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l. TASK OBJECTI VE

The nmain objective of this study was to establish the effect of selec
petrol eum hydrocarbons on the physiology of certain cold-water fishes that
are year round residents of the Bering Sea.

I1. FIELD.AND LABORATORY ACTIVITIES

Background. In the past several years there has been much interest in
the biological effects produced when narine organi sns are exposed to petro
hydrocarbons.  This interest has been in the formof studies in which organ
have been exposed to the water soluble fraction of petroleumor sone of its
refined products such as fuel oil (I). Generally the approach in these
studi es has involved determ ning how nuch of the water soluble fraction it
takes to kill an organismin a specified period of tine. In general the
hydrocarbon toxicants responsible for death were not identified and if so
their concentrations were not accurately determ ned because of the lack of
good anal ytical techniques (I).

Recently t-here has been nore enphasis on identifying the toxic componer
of the water soluble fraction of petroleumand attenpting to elucidate the
mechani sms by which they disrupt behavior and cause death (2,3). O the
many petrol eum hydrocarbon pollutants studied recent results indicate that
the aromatic conmpounds, and in particular naphthalene and naphthalene type
conpounds are probably the nmost toxic (3) . Naphthalene is of particular
interest because it has been denonstrated that it is rapidly taken up by
organisms and in the case of fishes it has been shown to concentrate in the
liver where it is nmetabolized (4). Recently studics have alsoshown that

this hydrocarbon conprises a significant portion of some crude oils and



fuel oil fractions (3). Because of its toxicity and its relatively high
concentration in certain petroleuns, we decided to investigate its toxic
effects on the physiology and biochemistry of selected Bering Sea fishes

at lethal and sublethal concentrations. The fact that naphthalene IS rapid]
taken up by the liver even at |ow exposure |evels (4) suggested to us that
this toxicant mght affect liver protein synthesis, The liver proteins
selected for study was the secreted plasma proteins (albumns and globulins)
because it is a relatively easy systemto work with (see review by Haschemey
(5) and the biological antifreeze proteins which have been denonstrated to
be present in certain menbers of the fish famlies Gadidae and Cottidae
which inhabit the Bering Sea. The species selected for long term sublethal

exposure in this study was the cottid, Myoxycephalus verrucosus (Bean)

because it was found to be a very hardy fish which could be handl ed easily
in an experinental study. The biological antifreeze which protects this
fish at subfreezing tenperatures is a small peptide which is conposed of
approximately 40% alanine (6). A recent study of protein synthesis in
antarctic fishes indicates that their antifreeze conpounds (glvcopeptides)
are synthesized in the liver (7). No studies have been done to denobnstrate
that the peptide antifreeze is synthesized in the liver of the sculpin,
however there is no reason to believe that their site of synthesis should
be different than that of the antarctic fish.

A. Ship and Field Trips for Specinen Collection and Methods

Col lection of Specinens. Ten specimens of the sculpin, Meaalocottus

platycephalus laticeps (Gl bert) were trawled using a 14 foot otter trawl

from Safety Lagoon south of Nome Al aska during September of 1975. The



water tenperature was *7° C and the depth 3 neters. The fish were shipped

to the experimental aquariumfacility at Scripps Institution of Qceanography
(S10)in coolers which were equipped with air punps. The were held at+1°C

until used.

Naphthalene Uptake. Two specimens of Megalocottus Wei ghing 27 g each

were used in two separate naphthal ene uptake experinents. The experinents
invol ved solubilizing 1 uc of Naphthalene-1-Cl4 (specific activity 39.8 uCi/r
inone m of ethanol and slowy infusing it into one liter of filtered seawat
through a 30 gauge needle. The seawater was stirred with a magnetic stirrer
to ensure nixing occurred. The water was gently aerated and radioactivity
measurements of a water sanple indicated that [o0ss of naphthalene fromthe
water by evaporation was insignificant. After the sculpin was put into the
water, sanples were withdrawn and analyzed for radioactivity. One nl of
seawater was diluted to 3.5 mM with distilled water and then shaken with

11.5 m of Aquasol (New England Nuclear). The resulting stiff clear gels
were counted in a Beckman liquid scintillation counter. After 22 hours one
of the sculpins was washed with methanol and the radioactivity determned in
100 ng sanples of several of its tissues. The tissue sanples were digested
with Protosol (New England Nuclear), and after digestion was conplete they
were neutralized with Tris-HC1. They were counted in Aquascl before and

after addition of an internal standard.

