
lまtl11．Fac．Fisll‥ Mie Ulli＼′．  

No．9：1ト22  

0ctol）erl，1982  

Effects of the Toxicity of M雨era‡Oiland   

Solvent Emulsifier upon Sea Fishes  

Koichiro MoRlalld Nobuto MASUl）A  

王ractllty or Fisl】er；es，Mie Ul〕i、7eltSity   

The solvent emulsifier doesllOt S（〉1ety cxistin the sea watcr butin a state  

rleCeSSal・ily∫nixe（1witb spilt oil・‡n tlle preSellteXl）eril－－ent，th即efore・、Ve are gOl11g  

to d庵cuse tlle effectsof toxic圧y，1・eSPeCtively witllfislla11く1witb汀山一eraloil・throしIgh  

tlle Ol〕S即1ratぬns of tlle rislleS 加edilltIle Sea Water COl－ねil－i一昭 m；Ilera】oils；lnd  

SOl＼′eIlt e111ulsifier．  

Keywords；Oill）O11し1ti（｝n，SOh¢nt e－－1ulsifier   

Withthedevelopmentofthemarinetransportatiol－Ofpetroteumandwiththewider  

exがOitationofsublTlarineoilfie】血troubl．esofoilspillinghavelatejybeenmultiplied・  

As a naturalconsequence ofit，Water POuution by oiloccurs more andmore frequen－  

tly，allditsinevitableeffectsontheInarit－elife hasbecolⅥeOlleOf the serious social  

l〕rOblemsto（lay．The reportson thoseeffectshave also rul－tOa COnSiderable number・   

We ha＼7e，howeve】－，SO few rel）OrtSOf the results鉦01ユーtlle eXperilⅥentS about tbe  

effects of the toxicity oflllilleraloils upo王1fisbes，and1110St Of tlle111，if any，are  

110thiI唱ⅠⅥOre Oftboseofthetoxic托yofsuchil－dividualcomponentsas㌘henol，Cresol・  

Naphthalelle，Ⅹyle11e，T3enzene，Hydl■oge‡一Sulpfideal一（tall，upOl－freshwaterfishcs and  

tlleir spawll．   

1nl・ecellt yearS，the toxicity of t】ユe SO】一Vent emuJsifまer叩readoverthe sea、ち7ateril－  

case of the oil，SPiuingaccidentshas raisedissucs7 Whereitisoften admonishedthat  

the solvent emul，Sifier・has further multipiied the danlageSin those troubles・Let us  

first outlille，tilerefore，the orlglllalai】1ュS Of the（1jspersalof solve11t el†1ulsifier and  

；ぬoutits effects．The soIvent elmulsifまeris o】1e Of the chemicals，Which，bowever，  

l】Cither decomposes nor detoxicatesmineraloilsbyitschemicalreaction，butits virtuc  

is ollly of a 王〕hysical紬1Ctioll（OHK刃闇0，l那6）．1110the】・WOrds，the soIvent elユーulsifies  

mineraloilsinto corpuscles to be suspendedin the sea water．The corl）uSCular oilis  

aimed to be decomposed and extillguished by marine bacteria and through the reaction  

witlユSea Water．   
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Milteriilis and 二眼ethods  

The sea fishes use（1in thel）1・eSeIlt eXpe－■i】－1e王－t are these6specie＄‥】11arine catfisb  

（招減刑柑齢柳沼転流），CO‡Ⅵ111011nlullet（肋堵才Jcβクゐαg祝ぶ），Chickellgrunt（靴椚ゆ沈痛－  

♪0肌α£γfg吉光βα£祝肌），gluttonous go！）y（Cんαざ削ぎCん£んッぶg祝gO古祝ざ），l）1ack rockfisb（晶沌以汀闘  

わもだγ隅ざぶ），and＄tO王1e floull（1el・（だαγeゴ祝βわfcogoサーα£祝ざ）．  

Tlle Oils usedillthe experimlent are OfthefoJulowiIlgkjnd；Cl・udeoil（Ål｛abianl■ight  

