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. ABSTRACT. "

-Ten{dav-incipient I.Cs o were determined on Arpu"toma tigrﬂrum larvae .
\\ -

trcated with concentratrons of llght heavy,.and Cracked diesel oil
v

fractlons, at 7° C and l§ C. Larvae were exposed to a sublethal concen-
< & ( - .

"tldtlon (O 4 toxic unlt) of llght heavy, and. cracked diesel oil

fractions and tested for posslble O\ygen consumptlon and/hlstologlcal

[N

"alteratlons . . C

Larvae in the light fract1on treated grOUps showed llttle varlat1on

¢

from control groups in oxvyen consumptlon experaments Oxygen consump~

..

tlon rates were slgn1f1cant1v lowered in, larvae after seven days' , '}?_~
. L ) . _‘V‘: i

' exposure to both the,heavy and cracked dlesel 0il fractlonS‘ Electron

;stratum corneum and the stratum granulosum, as revealed by electron

mlcrosc0pv studles of -the larvae in’ the heavy and cracked treated groups
showed posxlble structulal modlflcatlon of the mitochondrial cr1stae

This could have a dlICCt effect'on cellular metabolnsm “thus IQWering
B - ‘ .
the overall oxvgen consumptlon levels
q

Behav101al changes observed éurlng exposure to the d1ese1 011

_ fractions could have an addltlonal effect on lowerlng oxygen consumptlon ,

.

E
rates, espeC1a11y 1n those experlments carrled out at 15°C.

Exposurc to the heavy and cracked d1esel 0il fractlons also caused

o~

an apparent 1ncrease in permedb111ty to water w;th 1ncreases up to 6%

1n body uezght The frequency of the 1ntercellu1ar brldges between the

\
m1croscopy studles, were reduced in, all groups, espec1ally t

and cracked thereby faC111tat1ng a p0551b1e path for water uptake 1nto

e heavy

" the 1ntercellular spaces

v



peydig‘pclls-jn the gill and skin ppidefmis.

H15to]og1c1l xtud1cs rovealcd no altcratnon in ccllulal qtructurc '

v

~ .in skin, glll and lung tleUCS talon from larvae treated with 0.4 toxic

un1t of the llght or heaVy flactlons AHowcver,,larvae troated with 0.4

"toxic unitvof the cracked fraction showed an increase in the number of

v

'Gas-chromatographit anarysis of the three,diesel o0il fractions was
. ‘ ‘

carfied out. Although measurement of the qualltatlve and quantltatlve

[y

hangeq in the dlesel 0il fract]ons after seven dayc"cxpoqurc to the ,

larvae was unsUCCCSSful pas chromatograms of coiitrol eamples of each

v

fractlon ‘are compared to show the hydfocarbon dlqtrlbutlon and boiling .

ponnt rangc. .
: ]

Hydrocarbon dctermjnatlons of the three d1csel 0il fractlons shoued

thc per cent composition of aromdtlcq oleflns and saturatcs Althoughv"

the ICSO s f01 the 1nd1v1dua1 componenxs of the dlesel oil fraction

"

1mp11ed that the best cor1elat10n of . tox1c1ty eX1§tod in the olefln'

A

c0mpounds it was found that the fractlons conta1n1ng ‘a greater comp051-

tJon of aromatlc% caused greater tox1c effects ' .

At
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INTRODUCTION - ‘ .

"
With the advent of supertankers and overland~oil pipelines, ‘there

B

© has been an increased concern about the possibility of major oil spills,

resulting in oil pollution. 0Qil spills at sea haVC received the most |

v

attention hocause large arcas are quickly contamlnated and because of

. v

" the resultant adverse effects on birdg, coastal animals,fand shorelines

.

(Wein and Bliss, 1973). Thus much of the oil pollution research has
dcalt with the contamination of intertidal zones and marine ecosystems

(Carthy and Arthur, 1968; Cowell, 1971; NeisonFSmith,.1972); while few

/

studles have dealt- hlth ‘the adverse effccts of oil pollutlon on. fresh

water hathdts (Bury '1972) .

-

The ser1ous problem§ associated-with oil pol]utionéare caused
: l

alnlf\by the "peaslstent 0ils™ including crude rcs1dual fuel, and ;

lubrjcatlng o:ls (Nelson Smith, 1070) - The light fuel'oils kcroseneﬁ
gas oils, and gasollnes while ndt damag;u;the physlcal quallty of the

Sh01c ¢s, have bcen found to have advcrse effccts on both anlmal
\ .
(Chlpmln and Galtsoff, 1910 Tagatz, 1961; Bury,.]972)‘and plant life

(b v, 1970). o s E{
Hydrocarboﬁs are by'far‘the most*impdrtant component of any.
pcf-o]eum. Crudc 0ils contaln as’ much as 98/ hydrocarbons while

jpetlo]eum gases and gasollnes are almost pure hydrocarbons (Sachanen

£

1954) Four ma;or classes of petroleum hydrocarbons have been descrlbed
,thc parafflns (alkanes) donSJSt of stable saturated branched or .-
'stralght chaln compounds' the naphthenes (cycloparafflns) const1tute

"the saturated r1ng structures the oleflns (alkenes) are composed of
‘”unsaturated compounds the aromatlcs are- made up of unsaturated, cycllc 3
A\

_ compounds based on the benzene rlng, with resonatlng double bonds



\

. ‘.{,/]

“"

(Morrison and Boyd, 1968). .The chemi¢al composition of the particular

0il has’a dircct bearing on its toxicity and changes which it might
unldergo after_exposurc to the environment (Bury, 1972) ‘

-'V ~ ' . a [ 4 - R
Bury (1972) has shown that oils contain toxic components which, in

bl

: ' - * '
gﬁmcral,'are stable-compounds and-remain in an ecosystem for relatively
s . . - - [ .

long periodsf of time. Two months after contamihation of an intértidal °

area by a fuel oil spill, the relativcly Jnchanged fuel 0il was being

released from bottom sedlments (Blumcr et-al., '1970).- Blumer et al,

-

(1070) found slightly alterce fuel oil in Cra sostrea vtrqtntca and /-

Aequzpecten trradtans two months after exposureé. They reported that

~although straight chain and branched chain hydrocarbons were modified,

‘effc@ by affecting a -much greater volume and ‘hence comes into contact

the mogye toxic aromatic hydrocarbons remained unchanged within the

organisms,

While the aromatic components of oils are by far the most toxic to

an organism (Havis, 1950; Blumer et al., 1970; Nelson-Smith, 1970;'Morrow,

1974), it has been shown that if an oil or petroleumﬂderivative'is

ro

cmu]s:fled in water by chem1cal or phy51ca1 means its- tdx101ty is greatly

Q
enhanced (Tarzwell 1970) The emu191f1ed petroleum exerts 1ts adverse

Aw1th a greater variety of organlsms.

.

The detr:mental effects of o1ls on aquatlc organ1sms have been

'iréported in the'llterature*for SOme t1me McKee (1956) summar1Zed the

f'deletcrlous effects of petroleum produots on aquatlc organlsms as

[ ¢ ot

' follows: a) free 0115 and emu1§1ons ‘may act on th& eplthellal surfaces

" of. flSh thereby 1nterfer1ng w1th resp1rat1on or may coat -and destroy

that settle to tBe bottom may coat and destroy benthlc organlsms and

' algae and plankton wh1ch removes sources of food b) 011y substances‘

‘e

~



interfere with spawning arcas; ¢) soluble and emulsified oils may be
ingested by fish, thereby tainting the flavor of the flcsh, or'
watér—sglublc compounds may have a dircct toxic action on aquatic life.

Chronic exposure to low concentrations of some hydrocarbons,
e§pecjally benzene, has been found'to cause Qone marrow aplasia,
leukopenia, aplastic_anegiﬁ, chromosome aberrations, apd leukemia
in scvefal aqhqtic organisms (Figiel, 1960) . f T

. Aromatic Cé%stituents of 0il.are known to cause coéious sc?retions

of mucus when applied to fish gills; interfering with respiration and
water-Salt balance (Ncison»Smith, 1572). Erosion of gill epithelia has
aléo been repértog when fuel oils werevemulsified éhd épplied to. trout
gills.(MironoQ, 1970). o

Polycyclic aromatig¢ compohnds cause chrofic injury to cells by
penctratihg the plasma mémbréhe,.ﬁhereby diépLécing the normal units of
the mcmbianc (yun_Qverbgek ghd'Blondeau: 1954). _Diesel oi}§>§gve been
ufound to contaiﬁ quantities of poiycyclic aromati; hydrocarbons (PAH);

Certain algae (i.e. Chorella) are known to synthesize PAH from petroleum

Y

compounds (Borneff et al.,‘1968). It has been ,suggested that changes -
.o \

in the cell _membrane due to hydrocarbons,*more speCificaliy‘PAH,'may
play an 1mportant role in causing mallgnanc1es in anlmals (Goldacre
1968). Sonneborn (1964) has shown thag 1t is p0531b1e for membrane
¢hanges to be 1nher1ted w1thout any dlsruptlon of the cell nucle 5

hydrocarbon carc1nogens could then cause permanent changes in the'tell

membrane structures.
' Lo A . e ' . .
The anesthetic property Of oils has been demanstrated in oysters

with resultlng effects on the ciliated gill eplthellum, thereby decreas-

.

ing the normal pumplng rate (Galtsoff etal,, 1935 Chipman and Galtsoff



,1949;»Lunz,.1950). Marsland (1933) has shown that paraffJn compounds
have narcotic effects on Amoeba dubia. Goldacre (1968) has extended
Mdrslandls work to include cycloparaffins and axomatlc compounds pro-
ducing va 51mllar anesthetjc response in the amoeba. It is thought that
this response may be ‘due to the petroleum derivative's effect on the
plasma membrane. As-the concentration of the eycloparqffins and aromatics
reached the anesthetic cgnéentfation the plasma membrane was shonn‘to
. increase in thlckne%s, eventnally w1thdraw1ng from the granular cytoplasm
,(Goldacre 1968)f

Interference by the_hydrocarbons.with the chemical senses end neuro-

Ty .
muscular control hé%'been reported in various fish (Nelsen—Smith, 1972).
'Delcteriousﬂeﬁfects of oils are alse known te jnterrupt the hatching and
‘development of fish eggs (Nelson-Smith, 1972y. 1t ie thought'that1the
aforementioned responses are due‘to si ikif effects on membrane snrfaces
as reported by Goldacre (1968y),. ?j
_”Aéthough‘certaih‘pelagic microorganiéms égg’affeeted.hy eil pollutipn‘

(Mironov and Lanskaja, 1967), the reproduetive:rete of most pelagie
'specles is such that product1v1ty has outweighed the long-term damage by
_the pollutant (Glover et al. 970). .

The prlmary effects of 011 on.marine birds has been to penetrate or
véling to their plumage (Nelson-Smith, 1970) Th1s coat1ng of the featherS'
'has resulted in reduced buoyancy and 1nsulat1ve propert1es of the feathersv
(Hartung, 1967; Goethe 1968). Ingestlon of 011 by birds durlng preenlng ,
has caused severe 1wtest1nal 1rr1tat1ons 11p1d pneumonla fatty changes
. l1n thehllver necr051s, and adrenal enlargement (Hartung and Hunt‘ 1966)

thtlnghaus (1956) alsozreported reduced hatchlng rates 1n/terns after _

:exposure to low concentratlons of d1ese1 fuel

z.



When coated with various oil products, marine mammals, like marine
birds, tend to lose the insulative property of their fur (Peller, 1963).
The lethal cffects of the oil ere usually secondary, with the’erimary
reason for mortality being pneumonia. Spooner (1967) reported damage QA?\;;
to sealq.after the "Torrey Canyon' incident, with séyere eye 1rr1tat10nsq“ .
being the most noticeable effect.; S - | | ,
&arine btfds mammels, andlmahy mpbile aquatic organisms; tend to
~avoid 011 contamination 1f p0551b1e thus“el;minating meet chances of
damdge The maJor 1mpact of oil spills has eeen to the_uore(eedentaryt
animals (Crapb, 197%a,b), to‘aeuatic vegetation (Baker 1970; Cowell,
1969), and to pelagtictlarve (Mironov and Lanskaja, 1967 Glovfe.r et al.
1970; Nelson-s}nith, 1.79'_70'). | '

Thus a yreat mdny studles and observatmons have been made .on the
_.adverse effects and toxicity of petroleum oils and the1r derivatives on
aquatic organisms. However, neefly all theée are field studies‘to confirm
.thetxoil uol]utien exists gnd to measure the harmf I effects, or they are
short-term‘studies of ecute'texictties. There heve‘beenvfew;studiee.uﬂieh-
indicate‘safe levels.of»petroleum.ptdducts underﬁeontinuous or long-term
exposure. Fven fewer studies. have been undertaken to determlne whether
‘or not sublethal changes over long perlods of time reduce the- cuanees of
the anlmal being successful in its env1ronment (Sprague' 1971).

: Many pollutants,_even whenvpreeent in the waterulnecoﬁeentratioust
vwell belowjlethal levels,;may'cause changes ih.the physiology-andlbehéviof
of an organlqm (Anderqon 1971) Understandlng the phy51ologlca1 actlon
“of a potent1a1 toxicant 1s the key to predlctlng 1ts subsequent sublethal

effects (Spragde 19/1) Calrns (1966) has clalmed that measur1ng oxygen

| conSUmptlon is one of the best sublethal assay methods while Spraguez

<



7 .
(1971) has stated that “he most widely used tool. for determlnlng the mode

‘of action of any pol]utant 1s via histology. The purpose of‘the present
study was to utilize the two disciplines of physiology and histolog) in
’ dctcrmlnlng some of tht sublethal effects of three pqtroleum fractions
of dlcsel 011 on the neotenic form of the iger salamander, Ambystoma
ttgrinwn {Green).