Col l ection of Specinens for Short and Long Term Naphthalene Expsoure.

About 200 specinens of the sculpin, Myoxocephalus verrucosus Were collected

by the fishing crew aborad the »/vV Miller Freeman while on Leg Il of cruise

OCSEAP RP-4-MF-76-A in the eastern Bering Sea. The fish were caught with a




100 foot otter traw which was towed for 30 minutes at a depth of 50 m near
St. George Island. The water tenperature near the bottomwas °C as indica-
ted by an XBT probe trace. The fish were held on the deck of the ship in
1220 liter fiberglassed circular tanks while at sea. The tanks were closed
with resined pl ywood covers which sealed the tanks and water was introduced
through a stand-pipe. This design ensured that the tanks were full and that
there was little water novement even in rough seas. Seawater from the ship’
fire main was continually circulated through the tanks and few of the sculpi
died while at sea. The water tenperature of the fire main varied between -0
and +4°C dependi ng on how near the ship was to the edge of the ice.

Short term acute exposures to naphthalenec were done aboard the ship in
tanks holding 160 liters of seawater containing naphthalene at concentration
of 3, 4 and 5 ppm  Naphthalene was introduced into the water by first solu-
bilizing it in ethanol and then infusing the ethanol into a streamof high
velocity seawater which ensured that mixing was adequate. \When sea conditio
permtted, 10 specimens of each species were transferred to the tanks and the
times at which they first showed stress and when they died were recorded.
Cessation of opercular movenent coincided with death as indicated by the
fact that when exposed fish were removed to fresh seawater they failed to
recover. Only prelimnary short termstudies were done aboard the ship
because of the lack of aquarium space, the large size of the specimens (aver:
wei ght = S00 g) and the short duration of the cruise. These prelimnary
naphthalene toxicity determnations were intended only to provide a rough
approxi mation of the TLm (concentration at which 50% of speci mens survive)

so that sublethal concentrations could be selected for long term exposure



studies to be conducted at the aquarium facility at S10 using a flow through

system

Long Term Subl ethal Exposure. Forty specinens of the sculpin collected
on this cruise where shipped by airfreight to the aquariumfacility at S10.
They were packaged in heavy plastic bags in Igloo coolers and the water
aerated using a portable battery powered air punp. Some ice was put in the
coolers and after 30 hours of air travel the tenperature of the water was
+4°C. O the 40 specinmens shipped all survived the air shipnent. After a
week in the aquariumat +7°C the fish began feeding on pieces of yellow tail
tuna. The fish were treated once a week with the antibiotic, furacin (30
g/100 1 of scawater) to prevent bacterial infections. After two weeks
acclimtion at +7°C they were transferred to +14°C water and held at that
tenperature for 2 nonths. At this tenperature the fish were fed twice a week
and each week thereafter a few of the specinmens were selected for blood sampl
Blood plasma sanples were assayed for ion content as well as for the disappea
ante of the thermal hysteresis which is a neasure of the peptide antifreeze
content. Upon warm acclimation nost of the peptide antifreeze di sappeared
and then 6 specinens were transferred to a 60 liter tank where they were cold
acclimated to +0.5°C seawat er contai ning naphthalene at a concentration of
1 ppm  Naphthalene concentration in the tank was determ ned by measuring the
absorbance at 276 mu and the absorbance agreed with that obtained for a stan-
dard solution of 1 ppm  The naphthalene was introduced by solubilizing it
in 95% ethanol and infusing it through 2n IS gauge needl e at the rate of
0.4 m per mnute into a stream of seawater flowing at the rate of 800 =l per