Cru（1e oil），bea17y OilA，heavy oilB，a11d sol＼7eIlt e‡11ulsifier，＼沌ose trade na】1ュeis  

NEOS AB 3000 aIl（lwhoseI〕rillClpali】1那・e（iieIltis the diethanoj．a】11id of nollionic  

detergent・The rate of mil－eralojlalld the added solveIlt eI－1ulsifier、、7aSiⅥade upうto  

j・tO follow wjth suit the concentration of the solvent which wi11be spread overin  

CaSeS Of actualoilspill．Fol・the adjustlTlent Of the breeding water wbich contaillS  

those】ni】1eraloils，ultrasollicatio11had been operated for う‡Ⅵinutes to raise the  

SuSl〕enSiolltO the full（ToKUDÅ，Ⅰ976）．  

Tlle fishes usedi王1tlle eXperilⅥelltllad beel】brediIIWater tallks，Ⅵ7i七重1CapaCity of  

201iters，the breeding water fully kept aerated durlng the experilnent，andllO food  

ha（1beellgiven to the experimentalfishes．  

We have a couple of repor七Sil－Wbich they discuss u】）011the poisoning主〕0、ち7erOftbe  

I－－iIleraloils effecting fishe8，figuredby thel－10rtalityilla glVelltin略 Of tlle fishes  

i11thebreedingl押且ter Of a glVen COnCentratiol－・王Ilt】ユeI）reSeI－t Paper，howe、7er，tO  

make clearcr the compal・isonil－thc experimentalresults，We have fir8t figured out  

the vajues of rrLm（1Ⅵedian tolerancelilmit）un（1er w王1ich 七be toxicity oflllilleraloils  

Willbe discussed・For the estimation of TLnlVaiues，DouDOliOFF・s method（1951）was  

a（loI〕te（l．  

王ミesults  

Tablelshows thelれi11eraloils alldtest f；shes useぐ1il－the‡）reSel－teXperi‡11ent．  

で乳blel・Toxicity test for f重SIleSiJユSea＼Vater COiltailliIlg Oils aIld soIve11t elrlし11sifier．  

Substances   

C．0， C．0．＋鼠虻． 二軋AJ＋H．A．十S，E． H．B．Ⅰ〃Ⅰ．B．＋S．E． S．E．  

FislleS  
Marj11e CatfisIl  

（you‡1g）  

（adult）  

0  0  0  

Co！－－－－－0王1mul‡et ∃ 0  0  

Cllicke11gl・unt  O  

Glutto110し1S郎）by  （⊃  

Black roclくfisl】  ○  

0
 
0
 
0
 
 

0
 
0
 
 

Stolle floundel一   0  0  0  0  0  0  0  

こ），teSte（ifisll；C．0．，CrしIde oil；H．A‥ hea＼ry OilA；H．】きり1ユea＼7y Oilユう；S．E‥SOI＼デeIlt erllt11sirie‡・   
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1．EffeぐtS Onlll壬l‡・ill（きC主1tfisll   

As test fish were takcn marine catfish of different size：Oneis with young fish  

（mean bodyiength21．7うmm，mean body weight O．09g）of some 50 days old after  

hatching，andthe otheris with adult fish（mean bodylengthI62．60mm．mean body  

Weigllt36・78g）・T壬－e eXperin－en七badbeencarriedoutwi七hうfishesineachexperimelltS  

Of water temperature 23士20C・The values of the dissoIveこloxygen and pHin the  

l〕reeding water ha（lbeen】；ePt Within the110rlTlalcollditioIllilllits for tbel⊃reeding．   

1）The kjnく1and collCentratio110f抽eIⅥineraloils usedillthe experilneIlt Ollt】ユe  

young fish・the cumulative mortality，and the quantity of dissolved oxygen and pH  

ValtleSin the breediIlg Water are aS Shownin′ral）1e2．Tもe TLm values of tllelつ1ineral  

