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Two»experim.ents weite ctmducted; in the first n;peri-; .
ment ;]uveni]l.gﬂ< raifbow trout, Salxdo gairdneri. were exposed

A

* . to dietary methoxyohlor (0. 037 b0 0.272 mg]kg ﬁsh/day) for

20 days at oxygen sature&tion anq. tpen e;poeed to :;educed . x
oxygen lévels (%0 ‘to 95 % 0, ‘saturation at 11.5°C). fer a
following 20-day period. “In the second expepiment, the - N

rainbow trout w ﬂ/m eimultaneou!l(y expose;l to these 1e{vels
{ v 3
xychlor and reduced‘oxygen over a 20dday .

of dietary. me
.period,

Methoxychlor Hed W6 effect on. growth at 95 % 0, Satur-
atioe during 20 days exposure but growth of mg'ohoxychior. P
treated fisﬁ was reduced during the f¢llowing 20 d‘ayé. e
Exposure to reduced oxygen levels produced much loNer growth o
among methoxyohlo'r trea.t‘ed fish as compared with controls .~
which also grew less than a{ oxygen saturation. 4.
Rpsidue determinations at the end of the exposure period
- revealed methokychlor levels ranging from\o 02 to 0.450 pa/g,
' in whole fish, while the 1iver tissue of fish receiving ‘
0.272 -mg/kg fish,/day contained between 28 to 40% of the total

" _body durden, No residual methoxychlor was detectea in treat-
. ed fish 20 days after the end of methoxychlor expoaure.
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. . INTRODUCTION

T

The purpose of this laboratory studyﬁ is to examine

‘theeffects of dietary methoxychlor and reduced dissolved.

‘ oxygen concentrations on -the growth of rainbow trout,

Salmo gai gairdneri, (Richardson). ‘ .

The organochlorine insecticide methoxychlor, 1 1l,1-
trichloro-z z-bist-methOmhenyl)ethme /has been used -as
an alternative to DDT since 1969 primarlly for theé control

of blackfllearin streams and rivers of northern Canada

'(Gardner and Bailey 1975) ‘where they are a.nuisance to

man; while in Africa Simulium is thé vector. of Onchocerca

L) , v
voivulus ‘which can cause blindness. Methexychlor has also
/‘

"been used in control programs }for the European elm bark

beetle, vector of fungal Dutch elm disease (Wallner et al.
1969) and- horn fly tr}festations of cattle (Eschle and
Miller 1968). S '

_ Wallace.et al. (1973) reported that blackfly larvae

, ‘were greatly reduced in numbers or era.dicated in streams\

' treated with ?5 /L of methoxychlor (concentration used in

commercial ground level Lpplication) whi.ch also produced a

heavy dzﬁi:t‘t of - non-target invertebrates such as Ephemerop=-

tera. Plecoptera and Trichoptez‘a. No fish mortallty
occurred from this treatm/ent. Injections of 180 to 240
pg/L of methoxychlor into the Saskatchewan River (Fredeen
19711.) removed 75 to 99% of Simulium arct:Lcum larvae up to

i
Py




34 km downstream and stronger’ concentnations up to 310 ) .
’ }xg/L eliminated 98% of the larvae at 6# km downstream with
'redictions in Plecoptera. pphemeroptera, 'rrichoptera and
Chironomidae (least affected). Populations ot %he non-
-'target larvae wer'e restoredtwithin 7 to 14 days after
treatment and caged rainbow trout showed no harmful’ erfects.
More recently, an injection of 600 pg/L of methoxychlor
.into the Saskatchewan River (Fredeen 1975) eliminated 100’
of Simulium arcticum la.rvae (ineta.rs) pZﬁ to 80 km down=

stream again with reductions in Pleco
Ephemeroptera and Trichoptera while no difficulties were

era, Chironomidae '

-

observed among the native fish population. Pollowing
methox.vchlor treatment, the population densities of non- .
target larvae required 1 to 7 weeks and 2 to 10 weeks forM
Simulium to equal or surpass ?pre-tmatment densities. ” y -
Methoxychlor residues in simuliid la.rvae caught after
_.treatment witP 0.79 pg/L of methoxychlor in the Chalk
River, Ontario. ra.nged from 0424 to 2.57 mg/kg (Wallace

et al, 1976). J.’xedeen et al, (1975) reported that drift-

" ing bladkfly larvae 6ontained an average of 17,5 mg/kg
methoxychlor after treatment consieting of a 15-minute
‘ 'y injection of 309 pg/L and Ephemeroptera. Trichoptera and !
, N : -Plecoptera: larval reSidues were found to be 10 mg/kg, .