The larval Ambyutoma tzgrznum was chosen as the experimental animal
'1n this study because it is an aquatlc organism known to utlllze more
than one mode of reSplratlon - Thus, the effects of oil on cutaneous;
branchldl and pulmonary rCSplratlon could be 1nvest1gated

The d1ese1 011 fractions used in thrs study were refined from Great
Canadlan 0il Sands (GCOS) crude, ThlS so-called synthetic crude is

'} Separated from the tar sand by steam and subsequently put through a

coking process The resulting cracked stock is subJected to-dlstillation

pr0ceduresAand refined‘into "light," “heavy " and "cracked" fraCthﬂS
The chemical comp051t10n of the dlesel 011 can be varied from. hlgh
'b0111ng~po1nt Kerosenes to Iow-boilihg point gas oiIs dependlng on the

prop0rtlon of the three fractions blended (Ro%51n1 ‘and Malr 1959) It

should be noted that the" d1ese1 oils reflned from the tar sand crude are‘

U

compOsed of a larger proportion of naphthen1c and aromatlc compounds

than- conventlonal crude 0115 (Imperlal 011 Ltd., pers. comm, ) Thls ,j

P v o /
¥The first- part. of thls Study was de51gned to establlsh the sublethal

"concentratlons for the three d1ese1 011 fractlons used throughout the

:h1stologlca1 and phy51olog1cal experlments on: the Ambystoma tzgronum

1arvae Medlan tolcrance lJmJtS to dlesel oil Vary accordlng to the N

.organlsms be1ng tested (Sprague 1971) and the oil fractlon belng utlllzed

ect is reflected in the relatlve tox1c1ty of the d1ese1 0il fractlons :

N



Gutsell (1921) found that gasoline has a toxic effect on rainbowbtrout

Salmo qdirdneri, at 100 partS»per million (ppm) . Mchee and Wolf (1963)

reported that agltated solutlons of gasollne at concentratrons of 100 ppm
and jet avratlon fuel at 500 ppm were lethal to fingerling salmon,
Oncorhynchus Sp. Zahner (1962) on the other hand found the median-
tole1ance limits to dlCSC] 0il to be 300 400 ppm in. Salmo gazrdnepz
wheréas Tagatz (1961) dqtermlned these limits- to be 167 ppm when testlng

juvenile shad, Alosa sapidissima. In.24—hour LCso S, Shaw (pers comnm. )

~,
N

found values of 200 ppm ‘for 11ght fraction of diesecl -0il, 80 ppm for she

~heavy fractlon ~and 20 ppm for- the cracked fractldn in experlments u51ng

Juvenllc ralnbOh trout These three fractions arc similar to thoSe
utilizcd in the present study. | |

1he sccond obJectlve of this study was to determlne the effects of -
sublcthal concent1at10ns‘of the dlesel 011 fract1ons on oxygen consumptlon
rates in the larvae.” The effects of petroleum derlvatlves on. resplratlon '
dre eontroversial - Same authors have reported an 1ncrease 1n oxygen

consumptlon (standard oxygen consumptlon 1n the sunflsh Calrns and

Sche1e1, 1962) due to the p0551b1e uncoupllng of 0X1dat1V8 phosphorylatlon

t10n rates (Galtsoff 1936 Hood et al., 1960) wh1ch may be due to dlsrup—,-

tion of the m1tochondr1a1 membrane (Baker 1970) Marchettl (1962) hds

shown that 1ncreases or: decreases ‘in oxygen consumptlon are due to the

nature. of the SpClelC petroleum product belng 1nvest1gated, some actlng =

'as st;mulators and others act1ng as depressants

The thlrd obJectlve of thls study was to do hlstolcgleal examlnatlon

dof the g111 skln, and 1ungs of larvae treated W1th sublethal concentra—

/.

ftlons of the dlesel 0il fractlons ‘to determlne whether mod1f1cat10n of

Y

!

(Beevers,,1953}. Other authors have reported decreases 1n oxygen consump--

‘\



"celluiar structure occurred. Schmidt and Mann (1961) and Scheier;and
_Cairns (]966) haveireported the erosion of gill‘epitheiiaAandrdestruction
bf mucous cells tn~sunfish, Lepomis gibbosus, treated with subiethal
concentrations‘of phenols. It is also evident that'fuelroils cause
eXtensive“damage to the gills of trout; with,cktensive_erosidn of the;
‘mucous ncmbranes (Reichenhach—Klinke; 1962; Malﬁcea.et al., 1964).
.ﬁgposure to'lO-ppm of fhe 1ight>fraction of diesel oil at 7°C caused a
sioughing off of gill and skin epithclinm of rainbow trout'(personal
observation); | - | o
The flnal obJectlve of th1s study was to. determlne using gas'
'chromatographlc technlques whether changes occurred in' the diesel oil.
‘fractlons after seven days' exposure to the lazva in the experlmental
"tenhs. It is known that, 1n1t1a11y, the lower b0111ng ponnt fractlons
will'evaporate- Eater the succe551ve1y hlgher b0111ng p01nt fractlons

' will evaporato (Berrldge et al., 1968) Gas 01ls kerosenes, and

gasollnes disperse and evaporate much more reaglly than crude olls

' ,(Nelson -Smith, 1970) : As evaporaflon takes’ place the spec1f1c graV1ty

and v1sc051ty of the mlxture are altered (Berrldge ot al , 196&)
might expect that there are 1n1tta1 changes in the’ comp051t10n of ther
>'011 belng tested durlng exposure in spec1f1c env1ronments :If*after B
_thls;tlme the‘011 is st111 tox1c then perhaps the chem1ca1 nature of
the tox1c components of the 011 can be determlned | o

In addltlon to phy51ca1 alteratlons of the comp051t10n of the 0115

,ﬁthere are - also p0551ble modlflcatlons resultlng from m1croblal actlon

"J

_ Stone etJaI (1942) have shown that 11ght to medlum welght fractlons of
:-0115 were sub;ect to attack by gram—negatlve bacter1a (1 e. Pseudbmonas L

Asp ) more so than the heavy,‘V1scous fractlons 'fD'A ' and Hughes (1968)

Ad -




o : o o :
reported that individual aliphatic, olefinic, and naphthenic compounds

are most suscept1b1e to attack by mlcr001ganlsms WOrk by Jobson et al.
'(1972) has shown the preferent1a1 use of n- saturate‘(paraff1n1c and
cycloparafflnlc) fractions of crude 0il b) m]crobes Long terﬁ exposure
tests with Ambyutoma tzgrmnum in water contalnlng 011 fractlons may
Aresult in the mlcroblal alteratlon of the fractlon Therefore, it seemed-
_-important to analyze the fractions before and after’testlng; by gas.

chromatographlc procedures to determlne any qualltatlve and quantltatlve'

changes over time,



" METHODS AND MATERIALS

Co]1eCtion and,Storage .

N Larval.tigcr aalamanders, Ambystbma tigrinﬁm,.were collected from .
Tyrrell"s.Lake (Sec. 17, 18 and 19, ma. 5, Rge. 1‘7, Wath; Sec, 24,
-mp‘.. s Rge.. .'1 Wath), a highiy alkalirig (pn 9, 1;-10 2;} total alkalinity
636.2 mg/litre s¢e Appendlx I), 1rr1gat10n fed lake four milcs eaSt
of New Dayton Alberta Collectlng trlps‘were made monthly throughout .

’ the summer of 1973 from June through September w1th two subsequent K

trips 1n“May and early October_of 1974, The most productlve collectlng

.periods were in midfMaynand'late_September,,c01nc1d1ng w1th.the-new~moon

-.oT just. thereafter Since the larvae seemed to-display a‘diurnal ‘verticalf

K

..mlgratlon pattern, all colIectlng was carrled out between 11 p.m. and
3a.m. - F: a | |
iAlI/Collectrons.were made at the northWest corner of the iake ' Thio '
: f.area Proved to be the most. productrve as well as the most accesslble. A |
.12 2m X 1. 8 m-x 1.8 m bag se1ne (Wha;e Enterprlses, Inc ), w1th 2 2 kg
' awelghtq attached at tne lower edge every 1 5m along its- length and w1th
‘a 45, 8 m length of rope attached to each end was used for collectlng
: 'The selne was rowed out 45 8-m rrom the shore and extended parallel to
';'the shorellne It was then drawn back to shore by means of the 45 8 m
:.ropes attached at 1ts ends.- The larval salamanders were removed from the;
iy,h:net and placed in 30 11tre plaSth contalners holdlng lake water; for -

| utransport back to the laboratory

Pour 1 11tre water samples were brought back to the laboratory for

Ianalysns ésee Append1x I) .fhi lji ?:h,i 1t‘1ff"’af:&}-v'

¢ '

N LA
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In the laboratory, the animals were kept in 313- lltre flow-through

tanks at 5 'C + 1°C, usang qhilled, dechlorinated, aerated water. " Addi-

tlonal coollng'unitsi(Frigid,Unit;‘l/3“hp)'were used to maintain proper .

water temperaté?e-control. Utilization of such lowltemperatures made
feeding unnecessary, as-well as retardingiany fungal or bacterial

infection,.

The anlmals were allowed to racclimate to laboratory condltlons for

at least two weeks prior to. any exper1mental procedures Durlng thls

initial perlod of accllmatlon three fractlons of dlesel 011 (Great

B!

. Canadian 0il Sands, . Impeérial 011 Ltd ) were obtalned through the Energy '

Resources Conéervatlon Bqard of‘Alberta The three diesel 011 fractlons

-

]
I

| were de51gnated ”llght " ”heavy,” and ”cracked” dependlng upon the

.%zﬁos1tlon of removal from the dlstlllatlon column durlng processing at

the Imperlal 0il Ref1nery, Edmonton Alberta the-Ulight" fractlon being.

*flrst removed followed by the "heavy" fractlon then the Vcracked” o

AN

'”dlesel 011 fract1ons was performed by a fluorescent 1nd1cator adsorpt10n7

faccord1ng to thelr adsorpt1on afflnltles on actlvated 5111ca gel 1ntox
'aromat1cs oleflns, and saturates (parafflns and cycloparafflns), _e]-Vh‘

‘ .boundarles of wh1ch were V151b1e under ultrav1olet 11ght The volume ,"__f'

fract1on It is the . blend of vary1ng proportlons of these fractlons

that determ1nes the ”welght" (summer or w1nter), and thus- the pour.p01nt~

of’ the resu1t1ng reflned dlesel 0il - (R0551n1 and Malr 1959)

.A'test for the VaIIOUS types of:hydrocarbonS'ln the 1nd1v1dua1‘

&

method (ASTMfﬁtandards D 1319 1972) The hydrocarbons were separated -

0

percentage of each hydrocaern was calculated from the length of each

' zone 1n the column



~ fbr 14 days at 15°" 0 5 C The 7° temperature was chosen so that f

';slmllar_tanksvto serve  as controls ““This procedure was repeated for each

days at 7 0 5 C and the other w1th anlmals that had been acclimated

* 9 o

‘f

LCsQ Determinations °

o o

o

In order to determlne ""'safe'" or sublethal concentratlons (as deflned

‘by Sprague 1970) of the three dlesel il fract;ons, incipient LCsg (the

~1ethal concentration for 50 per cent of individualé on long exposure,

mgreater than 96 hours) were determ1ned f01 each fractlon at experlmental

temperatures of 7°C and 15° C. Flrst prellmlnary tests were performed to
determlne the range of concentratlons of each fractlon that should be

utlllzed 1n'the exten51ve‘tests. The upper concentratlon limits of these

"prellm1nary tests were estlmated u51ng the resultq of "the prev10usly

described hydrocarbon fIUOrcscent indicator method; _The more aromatics__”

' per fraetion the . greater the tox1c1ty Thus; know1ng the per ccnt

‘ aromatlcs per fractlon tho upper concentratlon 11m1ts could be established,
. The method for selectlon of spec1f1c concentratlons based on progresere |
hblsectlon of 1ntervals on a logarlthmlc scale was adopted from Taras W; )

et al (1971)

For thesc experlments, 10 animals were weighed (mean welght 115 grams)

and- placed in 1nd1v1dua1 30- 11tre glass aquarla contalnlng aerated

) dechlorlnated water w1th one gram per 11tre sea salts (Ut111ty Seven Seas:

vMarlne Mlx) “An addltlonal four anlmals were welghed and placed in.

PRt
R o N s -

,

fraction tested. - - - s _”-f ST ~’,- e f"~§?§lhgﬁ

. Two series*ofaexperlments were carrled?out at. each'of.the experlﬂﬁ‘ -

Vmental concentrationS' one w1th anlmals that had been accllmated for 14*/'4

compar1sons could be made w1th d1ese1 o11 tox1c1ty tests prev1ously=done.



'concentrat1ons of'the fractions were establishedu

13

with rainbow trout Salmo gatrdnert (Shaw pers comm ), whereas the 15

temperature correSponded to the average lake temperature at the time of

. collectlon of the larvae

At the completion of the temperature accllmatlon perlod the anlmals
were removed and fresh water, at the prescrlbed temperature was added -: .
to each tank ‘The anlmals were replaced :into thelr respectlve tanks
w1th a total of 10 animals be1ng used for each fractlon fested at ‘each

of the two eXperlmental temperatures. The dlesel oil fractlons were

measured uslng a 100 ul syr1nge and adm1n1stered to each tank, 10 cm

\

below the water surface. Aninals were checked for mortality every three -

hours. Ten day 1nC1p1ent LC5° were. then calculated accord1ng to %prague‘

(1969) and from this, estlmates-of ‘the sublethal, and presumablyﬁ”safe”

t.
Histology
Tlssue‘;amples were taken from representatlve anlmals from each of -

the above experlmental condltlons ' Tlssue samples from those larvae S

K treated with' lethal concentrat1ons of the d1ese1 011 fractlons came from

anlmals that were found dead in thelr experlmental tank (death hav1ng

' .occurred slnce prev1ous check for mortallty) or were S0’ close to death

(only a sllght heartbeatfcould be detected) that they were k111ed 1n ‘

»t_Trlcalne methane sulfonate 15 g/lltre The f1rst prlmary g111 fllament

=

fga 5- mm portlon of the anterrorﬁarea of the ta11 and an entlre lung-sac

/

~ were. taken and placed in Bou1n s f1xat1ve for a m1n1mum of 72 hours.;*."‘
o Prlor to removal ofwthe lung Sac it was 1n3ected w1th one ml of Bouln s:‘b‘“‘l

;'flxatlve.‘ Samples were then 1nd1v1dua11y dehydrated 1nf11trated and

h

‘J'embedded accordlng to procedures in Humason (1967) Seven mlcron sect1ons

ne
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werevstained‘usjng the Masson-Trichrome method (HumaSOn, 1967).

Oxygen Consumption Experiments

~ Oxygen consumption measurements were made on animals beforé and
after 10 days' exposure to 5ub1ethal concentratlons of the three differ-
ent diesel oil fractlons.frlnd1v1dual animals’ were placed in 30-litre i
glass aqUaria as prev1ously described, and acclimated“for two weeks at

the two experlmental temperatures prlor to oxygen consumptlon measure-

men t;S..

O*ygenvconsumptloh ekperiments were carried out in 30.5 cm x 10.2.‘
"o X l§.2pcm plexiglass.reSpiratiom.chambersi(seeAppendix II)?fdesignedf
in such a way thathhalf th; internal volume:has filled with'water :while
the otmbz half remalned as an air space (Cormle 1975). Such a desagn

' allowed the Ambystoma ttgrenum larva to utlllze one or all three modesnﬁéﬁ
of rcsp1ratlon - cutaneous _hranchlal .or pulmonary - The re5p1ratlon’,
chambers and cxpcrlmental set-up have been completely descr1bed by Corm1e
(1975) An1mals were we1ghed and then placed in one of the four
reSplratlon chambers. The four chambers were sealed and set in a 66 1 cm

x 150. .0 cm x 30 S cm thermostatlcally controlled waterbath wh1ch

4T.'regulated temperature at 7°" l,Q C Or115=“—_1-0 C, dependlng:on'which |
) ser1e51wa§‘be;ng tested. R TR ‘ | :

.:"The‘chambefsqwere‘connected to a:series‘of'manometers-}the'mano;’1 o

';:meters, in turn were connected to a.compensatlon chamber Each chamber

- ‘was f1tted w1th water 1n1et and outlet tublng, as well as a. 10-m1 glass

5.

