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ABSTRACT

Petroleum hydrccarbons are imporﬁant contaminaQts in
the aquatic environment .and a considerable amount of
Jinformation 1s gﬁailable on the general toxlclty of crude

oils. Relatively little work ‘has been done, however, to

characterize the morphological effects of crud@*oils. This

study examined the effects of two crude oils (Norman Wells,
Venezuelan) and certain hydéocarbon fractions on the gill

structure of rainbow trout (Salmo gairdneri) usinrg light

. transmission and, scanning electron microscopy.

The effects of exposure to mechanical disperaiens-of
fresh (100 upl/L) and weathered (200 "u1/L) concentratiens of
two crude oils were examined over seven days, and showed
severe. and varied pathology including fusing of larellae,

.eﬁithelial 1ifting, and chloride cell proliferation and
alterations.

Physical effects of oil were simulated by a non-
'toxic paraffin oil at two different concentrations, and
were not found to be contributory to the effects observed.
The water soluble fraction-of the two crude olls was tested

and indicated that while this fraction had an effect on the

surface of epithelial cells, it w‘lot responsible for the

changes produced by crude oll dilspersions.

- iv -

;.



-~

The contribution to mérphological effects of an
ihternal'burQEn of hydrocarbons was testgd by intraperi-
_,“toneallinjec%ions of crude oil in both fresh and sea water

adapted fish. The results showed few morphologlcal changes

“at the gill level. ’ . . X
The effeéts of specific arométic hydrocarbons wefe
tested by exposing fish to five .selected compounds
(benzene, naphthalene, phenathféne, benzo(g)ahthracene, 7 i
benzo(a)pyrene). The results indlcated ¢that especially -

higher molecular welght .aromatlic -hydrocarbons may

_ contribute to chloride cell damage.



RESUME RN

Les hydrocarbures de p&trole constituent d'importants

!
. . . , X ,
agents de contamination de l'environnement aguatique. Méme

-

$'il existe une quantité d'information importante sur la

.toxicit& des pétroles bruyts, peu d'effort ont &té& consacrés

i décrire les effets morphologiques des pétroles bruts.
Cette &tude examine les effets de deux pétroles bruts
(Norman Wells, Venezuelan) et de certaines -fractions ;

d'hydrocarbures de pétrole sur la structure des -branchies

de truites arc-en-ciel; (Salmo gairdneri), & l'aide de la
1) ~ .

microscopie optique et la microscopie é&lectronique &

balayage optique:

.Les effets d'une exposition & des dispersions

- mécaniques de deux pétroles bruts, avec des concentrations

de 100 ul/L en huile fraiche et de 200 ul/L en huile

.- - : . P
altérée observés pendant sept Jjours, révélent une

. . . -
‘histopathologie sévére et varie, y compris la fusion de la

~

lamelle, le soulévement de l'épithélium et des altérations

.de la cellule de chlorure.

On observe gque les effets physiques du-1pétrble,
simulés par une paraffine non-toxigue & deux concentrations
différentes, ne contributent pas aux changements décelés.

4

La vérification de la fraction soluble 3 l'eau des deux

_Vi—

i
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pétroles bruts permet de cons-ta‘ter."que méme si cette
fraction a un effet sur la surface des cellules &pith&l-
\iales, elle n'est pas responsable des changements produits®
par‘les dispersions. '

La contribution.d‘une charge interne d'hydrocarbures
aux changements morphologiques esé ver;fiée au moyen
d'injections intrapéritonéales de pétrole brut dans des
poissons é'eau douce et -dans des poissons adaptés a l'eau
salée. Les résultats né réveélent ‘qu'un nombre ré&duit de
changements morphologigues au niveau des bran;hies.

Quant aux changements attribﬁables aux hydrocarbures
aromatiques, ils sont vérifiés en exposant des poissons &
une sélection de c¢ing composés (benzéne, naphthaléne,
phénanthréne; benzo(a)anthracéne, benzo(g)pyréné). Les
résultats indiquent que les hydrocarbures aromatiques d'un
poids moléculaire plus &levé pourraient contribuer 3

endommager les cellules de chlorure.

- vii -
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Chapter I
INTRODUCTICN

The ihpact of 01l development activitles on the
environment has received considerable scrutiny. Environ-
mental sciéhtists from around the world havé carried out
studles to assess the effeéts of petroleum contamination on
fish. From a Canadian perspective, careful conslderation
of the adverse effects of oil in Canadian waters 1is
importaﬁf'in developing sound policies for protecting a
valuablé natural resource. Canada, enjoys the world's
largest coastline, parts of which are constantly travelled
by tankers carrying large amounts of crude oil. A major

0il spill is considered a slight but distinct possibllity.

Nunerous studies have examined the effect of the

'water soluble component of oil on fish. An Interpretation

of the impact of dispersed oil on fish is still 4difficult
becéuse of a lack of adequate information. .It is
recogniéed'that 0il originating from a spill is frequently
dispersed in particles. In fact, dispersion 1s often the
objective of chemicai countermeasureé to oll spills.

A comprehensive and well contrelled study of physio-

logically-relevant gill morphology changes, comparing the .

effects of various fractions, components, and environmentai

condltions: is needed.

.
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The gills of teleostg‘have 2 delicate eplthelium
exposed td the environment. This thin tissue'fﬁnctions in
respiration and in the maintenance of salt balance. The
g1ll is prone to damage by water-borne’ pollutants, includ-
ing hydrocarbons (Solangi and Overstreef, 1982). As such
it is reasonable to employ branchial tissue as é'sensitive
index to pollutant actlon. ‘

The purpose of this study was to examine the
relative structurél effects of various hydrocarbons on the
gills of both fresh water and sea water adapted réinbow
-érout. The test organism was selected because of the
abundant Aphysiological aﬁd morphological ' Information

available on 1it, and for its zbility to survive in various

salinities. In addition, rainbow trout 1is a model

. salmonid, & genus important in the food industry, and a

£ish found at depths relevant to oll contamlinatlon.

Fresh waﬁer ‘fish lose salt to <their hypotonic
external medlum by diffusion and by the excretion of.large
amounts of -urine. Therefore, an uptake of ions via the
gills 1s necessary in-the fresh water ehvirqnment to
maintain osmotic balance. Sea~-water-adapted fish by
comparison, show an influx of lons from the h Wertonic
medium and maintain their ionlc balance by drinking salt

water and excreting excess ions via the gills.



SOURCES OF PETROLEUM IN AQUATZC SYSTEMS

Petroleum 1is a natural and very complex organic
mixture containing more than 10,000 different compounds.

./;;E;;Eg?bqps are the predominant component of this nixture,

formed-thréugh‘molecular mpdification of plant and animal
material oveé‘geological time. The chem;cal compositiqn of
crude oil variesAdepending on® the nature and 1§cation of
the reservolir in the world.

The potential threatv of oil Dollutanus in the f
aquatic environment has increased as the use and demand foi
fossil fuels has increased.. An imooruanu source of waﬁer \
bérne oll pollution can be attributed to the hydrocarbon
industry, encompassing the dfilling, production and trans-
portation of oil. It(is of interest, hgwevér, that oil
prollution from land-bésgd sources (e.g., river outfldws}
gréatly exceeds that attribu@ed te -the oil production
industry. Two othgﬁ sources of  hydrocarbons are
geochemical and biosyntheyic. The feoxgmer may be a very
important contributor through natural oil seeps; occurriﬁg
in many marine regions.

Much of the o0il spilled 1s dispersed (Goréon et al.,
1973). The aerosol effect of underwater blow-outs and wave
action on .surface oll resulps in about 90 percent of the

01l introduced to the seas to be In the mechanically

.
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dispersed. form in the water column. A number of events
occur when oil 1s spilled. It can be mechanically dis--.

pgrsgd, and. the volatile fraction may evaporate; a slick on

Athe surface will form, and certain components will dissolve

(j\;nAthe water, part may form tarballs,_some may be ﬁodified

¢henlcally By microorganisms, and photochemical reactions‘
may occur {Clark and MacLeod, 1977.. The mechanicaily
dispersed.elegents of crude o0il spills have been chemilcally
and physically analyzed By Shaw and Reildy (19T95, but
l1ittle 1is known about their Fﬁﬁic mode -of actilon in ffgh,
Iﬁ myst be noted that thils dispersed phase can remain
peréigtent for weeks wiphid the water column (Parker et
al., 1971).

. The physical ‘characteristics of the vparticulate

-

hydrocarbons employed 1in the experiments were similar .to

those described by Forrester (1971) following an oil spill.
He reported that surf and wave action formed mechanically
dispersed particles in the 5 um fo 10 mm range, and thal

they could be detected in the water colunn to depths of

80. m and distances as far away as 250 km from the sit
the spill. The fresh 100 pl/L and' the weathered ich

exposures are not dissimilar to concentrations whi n one’

might expect to find in the aftermath of a splll 1n a large

volumé of water. The weathered 1000 pl/L exXposure

corresponds <¢o 200 upi/L and 40,000 particles/ml after

-
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homogenizing and weathering for 3 days (Engelhardt et al.,

- 1681). The pérticle size of the oil-in-water dispersions

ranged fron llpm to 2 mm in diameter, with a2 mean of 5 I .
As can be expected, the particle numbers and total hydro-
carbon concentrations declined as the experiments pro-
gressed through the standard seven day exposure regime.
‘Weathering causeslthe loss-é} low end volgtiles.
Norman Wells 1s a light-weiéht crude sith a2 high concentra-

tion of volatile and soluble components; upon weathering,

®much. of these are dissipated even in a matter of hours

’anslhardt, 1978). Venezuelan crude -has: a high proportion
of medium and high.mediﬁm welght hydﬁdcarbons which per-
sists in the water. " Volatile, low-boliling hydrocarbons in
fresh oll cén rapldly penetrate and solubilize the lipid
components of mnembranes. The higher-bolling hydrocarbons

in weathered oil would penetrate more slowly.

GENERAL GILL STRUCTURE (ﬁss//
)
This study made extensive use of scanning electron
riicroscopy as a tool in the visual assessment of gilll
morphology and -ultrastructure. A number of workers have
examined the gillls of fish using this scphisticated techni-
P

gue (Olson and Fromm, 1973; Vogel et al., 1976; Hunter and

Nayudu, 1978; Hughes, 1679; Kendall and Dale, 1979). These
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studies were all of unstressed fish. Under high magnifica-
tion 1t is clear that gill emorphology dgiffers among
speciles. The_ﬁork of Kendall and Dale (1979) serves as a
gocd reference polnt for the ultrastructure of rainbow
rout gills specifically. -

Hart and Ogelsby (1979) used the scanning electron -
ool croscope to test the effect of high concentrations of ‘
iron on the gills. The effect of high temperatures on gill’/
structure was examlned by Jacobs et al. (1981) using
similar techniques.

. Scanning techniques permit the etamination of
changes at the gill surface first at low magnification to
determine frequency and then at high. pagnification to
describe and characterize the disturbance. In addition, it
is easy to correlate the surface structure examined with
the overa}l gill morphology. In fish{ surface morvhology
ma& well determine _the efficiency of‘ the respiratory
function. Scanning electron microscoby prdvides an

effective means of visualizing the gill tissue.