1 to 2 days after application of 300 pg/L .of methoxychlor.,
; . s (Flannagan et al. 1975).- Flamnnagan also foyd in this
: ea'n/e study that methoxychlor treatment pr d no \x

N

1 . o



nortality or ohange in ‘blood calcium of caged ora;vfisﬁ. o
.Orconec‘ﬁos virilis. 183 m do\mstream,and ‘body residues of

v »

nethor&chior had declined in 1’ weak after an initial |

- 'i,ncroase. While mussels can concentrato mettﬂxychlor to .
high levels (Lanpsilis siliquoidea contained 0.07 to 0.22
ng/kg after six to ten weeks exposure to 60 - 100 ug/T of

methor,yohlor. Bedford et h 1968) ’ thoy are generally »
‘not’ aﬁ’ected\to a.ny“ extent by methOxychlor (Gardner and
‘Bailey 1975) R e

) . Lockl!art et alo (197?) tound that - caged rainbow/ trout

o in u Athabasca River, Alberta, treatéd with 300 pé/L of
. nethoxyohlor had. mgvlower liver residues (0. 96 pgfg six
hours eatter start bf ;z)eatment) than rs.inbow trout exposed
to the same concentration in a la'boratory study (13 7 pe/8
_after six hours). No &ortality occurred in caged native
Tisk (whfte suoker. 1ongnose sucker, flathead chub, '
northsrn' pike andf walleye) Qimilaiﬂ ated, but wild fish ’
'of the same speciee caught near the sﬁ.tes contained :
mgher 1iver residues thereby redu he relia'oility /

' cAge bioassays for monitoring inseoticide toxicity to

| fish._ Methoxychlor residues in ovs.ries of ﬂathaad chub, -
g_ybopsis gracilis, ranged from 0.03 to 9.33 pg/g but the

(3

’ rei)roduction response was not‘ evaluated. F‘redeen et il_.

(1975) reported that goldeye fish accumulated’a maximum
. of 1.5 mg/xg in muscie\ tissue‘ after treatment with 309 ¢
pg/i. of methoxychlor for 15 mim;jt‘eﬂ in the Saskatchewan

LI
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. Rivé d regidues. were no lon;er detectable :Ln 1?7 weeks.

The acute toxicity “of metho:qrchlor to freshwater ﬁsh
has been studied by both static and continuous rlow-through

_ bioassays. Macek et al. (1969) in a static test "'if,l}

rainbow trout obtained 96-hour LC50 values of 30 pg/L at . '
1.6°C, 42 pg/L at 7.2°C -and 62 ug/L at 12.7°C indicating
that methoxychlor toxicity increased with a reduction irf

- temperature. Merna and Eigele (i973) repor‘tad. 96 h LC50

ww .
values of 8.63 ug/l, for fathead minnows, Pimephales .
° e} *
promelas and 22.2 )xg/L for yellow perch, Perca fla‘:veséens.

in continua‘___\rlow bioassays .at 20°C while the 96 h LCS50

for white sucker, Cgbostom commersoni, was 34,5 ug/L at
15°C (Waiwood and Johansen 1974). ‘Po date, ‘no LDSO values

for fish exposed ito dietary methoxychlor have been

reported.

In sublethal laboratory studjes, methoxychlor has

‘been shown to accumulate in fish tissue but to a lesser .

extent than DDT,. neinboid et al. (1971) showed thagt Tilapia
expo{:ed to0 3,0 pg/L of methoxychlor and DDT in the water
ror a 1l2-day per:lod a.nd subseqlxently placed in clean water
for 15 days retgined‘lo 9_00 times as much DDT as metho:ty—

.chlor, Tilapia also metabolized hethoxychlof to a greater

extent than DDT with 2-(p-methoxyphenyl)-2-(p-hydroxy-
phgn'yl )=1,1,l=-trichloroetharne and 2,2~bis=( p-hydroxyphenyli-
1,1.1-&icplorogthane béing the major methoxychlor meta=
bolitgs. '_I%apoor gt al. (1970) Constructed a model eco-

.system in which méthoxychlor and DDT were introduced.
- . (S .

