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sodium and chlJ!ide ‘fons across the gill The 96 hour LC50 value

| / o AfST“?*QT |

-

" Tests were performed with mature goldfish CaraSSius auratus,{'

“to determine the effect of 40 pg/l total copper on the fluxes of

o

«

was 60 pg/l total copper. - - o

‘Exposure to copper, starting 12 hours prior ‘to flux measurements

: . "
had no effect on sodium or chloride fluxes in normal salc: depleted

or blood sampled salt depleted fish, Sodium influx and efflux values"

@

and plasma sodium concentrations werevreduced in the salt ‘depleted

group: in which £opper exposure started 2 days prior to flux

o

. measurements. Sodium netflux was>unaffected indicating that 2 day

copper exposure reduced sodium permeability without affecting net
uptake Since 2.day copper. exposure had no effect on plasma chloride
concentrations or-chloridegnetfiux, it has been concluded that copper

has mo effect on;chloride'flux values.

° .
o

Fishvmhich had -a 1 ml'bloodwsample taken 48 hours ‘prior to flux '

lv.

measurements shoWed'significantly lowerJSOdium'influx and efflux

o

v compared w1th control fish but sodium and chloride netfluxes were not-

concentrations during flux measurements. Howe

'sodium concentrations than control salt deplete

affected indicating an effect of blood~samp11ng on sodium permeability.
- ; A . ) \

Plasma'sodium concentrations“dec1eased during ‘salt depletion and

: . . AN N
B the resultant increased net uptake caused elevation in plasma sodium

.

\
fish which Were

exposed to copper during salt depletion ‘had sign ficantly lower plasmaf

' fish.which indicates
that copper augments the loss of sodium ions d ring salt depletion.’.
 Plasma chloridefconcentrations1in*salt depleted fish.were

significantly lower afterbflux_medsurements—thanlthey pere before flux.

L
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‘measpremeﬁts..There was.a-nét loss-éf'chﬂbridé, acf6é§>the'giiis,.in ‘

' ;hé1b1ooé éamplgd fish aﬁd'the'zidéy éopger_exposed ffsh wherééé in
the cher gfoﬁpaineéfluk.wasﬁnAt éignifitantly differpnt‘f?om zero.

wifﬁ the loss of chloride ;oﬁs in ghe uriﬁb,-this may explain the

€ o . o . ) o . . , . . - .,
decreased plasma chloride concentrations. _ - . L
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IhTRobUCTION j

e

‘The mode of toxlcity for copper is unknown. Copper accumulateJ 1%
fish tissue; during exposure to sublethal doses of 20 104 pe/l f6r 30°
or more days but does not accumulat%rdurlng 4 day exposure to acute
lethal concentratlons of 200 -4:00 pg/l (;rungs et al., 1973; McKim anq
Benoit, 1974).'Copper concentratlons in ‘the gllls and 11ver after 20
months exposure to 49~ 53 pg/l copper were 6. 5 and 4. 5 tlmes_hlgher than
found in controls (Brungs et a1.; 1973y . Brungs et al. (1973) also
reported only 2 and 1 times hlgher concentratlons in g111s and liver,
respectively after & day exposure to acute 1etha1 concentratlons ofx
206 pg/l Because copper accumulatlon was apparent~over long periods
- of tlme McKlm and Ben01t (1974) concludedighat the rate of copper
turnover in the body of the flsh was low. Slnce fish are able to'

E tolerate.S times as- much copper 1n their tlssues as fdund in fish dying

from acute 1ethal exposure to copper, tox1c1ty does not appear to: be .
related to body uptake. Therefore it is pos51b1e that the mechanlsm of

cOpper tox1c1ty is by some effectbon external membranes, such as’ the

..éill_ '

| Effects of copper-on sodlum and chlorlde tranSport'inhgiﬁg_havev

not been examined but. in vivo experiments have prov1ded jndirect =~ -

...-—__..——--

I3

‘_'ﬁvidénce for an effect of copper on” active transport in fish McKlm

Iet al. (1970), worklng on brook trout (Salvel1nus fontinalis), dpj

\

Christensen et al. (1972), worklng on brown bullhead (Icta urus ,b
hnebulosus), reported a decrease in plasma chloride c:ncentrations
"following exposure to 25 100 pg/l copper for 6 to- 30 days. Williams
(personal communlcatlon); worklng w1th ralnbow trout (Salmo gairdneri), f

i




obserﬂed an initialbdécrease and subsequent recovery in plasma sodium

\ 4

and chloride concentrations during chrenic exposure to sublethal

cdncentrations of copper. Th1§'decrease in plasma ‘fon concentrétions

may be due to a decreased influx or increased efflux of sodiu%ﬁ nd )

‘chloride ions during exposure toicopper.gThe recovery that followed
. ' . Ry :
~may be attributed‘to a delayed compensation, by the fidh, for the

" initial salt -loss.
Copper effects on .ion transporting membranes have been studied only -

ron in vitro frog sKin. U551ng and Zerahn (1951) showed that 50 pg/l 'f
B copper increased the potential difference-across isolated frog skin,_'7

' BN i ) RS
but did not affect the short c1rcu1t current “(s.C. C. ) They prev1ous1y L \'”'

showed that net sodium transport ‘was equal to. the S. C C Since copper-.g‘ wn(

2

dld not affect the S.C. C. they concluded that copper spec1fically E

inh1b1ted pa331ve chloride 1nf1ux.“Zadunalskj et al (1963) observed 'g;;'l
'that the S C. C uas equal to. the difference between net sodium and -
chloride transport and that 127Q pg/l copperm in the outside medium
produced an increase in both the potential difference and the S C C

’ They concluded that copper decreased pa551ve\chloride 1nf1ux without .

affecting sodlum 1nf1ux, resulting in: a S C C equal to. the net sodium x_tfx'

'transport Ferreira (19]0), also working w1th isolabed frog skin, found
' that 6350 pg/l copper caused an increase in the S.C. C.,;sodium fluxes, -

&

N and chloride fluxes. He concluded that copper, exposéd to both sides of

. AN.'
the frog skin, prodUCed a higher permeability in, the skin to sodium and
. chloride ions. Koefoed Johpsen and Us31ng (1958) and Koefoed Johnsen_ Liﬁ~a°“; B
. o N “\',‘ o
-gg al (1973) found that 635; PS/l copper produced an increased potential

ﬁ:difference in isolated frog skin and concluded that this was due to a

e

'u_kecrease in chloride permeahility. These studies indicate~that a large\

B

. . » . . - B . . g



: mortality in, fish. . o A : !

