April 2008

Trade Science Ine.

Volume 3 I ssue 2

Snviconmental Science

A Tndéian Yournal

= Qurrent Research Peper

ESAIJ, 3(2), 2008 [181-184]

Comparative acute toxicity of copper(l1), cadmium(ll), and
gallium(I11) on freshwater shrimp(macrobrachium nipponense)
and reference values for five aquatic organisms

Jen-Lee Yang'?*, Liang-Hsien Chen?, Ying-Chou Lee®, Hon-Cheng Chen?®
Department of Life Science, Chinese CultureUniver sity, Taipe, Taiwan 111, R.O.C, (TAIWAN)
2Environment Education Counseling Division, Taipel County Gover nment, Taipei, 220, R.O.C. (TAIWAN)
3Institute of FisheriesScience, National Taiwan Univer sity, Taipei 106, R.O.C., (TAIWAN)

Tel : 886-2-2955-1291; FAX: 886-2-2954-0962
E-mail : d88225003@mail.anhoestpc.edu.tw
Received: 9" January, 2007 ; Accepted: 14" January, 2007

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 25.0+0.50C. Data of indi-
vidual metal obtained from acute toxicity testswere determined using probit
analysis method by Finney. The median lethal concentration(96-h L C50) of
copper, cadmium, and galliumfor M. nipponense were estimated as 0.0313,
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0.0539, and 2.8266mg/I, 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

sengitive than that of various other aquatic animals.
© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Semiconductor industry has become one of the
leading manufacturinginamost every devel oped coun-
try. Copper, cadmium, and gallium areessentia trang-
tion metal swhich arewidely being used for the manu-
facture of integrated circuitsand el ectroplating appli-
ances. Thesemetalsarerel eased into theenvironments
by manufacturing processes, such asetching, wet pol-
ishing, and cleaning operations may be produce many
potentially hazardouswastes®4. Industrial accidental
Spillages might belead to high concentration metal com-

poundsin thewater and effects on aguatic organisms
will beassociated with acute and chronic toxic effects.
Becausethe heavy metasare not degraded and accu-
mulatein ecosystems, and toxic effects may befound
at themolecular, cdlular, histologica level evento ho-
meostasisin organisms?. Inthelast decade, many re-
portsa so reved ed that these metal compounds poten-
tid possessestoxicologica, gpoptotic, and carcinogenic
properti eg217.138],

Industrial wastewater discharges contain various
metallic compounds, toxicity of processesisfurther com-
plicated by the presence of mixture, and the combined
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effects haveto becarried out™®. Each metal generates
variablepollutionissuesinfreshwater environments, and
therefore metal shave to be considered separately and
in combination aswell?¥, Individual components of
heavy metal have been reported by different authorsto
havevaryingtoxicologica effectson aguatic organisms,
death of animal have a so been reported at various con-
centrationg™. Both acute and chronic toxicity testsswere
found moredetail information to assessenvironmental
stresses, for establishing water quality criteriaandin
regulating wastewater discharges. However, theresults
of acutetoxicity will providepracticd critical vauesthat
can beused for establishing tentative water quality cri-
teriaof novel toxicants. Fishand shrimp areparticularly
sengtiveto environmenta contamination of water, and
arerecognized asauseful model for detection of water
quality?!. Freshwater fish can beused inthreewaysin
pollution control, involving threedifferent timeframes:
(1) thedetermination of weter qudity criteriafromwhich
standards can be established, (2) monitoringthe health
of populations of aquatic animalsinthefieldorina
hatchery, (3) providing an early warning system of po-
tentia harmto theenvironmentt™.