' N & . ' |




P Jne sutuman o

P

\

Methoxychlor Qas concentrated 1500 times t%at of the water ——

in mosquito fish. Gambusia affinik, the top of ~the “food '
-~

chain as compared with 90 000 times for DDT.aA@ the hydroxy

) ﬁetabolf&es of methoxychlor were excreted while DDE and DDD
-were stored in fish tissue,

Kruzynski (1972) exposed brook trout Salvelinus - - L
fontinalis. to dietary methoxychlor (max. intake level

2.0 mg/kg fish/day) for a 30-day period and reported no
ohange in gﬁartc. Tﬁg sﬁimming sfhmina wae tested pith a
reduction occurring at exposure levels in the range of 0.0l
"to 0.16 mg/kg/day while fish that received 1.00 and 2,00
mg/kg/day had an increa;;d etamina:‘ Residpes in-ehoie

fish rangedhfrom 2 to 44 mg/kg methoxychlor and the brook C ‘(

trout stored between 50 and - 78 percent of the admlnlstered . 3
f“wgaﬁg. Various pathological changes were observed \in' 1iver |

and kidney tisgue of fish exposed to 1.00 and 2.00 mg/kg/

cay as well as a lowered red blood cell count in methoxy-

chlor treatdd fish, |

Oladime ji and Leduc. (1975) showed that brook trdut

~exposed to dietary methoxychlor at an intake level of 0.67 .-

;mg/kg fish/day had their growth rafelsigniflcantly reduced- j

at low ration levels sych as 0.5 and 1.0% of wet body

weigﬁt. The maintepance requi;ements of the fish increased

with methoxychlor exposure. An increase in the food ration «

from 0.5 to 2.Q$ of wet body weight produced an increase
in the,fat cOntent of the Fish {from 3 to 9.5%) ‘with
methoxychlor gtorage being closely related to tpe fat
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content. This relationship between organbchlorine pesticida
. storage and fgnggntent has also been reported by Roberts

et al. (1977) who found that tissue-rateﬁtion of the .

‘pesticide chlordane in northern Redhorse suckers, Moxostoma

macrolegidofum. was directly proportional'tq the adiposity .

of the fish. .

When methoxychlor is applied to éfreams/gbntaining

*

blackfiy’larvaé,.fish can be subjected to the following
modes 10f expééurez_l) direct exposure - methoxychlor uptake

' by the fish in the contaminated water is primarily through.

. : ¢ \ ‘
their gills 2) contaminated food source - once the larvae
are\killed through methoxychlor tréatment they detach

.from their subsrate (vegetation or rock) &nd begin to drift

“larvae comprise an important part of a fish diet and since /

downstream presenting fish which inhg‘!t methoxychlor-

free" water a contaminated food supply. . .
,Current llteratsré agrees that the rate of breakdown

of methoxychlor is rapid in natural waters. After treating

<

a pond with 5 ug/L of methoxychlor, no traces were recorded

36 days later (Burdick et al, 1968)% Merna et al. (1972)
reported that methoxychlof was rab;dly remoyed in water ~
through adsorptién to sediments and suspended solids.
Therefore if fish are subjecteq to direct ei;osure. it will

"only be for a short period of time. In nature, blackfly.

-

these larvae cannot metabolize methoxychlor to any great

extent (Gardner and Bailey 1975), fish may be consuming

1




1

larvae containing high residue leveés and accumulating
methoxychlor in their tissues. "This possibility must be

con51dered in all circumstances where the aqueous concent-'

ration of a pesticide appears to be too low to have’p
significant effect on fish directly"” (Holden 1973).

The recent publication of insect residue ds:; by
Flannagan et al. (1975), .Fredeen et al. (1975) and Wallace
et al. (1976) reveals that the research conducted ;; '
Kruzynski (1972) and Oladimeji and\Qsduc (1975), in which
the growth, swimming stamina and maintenance requiremsnts

2

of brook trout exposed ‘to dietary methOchhlor were
evaluated. utilized concentraticns of dietary methoxychlor

‘ which were much higher than those encountered in nature.