-syrlnge w1th Wthh water samples could be taken

Once the anlmals .:re-placed 1n thelr reSpectlve chambers the .

"_chamber*manometer system wa‘ opened to. !he Toom air and the system Was ‘fh



/

allowed to equilibrate for gwo hours. In initial experiments, the air

space within the chambers was flushed with oxygen, 2 psi. This step

proved to be unnecessary once relative oxygen consumption values were
U

: \
determined because the mlOp/hr/g (dry we1ght)\consumed by~ the larva

\

were relat1ve1) low. When air, 2 psi, 1nstead S( oxygen was used to

 flush the air space in the chambers, thc anlmals d]d not appear to be

"stressed durlng the five hour test period.: Infgebt, when dissolved

oxygen levels were determined in the water samples, there was less

) .:' M 4 “'v .. ) -
variation among samples tested. Thus, in all subsequent experiments,

air was used instead of oxygenﬁ_~ 5 | o

[
!

At the end of the two hour equrllbratlon perlod three lO ml water .
samples wewe taken from each chamber prior to seallng the chambers to.
establish a closed‘system resplrometer.k fhe chambers remalned closed
_for a period of five ‘hours., Durlng th%s time, air pressure w1th1n the
chambers changed as -the oxygen was berng utilized by the larvae These
changes were rccorded on the manometers and - nltrogen was 1n3ected to/‘

Te- establlsh pressure equ111br1um (Corm1e 1975) At the end of flve

15

‘fhours, three add1t10na1 10- ml water samples were taken from each chamber.'

.,In all cases water'samples were 1mmed1ately tested for dlssolved

_ oxygen content.by a modlflcatlon of the Wlnkler Iodometrlc method
4deV1sed by Burke (1968) The dlfference between the 1n1t1al and flnal
dlssolved oxygen concentratlons plus the total volume of" nltrogen :

A.1nJected in m111111tres equalled the amount of oxygen ut11&zed by the

larvae over the f1Ve hour per1od The volume of oxygen consumed was

e

't,v;then determlned as m102/hr/g (dry welght),_corrected to STP

o

After the oxygen conSumptxon measurements on untreated temperature

accllmated anlmals, oxygen c0nsumpt1on measurements were repeated on

.’e X

\

®



o

vslldes prepared for standard

." b ' . ‘ -16

B

each animal, 24 per cach fraction tested, after seven days' exposure to
4

K}

a sublothal copcentration of the individual dlesel oil frattlon Durlng

't

this seven day exposure perlod the animals were removed daily, weighed,

s

and then replaced in their respectivé cxpcrimental tanks: - At the'end

of the oxygen consumption Teasurements the animals were killed using

Tricaine methanc sulfonate, 15 g/litre. Histological samples were taken

o ’

as previously described. o _ . o .

Dry weights for each»larva‘were(determined after final oxygen'
. :

. consumption‘measurements Pre -weighed anlmals were k111ed, as prev1ously-

‘descr1bed, and set on f11ter paper in drylng ovens at 80°C. In the' first

series of experiments, thc drled larvae wele welghed daily untri the dry

'wnghts did not vary from the prev1ous day's measurements ‘THe maximum
time for this to occur was four days In all experlmcnts thereafter the

7. .
. larvae were welghcd after a m1n1mum of four dd?:/ln the‘drylng ovens.

¢

Electron Microscopy

»During the‘seven-day exposure'to the diesel 0il fractions, there

~

was a substantlal Jncrease in welght of the larvae, espec1a11y those .

Q

~exposed to the “heavy" and ”cracked” fractions. = In. several cages .when

the body cav1ty wasropened to remove a lung sac” for hlstologlcal study,.

-~ 1l

it was noted that the body cav1ty was full of f1u1d . The larvae were not -
'fed durlng testlng, thus 1t Was assumed that any welght galn %as due to
an 1ncrease in water.— Several 1nvest1gators (Currler and Peoples, 1954

nvan Overbeek and Blondeau 1954 Goldacre 1968) have reported an {, 2

1ty to water at low concentratlons'

1ncrease in ce11 membrane p meabi

'of varlous-011 products S nce no cellq}ar damage was apparent on most

75tolog1¢a1 examlnatlon the 1nvest1gator

s
SN

.
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i1 Fraction Analysis N

,(‘. .
ﬁﬁ% ﬂtleascd water permcability,. mlght be revealed by electron microscopy..

A

af. six larvac vere treated w1th the sublethal concentration of each

’ | ‘ r
he 4é§501 0il fractions, at 15°C. An additional two animals served

gbnsiols At the end of seven days a 1-mm section was removed from

éghyeglon of thc larva and flxed in a 2.55% glutaraldehyde solution

(pH 7 5) At flrst, a 51ngle, secondary gnll filament was chosen for
electrdﬁ~m1croscope studies. This structure proved to be too d1ff1cu1t

et
t..—,f W .

to work with) thus a section from the tail reglOn of the larva was used.
The tlssucs were post-fixed in 2% Osot (pH 7. 2) and subsequently dehydrated
in an ethanol series (35——100°) Each- sample was then embedded in araldite
and sectloned W1th a borter- Blum MT-2 Ultramlcrotome Sectlons 50—‘60 nm
thick were mounted on 200 mesh coated grlds and stained W1th saturated

L}

aqueous uranyl acetate followed by lO lead c1trate Samples were
P

‘examlned using a Ph1111ps 200 Electronmlcrosc0pe, and photographs were

wl

‘taken, i

|

Tr

Di'esel oil fractlons were analyzed by gas chromatographic techn1ques

w1th the aim of determlnlng any quantltatlve changes in the petroleum

3

hydrocarbons in these fractlons ‘after seven days' exposure to e larvae

[

gn the- expellmental tanhs. D1ese1 011 fractlons were extracﬁ%d from' the
water by repeated washings w1th ‘n- heptane 2 ml n- heptane/800~m1 water—011

mlxture Gas Chromatographlc separatlon of a°0.2 ul sample of extract -
- : Q o
was achleved by u51ng a Hewlett Packard Gas. Chromatograph model 5830A
t

(HP termlnal 188508) WLth a"‘flame 1on12at1on detector and a 100 ft SCOT

3
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(supported—cdated—open-tubular) capillary_colﬁmn:{OB—l. ‘The instrument
was programmfd‘és follows: {inear temperaturé p%bgram 35——230°C; rate
of pr8gramming, 2°C per mindte; injgctionb}ock temperature, 300°C;
hydrogen‘floQ rate, 15,0 ml/min; air flow rate, 300 ml/min.; calculation
of area undér each hydrocarbon peak, based on’prAQiogsiy_défermined"
rétentidn,times.' Each'watqr-dicsel‘oil fraction was tested and compared

with control samples of each diesel oil fraction.



RESULTS

Hydrocarbon Determinationi A
P . .

.
Results from hydrocarbon detcrminations via 1hc fluorescent indi-
- cator method (ASTM, 1972) (Table 1) shoned that thg lighr fraction
contained 14.6% aromaﬁicsAWhjle the heavy .and cracked fractions contained
'59.0% and 72.Q$, re pectively.- Per cent ‘olefins wcre low in all
’fractions,.while the )per cent saturates (paraffins‘and cycieparaffrns)'
. g : _

wvere 84,6% in the light fraction, 40,0% in the heavy fraction, and

26.8% in the cracked fraction.

LCs o Determinations
Ten-day incipient LCso cstimares were determined by‘plotting '
-cumuiative.per cent mortality after ‘ten day§~vérsns the concentration .
'in'parts per‘nillion (ppm).of each ef the dieeel~oi1 fraccions'(at the
two experimental temperatures) (TahielZ). A best fit relatlonshlp of
“the data transformed from problts to log, wa%}determlned by 11near.
':regre551on ana1y51s, and the incipient LCso concentratlons wcre read
dlrectly from the graph (Flge 1, B and 3. |
The 1nc1p1ent LCso values at 7° C for the light, heary, and cracked
fractlons were. 125 ppm, 100 ppm and 62 ppm, respectlvely (see Flgs 1,

2 and 3) | At 15 C the estlmates were qllghtly less w1th values for . the
light fractlon belng 110 ppm and the heavy 90 ppm and the cracked 50
c»pm (%ee Flgs.ij} 2 and 3) : The 1nc1p1ent LCso of each fractlon tested
vequals 1 0 tox1c unit- (Sprague 1970) . In all. experlments the sublethal
concentratlon’uged was Q.4 th1c_nnit; At'xhlshlevelfthere were'no.“h'

' obvious detrimental effects to'fheTlarva;



TABLE 1
HYDROCARBON COMPOSITION OF THE THREE DIESEL OIL
~ FRACTIONS BASED ON. FLUORESCENT INDICATOR

ADSORPTTON (ASTM, D-1319, 1972)

-

(Per cent composition)

Fraction Aromatics ‘Olefins. Saturates Total
.’/ ‘ . .
Clight 14,6 0.8 -~ 84.6 ! 100
fleavy 59.0 10 4000 0 100

Cracked 72000 L 1.2 2.8 © 100
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TABLE 2

_ " "CUMULATIVE PER' CENT MORTALITY AFTER TEN DAYS FQR.DIFFERENT

CONCENTRATIONS OF DIESEL OIL FRACTIONS FOR

_ DETERMINATION OF TEN DAY INCIPIENT LCsoS

»
LIGHT FRACTION
70 ) n : ’ 150

pPpm

- 32

56

75
100
135
240

Y % mortality ppm -~ % mortality
0 e 32 ‘ 0
s - .- . 56 10
10 o 75 L 20
30 | 100. 40
60 ' 135 70
95 | 240 " 100 .

. - HEAVY FRACTION
'! 70 .‘ K ‘ 150 t

- ppm

[ [}

32

135

180

<6
75
100

» mortality - L “ppm % mortality -
0 . 32 0 -
5 56 10
30. - 7530
50 : - 100, - . 60
80 136, 90
95 .- 180 98

- ~ CRACKED FRACTION
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Figure 2.
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Regresszon Zznes relattng the cumulatzve per cent
'vmortaltty to the concentratzon of heavy fractton (ppm) '

fbr determznatzon of ten day 1nc1pzent LGso
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TABLE 3

28

LCso FOR EACH COMPONENT (AROMATICS, OLEFINS, AND SATURATES) CALCULATED

- FROM THE TEN DAY INCIPIENT LCso FOR EACH FRACTION BY USING

THE PER CENT COMPOSITION OF THE THREE MAJOR COMPONENTS -

IN THE THREE DIESEL OIL FRACTIONS. TAKEN FROM

)

TABLE 1 AND FIGS. 1, 2 AND 3

Fraction. = - LCso

- Aromatics

Olefins

Saturates o

Light 125
" Heavy © 100

 Cracked ; 62

Light . = 110
Heavy 790~

CCracked .50 o

~* (ppm LCso at 7°C)
18,25
" °59.00

44 .64

16,060«

U530 .

(ppmcL.Cso at 15°C] ;

36,000

1.00

1.00¢

0.74

"0.88

. 0.80 *

Cosd .
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'The LC5;'S for'the‘major components'(aromatlcs; olefins, and
saturates) of the three dlesel oil fractions were calculated (Table 3)
7 from -the ten day incipient LCso for each_fraction (see figs. 1, 2 and
3) by using the per cent composition of each of the.three'najor
components ln the diesel oil fractions (see Table 1).

Whenever the diesel‘oll.fractions were adiministered to the larvae

: § : e :
in the experimental tanks certain behavioral changes were observed.
Prlor to treatment the larvae would swim freely w1th1n the tanks,
'occa51onally rlslng to the surface to gulp a1r and also would rest '
perlodlcally on the bottom of the tank. .In the control tanks this
pattern persisted- However after the d1esel 0il fractlon was placed in
the tank, the larvae began sw1mm1ng erratlcally and bumped 1nto ‘the |
lsides of the tank. Frequent gulps of air were taken durlng thls 1n1t1a1
' period The oil appeared to be an 1rr1tant to the/anlmal After 30 or‘ h
'40 mlnutes this behav1ora1 pattern ceased and thereafter the larvae |
usually-remalned on the bottom of the tank Rarely a any further.:
gulplng of a1r observed Thls response wasbcharacterlstlc for the l"
maJorlty of the anlmals tested at the sublethal concentratlons (0 4
;"tox1c un1t) of the d1ese1 011 fractlons. At»hlgher concentratlons of

the fract1ons the larvae would float almlessly at . the water surface

fafter four days in: the test sample.'hDeath_usually followed.

>
N

r

H“S-tlo.logyy N

-

The h15tolog1cal structure of the resp1ratory organs (g111 lung,’l

"and skln) of the 1arvae was examlned for any mod1f1cat10n and/or

e -4

- ?fdestructlon. Examlnatlon of the tall sk1n of the larvae treated W1th

.-0 4 tOXlC unlt of the llght fractlon of dlesel 011 revealed no observable



changes from control samples (Plates ‘1 and 2). -The cellular’arrange—
ment observed in the tail skin of the controlfand light: fraction treated
nsamplesﬂwas,as follows: o |
The’primary layer, the stratum corneum, was composed of thin ‘
Cuticle.' Bencath the stratum corneum was a 51mp1e unstrat1f1ed layer
.composed of transitional- pol hedral cells known asxthe stratumigranulosum
and the stratum spinosum (helss and Ferris, 1954' Patt and Patt 1969).
These cellular layers rest upon a germlnatlve layer of low columnar cells
known as the stratum germlnatlvum which, in turn, rests upon a thin
basement membrane | Wlthln the stratum granulosum and stratum splnosum
large spheflcal celfé known as Leydlg cells (Welss and Ferrls 1954
Andrew and chkman 1974) are seen, These are secretory 1n functlon
\
In most cases, multlcellular glands of the,mucous and serous types were.
apparent within the Stratum germlnatlvum The smaller mucous glands are.
composed of low columnar eplthelbal celks whlle the larger serous. élands
are - composed of 1rregular shaped granular cells (Andrew and chkman‘/
'1974) | . -

The eg1dermal layer lies d1rect1y on a dermal layer composed of

"'brous connectlve tlssue \oyerlylng a more dense connectlve tlssue.

Junctlon of the ep1derma1 and dermal layers is heavily marked w1th

‘ chromatophores of Varylng types. The dermal layer also conta1ns~‘.

N

arge number of blood vessels,/whlch can be clearly seen. ;Tb?retare-

‘ numerous nerves located in this dermal‘reglon but theﬂéfre'not'cieariyi3“.

o ,V1s1b1e w1th thlS spec1f1c Sta1n1ng method o _;:;_‘ {'»7d'.”_4;'aj_t’
Examlnatlon of the’ secondary glll fllaments from the control and

h llght fractlon treated larvae agaln.show ‘no observable dlfferences in

)

: B
cell structure (Plates 3 and 4) The cellular layers of the g111

o
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3 B — PLATE 1

’:';'\*h ) : o) '

fa Seétiqﬁ through the tail skih from control Ambys toma iigrinum larva.

under 1light micToscopy.