' across the gills of a freshwater fish in vivo.

range of cogper concentrations affect the chloride:permeability in

P

\

frog Skln. These copper concentrations are also large enough to. produce

o . "
ot . (-

Y

v
/

. The mechanism of sodium d;aake, across the gills of freshwater

'

fish; is though& to involve a oneufor one exchange between external

(
sodium and 1nterna1 hydrogen and/or ammonium ions (Krogh 1937 Maetz

and GarCia-Romeu 'ﬁ964 Kerstetter et al., 1970 Maetz, 1'73) In most’ ‘

h

fish it is an ammonium/sodium exchange w1th a limited hydrogen/sodium

VoW

-

‘ exchange (Cuthbert and Maetz 1972 Maetz, 1973) Chloride is taken up

A Y < s

in exchange for bicarbonate ions (Krogh 1937 Maetz and Garcia—Romeu,

1964 Kerstetter and Kirschner, 1972 D< RenZis and Maetz, 1973) ‘Both

‘@

'

processes appear to be carrier-mediated through ;%ecific channels or

P . R a

: \\pores in the transporting membrane (Kennedy et-aly, 1977 Lindemann, -

_The mechanism of sodium and chloride transport across imp

i
Vo . p‘ .

transporting epiﬂhelia, is sﬂmilar in amphibians and freshwater fish

5

(Motais and Garc1a Romeu, l972) Since copper has a specific effect on

w ion transport in. frog skin and on. plasma concentrations in fish the

- - : «

purpose of the present study was to determiﬁe whether sublethal

~

concentrations of copper specifically altefed sodium or chloride fluxes



. retained by the filter (Figure31).

MATERIALS AND METHODS

- Care of-Study Animals ‘f\>

Mature goldfish, (Carasslus auratus) Weighihg 146.1 + 54, 7r5rams

\
(mean + standard d’Vlatlon) were obtalned from Grassyforks Fisheries

(Martinsville, Indlana) The fish were shipped by air and on.arrival
_ 1

were placed in holdlng tanks of dechlorlnated tapwater at 25° C They _

were kept under a natural photoperlod and were fed daily w1th Ewos \

’
R

£fish food.

The fish were transferred to 10 galion aquaria 9 days prior to

flux measurements. The aquaria received a continuous flow offdeioniZed

hwater at room temperaturev(23 4+ 0.5°C). During 'salt depietion and flux

v measurements_the\fish'were'not fed, thereby negating any salt intake

from the food.

After>6 dajsfof salt depletion, the fish qpeéxfégheterized and

y

“placed in the experimental boxes‘used for flux measurements; These

boxes, made of plexiglass, were covered and of two 51zes. The flrst

. box ‘was 5 x 30 x 13 cm and held 2 11ters of water wh11e the second was

s

5 x 25 x 10 cm and held 1.5 liters’ of water Eth box was connected to

a closed tubingﬂsystem whlch»provided'for aeration, filtration, and

'circulatlon of yater through the box (Flgure 1) The water passed

through a glass wool fllter wh1ch removed large amounts of mucus. The

 filter wasjchanged every 24 hours and was completely remoVed'during

flux measurements to ensure that no isotope was bound to material

o



 Figure 1 Experimentalf apparatus used to measure sodium
- and chloride fluxes in \goldfish.
\ - |
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Water Quality

iTo:avoid fluctuating water quality during thé eXperiments artificial O

water was prepared u51ng reagent grade salts dlssolvedlln distilled
water to produce ooncentratlons “of 1 mM/l sodlum chlorlde and 0 éS mM/l
sodlum carbonate. The carbonate was uséd to: establlsh a pH of 7 3‘+ 0 3
and a- total hardness of 12 mg/l CaCO3. Calcium was not used because 1t
"~ reduces sodlum 1nflux (Bornanc1n et al., 1972; Cuthbert and Maetz, 19?2;1;“

96 hour LCS for copper was determlned on mature and immature
'goldflsh welghlng 24,5 + 7.9 grams (mean + standard deviation). Although
_the flsh were smaller than those used in later experlments and not all

. | 3

wereimature,bthe LCSO value of 60 pg/l total copper dld produce él
mortallty among the 1arger fish (Appendlx I). An ingtlal total copper
concentratlon of 40 pe/1l was used for all experlments. ThlS concentratlon

,stressed the flsh ‘without produc1ng mortallty durlng the flux .
measurements. Initlal experlments showed a rapld decrease in dlssolved
‘copper concentrat1ons in the water of the boxes in whlch flux _
measurements were maide (Appendlx II) Since the concentratlon ofu
dlssolved copper seems to be ‘more 1mportant.to toxic1ty in f£ish than
total copper concentratlons (Sprague, 1964), durlng flux measurements

- dissolved copper concentrations were kept . stable at 17 pg/l by infu51ng
a copper sulfate solutlon The rate of 1nfu51on was 0 05 ml/hr of

4500 pg/l copper and dlssolved copper concentrations in the water were

measured every hour during rn1t1al experiments. : S _ //

4



: .‘ 'Opérative.}"roge%:es' /o j

Prior to‘catheterization‘the fish were anaesthetized‘with 0.17% o
tricaine methanesulphonate (MSZZZ), dissolved 1n dlstilled water,
Anesthe51a was to the p01nt of loss of equily rlum and opercular

7movement was barely detectable. The fish were then welghed measured,

Y
\
\

and wrapped in wet’ paper towelling for catheterlzation
‘Urinaryvcatheters vere produced from lengths of P.E. 50 or P;E.‘9O
;tubing (Intrademic, Clay Adams Inc, ) by perforating the wall of the
tubing at one ‘end, where it had been molded to conform (o the shape of
:the bladder Two sutures were used to hold the catheter in place (Flgure

‘2); The first sutyre was positioned through the dorsal side of the

°

rectum and around the 1r1nary duct posterlor to the bladder ThlS

~

prevented leakage around the catheter The second suture was used to

attach the catheter to the anal fin, and it prevented the .catheter from

§ging pulled out of the bladder The catheter was ## cm long and

Al

extended out of the box into a graduated: cylinder where urine was
_coll@bteJ

Bl‘oo\d samples were taken by using alml: syringe with an> ammonium @

\

heparlnized 1 inch 22 gdﬁge needle. The Deedle was 1nserted through the

ventral .surface of the flSh into the caudal cir ulation, from which 1

\

ml of blood was taken Follow1ng the operative procedure the fish were
placed in the experlmental boxes to recovi? Blood samples were taken
on day 7 for all fish, and again on day 9 for half of the ishiuThe
fish which were not blood sampled on day ¢ were sampled after flux

measurements on day 11,



Figure2

Urlnary system of the goldfish showing the position
of the’ catheter.
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i

. ’ j
“during the following 12 hour perlod Initial and final samples of wat

. 11
/“ .
Experimental Protocol 1 o v

After the fish were salt depleted and catheterlzed they were

placed in the experlmental boxes containlng dlstllled water After 24

i
B |

hours the dlStllled water was replaced w1th the axtificial water to be

r \
used for flux‘ﬁeasurements and the fish were then" held for an additional

12 hours before flux measurements were made (Flgure 3). Thus, the fiSh:
were allowed 36 hours to recover from the stress ‘of catheterization,
handling; and the physical restrictions of”the bok. This should have‘

- . ¢ ‘ . -

) . < . o 4 . .
been enough time for physiological précesses to return to normal levels

-

(Henderson and Chester- nes, 1967"Houston'and>De Wilde, 1969; Hunn

and Willford, 1970 Umminger and Gist, 1973). \During the last half hour

of this 36 hour perlod yA pC of 22Na or 0.5 pC 36Cl were added and

~

allowed to dlsperse thropghout the system. The ion fluxes were measured -

[

were taken for sodlum, chloride, and copper analy51s and for determ' ation

of the activity of the isotope. Follow1ng flux measurements the
, ™.