Lockhart et al. (1977) suggest that methoxychlor may
indirectly affect fish by reducing the uvailsble food
supply._TOne must aiso consider the indirect effects of
.methoxychlor on fish subjectei tg’an environmentsl stress.

According to Iversonhgnd Guthrie (1969), stress is defined

" as "an environmental entity which is not lethal in the

toxicological serise of that term, but affects the rangg or
scope of activity of an organism or population”, The term
"gcope of activitygjrefers to Fry's concept (1947) in

. which environmental factors are classified aecoruing to

the manner in which the& influence the metabolism of the
organism and hence its activity. growth being an example
of activity. Modifications in th¥. environment could

present a stress to fish which may interact with sublethal

|




levels of methoxychlor to produce deleterious effects.

_Reduced difsolved oxygen. concentrations which fresh--

. water fish a e subjected to 7hrough organic pollution such

as sewage waste in rivers and also in'the hypolimnion of

eutrophic lakes were sSelected as a possible enwironmenta;\

_stress factor. Fish growth may no% be impaired by oxygen

levels below 100 %-shturation when fish-are kept on a low

- restricted diet; however impairment does occuf when the

dissolved oxygen is reduced from saturation levels #ith an

unrestricted diet (Warren et al. 19?3)- The more food a

.~

fish consumes, the more oxygen it needs; becehse the
assimilative processes require energy. vBrungs (1971)
reported that growth of fathead minnow fry was:' signlfi-
cantly reduced below 7.9 mg/L of dissolved oxygen. Growth

studies by Herrmann gi al. ( \62) on juvenile coho selmon.

Stewart et g;.‘(1967) on juvenile largemouth bass and
Adelman and Smith (1970) on northern pike have shown that
the growth rate of fish decreassd with a reduction i

oxygen concentration and an extreme decrease occurre below
ox&gen levels of 3 mg/L "As growth is an expression of
the net product of metabolic functions, it is a good '
indicator or an’overall'effeqt of low oxygén" (Davigs 1975).
Lloyd (1961) showed that oxygen 1eyele below 60 %
saturation combined with monohydric phenoIS) zine 1ead.t

copper and ammonium chloride produced indresed t icity 1n

4
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iharease in the concentration of the toxicant at ?h€~:

‘surface lof the 'gill epithelium.. = -~ ' .

*

Sin¢e previous egg;fch has“showh that methoxychlor

'utilized in larviciding operations can ind&r%ctly affect

fish. 1n/an adverse manner by eithec redncing the food .

'supply r contamiggting remaining food sources (Fredeen et

Lockhart et al. 1977 and Wallace et gl 1973,

" al. 19 [ 4 ey &t ‘
1976), this study at sublethal“levels continues research

into the indirect effecys of‘methoxychlor on fish by

evaluating'the'pétential ecological stress grqduced through-

- | \ .
an interaction between dietary methoxychlor and reduceéd

4
"

‘-
T,

t

dissolved oxygen cq&centfatiodé(wﬂich willdbe;;éfléétgd\yy

the growth rate of rainbow trout. Determinations of

- residual methoxychior in fisir tissue will alsof give some

information on bioaecumulftion and clearanCe at various - .
[ X

L v

oxygen lavels.

. N . O ~
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MATERIAL, APPARATUS AND METHODS

( - «  MATERIAL - ' | R

” bl
L3 - -

The test organiéms used in this séudy were juveﬁile'-
rainbow trout, Salmo gairdneri (Richardson). which were .
obtained from Pisciculture Mont Sutton, Sutton, Quzzec.
They were transported in large plastic bags‘to the Water ‘
éoilut{on_Reseg;ch'Laboratory of Concordia Uni&ergiti (Sir
George Williams Campus) in Montreal. Theéé bags‘w;re
§ressﬁrizqd with oxygen and also contained ice. The fish

were pre-sorted at the hatchery so that most of them wére

_ of uniform size; the initial average wet weight of the-fish

used in Expt. No. 1 was 25.14 g while the initial average
wetpweight of the fish in Expt. No. 2 was 29.07 g .. .
In the laboratory, the fish were held in large fiber-