. ‘(,;u’v s o ‘ “
é&i 7 8C - stratum corneum
M o SQK; - stratum granulosum
‘ §S - stratum spinosum™.
SGr -  stratum germinativum
- BM - basement membrane
V - Venule with erythrocytes
CT -. ‘connective tissue ' R
Ch - chromatophores
"L - cells of Leydig - ,
' . - T
MG - rmulticellular glands - B e T
. -Er - .erythrocytes | .
2] / ) .
- %g . - PLATE 2
Section through the tail skin from Ambystoma tigrinwn larva treated
v with 0.4 toxic unit of light fraction diesel oil. .

% SC .- stratum corneum

Bt - SG. - stratum,grahuldsum

\
‘ q‘:; o : . Lo
R SS - stratum spinosum
A S6r - stratum germinativum o S o o -
- = o . A s Co AR
(’-,; . - N Lo - : . . ¥
ks 'BM - -basement membrane

7. CL. - connective tissue =
Ch". - chromatophores
L ”i; ~ cells of‘Leydigif-'_

%

r

e

=

o

e






T PATE 3
Sectloﬁ thfpugh the secondary g111 f1laments from control
‘Ambystoma tlgrznum larva. |
E. - epidermis
De ;‘ dgrﬁis
Ch - q chromatophofeS'
BV

1

blood vessel

-

PLATE 4
Sectlon through the secondary g111 fllaments fr0m Ambystoma

,tzgrlnum larva. treated w1th O 4 toxic unit of llght fractlon d1ese1

“
[

"0il, under light microscopy. . ‘f

E. - 9pi@erm;§_ o | L ‘fl/
“-De" - dermis
BV -é’ ‘blood vessel EEE
S Ch - éhfbm&ﬁqphorqs







' ‘epithe]ium are similar to those described for the integument. The.
- epidermal layer, however, is much thinner and the<cells themselves

appear much smaller. The abundance - of mucous glands within the dermal

layer-is clearly.evident)-as well‘as’an increase ln the;number of branched
chromatophores nlthin thelgill filaments, Numerous capillaries contain- |
ing several nucleated'erythrocytes‘are.yisible Where the gill fllament
attaches to the maln‘body of the g111 arch, larger blood vessels are B
yev1dent as well ‘as large bundles of skeletal muscle flbers located | -
,throughout the dermal layer | | |
Amphlblan lungs vary 1n structure accordlng to the degree of
.functlon in the’ spec1f1c organlsm belng observed (Noble 1954)
.varlat1on in structure is correlated with the amount of f01d1ng of thev
ep1thel1a1 11n1ng and the degree of vascularlzatlon w1th1n the’ lung sac
' (Noble 1925) It is eV1dent from examlnatlon of the lung sacs from
control and llght fractlon treated larvae (Plates 5 and 6) thﬁt there is -

~an appreC1ab1e amount of foldlng of the eplthellal 11n1ng The lung sac '

L

" is divided: by many septa whlch are composed of 51mple c111ated

. olummar eplthellum The 1nfund1bu1a are d1v1ded by many smaller septa
The large spaces 1ead1ng from the 1nfund1bu1a to the smaller d1v1sions;;1l
"the alve011 are ‘known. as alveolar ducts Both the alveolar ducts and
';the alveol1 are characterlstlcally 11ned wlth.a 51ngle layer of squamousr
3 ep1the11um The cell membranes of these ep1the11a1 cells are extremely
ith1n and allow the d1ffus1on of oxygen 1nto the th1n walled caplllarles

l_whlch 11e in: the connect1ve tlssue adJacent to the eplthellum.. Also

i
/,.

f_lylng w1th1n the connect1Ve tlssue beneath the ep1thel1um are numerous
' -Vflymphatlc vessels Larger arterloles and venules are v191b1e and

contaln numerous erythrocytes



.Séc£ion throﬁgh the luﬂg s%c from confrol‘AmbystQma tﬁgrinum
: larva;, under 1ight.micr6§copy. | | . |
Sé - squamous qp1the11um‘;-'
SCE —._ c1llated low columnar eplthellum‘
| CT -_: connectlve t1ssue |
Er.. - fcrythrocytes
. Cp. - capillary .
‘fAll é.j élyeblus

Ad_' ; élVeolér:duct_ f

PLATE 6 e

Sectlon through the lung sac from Ambystoma tzgrtnum larva f-”;f,;b~~

treated w1th 0. 4 toxic unlt of llght fractlon d1ese1 011, under

llght m1croscopy

K

- ‘squamous eplthellum -‘ 

n};SCEn@;  c1llated Tow columnar eplthellum};f‘ S

s

.-CT;ii} :”Connéctlve tissue
.J§#: "5";erythrocytes SJ}. L
“'.:1165 _1;' dcap111ary o
| T:A12>F'7‘“a1veolus o

Cad o awvestar duct
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only occurred 1n a few Spec1mens

’giwere noted

38

The tlssues from the larvae treated w1th O 4 t0x1c unlt of the

fhcavy and crackcd fractlons of dlesel 011 are 51m11ar to those from the

control and 11ght treated groups in most respects (Plates 7, 8,9, 10

. 11 .and 12). In the larvae treated w1th the cracked fractlon there

4

: appears to be an 1ncrease 1n the number of unlcellular secretory glands,g

' the Leydlg cells (see Plate 8) ' Also, in‘a. few 1nstances there |

-appears to be some slough:ng off of ep1the11a1 cells 1n both the g111 -jh
dk‘and skin of eracked fractlon treated samples. (see Plates 8 and 10) ”

_At sublethal concentratlons thls sloughlng off was not exten51ve and

, One notlceable change 1n both these experlmental groups (heavy ' _»'f:

and cracked fractlon) was the degree to wh1ch the tlssues took up the

‘fh1stolog1cal Stalns In the Masson Trlchrome method (Humason 1967)

one. step in the procedures 1nvolves the ‘use of p1cr1c ac1d to dlffer- o

1

: -W.”ventlate the tlssues prev1ously stalned w1th hematoxylln.» Thls d1ffer- =
cientlatlon should occpr w1th1n three to flve m1nutes (Seward pers
“hcomm ). Tlssues from larvae treated w1th the heavy and cracked fractlons IRt
v‘zvrequrred about three mlnutes, whereas tlssues fron the control and llght A;iﬁf_i

"3ﬁfract10n treated larvae took four and a half m1nutes to reach the same 'y'”

-

' color iﬁten51ty For comparat1ve purposes all fUrther t1ssues were

v
. .

'dlfferentlated w1th p1cr1c ac1d for four and a, half mlnutes as

\

’Texempllfled by controls.ﬁ Any d1fferences 1n the starnlng 1nten51ty

AVA"V .“q PRSI

’f7_three d1e5e1 o11 fractlons are compared W1th tlssues from larvae treated';_i;; ;

A

fgwlth 1 2 tox1c unlts (from LCso determlnatlon tests), very d1st1nct

»d1fferences are seen. Lethal concentratlons cause deStructlon of the

A .

If tlssues from larvae treated w1th 0. 4 tox1c un1t of any of the ,3_57“V.h’"



PLATE 7
_Section through the ta11 Skln from Ambystoma tzgrznum larva e

treated w1th 0.4 tox1c unit of heavy fractlon dlesel 011

fﬁst stratum corneum-
SG .7 stratum graﬁﬁlosuh.
.. ‘SS 1 - _Aétratum spiﬁd§um
VSGr =L-, §trattmugerminétivgm
BM .", BaSement’ﬁémbraﬁe S ‘, ‘ B ‘. -ff‘;f
o CTht‘r“:'conﬁectlve tlssue o

--Ch‘. ;‘;tchromatophores }, 

S PLATE 8

W . . ; . v

Sectlon thrOUgh the ta11 Skln from Ambystoma tzgrznum larva

treated w1th 0 4 tox1c un1t of cracked fractlon d1ese1 011

i?SCl,, ff stratum corneum
$Gifi; ‘fstratuﬁtgranﬁlosﬁﬁv

,“SS ii{ ;;stratumlsplnosum

5}:§Crt_5ft:stratum germ1nat1VUﬁ

't;BMJQQQf‘ibasement membrane R

7thTi§,}§“fconnect1ve tlssue } B

L et of leydtg
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Séétiqn';hrough thé'secoﬁdary‘gill filaments from Ambyéfoma:
tigffﬁum;larfa.tfeated_Qith ﬁ.4 toxié Qﬁit bf éfaékgd fraépipﬁ '
_digselboii;'under light'miéfbséOPQf: |
 Ef:‘-' cepidermis |
"‘D'e-_. S d‘erfm,i'-s "
- Cch ’ - "ChnOhaﬁobhorés TR A

L. - cells of Leydig

&A PLATE 10

Sectlon through the secondary glll fllaments of Ambystoma

~, tzgrznum larva treated w1th 0 4 tox1c Unlt of heavy fractlon dlesel o

] dil@ under llght mlcroscopy
R e_p}dérml.'s ».
el
_; foi§f§j ?b1ood vessel w1th efytﬂrocytes
‘v= Cﬁf;£f;i-chromatophores':f.¥ﬁfﬂ
":"SMi1~;:f ske1eta1 muscle flbers' -

"LL:iuﬁcifcells of Leydlg ::;;' o .41Ff .fﬁ'>






‘f}:llght mlcroscopy

@ L CT - commective tissue -

PLATE 11
Sectlon through the lung sac from Ambystoma ttgrtnum larvav
~treated with 0.4.toxie unit ofvheaVy fraction diesel oii,_under
o 1igﬁt mieroscopy; | | | .
‘f;SE - squamous ep1the11um

_ SCE;.j : cfllated low cqgumnar eplthellum'

| Cp - <cap111ary Wlth erythrocytes
- Al - alveolus - ',A'sc

V.,Ad .; 'alveoiar,duet ' ff o - uhjyj -

e 15

PLATE 12

&

Sectlon through the lung sac from Ambystomd‘tzgrtnum larvard,uty-*

74treated W1é5 0 4 tox1c unlt of‘cracked fractfbn d1ese1 011 under

'5v$E‘?}},’ squamous eplthellum
YTSCEj;—Ef'c111ated low columnar ep1the11umYLJ,?{i[_fgég,- e

ZZAI.:ig'f,alveolus .f,_f‘g;ﬂeje_,“e S \\:if.“; 

.‘>'ffAd_f f\ 'a1ye91gr,dub£ BN
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a

‘intercellular attachments or bridges of the eprthelinm (Plates 13, 14,
and 15) thus cansing~the sloughing of these cells from the basement
membrane. Not onll are the cellular layers destroyed, but 1nd1v1dual
celle show d1<1upt10n of their cell membranes ’ Unllke the tlssues
taken from larvae treatod with 0.4 toxic unit of the crached fractdon

~which showed an i:crease in,the ndmber_of Leydig celis in the skin
epidermie-there was no apparent increase in these cells in the larvae
treated with‘i.thOXic‘ﬁnits of any of .the fractions fPlate 15; seef"
Plates 13 and 14). | | .

_ . ,

¥ ~In some samples, especially in the gills, the basement membrane’

i . . N - v

‘appears damaged (éee'Plate 14), with large arcas brokenvapart_exposing
the structureefwithin the dermal layer. Although the walls of the

“gill blood vessels do not appear to have been disrupted, it is quite

- evident that there'hae been'extensive'alteration of many of the

" erythrocytes within (see Plate 14). Many of these erythrocytese

to be denueléated~with the nuclei~f10ating'freely within the
'

- Many of the 1ntact erythrocytes appear to be mlsshapened

€

’ Damage to the ep1the11a1 layers. of the 1ntegument treated W1th
1. 2 toxic unlta of any of the d1ese1 oil fractlons (see Plate 15) ‘does

not appear to be as exten51ve as in the g111 tlssues However large.

hsheets of damaged cells have pulled away from the basement membrane.
. In many cases total dlsruptlon of the ep1the11a1 cells has occurred

% .No apparent dlfferences were detected in iung tlssues treated

vw1th 1.2 tox1c unlts of any of the dlesel 011 fractlons (Plate 16)

v*Oxyéen,Cohsumptien |

Oxygen.cenSUmption rates:as_mls_Oz/hr/g (dry‘Wt;) were:ﬂétermineﬂ° '

Ll .



_ PtATE 13
Section through gill filament from Ambystoma tigrimwn larva
treated with 12 to-xic units of cracked fraétion, under 1'>‘ig'ht
microscopy. | | |
E - epidermis

De - dermis

P

- PLATE 14

:’.Séctioﬁ'throughfthe gill filament from Aﬁbyéfbma'figrinum‘larva
trééfed with_1;2_toxié units of‘crackéd fraction,iunaéf light
‘ microscopy. | | | | | . |
e - “epidernis

‘De - ~dermis
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CPLATE 15

Section~through the tail skin fromhAmbystoma tigrinum larva

treated-with 1.2 toxic units of c;aékedifraction;.undefdlight
microscépy., No£e4$ioughiﬁg=of epitheliai.é§11§, 

. E - eﬁidermié '_  . e “ |
‘{Dg 1-. dermis:

/.

o T

O
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PLATE 16

Secfioﬁ thrdﬁgh thc'lﬁng séc-from AmbystémaAgigfinﬁm'iarﬁa
tréaigd‘withfi;z-tbxié ﬁﬁifS‘6f'cgackedﬁfraéfibﬁ, §na¢r liéht .
microséépy; j';g'.' R - ‘ - o

‘SE_VI-_-45ngmpu§ ¢pifﬁeiiﬁm3_

SCE .f ciiiéteq lowﬂgolumﬂar,epitheliuﬁ, I “

rAi.i-Lff”alveélﬁﬁ. K :12: ‘fi _ ‘ |

Ad -"_glveolg; duct .

CT 4.“"c6nneCtive tissue

~

Cp - capillary with erythrocytes . . - -,
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for prc-’and\post-oil treated.larvaeA(Appendix III) Palred observatlons
~ were made for each of the three test groups u51ng 24 larvae per d1ese1
0il. treatment Dry welghts for all pre 0il tested anlmals wereoestrmated
'from the wet welghts of control and llght groups (both in oxygen consump-v

- tion . experlments and LCso experlments) by u51ng a wet welght dry welght

'regress1on based on the known correspondlng wet and dry welghts of these

1arvae (see Appendlx IV) (Flg 4; taken from Tables 1 2 5 and 6 ; 1n '

' Appendlx V). |
Control larvae at 7° C showed 11ttle dlfference 1n orygen
' consumptlon (mls Oz/hr/g [dry wt. ]) between the 1n1t1a1 rates and those

seven days later. Although 1nd1V1dual rates fluctuated sllghtly, mean
Jrate (mls Oz/hr/g [dry wt ] "1 S E.M.) changes were not srgnlflcant -
N (Before < 0. 1454 o 006; After 0. 1452 o oos' df = 23; o 3691)
.(Tabie'4 ‘and Flg 5) - N

| A 51m11ar pattern was observed 1n oxygen eonsumptron rates

adetermlned on pre- and post 011 treated (0 4 tox1c unlt of the 11ght

L d1esel 011 fractlon) larvae at 7 C Agaln, 1nd1v1dual Varlatlon between

'before and after treatment oxygen consumptlon rates were observed but L"

= *fmean rate changes were not 51gn1f1cant (Before e 0 1361 0 0006

lf.After o 1359 o ooe df 23 t =0, 3677) (see Table 4 and Flg 5)

Slgnlflcant decreases 1n oxygen consumptlon rates at 7 C were
I .