Branchial Tissue

~

The fish gill 1s a speclalized organ, and the main
site for gaseous exchange and the maintenance of Zfonic and

osmoreislatory balance (Maetz, 1971). The gill tissue 1s

S
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heterogeneous, contalning numerous specialized cell types.
The branchia; structure .represents the largest permeable
surface on fiéh in cont%nuous contact with the exfternal

media, and is an obvious target site Ifor water -borne

-toxicants (Hgghes, 1966)1E-Gill browning has been used for

monitoring point sources of petroleum.pollution in lobster
habitats fPayné et al., 1983). As such, the gill structure
can be regarded as a valuable tool to evaluate the effect
on fish of toxiq components in the ;ater. In fact, since
the micellar layer can ab§orb water 5orne hydrocarbens, the

11l may be the primary site of hydrocarbon entry in fresh
g

water adapted fish (Lee et al., 1972). It has been shown

that the gills can accunulate substantial anounts of

individual hydrocarbons as well as crude oll (Rice et al.,
1977). Oil-in-water dispersions may have a major morphb—
logical and fuﬁctional efféét on the sensitive gill
structure. Because of the complex nature of crude oil, a
signif;cant gquestion to answer would involve 2z, physio-
chemical examination of which parts and what factors are
important in the development of gill disturbances.

The éecondary lamellar distance can theoretically
accommodate a range of particulate hydrocarbon sizes avail-
able in the water célumn after a splll. This close prox-
imity of dispersed oil and epitheliliazal cells may be an

important factor since Anderson et a2l. (1974b) found that

-
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.0il-in-water dispersions often retain the chemical composi-

tion of the parent oill,

Chloride Cells

Rainbow trout chldéride cells are similar to those of
other species, but do not contain an aplcal pit (Morgqn and
Tovell, 1973}. -The chloride-type cells are normally
situated beneath the epithelium and are attached to the
basal.lamina. Chloride cells were first described by Xeys
and Willmer in 1932. They are columnar and acidophilice
cells which extend from the free surface of the filament to
the membrane adjacent t¢ the blcod supply (Kessel and
Beams, 1962). Morgan (1974) found that chloride cells are
méré nunercus in the develeoping gill than In the aduit
trout. When the cells 1ift away from the basal lamina an
epithelial lymphoid space is formed. Chloride cells
characteristically have numerous mitochondria and a highly
developed agranular endoplasmic reticulum (Pétrik, 1968)
2and are the primary site of gill Nat, K¥-ATPase (Kannaky et
al., 1976). The varlation in morphological changes, as
revealed by scanniné electron nicrography of chlorlde cells
induced by exposure to selected componénts of crude
petroleun in conjuncﬁion with plasma ion informaticon, has

not been studled previously.

N
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DISTURBANCE OF GILL FUNCTIONS

Numerous toxlc substances may cause osmoregulatory
disturbénces in fish (Lewls and Lewils, 1971; Wedeheyer and

Yasutake, 1974; Schreck and Lorz, 1978; Sugatt, 1980), angd

an altered state of the branchlal transport epithelium was

suggeéted. The appearance o¢f multiple lesions In the gill
tissue is a common response to toxic exposure of a variety
of compounds (Mitrovic et al., 1968; Skidmore and Tovell,
1972; Smith‘ and-Piper‘-,#l9T2;‘ Brenniman et al., 1979).
While considerable work has‘been carried out on the effect
of ‘lethal concentrations of petroleum compounds, there is
relatively little work that aifferentiates the effect of
sub-lethal oll-in-water dispersgons. It i1s postulated that
certain gill functions were iﬁpaired'in tHose fiéh captured
in the area of a spill demonstrating‘*gross structural gill
damage (Blanton and Robinson, 1973). Histological changes
_were evident on exposure £to Bunker C oil for 96 hours, in
both_freéh water and sea water adapted trout (McKeown and

March, 1973). Individual components such as naphthalene

have been shcwn tc cause gill damage in Fundulus hetero-

¢litus, including hyperplasia and ﬁemorrhage (DiMichele and
Taylor, 1978).
Observatlons such as these prompted the research

- incorporated in this thesis. They raised th? possibility
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that certain hydrocarbons were Iinveolved .in the morpho-
logical changes of the gill structure, which in turn may
have contributed to the observed plasma lonlic changes.

or partichlar interest in this_stud& wére the epil-
thelial and chloride cells of trout gills; Organic pollu-

— .
tants have been demonstrated to disrupt membrane transport

(Kinter et al., 1972). Since petroleum hydrocarbons have é_

high affinity for liplds, they may affect the structure of
the epithelial cell membrané {Roubal, 1974). The chloride
cells are specific loci for electrolyte exchanges (Kérnaky,
1980). In addition, pétroiewn may modi?y chleride cell
morphology (Blanton and Robinson, 1973; Lopez et z2l.,
1981). Studles that have demonstrated ionicqiﬁbalance in
0il exposed fish have suggested chloride cell'damage to be
a contributing factor (Wong, 1982; McKeown and March,

1978).
HYPQOTHESES

Most of the work on gill tissues in association with
the evaluation of contaminant stress has been done with the
paraffin histological techniques and as such has Dbeen
limited to the description of gross histological changes of
low resclution. Only recently have higher resolution

techniques been used. Cell surface and chloride cell

’////"

Faaklig,
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change may occur on exposure to oil and can be ménitored.
Such changes éan thus be used as an indicator of the
éxistence and relative seggrity of the effeqts due to the
contaminant. Using light microscopy of thinlyusectigned
‘plastic embedded tissue and scanning electéon microscopy,
.Kendall and Dale {1979) revealed the many specilalized cell
tyﬁes and Intricately organized cell surfaces of healthy
rainbow trbut gill tissue. Similar techniques were
employed in this hypothesis-oriented study, with an
analysis of physiological data pfévided by colleagues
carried out to evaluate the effect anddoverall significance
of morphological changes induced by exposures. Numerous
" tests, using “twe crude oils and various hydrocarbon
fractions in association with’ other manlipulations, were
carried out to lend support to the hypothesis that the
dispersed particulates are the malin vectors of gill
disturbances.

Several hypotheses are addressed ;p this investiga-
tiop.

Hypothesis 1: the important morphological altera-—
tions of the gill are precipltated specifically by the
‘physical contact of the aecondary lamella with the emulsion
cr mechanically dispersed phase of crude oil.

Previous studiles have not 1isolated the relative

importance of the conpenents of crude petroleum, at
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© relevant cpncentraﬁions, in causing physlologically
significant abnormalitieé. As mentioned earlier,
dispersions are an important element of oil spills,-aﬁd
when o0il 1s dispersed 1n'ﬁ1cronf$ized droplets, the surface
area of the oil 15 inéreased by a million fold (Berridge et
al., 1968). Because emulsion particles and the average
distance between adjacent secondary lamella are of the same
order of magnitude, the trapping of oill particles 1is a
possibility. xt has been suggested that the suspended;

- dispersions may have a greéter Impact than dissoived
hydrocarbons (Nelson-Smith, 1672).

Hypothesls 2: the type of crude oil contaminating
the water modulates the degree of cell damage incurred.
The effects of two types of crude oils, Norman Wells and.
Venezuelan, were tested.

The weathering of petfoleum can substantially modify
certéin characterlistics of the crude oils, including water
solubility, dispersibility, and chemical composition (Shaw
and Reidy, 1979). Both fresh and weathered crude petro-
leums were examined in this study.

Hypothesis -3: the physical effects of a dispersed
0il are important in causing epithelial cell damage -

Hebert and Merkens (1971) demonstrated that
suspended 1nert particles such as dia;omaceous earth; for

Iinstance, could change gill morphelogy. To differentiate



. the purely physical effects of a dispersion from toxic
ones, two p;raffin oll expogures were evaluated.

Hygathesis 4: the water soluble fraction of crude
oil contributes to the morpholpgical changes observed.

Hawkes (1977) ;hdwed.that the water soluble fractlon
can cause c¢ellular digruption,' and so this sfudy also
examined the effect éﬂ the water soluble fraction of two
crude petroleums.

Hypothesis 5: the external hydrocarbon load is of
prime importance Iin’causing cell damage.

Evaluation of the relative importaﬁce of the
internal hydrocarbon load on gilll morphology was carried
out by intraperitoneal injections of petroleum. |

Hypotpesis 6 stfess—related responses in the ceorti-
sel balance of fish, exposed to hydrocarbons, piay a2 role
in the manifestation of morphological and hydromineral
imbalances. |

An early stress response to petroleum contamination

in the American eel, Anguilla rostrata (Nava, 1980), and in

the numnmichog, Fundulus heteroclitus (Levitan and Taylor,

. 1979), was an elevation in plasma cortisol. An experiment
was carried. out on ralnbow trout to evaluate the potential
contribﬁ%ion to gill rperturbations by a general stress
re;ction medlated by cortisol.

Hypothesls 7: & final hypothesis states that

e a2 e e e ne s
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aromatic hydrocarbons, at environmentally realistic
concéntraéions cause glll abnormalities.

Part of the toxicity éf petroléum has been
attributed to aromatic hydrocarbons which can be
selectively accumulated and metabeolized by fish. Aramatié
hydrocarbbns arel hydrocarbons with one to six henzene
rings. ' To examine the contribufibn of thié category of
crude oil compounds, a seriles of filve %romazic hydrocarbns
were tested.’

Certain observed plasma d1onic Imbalances can be
explaineé by morphological changes at the gill level,
especially at the sites of 'épithelial cells along the
secondary lamella (Engelhardt et al., 1981; Wong, 1982).
An examination of the effect of hydrocarbons on the ultra-
structural surface detail of epithelilzl cell and chloride
r ¢cell were carried out in this study for eventual comparison
with plasma paranmeters examined In the same flsh under the
sare exposure conditioné.

The pre;ent work represents one paft of & two-part
study on the effect of crude 01l ané certain fractions on
rainbow trout. The two studies were linked‘by the use of
the same experimental animals, and treatment reglmes.
Examination of the morphological changes due to hydrocarbon

exposure was the main obJjective of this study. The

rd
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influence of hydfocarbons on the mechanisms regulating ion

balance were examined; plasma from control and experimental

animals was sampled to measure Cl—, Nat, K*, ca**. This
latter work was performed by M.P. Wong (Wong, M.Sc. Thesis,
1982, University of Ottawa) and some of the results have

been published (Engelhardt et al., 1981).
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Chapter II
METHODS AND MATERTIALS

EXPERIMENTAL ANIMALS AND FACILITIES

Juvenile rainbow trout, Salmo gairdneri, {(Richardson),

weighing between 50 and 200 grams, all of the same genetic .
strain, were obtéiqed from the Thistle Springs Trout Farm,
a commercial fish hatchery (Ashton Ontario). For fresh
water experiments, the trout. were held in large fiberglass
tanks, with a constant flow through of dechlorinated tap
water from the city of Ottawa (8-12°C, pH T7.4-7.8). TFor
salt water experiments, the fish were held in a reclrcu-~-
lated,.filtered artificial sea water system with a salinity
of 21 percent (ppt) (Instant Ocean Inc.); and one third of
the water was replaced weekly withﬁtater.of the same salin-
ity. The water was continuously aerated, and monitored
reguiarly for quality. Chlorine and ammonia were always
found to be below levels of detection. Dissolved oxygen
was kept zbove the 75 percent saturation level (Yellow
Springs Instruments). A photoperiod of l2D/léL was held
constant with wide spectrum fluoréscent lights. Trout were
acclimated for over four weeks pbior to expé;imentation.

