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ABSTRACT

There are more than 10,000 different chemical substancesin the environ-
ment, and many of them exist asacomplex mixture of unknown substances
in leachate from landfill, which can carry the chemicals into waterways.
Assessing the risk that these potentially harmful chemicals pose to hu-
mansand wildlifeisdifficult. Theaim of this study isto establish the use of
aquarium-cultured medaka fish (Oryza latipes) as a practical system for
monitoring the safe of the treated water of leachate from landfill sites.
Leachate that has been treated by desalination or activated-carbon filtra-
tion is thought to be of sufficient quality to support breeding populations
of medaka, with no adverse reproductive consequences. We bred medaka
in an aguarium containing water that had been treated by the leachate-
treating equipment at amodel landfill plant. We recorded and analyzed the
survival rate, sex ratio, and reproduction stability (fecundity, fertility, hatch-
ability, and deformity) in experimental and control aquarium-cultured
medaka populations. M edakagrew and reproduced normally in the treated
water. Based on our results, we proposed the establishment of a practical
assay that uses aquarium-cultured medaka ecosystems and surrounding
areas. © 2008 Trade Sciencelnc. - INDIA
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INTRODUCTION

Itiswel knownthat variousand harmful chemical
substances are contained in theleachatefrom landfill
sites. Moreover, endocrinedisrupting chemica ssuch
asphenols, dioxinsand so on, have been detectedin
leachate™3. Landfill management standards for the
maintenance of water quality havebeen set out in order
to protect environmenta water quality at landfill Sites;

biochemica water quality monitoring of boththedrain-
agefromalandfill and the surrounding groundwater is
required for thiskind of management. However, bio-
chemica monitoring cannot prevent contamination by
unidentified or non-regul ated substances; only sub-
stancesfor which harmful concentrations have been
determined areregulated and required to be monitored
biochemicdly. Furthermore, although biochemicd andy-
siscansupply detailed informeati on on specific contami-
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nants, it cannot describethelong-terminfluencethat a
collection of contaminants might have on an ecosys-
tem. Biochemica techniquesdo not providethe practi-
cal information needed by local residentsin order to
redigticdly understand therisksassociated with landfill
stes. Accurateinformation concerning thesafety of the
drainagefrom alandfill would promote public under-
standing of therisksassociated with alandfill site. To
thisend, itisnecessary to establish amethod of moni-
toring thelong-term effects of water quality on an eco-
system. Thewater quality inspection guidelines(The
OECD Guiddlinesfor the Testing of Chemicald¥), es-
tablished by the Organi zation for Economic Co-opera-
tion and Development (OECD), usebiologica indica-
tors, such as seaweed, daphnia, or fish, asaway of
evauatingwater qudity with respect to ecosystem pres-
ervation: thisrepresents an advanced gpproachto wa-
ter quality monitoringinthat it takesthe soundness of
an entire ecosystem into consideration as opposed to
the conventiona monitoring, whichisperformedonlyin
relation to human health concerns.

Thisinvestigation constitutesbasi c reserach for es-
tablishing the use of aquarium-cultured medakafish
(Oryzaslatipes) asapractical system for monitoring
theenvironmenta safety of thetreeted water from landfill
sites. Previoudy, wereported theresultsof short-term
exposuretestsin which we examined the physiologica
responsesfor medakato the leachate and the treated
water from landfill sites®. Thispaper describesanin-
vestigation of the aguarium environment and therepro-
duction stability of medakapopul ationsthat wereraised
inaguariacontaining treated water fromalandfill site.
Based on our findings, we proposethe establishment
of apractica assay that usesaguarium-cultured medaka
to assessthesafety of thedrainagefrom landfill sites.