mnute. For netering the al coholic naphthalene and seawater, two variable



speed peristaltic punps were used. Silicone tubing was used and it was cha
one a week. The calibration of the punps was checked daily as well as the

concentration of the naphthalene in the seawater by measuring the absorbanct
at 276 mu. At the beginning of the naphthalene exposure experinment, 5 spec:
mens of the warm acclimated sculpin were also transferred to +0.5°C seawate:
and served as controls. Blood samples were taken periodically fromthe cau
vein of both the control and exposed fish using a 30 gauge hypoderm ¢ needl:
while the fish were under 1light anesthesia. The plasma’ levels of sodium anc
pot assi um were determ ned using a Corning 450 flane photoneter and the chlos
determ ned using a Buchler chloridometer. Freezing and nelting points were
determ ned according to the nethod of DeVries (10). The difference between
the freezing and melting point is referred to as a thernmal hysteresis and i
a reasonably accurate estimate of concentration of the peptide antifreeze i

t he bl ood.

Measurement of Resting Metabolism  Oxygen consunption neasurenents wes

done in a 6 liter glass jar at +1°C. Water was circulated through a Rank
el ectrode chamber and back to the respirometer. The electrode potential was
di spl ayed on a Houston strip chart recorder and a span of one mllivolt indj
cated an oxygen concentration change fromO to7.9 nl per 1 of seawater, At
+1°C the response time of the electrode was about 10 minutes. Runs usually
lasted about 2 hours. Data were recorded only after the first 15 minutes tc
ensure that the rate of response of the el ectrode was constant.

Wien fish are put into a chamber they often exhibit elevated rates of
oxygen consunption for several hours due to the activity resulting from stre

surroundings and being handled. Therefore, the sculpins were hékd in the




respirometer several hours before their oxygen consunption was determ ned.
During this acclimation period water was slowy circul ated through the respiz
onmeter.  The oxygen consunption is expressed as m 0, consumed/ g/ hour.

Measurenent of Plasma Protein Synthesis. After 6 weeks of |ow tenpera-

ture acclimation, 4 control fish and 4 exposed fish were injected each with
40 uCi of L-leucine-C14(U) (specific activity: 320 mCi/mmol) and the incor-
poration into secreted plasma protein determned. Forty uCi of the isotope
was nmade up to a volune of 0.4 mM wth a buffered, balanced salt solution

and injected into the caudal vein. The solution was injected through a 10 cn
| ength of polyethylene tubine (PE-10 attached to a 30 gauge needle. Once
the needle pierced the vein the injection could be made w thout disturbing
the needle. The fish were lightly anesthetized with M5 222 (0.1 g/1) both
during the injection and when bl ood sanples were drawn. The arousal time

was usually about 3 mnutes. At various times after the injection, 300 ul
sanmpl es of blood were withdrawn fromthe caudal vein and i medi ately centrifu
before clotting occurred. A 100 pl aliquot of the plasma was transferred to
a 2.3 c¢m Whatman No. 3 mmfilter paper. The paper disc was allowed to dry
for 5 mnutes then washed twice for 10 mnutes in each of the follow ng sol u-
tions: cold 10% trichloracetic acid (TCA), col d 3% perchloric acid, cold 95%
ethanol and ether. After drying at roomtenperature for 15 mnutes the disc
was put into a scintillation vial containing 10 nl of toluene containing 4 g
per liter of 2,5-diphenyl-oxazole (PPO), 0.05 g per liter of 1,4-bis(2-phenyl
oxazolyl)benzene (POPCOP). Another 100 ul aliquot of the bl ood plasma sanple
was added to 100 ul of 10% TCA, shaken and centrifuged after having been
imrersed for 1 hour in ice. A 100 pl aliquot of the TCA supernatant was

counted in 10 m of Aquasol.