During this time the fish were fed ad libitum once daily

with dry commercial trout pellets (Purina Chow, No. 4
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Developer). .

After this acolimation period, groups of eight fish
were placed in glass aquarila for one week prior'to experi-
meptatiéh, witﬁ.the_water ﬁeld at 10°C+l, and recirculated
at 4 to 6 L/minute through a filter (Dynaflc Power filter
150). During this peridd the fish were fed every other
« day. Fish were not fed once.the treatment phase of the
experiments began.

The ievel of gmmonia in the tanks was monitored
regularly, and was found not to deviate beyond acceptable
levels. This wasrdone because Smart (1976) showed that

chronic exposure to ammonia caused serious gill hi;topéth—

ology, including heqstomoas and eplithelial 1lifting.

EXPERIMENTAL PROCEDURES

Each group of fish was exposed to varioug regimes
and modes of impact. All were seven-day exposure tests
using: methods similar to those recommended by LaRoche et
al. (1970) for the evaluation of oil toxicity. In alll
cases, each exposure regime used 1ts own control group to

allow for any seasonal changes.



18

Paraffin éJ) | . S

To test the’ mechanical effects of‘.oii—in-water‘
dispersions, and to help differentlate them from‘the toxie
effecfs, a light to medium weigﬁt paraffin oil_(lu‘fo 18
_carbong) was-empioyed. For the purposes of qombgrison, a
fresh 100 pl/L and a 200 pl/L concentration which had been
weathered for three days (initial - concentration of lQOO
ur/L) were used. A homogenizer was used to mechanically
disperse the oil into oil-in-water particles in size from 1

um to 2 mm, with a mean of 5 um (Wong, 1982).

‘Dispersions

Y

The effect of. the meghanical dispersions (emulslons)
of two crude “olls, Venzuelan' and Norman Wells, were
studlied. These two oils have different characteristics.
Norman Wells is a light crude coriginating from.the North-
West Territorles in Canada. Venezuelan crude is ‘trans-
ported Eegularly to eastern‘Cahada. Both samples of crude'
01l were stored in amber containers and kept at -20°C until
used. Oil-in-water dilsperslons were prebaf;d in a manner
previously described by Wong (1982). Both fresH and
weathered treatments of each crude oll were carrlied out.

Concentrations of 1000 pl/L were weathered for three da&s
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-
’

in aquaria under constant circulation. At the time of
introduction of the'fish; this treatment corresponded to an
'exposuré of 200 pl/L and 4 x;lqu particles/ml, which
simulated conditlons and concentratlions after an oil spill
(Clark and Findlay, 1977). For comparison, fish were
introduced to aguaria with 100 pl/L amounts of fresh oil.
In all four of the aﬁove'mentioned tréatments, oll was
emulsified mechanically with the help oqnan homogenizef

into oll-in-water dispersiohs.

Water Soluble Fraction

To evaluate the effects of the soluble component
alone, trout were exp;sed to the water soluble fractions of
Norman Wells and Venezuelan crudes. Fish were exposed to
the water soluble fraction by being placed in aguaria,
pantially covered by a slick of an initial concentration of
1000 pl/L, and agéd for three days prior to experimenta-
tion: The trout and crude oill were physically separated by
a mesh barrier which did not perphit pertliculates to enter
the water column or the trout ;gfi;;:::;:hhg_gig. Hydro-

carbon concentratlons at the time of introduction

Were
measured speétrofluorometricallj (Engelhardt et 21., 19
and found to be 35 pl/L and 45 ul/L for Norman Wells and

Venezuelan crude oils repectively.
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IF Injections

To study whether hydrocarbon-induced morphological
changes might be due 1n part to an internal hydrocarbon
1oéd, trout were treated with intraperitoneal injectlons of

yorman Wells oll. The crude was weathered for three days

and Injected at a deose of 100 pl/kg fish/day for seven

. days. The experiment was repeated, for comparison, with

salt water adapted trout. The recirculating system (Living
Streams, Model LS 700. Frigid Units, In¢., Tolede, Ohio)
was équipped with a high capacity charcoal filter and
circulatdr‘(ﬁin—orcool, Frigid Units,'Inc.) to remove any
excreted h&droc;rbons and products of metabqlism. Cbntrol

fish were sham injected with corn ¢il and kept in a similar

system.

Cortisol Experiment ?@.

»

The contributory rolé of a cortisol-medlated stress
reaction in causing morphologicél’gill abnormalities was-
evaluated. A series of éight fish were injected with 80 pg
cortisol/ldo g fish. Controls were sham injected with corn

»

oll.
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Aromatics

The . involvement of the aromatic fraction of crude
©ils in the productilon of gill disfurbances was exanilned.
Five individuél_ aromatic hydrocarbons were tested. A
nominal dosé of 100 pl/L of paraffin oill was spiked with
the tested compound in the following.concentrations: 3.0
mg/L of benzene, 3 x 10-1 mg/L of naphthalene, 3 x 10-2
ng/L of phenanthrene, 3 x 10-3 ng/L of ﬁenzo(é)anthracene,
and 3 x 10-t ng/L of benzo(a)pyrene. - These concentrations
were chosen to approximate realistic levels ofd these
compounds found in the water after an oil spilT. In each
case, the mixture was mechanically dlspersed with the use

Fad

of an homogenizer. As 1In all other experiments the

exposures were for seven days.

-

. Table 1 is 2 summary oI fhe exposure tp mengs used
in this study. ' < S S~
— .

SAMPLING AND TISSUE PREPARATION
!

Sampling of fish was conducted in the forenoon to
minimize diurnal eﬁfeqts. Fish were sedated in less than
one minute using 0.1 percent ethyl-m-aminobenzoate riethane
sulfonate (MS-222,- Sigma) as ‘the anaesthegia (1 g/L).

Blood samples were taken from the caudal vein inte ammonium

#
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Table ; Summary of Treatments Employed durlng thils Sfudx

. -
A: External Exposures

Treatment

Fresh Water Control
Salt Water Control.
-Paraffi; (EW)é
Paraffin (FW)
Norman Wells (FW)
anézuelan (ﬁh)
Norman Wells (FW)
Venezueian (FW)
Norman Wells (SW)C
. Vénezuelan (SW)
WSF€ NW (FW)

WSF VEN (FW)

Concentration _
at start of # of # of
experiment (ul/L) runs fish
- 6 43
-— 2 16
100 (fresh) 1 8
200 (weathered)® 1 8
100 (fresh) 1 8
100 (fresh) 1 8
200 (weathered) 1 T 8
200 (weathered) 1 8
200 (weathered) 1 8
200 (weathered) 2 164
35 (weathered) 1 8
15 (weathered) 1 8

sk
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.
[ETUPUSRTRTIN | TR et

aHo o

Fresh water adapted trout.

1nitial concehtration of 1000 ul/L, weathered for 3
days prior t& start of experiment.

Sea ' water adapted trout.

Experlenced 50 percent mortality in both runs.

Water soluble fraction of crude oil.

Dose of Norman Wells crude oil weathered for 3 days.
411 aromatics, in 100 pl/L of paraffin.

B: IP Injections
| : Dose? # of # of
Treatment (ul/kg fish/day) - runs  fish
IP (FW) 100 - 1 8
IP.(SW) | 100 1 8
- C: Cortisol
_ Dose # of # of
Treatment o (us cortisol/lOO g fish) runs. fish
Cortisol injected 0 . 1 8
Sham injected . 80 18
D: Aromatics )
Concentration # of # of
Treatments (mg/L) runs fish
Benzene 3 1 8
.Naphthalene 3 x 10-1 i
Phenantﬁrene 3 x 1072 1 8
Benzoig)anthracene . 3 x 1073 1 8
Benzo({a)pyrene . 3 x 104 1 8
Notes
a

U PP
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heparinate tubes.

The second glll arch on the right side was removed
and “examined under the dissecting microscoépe for gross
pathological changesf Gllls from half the fish were

N e

further processed for light and scanning eledﬁtﬁn.ﬁic:o-

scopy by fixing minced tissue in 4.0 percent glutaraldehyde

buffered with phosphate, and 5.5 percent'sucrose for two
hours on ice.

Tissues destined for light microscopy were washed
three times in ﬂge phosphate buffer (10 minutes each), ﬁhen
dehydrated through a seven-stage ethanol series and left
overnight inkanhydrous ethanol. The next morning,'the
tissues were embedded with plastic (Spurr, 1969). Iﬁin
sedtions (0.5 um) were cut on a Sorvall ultramicrotome and
stalned wih azure blue. Slide preparation continued until
three slides of a series of secondary lamellae were
achleved. Observations were recorded on fusing phenégzéa,
epithelial’separation and chloride cell exposure, 1dgg%ién
and presence of vacuolation. -

Eor scanning electron microscopy, the mucous layer
was removed to increase the surface structural detail
(Kendall and Dale, 1979), by placing ‘the tissues on a
gentle ghakerihuriﬁg the fixatlion period. Tissues were
wéshed once 1In O.l‘M phosphate—-two percent sucrose buffer

(20 minutes), then two times iIn a sucrose free buffer.

¥
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Post fixation was in a two percent osmium tetroxide-
phosphate bduffer solution for 1.5 hours on ice. - The
'saqples were then washed threé times in an 0.1 M phosphate
buﬁfer (15 minqﬁé§ each), then dehydrated through an
acétoﬁe series. Tﬁe gill pieces were critical point dried
and coated with carbén and éold before observatlon with an
AMR 1000 A scanning electron microscope. A systenmatic
procedure was used to observe and evaluate the condition of
the gill of each sample. Table 2 is a resume of this
procedure. '

The -observations from light microscopy and scanning
electron mnicroscepy were pompared for each treatment .to
check for consistency. Relative changes were Iidentified
and accunulated from multiple examinations of the gill .

tissue samples.
ANALYSIS

The decision was made to employ a2 subjectlve evalua-
tion of morphol;gical changes rather than a gquantitative
morph&metfic evaluation: Based on preliminary experiments
1t was evident that the gill-changes focused on were
distinect from control morphology- In additicn it was

considered more valuable ¢to examine additlonal variables

relevant toc the question of exposure to hydrocarbons rather

L R T s 15_._44;;,‘5;“_;__-'-‘——"7

——E e e
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thaﬁ to undeftake a detalled statistical evaluation of a
limited number of ﬁérameters which would neces#arily suffer
in terms of breadth of Investigation.

