Yang 1995 
Macrobrachium 
nipponense(j) 

0.031   This study 

Acrosscheilus 
paradoxus (l) 

0.026   Yuan 1994 

The 95% confidence limits are given in parentheses
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shrimp larvae(Litopenaeus vannamei), and Japanese
eel larvae(Anguilla japonica) exposed to same met-
als, it is clear that the M. nipponense  is more sensitive
than that of other species. For example, the 96-h LC

50

value of cadmium for white shrimp, L.vannamei, was
estimated to be 1.07mg/l[20], indicating that the shrimp
species are more tolerant to cadmium exposure than is
the M.nipponense. Even though considerable species
might be used as bioindicators, the selection of species
and tests depend abundance on the location and pur-
pose of the assessment. It is a practice to use most
sensitive species in such test so that even a minute stress
of environment is detected. And larger aquatic verte-
brates are more tolerant to invertebrate in similar labo-
ratory conditions. M.nipponense can be considered as
suitable species when its susceptibility to such metals is
compared with other aquatic animals.

CONCLUSIONS

The regulatory approach pertaining to different ac-
tivities on heavy metals does exit in an industrial coun-
try like Taiwan, however upon screening the existing
data base on surveillance studies in high risk population
which mainly involve the aquatic fauna and flora. The
natural habitats of M.nipponense are also frequently
polluted by industrial input of wastewater. To maintain
the balance of the local river ecosystems in such water
it is essential to know its susceptibility to these pollut-
ants. And we found the fact that M. nipponense seems
to be a promising candidate for the evaluation of fresh-
water quality as their sensitive to these metal toxicants.
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