E: observed for larVae tested after seven days' exposure to 0 4 tBXIC un1t

.'I_ ?of e1ther the heavy or. cracked d1e5e1 011 fract1on (see Table 4 »d??z;{"f"

w
-~

'v"j'Flg 5) Larvae in the pre heavy fractloﬂ treated grOUPS had mean s?‘-

1I1n1t1a1 oxygen consumptlon rates of 0 1414 0 0036 Rates for thls |
”:group dropped to a mean value of 0: 1117 O 0036 after seven days' expo-su

Tfixsure to the 011 sample.; Th1s decrease 15 51gn1f1cant at p < 0 001

.'\-
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Figure“4;

;Regresston Zzne relatmng the wet wezg t of controZ and

~;"3post-zight treated Zarvae (f?om oxygen consumptzon

.>L
]

<~w{
]

"uexperzments and LCso experzments) to dry weight

| For the equatlon Y A + BX, ~,’ - ’{ - =
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L]

;e Oxygen consumptzon values fbr Ambystoma t1gr1num Zarvae
o Measured at 7°C 24 Zarvae per f?actzon. |  ‘ ;

Ty 'y'.
1

uiﬂf.'—. before 011 treatment - ' '_ R

I | o L ey
A - _after’oil treatment:(0,4 toxic unit) for seven days-
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- S o . _ .
(df = 23, t = 8.2291). A more pronounced decline in oxygen consumption

rates was evident from larvae treated with 9.4 toxic’unit of the cracked
fraction. - Mean;initialvvalues of 0.1398 * 0.0018 are significantly
-.different (p < 0.001) from finalimean'oxygen‘consumption rate of 0.0838 #
.~ 0.0018 (p < 0.001; df = 23; t = 30.9009) (see ranle'4 and Fig. 5).
| Oxygdan consumptlon measurements made at. lS C showed a- slmghtly
';different overall»pattern. Inltlal values for controls and experimental ‘
groups'alike showed;approximately an,80,per cent.lncrease in rate,
. compared to those ats7°C;' This is to be érpected:for anA89C'increase
initemperatUre.l A mean value for control an1mals was 0. 3021 + 0, 0056
-hefore and(0.29§?-i 0.0056 after seven days. Thls dlfference is not
lsignificant‘édf ] 23;;t~=70.5893).(see Table 4)..
’ Larvae‘treated with 0'47toXic unit of the light oil fraction at
'g‘15 °C for seven days showed a slught decrease 1n oxygen consumptlon rates o
as compared with the1r pre ~0il- tested values The mean pre 011 treated
»value,wasﬂo 3054 + 0. 0014 compared to the post -0il treated value of
| ‘..6'3025 0 0014 -this 1s 51gn1f1cant at p <0, 01 (df 3A . 2 0833)
.(Flg 6 and see Table ‘4), . | '
Aga1n the - greatest changes in oxygen consumpt1on rates were, in

\

the heavy fractlon and cracked fractlon treated groups Mean values R
;~for the heavy and cracked pre 011 treated groups Were 0 2666 0 0022
fand 0. 2709 -0, 0063 respectlvely These oxygen consumpt1on rates dropped
‘ 51gn1f1can¢1y to a mean flnal value for the post heavy treated group of '
0. 1533 O 0022 and a mean f1nal value for the post cracked treated group .
'of 0. 1405 0. 0063 (p < 0. 001 df = 23 t = 13 3161 for the heavy group, ;'
| 10 218§ for the cracked group (see Table 4. and F1g- 6).

Larvae from the heavy and cracked treated groups showed a wet B

v
et .
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Figure 6. Oxygen consumption values for Ambystema tigrinumilarﬁaé

measured at 15°C, 24 larvae per fractiom
A - before oil treatment
. B - after oil treatment (0.4 toxic units) for seven days
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va

weight incrcase after seven days' exposure to 0.4 toxic unit of either
oil fraction. This incrcase occurred regardless ofhwhether-75C or lS°C
“was‘implcmented‘for the oxygen consumption experiments faeerhppendix
{In experiments carredfout at 15°C, mean initia1 Weight for the
.pre-heavy tredteddlarva was'103:7_i 0.45 (Tahle S)l‘ After oilﬂtreatf
. ment, this wedght increased sigpificantly fo a value‘of 107.6 + 0.45
(b < O;OOl--df = 23; t = 5.88). h’greater’increaee in weight occurred '
in the cracked treated group w1th a mean 1n1tlal weight of 100. 4 0.45 .
and a mean final weight of 105.7 * 0.45 (p < 0.001; df = 23; t = 12.28)
(Table 5). | - |
At 7°C the_weight increases‘in these'twovexperimental groups
were also evident A mean.welght in the pre heaVy treated group was‘
t14.i + 0 70 as compared to a mean f1na1 welght of 118. 2 0.70
(p < 0.00l = 23; t 8 80) (see Table 5) Slmllarly for the cracked |
treated group there was a 51gn1f1cant xncrease (p <0. 001' df = 3;_
t = 12.01) from the 1n1t1a1 mean welght of 116;4 0 46 to the mean . f1na1_f
weight value‘of 122,1 ¢ 0 46 (see Table 5). ' _ 'f |
As prev1ously mentloned throughout the seven day test perzod the
larvae were not fed. If the estlmated dry welght values for. the pre heavy‘
/and pre cracked treated groups at 7° C and 15° C are compared to the actualj'
dry weight values determlned on-these anlmals the values’rema1n almost'_&
‘constant ' Thls would lead one to conclude that the welght.1ncrease in :
. these two experlmentallgroups is due to’ an increase “in body water.
.':\ Calculatlng these welght increases as a per cent. water 1ncrease relatlve.?'
to the initial wet body welght of each larva tested, the average per ceht-v“

t

increase is 4.9 at 7°C.and 5.3 at 15°C,v-These.we;ght d;fferences ‘were »:
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" not evident in control‘orulight—treafcd groups (see Table 5).

Electron Microscopy

Electron microscopic,stddies-of~the integument from the tail did
not rcveal'any'concluslve evidence regarding modifications of cell
membrane structure, asshypothesized by van Overbeek‘and Blondcau (1954),
after cxposure to 0. 4 toxic unlts of any of the dlesel 0il fractlons

: q&
Examination of -several sections of cell. membranes from heavy fractlon
'treated larvae\suggested that_therevmlght be a sl1ght ”openlng’upﬂ (van
OVerbeeh and BIondeau,-1954) of the unit membrane structure7byvthe
‘hidrocarbons but this could notvbe~fu11y substantiatedr
Although alterat1ons in the\cell membrane structure itself were.
not observed there was con51derab1e cellular mod1f1cat1on between cells -
.w1th1n the experlmental samples whlch was not ev1dent in llght m1croscony ~tﬁ¥
studles’ ‘In coritrol" skin samples there “are numerous reglons of membrane
fu51on 'or occludlng zonules (Farquhar and Palade 1965) (Plate 17), o
whlch are regularly seen. between the ad301n1ng cells in the stratum -
corneum. ‘Attach1ng the stratum corneum.to the stratum'granulosum these
elements are knownwas ”comp051te desmosomes” or zonules occludentes
- (Farquhar and Palade 1965)_(Plate 18). . W1th1n the-stratumngranulosum‘
these-elements are seen asueomplete.deSmosomesior:macula*adherens
*(Farquhar and. Palade 1965) (see Platehl7j§ Desmosomes are~a"bfpartlte.;i
structure con51st1ng of local dlfferentlatlons of the opp051ng cell
.',membrane (Bloom and Fawcett 1970) The desmoSomeS'lle mldway on the fvij
“'protrudlng structures known as 1nterce11u1ar brldges. The spaees |

Qbetween the 1nterce11u1ar brldges are’ termed 1nterfaC1a1 canals A

(Farquhar and Palade 1965) (Plate 19) ff'»_m‘j_:. 'd PR, .:t:'ri-



PLATE .17
Eicctrbn micrograph of 'a one miilimcferlsection.of tail skin
f?om control sample of Ambys toma tigrinum'larva.
o SC -  stratum corheﬁm C ..
. SG - . stratum.granulosum
N - ~nucleus - -
D - - compigte desmosoﬁe‘ ‘ : - ; : o
IB - vintercellular'biidge

IS - .intercellularispace

.. .
. . o B

: PLATE 18 -, |
‘EleC£ron;miCr6§rapﬁ ofia Qné'miilimetef sqctiqn of téil skin:_ A
ffém iiéhtrfractionigreated larva CO,4 iéxit unifj of Ambystomah: ¢
.JSCA  7‘i;sﬁratum‘Corneuﬁ
-} v. n' SC i straiumigranuigédﬁ
| ‘”N' fe .nacieus'. |
iIB'. - 'inferceiluiagkgﬁidgéﬂ
SIS0 - .iﬁtércgiiuigf'é%;cc

'~ CD: - composite desmosome

v

o






PLATE 19
Electron m1crograph of a one m1111meter section of tail sk1n -
from control sample of Ambystoma ttgrinum larva ShoWlng components

of a typ1ca1 desmosome

T - tonofilament - 2

D “7 | de%moéoﬁe
‘ jiB ‘ -;' iﬁfefceiIUIar’bfidge'_. '
‘ IS - ihterééliqlérfspacé

IF. - interfacial éa}\‘_als' i

S - secretory granule






PLATE 20
Vo Electron;micrograph of a bnetmillimeter section of tail skin

from heavy-fraction treated larva (O 4 toxic unlt) of Ambystoma

tzgrtnum
' ,SC ,?  etratum eorneuml
. SGW..T ,stretum'éranulosem’
_N.‘.- '_nucieue - -
B - "_i.nte'rce.llula.r bridge
IS —.'_iﬁtercelluIQr‘sbace'

PLATE 21

' Electron mldrograph of a one m1111meter sectlon of ta11 sk1n '

from cracked fractlon treated larva (0 4 tox1c un1t) of Ambystoma_

, . §

;t7grtnum : ',
"sC - ZfstraUm gorneum" B '
sG - stratum granulosum Lo

. 'H?? = 1nterce11ular space;.~
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When compared with controls, the -skin- from the‘larvae treated

with 0.4 toxic unit of the -light fraction-appeared to have fewer
R . ) . . . ' A , . ) » ‘. ) v .
"composite'' desmosomes between the cells of the stratum corpeum and

§tratum granulosum (PlateAIB). There. are also fewer complete desmosomes
or macula adherens in the stratum granulosum (see Plate 18). The lntér«
cellular.bridges, when present', are considerably longer and ,thym'er

.than those of controls,

! The degree of destruction or alteration of”the composite.and

complete desmosomes is magnified in the skin of the*heavy and cracked
treated 1arVae.A In'the heavﬁ fraction(treated larvae, the 1ntercellular ,

brldges are more elongated (Plate 20), whéreas in the cracked fractlon
} -

treated larvae they are almost totally absent (Plate 21) 'Wrth a 7
decrease in- the occurrence of these cell JUnct1ons, the 1nterce11ular»

- spaces of -the epldermal cells are 1ncreased substant1ally In control:

F.

samples, these 1nterce11u1ar sPaces form a largely contlnuous network

1

wh1ch s closed to the external env;ronment but open to the dermal

[

3

1nterst1t1um (Farquhar and Paiade 1965) (see Plate 17)

In most skin cells examlned from’the 0il treated larvae m1to-
. , [ .
chondrla were. found that appeared to be damaged M1tochondr1a in. the

-, ' .
llght and heavy fractlon treated tlssues had gaps 1n51de the m1tochondr1a

where the folded crlstae 11e (Plates 23 and 24) At the same 1ev§§§§f§$
- @rnmgnlflcatlon «in control samples, these gaps were not apparent (Plate.

2&9 In fact the crlstae were not clearly dlstlnct at, thlS magnlflcatlon.
‘ 1n\most samples studled ssﬂltochondrla in’ sk1n ‘cells of cracked fract1on 1[17
‘ treated larvae showed very dlstlnct gaps close to.the un1t membrane |
- 71 surface (Plate 25) The un1t membrane of the m1tochondr1a, however,'f:;('

/-

appeared to be unaltered



PLATE 22
Electron mlcrograph of a one millimeter sectlon of tail skln

from control sample of Ambystoma tzgrlnum 1arva show1ng mltochrondrla.

-

SC ‘- -stratum coTrneum
. te - vsfratum grénﬁloSUm
M - mitochondria
vf)
{
, N

. oY

-PLATE 23

Electron mlcrograph of a one m1111meter sectlon of tall sk1n

SR}

from 11ght fractlon treated Ambjstoma tzgrtnum larva showlng
' :v‘ ' .

mitochondria. = o IR .

SG ..~  stratum gfanuloshm~'

: "M - mitochondria- o T /
N - nucleus ) ,
- ) ‘n \4
» o .
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o ' PLATE 24

Electron micrograph of a one millimeter section of tail skin

N

from hgavy- fract;on treated Ambystoma tlgrznum Jdarva showing small

.

gaps within the cristae of thc m1tochondrla

—
IS - intercellular space -
B - intcrcellulér bridge
M- mitochondria .
LR -
! -
)
. . PLATE 25

Electron mlcrograph of a one millimeter section of tail skln A

, :
from cracked fraction treated Ambystoma tzgrzwum larva shOW1ng

large. gaps hlthln the crlstae of—the mltochondrlay

SG /f %tratﬂm granu}osum _", ' : o

M “-_ mltochondrla

%3

LR

A
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" 0i1 Fraction Analysis

Quantitative analysis df any changes in diesel oil fractions by
gas chromatography proyed'UnsuccesstTfi The sublethal concentrations

of each fraction analyzed were too small for any chanéeé in the hydro-

carbon constituents to be clearly determined by the gas chromatograph.

Also, the fact that each oil fraction was,recovered from a water-oil
mixture by repeated washings with n-heptane provided a large margin of

error in obtaining quantitative results.