Nevertheless, the total number of observations or
characterizations that support the results of thils study is
large. The sequence of sample preparation and merpho-
logicél anélys;s indicating the number of characterizations

made for each experimeht 1s as follows:

h 8 fish
174 - N ‘
Scanning electron microscopy Light transmisslion mlcroscopy
. + ¢
4 fish : 4 fish
¥ +
8 gill preparations 20 plastic capsules/fish
¥ v
36 scans/preparation 80 capsules
+ +
288 systematlec scans 1 slide/capsule
v v
3 characterizations/scan 80 slides
vy +
864 characterizations 5 characterizations/slide

+
" 400 characterizations

The five major morphologlcal criteria characterlzing
the hydrocarbon effects were:' 1. degree of secondary lam-
ellae fusing; 2. epitheligl'ééparation; 3. chloride cell
exposure; 4. chloride ¢ell location; and 5. presence of
vacuoles in the chloride cells. Light transmission micro-

scopy provided information on all 5 of the criterla.
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Scanning electroﬁ_microscopes provided iﬁformapion on 3
(degree of fusing, chloride cell exposure, and chloride
cell location) of the criteria in addition to providing
visal information on the state of epithelial cell sur-

« faces.
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Table 2 Summary of the Protocol Employed to Observe and
“ Evaluate the Gill Samples of Each Fish under
the Scanning Electron Mlcroscope

-

Minimum # # of Pilctures Magnification

Area of Gill Examined Taken Range
Primary lamella 5 2. 150-200x -
Primary. lamella 5 o1 high -
surface tlp ®
Primary lamella 5 . 1 high
mid-point
Primary lamella 5 . 1 high
base .

N Series of secondary 5 _ 2 350-450x
lamellae
Secondary lamellae 5 2 high
surface detail
G1l]l reker 2 1 150-250x
G11ll raker 2 1 high
Gill arch 1 1 medium
Gill areh 1 1 high




Chapter III

RESULTS

l
. |

- - Controls, which were repeated for each test run, i
displayed a consistent behavioural and morphologilcal 1
profile. There were no behavioural abnormalitles or gross
pathology *to .note. The results of light .and scanning
electron-miéroscopy were consistent, providing a detalled
piéture of- both the internal and: surface structure of the
gill tissue.

- The three main areas of' the gill examined by o

scanning electron microscopy ‘we%e the primary lamella
(Figure 1), secondary‘lamella (Fﬁgure 2-1), and the gill
raxer. The relationships between the primary and the
secondary lamellae can'be seen 1In Figure 2-2. The surface
of the primary lamella contalns numerous single elongated
repetitive ridges and intervening grooves resembling a maze-
like pattern. Pores break the lamellar surface and the
ridges and grooves continue into the pore {(Figure 3). !
Adjacent cell boundaries can be observed at the periphery
of eaéh yhdrl. Large mnucus conﬁaining goblet cells can be
seen prétruding from the surface at the tips of the‘primary
lamella. This area may be the pfimary site for and-source

of. mucilaginous secretions. The secondary lamella,

— :
containing the respiratory epithelial surface, resembles
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the primary lahellar surface since 1t consists of ridges
with Iintervening wilde grooves. The gill raker surface has
low rldges with wide Intervening expanses, often with a
locus and demarcated by a single continuous ridge at the
periphery. In some areas,the gill rakef surface 1is
perforated by deep pores (Figure 4).

Figures 5—i and 5-2 show scanning electron micro-
graphs of the primary lamella of fresh water control trout.
The surface epithellium of the tip has ridges that are well
defined. Mucous cells are not prdmihentl The mid-region
of the primary lamella has a chgracter;stic depression.

The sectlons of secpndary lamella examined by light
mleroscopy concurred with previous studies. The secondary
lamellae resemble sheet-like processes that contain
parallel banks of caplllaries running traversely to the
long axls of the lamella. Pillar cells are present between
'cap;llar& loops. Details of the epithelial surface of the '
secondary lamella,: ' as. seen by the scanningl électroh

mlcroscope can be seen In Figure 6.

PARAFFIN OIL

/

Paraffin treated fish, when examined under light and
scannlng ‘electron microscopy, revealed a2 pileture similar %o

controls (Figures 7, 8, 9). The cellular layers 'were

_
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intact and little or no fusing was in evidence (Table 3).
Plasma 1lons for these same fish showed 1llttle reéponse
(Table 4). Chlorfde cells were usually below the
eplthelium and attacheﬁ to the basal lam;na. Chloride cell
exposure was minimal 1n these fish. The location of the
chloride cell was always basal, with the exception of the
fresh 100 pl/L paraffin expoSure where chloride cells
'exteqSed part way up the secondary lamella. The degree of

chloride cell vacuolization was mininal.

DISPERSIONS

Examination under the dissectling microscope for
Eross ﬁathology revealed a2 plcture conslstent with coﬁtrols
for all runs except the dispersion regimes. All fish
exposeé to'emﬁlsions had observable o1l particles at the
base and tips of the primary lamellae. Substantial amounts

Fal

of mucous material and localized hemorrhaging was seen.
These changes were nore pronounced in the experiments usihg
Venezuelan oil.

Varled and at times severe histopathology was dis-
played among the six oil-in-water dispersion experiments.
Curling of the secondary lamella was a common observatlon,

as 1llustrated 4in Figure. 10, in fish exposed to 200 ul/L

weathered petroleum. Fusing of lamella was nmore pronounced
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in fish exposed to weathered Venezuelan oll. The effect of
100 pl/L dosages of fresh oill-and-water d;spersions on the
secondary lamella were less dramatic than the effect of
- weathered oll-and-water disperslons. Fresh Norman Wells
oll (100 pl/L) exposed }ish di#plaxed a thickening of the
seconda?y lamella and péomiﬁent pores aloﬂg the primary
lamella. Scanning electron microscopy.of fresh Venezueréi
01l (100 pl/L) exposed fish revealed secondary lamella that
were equally spaced and in good condition (Figure 11).

The effects of weathered Venezuelan oil (200 ul/L)}
in fresh water were more pronounced on other parts of the
branchial tissue than thosé oroduced by Norman Wells oil,
Figure 12 1is exemplary ofzthe g111 raker surface of fish
expesed to elther Venezuelan or Normén Wells weathered oil-
in-water disperslons. In the case of weathered Venezuelan
011l exposed fish, bulging cel;s showed reduced ridge -
definition, and empty pores. Tﬁese enpty pores correlafe
well with the physilcal observation that more muccus covered
the gills of fish exposed fo weathered Venezuelar oil in
fresh water. . |

Also characteristic of fish exposed to a weathereqr
Venezuelan oll-in-water dispersion in fresh water ﬁas_the
proliferation of chloride cells and an increase in their'
exposed apical cell surface. Fortunately, chloride cells

can be easlly ldentified because of distinetive ridges on
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thelr cell surface.(Figure 13).

Both sodium and chloride ion levels in the plasma of
fish exposed to ﬁeathered and.fresh oll-in-water disper--
sions were significantly lower th%iayheir control counter-
parts (Table 4).

Exposure to mechanically dispersed oill in salt water
also resulted in gill abnormalities with fusing evident and
occasional entrapping of o1l droplets. PFusing was exten-
slve and wvariable with Venezuelan oil. Héwever, there was
1ittle epithelial detachmént. Chloride cells were located
méinly at the base of the secondary lamella, and their
surfaces were only minimally exposed. Some vacuclation of
chloride cells was evlident 1n the salt water oll-in-water
‘dispersions.

Figure 14 shows the general appearance of salt water
adapted primary lamellae exposed to weathered (200 pl/L)
oil—in-%ater dlispersions. Extensife_multiple fusions wéve
common. Closer examination of the secondary lamella along
the length of the primary laméllae revealed more extensiwe
fusing in the case of weathere@ Venezuelan oill exposed fish
in salt water (Figure 15). : |

Figure 16 provides a cogparison of the informition
provided by light and scanning electron micrographs:. In

thls case, the evidence indlcates that multiple fusions may

contaln hydrocarbon particulates trappéd between the
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lamellae.

The structure of microridges on the eplthelial cells:
near the tip of the secondary lamella often showed some
degeneration. This-degeperation appeared more pronounced'
in fish exposed to weathered Venezuelan oil in salt water,
(Figure 17).

Figure 18 provides a comparison of light micrographs
of the effect of dispersions on the secondary:lamella of
trout. Curling of the primafy lamellae, epithelial separa-
tion and chloride éellhdamage were prominent in the fresh
water weathered experiments. With Venezuelan oll treatment
(1000 pl/L, weathered to 200 pl/L), the trout gllls showed
an abrnormal  secondary lamellar eplthelium, dislodged from
the pilar cell system. Detachment of chloride cells from
the underlying epithelial layer was seen. In the weathered
Norman Wells emulsion experiments in f{resh watef, the
eplthellal lifﬁing was not as marked. There was evidence
of lamellar fusion and of vacuolation. of the chloride
cells. TFigure 19 provides corroborating evidence based on
information provided by scanning electron microséopy.' It
is ingiiiiping hto note that the sodium, potasslium and
chloride 1lon levels in the plasma of salt water'adapted
fish exposed to weathered oils (200 pl/L) were signifi-
cantly higher than in the salt water control fish (Table

4). The calcium ion concentration was significantly lower
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than the controls.

WATER SOLUBLE FRACTION

Figure. 20 provides light micrographs and Figure 21
provides information based on scanning—electron micrography
for this treatment group. The epithelial cell surfaces of

fish exposed to the water soluble fraction often showed

extensive. reduction, of the ridge patterns. This reduction
'in cell surface may be responsible for the reduction in

potassium and chloride ion concentration in the blood of

these fish (Table 4).

[ POr POPRE R ¥

INTERNAL HYDRQCARBON LOAD

In the intraperitoneal Iinjection experiments; in
both fresh and salt wéter, gill morpholoéy approximated
that of the appropriate control condition. There was no
fusing of secondary lamellae in the two water soluble .
fraction runs and very rare fusing (<1%)Y 1in the IP treat- -
ments; The_;layer of epithel}um was always segure and
chloridg cell exposure was minimal. The chloride cells
were located at the base of the -secondary lamella, only

-~ - ' -
rarely displaying vacuolation. In both regimes three out

of four ion levels measured were not significantly.

o0
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different from the corresponding controls (Table 4).

Figure 20-~1 and Filgure 22 provide examples of gill tissue

sampled.

" CORTISOL EXPERIMENT

Cortiscl injected ralnbow trouf déd not display glll
abnormalities similar to those observed upoh expasure to
hydrocar;ons, but an apparent inc;ease in chloridé cell
numbers along “the length:of.the_lamélla was observed Figure
23-2). Control fish sham injected with corn oil displayed
undisturbed gill structure (Figure,23). The plasma ion
profiles for cortisol injected fish did not differ signifi-
" cantly from those of the.sham Injected control fish.

’

AROMATIC HYDROCARBONS

The effect of aromatic hydrocarbons at the concentra-
tions tested was, Iin general, not severe. Fusing wés
rarely observed (<1%) with benzo(alanthracene. Epilthelial
separation was rare to non existenf; except with benzo(a)-
pyrene. Chloride cell -exposure was always pbesent ﬁb a2
degree. Cploride cells were located along the length of
the éecondary lamellae, except with benzene where they were

most often at the .base. Vacuolation seemed to increase
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with the molecular welght of the aromatic hydrocarbon.
Only rare vacéoles were oﬁgerved with benzene whife vacuola-
tioﬁ was extensivé with'the benzo(a)pyrene exposure.