EXPERIMENTAL

Fish (medaka) and samplewater

Mature medakawas purchased from alocal fish
farm in Kumamoto, Japan and a breeding stock of
medakawas maintained in aglasstank inour labora-
tory. During breeding, thefish were placed under 16:
8-hrslight : dark photoperiod at 26+1°C. The medaka
werefed Artemia nauplin (< 24hrsafter hatching) as
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TABLE 1: Composition of wastein model landfill

Sample waste Weight (t) Weight ratio (%)
Bottom ash 72.3 415
Crushed waste 72.3 415
Sludge 3.0 1.7
Cover soil 26.0 15.3
Total 173.6 100.0
Volume 17 m?

Density 1.48tm>

TABLE 2: Chemical analysisof wastewater drainaged from
model landfill site

Parameter (Unit) Leachte fil'tAefed Desalinized
pH ] 120 76 7.3
SS 7.5 - <0.5
TOC 1,360 37.2 7.0
BOD 2250 28 0.6
COD 918 25.4 16
T-N 231 - 11
Pb a,  0.042 <0.005
cd MgL™) 0001 <0.001
Hg <0.0005 <0.0005
As <0.005 <0.005
Na 5,670 86.5
K 4,670 - 56.4
Ca 4360 6.7 0.3
Cl 17,800 4,720 17.8
Benzophenone 0.11 <0.01
Bisphenal A 140 0.13
Nonylphenol (gL 24 3.6
4-t-Butyl phenol <0.01 <0.01
Butylbenzyl phthaate <0.2 <0.2
Dibutyl phthalate <0.2 <0.2

well asacommercid diet (Kyorin, Japan), threetimes
inaday.

Theleachatefrom alarge model landfill plant was
treated in thel eachate-treating equipment obtained for
thismodd landfill plant asan addition. Thismode! |and-
fill contained incineration ashes, shredder residue, and
dudge, which arerepresentative of common landfill
wastein Japan. The mixtureratio of thewaste compo-
nentsisshowninTABLE 1.

Theleachate-tresting equipment consistsof calcium
removd, biologica treatment, chemical clarification,
activated carbon filtration, and desdinization devices
6, Desalinizationisaccomplished by aneectric diay-
sisasafinal treatment. Samplewater weredesdinized
water (the product of thefinal treating step) and acti-
vated carbon-filtered water (the product of thetreating
step just before desalination). Tap water, whichwas
filtered with activated carbon, was used as control wa-
ter. TABLE 2 showsthe analysis data of |eachate and
treated water from thismodel landfill site. For each
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sample water, 60 juvenile medaka were bred for 3
monthsina50 L aquarium containingthesamplewater.

Acutetoxicity test

Theacutetoxicity test was performed for theadult,
juvenile, andembryo. Inthisinvestigation, the purchased
adult medakawasacclimatized for aweek in our [abo-
ratory, and the popul ation of 5% mortality or lesswas
used. The 30 embryos employed for each treatment
were separated into three groups of 10 embryos each
for testingintriplicate. The control embryoswere ex-
posed to control water. The embryos in each group
wereplaced inthe 24-well microplate, each containing
3 ml of thetest solution, and thenincubated under 16:
8-hrslight : dark photoperiod cycleat 24+1°C until the
last embryoshatched. Thetest solutioninthewdlswas
changed every 24 hours. The deve oping embryoswere
observed daily under a stereoscopic microscope, and
dead embryoswereremoved dally.

The 20 juvenilefrom each treatment were placed
inglassbeakers, each containing 1000 ml of test solu-
tion at 25+1°C, and were not fed during the toxicity
tests. The exposure water in the beakers was not
changed during thetest period. The controlsin theadult
test were conductedin 10% artificial seawater. Inthe
adult test, the conditionswerethe sameasthosein the
juveniletest, expect that thenumber of fishineach group
was 15 individual sand they werefed onetimedaily,
and aeration wascarried out under test in order to pre-
vent areductionin dissolved oxygen. Thesetestswere
conducted in concordancewith the 16: 8-hrslight : dark
photoperiod cycle.