Searching for suitablemodd specieshasbecamea
need to evaluate thewater quality in aquatic environ-
ment. Stream fish, Cyprinus carpio and Acrosscheilus
paradoxus areimportant fish speciesinlocal stream.
Japanese eel (Anguillajaponica), aseawater pravn
geographically distributed from Japanese, Taiwan, to
southern Pacific Ocean in Fareast Asia, was one of
important aquaculturd speciesin Tawan. Whiteshrimp
Litopenaeus vannamel, a tropical seawater prawn
geographically distributed from Sonora, Maxico, to
northern Peruin Mid- and Southern America®, was
oneof worldwideimportant prawn speciesin aguacul -
ture, not only inNorth, Central, and South Americabut
alsoinAsaasan exotic culture species. The aguacul -
tural water used to keep and rear fishinfarmsaways
camedirectly fromthe 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 res duesand human patho-
gens, and heavy metal§°. Especidly, thesestreamsand
fishfarm arenear semiconductor manufecturing digtricts
in Taiwan. There were somerisksto use the natural
coastal water directly in aquaculture, which provided a
large part of agquatic productsto human beings.
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Freshwater shrimp(Macrobrachiumnipponense)
iIsacommon aguaticinvertebratewidely distributed in
downstream of riversthroughout eastern Asia-Pacific
areaand constructsaprimary connectioninthefresh-
water ecologicd chain. The purposesof thisstudy were
to assessunder laboratory conditionsthe acutelethal
toxicity of concentrationsof copper, galium, and cad-
miumonjuvenile M.nipponense, to determineindividua
safety concentrations. We also compiled 96-h LC,_
va uesof copper, cadmium, and galiumto aquatic ani-
malsfrom our |aboratory. Search for suitable model
species which can be used as a practical speciesto
reved toxicologicd information.

EXPERIMENTAL

Freshwater shrimp(Macrobrachiumnipponense)
were obtained from thelocal commercia suppliers.
M.nipponenseweretransported to the glass aquarium
in our laboratory which was equipped with awater-
cycling device; dechlorinated tap water(pH 7.4-8.1;
dissolved oxygen concentration 7.3-7.8mg/l; hardness
38-45 CaCO,mg/l) was used during the entire experi-
ment. Thetemperaturewas maintained at 25.0+0.5°C,
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
(4.2£1.7mminbody length) wereused intheinitia ex-
periments. Copper sulfate (I1) and cadmium chloride
(1) were purchased from Sigma(St. Louis, MO). Gal-
lium sulfate(111) was purchased fromAlfaAesar(Ward
Hill, MA). All metal compoundshad apurity of 99% or
greater. Stock solutions were prepared in deionized
water (1000mg/| test chemica in0.1% nitric acid).

Laboratory static renewal testswere conducted
to determinethe median lethal concentration(LC, )for
M.nipponense. Tenanimd of Smilar szewererandomly
sampled and placed in 20-1 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/1), cadmium(0, 0.005, 0.01, 0.05, 0.1,0.2and 0.4
mg/l), and gallium(0, 0.5, 1.0, 2.0, 4.0, 6.0, 8.0, and
10.0mg/l) concentrationsfor 96h or more, respectively.
Thecontrol and each treated group wererunin dupli-
cate. Duringtheexperiment, dead anima wereremoved,
and mortality wasrecorded after 24, 48, 72, and 96h.
TheLC50 of every test chemicalsand their 95% con-
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fidencelimitsfor M.nipponensewere cal culated using
aBasic program from the probit anaysis described by

finney.
RESULTSAND DISCUSSION

Median |lethal concentrations(48-h and 96-h) of
three metalsto freshwater shrimp (Macrobrachium
nipponense) arepresent in TABLE 1. Resultsdemon-
drated that mortdity rate of theexposed M.nipponense
and the concentrations of thetesting solution are posi-
tively related. Itisclear that the higher the concentra-
tion, theshorter the LC,, of the M.nipponense. Based
onLC, va ues, therank order of metasfrommost toxic
toleast toxicwas: copper, cadmium, gallium.

Fromthetoxicity tesing of gdlium, nomortaity was
observed in the group of M.nipponense exposed to
2.0mg/l withinthefirst 48 hours, the96-h LC_, of the
M.nipponensewas determined to be 2.8266mg L2 with
upper and lower limitsof 1.9292 and 4.1414mg/l, re-
spectively. Obviously, the toxicity of gallium to
M.nipponenseis|essthan those of other metd in present
study. Neverthel ess, there are numerous studies car-
ried out on the gdllium compoundsfor usein semicon-
ductor manufacturing hasbeen accompanied by increas-
ing amounts of toxic materialsand harmful to health,
suchasbonemarrow depression, hemorrhagic nephri-
tis, and testicular toxicity in vertebrated? 222, Asto
aquatic animals, Lin and Hwang!*? showed that the 96-
h LC,, of galium for tilapia larvae(Oreochromis
mossambicus) was estimated to be 14.32mg/l; reved -
ing M.nipponenseismoresensitiveto gallium expo-
sure than is the tilapia. Betoulle?® reported that
galium(l1l) accumul atesin head kidney and blood in
thejuvenile common carp(Cyprinuscarpio). Gallium
also actsas ahepatotoxicity and causesrena damage
intreated C.carpiol’®19,