Figures 24 and 25 are 1light and sganning glectron

ﬁicrographs representative of the aromatic hydrocarbon

exposed fish analyzed.
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Table 3  Summary of GilllMorphology following Seven Days of

Treatment, Comparing Different Modes of Exposure

Epithelial Cl-Cell¢ Cl-Cell Cl-Cell

injected

7 Degree?
Exposure Mode of Fuslng Separation Exposure Location Vacuoles
Controls _
¥Fresh water none none nene basal rare
control - '
Salt water rare none noene basal none
control —_—
Experimental Controls
Paraffin 100% none none little (basal)P little
Paraffin 200¢ none none rare basal none
Crude 0il Dispersions '
Fresh Water: ,
Nw 1007 rare rare some length common
VEN 1008 ‘none rnione little basal some _
NW 2000 some some exten- length extensive
sive T
VEN 200R exten- exten- exten- length . . some
. - sive sive sive .
Salt Water: .
NW 2000 some none little  (basal) .some
VEN 2000 variable none some {basal) common
A =
Water Soluble Fractlion
WSF - NW ‘ none none rare basal rare
(0.45 pl/L)
WSF - VEN none none little basal none
- {0.35 ul/L) '
Intraperitoneal In,jectioni
" Fresh Water little none some (pasal) rare
Salt Water rare none none basal none
Cortlsol Experiment
Sham injected none. none some basal rare
Cortisol none none common  length rare
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Table 3 Continued

Degree@ Epithelilal Cl-Cell® Cl-Cell Cl-Cell

Expesure Mode of Fusing Separation Exposure Location Vacuoles
Aromatic Hydrocarbons

Benzene - none none sone basal rare
Naphthalenek none rare some length some
Phenanthrenel none rare some length common
Benzo(a)anthracene™ rare none little length  common
Benzo(a)pyrenell none little © some length extensive

AN

~

Notes to Table 3

a

[ el

= [N

Use of terms: none (0%) < rare (1%) < little (10%) <
common (30%) <extensive (50%).

Chloride cells found in basal region and extendinb part
way up secondary lamella.

Chleoride-type cell.

Fresh, 100 ul/L exposure of paraffin.

Paraffin 1000 pl/L exposure, weathered for 3 days 200 ul/L.
Nornan Wells fresh 100 pl/L exposﬁre.

Venezuelan, fresh 100 pl/L'gxposure.

c}ude oil, 1000 ul/L exposure, weathered for 3 days to
200 ul/L.

Injection of Norman Wells, 100 pl/kg fish‘weight/day.
3.0 mg/L of benzene in 100 pl/L of paraffin.

3 x 10-1 mg/L of naphthalene in 100 pl/L of paraffin.
3 x 10-2 mg/L of phenanthrene in 100 ul/L of p;raffin.

3 x 1073 mg/L of benzo(a)anthracene in 100 pl/L of
paraffin. .

3 % 10~4 mg/L of benzo(a)pyrene in 100 pl/L of paraffin.

FPRIrN
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Table 4 Summary of Plasma Ion Levéls Following Seven Days of
Treatment (same fish as in Table 3)

Exposure Mode . Pilasma Ion
- TRaT KT Ca [
Controls .
Fresh water ca .C C - C
Salt water | c c c C
Experimental Controls
Paraffin 1004 C - - C
Paraffin 200€¢ C . - ) - C
. Crude 011 Dispersions
Fresh Water: .
NW 100f L LP - - L
VEN 1008 ) L - - L
NW 200R L - - L
VEN 200BR L - - L
Salt Water:
NW 200R He H L :
VEN ‘2000 H H L H
Water Soluble Fracticn
WSEF — NW C L c L
(0.45 ul/L) .
WSF - VEN C L o L
(0.35 ul/L)
Intraperitoneal Injeotioni
Fresh Water C C > L
Szalt Water C C L C
Cortisol Experiment
Sham injected C c c c
Cortisol injected c C C C
Aromatic Hydrocarbons
BenzeneJ ‘ L - - L
Naphthalenek C - - C
Phenanthrene C - - C
Benz{a)anthracenel c - - L
Benzo(a)pyrenel c - - c
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Notes to Table §

& Controls or not significantly (p < 0.05) different from
controls.

> Significantly (p < 0.05) lower than centrols.

¢ Significantiy (p £ 0.05) higher than controls.

d Fresh, 100 pi/L exposure of paraffin.

€ Paraffin, 1000 pl/L exposure, weathered for 3 days éOO pl}Ll
£ Normah Wells, fresh 100 ul/L expﬁsure.

& Venezuelan, fresh 100 pl/L exposure.

D crudge oil, 1000 ul/L exposure, weathered for 3 days to
200 pl/L. :

1 Injection of Norman Wells, 100 pl/kg fish weight/day.

J 3.0 mg/L of benzene in 100 pl/L of paraffin.

kK 3 x 1071 mg/L of naphthalene in 100 pl/L of paraffin.

1.3 x 1072 mg/L of phenanthrené in 100 ul/L of paraffin.

m 3 x 10-3 mg/L of benzo(az)anthracene in 100 pl/L of
paraffin.

n3x 10-4 ng/L of benzo(a)pyrene in 100 pl/L of paraffin.

- Information not available.
/F\-,

Information for this table was provided courtesy of Mr.
M.P. Wong (M.Sc. Thesis, 1982, University ‘of Ottawa).
Statistical comparisons of test and control data was made
using one-way analysls of variance  (ANOVA). For further
details please refer to Appendix A.
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Figure' 1l

Scanning electron micrograph of one primary.lamella (PL)
with numerous branching egually spaced secondary lamellae

(SL), representative of the control condition, (x600Q).

P
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Figure 2
Scanning electron micrograph of secondary lamellae of the

control'trout.

Figure 2~l.' Equally spaced nature of the healthy secondary
lamellae (SL), (x800). - .
Figure 2-2. Overview of the entire secondary lamellar
structure {arrows) and its relationship to the primary

lamella (PL):, (x375).






Figure 3

Scanning electﬁon mlerographs of salt water adapted rainbow

trout. ' -
Figure 3-1. Primary lamella (PL), (x1T72).

Filgure 3-2. Serles of secondary lamellae (SL) with the
presence of numerous chloride cell types at thelr bases,
(x423).
Figure 3-3. ©Pore with chloride cell emerging (arrow),

(x1910).

Figure 3-4. Higher magnification of the chloride cell-type
(CC), (x6800). )
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Figure 4 | ' .
Scanning electron micrograpﬁs of the gill raker of fresh

water control trout.

Figure 4-1. G1il raker (gr) tip in.‘healthy condition,
- (x250).

~Figur‘e L-2. Gill raker surface showing prominent

epithelial cell ridges and pores (arrows), (x4240).
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"Pigure 5 .

Scanning electron micrograp of the primary lamella of

fresh water control - trodt.

. Flgure 5-1: Surféce epithelium of" the tip of the primary
lamella. Ridges are well defined and mucous cells are not
seen, (x3040).

Figure 5-2.i? Mid-region of the Drimary lamella showiﬁg T )

characteristic depression, (x1520). o

-

4

¥
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Figure 6 . ‘ _ -
Scanning electron micrographs of the secondary lamella \\

surface of fresh water control fiéh.

; . W

Figuré 6-1. pr of secondary lamella, no chloride cells
seen, (x2010).

"Pigure 6-2. Higher magnificatfon of previous figure,
showing well defined ridges (arrcws) and micro~ridges

between the ridges, (x6000).

Figﬁre 6-3. Secondgry lamella (SL) surface along the

~lengsth of the lamella, showing cell demarcation, (x2760).
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FigureAT
‘Scanning- electron micrograph of trout gill tissue exposed
to 100 pX/L of fresh paraffin.

Figure 7-1. Primary lamella (PL), (x220).

Figure 7-2. Series of secondary lamellae (SL), (x548).

Figure 7-3. ﬁid-regidn of the primary l&gella, (x908). !
;
Surface of gllls of paraffin exposed fish are simila;\¢o
cd%tro;s sﬁggesting the physical effects of the preéence of

an oll are not impdrtant in producing gill damage.
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Figure 8
Scanning electron micrographs of trout exposed to 200 pl/L

of weathered paraffin.
Figure 8-1. Primary lamella (PL), (x232).
Figure 8-2. Series of secondary lamellae (SL), (x568).

Figure 8-3. Mid-region of the primary lamella, (x860). ~.

Paraffin exposed experimental controls resemble controls,

lacking significant morphological alteratlons.
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Figure 9
Composite of micrographs of gill tissue -exposed to

weathered paraffin, (200 pl/L).

.~

Figure 9-1. Scanning electron micrograph of a sliced
secondary lamella showing the covering epithélial layer, a'
chloride-type cell (CC), and the wu» shaped pllar cell
(pe), (x2840). '
Figure 9-2. Scanning electron micrqgraph of a series of
secéndary' lameliae (SL} and adjoining pfiméry lamella,

sliced to show internal structure, (x380). !

Figure 9-3. Light micrograph of two secondary lamellae
tips, as 1in figure 9-1, showing the pilar cell (pc) system

. ) ‘_‘—‘—-.,_\
and a covered chloride cell (CC),™x800).

-
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Figure 10
Scanning electron micrographs of weathered 200 pl/L dosage.
of an oil-in-water dispersion on the secondary lamellae .of

fresh water acclimated trout.

Figure 10-1. Fresh water control showing evenly spaced

secondary lamellae, (xU496).

-

.

Pigure 10-2. Norman Wells exposed fish, showing some

fusing (F) of the secoridar-y lamellae, (x413).

Figure 10-3. Venezuelan exposed fish, displaylng more

extensive fusing (F) , (x480).
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Flgure 11
The effect of a 100 kl/L dosage of fresh oil-in-water

dispersions on the secondary- lamellae.
Figure 11-1. Norman" Wells, some thickening of the
Secondary lamellae is apparent and pores (arrow) are nmore

- prominent, (x746).

Figure 11-2. Venezuelan, secondary lamellae - (SL) are

equally spaced and in good condition, (x481).

B
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Figﬁre‘l2 ” B - L 2
‘Scanning- electron miéé?%%%phs of the gill raker exposed to

200 pl1/L of weaﬁhered oill-in-water dispersions.

Figure 12-1. Normal Wells, bulging cell has ridges,
(x2500). '

. ‘ 7
Figure 12-2.

Venezuelan, bulging cell has reduced ridge
definition, (x2500).

.,
Figure 12-3. Norman Wells, pores (arrows) are full,

-

Figure 12-4. Venezuelan, pores (arrows) empty, (x1160).

’

Weatheﬁgd Venezuelan oll appears ta haée a2 more pronounced

effect than weathered Norman Wells oil.

-

e

e
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Figure 13
Scanning electron micrographs showing the -effect of the

weathered 200 pl/L aispersion of Venezuelan crude oil.