\\Elass\holg;pg tanks (239-;) eqﬁippedqyith a flow=through

system. The temperature of the water was maintained at

112.0.°C * 1°C , and the oxygen saturation of the inflowing

water was 100%. The rish'wgre fed daily.with Ewos trout
chow (No. ) ad libjtum. While being’keﬁt in these holding.
tanks. the fish seemed to be healthy and less than 1% mort- |

ality oecurred.,

v A \ | APPARATUS .

h +

¢

The City of Montreal supplies the water for the lab-
oratory which 1s dechlorinated through charcoal filteﬂp
This water was then monitored for residual chlorine lgvels

which were found to be always less than 0.0l mg/L

(Orthotolidine Method - Standard Methods 1971). The water

n‘ . /'

/

//I

R . il .- T Tm e e e e e e SAR i

10

. _—

3
.




--(08100 to gp:oo h$ which was controlled’by a:time’switch.

' chemistry dhring both experiments (data provided by Service
'des Travaux Publica, Div. des Eaux et de 1'Assainissement, (T

Q"(‘F

' Ville de Montreal) is as followss 1) ~pH 7.9 2) alkalinity

86 mg/L CaCOy 3) total hardness 127 mg/L CaC03 .4) carbon

dioxide 0.5 mg/L CO2 . 'éhe decblorinated water was ther-
‘mally controlled at 11.0°C and delivered to the test

apparatus via plastic (PVC) piping.

' The test\tanks used in this study were c¥lindrical
polyethylené tanks (Rosedale Plastics, Model 325-1) with

a 82 L capacity. A flow of 1.5 L/min. was controlled by - -
individual plastic stopcocks. The water temperature in
Experiment 1 was maintained at I1,5°C * 0. B c , while in
Experiment 2 the temperature was kept at 12 0 C + 0.5°C .,
The test area was subjected -to a 1l2-hour photoperiod

The test aéparatue consisting of 2 support benches each
with 10 test tanks is illustrated in Figure 1, and the water
supply systen designed to control the coneentratien of dis-
solved oxygem to the apparatus in‘Figures'Z and 3. Water
from the laboratory entered the head tank (50 L e‘;acitp)
suspended from the ceiling.ﬁand then fiowed‘uirectly into
the top of 4 PVC colums (1.524 m x 10.16 cm ID), packed with
Raehig ‘rings. Compressed nitrogen was diffused through the

.columin via air etones located near the base, thus producing

'“nitrogen etripping column to remove dissolved oxygen

. from the water (Pry 1951). A 0. 635 em plexiglass.grille was

positioned just abpove the water outlet pipes in order to.
keep-the Rashig rings from obstructing them. The various
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pply wath ‘'of varied oxygen concentrations.
&y one "nitrogen stripping" column is

lustrated. (Arrows irg_dlcate the direction
of water flow)
: ' i N . ' R ft‘&
.
) * .g .

|
g ' 2.54cm ID PVC \ o
® connéctor pipe
& ) . '
?:‘;‘ ! JAiTss.ssw 5 Iﬁ
% I 1 205“’0ﬂ
’ r--_ll ! -—-(::.k,:;\ 4 e
» | ', < + '/V‘/ overflow
e — | B ’ip.
§ : -- I: / \(
% s
t | o |l ] . Prh.lﬂ
% I AT L] tank
"3 | o ‘ol
- ! l ‘
. \\‘ - i .
Nitrogen gas " &—"|
line 4 1
I'v p2-1.524m X 1g.16cm ID PV / I
. . S v L {! : ‘Nitrogen ipping //
- v : | . column .
3 , l -: ga -
| ' I Rashi 1 "'
' e ashig r b
v . 4 v ::::-V J m 1-270! D
‘ ' L . PVC water
N je e, ) —~ inlet pipe
t ~ i bﬁa ‘ . .
' ,DD-/"V air stone .
. o 0.63 cu plexiglass,
E gri ‘ 4
1.27cu ID PVC water " -
R ' outlet pips v
- 0.9525¢cm 1D
' po%mhyleno
N . tu |
S ° VNN O —
] , to test tanks y }'
k check ) laboratory
: v ! valve ' water supply
, N ‘( & te - , N -
N } .
’ 2 . ¢ ‘ . to0 drain )
. , .
Figure 2, Dlagram of water supply system designed to
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* Flgure . Photograph of the water supply system -
- 3 showing the head tank and PVC "nitrogen