Gas chromatograms'of each diesel oil fraction are thus included .

merely as a means of identifying'the major hydrocarbon'groups of éach»

fraction uSed‘through§ut this research‘project_(see_Figs. 7)

A

75
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Figure 71 G'as chror;zatograyn prbfi les of 0.2 PZ. light, heavy 3_a'7_;tdv graekbe‘d. '

" fraction diesel oil (GCOS). , :

A
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'h«lhdlesel fractlons are 1mp11cated from the calculated Lng s for each

. - S © DISCUSSION

. b e.. . ’ ~. o . . ;
‘Results from both_hlstological andsoxvgen consumption experiments’'

indicate that the sublethal concentratlons of two of the three d1ese1

S s S ‘943 - e
¥ )
0il fractions, at 0. 4 tox1c unit, may be’ detr1menta1 to the Ambjsfoma -
. : . ) .
tig?inum‘larvae. 'Oxygen-consumptlon rates were s;gnlflcantlyil'wered B f{ )
after seven days' exposure to both the heavy and cracked fractions at 7°C o

-and 15°C,- - Exposure to‘these frattions.aISO-causeddanlapparent~increase-'

in permeablllty to water, with increases of up to 66 1n body welght

; Those larvae treated w1th the cracked fractlon and to some degree

the heavy fractlon showed an 1ncrease in the number of Leydlg cells S | \
‘ W1th1n the ep1derma1 layer of the 1ntegument and gllls._ At therIt?af‘-
structUral level the frequency of 1nterce11u1ar bridges between the .

r

- cells of the stratum corneum and the stratum gran%}osum were reduced in L

. 1 . £ - ‘ .. . o
_a11 groups espec1a11y in the heavy and cracked groups; Some d15rupt1on

r'?A B '  o @ b

of the m1tochondr1a1 crlstae Was also ev1dent
In all experlments a b351c pattern was establlshed regardlng the
'effects of the sublethal concentratlons of the d1ese1 011 fract1ons.,7 g

o The results from a11 tests u51ng 0 4 tox1c un1t of the 11ght fractlon :;f}fu

: varled 11tt1e from controls whlle those utlilzlng 0. 4 tox1c unlt of

. s *g N
the heavy and cracked fractlons showed 51gn1f1cant changes froﬁfcontrol

PR
ot

L Y

o groups

P’._.. . . S

Three,p0551b1e explanatlons for the tox1c effects exerted by theif

N

fvcomponent (aromat1cs, oleflns, and saturates) (Table 3) 1) the best flf"
. ‘ v

‘ 9_flcorre1at1on of tox1c1ty eX1sts 1n the olefln components 2) the v'Tf_ fjff;i,_'

_aromatlcs of the 11ght fractlon appear to have a greater tox1c effect

. . - "»t"."'

-, -
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R smaller molecules were found to be more tOXlC than the larger molecules.f

, 'anlmal.cells. There 1is agreement among many authors that tox1c1ty

79

A}

lthan the aromatlcs of the heavy and cracked fractions 3)-there is the -
: p0551b111ty of synerglstlc effects between the aromatlc and saturate A'
»
»components, espec1a11y in the light fractlon. However to dlSCUSS these
“results in thls manner, one must’ flrst assume that the three maJor
.components of the three d1ese1 0il fractions are, in fact the same‘in?
each of the fractlons and second that the oleflns are more- tox1c than

Relther of the other two components

To suggest that the oleflns are the most respon51ble for the tox1c

: effects of these dlesel 0il fractlons on the larvae seems 1nconc1u51ve .

in llght of the known toa1c effects of pure hydrocarbons on plant and

1ncreases along the ser1es paraffrns (saturates), oleflns (unsaturates)
cycloparafflns (saturates), and aromatlcs (unsaturates) (Havcs 1950'
val Overbeek and Blondeau 1954 Baker 1970) Wlthln each serles the"

4 | M

Van Overbeek and Blondeau (1954),‘and later Baker (1970) have shown |

that although 12- carbon OlEflnS were sllghtly tox1c to several dlfferent’;..'

plants 12 carbon aromatics at the same- concentratlon were even more so.;”

Dodecane, a 12 carbon paraffln was found to be almost nontox1c. :f,'

In view of the dlfference 1n the hydrocarbon dlstrlbutlon of thesefr

fractlons, as shown by the gas chromatograms (Flg 7), one cannot assume} B

4|__

that each of the aromatlc olefln or saturate components of the three

d1ese1 011 fractions are the same The maJor carbon range of'the llght

fractlon is’ Cg to ng, wh11e 1n the heavy the range is: C16 to Cze, and

e

- in the cracked C24 to 034 The b0111ng po1nt range-of these hydrocarbons

further substantlates the fact that the components must be dlfferent

!




,._vi,g’ tratlon of the aromatrcs was. 1noreased th1s 1rr1tab111ty was replanﬂd;by

80 -

A Thus, itvw0u1d:seem.that other factors must be taken into account

‘before maklng predlctlons regardlng the cause of the tox1c1ty exerted by
’thesc fractlons. The solublruty in water -has been shown to decreaSe with

1ncrca51ng carbon numbers (Scarrat 1974) Baker (1970) has found that

'

o the tox1c1ty of a hydroca?bon group is’ 1nverse1y proportlonal to 1ts
.solub111ty in water. Low b0111ng p01nt short'chaln aromatics are very
ssoluble and are the most tox1c cau51ng acute. effects'ln'most anlmals h
(Scarrat 1974) Low bo111ng p01nt saturated hydrocarbons are less -

soluble and show 11tt1e tox1c1ty, whereas low bo111ng p01nt oleflns occupy

an 1ntermedlary p051t10n between the aromatlc and saturate compdnents
(Scarrat 1974). The larger polycycllc aromatlc molecules wh11e'being\ o
relatlvely less soluble than the other components, have been found to -

: cause chron1c effects 1n some anlmals and may be carc1nogen1c (Nelson Smlth

-

71972 Scarrat 1974)

The p0551b111ty of synerglst1c act1on occurrlng betWeen the aromatlc ffly

0’

'7and saturate components espec1ally in the llght fractlon cannot be ruled
& fiou_t'. However the tox1c1ty of these ‘ree d1esel 011 fractmns appears to

mOre closely correspond to the relat1ve abundance of aromatlc compounds
‘G

_.;The heavy and cracked fractlons whléh contalned ofer 50°‘aromatics e

!‘~‘

'con51stent1y showed greater tox1c effects (lower Lcso s and oxygen con-

”sumptlon rates as’ well as. some h15tolog1ca1 alteratlons) on the Ambystoma -

'_.;tzgrtnumﬂlarvae than the 11ght fractlon whlch contalned Only 14 66 L

S e

'aromatlcs.‘

, PRI : y ‘ o . T

Goldacre (1968) has found that low concentrat1ons of aromatlc hydro-l |

: SR S
carbons 1pcreased surface 1rr1tab111ty 1n Amoeba dubta._ As the concen-"/

6"

-

.“'!

anesthe31a swe111ng of thé plasma membrane, contractlon of the granular

e R s Ll ,'w . PR
oA R e g : oL P
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- cytoplasm!, and flnally the burst1ng of the cell, result1ng in death,
Goldacre (1068) proposed that the swelllng of the plasma membrane and
hthus the 1ncrease in permeablllty was. due to the solublllty of the
hydrocarbons in the llpld phase of the un1t membrane
Van Overbeek and Blondeau (1954) have found that aromatic compounds'
1ncrease the uptake of water in plant cells They have 1nd1cated that
thlS 1ncrease may be due to an increase in. permeablllty of the plasma
Y )
'membrane fac111tated by the "openlng up" of the membrane by the hydro~ i
,carbons | The hydrocarbons would SOlUblllze the. plasma membrane thus |

. dlsplaC1ng the 11p1d molecules Aromatlc compounds or- any forelgn -

" ;substance wh1ch alters the, dynamlc structure of the membrane, w1ll cause

NS B v - ' ;7

: -~*§_ "leaks" in 1t (van Overbeek and Blondeau 1954) Van Overbeek and ff' g .:i~e 5

Blondéau (1954) have shown that sllght 5 ructural damage may lncrease:
permeab111ty under certaln cond1t10ns wh1ch may, 1n turn result in’
@ RN

.water’ upﬁ%ke Morrow (1974) us1ng coho and sockeye salmon has a150‘fi--gt\‘
shown that aromatlc compounds may 1ncrease Cellular permeablllty : t,y
“ vh Results obta1ned from th1§ study suPport thlS 1ncreased Perma_hl_ﬂ;
Azk-j ablllty hyp§$h3ils The" larvae treated w1th the heavy and cracked

fract1ons, wh1ch are composed of over SQ per cent aromatlcs, shdwed

SR what appeared to be a substant1a1 1ncreasdbln the uptake of water._fi“~'

The mechanlsm by whlch an 1ncreased permeablllty 1s medlated 1s

el SO N e e e e e " i e T

questlonable.‘ Electron mlcroscope studles of the ta11 sk1n d1d not fite,‘,“~”f

substant1ate earller theor1es regardlng alteratlon of the 1nterna1
plasma membrane structure thereby 1ncreas1ng cellular permeab111ty

At 20 OOOX magn1f1cat1on there was no clear evidence of the hydrocarbons

penetratang the protein 11poph111c proteln membraﬁ% structure resultlng

.l
P
T



. s o Lo
- in an expansion of the membrane, as proposed by van Overbeek and Blondeau

_(19545.
“The fallure to obtaln conc1u51ve evidence regard1ng alteratlon of
- the membrane structUre may be due in part to the flxatlon technlque W1th -
OSOq | SJostrand (1959) has reported varylng thlcknesses of the unlt -
membrane from 30——105 K Robertson (1961) has concluded that these,
varlatlons in thlckness are probably due to OsOu flxatlon fallure which
could prevcnt the resolutlon of the un1t membrane structure in varlous
areas of thc sections, Farquhar and Palade (1965) have found 1nadequate 'fj
;c0ntrast in the outer leaflets of the cell membrane after 0§0q f1xat1on |
alone.‘ They have reported that complete f1xat10n w1th OsOu followed by
i'stalnlng with' KMnOu or. phosphotungst1c ac1d is necessary durlng dehydra—b,
h tion procedures to enhance the contrast of -the membrane structure |
(Farquhar and Palade 1963a b 1964) Thus w1th some modlflcat1on?an L
T the flxatlon sta1n1ng procedures, and aomuch larger. sample 51ze 1t may'f
.,:be p0551b1e to. show alterat1ons in the asma membrane of the Ambystoma
itgrtnum larval cells o | ‘\pr | SRR
A Whlle the cell membrane expan51on hypothe51s cannot be.ruled out‘ effi
h1t cannot be 1nterpreted as the only means by wh1ch an 1ncrease in water.f‘
‘uptake 1s fac111tated Frog 1ntegument has been w1de1y-1nvestléaéﬁd7as

a blologlcal membrane espec1a11y 1n the studles of transport functlons

of epithe11a (Uss1ng, 1960 MacRobble and U351ng, 1961 Dalnty and House

s e e e T - r -

1966 Machln, 1969 Blber and ;urran 1970) a Jt jaj ]ylown to exh1b1t a-
i 4. e e

\, .
i
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83 -
i 4 ‘ ' . , . .
have suggested that the duffusion of water ions, and-small'water soluble

’molecules is 1mpeded along the 1nterce11ular spaces of the ep1dermls by

the zonulae occludentes (comp051te dcsmosomes) It is then fac111tated

from ce]l to cell w1th1n the epldermls b) zonulae and- maculae occludentes

’ 3

(composlte and. complete desmosomes) Any-dlsruptlon of.the zonulae
‘océludentes would then allow.water-and-ions to'diffuse unimpeded intov

the 1nterce11u1ar spaces of the amphlblan 1ntegument Results from ”

electron aacroscopy in thlS study rndlcated aedlsruptlon ‘and decreased
vfrequency of the zonulae occludentes between the stratuﬁ‘corneum and

stratum granulosum thereby openlng up a pathway for the dlffu51on of

water 1nto the 1nterce11u1ar spaces of. the larval epldermls. An 1ncrease

'1n permeablllty via thlS pathway could result 1n an 1ncréase ‘in total |

'body water ThlS 1ncrease 1n total body water could be reflected 1n

. A . ‘

f‘fi‘.r , ’1ncreases in. body welght as shown by the present study ,.'v K :"_ B
B ';Hi-‘)f‘ .ﬂ' The.llterature on the effects of 0115 on resplratlon’1s‘contro- a'., : :
'ver51al Beevers (1953] has shown that dan1trophenol 1ncreases oxyéen o
uptake by uncoupllng electron transport from phosphorylatlon electron_d"
btransport is 1ncreased wh11e the energy released 1s lost as heat .

JNozzollllo and Helson (1959) have also reported an 1ncrease 1n oxygen‘“t;»"'h,.}y

"fuptake in plants after exposure to varlous hydrocarbons., Sl1ght

‘ififrarfi.increases 1n qgfﬁular reSplrat1on in sunflsh were found after exposure 'ﬂhffftf.'
v'to sublethal concentratlons of crude 01ls (Calrns and Scheler, 196zJ, lggiaz';;rf"
'ﬁy-whlle Hood et aZ (1960) have shown a decrease in resp1rat10n 1n br1ne
Ilefshrlmp held under Slmllar exper1menta1 cond1t1ons. SeVeral authors have,v
. freported decreases 1n‘she11 movements assoc1ated w1th drm1nrshed pumplng .'gbf

pt'act1on 1n OYSters after exposure to water soluble 011 const1tuents 35-;;;15}]a¢“

v
“
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)

(Galtfg{f et al., 1935- Chipman and Galtsoff, 1949; Lunz, 1950).»
These confllctlng results may be due to several reasons. .Baker

(1970) hﬁh‘reported the,effects of different'oils on cellular respirétion

Viniplants; She has shown that 0115 h1gh in aromatlcs reduce or stop

Cellular resp:ran;pn causrng w1despread cellular injury, while nonherbr—
! ' '

‘cidal 0115 ge%erally 1ncrease cellular resplratron rates. Ottway (1971)

.and Nelsdn Sm1th (1972) have stated that differences in the overall

.

' effects of 0il compounds are obtalned not only because of thelr chem1ca1

nature but ‘also due to the way in wh1ch the "pollutant" is applled the

SUlfaCC

g ‘
llfe stage of the organlsm and the season,

» The effects of’01ls on oxygen uptake havq been thOUght to be 1

w1th the 011 fllm decrea51ng gas exchange at the water 011

1ndLr

.

thereby decrea51ng the oxygen ten51on of the water - Roberts

g (1926) however has reported that gaseous exchange at the water—011

surface was 75 per cent thathof the controls Other authors have more

'f_recentlm substantlated these results show1ng that gaseous exchange is

~

‘ not seﬁérely d1m1n15hed by 011 at the alr-water surface (Boswell 1950

I. v-'. , ‘

| Brown and Reld 1951}

: consumptlon rates 1n the groups reported 1n thls study., These decreases*dg'

A

Exposure to dresel 011 fractlons caused avlowerlng of oxygen E

o ;are 11ke1y due to d1rect effects on gaseous exchange 011 products

'Q”fespec1a11y crude 0115 have been known to act és "mechanlcal blankets"v‘g'

vmﬁhzhcoverlng the glrls and sk1n of aquatlc organ1sms thereby blocklng gas

:hffeXChange (Nelsbn-Smltir 1972) However, ;t has been found that d1ese1

fhed (Rushton and Jee,.1923 Tarzwell 1970) eronov (1970) coated

L :\'..'4

-_:»iAifuel 01ls do not c11ng to aquat1c organlsms,unless the 0115 are ému151-v“u'“':

-
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trout gills with droplets of fuel 011s and found an inhibition of gas
Aexchange Exam1nat10n of gill and sk1n tissues taheh directly\from the
'larvae'treated>w1th the diesel oil fractlons showed no visible signs of
icoating'undcr light microsc0py. Thusb”meChanical‘blanketingh dogs not

appear to be inhibiting oryﬁen ‘uptake in eXperimental larvae.

