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Ex王）erimeヱーtS Were made on tlle effects ofと11etOXicity oflTlineraloils and soll′ejlt  

e王ユーし11sifier（oild廟）el・Sa‡lt）ollt！1eeggS Of conl工nOn Seabass，japaIleSel）arl・Otfish alld  

japanesc fiounder，and the values of TLm andう0 ％hatching rate（HR 50）were  

figured・TheconlParison with reference to24hr TLIllhas clearly shown that ule  

tolerance of 抽e eg卵 Of coInI－－0Ⅰ－ ＄ea bassis stronger than those ofJapa王1eSe  

王）arrOLfis王－ and 血）aneSe▲flotlIl（ler，しand t‡1at the toxicity oだ nl呈nel・aloils becolneS  

higher wllellSOl＼′ent enlulsifieris addeれsince their toxican亡S di狛ISein tlle Water．   

Keywor血‥ Oilpollution，TL勒hatcl－ing ra仁e   

Theinci（1ence of oilspills and their resulting water pouution，eSPeCially tlleir  

inevital）1e advel■Se effects o】－ marine resources，havel〕een talくellup aS Olle Of tlle  

preseI－t day’s serioし1S SOCialprol）1elmS．工n1982，摘草refore，tlle aut重10rS Studied and  

reported the effectsof the toxicity of mineraloilsandsolvent emulsifier upon marine  
fishes．  

The present discussion concerns the experiments made on the toxic effects of  

rnineraloils and soIvent emulsifier upon tlle eggS Of marine fish，andin the tolerance  

Of t王Ie eggS aCCOrdi咽tO tlle ki】1d of fisll．  

Milterials and methods  

The kinds of oilelT岬loyedil－the experiment were crude oil（Arabianlight crude  

Oil），heavy oilA alld heavy oilB．As solvent emulsifier used was the article NEOS AB  

3000，Wl10Se nlain componentisllOIlio11ic detergeIlt．Tlle rate Of mi11eraloilto solvellt  

emulsifier was3 tol，figured on the concentration of the solvent emt11sifier usually  

SPread over the scenein case of actualoilspi11ing・The rearlng Water WaS regulated  

by 5Mminutes ultrasonicationin or（ler to fully suspend the oiiin the sea water．   

Eggs LISed were tile fertilized eggs of co】T‖1ュOn Seal）aSS（ん油壷戎照ばJ毎払祓‰），  

japanese parrotfisil（0〆曙77α才力〟∫、蕪猫壷潜）alldjapanese flounder（鳥肌茄血頻路〟ぬ狛触）．  

Tl－eSe eggSI－adI〕eeユーl）re（lseparately，20eggseacll，i】－a21iterglassl）ealくel・・仇Iring  

t】1e eXPeri】Ⅵentalperiod，tlle rearl！1g Waterlla（11〕eellfully aerated，Witildissolved   
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oxygen4～6 ppm and pH8・0～8・2・To regulate the rearlng Water，the sea waterof  

salinity33～34‰was used・   

Usualiy，the recommendedindex of relative toxicityis the median tolerancelimit  

（TLm），Or tlle CO11Celltratio】1atlVllich just50percent of tlle teSt anhllals are at）le to  

survive，for a specified period of exposure（24，480r72hrs）・The period fromspawning  

to hatching varics with tishes・In the present experiment，therefore，the concentration  

at which just50％of the eggs carne to hatching（HRう0）was used as theindex of  

toxicity．For the calculationof TLm and HRうO DouDOROFF’s method（1951）wa  

adopted．  

Results  

Table t shows the kinds of mineraloiland eggs usedin the present experiment．  

Tablel．Toxicity test for eggs of marine fishin sea watel■COntaining  

mineraloils and solvent emulsifier．  

＼㌦、、Substances  
C．0． C．0．＋S，E． H．A． H．A．十S．E． H．B． H．B．－トS．E． S．E．  

Eggs of  
Common  
Sea bass  

Japanese  
parl・Otfish  

Ja】）neSe  

flounder  

0  0  0  0  0   

0  0  0  0  0  0  0  

0  0  0  0  0  

○，teSted eg卵；C．0りCrudeoil；をⅠ・Aりheavy oilA；H・BりlleaVy OilB；S・EりSOlvent eIⅥt11sifier  

L．Effects on the eggs of common sea bass   

The egg of common sea bass 

（lialⅥeteris O．34～0．38111ⅠⅥ． Usuallyit collleS tOilatCh，at a Water telllPerature Of  

140C，in 40r5days．The eggs usedin the experiment are those which were  

artiEicia11y fertilized from the matured fish caughtin the set・net OnJan・13，1983．   