Figure 13-1. Top view of a non-fuﬁed secondary lamella

(SL)\ showlng bulging surfaces of chloride~type <ells,
(x1360). '

L J
?isure 13-2. Higher magnification showing a chloride cell
(CC), (x4960).

Figure 13-3. View of chloride cell (CC) showing its
distinctive non-ridged cell surface beside epithelial cells
(E) with distinctive ridges, (x4960).

Proliferation of chloride cells and an increase in their
exposed apical cell .surface are characteristic of this

exposure.
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Figure 14
Scanning electron milcrographs showing the effect of a

- weathered (200 pl/L) oil-in-water dilspersion on salt water

-

=4

adapted rainbow trout. - 7

;
L ~N .
Figure 14-1. Salt water control, primary . lamella (PL),

" (x208).

(-4

Figure 14-2. Norman Wells exposed, showing primary lamella

(PL) with multiple fusions (MF), (x200).
LA E

-

V.

Figure 14-3. Venezuelan exposed, primary lamella (PL) tip -

displaying multiple fusilons (MF), (x204).

3
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Figure 15 W,
Scanning electron micrographs showing the effect of
weathered 200 pl/L oil-in-water disperéions on the salt

ﬁater adapted rainbow trout seqondary‘lamellae.

Pigure 15-1. Secondary lamefia (SL)} of salt water
experimental control, (x420). -
Figure 15-2. 'Secgndary lamellae expogéd to Norman‘Wells

crude oll, showing some fusing of lamella, (x420).

Figure 15-3. Secondary lamellae exposed to Venezuelan
crude 01l showing extensive (MF) fusing along the length of
»

- the primary lamella, (x324).
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Figure 16

?/bomparison of light and -scanning electron micrographs of *-

' salt'water adapted trout exposed to weathered Venezyelan

(200 pl/L) oil-in-water dispersions.
. - t

: Figure 16-1. Serles of secondary lamellae showing multiple

* fusions (MF), compare with figure 20—3f (ihlG).
Figure 16-2. 'Basg of a secbndary'lame;lae'(SL) showing an
.exposed chloride-type cell (CC), compare with figure 20-4,
(x240). .
¢ ' o
Figure 16-3. Light micrograph of a series ©T fused
secondary lamellae (MF) ‘with trapped remnants of hydro-
carbons {HC), (x400).
Figure 16-4. Light micrograph of base of secondary

" lamellae showing exposed chloride cell, (x1000).

»
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£

"
Figure 17
Scanning electron micrographs ‘of surface epithellum of

secondary lamellae tips of salt waégr adapted trout exposed

. . h
to weathered (200 pl/L) oiluin—wd%é; dispersioqfﬁ

Figure 1T-f; Sait water control, secondary 1aﬁella (sSL)
tip showlng surface of epitheliql cellsﬂ(Ef) intact with
well defined ridges, (x4560). ' ¢

Figure 17-2. Norman Wells exposure, epithelial cells (CP)

display some degeneratlon of the ridge system, (x2840);

Figure 17-3. Venezuelan exposure, . cebftalin epitHellal cells

(EP) appear to be in a degenerative state, (x4320).
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o
Figﬁre 18_
Light 1ﬁicfogfapﬁs of the effeet of dispersions oh the

secondary lamellae of trout.
~

- Figure 18-1. ¥resh 'water control fish, showing equally

spaced secondary lamellae (SL), (x400).

e

_Figure 18-2. Salt water congrol, (x&do).

¢ -

Figure 18-3. Norman Wells exposure in fresh water, showing

fﬁsion (F) and chloride cells (CC), (xkdo)gr

Pigure 18-4. Norman Wells exposure 1in salt water,

secondary lamellae (SL), (x400). _ .

-

Figure 18-5. Venezuelan exposure in fresh water, showing
. . . - -

éxtenSive fusing, and epithelial layer separatlion creating

spaces (S), (x400). . N

~ -

. : N : -
Figure 18-6. Venezuelan exposure in salt water, (x400).

L
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Figure 19
Scanning electron micrographs of . secondary lamellae of
trout exposed to weathered oil-In-water disperéidns of 200

pl/L.

Figure 19-1. Fresh water control, showing equally spaced

secondary lamellae (SL), (x400).

Figure 16-2. Sdlt water contrbl, secondary lamellae not’

fused, (x400).

Figure 19-3. Norman Wells, fresh water, some fusing of

secondary lamellae, (x400).

4

T

Figure 19-4. Norman Wells, salt water, fusing (F) of

secondary lamellae, (x400).

Figure 19-5. 'Venezuelan'exposure_in fresh water, showing

multiple fusing .(MF), (x200).

Figure-l9-6. Venezuelan exposﬁre in salt water, extenslve

fusing displayed, (x200).

-

Compare with figure 18.
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Figuré 20
"Composite plate of light micrographs of secondary lamellae
after seven day exposure to various regimes.

’ Figure_20—1. Norman Wells oll intraperitqneaiiyh in fresh

water exposure, secondary lamellae (SL), (x400).

‘Figure 20-2. Norman Wells oill intraperitoneally, salt
water exposure, secondary lamellae (SL), marginal conol

(MC), (x400)-

]

Figure 20-3. Water soluble fraction of Norman Wells oil,
secondary lamellae (SL), (x400). )
Figure 20-4. Water Eolublg fraction of Venezuelan oil,
secondary lamellae (SL), red blood cell (RBC), chloride
cell (CC), (x600).

Figure 20-5. Paraffin oil, 200 ul/L -exposure, secondary

. lamellae, (x400). '

-+ Figures 20-3, 4 and 5 are of fresh water adapted trout.

N\
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Flgure 21
Scanning elect?on.micrographs of the effect of the water

solub%e fraction on'the primary lamellae of fresh water

adapted trout. ’

Flgure 21-1. Ndrman Wells water soluble fraction, primary
lamella (PL) compares well with the .control condition,

(x196).

Figure 21-2. Venezuelan water soluble fracti&n, primary
lamella (PL) compares -well with the control condltion,
(x2dO).

%
Figure 21-3. Higher magnification of Norman Wells
exposdre, near tip of pﬁimary Eamella showlng reduction of

the ridge structure of the epithelial cells, {(x4000).
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Figure 22

Salt water adapted trout injected IP wih Norman Wells oil.

Figure 22-1. Primary lamella (PL), compares favorably with

controls whi®h were injected with corn oils, (x152).

Figure 22-2. Seéondary lamellae (SL) series, not different

from controls, (x396).

’ . ) b ,'
Figure 22-3. -.High magnification of the secondary lamgllar
. ‘ B e -~ : ’
surface showing a curidus circular ridge formation (a&ngw),

b

(x2000).

Figure 22-4. High magnification of a similar 'doughnut'

shaped ridge construction, (x564L0).
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Figure 23

Composite of light micrographs of various efposﬁre regimes.

Figure 23-1. Sham injected trout, {x400).

-

&
Figure 23-2. Cortisol injected trout, (x400), (80 mg

cortisol/100 g of fish).

Filgure 23-3. Norman Wells (frgsh' 100 ul/L), showing

_ numerous vacuoles (arrows) below the epithelial layer,

v

kaOO).

-

Figure 23—4.' Venezuelan (fresh 100 pl/L), {(x400).

Figure'23—5. Paraffin (fresh 100 pl/L), (x400).
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fSéanﬁing‘@lectroﬁ micrographs of fresh water adapted trout

exposed to varlous aromatic'hydrocarbon regimes, primary-

.lamellar tips, (all, x150).

Figure 24-1. Control.

Figure 24-2. Benzene exposure (3.0 mg/L in 100 pl/L of
paraffin). ]
Figure 24-3. Naphthalene exposure (3 x 10-1 ng/L in 100 =
ul/L of paraffin).

Figure 24-4. Phenanthrene exposure (3 x 10-2 mg/L in 100

ul/L of paraffin).

Figure'Eﬂ-5. Benzo(a)anthracene exposure (3 x 10-3 mg/L in

100 pl/L of paraffin).

Figure 24-6. Benzo(z)pyrene exposure (3 x lO“”mg/L in 100

ul/L of paraffin).
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Figure 25

Light micrographs of secondary lgmellae qf fresh water j
adapted rainbow’ grout exposeéd to various fegimes of

aromatic hydrocarbons.

Figure 25-1. Control, (thO). . .

- -

Figure 25-2. Benzene exposure, (x400), (3.0 mg/L in 100
pl/L of paraffin).

Figure 25-3. Naphthalene exposure, (x600), (3 x 10-1 mg/L
in 100 pl/L of paraffin).

Figure 25-4. $henantnrene exposure, (x400), (3 x 10-2 ng/L
in 100 pl/L of paraffin). o

Figure 25-5. - Benzo(a)anthracene exposure, (x400Q),

(3 x 10-3 mg/L in 100 ul/L of paraffin). ' A"

_Figure 25-6. Benzo(a)pyrene exposure, (x400), (3 «x 10-4
mg/L in 100 ul/L of paraffin).
Exposure reglmes display a general increase in chloride
cells, particularly 1in the naphthalene exposure, and

. \ .
evidence of vacuolization (arrow&), particularly in the

phenanthrene and benzo{a)pyrene exposhres.
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Chapter IV
- ' DISCUSSION

MORTALITY

The intent $f the present study was to §ncentrate'
on the sub-lethal effects of hydrocarbons on g:I;\?Issue.
With one exception, no mertalities were found in the
contrel or treatment groups in any of trie- experiments.
Mortalities occurred only with the weathefed Venezuelan
expoSed sea water-acclimated trout. The 50 ‘percent
hortality rate wés observeq agzain when the experimént was
repeated. The salinity of the environment was probably a

contributing factor. Levitan and Taylor (1979) found that

the mortality of PFundulus heteroclitus Increased with the

salinity of tﬁe water on exposure to 6 mg/L of naphthalene.
English sole in sea water exposed tc sedlment contaminéted
with Prudhoe Bay crude oil (0.2% (V/V)) for four months,
éxpeﬁienced an 18 percent (3 of 17 fish) mortaiity rate
(M¢Cain and Malins, 1682).

The exposure concentrations ﬁsed in all the experi—

ments were below the LCgg (24-h and $6-h) values reported
e

for rainbow trout or similar filsh specles. As'an example,

the naphthalene exposure experiment used a concentratioh of

0.3 upg/L, which 1s below the 24-h LCgg of 2.4 pg/L for

P S R U W
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sheephead minnows and the 96-h LC50'of;2,l pg/t for coho;"
salmon (Anderson _gp}_q_]_._., 1974).

In general,- petroleum in the water enters thé fish
at the 1evél pf the gil}é or skin,‘;ié thé interfacing
‘cellular membrane; but, in marine fi;h, the cont;minanf may
enter via the infeétine as these fish drink water to
protect against dehydration in a hypertenic enyiPOnment.
Residues of crude' oll were observed in the gut of sea water
adaﬁted fish exposed to disperslons, particulably in the
Venezuelan exposure regime. The relativé contpibution of
systemic to;icity_in the death of these fish 1s not clear.
Since gill pathology including extensive fusing was very
evident, death may be attribﬁted to a géneralized response:
glll damage modifying gas exchange, and causing hypoxia Iin
the fish by increasing the diffusion distance for oxygen
(Lloyd, 196;; Skidmore, 1970; Skidmore and Tovell, 1972;
Mathiessen and Brafield, 1973; Hodson, 1974). The inhlbi-
tion of Na¥t, K- ATPase at the level of the gill and a gener-
-alized metabolic stress affecting oxygeﬁ consumption'may

have been contributing factors (Wong and Engelhardt, 1982)}

THE PHYSICAL COMPONENT

'Paraffin oll was used -because 1ts viscoslty approxi-

mates that -of crude 01l and it was thought that 1t “would
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-

‘mimic the physical effect of oll better than Sephadex beads

or diatomaceous earth.