When it was apparent that the secretion of lcucine | abeled plasma protei:
was occurring at a constant rate, the fish were anesthetized, weighed and
sacrificed. The liver was removed, weighed and honogeni zed in one vol une of
a buffer containing 0.35 Msucrose, 0.05 M. Tris, pH 7.4, 0.025 M XC1 and
0.01 M MgCl, for 3 mnutes at |ow speed in a Waring Bl ender. The honogenate
was centrifuged at 1000 x g for 3 mnutes to sediment the cellular debris and
rid the honogenate of bubbles. One hundred ul aliquots were assayed for radii
activity using the filter disc technique described above ‘and the free radio-
activity determned in TCA sol ubl e supernatants.

The radioactive sanples were counted on a Beckman |iquid scintillation
counter. The recoveries of radioactivity in the forns of |abeled protein and
free radioactivity in the plasma and liver were cal cul ated according to the
met hod outlined by Hashemeyer (8).

Effect of Naphthalene on Liver Mrphology. Upon conpletion of the leuci

i ncorporation studies but before the livers were honogenized, small sections ¢
liver were preserved in 10% formalin for histological exam nation. The |iver
sanpl es were enbedded, sectioned and stained with hematoxylin and eosin. The;
were examned by |ight mcroscopy.
[11. RESULTS AND | NTERPRETATI ON

Naphthalene Uptake in Sculpin. Exposure of the sculpin Megalocottus toO

| ow | evel s of naphthalene (0.025 ppm) indicates that even at very |low |evels
fish rapidly take up naphthal ene fromseawater. Figure 1 illustrates that
Wi thin two hours 75% of the naphthalene in a 1titer of seawater had been taken

up by a 37 g Megalocottus. After several hours of exposure significant amoun

of radioactivity (presumably naphthalene) were found in the various body flui



and tissues. Most of the radioactivity present in the fish was associated
with the liver (Table 1). Simlar rates of uptake and concentrations of
radioactivity in the |iver have also been found when specinens of the tem

perate pacific sculpin 0ligocottus maculosus were exposed to |ow | evels of

radi oactive naphthalene (4). Recent studies indicate that the l|iver metabo:
lizes naphthalene t0 nore water sol uble products such as 1,2-dihydro-1,2-

di hydr oxynapht hal ene which are excreted via the bile (4) In rats sone of
the naphthalene i S netabolized to 1,2-dihydro-1-naphthyl glucosiduronic acit
and excreted via the urine (9). There appears to be no data available con-
cerning the toxicity of these netabolizes,

Acute Exposure Studies. O the several species of Bering Sea fishes

exposed to naphthalene at a tenperature of +1°C, the cottids and pleuronect:
appeared to be nore resistant to exposure than the gadids. At a concentrat

of 4 ppmall of the cod, Gadus macrocephalus and pollack, Theragra chalcogr

died within 2 hours while other species which included the sculpin Myoxocepl

and the rock sole Lepidopsetta bilineata did not die until they had been ex

posed for 20 hours. At a concentration of 3 ppm the cods were unable to

maintain their equilibriumafter 3 hours had passed and after 13 hours they
failed to ventilate and did not recover when put into fresh seawater at the
same tenperature. The cottids and pleuronectids however showed signs of st
at this concentration only after 12 hours of exposure and after 48 hours on
10% of the sculpins had died. No toxic lethal doses are given for this stu
because only 10 specinens of each species were exposed. The results are co
sidered to be of a prelimnary nature because the exact concentrations coul

not be determned as there was no spectrophotometer aboard the ship. Water
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sanples were COl | ected during the course of the exposures and anal yzed at

the laboratory at S10 one nonth later, however the naphthal ene concentration:
were about one tenth of what was expected. Therefore they were considered
unreliable and not used. However, the experiments did permt a reasonable
estimate of the naphthal ene dose which could be tolerated for long periods

of time. On the basis of these short term exposure studies, a concentration
of 1 ppmwas selected for the sublethal long term exposures and at this leve:
no fish died during a 6 week period of exposure.