The eggsin the mort11a stage，6hrs after fertilization，Were eXPOSCdin water  

12．8～14．6OC． After the exposure started，the eggs came to their hatching peakin  

lO8‡1rS，and the experi王11ent WaS OVeri王1120llrS・Kinds a11d collCentratio王10fininel・al  

oilusedi王1tlle eXperilTlellt，and tllelⅥOrtality a11dllatClli柑i■ateSareSIlOWninTable2．  

TLm and HR50figured oLlt Of thelatter are showni11Table3．  

1．Heavy oilA  
Under conccntrations belowiO ppm，0Ver80％of the eきざgS hatched，the oileffect   

on tllellatClli11g rate belng ratllel・Sligilt・   

2．Heavy oillき  

At thelowest concentration O．1ppm，thehatching rate came out70％，COmPara・   

tively jower tllal－the col－trOl・Heavy oilB∫王－igl－eril－its viscosity tl－anlleaVy OilA，   



Toxicity of Minera10iland Solvent Emulsifier upon the Eggs of Marine Fish   

Tablら 2．Effects oflⅥinel・aloilan（1solvent emulsiどier onIllOrula stage eggs  
Ofco－mm王－Seal）aSS（エαJβ〝〆め’αズノ由7～′…），6l－rSafters】）aWning；  
C】1angeSln王mOrtality and hatching rates・  

W．T．，12．8～14．6℃；D．0り 4～6 ppnl；王）H，8．0～8．2  

17   

24  48  72  96  108  Hour  

SubstaTICeS   
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E，Cunlulative mortalitさrOf eggs（％）；‡・王，CuⅥulative haとChi咽1・ate（％）  

Table3．TLn－and H王ミ500f n－ineraloilal－くIsolvent甲し11sifieron tl－eeggS  

Of co111InOn Sea bass（ん如拙扉蛮行那ど永ゆ仇扉n那）．  

TLm（1叩m）  

2411n  48】1r．  72王11・．  

HR 50  

（ppm）  

Substances   

〉1，000  560  320  

〉1，000  i，000  74  

〉1，000  〉320  100  

〉i，000  〉i40  32  

〉1，000  〉1，000  し000  

Il．A．  

H．A．＋S．E．   

l・1．li．  

H．B．＋S．E．   

S．E．  
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HRう0，50％hatchi帽1・ate  
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re】11ai】1SiIlminute17iscous particles，StlSPe11dedi】1the water，Ⅵrllich sticlく tO tlle egg   

membrane and exercise an unfavorable effect on the eml〕ryOnic development，   

3．Solvent em最sifier  

At the conce11tration belowlppm，the hatching rate was 85％，Which may   

COnfirnltllattIle ef∧fect of solvent emulsifierisverylittle；at tlle higlleStCOnCeIltration  

l，000ppm，nOless than half of the eggs hatched．This proved the toxicity of   

solve11t elⅥulsifier to be rIluCi1lower tIlan tllat Of王mineraloil．   

4．Heavy oilA plus solvent emulsifier  

At thelowest coIICentratiollO，1pI）lTl，tllellaとCllingl●ate SllOWed no differeヱ1Ce   

from the case of heavy oilA only，btlt at the concentrationippm and above，the   

toxic effect on the eggs showed a more damaglng tCndency，CauSed by adこ！ing solvent   

eillulsifier．   

5，Heavy oilB plus solvent elTltllsifier  

Compared with the casc of heavy oilB only，nO Significant differencein egg   

mortal主ty could be seen up to96hrs，btlt after108hrs，the added solvent emulsifier   

effected alower王1atC】1i帽rate．  

With reference to HRう0，Showed thc followlng Order of toxicity upon eggs of  

COmmOn Sea bass from greatest toleast：heavy oilB＋solvent emulsifier＞heavy oil  

B＞heavy oilA＋solveIlt elllも11sifier＞11eaVy OilAニ＞、SOlvellt eIⅥulsifier．  

1上 Effects on the eggs of japanese parrotfisll  

The egg of japanese parrotfish，a floating egg with a slr唱1e oilglobule and of O．89～  