Life cycle assessment

For each samplewaters, 60 juvenile medakawere
bred for 3 monthsin a50L aguarium containing the
samplewater. Groupsof two maleand onefema eadult
medakawere sel ected from the samplewater cultures
and maintainedin aglassbeaker containing 1000ml of
dechlorinated tap water at 26+1°C for 7 days with a
photoperiod of 16 hrslight : 8hrsdark; the breeding
water wasexchanged daily. Thefishwerefed Artemia
nauplineand acommercia diet at threetimesinaday.
Thenumber of eggs gpawned in each group was counted
daily for 7 days, and theratio of fertilized eggswas
caculated. All surviving medakawerepaired asmale
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and femal e, and medaka pai rswere exposed to control
water. The embryos spawned from each fema ewere
collected, counted, and checked for fertilization and
devel opment under a stereoscopic microscope. Each
embryo wasretained in control water until it hatched,
and hatchability and maformationweredetermined. At
the end of exposure, liversand gonadswere sampled,
and theweight and the length of each fish were mea-
sured. Thegonad somatic (GSI,%) and the hepatoso
maticindex (HIS, %) werea so calculated asaratio of
gonad and liver weight to body weight. Also, hepatic
vitellogenin (VTG) levelsof medakawere measured
by usingaMedakaVitelogenin ELISA Kitl” purchased
from Transgenic Inc., Kumamoto, Japan that usesen-
zyme-linked immunosorbent assay.

RESULTSAND DISCUSSION

Acutetoxicity test in short-term exposure

We previously reported that the survival rate of
medakawas remarkably low in untreated |eachte and
juvenilewaseasly affected by toxic chemica sbecause
juvenilewasvery smal and their defensefunctionwas
wesker than that of adult fishi®. Asshownin TABLE 2,
theleachatefrom alargemodel landfill plant contains
hi-denseand various chemicd substances. Althoughthe
leachateisthequality of high sdt and dkainity dueto
Incineration ashes, the desalinized water is colorless
transparence, and the content of chemical substances
isreduced remarkably by the treatment of |eachate-
treating equipment. Thechemical andysisdatareved
that the desalinized water ischemically similar to tap
water.

TABLE 3 showstheresult of theacutetoxicity test
inashort-term exposure. It was suggested that the de-
salinized water did not affect the growth stages of
medakain the short-term exposure, becausethe sur-

TABLE 3: Survival ratein growth sagesof medakain short-
term exposure

Exposure Adult Juvenile Egg
V\?ater n Survival n Survival rate n Hatchability
rate (%) (%) (%)
45,933 60, 81.7
Contraol g4 4-1022) (71.9-915 90100
ini 45,97.8 60, 80.1
Desalinized 35 1001y (67.8-024) 90100

Values in parenthesis is mean 95% confidence limits.
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TABLE 4: Reproductiontest of medakain short-term (7 days)
exposure

Exposure Number  Fertilization Hatchability
water of spawn rate (%) (%)
Control 104.8+16.9  98.3+1.8 94.5+0.9
Desalinized 110.4+11.2 98.0£1.8 92.0+6.0
Control 87.8+29.1 97.614.0 93.0+£3.3
ACfiltered 96.4+22.5 97.6+4.4 95.7+4.3

Values are mean 95% confidence limits
TABLE 5: Sexratioand survival rate of medakagrown in
long-term exposure

Exposure  Survived Sex Sur vival

water number Male Female rate(%)
Control 30 21 9 50
Desalinized 42 22 20 70
Control 36 23 13 60
AC Filtered 45 20 25 75

P > 0.05, 2X2 test

vivd rateand hatchability in theexposure of desdinized
water were nearly equal to that of control water. As
shownin TABLE 4, thefecundity of paired medakain
along-term exposure was not affected by control and
desalinized water. The breeding pairsinall exposure
groupsand inthe control spawned every day, and their
mean fertility wasmaintained at morethan 90% . The
mean timeto hatch was about 10 days (not shownin
TABLE). Therewasno significancein thefecundity,
fertility, hatchability andtimeto hatchamongall control
and desalinized water exposuregroups. Acutetoxicity
was not observed on each growth stages by the expo-
sureof thistest. Moreover, thereisno significant differ-
encein hepaticvitelogenin (VTG) production though
the datawas not shown.