O；1s o11tile teSt fis‡1areillTableう．  

′r乱ble2．Effects of】llinera10ila11（lsolverlt e王11tllsifierul）0王1yOullgIna】■iIle  

Catfi油；ti111e COしIrSe Of culTlulativelnOrtality（％），dissolved  

OXygeIlallく11）H．  

SubstaIICeS  C．0．か卜S．E．  11．A．＋S．E．  軋】う．＋S．E．  

Conc・（cc／l）巨  

0∴  1  0．1 1  10  0．1 1  10  妄  0．3  3．3  
Ti壬11e  

2（王Ir．）  

4  

6  
i  20  

ハ
U
 
ハ
リ
 
O
 
 

4
 
8
 
ハ
U
 
 
 

12  

24  20  

36  20  

48  40  

72  60（％）  

100  

蔓  

1（加．）亨6．6 6．6  
12   7．0  7．0  

48   j 6．8  

6．6  6．う  6，1 （i．6  6．2  6．2 7
 
 
 

／
仇
U
 
 

2
 
 
 

∠
U
 
 

7．0  6．9  7．0  6．6  6．7… 6．7  6．7  

6．9  6．9  6，9  6．4  

1（hr．） －．．．！  

…：喜∧7・9憂…：去  

8．1  8．1  乱1  8．2  8．i  8．1  臥1 8．1  

PH 書12 †8・1 8・1 8－1 8・0  8・】 8・0  

・    ・．  ∴  ∴  

T乱ble3．TLm ofIlli11e】・aloiland solve11t e】llulsifier upo】lyOul咽11↑ariIle Catfisll．  

＿∴  6（hr．）   12   

＞1．0  0．3   

0．3  0．3   

0．4  0．3  

ニ＞3．3  0．9  

24  48  72  

0．2  0．1  ・く0．1  

0，2  ＜0．1  く0．i  

O．3  ≪0．1  く0．1  

0．9  0．9  0．9   

C．0．＋ S．E．  

H∴A．Nト S．E．  

H．Ⅰう．＋ S．E．  

S．E．  
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Fronュthose Tables，Strengt‡10f the toxicity of the】Ⅵi】1eraloils on tbe youllg fisll  

isillthe 紬1lowing order；heavy oilÅ十SOlve11t enⅢ1sまfier送 hea、7y Oi】】ヨ1甜SOlvent  

enluisifier逮Crude oil＋solvent emulsifier：＞SOIvent emulsifier．Excepting the ca＄e Of  

the solvent elⅥulsifier alone，however，nO Slgnificant differellCeSilュ tbe toxicity were  

found between the kinds of mineraloil．Each of themこ1id show a stTOng tOXicity．  

2）The test oilfor the experiment on the adult fish was only crude oil＋solvent  

elllulsほierexamined，but the concelltration of thelmi11eraloils，thecunlulative】110rtality，  

the quantity of dissolved oxygen aIld pIivaluesi11the bree（ling、Vater are aS Show11  

jn Table4．The TLm values of the mineralojls on the test fish arein Tabieう．  

でilble4． Effects of111i王妃raloila！1d soIveIl七郎11一雨ifie王●しIl〕O11a（1tl】t nlarjlle  

catfisll；tiI11e COllrSe Of cunlulaとivelⅥOrtality（％），di＄SO王ved  

OXygella！1dI）H．  

C．0．＋S．E．  SしIbsta11Ce＄  

－ ■－  

－、  
1（hr．）  

12  

24  

18   

iO  lOO  

D・0・r l（111∴） う・7  

（p－）1m）展 24   巨  5・7  

う．7  う．7  

6．4  

8．i  8．1  

7．7  

…   
1（11r．） 8．1   

2‘l  7．う  

で乱bIe5．TLm of汀沈1eraloiland solve11t elⅥulsjfier uI）O11adL11tl11arine caとfisl】．  

i  

12  24  48  ㌦‰～㌦㌧～  6（br．）  
Substa‡1Ce  

4，3  3，2  3．2  C．0．＋S．E．  

Those rrables affirmed us that the adult marine catfish havell｛10re than te11times  