L exper1mental water was replaced by dlstllled watef in which the fish

were held for an add1t1onal 24 hours of salt ddpl 1on. Then art1f1c1a1

-water was added and after 12 hou;s in the art1f1c1al water flux J

‘its own control There was no 51gn1ficant dlfference\between ‘the flux

\
Y
o

measurements were’ repeated One half of the- flsh were exposed -to copper -

4

durlng the flrst set of flux measurements and these. f1sh acted as

~controls in the second set of fluX-meaSurements, The remainder of the

S

fish which4orig$nally were controls were exposed to copper during: the .

. second set of flux measurcments. This allowed each indiv1dua1 to act as

‘:values for the controls bet\\Eh the two days, nor between copper exposed

fish between the two days s0 valbes from both days were grouped together.



Experimental‘protocol for Group A. These fish were non
blood sampled, salt depleted fish and one half of the
| group were exposed to copper starting 12 hours prlor

' to flux measurements.

{Figure. 3 .
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t

As well as the controls and 12 hour copper exposed groups, flux

measurements were made on a second’ group of salt depleted fish to
“
determine plasma ion concentrations in control and copper treated fish

and to determine the effect of blood sampling on flux values (Figure 4y,
Flux measurements were .also made u51ng fish whlch were not salt
depleted (Flgure 3). Plasma ion concentrations and the effect of 12
hour exposure to copper were measured in these fish. To determine the
effect of longer exposure to copper in salt depleted fish, a fourth ~
group ofjfish were exposed!to copper starting 2 days prior to flux
measurements (Figure 6). .The eXperimental protocol,'for each group,

t

is shown diagramatiéally in figures 2-6,

Analytical Procedures

N

Sodium concentrations in water, urine, and plasma were determined
[

on duplicate samples by flame emissién on a IL Flame Photometer (Model

143) using propane as fuel (Appendlx IIT). Chloride concentrations in

water, urine and plasma were measured in dupllcate by amperometrlc \

tltrations with 51IVer 1ons u51ng&§1huﬂﬂer~Cotlove Model 4-2000

Chlorldometer (Appendlx III) Dlssolved and total copper concentrations

were determlned «only on water samples, by absorptlon spectrophotometry,

(%

using the Jarrel-Ash Flame Em1551on-Atom1c Absorption Spectrophotometeri
_w1th acetylene as a fuel, The method outlined by Traversy (1971) was
used for preparing the samples for copper analysis (Appendix III)

Ionic copper concentrations were determined using the Orion copper

o 7
specific ion electrode. ' 'fj ‘

’

The levels of radioactiv1ty, for both 1sotopes, were measured in

'duplicate using a Nuclear Chicago Mark II Liquid Scintillation System

. 1
A
<. - A

!

e
!



' Figure &

" hours prior to.

ogroup B. These fish Weré
d fish of which one half
starting 12

Experimental protocol for
blood sampled, salt deplete
of the group were exposed to copper,
flux measurements.
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FigureﬁS

fEXperlmental protocol for Group C. These fish were blood - ff" -
-.sampled, non salt depleted fish and one half of the’ group_“,-f
were exposed to copper, startlng 12 hours prlor to flux '

measurements.
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‘Figure 6

————

~wy,

_Experimental| protocol for Group D;'These fish ﬁere non

- blood sampled, salt depleted fish which had 2 day
exposure to copper prior to flux measurements,

v Yol 2L
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(Appendix III). To determine the activity, I ml of sample was suspended

in 10 ml of Aquasol (New England Nuclear) and activity was measured

over 10 minutes. The activity was then .corrected for the background

counts, . \ : o )

V Calculatlions

Influx and efflux values, expressed as qu/hr/kg, for the blood

sampled and non blood sampled controls showed a body weight dependent

: cofrelation whlch increased the\ﬁariance‘within groups,\thereby making
comparison with other groups.difficult. chever, wnen flux values were.
. 1 ' ‘ :
expressed. as pEq/hr/kg0-67 the body weight-depended; correlacion was
ieliminatedf;This method‘of expreeeing flux values also eliminaced all
;seasonal correlation indicacing that seasonal~varlations were due co
weight variatione.’since tfaneport in freshwater’fish occurs mainl§
through/specific cells in the gill it 15 moce_useful tc descfibe flux '
on_che,Basiévof surface area rather tnan'on‘a weight basls.'The yaluei
of kg0167 wae chosen because it best desccibed the weiéht to'surface‘

" area relationship of flux values for this experinent.

The influx Qas calculated as folloQS'f

Influx = CPM(lnltnal) - CPM(flnal) x Vol(l) x External Conc (1n1t1ah)
o Surface area of the fish(kg0- 67) x time(hr) x CPM(1n1t1al)

Netflux was calculated from the formula‘

" Netflux —fExternal Conc (initial) - External Conc. (flnalil Vol(l)
: \ . Surface area of the f13h(kg0767) X tlme(hr) N

 Efflux was calculated as:
Efflux‘=:1nflux Netflux
\ varine'excretion rates we;e calculated as:

Ufine\Excretion Rate‘ = Flow Rate x UrinevConcentration

."'



A Students t-test was used to determine the statistical

significance of differences between controls and experimental groups
where 't was significant at a level of p <0.05.