Survival rate

All fishdisplayed normal growth and reproduction
intheaquariafilled with treated water, just asin the
comparableaquariumfilled with control water. Thesur-
viva ratesof medakagrown inthe desalinized water
and the activated carbon-filtrated water were higher
thanthosein control water, asshownin TABLES. Fish
eggsand juvenilesarereported to havearesistanceto
stress®1%, but not enough is known about the stress
response mechanismsinfishto alow areasonablein-
vestigation of theeffectsof stressonfish hedth™. The
specific propertiesof tap water, e.g., pH, heavy metal
and mineral concentrations, and the presence of chlo-
rineor organic matter, canimpair the health of fishand
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reducetheprobability of surviva for juvenilesand eggs.
Also, excessvely high or low concentrationsof min-
era satsin control water can reducethesurviva rate
for juveniles and eggs*?. Both the breeding and the
surviva rateof fishintap water werelower than those
of fishinthetreated water. Generally, thelack of min-
erd and organic substancesintap water influencethe
health of fish, and lower the survival rate of juveniles
and eggs. Asone example, itishasbeen found that the
survival rateisraised by adding leachateto tapwater in
whichthesurviva rateislow!. Thus, the detection of
atoxic substanceinwater doesnot necessarily indicate
that the water will have anegativeimpact on organ-
Isms, nor canit be assumed that water is safe because
no known toxic substancewas detectable. Thesurviva
rate of juvenilesand eggsis perhapsthe most demon-
dtrativeestimate of stablewater quality.

Sexratio

Whilethesexratiois1: 1linthenature, therewasa
tendency for the proportion of malestoincreaseinthe
medaka popul ation bred in control water, based ontwo
examinationsasshownin TABLE5. But therewasno
significant difference between the sex ratio of the
medaka grown in tap water and that of the medaka
grownineither of treated waters (p>0.05, 2x2 test). It
hasbeen reportedin fish, aswell asin someinverte-
brate, that achemica substance can changethe sexua
characterigticsof anindividud™. However, theincrease
intheproportion of malesin thisinvestigation seemsto
be becausethefemalewerewesak in control water used
inthisexamination. Itisdifficult toimaginethesex re-
versa happened inthisinvestigation™. Activated car-
bon-filtrated tap water isusually used asacontrol wa
ter aswell asthisexperiment, asatap water quality is
different according to the difference between sauce
water quality and treatment processin theregion (4,
That isto say, thesengtivity of thefemaewill bestrong
for thewater used in thisinvestigation. Thoughweare
observing thisphenomenon, itsreasonisnot yet clear.
Therefore, itisnecessary to carry out further examina-
tion.

Reproduction stability

TABLE 6 showsthereproduction stability of the
medaka. Thefertility and hatchability werenormal for
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TABLE 6: Reproduction stability of medakain long-term ex-
posure

Exposure E%?]Se' n sz\gmsmg Fertilization Survival
water spawning in avzeek rate(%) rate (%)
Control 20+3.2 6.3 86+10 81+14

Desdinized 12+3.2 6.5 86+6 91+4
Control 16+3.2 6.8 90+10 92+8
ACfiltered 16422 54 88+4 93+3

TABLE 7: Dissection examination of medakagrowninlong
term exposure

Exposure Body HS GSl
Sex water weight (g) (%) (%)
Control 0.28+0.03 1.3+05 0.7+0.3
Mae ACfilteeed 0.28+0.03 1.4+05 0.7+0.3
Desalinized 0414008 1.6+t05 0.6+0.3
Control 0.32+t0.06 2.3+0.8 3.8£1.7
Female ACfiltered 0.31+0.04 2.8+0.8 6.0+0.2*
Desdinized 0444007 3.241.2 7.1+2.0*

*Dunnet post hock test, p<0.05

80% or greater of the spawned eggs, and therewere
no maformations. Unusua embryo and juvenile body
shapes can occur naturally, with arate of up to several
percent when matingisbetween related individuals.