as high tolerance against the toxicity of mineraloils as the young fish．  

2．Effeets of eoI¶ほI10甘l二nlullet  

The experimerlt WaS made，breedingうyoung comrnon mullet（mea11bodylength  

69．47mm，meanbodyweight6．47g）．エn each oftheexperimentsthewatertemperature  

WaS20士20じ The kind and concentration of thelllineraloils usedillthe experi】11e11t，  

the cumulative mor七ality，and the quantity of dissolved oxygen and pH valuesin the  

l）ree〔まing water are as show11ilュTable6，and TLm values of theIllineraloils on the  

test fis‡1areillTable 7，   



l；ffects of tl】e′roxicity of Mi‡1er；l10ilall（lSo】＼′erlt E】l川Isifier叫）0！1S（氾FislleS  lう  

で乳ble6． Effects of nlhel－alo＝；Ⅲd solvent e】ⅥLtまsifier upoIICOlnl℃On  

l－11111et；tiIlle COurSe Of cLl】11ulative n柑rtality（％），（】issolved  

OXygeIlandl）H，  

Sul〕Sta王1CeS  ∈  C．0．  C．0．十S．E．  S．E．  

0．∋  3．3  33．3  

co11trO】  

1  10  100  1  10  100  

80  

100  100  

20  

20  

100  

100  

60  

20   20  100  

40   40  

40  iOO  

40   

12  

24  

48  

72  0（％）40  40  

l〕．く）．  48（1汀，）： 5ti 6■2  7．2  5．う  6．2  う．8  4，8  6．2   6．0   7．3  

24（llr．）  7．8 7．8  8．1   7．4  7、4  7．4  

48  7．6 7．8  7－4  

7．4  7．3   7．2   7，9  

7．う  7．う  8．1  

で軋も1e7，′r】ノ】ⅥOf！lli11eralo呈1and solveIlt elnulsifier t叩011CO111】110王1Illullet．  

6（】1r．）  12  2一隻  

Stlbstances  

C．0．  32  32  

C．0．十S．E．  3．2  2．ヰ  

32  う2  

2．4  く1  

4．8  0．5  22．う  7．8  

As tllOSe Tal〕1es sbow，OnCe tbe solvent emulsifier】nixed with crude oil，its  

toxicity on tbe fisb beco】11eS OVer ten tirIieS aS StrOng，alユd tilat the sol＼7ellt emulsifier  

圭s st‡・Ongerinits toxicity tllan Crude oi1．  

3．Effects on cIlicl（en gl・11nt  

Thc experiment was madewithlO fishes（mean bodylength96．59mm，mean body  

Weight19．95g）．In cach of the experhllen七S the water temperature was 23士2OC．The  

kind a11d concentration of the mineraloils usedin the experiment，the cumulative  

mortality and the quantity of dissoIved oxygen and pH valuesi11the breeding water  

are as silOW11iIl′ral）】e8，alld the TLlllVales of t‡le111まIleraloils o11抽e test fis‡1are  

i11Tabまe9．  

Frolllthose Tables．the strel鳩th of the toxicity of the111；neraloilsisiIlthe  

紬1lowll唱Order：heavy oilAwトSOlvent elllulsifier＞heavy oil‡ヨートSOl＼reIlt emulsifier≒crude  