. S stripping” columns. : . i
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~ " ‘exygen concegit-rations uaed in the experiments were con- -

\ trolled by mathtaining pre~determined flow rates of nit-
‘rogeri' ’l‘he oxygen-depleted water was delivered through

L : '_ five outlets and polyethylene tubing (0.9525 cm ID)

"+ _entering the test tanks below the water surface. A o

T-connector was ihserted into the ‘water delivery tubing so
that water could bgygrawn off to measure its dissolved |
D | oxygen concentration without mmoving the water inlet tube

/7 from the tank. -,
E *The test tanks had no standpipe (Pigure %, 5) rather

A\s s

a siphon drainage syetem was used* A length of latex
'bubing comected the bottom of each tank with an exterior
standpipe thus prod.ucing a s]si:ght current insuring contin-
uous cleaning. The drain hose may be lowered “to further‘

clean out tanks or to change the water with mi%muﬂ disturb-

-3

" ance to the fish. Another advantage of this s:’/stem is the

oy flexibility with which different water levels may be chosen
in the tanks. This task is easily acoomplished by adjusting
the height of the exterior standpipe to the desired level.

7 : During\the experiments, the sides of each tank were covered
: with a black plas'c:tc covering, again .%o minimize outside
i . . . disturbance. A '
N : " °  METHODS' ~ " ;
‘LFQ,“ 4 ~ R
. Preparation of the diet . ’

The diet uséd in Thesme - ‘experiments was prepared ace-
ording to Kruzynski (1972)." This-diet consists of"* a«?ix—
ture of two parts of beef 1iver, one part of ‘beef hea}-t and

[

& a : 17

T (\ !

-~




" one paré of Ewos trout chow (No. 3). The beef liver and
heart were ground in a meat grinder, mixed with the trout
chow, then oven dried and rinally ground to powder in a
/ Waring blender. The methoxychlor emulsion was prepared by
f . disso the required amount in 1 ml of xylene and adding
3 drozsi:§ emulslfying agent (Atlas g-3404 F, ICI, United
P States Inc., Wilmington, Del.) and making it Lp to 250 ml
with distilled water. Metho;cychlor was added to the diét
with the other constituents in the p;'opoi'tions shown in | "
: . Tablel. - L -

Table 1 . Ingredien'ts of the artificial- diet
« contalining methoxychlor. by

{ ' ) J

iy o R Weight . o
\ ” (g) o !
' s, distilled water (wé.rm) , - 250
j | M {binding agent) 50 l *
;' . - dry powder chow, ‘ 200 i
i methoxychlor emulsion .. ) g 2;“,0 o /
. . — : " ‘ - .
) This mixture was poured into a shallow tray, placed in
,_D - a refrigerator to set and then passed through a mgat grinder. >
" the small pieces being stored frozen until used. -The control '
o ‘ diet was prepared in an identical manner to the methoxychlor )
h test diet and the same amounts of xylene and emulsifying
" agent were added, '

Technical grade m%thoxychlor was used containing 88 - ‘ -
peréen‘b 1,1 .l-triphlgro-z.z-b:ls( methmphenyl)ethane and 12

v
» > .
. H
A - o .
4 h i
e i . . - - \ . - . .w__mw .. ,f’
. , ) N . ,
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o -

- | T percent o;hef isomers and reaction prbducis. ‘It was obt-
ained from the E.I. du Pont de Nemours & Co.. Wllmington. :
Del, The methoxychlor qoncentra ions in the diet, shown in
Table 2, were determined by gas chromatography from.the

‘; fipal diet preﬁafations to be aéproiimately585 %o 95 percent
’of the theoretical values which were 2{ h, 8 and 16:ppm

) - methoxychlor, The ﬁgthoxychlor concentratibnsmwere chosen

_according to residue levels measured iq drifting insects
fbilowing larviciding operations fromlfield data reportefj>
__by Fredeen gt al. (1975), Flannagan g} al. (1975) and
o Wallace gt al. (1976). |

.
Q

Concentrations of methoxychlor in test
diet and corresponding ingake levels .in ,
tést fish, ! , . |

" Table 2.

ot Methoxychlor content Methoxychlor \
/ ‘ . of diet ~ intake level. ‘
(ppm) (mg/kg f£ish/day) i
\ ' > =
» 1,84 0.037 )
A ) 3.80 ' 0,076
7.20 i 0.1k
13,60 0,272
: 4 ot ki ‘r.