No maformation wasobserved among juvenilesin
thisinvedtigation, eventhough juvenilesfrequently show
malformationsamongfish bredinalaboratory. Thetwo
primary causesof deformationinlaboratory-bredfish
arethought to beeither adeteriorationinthequality of
anorder female’s eggs, or genetic defects in a specific
medakalineage. Beforeusingalineof medakafor moni-
toring, itsrate of malformations should be evaluated
under control conditions. Spawning, however, did not
occur on every oneof the 7 days, whileinthe previous
short-term exposure test, the medakaspawned daily.
Thisisbecause only medakathat had bee checked in
advance for the ability to spawn daily were used to
evaluate reproduction before and after a short-term
exposure, whereasall the cultured fish were used for
the repuroductivetesting of medakaafter along-term
exposure, sincethe purpose of thisexperiment wasto
eva uatethereproduction stability of individuasgrown
insamplewater.

Physiological examination

All individua sweredissected, after the reproduc-
tion stability test ended in thelong-term exposure. Its
resultsareshownin TABLE 7.

Although the body weight (BW) and the
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hepatosomaticindex (HIS) of thefishdid not differ sig-
nificantly inthetreated water, afema e medakagrown
in control water showed asignificantly lower gonad
somatic (GSl). The grand cell in the female, which
should haveripened in the gonad, was not observed
with the binocular microscopy. Although we observed
adggnificantly lower GSl infemaebredin control wa
ter, thisisprobably theresult of different growth and
maturation ratesdueto thevariability inthe quality of
control water. Becausethereproduction stability was
examined under conditions of variabletap water qual-
ity, the differencesin the number of eggsor thefre-
guency of spawning would be expected. Evenwhen
medakaare bred in the sametank, body sizesand ma
turity peskscan bedifferent. Theunpredictability inthe
time of maturation and thedeclinein breeding ability
complicatethe studiesof reproduction stability.
Inthisinvestigation, we used apair testing to assess
thereproduction stability but thismethod isnot anided
method for testing thereproducti on Sability of aguarium-
cultured medaka, because the numbersof maleand fe-
malefish arenot equal. In addition, femaesoften have
preferencesamong maefish, and apair test would not
takethisinto account. A moreuseful assessment method
of the reproduction stability would beto gather eggs
directly from the aguarium. It would also beimportant
to check the age at which spawning begins, and the
number of spawning femae.

CONCLUSIONS

Inorder to establish apractical monitoring system for
the breeding of medakain drainagefrom landfill site,
we have carried out ashort-term and along-term ex-
posureteststo medakausing thetreated water froma
largemode landfill site. Therewasnot adifferencein
thesurvivd rate between desalinized water and control
water in ashort-term exposure, but inalong-term ex-
posure, thesurvival rateloweredin control water; and
asfor thesex ratio, themalestended to aboundin con-
trol water. In physiologica examination, although mal-
formation among juvenileswasnot observedin either
water, afemal e medakabred in control water showed
asignificantly lower gonad somatic (GSl). But inthe
reproduction stability test, the egg-laying conditionwas
normal. Thereduction of the gonad in control water
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seemed to befaster than in thetreated water because
the egg-laying peak hasexpired beforethe dissection.
It was proven that thetreated water used inthisinves-
tigationwasof aqudity inwhichthebreeding of medaka
was possible and the adverse effect did not cause the
reproduction. Sincetherewas no difference between
activated carbon-filtered water and desalinized water
inthe safety assessment in thisinvestigation, it would
seem that advanced treatment such aselectricdiadysis
isnot always necessary in the treatment of |eachate.
These findings in this investigation suggest that an
aguariumusing medakaiseffectiveto eva uatethe safety
of treated landfill drainagewater.
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