- The fesﬁlts obtalined in the paraffin'exposures shows
thet paraffin is not an important contributor to gill
damage and that the purely physical componeﬁt of
disperslons, -as simulated by paréffin, are not responsible
for the morphological disturbances associated- with oil
exposure. This finding agrees with previous 'biological
studles showing the paraffinlec fraction of petroleum to

cause few toxic effects {Nelson-Smith, 1972; Van Gelder;

Ottway, 1976).

CRUDE QIL DISPERSICNS
. d

The gills of fish exposed to oil-in-water disper-
sions showed morphological alterations after seven days, as
well as evlidence of trapplng §f oll particles. Epilthelizl
cells bulged out and lifted away from the lamellar and
plllar éeli system. Lamellar fusion was common, particu-
larly in the weathered‘Venezuelan éxposures. This descrip-
tioﬁ-is similar to observations of the effect of‘ﬁther
toxins on gill sfructure. The first sign of zinc sulphate
damage 1s the liftiﬁg of the outer layer of epithelium,

'1ncreasing the size of lymphoid spaces found between layers

of gill epithelium. The lymphoid.space, whose composition



~

70

is still unknown, is often found near chloride cells which
often show the first signs of 1lifting (Skidmore and Té#ell,

1972). Similar to this study, detachment of the epithelial

N, . .
-

cells, coalescing of adjacent secondary lamella, and
cytoplasmic abnormalities including extensive vacuolation
‘were observed- by Matthlessen and Béafield (1973). They

. examined the gills of fish exposéd'to dissoived zince and
found aétive chloride cells on the ;econda;y lamella, a
common feature of exposure fegimes in this study. The
chloride cell proliferatioh, causing éubsfantial thickéning
of the respiratory.epithelimn, énd the lifting_away of
epithelial cells Increases fhe water to blobd diffusion
diétance and may make the process of gaseous exchange more
difficﬁlt.

Both types of weathered oll had severe.pathoisgicél
effects on the gills. The Venezuelan ¢ll showed a tendency
for greater effect;_andlﬁayxhave caused other lesions
within the fish (Fletcher et al., 1982). The differences
in damage seen.in the gills induced by the two crude oils
may ﬁerhaps be attributed to specific chemical character-
istias of the oils. The Norman\Wells crude oil contained
nigh concentratiqns of zliphatle drocarbons, and aromatic
hydrocarbons of low molecular. welght. In comparison,
Venezuelan crude oll contained very low concentrations of

aliphatié hydrocarbons, and had a high concentration of
-
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medium to high molecular weight aromatic hydrocarbons.

.f%e eplthellal separation seen .in the gills of
treated fish correlat%s ngl with prgliminary data showing
an up to 50 percent decréése iﬁ oxygen uptake efficlency 1in
fainbow trout exposed to dispersed oil (Wong, unpublished
data). The ‘oxygen uptake capacity of fish has been shown
to be disturbed by g§ill damage induced by toxlec compounds
(Skidmore, 1970; Burtdn, Jones and Cairns, 1972; Smart,

X 1976);' Hypoxia may have been ‘the cause of death in these
studles with Venezuelan oll dispersions. Alternatively,
the cause of death may be attributed to severe pathologilcal
changes® in the gills éausing'osmoreguiatory dysfunction
(Lewils and Lewis, 1971; Smith and Pilper, 1972; Wedemeyer
and Yautake,gl97ﬂ; Voyer et al., 1975; McKeown and March,
1978; Wedemeyer et 3&;, 1979;.Levitan and  Taylor, 1979).
The bpresent results showed "that dispersed hydrocarbons
induced changes 12 g1l histology and parallel resear¥h
‘carried out showed a disrupted hydro-mineral regulatory
process. The hyponatremia and hypochloremla correlated
well with the gill changes seen in the 200 pl/L crude 0il
treatments in fresh water. Certain results of these
experiments have been previously presented in descriptive
and tabular form (Engelhardt et al., 1981).

Data provided on the hydromineral profiles Iindicates

that the I1mbalances noted, in both fresh water and sea

(s
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water exposﬁre, correlated coﬂsistently with gill lesions;
The changes in ion concentration may bg'due to hydrocarbon
inﬁuced breakdown of ilon transport mechanisms since'crude
oil‘ can alter eﬁzyme activities (Wong and Engelhardt, ‘
1982). Specifically, thé damage or changes to chloride
cells, the presumed sites of lon transport suggested by
Keys and‘WIIImef (1932}, ﬁﬁobably éccount for the electro-
lyte imbalance noted. .Thé inhidition of Na-X ATPase activf<
ity has been correlated with the disruption of osmoregula-
tory progcesses induced by DDT (Janicki and Kinter, 1971; -
Leaden et al., 1974). Levitan and Taylor (1S79) suggest

thls may aiso be the mode of actlion of petroleun hydro- .
carbons.

Chloride c¢ell proliferation andl greatly 1increased
apical surface area in fresh water adapted fish exposed tq
weathered dispersilons, may be modifications to recruit ions
from the medium for the affected fish. An increased cell

surface area may assist Nat and Ccl- uptake at a time when

,/ .
these 1lons are significantly low, as seen in Table 4.
Recent studles on the gills of Pimephales promelas pro'ides

some support for this i1dea (Leino and McCormick, 1984).°%

The amounts of mucus secreted seemed to increase;
this process of coating the tissue may be partially
résponsible for the trapping of 611 particles.

Blanton and BRobinson (1973} demonstrated that
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\,petroleum hydrocarbons could alter gill morphology in fish
capturedlnear.an oil sgill. They reported the general
sloughing of gill epithelial cells. The gills of eels
captured near the 1978 Amoco Cadiz oil spill off the coast
of france displayed a number of "pathologlcal changes
including an increase in lonocytes (chloride cells) and 3
muecous ceif; (Lopez et al., 198l). The secretory cells of
the pseudobrénch' of the Atlantic silverside (Menidia
mgnidia) degenerated after exposure to 0.14 pg/L of Texas-
Lousiana"crﬁge oil (Gardner, 1975) Waste motor oil at a
concentration of 100 ppm caused severe vacuoiization of the
pseudobranch in the same specles (Gardner, 1975). Smith
(1976) showed that Cook Inlet crude oill, which has 133 mg/L
of naphthalene equivalents, caused gill damage 0O crabs in
seawater. Not all findings point in the directiocn of gill
danage. Fish exposed to a Venezuelan oil siick, whose
concentration was unfortunately unknown, and for six months
(Payne et al., 1978) resulted in no observable histological
changes.in the glll, which could be explained by a very low
effective exposure concentratlon.

Studies by Haensly et al. (l982),_an§ Solangi and
Overstreet (1982) found .that crude oils did cause histo-
pathology but did not prévide information con the relatlve
importance of the component part of crude petroleum In

producing physioclogically relevant morphologlcal chanées.
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McKeown and March (1978) observed slightly lowered
éérﬁm s&dium concentratlons in.f:eshwater acclimated rain-
how trout-exposed to Bﬁnker C oil which displayed_some‘
‘morphological changes. This coneurs with the céfrqlated
-results of the present study. Toxlc hydrocarbons in the
crude‘ 0il were probably responsible for thé changes 1in
elec£fplytic levefs because the inert paraffin particles-
'did-not cause major gill damage or significant decreases 1in

—_—

the measured lons. .

.

The eventual effect of a contaminant on an aquatic
organism may' depend on the quaiity ‘of water and the
- salinity at the time of exposﬁre (Gardner and Yevich,
-i969b). The salt water experiments carried out in-this
present work serve both as a comparison and to conflrm the
effects of disperéions. Exposure 1in 'sea water to dispersed
crude petroleum resulted in gill lesioné' as .well, with
fusing and entrapping of oill droplets evident. Epiéﬁél;al
detachment and chloride cell exposure were iess evident in
sea water experiments. The reason for this 1s not clear.
If chloride cells function to excrete lons into the hyper-
_tdnic medium, then one would prediét that a dysfunction in

chloride cell would result in higher plasma concentrations

of ilons. Coho salmon, Oncorhynchus kisutch, when aceclim-

ated to salt water at 30 ppt and exposed to components of

crude oi1l, had higher monovalent ion levels (Morrow et al.,
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1975). The fish whose gills were studled in thls research
had ionic profiles éhowing a generally inversed responée-as
coﬁpared to fresh water treatments. Chlorilide, sodium, and‘
potassium ions exhibited in¢reased plasma levels in the sea
water adapted and crude oll exposed fish. _

The curlihg of primary gill'filaments and the dis-
array of the secondary lamellae observed under the dissec-
tion mlcroscope of fish gills exposed to mechanically dis-
persed oll may have been the result of a2 breakdown of the
vascular skeleton. -.Some Qascular breakdown was observed.

' Skidriore and Tovell (19%2) suggest thls phenomenon may
cause a decrease In blood hydrostatic pressure within the
plllar cell systen.

The- reductlon of nicrorldge patterns on exposure %o
various hyérocarbons,. partlicularly the water soluble
fractlon, and a low concentration te benzo(a)pyrene, may be
the result.of the effect of specific toxic elements on the
surface of the cell membrane. But, Jacobs et al. (1981)
yepo}ted the reductlon and loss of milcroridge patterns on
exposure to Severe heat shock for fivé days.
Alﬁernatively, the suggestion can be made that the reduc-
tion‘ of micror}dge patterns, on exposure to weathered
Venezuélan oll, may be explained as a general response to

an environmental shock.

Trace metals 1like cadmium and nickel may be
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assoclated with petroleum, and they have been shown to

cause'gills to lose epithelial cells in both the marine and
fresh water environment (Voyer et al., 1975; Halder, 1964).
Prolongéd oral administration of .methyl mercufy caused -
hyperplgsia in raidbow trout (Wobeser, 1975). The possible
specifliec contributions and sydergistic effects of trace

metals and other compounds,, péesent in small gquantities in

petroleun, on the gill-morphdlosy is not clear.
e
WATER SOLUBLE FRACTIONS

A
A\\

\
Y :
- With the\egception of some epithelizl ultrastructure

surface effects, " the water solubie fractions of Norman
Wells and Venezuélén crude oil,.‘égyﬂphe concentrations
(measured to be 35 ul/L and 45 pi/I for Norman Wells and
Venezuelan crude o0ils respectively) uéed in this study did
not ellcit important gill changes. This ‘observationr .
suggests that the éhemically dispersed fraction of oil
spills are not responsible for thejheleterious effects of
crude oil exposures in fresh water. Hawkes (1977) reported
that coho salmon and starry flounder exposed to the wéter‘
soluble fraction of Prudhoe Béy crude oil in a flow through
marine system for f{ive days resulted in localized gill

leslons and loss of surface cells.