OiトトSOlvellt emulsifiel・＞ solven七emulsif；e】・．  

4．Effeets on glllttく）mひuS gOby  

The experimeIlt WaSIⅥade witb5fishes（‡Ⅵear】bodylel唱th34・．78‡¶m，meallbody  

WeightO．98g），Ineacb ofthe experilnenttbe waterteml〕eratureⅥraS23士2むC．Thekind  

a11d co】1CelltratiollOf the】11ineraloils usedilltlle eXl）eriI11ent，the culTlulativelllOrtality   



i6  tくoicllilて）Moriall（！No！）utO Masu（la  

Tllhlt3 8．1三L－rcじtS OIL＝inernL o‖and s（）l＼■C11t etllulsificr u］）OllChiL：kcn にIlunt  

tiIne COurSe Of cし1‡11tllative】ⅥOrtality（％），がSSOlvedoxygenand pIi・  

S．1ご．  

e（‖ltl・O1   

0．う  3．3  

C，0．叫トS，E．   Ⅰ｛王．A．＋S．E．  H．B．十S．E．  

0．1  1  0．1   1  0．1   1  

Stlbstances   

20   20  10  80  う0  

40  50  40  90  10  60  

60  100   60  100   40  90  

80  80  60  100  

80（％）  100  70  

7
 
′
0
 
に
ノ
 
 

0
 
 
5
．
1
．
′
い
 
 

4
 
 

∵
叫
 
 
 

D
 
 

5．7   う．7   5．7  う．7  う．7  う．7  う．7  

う．2   4．0   6．2  （5．2  5．6  う，6  4．5  

6，う  6．4  6．4  う．4  

）
 
 
 

r
 
 

．
h
‖
 
 

′
．
し
 
 

l
 
A
7
 
8
 
 

2
 
4
 
 

∈  

i（hr・）【 8・1 8・1 8・1  8．1  臥1  8．1  8．1  8．1  8．1  

24 ． 7・5  7・3  7・7   7・8 7義6   7・6 7・4  7・4   7－8  

48   巨   7．8  7．9  7．9  7．9  7．9   8．0  

t）ll  

T乳ble9． TLIl10fllliIlera10ila11d solve11t e！れulsifiel■uPOllCllickeIlgrLlnと．  

′rl．川（cc／1  
6（】汎）  12  24  

Substances   

i  く0．1  く0．1   

0，2  く0．1  く0．1   

0．6  0．2  く0．1  

ニ＞3．3  ニ＞∋．3  ニ＞3．3  

C．0．＋S．E．  ニ＞1  

H．A，・卜S．E．  0．4  

rl・lう・血卜S・E・ r  ＞1  

S．E．  巨  ニ＞う．3  

TilblelD． Effects ofIⅥ王rlera10ila】1d solve！1t eIⅥulsifier upo！】gltlttOrlOllS  

goby；time coul・Se Of cunlulative1110rtality（％），（lissoIved  

OXygen aIld p王i一  

C．0．＋S．E． H．A．か卜 S．E． r‡．B．一卜 S．E．  S．E．  

亡川1い・l）t   

l  lO  l  lO  l lO  O．3  3．3  う3．3  

Substances  

6（hr．）  

12  

24  

36  

48  

20  

80  （〉0  

づ0   20  iOO  lOO  

80   20  

0（％）100   20  20  0   0   0   0  

6．6   6．6   6．3   6．1  6．2  6．2   6－2  6．7  6．6  6．3  

7．0   7．0   6．9   6．8   6．6  6．7   6．7  6，7  6．9  7．0  

6．9   6．9   6．8  6．8  6．9  6．4  6．8  6，9  

1（Ilr．）∃ 8．1 8．1 8．2  8．1   8．1 8．1 8．0  8．0  臥1 8．1  

8．1  臥0   8．0   乱1  8．0  8．1  8．0  7．9  8．0  臥1  

8．0   8．0   8．0  8．0  8．0  7．9  7．9  8．0   
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でabiell・TLm of‡nilleraloila】】d solvent eInulsifier u】〕011glutto】10uS gOby．  