The cause of death from short term exposures to high concentrations of
napht hal ene is not known. Exposed fish usually lost their ability to retain
their equilibriumin the water colum very quickly, and shortly thereafter
stopped ventilating. Such behavior suggests that disruption of the nervous
system may be involved. The high concentration of radioactivity in the brai
(Table 1) of sculpin exposed to radioactive naphthalene | ends sone support «
this hypothesis.

Long Ter m Naphthalene Exposure Studies. Al though none of the six sculp

Myoxocephal us exposed to seawater containing 1 ppm naphthalene died, their

condition appeared to deteriorate over the course of exposure. Previously
all of these fish fed on pieces of yellowtail fillet and although the con-
trols continued to feed during the course of cold acclination, the naphthale
exposed fish refused to feed. During the 6 week exposure period they were
lightly anesthetized twi ce and small pieces of fish forced into their stomac
This “force feeding: did not appear to have any adverse effects On the speci
The reduced food intake undoubtedly had sone influence on their condition,
however they appeared worse than the condition of the starved controls. The
exposed fish also appeared to be less active when transferred to a container

of anesthetic.



Effect on Blood Chemistry. Periodic sanpling of both the control and

exposed fish showed that the concentrations of ions in their blood did not
change significantly after the initial increase which resulted fromtrans-
ferring themfromwarm to cold water (Table 2). The changes in ion |evels
are in accord with what has been observed with other marine fishes upon col
acclimtion (10). On the basis of the data presented in this study, it
appears that naphthalene does not affect the capability for osmoregulation

i N Myoxocephalus. One inportant difference that was noted was the |arge

drop in the hematocrit v:iue of the naphthal ene exposed fish which appeared
to drop further as exposure continued. It should be pointed out that each
time the fish were sanpled about 2.5%of their blood volume was removed.
Since they did not accept food the red blood cells may have been regenerate
more slowy or not at all. The decrease in hematocrit did not occur in a
few of the control fish which were starved. The drop in hematocrit val ue
is simlar to that observed for other higher vertebrates which have been

exposed to naphthal ene (11).

Ef f ect of Naphthalene on Peptide Antifreeze. \Wen the warm acclimated

control sculpin were acclimted for 6 weeks at +0.5°C, they produced only

a small amount of peptide antifreeze. The plasma freezing point dropped
from-1.01°C to -1.28°C during this time. The change in the difference
between the freezing point and melting point (thermal hysteresis) was only
0.13°C (Table 2). This change is quite small conpared to difference observe
between sculpin collected during the sumrer and winter where it is 1.0°C.

The small change in thermal hysteresis observed with this extended period



of cold acclimation was surprising, however it is in accord Wth the nagnitude

of change observed when the sculpin, Myoxocephalus scorpius Was col d acclimatec

in the laboratory during the nonths of August and Septenber (12).

No increase in thermal hysteresis was observed with the plasmas of the
napht hal ene exposed fish. In fact it actually decreased by 0.06°C during
the 6 week acclinmation and exposure period (Table 2) indicating small anounts
of peptide antifreeze had disappeared fromthe blood. In order to decide
whether this change in the level of antifreeze resulted froma decrease in
the rate of protein synthesis, the incorporation of radioactive leucine into
liver secreted proteins was determned (see Effect on Synthesis of Secreted
Liver Proteins).