If gaseous exchange 1s primarily passive across the
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glll surface (Huéhes,‘1966), then the strusgure of the

respiratéory surface 1s of critical

1967). The 16ss of ridge and croridgé strudture after

logically signif . There are two hypothesized func-
tions for the microrﬁ?ges: They may aid in fhe retenticn
./\of mucus at the ceﬂf surface. (Hughes aﬁd Wright, 1979), and
they may éia gaséous eXchange by increasing- e surface
area and by producing microturbulences.of water weross the
membrane surface .(Hughes, i978). It has been postu
that the rildges on the surface of ;ells'help hold onto..
wgter molecules to aid iIn gas transfer (Rajﬁanshi, 1977).
Minor resplratory responses might be expected from fidge
and microridge losgﬁsaoThomas and Rice (1975) observed
-operculér movemenf- ates 1In pink salmon to increase iﬁ
proportion to the concentration of the water solﬁble
fraction of Prudhoe Bay crude oil. Hart and Ogelsby (1979)
postulated metaplasia as =z cause for thé loss ofithe micro-
ridge patterns in trout gill exposure to toxins. The water
soluble fraction of crude oil ﬁay have a similar effect on
other spectes. The common Intertidal 1limpet Patella
vulgata, while showing no change when exposed to =2 ﬁater
solubie fraction extract from North Sea crude o1l at 25

percent saturatlon, did show the loss of e¢ilia and

microvilli at 100 percent water soluble fraction aftér 24

v
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hours (Nuwayhid and Davies, 1980).
INTERNAL HYDROCARBON  LOAD
‘ r')
_ ~
N \
7 Hydrocarbons that enter the fi%h via vardious) men-

branes (gills, skin, intestine) may coaﬁcggng to toxlcity
and subsequent gill damage. Weathered Norman Wells crude
oil injected intraperitoneally in both fresh and sea water
adapted trout resulted in little or no gill disturbances,
providing evidence.that the internal hydrocarbon load (100
ul/kg fish/day) is not an impoftant cont#ibutor, or that
the fish méy be able to excrete the compounds before toxic
levels are accunulated. Hydgocarbon. hydroxylase 1s the
enzynme associated with the’metabdﬂimn and excretion of
hydrocarbons (Varanasl and ua;ins,*EQTY). The intraperi-
toneal injection of certain aromatic hydrocarbons results
in their modification to soluble components within 24 hours
in coho sglmon(Lﬁdeal et al., 1977). Such rapid metabol-
4sm may explaih the lack of effects observed in testing the

contribution‘of an Iinternal hydrocarbon load:

CORTISOL EXPERIMENT

Morphological and hydromineral Iimbalances observed

in this and other studles may be due 1in part to a stress &@
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response mediated by cortlsol. For years the plasma
cortisol level has been used” to evaluatg the stress placed
on fish (Nava, 1980). Apart fpom an apprarent increase in

chloride cell number in cortisol injected rainbow trout,

glll tissue was undisturbed. This observatlon 1s consis-

tent with the findings cf'Boyle and Epstein (1972). They

3
]
1
¥
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¥

found that cortisol increases correlated with an lncrease

in chloride cell number in salinity stressed cells. " The

cortisol medlated stress responsé experienced Dby fish

(IR CURRDY T IR P

exposed to particulate hydrocarbons’ may indirectly ' | i
contribute to the fate of the organism by increasing the
vunérability of chloride cells .to toxic elements. On the .
other haﬁé thé increases 1in plasmé cortisol levels‘and in ‘ \
the number of branchial chloride cells may be an adaptive

response by the fish to compensate for a plasma lonie

Imbalance.

AROMATIC HYDROCABONS

[

-

With one éxception, the concentratlons of arcmatic
hydrocarbons used in this study reflect the ievels that may
be found in Phe-water column after an oll spill in the
environment. While'benzo(g)pyféne is not foundéd to be in
crude oil or elsg is of only trace_concentrations, it

enters the environment predominantly as a result of pyro-
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lytic reactions (e.g., "cracking” of petroleum in petro-
chemlcal processes). The aromatle hydrocarbons released in
a spill in general have solubility,iimits (that can be
obtained in moving water) above acutely toxic levels.
Toxlec concentrations are more likely to occur in winter and
' low temperatube when the scolubility and evaporation of
arcmatlc hydracérbons gssociated with dispersed oil-
particles 1s decreased.

The results of the five aromatics tesfed' do not
present a clear plcture. The most serious effects,

particularly vacuolatioﬁ, were observed Iin phenanthrene and

benzo(a)pyrene exposed fish, while the plasma ion profilles’

for only benzene and benzo(a)anthracene were significantly
different from controls (Table 4).

The observatlion that only benzo(al)pyrene resulted in
lloss of ridge struCture'on certain epithellal cell surfaces
.suggests tﬁis.compound may be partlcularly toxlce to -the
sensitive tissue. Aromatic gydrocavbons cause avoidance

reactions in fish (Maynard and Weber, 1981).

Fundulus hetercoclitus, acclimated In sea water,

exposed to naphnthalene had signficant 1ncreases in sodium
levels and osmolality (Le&itan and Taylor, 1979).
DiMichele and Taylor (1978) found histopathological
evidence, including hyperplasia, in naphthalene exposures

to the same specles.

2

(¥
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Phenol 1s an 6xidatioq product of benzene 1in the
marine environment. It is a ninor component of crude Sil'
(Keith, 1976) and several people havé looked at its toxic
effects. Phenol (0.1 mg/L) 'induced cytologleal damage
(disintegration of the gill)x in adult clamsi (Fries and

Tripp, 1977), while in goldfish, (Carassius auratus}, 10

ppm of phenol did not damage gills but did affect liver,
kidney, and spleen (Vishnevetskii, 1961). Rainbow trout
gllls sloughed epitheliazl cellg and developed a general
inflammation after exposure to 6.5 tol §.6 mg/L phenol
(Mitrovic et al., 1968). In the freshwater bream (Abranis

brama), chronic exposure to phenol resulted in destruction

“of epithelizal cells, damage to blood vessels and extravasa-

tion of blood in the gill lamella (Waluga, 1966). The

limited fileld observatlons which are avallable reveal less
severe damage. Fourteen.species of fish saﬁpied from the
phenoi—pollﬁted Rhine and Elbe Rivers displayed dilscharged

mucous glands and inflammation (Reichenbach-Klinke, 1975).

Fathead minnows, Pimephales promelas, exposed .to phenan-
threne absorbed to tar balls, displayed no obvious damage
to gillls (Gernart et al., 1981).

Although higher molecular weight aromatic hydro-
carbons are effective in modifying gill tissue, the phjsio—
logical silgnificance of these particular changes is not

clear when considering the plasma ion levels of these fi;h.
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Exposure to benzene significantly lowered certain plasma
lon levels without causing a corresponglng change in gill

morphology. Benzene has been shown to significantly lower

the activity of several gill ATPases (Wong, 1982), and

perhaps this 1s responsible for the low 1lon levels

observed.

PRACTICAL IMPORTANCE

Evidence from th;s study supports the hypothesis
that the physically dispersed elements of crude oil are
particularly important in causiné glll damage in fish. An
oll spill in- Canada's North might result 1In a relatively
contained emulsion phase with the low temperature holding
déwn the concentration of physically dispersed particles.'

The use of a chemical dispersing agent on thls hypothetical

spill would Iincrease dispersion and in so doing potentilate

the toxic effect.of the spill to fish. The results of this

study demonstréted that a dispersed o¢oll can cause severe .
lamellar damage, suggestling that a declslen-maklng process
leading to the use of chemical dlspersants as a counter-
measure for an oll spill must take into consideration a

probable increased toxic effect on fish In the spilll area.
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Ghaptef V.
CONCLUSIONS

The expérimehtal evidence presenﬁed Iin this thesis.
éupgorts the primary hypothesls that prolonged (7 days)
pﬁysical contact of- the gill tissue with the _physical
dispersion 1s imﬁortant'in producing severe gill histo-
pathelogy on exposure to crude petroleum.

The results of the experiments also supported the

following conclusicns:

- The morphological changes in gill tissue on exposure
to petroleum hydrocarbons are Synonymous'with therlasma
ionic disturbances observed 1in the sane ﬁish, and may be

responsible for them;

- Weathered Venezuelan oil dispersions produce effects
on gilll morphology different from weathered Norman Wells
crude ¢l1ll dispersions;

’ The purely physical component of crude petroleum
(i.e., the droplets of oily substance) does not contribute

significantly to gill disturbance;

. The water soluble fraction of the crude oils tested
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is not responslble for~thef§evere gill damage produced by
crude petroleum, but does have the effect of reduclng micro-

ridge patterns at the gill surface;

. The internal systemiq load of crude petroleum, as
tested in this study, 1s not an importanﬁ factor in

producing glll abnormaiities;

- Stress reactions mediéted by cortlsol may increase
the vulnerability of gill tissue to the toxlc effects of
petroleun by increasing the number of chloride cells in the

branchial tlssue;

. Larger molecular weiéht aromatic hydrocarbons are
more effectlve than lower molecular weight aromatlc hydro-
carbons in producing epithelial cell surface and chloride

cell alterations.
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APPENDIX A
PLASMA ION DATA
The followling pages provide addit‘iona:]: information
on the plaéma ion concentrations of the fish examined in

this study for morphecloglcal changes at the gill level.
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Figure 26 ' <

Changes 1n piasma lon concentrations iﬁ rainbow trout after
7 days of exposuré to o0ll by way of dispersions (emulsion),
water soluble fractions (WSF), and intraperitoneal
injection (IP). Treatments compare responses betwgenA
unexpo§ed controls (C), and paraffin oll (P), Norﬁaﬁ'Wells
erude oil (NW) and Venezuelan crude oil (VEN) ih fresh- and
sea-water acclimatéd trout. Verﬁical bars represent means

of 8 fish showlng standard deviation; significantly

different (*) from controls at P < 0.05.

Adapted from Engelhardt, F.R., M.P. Wong, and M.E. Duey

(1981). Aquatic Toxicology, 1:178.
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Figure 27

Plasma sodium‘and chloride 1lon concentrations'in freshwater
rainbow trout follo#ing exposure to_'individual aromatic
hydrocarbons 1in (100 pl/L) paraffin (PARA) dispersions.
The aromatlc hydrocarbons used were: benzene (BEN) at 3.0
mg/L, naphthalene (NAP) at 3.0 x 101 mg/L, phehanthrene
(PHE) at 3.0 x 10;2 mg/L; benzo(a)anthracene (BZA) at 3.0 x
10-3 mg/L, and benzo(a)pyrene (BZP) at 37x 10-4 mg/L. All
values are means of 8 fish and vertical bars represent one
standard deviation; "#" dénotes a statistically significant

difference {P < 0.05) from controls (CONT).

Adapted from Wong, W.P. (1982), M.Sc. thesls, University of

Qttawa.
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