0．95mmin diameter，uSua】1y comes to hatchin about36hrs at a water temperature  

200C．The fertilized eggs usedin the experiment are the eggs naturaliy spawnedin  

the concrete rearing pond and collected onJunel，1982．  

For the experiment，the eggsin t王1eir embryonic stage18hrs after spawnlI？g Were  

expcsedin t】le Water Ofi9土lOC，a‡1d after tlle eXPeri111el－t beきぎan tlley attaiエーed tlle  

hatching peak and cntered upon breedingin24hrs．In Tabie4are shown the kinds  

and concentrations of mineraloiltlSed，aS Welias the mortality and hatchlng rateS；an〔l  

in Table5are TIノ111a王1d HRうO figured out of t王Ielatter．  

1．Crude oil  

In concentrationl〕elow10pprn，eggS Showed a high hatchillg rate Of85 ％，an（1  

in the h短hest concentrationl，000ppm，the gl－eater number，65％came to hatching・   

Because crude oilis highly viscous，When ultrasonicated for5minutes thereis but   

SCarCe SuSPenSionin water．Thisin（1icates thatin a short time the toxicants of the   

Oilhardly dissolveinto the water．Since the eggs start to hatch only aftel・18hrs   

exposurein the rearlng Water，the adverse effects，if any，WOuld be minimal・   

2．Heavy oilA  

At concentrations below100 ppm，the hatching rate was over 85％，Showing   
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Table 4．Effects of】nineraloiland solvent emtllsifiel・On el11奴yon呈c stage  
eggsof japanese parrotfish（印瀕卯が如昔蕗猫故知），ま8hrs after  
SpaWning；CllangeSin morはIity a11（lhating王●ateS．  

W．1、り19±1℃；D．0り 4～6 ppnl；p圭一8，0～8．2  

90  
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Table 5．TLm and HR50（e（lualto the value of24hr′Ⅰ、Lmin  

this case）of r】1ineraloiland soIveIlt eI11ulsifier on tlle  

eggsof jal）aneSe‡）arl・otfis‡l（q恒毎押∽〃川音ノ巌汀ね勅闇）．  

ま2llr．TLIⅥ   

（ppm）  

Hlモう0  

（i）Pm）   

Sul）StallCeS  

C．0．  

C．0．－卜S．E．   

11．Å．  

H．A．＋S．E．   

l－1．t与．  

H．B．－卜S．E．  

S．E．  

〉1，000  

〉1，000  

〉1，000  

〉1，000   

320   

う80  

〉i，000  

hardly any s将nificant effect of the oil． Atl，000ppm，the highest concentration，   

the hatching rate was60％，indicating that the toxicityis alittlelower than that of   

crude oil．   

う．Heavy oilB  

At concentrations belowlO ppm，the hatching rate was high，While above100   

PPm the rate hastily feu off and thc toxicity rose rapidly・   

4．Solvellt emlulsifier  

Even atl，000 ppm，ttlellighest concentration，the hatching rate was 70％，   

probal）lyindicating that the toxic effectisevenless than that of the crude oilwhose   

toxicants scarcely dissolvein the water．   

う．Crude oilplus solvellt ellュulsifier  

Thesc showed a similar tendency to that of crude oilonly，l）ut at higller   

COnCentrations the dissolution of toxicantsin the water caused by the addition of   

SOlvent emulsifieris mose orless recognizable，aCCOmPanied by a slightlowering of   

tilellatClling rate．   

6．Heavy oilAl）1us solvellt elnulsifier  

Compared with the case of heavy oilA only，atl，000 ppm，tile highest   

COnCentration，the effect on the eggs caused by the addition of solvent emulsifier，  

is markedly recognizable and the hatclling ratc reduces to oIliy15％．   

7．Heavy oilB王）1us solvellt e王mしIIsifier  

Compare（1with the case of heavy oilB only，at eaCh experimcntalconcentration，   

eEfects caused by t王Ie addition of solvent cmulsitier are recognizable．For example，at  

l，000pplllallt王1e eggS Peris王Ied andl10t a Sillgle hatclling was fGund▲  

With regard to TLm an〔1HR50，the toxicity effect of mineraloils upon the eggs  

Of japanese parrotfish wasin thc followlng Order：heavy oilB＋soIvent emulsifierニン  

heavz oil‡ミニ＞ heavz oilA＋solvent elⅥulsifier＞ crtlde oil＋ solve11t elⅥulsifier＞ crtlde  

Oilk訂ほaVy OilA！巧SOIvellt elmu】sifier．   
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”l．Effects on the eggs of japanese flounder   

The eggs of japanese flounder are floating eggs，eaCh with a slngle oilglobule  

and O．8～0．9mmin diameter・UsしIally，at Water temPerattlre柑～200C they come to  

hatchingin61hrs・The fertilized eggs usedin tlle eXPeriment were collected on Feb．  