The slow rate of peptide antifreeze production during 6 weeks of cold
acclimation suggests to us that the experinent shoul d have been conducted
late in the autum season rather than during the summer. A simlar cold
acclimation experinent done with the closely related sculpin, M. scorpius
resul ted inithe production of 50% of their wintertime conplinment of anti-
freeze (12), whereas in this study cold acclimtion caused only 35% of the
wintertime conplinment of antifreeze to appear. Acclimation reginmes used
in the two studies were the sane except that the study described in this
paper was done between md- and late sunmer, while the other was done between
late summer and early autum. The difference in antifreeze production during
cold acclimation in these two species suggests to us that control of produc-
tion is a seasonal phenomenon and involves nore than |ow tenperature and
exposure to short days. It is apparent that in order to examne the effects

of naphthalene exposure on peptide antifreeze synthesis, the acclimtion




experinents must be done during the late autum, a time during which the
sculpin normal |y produce their peptide antifreezes.

Ef fect of Naphthalene on Metabolism The oxygen consunption rates for

the exposed and control fish are given in Table 3. Data are for fish of
simlar weights and are therefore conparable. They clearly show that exposed
fish have lower rates of oxygen consunption. This lowrate is not entirely
unexpected in view of their reduced food intake and apparent poor condition
It is possible that the exposed fish are unable to use oxygen at a faster
rate because of their severe anenma

Effect on Synthesis of Secreted Liver Proteins. The time course of the

appearance of |abeled plasm protein at -0.5°C after injection of radioactive
leucine into the caudal vein of control and exposed sculpin i S shown.in Fi g-
ure 2. Exam nation of the respective curves revals that there is no difference
in the rates of incorporation between the control and exposed specinens. The
shape of the curves are simlar to those obtained for the incorporation of
| abel ed am no acids into plasma protein at 20"C in the toad fish (8).

The recoveries of |abeled plasma protein ranged between 3 and 10% for both
groups. These values are slightly | ower than those reported for the toad fish

at 10"C and for the antarctic cod, Dissostichus mawsoni at -1.5°C (7). The

recoveries of liver protein (63-76% however were simlar to those reported for
the toad fish and antarctic cod. Recoveries of free radioactivity in the liver
were significantly higher than those in the toad fish, however this is nost
likely due to the fact that twice as nuch isotope per unit of body wei ght was
adm nistered to the sculpin as was to the other species. Free radioactivity
recovered fromthe plasma was |ess than 3% of the total, a value which is
simlar to that recovered fromthe plasma of the toad fish.

There appear to be no differences in the recoveries of both the |abeled

protein and free radi oactivity between the control and exposed fish. There-
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fore it appears that 6 weeks exposure to 1 ppm napththal ene does not have
any detectable effect on the rate at which liver proteins are synthesized

and secreted into the blood

Effect on Liver Cellular Structure. Prior to preparation of the |iver

honogenates the livers were examned for gross changes and there appeared
to be no difference between the control and exposed fish with the exception
that one of the livers of the exposed fish was slightly hardened and pigmen
Hi stol ogi cal exam nation of H and E stained sections of this liver reveal ed
that many of its cells were shrunken, and in fact sone of them |acked cytop:
In other cells thickening of the cell wall had occurred and in sone there
appeared to be deposition of fibrous material in the cytoplasm  Exam nation
of other livers taken from exposed fish indicated simlar cellular changes
but not to the extent observed in the hardened liver. Exam nation of the
livers of control fish indicated that their cells were nornl

The histological analysis of the livers indicates that naphthalene
exposure does produce changes in the cells of the liver. The normal pattern
of protein synthesis observed in naphthalene exposed fishes is not unusual
Conpensat ory nechanisns exist in the [iver which allow protein synthesis to
occur at its normal rate despite sone cellular deterioration
V. SUMVARY AND CONCLUSI ONS

Sculpins fromthe Bering Sea were shown to take up naphthalene fromthe
envi ronment however it appeared to have little effect on the biosynthesis of
either the plasma protein or of the peptide antifreeze. Morphol ogical studie
denonstrated that naphthalene exposure caused deterioration of the liver, how
ever it was not determned whether this was a direct effect of naphthalene
netabolismor resulted indirectly fromanema and reduced food intake. The
nornal rate of protein synthesis in the naphthalene exposed fishes suggests
that conpensatory nmechani sms exist to maintain a constant synthetic rate of

l'iver proteins.
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Table 1. Distribution of radioactivity in various tissues and fluids of

Megalocottus platycephalus laticeps after 22 hours exposure in one 1 of sea

wat er containing 1 uCi (0.025 ppm naphthalenec C 14.