~
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RESULTS

Sodium Influx ¢

£

Sodiumvinfluvaalues for Group v (Blood sampled non salt depleted

fish) controls were the highest of any of the groups at 284.9 + 26.0

qu/hr/kgo'67 (Figure 7 and Appendix IV? Group C fiSh-exposed to. °*

copper for 12 hours prlor to flux measurements, as well as durlng flux

1g

SR o e

measurements, had a sodlum 1nf1ux value, 268.9 * 26.4 qu/hr/kgo 67

whlch was not 81gn1f1cant1y different from the Group C controls. The

‘vvarianCe in this group was twice that of salt depleted fish;indicating

that uptake by non salt depleted fish was not as uniform as in salt.

depleted fish. : S ' ‘ if

Salt depletion significantly decreased sodium influx values for

Group'B (Blood sampled salt depleted.fish) controls compared with

Group C controls (Flgure 7 and Appendix IV) There was no- 51gnificant
difference between. Group B controls (180.6 + 13, 4 qu/hr/kg0 67) and -
Group B ,opper exposed (195.8 + 12.5 qu/hr/kg0 67) flsh

There was no" sign1ficant dlfference in sodium influx values
Kd
between Group A (Non blood sampled, salt depleted fish) controls (225 6

o+ 13 9 qu/hr/kg0 67) and Group:A copper exposed fish (235 3 + 14.3

qu/hr/kg0 67) (Flgure 7 and Appendix IV) Influx values for Group A

i

control fish.were significantly lower than values for Group C controls

and significantly‘higher than‘Group B controls.llt appears that blood

sampling'decreases sodium influx and short term expOSure to sublethal

. copper concentration; had no effect on sodium influx.

\

. |~ Group D (Non blood sampled, salt depleted fish with 2 day copper

exposure) influx values, 140,7 + 8.8 qu/hr/kgo'67,_were significantly

-]




V\ 'figure 7%

J

Sodium*inEIUX'in"golgfish hﬁdér various experimental

cdonditions. The number of control samples for each

“group were: 33 for A, 17 for B, and 19 for C. The

number™of fish in the groups exposed, tp copper were:

35 for A, 16 for B, 20 for C, and 23 for D. The

vertical bars represent -+ SEM. :
: S )
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Q‘b : R 2
loﬁer than in thelGroup'A controls (Figure 7 and Appendix lV).:These
results.indicate that‘copperdhas a delayed effect on sodium influx.
Sodium Efflux | ' .
Efflux values for sodium followed the same general pattermas
influx values, indicating a dlrect relatlonshlp between influx and

efflux. Group C controls had the highest efflux rate, 277.2 + 31. 4

qu/hr/kgf 67, which was not 51gn1ficantly different from the Group C

.c0pper exposed fiSh 220.6 + 25.7 qu/hr/kgO -67 (Figure 8 and Appendix

IV) ., Twelve hour copper exposure had no effect on~ sodium efflux in the
other groups as well ThlS is indicated by the lack of a 31gnif1cant
difference between Group A control 181.9, + 18.1qu/hr/kg0'67) and
Group A copper exposed fish ( 182};}:$\5.9 qu/hr/kgO'67) or Group B
controls ( 111.7 + 19, l.qu/hr/kgO 67) and copper exposed £ish ( 149 1+
18. 5 qu/hr/kg0 67)(Figure 8 and Appendix IV)

The sodlum efflux from Group B control flSh was’ signif1cantly 1ower '

than that of Group C controls indlcating that salt depletlon reduced

salt loss through the’ gllls.\Blood sampllng 31gn1f1cantly decreased

sodlum efflux values for: Group B fish compared with Group A controls.
The lowest efflux values were observed in Group D fish, 66. 7 + 9. 3
qu/hr/kg0 67 and this efflux rate was’ signlflcantly lower than that
of Group A controls 1ndicat1ng an inhlbitory effect on sodlum efflux
of 2 day copper exposure.

Sodium Netflux-

Netflux values for sodium in Group C controls, 7.8 + 23,0

qu/hr(\\O 67,.were the lowest of all the groups and this value was.

|

not significantly different frbm zero. From this observation, it was

concluded that homeostasis of internal sodium concentrations had been -

T et g e



Figure 8 .

Sodium efflux im goldfish under barious experimental
conditions. The number of control samples for each
group were: 33 for A, 17 for B, and 19 for C. The
number of fish in the copper exposed groups were: .35
for A, 16 for B, 20 for C, and 23 for D. The vertical

bars represent 1+ SEM. .
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achieved in this group. Sodium netflux for Group C copper éxposed fishp
48.3 i\23.5'qu/hr/kg0f67, was not significantlu different fron the
Group C controls (Figure é and Appendix v). . | . )

Group B control netflux values, 68 9 + 20.6 qu/hr/kg '67, were
not significantly dlfferent from the netflux values of GroupkB copper
'exposed fish, 46.8 + 13. Squ/hr/kgO .67 (Flgure 9 and Appendix IV)
Sodlum netflux of Group B contro&s was signiflcantly higher'than‘Group

\

? controls Th&s indicates that salt depletlon stlmulated net soﬁium
\ .
uptake,

Bldod sampling salt  depleted fish did not affect sodium.netflux
: . o . [

" since net sodium fluxes were not significantly different infGroup A. Vo

and Group B fish, Exposure to 40 pg/l copper for 12 or 48 hours had no
fect on sodlum netflux since Group D netflux values, 4.4 +.8, 0

qu/hr/kgO 67, were not 51gniflcan§1y different from Group A controls

(Figure 9 and Appendlx IV)

Chloride Influx and Efflux -
Chloride influx and efflux values were obtalned only in Group A
’(Flgure 10 anh 11 and Appendix V) Comparlson of influx values of
| controls, 160. 2 +17.7 qu/hr/kgP .67 .and copper exposed fish 178~4 +
vv14 3 qu/hr/kg '67, showed no 51gnificant difference. Similarly there»xu‘\h
" was no signiflcant difference<ln efflux'values between controls‘ISé 5
+116.6 qu/hr/kg0 67, and copper exposed fish,1169 1+ 20 5»qu/hr/kg0 67
, .

"Thi% 1ndicates that short term exposure to copper had no effect on -

chloride influx and efflux. e



Sodium netflux in goldfish under various experimental
“conditions., The number of control samples for each
group were: 33 for A, 17 for B, and 19 for C. The
. number of fish in the copper exposed groups were: 35
" “for A, 16 for B, 20 for C, and 23 for D. The vertical

bars represent + SEM,

Figure 9
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Figu‘re,,-_lo

. . 7 .
Chlorlde 1nf1ux in non blood sampled, salt depleted

"~ fish, ConErol values were based on 29 fish while the

copper exposed values were based on 30 fish,. .The
vertlcal bars represent + SEM.,
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Figure 11

Chloride efflux in mon blood, sampled, salt depleted

goldfish, Control values are’ based on 29 fish while
the copper exposed values are baged on 30 fish, The

. vertical bars represent + SEM.