4，1983，aS Were the）apaneSe parrOtfish，from tllOSe Which had been spawnedin the  

COnCrete rearing pond．  

The eggsin their embryonic stage，16hrs aEter spawning，Were eXpOSed for60hrs  

in water of19±lOc，and the hatching peal（Came48hrs after commencement of t：he  

experimentL Thelくinds and concentl・ations of mineraloilusedin the experiment，aS  

Table6．EffectsofIユーinel・aloiland solvent emt11sifier on enlbryonic sねge  
eggs of jal）aneSe floun（lel・（撤rα批力摘プぶ0狛ノ鋸どす川），16ilrS a托er  

SPaWning；Changesin nlOl・tality andIlatChiIlg rateS．  

W．Tり19±1℃；D．0り4～6‡）王）m；l）王H‡8．0～8．2  

3  12  24  48  60  
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Table 7，TLm and HRう00f nlineraloiland solvent emul＄ifier on  

theeggsof如〉aneSeflounder（撤邦仇朝舟場涙兢旧制）・  

22  

wellas the mortality and hatching rates are shownin Table6；TLm and HR50，  

figured froIn thelatter，are Shownin Table7．  

1．Heavy oilA  

At O．1pplⅥ，tllelowest concentration，tllellatCilillg rate WaS COmparat）lyi－igllel・   

（7う％），btlt atlO ppmit feH to just 50 ％，a王1d atl，000 pplll，抽e h廟IeSt   

collCe】1tratio11，nOt a Singlelュatclli11g WaS fou11d．   

2．Heavy oilB  

The toxicityislower than that oflleaVy OilA，and even atl，000ppm，the   

highest collCe‡1tration，う0％of tlle eggSCame tO hatchillg・   

3．SoIvent enlulsifier  

At a concentration belowlppm the hatching rate was 7う％，a COmParativeiy   

highvalue，but atl，000ppm no eggscame to hatching・   

4．Heavy oilA plus solve汀トemulsifier  

Compared with the case of heavy oilA only，aSlightly higher toxicitycat議ed by   

the addition of solvent ernulsifier was recognized．   

5．Heavz oil王主plus solvent eillulsifier  

Effects of t量Ie added solvellt emt11sifier w町e reCOgnlZedin tlle rise ofll10rtality   

a11din tllelowering of tlle hatcllillg rateS・Especially atl，000 pplll，tile higlleSt   

concentration，the hatchingratein the case of heavy oilB was oniy50％，l）ut atfel－   

the solvent emulsifier was ad〔led no eggs came to hatching・   

In regard toTLrn and HR50，the toxicity effect of mineraloils upon the eggs of  

JaPaneSe flounder wasin this order：heavy oilA＋soIvent emu！sifier＞heavy oiまA＞  

solvent el¶ulsifier＞heavy oilB＋solvent emtllsirier：＞11eaVy OilB・  

Discussiom  

In the present study，aS the tested fish variedin species their time required from  

spawnlng tO hatching also varied．Moreover，the stage of ernbTyOnic development  

differs with species，SOitis rather difficult to draw a（1erinite cGnCiusionin comparing  

the tolerance of the eggs against the oils，under the same expel’imentalconditions・We   
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llaVe COme，llOWeVer，tO tlle fo1lowi】1g te11tative concltlSiollS，  

First of ail，the toxicity of any oilincreases，When solvent emulsifieris added．It  

Can be reasonably surmised that since oilis by nature aninsoluble material，When ally  

SOlve11ヒ e王11山sifieris added toit，its sLISpenSionin the wateri】1CreaSeS，WilicllglVeS  

eggs more chance to contactit，and the toxicity of the oilaccordingly becornes more  

dalⅥaglユ1g．  

Secon（l，COmParing the tolerance of the eggs of cach species against the mineral  

Oilsin tlle Values of24・壬1r TI．nl，tlle tOlel・anCe Of co‡111Ⅵ0IISea！）aSS eggS WaSIlig王Ier  

than that of bothJaPaneSC parrOtfish and）aPaneSe fiou11der．It haslately been  

ascertained tllat tlle eggSiIltlle mOrt11a stage（illtile CaSe Of co】111ⅥO11Seal）aSS）11aVe  

a highel・tOlerance agalnSt eXternalstimulithan that of eggsin the embryonic stage  

（i11抽e case of japaIleSe ParrOtfisllOr japanese floMlder）．  

Third，With regard to the tolerance of eggs agalnSt the toxicity of mineraloilsin  

reference toIまRう0．the eggs of common sea bass and japanese parrotfish were the  

StrOllgeSt agal11St tlュe toxicity oflleaVy OilB plしIS SOlvent ellⅦ1sifier；tlle ValtleS be＝1g  

l．9ppm andlppm respectively．Whilein the case of tlle eggS Of japanese flounder，  

the toxicity of heavy oilA plus soIvent emulsifier and that of heavy oilA were  

higher．These values of HR50arelO ppiⅥ．  
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