TLl－1（cc／1）  

6（llr．）  12  24  
SubstarlCeS  ～＿、  

C．0．”i】・S．E．  ＞10  ニニ′10  ：＞10  3．2  

2．4  

2．4  

10  

H．A．・トS．E．  ：＞iO  

H．汚．」－S．1三．  

S．E．  

and the qualltity of dissolved oxygen alldpH valuesiIlthebreedまngwaterare asshoⅥ7n  

行ITablelO，and the TLm values of thei11ineraloils on the tes七fis壬1arein Tablell．   

Fronlthose Tables，the streIlg拙of tbe toxicityisin the followlng Order：heavy oil  

A＋solvent emulsifier：＞heavy oilB＋SOlven七emulsifier＞ crude oiトトSOlvent emulsifier  

：＞ SOlvent elllulsifier．  

5．Effects（）n blflCk r（）Cl（fisIl  

′rhe exI）eriTllent WaS！Ⅵade wit王lうfishes（meat－1〕Odylengthl13．93mlll，111ean body  

TzlbLtl12・Lミfrects o［llli11C）lilL oilこ川〔lsol＼・C11t Ctllulsil－ier uT）OIlt）lac】く  

l－OCkfisb；time coLlrSe Of cu－ⅥulativeITlOrtality（％），dissolved  

OXygenaIldi）H．  

stlt。StaIl。e  F  。．。．」血S．E．  

山】一W血仙血＝＝仙M…－岬  COIltrOl  ⅣH椚…【仙血m叩…叫】】山叫  

ニニ 

40  

80（％）  

ま（11r．）【  う．7  5．7  

5．7  

6．4  

6．3  

（‡）1〕1n） 巨 24  

48  

8．1  

7，8  

7．7  

7．8  

で乱ble柑．TLlⅥOf Tllinel●aloilaIld solveIlt elnulsifier upoIlbユack roclくf王sll．  

Tl．111   
6（hr．）  12  24  48  

SしIbstこ川l二e  

C．0．」w S．E．  t・1  0．3  ・0．1   
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weight49．う7g）．In eacllOf the experilⅥen七tbe water temlperature WaS 23士2CC・The  

experiment wasin only oneinstar3Ce Of the mixed oil，With solventemulsifieradded to  

mixin cTude oil．The concentration，the cumulative mortality and the quantity of  

dissolved oxygen and pH valuesin the breeding water are shownin Tablei2，and the  

TLm values on the test fisb arein Table13．  

As those Tables show，Orude oii＋solvent emulsifier has a strong toxicant effect  

upon black rockfish．  

6．Efeects om st（）me flounder   

The experimentwas made with5fishes（mean bodylengtbl18－77mm，mea11body  

Weight36．95g）．In each of the experiments七he water temperature wasiO士㌘C・The  

kind and concentration of the mineraloils usedin the experiment，the cumulative  

mortality andquantity of dissolvedoxygen aIld pH valuesin the】〕reeding water are as  