The diet was analyzed for protein, fat amhd ash content .,
(Table 3)1 .
method as described by Bailey (1967): the fat content was K
determined by ether extpaction with a Labconco Goldfisch Fat

. N, . -
~” Extractor (Model 35003), using about 2 g of dry material
ke -

The protein was determined by the Micro Kjeldahl

i
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\\\Experimental design

e

subjected to a Tour hour reflux distillation.
tent was ddtermine by incineration of 1.5 g of food at 1000°C-.

The ash con-

20

Table 3, Analysis (hased on dry weight) of the .
experimental diet used to study- the effects
of dietary methoxychlor and reduced oxygen
levels on the growth of rainbow trout.
= o
- Dry matter pe'rcqnt 34.92 . L
_Protein - L. 58.75 '
‘Fat Lt e 12456
Ash - ~ .93

'I.’

[

Two experiments wére 'x':onducte_d. In both ':tisqse 'exper=-
iments, the fish were randomly chosen and disfi‘lbut'ed in I S
each of the 20 t\est tanks where they underwent a two-week

*.acclimation .period. ' :
fish were anesthetized in MS 222 (tricainé methane sulphonate).
Sandoz Ltd., Switzerland, and individually branded using the-
1iquid nitrogen technique of. Mighell (1969).
then blot"ted.dry’and weighed fo the nearedt hundredth of a ,

Each ﬁsli wag

During the expefimehtsr the fish were weighed at ten-

gram.
day interv and the food ration (2% of wet body weight/day
for all tes groups) readjusted accordingly. In all cases

fish were not fed 24 hours prior to weighing. ‘
Experiment No. 1 1 The first experiment was composed of two
20-day periods (40 days total duration) in which 400 fish

In the first 20-day period, the
X

- were utilized, see Table 4.

At the begimning of each .experimen'.t'.' the -

£l
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fish were fed a methoxydﬁlof contaminated diet while the
dissolved oxygen concentration was maintained at 95% sat-
uration. There were four groupé of fish }or each concen-
‘). . tration of dietary methoxychlor. All;fish (20 fish per test
‘;’ ' tank) were weighe& on day 0, 10 and 20, In addition, ten
,“g - fish from each tank were removed sn day 20, killedkiy a .

lethal concentration of MS 222 and frozen at -15.0°C until the.
various analyses were undertaken. Five of these fish were

1 pooled. for defqrminatiop of residual methoxychlor and five

T‘ "f : | were pooled to first obtain the dry weight aftar.one week in

a drying oven at 70°C. The samples were weighed to the near-

est hundredth of a gram. The pooled samples were‘then ground
in a Waring blender and the fat content was determined as
previously described for the diet. e

ten fish per tank were fed a methoxychlor-free dief; “dbut
| ‘ v the dissplved oxygeﬁ concentrations were adjusted to 40, 60,
\ 80 and 95% saturation at 11.5°C . These oxygen levels were
monitored daily in each tank usihg the Winkler method (Azide

. : Modification - Standard Methods 1971). Thus each of the féur -

- . groups of fish éxposgd to a particular concenfratioﬁ of diet-
ary methoxychlor during day 0-20 was assignedya different '
oxygen level. All fish were weighed again on day 30 and at

‘the end of the experiment (day 40) when they were killed by an.
q#erdose of MS 222 and then kept frozen (-15.0°C) for analy- *’
sis. The ten fish in each tank at the end of the experiment