’
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Chloride Netflux
Chloride netflux values were determined for all groups (Figure 12
/;and Appendix ). There<was no significant difference in chloride
netflux values within or between any.of'the four groups. Although all
groups showed some net-chloride flux only in Group B copper enposed fish

Y

- and Group D fish were chloride netfluxes significantly different from

zero. In both cases, Group B ( 38.1 + 13 6 qu/hr/kg0 -67

) and Group D
(-23.9 + 3.6 pEq/hr/kg® 67), there was a net loss of chloride from the
Bodyr These results indicate‘that copper exposure, blood sampling, and

salt depletion had no effect on chloride netflux,

Plasma Coricentrations
bePlasma sodium codcentrations,for salt depleted fish, 102.6 + 5.2 \

mEq/1, were significantlyqlower than. plasma sodium concentrations in
rthe non salt depleted fish 140 7+ 6.4 mEq/l (Figure 13 and Appendix :
«‘VI) There was no signiflcant difference between plasma sodium R

concentrations for the salt depleted‘fish before flux measurements

and the controls and 12 hour copper exposed fish afker flux measurements
'(Figure 13 and APPendix VD). Plasma‘sodium'concentrationsvfor the-salt
'depleted'fish.before flux‘measurements were significantly Pigher tnan
lplasma sodium concentrations‘after flux measurements‘for'fishbnith é
_day exposure to copper. Since the 2 day copper exposed group hadla

&
'high net uptake. of "sodium- it was concluded that copper exposure during

/
.salt depletion stimulated loss of plasma sodium ions,
Plasma chloride codcentrations showed no- significant difference

:between salt depleted 84 5 + 3.5 mEq/l, and non salt depleted fish

. 89 8 + 3, 8 mEq/l (Figure 14 and Appendix VI) However, plasma chloride



- Figure 12 Chloride netflux in goldfish under various experimental
- ' conditions. The number of control samples for each “
group were: 29 for A, 18 for B, and 20 for C. The’
number. of fish in the copper exposed groups were: 30
for A, 17 for B, 22 for C, and 23 for D, The vertical"
bars represent + SEM. ‘ '
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Figure.iB

N ) . o

i

'Plaéma sodium concentrations in goidfish prior to and

after flux measurements., Values for non salt depleted
fish were based on 15 fish, salt depleted fish values
were based on 24 fish, values for controls and 12°
hour éoppér exposure, after.flux~measurements, were
based on 6Afish,~and‘vaiu§s for the 2 day copper
exposed fish, after flux. measurements, were based on
23 fish. The vertical bars represent ' + SEM. T

}
'
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Figufe 14

Plasma chloride jconcentrations in goldfish prior to and
after flux measUirements. Values for non salt depleted
fish were based on 15 samples, salt depleted fish values
were based on'24’fish, values for controls and 12 hour
copper -exposure, after flux measurements, were based.on
6 samples, and values for the 2 day copper exposed fish, -
after flux measurements, were based on 23 fish. The
vertical bars represent + SEM.
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concentrations after-tlux measurements were_significantly lower for both
the controls; 65.6 +‘6 9‘m£q/1, and those enposed to copper for 12 hours
before flux measurements, 61.8 + 5.2 mEq/l There was no significant
difference in plasma chloride concentrations,,after flux measurements,A
between any of the groups studied (Figure’l4 and Appendix VI).

“lowered plasma chloride concentrations would be expected since there
>{was a loss of chloride iont in the urine and netflux of chloride,.across

the gills is not significantly different from zero or shows a net loss

vfrom:the;body.

Urine Concentrations

’

'Urine'sodium concentrations and excretion rateS'were determined in
» non salt depleted fish and salt depleted, 2 day copper exposed £ish
(Figures 15 and 16. and Appendix vI). Sodium:concentrations for the 2
'day copper expoSed fish, 11, 45 + 1. 94 mEq/l were: s1gnificantly 1owerb

~ than sodium concentrations in non salt depleted fish 17 75 + 3 61 mEq/l
: Sodium excretion rates were not significantly different in the’ salt
depleted, 2 day copper exposed flsh 0. 86 + 0. 19 mEq/kg/day, and non
salt depleted fish 1 ol + 0 19 mEq/kg/day. . A
Urine chloride. concentrations and excretion rates showed no
.vsignificantdiffere¥Ce'between.any group.whether they'were non salt
'dépiétéd, contro1s,'12 hour .copper eaposed, or.Z’dayhcopper exposed
(Figures’lS and ld andxAppendix’VIf..It can be.concluded that the .
varjing conditions hadvno_effect on-chloridevloss through che,hfiﬁéi;ﬁw.'

A



Figure 15

Sodium and chlorlde urine concentrations for non salt
depleted ‘and salt depleted goldfish ynder various
experimental conditions. Sodium concentrations for non

'salt depleted control group were based on-14 fish, non
- salt depleted. 12 hour. .copper exposed sodium. values were

based on 10 fish while sodium values for salt depleted
fish with 2 day copper exposure were based on 15 fish,
Non salt depleted control chloride values were based’

- on 16 fish, non salt depleted 12 hour copper "exposed
chloride values were based on ‘14 samples, salt depleted
‘control chloride values were based on % fish, salt

depleted 12 hour copper exposed values were based on 3
fish and the chloride values for salt depleted fish with

-2 day copper exposure were based on 12 fish The vertical-',i
“bars represent + SEM »

S
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Figure 16

PO

“-—rinary sodium and chloride excretion rates for

goldfish under ¥arious conditions. Non salt
depleted control values for sodium were based
on 14 fish, non salt depleted-12 hour “Topper -
exposed values for sodium-tere based on 10 fish
while sodium values for salt depleted.fish. with

2 day exposure to copper were based on 15 fish.

Non salt depleted control chloride-values were

‘based on 16 fish, non salt depleted 12 hour

copper exposed values for chloride were based

on 14 samples, salt depleted control values for
chloride were based on 4 fish, salt depleted 12
hour copper exposed values were based on 3 fish,

and the values for chloride in salt depleted fish

with 2 day copper exposure were based on 12 -
samples. The vertical bars represent + SEM.
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DISCUS§ION

| An 1Cs5q value for copper in goldfish has not been reported by l

, other autbors.\However the LCsg value of 60 pg/l total copper, found ¢

Ln'this study, is comparable to LCsq values reported by researchers

e

- using salmonids (Appendix I). One toxic unit has been defined as the
. LCsq and sublethal TEHE/\trations .are reported as fractions of l toxic

punit (Sprague 1964) The copper concentrations used in this study, 0. 67

toxic units,’should be large enough to allow : an effect of copper to be V
seen if some action of copper On sodium and chloride transport is the

mechanism respon81ble for copper toxicity. K

/
- In each of ‘the groups studied, copper exposure starting 12 hours

prior to flux measurements +had no effect on sodium or chloride flux

v

values.  The lack of an observed effect on sodium transport agrees with

conclusions drawn from studies of - frog skin in vitro (Ussing and Zerahn,

1951 Koefoed Johnsen and Ussing, 1958 Zadunaisky et al., 1963)5

Alvarado et al, (l975b) have reported .that copper has no effect on

chloride flux across in.v1tro frog skin, however most - authors have -

] Ao‘

reported that copper inhibits chloride influx aeross the in vitro frog

. skin (U381ng and Zerahn, 1951; Koefoed-Johnsen aﬂd Ussing, 1958;

' Zadunaisky et al., 1963 Koefoed Johnsen t 1;, 1973) / T

~

The mechanism of ion flux differs between in vivo and in vitro

Y

membranes. The influx of chloride across in vitro frog skin is a passivz

ﬂ.process while chIoride influx acrossAin vivo frog skin and fish gill are.