Manwell and Baker (1967) have,found that crude oil 1nterfered v

d1rectly w1th the actlvrty of\en yme systems }n both plants and anlmals:*’l

'D1ssolved or:d1spersod hydrocarbons are thought to interfere with the '
_.structu1e of the 1ntercellular membranes which regulate essentlal
metabollc processes in plants (Nelson Smith, 1972) Results from the
present study have shown alteratlon of m1tochondr1al crlstae in sk1n

- cells of larvae treated with d1esel oil’ fractlons. Enzymes 1nvolved
t1n the trlcarboxyllc ac1d cycle (TCA) and 1n ox1dat1ve phosphorylatlon

are. located in. the m1tochondrla When the membranous organelles of

8 . - 2 . . ',‘

the m1tochondr1a are dlsrupted the ab111ty to resplre aerobrcally is:
‘lost (Baker 1970) The m1tochondrlal membranes could be ﬂamaged enough
ito 1nh1b1t the TCA cycle and ox1datf$e phosphorylatlon thus lowerrng

' _oxygen uptake (Baker 1970) If at low concentratlons of 0115,'as used
e

”°f1n thrs study, the membrane is "opened" suff1c1ent1y to allow the 1nflux "__
©of hydrocarbons Withlﬂ the mltochondrla (Van 0verbeek and Blondeau o
' ‘”*g'1954), then perhaps alteratlon of the m1tochondr1al crlstae would occur.fa3;<ffi

e

‘ eStreet (1963) speculated that 011 can p0551b1y penetrate thp m1tochondr1a

.A"tand cause alterat1on 1nterna11y w1thout dlsrUptlng the m1tochondr1a"‘j;

[

f‘igcompletely ThlS could have 4, dlrect effect on cellular metabollsm :if‘ﬁagllij

'1thus lowerlng the overall oxygen consumptlon rates as reported 1n thlS



Ultras'tructural modifications of cellular components reported in

this study are not quantitative - A more extensive 1nvest1gation of

o

desmosomal and mitochondrial alterations must be made in order to

lﬂ
substantiate phySiological findings. Although the ”structuralU cause - T
. @ .

and the "physiological”;effeCt detailed thus far from this study seem

plausible,'one cannot rule out additional indirect effects of the oil S

fractions on oxygen consumption | As noted prev1ously, after exposure

o
ou

§ to any of the diesel 011 fractions~certain behﬁy;oral changes took
place Although the larvae 1n1tially gulped‘air they remalned at. the &

bottom of the test tank for the remainder of the experiment In other
/e

words thcy were relying on external, . gas exchange (skin and gills) andJ

" not 1nternal gas exchange At lower temperatures i.e, 7° C this LT

o
‘E‘:behaV1oral change’ 1n 1tse1f should not, substantially lower oxygen

consumption rates. Whitford andnHutchison (1965) and others (Whitford
. .

;and Hutchison 1967 Lenfant and Johansen, 1967 Whitford and.Sherman,fg - .;"
1968 Gulmond and Hutchison 1968, 1972, 1973) ,have ‘shown that a{" lo#_. S
temperatures amphibians utilize their skin almost totally for gas

7?]exchange especially for carben di@Xide elimination. Although the h&
‘r;gills,:skin+slungs and buccOpharyngeal regions may all be functional
fin aquatic neotenic amphibians (Noble 1925), at lower temperatures‘
'fhf!;l the skin prov1des enough ongen for metabolic demands (Gu1m0nd and if_ - Tvg: ;'f
) j”“Hutchison 1973) Czopek (1962) has found that 50 per cent of the ﬂ"

Lo - Ty

.resplratory capillaries are located w1th1n the skin, thus prov1d1ng

'v,a large enough surface area for gas exchange at lower temper ,u'"

HowéVEr at higher temperatures, 1,e. 15 C and above t_‘

"Vt;tg_‘_la greater oxygen consumption due to the‘b;o effect -Pulmonary/,yj

LW

i




» . ’
P .
L]

respiration thus assumes a greater role at higher temperatures to meet .

metabolic needs (Guimond "and Hutchison, 1973): this has been demonstrated
o~ ' . .

\ .
. . : . L. . o - .
I experiments using neotenic Ambys Lona trgrimen (Whitford and Hutchison,
© . : b

C1965). In Nectrus maculosuc, Guimond and Hutchison (1973) have also

shown -that the gills assume a greater responsibility for increased

oxygen uptake at 15°C, while in Siren Tacertina the lungs supply

increased surface area for oxygen exchange., If at 15°C the metabolic

‘ -
demands cannot® be met, because the larvae are cont;nuously submerged

and using oniy external respiration, then one would expect oxygon_

N

consomptlon rates to be lower in these animals., Whitford and Hutchlson-
(]967) have shown that Jf oxygen uptake through saldmander skln and

pulmonar) surfaces is not suff1c1ent to supply the requ1red oxygen then

»
thc metabalic rate would not increase at hlghorﬂtemperature5¢ Thus the

' decrease in oxygen conqumptlonirates at 15° C may be due, in part, to

‘ /A Ny ,
the structugal changc§ &ithin the mitochondria, as well as being due

to the 1nab1]1ty of the larvae to meet increased oxygen demands w1thout )

addltlonal pulmonary contrlbutlons
It should be restated that oxygen consumption changeq reported in
this study reflect the mean dlfferences in ' rates between presoil

treated. and post- 011 treated groups for the individual fractlon tested

only, No attempt was made to test 51gn1flcant changes in each experl—

‘J
mental group (before and after) with control groups (before and after)

At 7°C oxygen consumptlon rates in all "before” groups ‘were not

"o

51gn1f1cantly differéent from each other. However “at- 15 C there was

con51derab1e var1ab111ty in oxygen consumptlon rates. among the ”before”

»grfups. Whltford and .Sherman (1968) have ‘reported that 15° c appears'

v : : ‘

1
=~
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to gcproscnt the optimal temperature for activity in Ambyctoma tigrinon,
They have found variability within test groups S]mllaT\TO that reported

\
in this study. Ihe) have also noted that no chrelaflon exists between

boﬁy weight and'oxygen consumptien'ratesvat 15°C (r = 0.06), apparently
reluated to the great nariation in mctabqaic aeziyity,at this temperature.
This fact, too, was brougnt out in th prcscnt‘study.~ . | -
Thus the cffects of oil on oxygen COﬂSUmpt]Oﬂ show how each lndl—
viduad fraction affects the oxygen consumption O£ the larvac. The
results clearly cmphasize.basic patterns in terms of these effects:
trcatment with the light fraction, at either experimental temperature,
-does not alter oxygen consumption signifieantly;Awhile treatment with
eitner the heavf oT cracked fraction results in highiy‘significent
changes in the oxygen consumption rates. ' S |
The findings from the:presenf spudy indicatc that(;}csumably "safe"
or sublethal concentratiens of‘diesel 0il fractions alter‘both behaviof
and cellular sfructure,of the larvae to the point ‘that significanf
‘physiblogical changes oceur. Cersain forms of cellular nedifieetion
may leave the 1arvae more suséebtible to further injury or disease.»
Changes in cntaneods permeabiliey exert additfonal pressures upon thev
animal by alterlng ionic and osmotic equlllbrlum thus prov1d1ng an
addltlonal stres$ to the larva. Thc effects of/{ﬁe 011 fractlons/én‘
metabollc procesSes such as. lowerlng oxygen consumptlon rates provldes
less energy for norm;I act1v1ty In nature these stresses could have
‘seri0us_ long term effects-on the Ambystoma tzgrtnum larvae by lessenlng
their abiiity to catch and assimilate food, to grow, and to escape from

predators. =
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APPENDIX I

Water Analysis

A, Source of sample: _ Tyrrell's Lake
Date aﬁnhy:ed: | E ~ June 19, 1973
Alkalinity, Phenol as CaCo, 76.5 mg/1
Alkalinity, Total as CaCO;  636.2 mg/l
" Color | 7.0 _
Hardn;ss, Ca (as CaCOy) | T46.9 mg/l . _ \,

Hardness, Total as CalOy 872.0. mg/1

. Iron 0.24 mg/l
* o pH >v ‘ ‘ 9.10 (10.2 Sept.1973)

_Phosphate, Ortho » .29 mg/1
Siliga | ‘ ) © 1,16 mg/1
épecific Coﬁductahce _ 8000 micromhos b
Sulfate g 3700 mg/1 o
Total dissolved Solids ' 5433 mg/l \\\
Turbiciity - | , 12 ITUW
Chloride T 1566 mg/

L
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Soda lime Container

. To Manometer
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APPENDIX 11

To Nitrogen Source ‘

_ Watet Inlet
_ Water Outlet

/ Waoler Scmple Ourlel i

(o8]

(taken from Cormle

2.5em

" P]ex]glass Resp1rat1on Chamber used in Oxyaen Consumpt1on Exper1ments

]975).
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Page 1 © APPENDIX 111
o ‘ . '
" Individual Oxygen Consumption Rates at 7°C

ml 0p/hr/g (dry wt.) ~ml 0y/hr/g (dry wt.),
Control ‘ Control : Prc-light | i rfP'ost-light
’ treated . treated
0.1562 0.1580 0.1101 0138
0.1601 0.1582 0.1036 0.1046
0.1647 0.1709 © o 0.0972 0.0920_
0.1623 0.1600 . 0.1233 041289
Q1113 0.1102 0.1251 0.1243
0.1302 0.1293 0 0.0968 . 0.0928
0.1479 0.1495 " 0.0824 - 0.0812
0.1460 ©0.1440 . 0.1465 0.1466
0.1613 0.1575 : 0.1046 ©0.1006
0.1387 0.1399 . 0.0638 o 0.0665
0.1692° 0.1726 0.0987 .0.0914
0.1697 10.1708 | ~0.1704 0.1720
0.1226 '0.1200. . é/ 0.1597 ©Q.1584
0.1452 : 0.1423 ' : 0.1581. . 0.1585
0.1169 . . (P I ©0.1813 o 0.1821
0.1541 01568 - ° . 0.1499 - - 0.1479
0.1871 Co0.1861 0 0.1501. . . 0.1516
70,1699 0.1642 . 0.1409 © 0.1400
0.0932 ©0.0903 068 0.1697
0.1264 01280 - c0a762 . 0.1766
- 0.1465 0.1497 - - 0.1453 T 0.1463_‘ .
0.1354 - 0.1350 © 0a18%0 o 0.1872 .
0.1450 0.1424 -« 01759 0.1804
0.1325 001330 - -~ . . 0.1494 ~0.1480 -

. 2

=
n

= 24

- IR
" '
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APPENDIX IIT

Individual Oxygen Consumption Rates at 7°C

ml O,/hr/g (dry wt.)
4

ml Op/hr/g (dry wt.)w

102

NG

Control Control Pre-light Post-light
' : treated treated
0.1562 01580 0.1101 0.1138
0.1601 - 0.1582 0.1036 0.1046
0.1647 0.1709 0.0972 0.0920
0.1623 - 0.1600 0.1233 0.1289
0.1113 0.1102 0.1251 ©0.1243
0.1302 ©0.1293 ) 0.0968 - 0.0928
0.1479 0.1495 0.0824 0.0812
0.1460 0.1440 0.1465 0.1466
0:1613 0.1575 0.1046 . 0.1006
0.1387 £ 0.1399 0.0638 | 0.0665
0.1692 0.1726 0.0987 - 0.0914
0.1697 0.1708 0.1704 - 0.1720
0.1226 - 0.1200 0.1597. 0.1584
1 0.1452 0.1423 0.1581 0.1585
0.1169 0.1159 0.1813 \. 0.1821
~0.1541 0.1568 . 0.1499. 10.1479
0.1871 0.1861 0.1501 0.1516
0.1699 0.1642 0.1409 © 0.1400
0.0932 0.0903 0.1685 S 0.1697
. 0.1264 0.1289 01762 L .0.1766
0.1465 0:1497 - 0.1453 . 0.1463
0.1354, 0.1350 0.1890 - 0.1872
©0,1450 - 0.1424 ©0.1759 -0.1804
0.1325 0.1494 1480

{1

24

$0.1330

24

0.

3
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~ APPENDIX IT1 (Cont'd)

-

Individual Oxygen Consumption Rates at' 7°C

ml O,/hr/g (dry wt.)