Ti ssue Dpm/100 mg tissue
Li ver 135, 000
Bile 117,000

Brain 41, 300

Gut 15, 300

Ki dney 8, 200

Gl 4,500

Muscl e 2,800

Bl ood Serum 1, 800



L
TaMe 2. Phys®ochemical lgroperties O? blood plasma o 0 greoups of Myoxocephalus verrucosus , ‘
ol

acc.ated sg’ " One of the groups was exposed t

m naphthalene during t he course of ¢

acclimation. The nunber of specinmens anal yzed are given in parentheses.

Number of specimens Freezing Mel ting Mel ting Point Na cl K Hematocrit
and acclimation Point Poi nt m nus m 1 m 1 m/ 1 L,
condi tions °C ‘c Freezing Point

CONTROLS

60 days at +12°C (§) -1.01 -0. 68 0.33 183 171 3,5

15 days at +0.5°C (6) -1.25 -0.85 0. 40 207 190 2.9

27 days at +0.5°C (6) -1.28 -0.79 0.49 203 185 3.0

50 days at +0.5°C (4) -1.36 -0.75 0.61 207 193 3.0 17.6

NAPHTHALENE EXPOSURES
1.5 days at +0.5°C (6) -1.02 -0.85 0.17 205 183 4.0 9.0
27 days at +0.5°C (6) -1.11 -0.84 0.27 205 178 2,3 4.6

50 days at +0.5°C (4) -1.34 -0.78 0. 46 214 187 3.2 2.5




Table 3. Rates of oxygen consunption for the sculpin Myoxocephalus

verrucosus after 6 weeks acclimation to +0.05°C and exposure to 1 ppm

napht hal ene.

Milliliters of 02/ g/ hour

Controls 0. 044, 0.059, 0.045
Exposed to Naphthalene 0.029, 0.025, 0.032, 0.025



Table 4

Recoveries of radioactivity in the formof plasma and 1iver

protein and TCA soluble radioactivity after injection of 40uCi leucine

C- 14 into specinens of Myoxocephalus verrucosus.

Pl asma Li ver
Pl asma Li ver Free Free
Protein Protein Radioactivity  Radioactive
Speci men uci 9% uci % uCi %1 uCi 4!
CONTROL
1 0.22 17 2.1 63 0.06 2 0.94 2!
2 0.21 11 1.5 76 0.04 2 0.25 5
EXPOSED TO
NAPHTHALENE
1 0.19 3 3.5 64 0.14 3 0.164 3
2 0.19 8 1.8 73 0.06 2 0.40 1

L

TCA sol uble and insoluble fractions.

Percentages of recovery are percentages of tota

radi oactivity recovered
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‘ Figure 1.

The fish was introduced into 11. of seawater which contained 1 uCi of

Upt ake of naphthalene by a 37 g Megalacottus platycephalus laticeps

9] naphthalene-1 -Cl4. The concentration was 0.02S mg per liter and the decline

in radioactivity of onc m sanples followed as 2 function of time.
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fraction of the plasna of the s19Xo¢cphalus verrucosus at +0.5°C afte

Lyssaty

. , . The control 1
40 uCi of 1leucine C-14 was injected into the cauda vein. vaues

are given by (&) and (e) while the values for the specinens exposed to lppm
naphthalenc are indicated by (A) and (o). The data are given as dpm divided

by the dpm value of the plateau (A/A).
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$47,671