-

similar and active processes(Mo§ags ‘and Garcia-Romeu, 1972) Since the -

5

p traﬁsport processes are similar thé reported difference in the effect

/

of copper on in vitro frogxskin and the results presented here for in

I

'.‘_vivo fish gills may be due to a difference in - the mechanism of chloride

—~

e . P T
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transport. Copper seems to inhibit passive chloride influx, however,

1

et al.,

there is little passive 1nf1ux across in vivo membranes (Alvarad

1975a) Therefore, copper would ha;e no detectable effect on influx in
fish gills in v1vo.“ 4&' - _ S }é ,[w o

| The inhibitory effect of copper on chloride permeability, seen in
frog skin in vitgg, is not supported on fish gills in vivo in this >'/

e zudy, Pa551ve efflux is partially dependent on plasma concentrations

«ld membrane- permeability and since 12 hour copper exposure did not

affect chloride efflux or plasma chloride concentrations it would seem

T

that chloride permeabflity was not " affected This was also observed for
sodium permeability following 12 hour copper exposurev however 2 day
copper exposure seems to have inhlbited sodium perm;ability This was
concluded from the observed decrease in sodium efflux and plasma sodium
concentrations following 2 day copper‘exposure. The ratiq of sodiumb 3

efflux to’ plasma sodium concentrations would give some measure of the

_effective permeability of the gill to sodium. This ratio (1 47) for

_control salt depleted fish was not affécted by 12 hour copper exposure -

" but decreased to 0. 82 with 2 day copper exposure, This supports the

conclusion that 12 hour copper exposure did n&t affect sodium permeability
but 2 day copper exposure d1d reduce sodium permeability ‘in the gill

Since experiments were not performed for Group D controls a

9

\comparison of Group D copper exposed fish to Group A controls will not
be as valid as desired however, the lack of any seasonal or weight L
specific changes in influx indicates that such a comparison would be of

some value. Coppar exposure starting 2 days prior to flux measurements,

‘ihad no effect on sodium or chloride netflux, however,~it_did reduce‘

™~

'sodium influx and efflux, Studies'with igpvitrb'frog skin<have1reported

Y
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no effect of copper on sodium transport (Ussing and Zerahn, 1951;

Koefoéd Johnsen and U551ng, 1958; Zadunaisky et al., 1963)

\ .
As with chloride there is a'difference in'the’mechanism of sodium

',‘transport in in vivo and in vitro preparations of frog skin. Motais and

Garcia-Romeu (1972) reported that there was an obligatory sodium/

‘hydrogen exchange in vivo, howeVer, in v1tro there was no obligatory
sodium/hydrogen exchange. This change in the transport mechanism from
&

ino vitro\to in vivo preparatidns may account for the difference in the
effect ofrcopper_on sodium influx.

‘jff, ;" Sodium andvchloride influx increases as plasma ion concentrations
decrease below‘normal levels (Richards and Fromm, 1970; Mackay, 1974).
. Since the 2 day copper exposed fish have the lowest plasma sodium

' concentrations, they would be expected to have the‘largeSt influx

S Values. However, the 2 day copperlexposed fish had

e lowest sodﬁum
influx values. Th1s provides further evidence of an in ibitory effect .4
of copper on sodium influx. Plasma_chloride concentratiéns were not

‘significantly different_betueen contr;ls, 12 hour; and 2‘day copper
vexposed fish indicating.that chloride’influx probably would not vary;.

’ between these groups, Since chloride'netflux was not: significantly

- different between these groups it seems reasonable to conclude that\

_copper . exposure, even starting 2 days prior to flux measurements,

-

"had no effect ‘on chloride transport. o o o S

Two theories have been proposed to account %or the effect of heavy
~ L

metals on active sodium transport (Schwartz and Flamenbaum, 1976) The ’
first theory is thataheavy.metals bind to the mucosal membrane, altering‘
.- specific entry sites which are functionally coupled to or in series

with the active transport site’ in the serosal membrane. Alternatively,
| o
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- term exposure to copper it may be that the 1nhibition by copper is
?

| 51
the heavy metals may enter the cell and then bind with specific enzymes‘
or inhibit the active transport site itself Since this study shows an
inhibition of efflux and there was no effect on'transport without long

/
¥

working in both waysféP ) v
A relationshig’betwein Na—K-Afﬁase\activity‘and sodium influx

has been noted by several auﬁﬁﬁrs (Jampol and Epstein, '1970; Fisher

1975; Pfeiler ,1976) . Since copper inhibits Na-K-ATPase activity (Bowler,

1970 Ting Beall et al., 1973 Hexum, 1974 Lorz and MacPherson, 1976)

it s possible -that inhibition of active sodium transport may’ be the

result of copper binding to the Na—K -ATPase enzyme,

\

- McKim g_ 5_ (1970) and Christensen g_ (1972) reported an .

. ‘initial decrease and subsequent recovery in' chloride concentrations

following 6ﬂday copper exposure. Williams (personal communications)
reported the same observation for both sodium and chloride ions. If this-
is happening _ in the two day copper exposed group they may not have been
able to replace . lost ions as copper exposure and salt depletion occured
at thevsame time.,This may account for the lowered plasma sodium' '
chloride concentrations foLlowing 2 day exposure to copper.'\..‘v -:' \f
Comparison of sodi;g%&hflux values for non blood sampled salt .
depleted fish and salt . depleted fish from which blood samples were
taken 48 hours prior to flux measurements indicates that’ blood sampling
has an inhibitory effect on influx and efflux. Speiler (1974), working Y

kN

with goldfish (Carassius auratus), observed an increase in cortisolwhich

prpmotes the retention of sodium by the kidney in salt water eels

(Anguilla.ahguilla) (Chan et al., 1963 Henderson and Chester-Jones,

1967;WMayer t gl.,'l967 Butler et al., 1969). Since in freshwater

A
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. experimental protocol used for this. study does yeild rrproducible

52

;fish the main tissue across which salt enters and on which cortisol

could act is the gill, the inh?bition of sodiUm influx in the blood

sampled group could be explained as a general stress response producing

\
v

increased concentrations of cortisol.