Compared to copper, higher cadmium dose are
needed to obtain 48-hr and 96-h LC_ . Copper hasa
stronger toxicity than cadmiuminthepresent sudy. Both
cadmium and copper are highly toxic for aguatic or-
ganism,; effects of short and long term of exposureto
two metalsarealready reported in considerabl e stud-
ied 11253 | iver and kidney of Japaneseed (Anguilla
japonica) are of high bicaccumul ative affinity towards
cadmium ion*¥, Karan et al.!*® reported significant
changesin metabolicenzymesingill, liver, and blood of
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TABLE 1: Median lethal concentrationg(L C, )of copper, cad-
mium, and gallium to freshwater shrimp(Macrobrachium
nipponense)

L Cso(mg/l)
48 h 96h
Copper(ll)  0.0959(0.0686-01343) 0107'2?’013562)
Cadmium(Il) 0.1120(0.0824-11523) . 02062?52021)
. 2.8266
Gallium(11l) 7.0307(4.6778-105671) (1 607 314149

The 95% confidence limits are given in parentheses

TABLE2: 96-h L C, valuesimg/l) of copper, cadmium, and
galliumtoaquatic organism

species Cu Cd - Ga citation
(n_an @

Cyprinuscarpio (j) 19.78 Yangzgggbc hen
Cyprinus carpio (f) 12.55 Yangzgggbc hen
Macrobrachium 2827 Thisstud
ni pponense (j) ' g
Anguilla japonica (1) 3.77 Yang 1995
Litopenaeus vannamei (1) 1.07 wu gggf hen
Acrosscheilus
paradoxus (1) 029 Yen 1994
Macrobrachium 0.054 This stud
nipponense (j) ' d
Anguillajaponica(l)  0.31 Yang 1995
Macrobrachium '
nipponense(j) 0.031 This study
Acrosscheilus 0.026 Y uan 1994

paradoxus (1)
Life stages of the test animals (f: fry; |: larva; j: juvenile)
C.carpio exposed to sublethal concentration of cop-
per(96-h LC_ vaue: 0.64mg/l). Acutelethal effects of
these metal swere attributed to excess mucous cover-
ing gill tissuesand lead to the breakdown of respiratory
function.

There have some difficultiesto compare our 96-h
LC,, valueswith other published papers becausethe
physical parametersand thelife stages of thetest ani-
malsweredifferent. Wehave compiled 96-hLC,_ val-
uesof gallium, cadmium, and copper to aquaticanimas
from our laboratory(TABLE 2). Our resultsarein good
agreement with thereports using fish and shrimp spe-
cies, i.e. the acute 96-h LC_ values are in the mg/l
range. Comparingthetoleranceof M.nipponensejenvile
withthoseof other speciesinvestigated suchasC.carpio
jenvileand fry, adult zebrafish(Brachydanio rerio),
freshwater fishlarvae(Acrosscheilus paradoxus), white
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shrimp larvag(Litopenaeus vannamei), and Japanese
edl larvag(Anguillajaponica) exposed to same met-
as, itisclear that the M. nipponense ismoresensitive
than that of other species. For example, the96-hLC_
value of cadmium for white shrimp, L.vannamei, was
estimated to be 1.07mg/I®, indi cating that the shrimp
speciesaremoretol erant to cadmium exposurethanis
the M.nipponense. Even though considerable species
might be used asbioindicators, the sel ection of species
and tests depend abundance on thelocation and pur-
pose of the assessment. It is a practice to use most
sengtive speciesin suchtest sothat evenaminutestress
of environment isdetected. And larger aquatic verte-
bratesaremoretolerant toinvertebratein smilar labo-
ratory conditions. M.nipponense can be considered as
suitable specieswhen its susceptibility to such metasis
compared with other aquatic animals.

CONCLUSIONS

Theregulatory approach pertaining to different ac-
tivitieson heavy metalsdoesexit inanindustrial coun-
try like Taiwan, however upon screening the existing
databaseon surveillancestudiesin highrisk population
which mainly involvethe agquatic faunaandflora. The
natural habitats of M.nipponense areal so frequently
polluted by industrid input of wastewater. Tomaintain
the baance of thelocal river ecosystemsin such water
itisessentia to know itssusceptibility to these pollut-
ants. And wefound thefact that M. nipponense seems
to beapromising candidatefor theeva uation of fresh-
water quality asthelr senditiveto these meta toxicants.
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