shownin Table14，and the TLm values of the mineraloils on the test fish arein  

Tableiう．  

Tllblc15．Tl一）l10f zllillCra10ilalld sol＼・e汀しC［llulsificr upon stonc f10L川dcr・  

24  48  72  6（11r・）   12  
Sul〕StanCCS  

＞100  ＞ま00  ＞100  

3．2  3．2  2，4   

23．う  23．う  14．7  

0．7  0．3  0．3  

二＞100  ＞100  ＞100   

1．5  0．う  0．4  

＞33．3  7．9  1．1  

＞100  ＞1（〉0  

6．8  4，∋  

＞100  ：＞100  

4．う  ぅ．2  

＞100  ：＞100  

＞100  6．8  

＞33．3  ＞う3．3  

Astbose Tables show，the strength of the toxicity of‡Tlineraloils，WheIISOlvent  

e‡Ⅵul＄まfierlⅥixedⅥ7ithit，becomeslllOre tbanlO times as strong．Here，aS Showni王1  

Table14，the toxicity of mineraloils，When usedindependently，isin order of  

strength；heavy oilA＞crude oil≧heavy oilB．On the other hand，in the case  

solvent emuisifier added to the mix，the toxicity of mineraloilsin the TLm values  

for24alld48hours，is sbownin the folloⅥrlng Order；heavy oilÅ」）SOlvent emulsifier  

＞heavy oilB＋solvent emulsifier≧crude oil＋solvent emulsifier・  

DiscllSSion  

T‡le TLm values，for 24 and 48 hours，Of tbe mineraloils，SOlvelTt emulsifier  

（NEOSÅB3000）andof tbeir mixedoils，Wbicbbad effects oI－ those fishes usedin  

tlユe preSent eXperiment，are COllectまvely sho＼Vni王1Table16・  

Asis evident from the results of the experiments on common mullet and stone   
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flou11de】・，the toxicまty of mineraloilsbecome more stronger whe】〕SOlven七enlulsifieris  

mixedin them．The conceivable reasons are that mineraloils，eSSent王ally solublein  

＼Vater and oflow toxicity becuase ofitsincoIT王plete dis主）erSioninlVater，aユ・e e‡11ulsified  

When the solventis added，and their diffusioninto wateris so much accelerated that  

the occasions of their contact with fishes becomcs morc frequent，and as the result  

thc toxicity also produces a strong effect．  

Next，the toler盆nce against mineraloils，COmpared among fishes，is strongerin  

marine catfish（adult），gluttonous gobyチnd stone flounder，and weakin common  

111ullet，Chicken grullt aIld black rockfish．In tbe case ofthe formerfishes，tbe8Cales  

Over their bodies are feeble，arld mucous glandshave developed to cover them，While  

in t王ユelat七er case，tlユe COllもraryi七true．1n the case of the same speciesof fisb，aSis  

showni11theinstance of marine catfish，the tolerance of adult fishi＄markedly higher  

thallthat of the young．  

Here，take the example of the stone flounder of which we have fortuna七ely many  

experimentalinstances，and the strength of the toxicity of mineraloil＄effecting upon  

Sea fishesis the strongestin heavy oiLÅ，and about the same between heavy oilB  

and crude oil．ln抽is case，When the solvent enlulsifieris added to tbe‡11ix，tbe  

toxicityis the strongestillheavy oilA＋solvent enlulsifier，tbellfollowed by heavy oil  

】ヨ」－SOlvent emlusifier．In either case，beavy oilÅshows七he strongest tox主city．  

Generally，thellliIleraloilin the sea water，eSi）eCiallyits emulsifier，COmeS tO  

stick on the surface of the gills of fish to disturLb their normalrespiration．Stillmore，  

in thc case of the sea fish，COntrary tO that of freshwater fish，aSthey gulpdownsea  

Water tO regulate the osIⅥOtic pressure，they seeln tO takein the toxicanti噸red王eIltS  

ofoilnot only through the gills bu七also through the oralcavity．As was observedin  

the present experi】ノne11t，in thelow concentratio王10fthelnineraloil，the oiladbering  

to the body and gills had been washed away by their normalmucussecretion，and thc  

fisb were protected from the toxicity of the oil，Whilein tlle eXperi】ⅥentSⅥ7i七h a bigh  

COnCentration，the fjsh were found to have perished，nOtOnlywiththeirbodiescovered  

ailover with the over－SeCreted mucus but also with the oilstuck to the mucus，and  

even with tbeir gills hyperemic and sⅥ7011en．  

The present experiment wascarriedoutin the breeding water under fullaeration，  

but onceit hadbeen stoppedin the middle，the dissolution of the oxygen of the air  

into the water would have been slackened，and besides，by the oxidationofthe oiland  

the respira七ion of the fislユ，the quantity of dissolved oxygenin七be water would 壬1aVe  

been rapidly diminished，finally causlng the test Eishes to be suffocated to death．  
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