Copper exposure also produces stress leading to increased blood

Y

" cortisol levels in fish (Donaldson and Dye, 19Z§~»Schreck and Lorz,

- 1978). Copper 1eve1s in this study would produce an elevation of cortisol

levels. Since an efféct of cortisol would not be seen immediately a stress
induced cortlsol increase may have causéd at 1east partial 1nh1bition of |
sodium transport with 2 day copper exposure (Appendix vI).

Elux values for non salt depleted fish show a larger variation |
than values for salt depleted fish indicating that influx is not as i
uniform. The netflux of sodium and chloride in the non salt-depleted fish
was not significantly different from zero. Salt depletion stimulated;
netvsodium uptake but had no’siénificaﬁtfeffect-on chloride net%duk.
Plasma soditm concentrations showed a'significant decrease after.salt

~depletion whereas plasma chloride'concentrations did not decrease

,proportionally. Therefore, it would‘betexpected'that net sodium uptake

wotld be much larger in order to replace lost sodium,

“

As stated earlier, no studies have been performed on the effect of

‘copper on sodium and chloride transport ‘across fish gills. However, a

"comparison of control’ values to other author's work indicates that the

values indicating a possible validity of the results. The. flux values

of sodium for salt depleted fish compare clOeeiy with values reported

- by Eddy (1975) Cuthbert and Maetz (1972) and Maetz (1972) reported

~.

~inf1ux values similar to. those reported here, however, efflux values

~ . - ] ~
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were lower and netflux values higher than in this study. Chloride influx
and efflux- values are within the limits of values reported by De ﬁenzis
and Maetz (1973) although chloride{netflux values were higher then in
this study. Plasma sodium cdncentrationa‘for nbn'gagt‘depleted fish
are combarable to those reported’for goldfish by tahlou et al, (1969)

~and De Renzis and Maetz (1973). Plasma concentratlons for sodium and
chloride in salt depletedkfish are also comparable to values reported
by‘De Renzis‘and\Maetz (1973).’The urinary sodium excretionﬂrates are
comparable to’those of Maetz (1972)'and Mackay (1974) whileichlorggg?.
excretion rates comparable to values calculated from daOa reported by
Hunn and Wlllford (1970) o . : ’ _- n. el
The follow1ng diagram indieates'avbasic model'of the:acceoted‘

theory for’ sodlum and chloride transport in fish gill This model was"

originally proposed by Maétz (1971) and suppdrted by further studies

External Media . Internal ﬁpdia
4+ Na
6:&') Na -~ ---- Movement through
S cell.
—-NH; .Passive Diffusion
+— NHA | (I? Active Transport

_-HCO3 + H ¢— H0 + €O, <~ o,

HCOS (g™ |
O L e | R
. . -\‘ ' . . (a
Ol ¢ mmm mmme~ ——— &1
Ve
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The prodgctiqn of HCOj-and NH4 are thought to be catalyzed *by

carbonic anhydrase”d@nd amino acid deaminases, respectively. Na-K-ATPase

.1is thgught tg be involved in the aetive]franspoft of sodium (Meétz 1971).

B

Since sodium influx values showed a direct Aelationship to plasma
concentrations, even-ﬁitﬁ copper gg?psufe and copper affected lz

dium
\.

efflux it nust be assumed that: 1ong tegm expo%e dffected t%sodium

p 5 ¥ . . - ¢

permeablllty of the gill membrane. Tﬁ% 1nh1b1t1ng s fﬁq,coppegvon'
o L o

v

. , : ..yw
be due to a summation of’factors. Copper must enter the cell bind to

the'enzyme and affect the binding capaelty of the enzyme., Assuming the

o

the epzyme'levels are h1gher _than necessary to &ﬁﬁntain influx values )

it may ,also take time to reduce enzyme activity to where influx is also

affected,

S . ‘ .
Although copper does have an inhibitory effect on sodium transport

"~ Q . . ., \ * .Y ' I o
it would seem unlikely that this is the mechanism of copper toxicity

in freShwater‘fish.

;
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“of goldfish,
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¢ \ SUMMARY -

e, . . R P

Shbxtrtermiexposure (12 hours) to a sublethal copper concentration,

"0.67 of the LCsg, had’'no effect on sodium transport across the gifl

)

Longer exposure (2 days) to 0.67 toxic units of copper reduced

both passive and active fluxes of sodium,

Exposure to sublethal copper concentrations had no effect on chloride

N ]

transport with up to 2 day exposure to copper.
: By - L ' :
General stress effects, such as blood sampling, had an effect on !

sodium transport in.goldfish gills.

7
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- APPENDIX T  Determination of a 96 hour LCSO'Value for -Goldfish

G

To determine a Gopper concentration which would stress the fish,
without produ01ng mortality, a 96 hour LCSéﬁwas determined on 24.5 +
7.9 gram (mean + standadrd deviation) goldflsh. The tests were

performed in the recirculating system used for flux measurements using

. <

a temperature of 23 + O.5°C,'a pH.of.7.3 +'O.3 and a total hardness of
» 12 mg/1 CaC05. Infu51on of 4500 pg/1l copper .at’0.05 ml/hr kept

dissolved copper concentrations stable.

Toxicity Test # 1:

ol

i fotal Copper Concentration E
150 pe/l 100 pg/1 75 pg/l _ 50 pg/1
# of fish . 10 10 10 10
# of deaths . A )
After 96" hr 10° 10 C . 8 2
= \ . )
Z‘Moftalitz 1 IOOZ - 100% ' ~80£\ » © 20%.

Toxicity Test # 2;

Total Copper Concentration .

60 pg/1 |- 50 pe/l 40 pe/l A 30 pg/1
#of fish | 12 . 12 | 12 Y 13
# of deaths S i R K ‘
After 96 hr 6 i 3 1 / 0
1% Mortalicy | 507 " 25% 8% oy



- Mortality in Varying Copper Concentrations: ; b
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(pg/1)

The 96 hout LC value was taken to be 60 pg/l

50

There have been several studies on goldflsh using copper as the
toxicant but a toxic value has not been determined. However, the toxic

value of copper for several salmonids has been deterﬁined. The 96 hour

- ‘ | ) - . .- &, i ;

LCgp was 100 pg/l of.eOpper for 14 monthiold trout (Salvelinus fontinalis)
' ' | / S ‘ - :

in water with a temperature of 12 +,I'Cj'a pH of 7.5 and a hardness of

42 mg/l CaCOB (McKim and Benoit, 1971) . For Juvenile coho salmon,

(Oncorhynchus kisutch), the 96 hour L050 ranged from 60-74 pg/l copner

‘ depending on the time of year (Lorz and MacPherson, 1976) The incipient .