1
'

ml 0,/hr/g (dry wt.)

bro-hcavy Post-heavy PrC—craéked Post-Crécked\
treated _trcated trqatcd -treated
0.0692 0.0436 0.1496 0.1076
0.1339 0.1092 ¢ 0.1512 0.1020
0.1133 0.0788 0.1406° 7 0.0968
0.1456 0.0929 - 0.1365 0.0724
0.1481° 0.1041 0.1427 0.0841
0.0990 - 0.0692 0.1522 ) 0.0904 -
0.0863 0.0687 0.0946 . ©0.0438
0.0988 0.0564 0.1343 0.0719
01270 0.0840 0.1638 © 0.1080
0.1342 0.1026 . 0,1114 0.0583
. 0.1300 0.1166 0.1373 0.078¢
- 0.1421 0.1430 0.1489 0.0793
0.1565 £0.1552 0.1531 0.0815
0.1723 0.1250 0.1084 0.0592
0.1797 0.1221 0.1691 0.1011
0.1609 0.1317 0.1442 0.1035
©0.1481 0.1015 . 0.1283 ° 0.0710
- 0.1442 0.1006 * . 0.1387 0.0890
0.1723 0.1463 - 0.1325 /0.0726
1 0.16917 0.1357 ©.0.1074 7 0.0512
10,1566 0.1491 0.1626 0.0022
0.1672 . 0.1265 o r0.1822 1'0.1353 .
0.1839 0.1509 . 0.1292 0.0762"
- 0.1548 0.1663 515_'0;1555-v5 -0;0843_:f
. 24 e
S

103
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Page 3

APPENDIX III (Cont'd)

Individual Oxygen Consumption Rates at 15°C

ml 0,/hr/g (dry wt.) _ ml O,/hr/g (dry wt.)
Control Control ' _ -Pré-light Post;iight

treated - . treated

A

0.1472 . 0.1469
.1743 0.1731
2396 . 0.2479
4517 0.4502

0.5879 =~ - 0.5706 0
0.1507 . =« 0.1694 0
'0.1557 . 0.1723 0
3383 0.3134 0
:2396 0.2360 . 0.2385 0.2393
4377 0.3742 . o729 . 0.1734
3855 0.3567 0.4284 . 0.4268
3328 . 0.3015 0.3306 . - 0,3310
L1307 . 0.1500 03170 10,3065
1963 0.2137% 0.3959 E
3122 03278 " 04861 . 0.4769
2836 0.2946 - . . op.ass2 0.1568
4535 . 0.4419 - L 0.4943 L 0.4837

0
0

0

0

0

0

0 0.3901 - .
0 _

0

0
0.5378 0 0.5313 - w0312 G.3090;
0 - |

0

0

0

0

0

0

0

0

0

e

2383 ‘.,'0.2769 - oas 0.1%52
0.3169 o 0.3256 - C gm0 o440
2100 0218 0.3263 - 0.5273
0.1754  0.1895 . . . 0.3372. .. " 0.3384
0.2930- Q24387 - 03051 - - 0.3gss
0.4764 . o.4189 - 03100 ¢ - 0.3002
3507 0 om0 0aass T oasgs -
2835 0.2851 . .0.2884 0 02031 )
1926 01925 - 012008 - 0.0028 .
B L 02047 g2z
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_‘APPENDIX ITT (Cont'd) » »
o - Individual Oxygen Consumption Rates at 15°C v »

ml Oz/hr/g, (dry wt.) D o ml Oz/hr/g (dry wt.) , *

Pre<heavy Post-heavy . * -Pre-cracked ~ Post-crasked
treated. °© _  treated ©, .- treated . treated

0.1026
.1308
.2140

0.2276 0.1840 . 0.2793 0
01735 0.0051 ' 0.2617 . 0
0.3115 . .  0,2164 0.2689 0
©0.2338 C U oasot o o0.2872 0.1157
0318 °  0.2000 . 0:2564 0.1099 .
0.29040 - 0:2017  © 0.3669 - 0.1390
0.4156 . 0.2945 © . 0.3713 - 0.2001
C0.2221 - o263 20.1498 0.0663
0.2973  0.1979 - 0.2684 0.1949
0.2460 0.1567 . 0.1586 0.0741"
0.1598 - 0.0818 0S4 0.0898
0.1727  0.099% T 0.193%  °©  0.1362
0.2864 o183 - 0.2977 0.2579
10.2362 . 01379 - 0.4220 . 0.2264
01331 o078 - 0,323 10.1385
C0.2419 0791 o 0as13 . o042z -
0.3267 . - 02040 .0 Tolles . 0.1196

02640 . 01136 . . 03119 . _0.1407 .

0.23% .. 0.1002> - - - o.s028 0.1569
01573 ' oawrs o 0so7s -  0.2s45
S o240 oss7 | 003U 0.2070
01639 01230 . 0a7s6 - 0.o720 o
co0amz D Coazss - 02220 . .0.1383
L0477 0 Gl0943 i . 0642 . 0.0099

T 7 T TR S YT



' APPEHDIX IV

TABLE 1
WET. WEIGIIT AND DRY WEIGHT FOR CONTROL LARVAE

~ ACCLIMATED AT 7°C_

& .

. Pre-control ’; . Post-control ‘
Wet Wt. (g.) *Dry We. (g.) Wet Wt. (g.) Dry Wt. (g.)

s

107.8 . - 161 . - . 107.1 1640 ¢
936 13.9 | 942 5138
86.5 1290 S 864t 2.9
80.0 11,9 R 80.9 . 11.9
147.0 219 I VT T 21.8
1224 183 o d2209 0 :18.1
116.8 o174 1164 . . 17.3
109.1° 1623 E 109.1 ~  °  16.5
865 - 12.9 o 86.6 12,5
107 - 210 . 1410 - 219
9.2 1.8 798117
182.3 . - o212 1817 - 27.4
1469 - . 21.9 1468 - 21.8
112.0 w167 1121 169
15%.3 0 . 23.2 o "A‘__ 155.3 - . 'f23;2,3
107.5 160 C 1074 S 16
682 1002 . 682 T . 10.2
Coe4 12 sos. T 12,0
1656 247 1655 . 248 .
ass7 s L 13360 199 4
10908 164 . 1099 - 64
mwel . 1ra ' meo . 174
Seo IS 124.0 18T

 *Estimated dry weight, from Figure'd =
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APPENDIX IV (Cont'd)

TABLE 2

«

WET WEIGIT AND DRY NEIGHT -VALUES FOR PRE- AND POST-LIGHT ~

FRACTION TREATED LARVAEL -ACCLIMATED AT 7°C

o

~

Pre-o0il

‘Wet Wt.

(g.)

Fhry We. (g.)

’

. Post-oil

Wet Wt. (g.)

‘Dry \\'tv.'i.(g..) '

151,

™
(o
Ww

110.

. . 82
4{}/’ . 37§7
109,
65

.98,

5

4
1785
3

22.64

23.32

126.96
22,16

L.21.68

'26.40 -

' 21.90

-15.60 .
122,93

23,22
24.72

11.97
13.85 .

14,01

©10.46°

14.55
©13.43

16.46

s

1178
.. 16,29

9,76

U S B0 SR
14,67

142.5
147.4
172.6
149.1°
144.2.
. 168.3
148.7
1045
156.4
148.4
168.9
81.3
92.7 -
94.0
70000
| 96,9
82
0 7109.7
818

o Co1103 0
ool e

. .77?9‘ -

21.30°

22.00

25.80
- 22.30

. 21.50

125,50
22.50

- 15.61
' 23.40

24.48 .

25,20
12,50
13.84

. 13.82
. 104

14,46

14.03
;;‘16;13f; e
12,39 . -

11198 -
; '16.96¥55i
L 9.45
o a5
14,94

R
a3

e,

8

v

'f'2§1$i79v: h

v ':Efvj*Estimatediqu weight, from Figure 4 '

1

~
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L v . :
WET WEIGHT AND DRY WEIGHT VALUES FOR PRE- AND POST-HEAVY

" FRACTION fREATED LARVAE ACCLIMATED AT 7°C

,Pre—oil;-'

Wet Wt. (g.)  *Dry Wi. (2.7

)

_APost;oil

Wet Wt.

~Dry We. (g.)

199,
121.
151,
:110.

6
8
1
3
0
172.9
- 175.5
172.7
©129.0
14401
©120.4
105.2
91,7

1 69.4

- 83.2
99..

100.

- 88.6

0.8 .

@0.,},60.

4
8
2
0
6
| 81.7
6
8
1
7
5

29.79

18.18
22.55
116.56

17.90
25,80 .

26.19
- 25.78

©19.25

. 21.50

17.97

15.70

13,69
10.36
1191
1242
14,77
15,01
12,19

13,22

11,06

9.06

14,257,

116.5 -

154,

4.5
- 111.7

132.2

179.2
175,

138.

148.4
9 3

119,
‘.109;5
97.8
72,4
83.9

© 89,9

L 104.2-
107,0
 85.9
co934 et
s
7970 ‘
" 65.6.
98,0

205.5,

5
175.6
.

©29.06.
17.92
22.60°
16.37
17.75

S0 xenan -

\

L %=17.02

B STL T
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APPENDIX IV (Cont'd) .
L o TABLE 4

WET WEIGHT AND DRY.WEIGHT VALUES. FOR PRE- AND POST-CRACKED

FRACTION TREATED LARVAL ACCLIMATED AT 7°C

- Pfe—bil T ‘ ‘ Post-0il I
Wet Wt. (g.) *Dry Wt. (g.) Wet Wt. (g.)  Dry Wt. (g.)

ns.2 17 1218 17.5
94.3 Coma 99,3 14.2
2.7 - 16,8 120.1 - . 16.5
122.7 . 183 1245 18
105.3. o171 T 155
906 185 9.4 138
162.5 24.2 S 1692 24.5
126.6 - | 18.8 1349 18.5
90.4. - 35 800 . 139 -
L1105 164 1176 16,0 -
1383 2011403 19,7
£ w04 164 . o102 0 168
s 137 . 9es L 139
8.1 235 . 1634 230 )
- 88.7 Coo132 o sel 1301
100.2 - 149 1096 149
149.4 - 2273 S Tasas T 224
© 12706 190 . - 013320t 185
12830 187 nme 190
oasdz o230 C1el0 230
80 o T oare g2 1.9
695 S04 732 105 .
B L T 3 15 B 130 RS B IR
%08 - o1es s 194

CooRRll6d oL xel7a o kel ks
7 *Estimated dry yeight, from Figure 4

~
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APPENDIX IV (

anf'd)

TABLE 5

WET WEIGHT AND DRY WEIGHT VALUES TOR CONTROL LARVAE

ACCLIMATED AT 15°C

t

. Pre-control

'Post-control

- Wet Wt. (g.)

oDry Wt '1 (g') ’

~ Wet wt. (g.)

845

229,
129,
118.
79,
91.
75,

-

66.6

203,
A3,

,'Afiol.

63,

57.
99,
65.

[}

67.1

/148,
118,
7T

61.
'63?

" 194,

-

$
2
7
7
7
4
0
@
3
9
4
4
75,9
57.2
7
8
1
5
9
9
5
8
6
6

M
T

}12{4‘5
3.2
19.3
1 16.6
. 11.9 .
13.6
1117,
9.9
30.3
17.0
15.1
9.4
A11;3

R -3

.

14.8
9.8 .
©.10.0
22,16
17.7
11.6
. 9.2
9.5
27,9
00

Nty We. (g.)

84.

. 228,

129,

119.

79.

91,

75.

. 66,

203.

115,

- 100.

64.

~ 76.

57,
o 99.2
7 65.9
663
 148.4

119.2

' ;“ -',i;?sja
61.7

63,5

186.9 *

'Ow-Nv.o.ooou-nwoab\»—-o'oxo»-a'

ia~‘__194.of‘j7 L

12,5
34,1
194
° 17,7,
11.8

13.7 .

1.2

© 9.9
©30.4
16.8
15.0  ~°
9.5
1.4
8.5
14.8
9.8
2909
221

- 17.8

S 115

S92
9.4
D28.8 .,
28,9

k=107.2

X=15.9

T %=107,2

© *Estimated dry weight¥ ‘from Figure 4 . -

ok
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APPENDIE IV (Cont'd)

| TABLH 6

WET WEIGHT AND DRY WEI1GHT VALUES FORPRL- AND POST—LIGHT

TR

FRACTION . TREATED LARVAL ACCLIMATED AT 15°C

»

.o - Pre-oil ‘ ’ Post-o0il] - 5 )
Wet Wt. (g.) *Dry Wt.oo(g.) Wet Wt. (g.) Dry Wt. (g.)

136.2 - - . 20.8 g o 136.1 - 20.9
147.1 | 219 146.9 . 21.9
7906 12,0 L 802 .2
75.2 112 753 11.1
69.4 - T1004 T T 694 10.4
1511 22,7 150,8 -~ 22.8
93.5 1306 - 93.7 -~ 13.8
100.2 . *14.8 : 100.4 - 14.9
12,9 160t Co13.00 C . 16.9
8.7 128 | 846 . 12.8
89.3 - - 1%.4 890 © 13,3
162.8 - 25.1 1625 - 25,0
59.0 8.6 o s9a1 .8
103.6 . - 15.3 . .. 103.5° - 15.4
12004 - 107 12006 19.6

' 170:5 25.3 170 . 2s.s °
108.0 . 16.2 1082 . 1644
%.5 146 966 140
Cee9 . 126 T Lsas 1217 E
o 99.2 - 15 f% el 1500 |
90.1 S139 . 0 90020 T T 13L7 .
676 105 S 67.8 103

SeLs. et 6l3 9.4
119.9 185 S 119.7 - - 18.4

Cx=103.8  x=15.6 " L k=103.9 . %=15.7
— N el T

*Estimatc_ﬁd d?y wéighf; from E:'i.g"u‘réA

------
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: | TABLE 7 )
WET WETGHT AND DRY WEIGHT VALUES FOR PRE- AND POST-HEAVY
I . ' N
h FRACTION TREATED LARVAE ACCLIMATED AT 15°C
_ Pre-oil : ‘ Post-o0il .oon
Net Wt. (g.l) *bry Wt. (g.) Wet Wt. (g.) ~  Dry Wt. (g.)

5.2 &' 7.9 ° . 59.8 8.0
143.0 . 20.8 \ 149.3 21.3 AY
50.5 ' 8.4 .. 550 7.9
97.7 . 14.6 L« 992 14.7
65.0 9.8 - 68.0 9.7
63.5 . g4 . 673 . 9.3
65.3 e | 69.4 9.8
61.7 9.3 oo 67,2 9.2
112.1 16,7 , 7197 16,8
60.9 9.0 . 65:6 | 9.2
- 85.0 12.6 87.1 12.8
173.6 - 25.9 : 179.2 . 25.6
51.6 BN . 530 7T
Cos09 75 | 50.8 - . 7.8
71.6 . 10.6 : 75.4 . . 10.4
565 84 . sz . g5
199.6 297 . 205.6  29.9°
S121.8 18.7 - 12609 . 18.7
1511 - . 236 o 156.8 . 23.87 -
110.3- . 175 183 . 17.4
120.0  © . 17.9 o 1242 - 17.9
172:9° - 25.8 1764 25.6
1755, 26,2 . 175,90 . 26.4

. ‘ B . ] . . K4 \' . :
172;7.» . . 25.8 . . - 175,80.0 - 2546
x=103.7 - x=1506 . %=107.6 ' X=I5.6 -
: .M_;Esti'mate'd dry. Weight',_ from ﬁf“gur_ed. ' __.v- e
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TABLE 8
WET WEIGHT AND DRY WEIGHT VALUES FOR.PRE- AND POST-CRACKED

FRACTION TREATED LARVAE ACCLIMATED AT 15°C |

-

. Pre-oil A S ﬁbst-oil
Wet Wt. (g.) *Dry We. (g.) ‘ Wet Wt. (g.) Dry Wt. (g.)

-

o

111.2 - 166 ' 118.3 - 16.9
63.1 N 69.4 9.5
80.5 1200, 82,

- 12.6
T 71.5 .  10.8 - - 78, 10.7.
» § WK - ' .

S'.',.,;-; B

90.5 135 gs,
61.7 . 8.8 69.
;655 0.8 69.
1374 2005 143,
54.8 8.2 | ST, 8.2
1292 193 . 1369, 19.8

4
6
7
5 13.4
8 |
1
0
2
9
192.7°° . 28.8 . 198.6 28.9
3
2
0
9
1
7
1
5
6

o+ 8.9
. 10.0
20.1

C 1708 147 2. 1416
© 977 16T 99, C14.7
C 575 . 86 61. . 8.8
60,6 - - 9.0 67. 9.3
'200.3 0 29,9 - 210, 30,1
139.1 20,8 a4z, 21.4
040 1.5 L. s
61.3 . 9 S 8. 9.2

59.7 9.2 . " es. ‘9.2

S7s2 T g gy

‘140,5‘ S N :"“Eﬁ?i 0.8
L S 695 1044 o 73.7 10.6
e 1680 . 250 S 120 . 2500 -

CR=10004 - 7 k=140 @ (XE105.7 o x=14.9)
. *Estimated dry weight, from Figure 4 j .