/

.lethal 1eve1 “ILL) for 14.3 cm Salmo galar was 48 jig/l of copper att15
I

C, 20 mg/l CaCO3 and a pH of 7.1-7. 5’(Spragde, 1964). At a temperatpre

“of 17°%, pH-of 7.0-7,4 and’ 20 mg/1 Caco3 the ILL for 9.2 cm Salmo salar

\

was, found to be 32 pg/l of copper (Sgrague, 1965) The LCs0 of 60 pg/l

vfor goldfish (Carassius auratus), foﬁnd in this study is well within

" the range of LCsq values for . other freshwater fish.
S |
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APPENDIX II  Copper Concentrations in the Artificial Media
/ e e

Coa Initial experiments, performed with 60 pg/l total copperxrstarted
with actual concentrations of 57 + 7.97 pg/l total copper, 34.6 + 6. 79
pg/l dissolved copper, and 26.0 + 5.08 pg/l ionic copper.(ConcentrationS'
expressed as%é}an'i standard deviation).. : -

During the flux measuremaits, mucus secretions by the fishq
prevented'neasurement% for total cOpper.-During analysis the mucus was
suSpended inlthe methyl isobutyl keétone along with the copper;'This
suspénded mucus'increased the viscosity of the sample'compared to‘the
standard solution, so that_the aspiration rates into the.Spectrophotometer
differed; For fhiS’reason accurate estimates of total coppér\
concentrations could not be made. o |

Ionic copper concentratlons rapidly diminished until they reached -,
undetectable levels after one half hour. Recent papers (Pagenkogf, 1974;
Andrews et al., 1976) indicate that the copper ion is possibly the
'active tox1cant, rather than the dissolved copper saltse but the decrease
in free$copper ions observed in this study indicates that this may not
be the‘case since tox1c1ty occured even_whenlionic copper-was undectable.

ﬁeasurements for dissolved copper‘concentrations indioate,an.
approximate‘2.5 ug/hrvdecrease (See graph.below) A concentrated c0pper
sulfate 8olution %500 pg/l waS\infused in at 0.05 ml/hr to maintain |
stable dissolved c0pper concentrations. Sprague (1964) assumed thaq this

dissappearance of copper was due to the binding of the copper to the

1

v

walls of the. apparatus,uiaken up_by thelfish,_and reacting with organic‘

\matter and colloids in the water. He assumed that this copper was .

“w

U‘undissociated and there ore had no direct}lethal affect on the,fishg

[
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APPENDIX III Analyses Procedure

.
o

Sodium Analysis: v ' ‘ | A .
Water samples were diluted;lfl,with 30 mM LiNC3 dilutent
(Instrumentation Lab Inc.) and plasma and urine samples were diluted

1:200 with 15 mM LiNOj. Standards were'produced to yeild desired sodium

concentrations in 15 mM LiNO3 and then run on the IL 143 Flame Photometer.'

The machine readings were plotted versus sodihm concentration of

\

' \
known standards and the sodium concentration of duplicate samples were

(

interpolated from the . griﬁhﬁ

/ J%rpolated concentrations were then
@ eﬁ f‘ : . -
corrected for the dilution*fabﬁor.

- L L \

Chloride Analysis:
‘Water samples were diluted 1:1 with a- nitric acid-acetic acid %%?-
solution (200 ml acetic acid and 12.8 ml\nitric acid per 11ter) while

~

plasma and urine samples were diluted 1:40 with the acid sqlution. After

;dilution, 4 dfdPS of gelatin reagent (Buchler Instruments Division, [

Nuclear ~Chicago Corp ) were added, Standards were produced from. NaCl

solutions diluted with the acid solution as the samples were,

Chloride samples were ﬂitra%gd using a Buchler-botlove Chloridometer,
- ,
which determines the length of time needed for,precipitation of the

chloride ions by silver ions. Chlopide concentrations were determined

in duplicate, using the formula-.
Sample Concentration = Sample Time - Blank Time x_Standard Concentration
‘Standard Time. - - Blank Time

Copper Analysis- ’ | s )

-

Total copper concentrations wvere determined on 100 ml samples while



dissolved copper concentrations were determined on 100 ml samples which .
_had been passed through a 0.45 micron~filter. Five ml of a 4.25 pH

sodium acetate buffer were added followed by 5 ml of ammonium pyrrolidine
dithiocarbamate, which extracts the copper in the sample. The extracted
copper\was then suspended in 10 ml of methyl isobutyl ketone. The

~ ketone mixture was then aspirated in the Jarre1~ASh Flame Emission-
Atomic Absorption Spectrophotometer and absorpﬁﬁfn measured at a
. wavelength 0f324.7. Standards were produced using the same procedure

and then the percent . absorption was plotted versus copper concentrationspi

of known standards. Sample copper concentration were interpolated from

-

. the graph ' g

22Na ahd53561 Activity,Analysis:,' ' o
‘ These isothes are beta emitters, 22Na emits with an energy of 2.44

MeV while 36¢cy produces a- 0 71 MeV’energy, for each atom decay This

- energy produces light flashes in the Aquasol fluor used Each light

flash representing 1 decay, is registered on the Nuclear Chicago Mark

.1 Liquid Scintillation System. Each sample was measured over a 10

minute period to give an activity in decays per minute. Each activity

was corrected for the background activity. e
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1978) These authors“f' ‘tted that 60 pg/l copper produced an initial -

)

increase in cortisol levégw after 2 hour ‘exposure, followed by a

decredse after 8 hours eggésure. Cortisol levels had increased to

BN
e

Atwice the‘levels found‘in controls after 24 hour copper exposure.
The 40 pg/l copper concentrations used in this study probably

produced a similar effect. Groups A, B, and C,' exposed to copper 12

1
v

hours prior to flux measurements, should not be affected by elevated .
cortisol concentrations, as much as 2 day copper exposed fish, since
the reported pattern indicates that at the time of flux measurements,
cortisol levels would be on the ‘increase ‘and not at tne maximum, As
Vell, theccopper concentrations used in this study were lower than't“e
60 .pg/1 used by Donaldson and Dye (1975) and Schreck;and Lorz (19785
These: authors also reported that 15 pg/1 copper produced no significant
increase in cortisol levels, -after 8 hour cOpper exposure. It is -
expected that thencopper concentration of 40 pe/l would-not.have as
strong an effect on cortisol concentrations\as higher copper
@bncentrations. / ;

HoweVer, the\z day, 40 pg/l pre exposure to. copper used in Group
D would produce increases in cortisol levels. These increases in

cortisol may not fully account for the large inhibition of influx

of sodium in the 2 day copper exposed fish but it must\be assumed it

e

had ‘some inhibitory effect