‘were pooled for analysis as in the previous test périod. §

- - N . B 9
—

For the following test period (day 20-40), the remaining ¥

4
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Experiment No. 2 1 In the second experiment which was 20
days in duration (Table 5), the fish (10 fish per tank)
were fed a methoxychlor contaminated diet while being
s:.multaneously exposed to the same reduced oxygen levels /

as during day 20 = 40 of Expt. No. 1 . The fish were -

weighed on day 0, 10 and 20 and the dissolved oxygen -~

concentrations were monitored ‘daily. 01;, day 20, the fish
were killed By an overdose of MS‘222- and then kept i‘rosen
(=15.0°C). The analyses \conduc.te‘d on pooled samples

‘ cons"ist‘ed‘ of deterininations\ of residual methoxychlor, dry
weight and fat content which were performed in the san;e

manner as previously des'criﬁed in Expt. No. 1 .

Determination of residua':l; methoxychlor' [
Determinations of residual méthoxychlor were conducted
on whole fish samP].es ffom all test gr ups\‘includingA the
control group. In addition, all fish samples from tes;a
tariks fed the highest concentration of methoxychlor in the |
diet (13.60 ppm) were assayed forhethoxthlo} ':esidue in
their liver tissue, The extraction procedure used was tﬁe
)metho'd outlined by Boileau (1979) which was used to verify
the -methoxychlor content df the test dlet, whole fi%h and
liver tissue samples. ‘ ‘ o
A The residual methoxychlor from these ex‘tracts was
_ assayed by gas\ch_romatography using a Microtsk/l‘racor

(model 220) gas chromatograph equipped with an electron

capture detector: A glass column (0.635'cm 0D, 4.0 mm ID




T 8 Rt R Pt o,
- . .

R

—

25

. by 1.8288 m long) was packed with 0.66% OV1 + 0.66% OV210 +

0.06% OV1? on 100 - 120 mesh Gas-Chrom Q.

\V

The operatigg,.pafaﬁe?érs were as follows: (

In/;j;qt‘ion. port temperaturg 215°C ;
Column temperature \;90°C
\ ‘ Detector temperature 305°C
~ Carrier gas 4.8 methane, ) ‘ /
95.2 argon - \
. Carrier gas flow rate 75 mi/min. -
Retention time 7 \fx.:inutes
Injection volume 1nl

|

The peak areas obtained from the injection of s¥mples
- of reference éta.ndard methoxychlor were used to :?Btﬂ.bliﬂ}l.
standard curves at the various levels of attenuation on
the gas chromatogr_abh. The peak areas of the unknc;wn
sa;nples were then compared to these standard curves, T%e
concentrations of methoxychlor were expressed as micro- -
érams/gram- (ppm) on a-.yet wefgh% basis iln whole fish |

samplés .

A AR ke 3t % 2 —— . e s e
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(. ' RESULTS .

= The fish adapted quite well to the experimental con-

" ditions during the acclimation ?eriod. Throughout Expt.
No. 1 and Expt. No. 2, the fish readily aecepted and con‘-'-'
sumed either the control or experimentel di'/ete; Also no
behavioural changes were oeserved in any of the methoxychlor
treated fish. \ -\‘e | | v ‘ ‘

| D;Jring both experiments a small number. of fisﬁ exhib-
ited symptoms of tail rot, and once the symptoms were
noticed the diseased fish was removed from i;:s particular
test tank to minimize further contamlnation. Ir? addltion,‘
some fish died during both experiments with the number of
mortahties being shown in Table 6. These fish, which were
usuaily the smallest ones, exhibited no disease symptoms
which would permit the cause of death to be ascertained. '

Pish mortal:.ty and occurrence of ‘tail rot in control and

methoxychlor treated fish appeared random and therefore

could not be attributed to either dietary methoxychloz,‘aﬁd,(

/

' or reduted oxygen levels, —

Wet weight gain ' : ‘ ' o

g

- The response of the fish was measured as changes in
growth rate through the calculation of the average relative
growth rate (Warren, 1971). )

3 2%
growth rate (%/day) :

i
<
[
o
o

. | 0.5 (Wy + Wy) (%, = ;)

N i




-

- \ | -
VaE Yy
- f\ . . .\\\ .
) % ~
4 0 2i2°0 of
T - T " H#Hh1°0 . oh
0 - T , 4Te0 09
0 T - 940°0 ) 09 - H
T T .Mmo.o ot :
0 T 0°0" 09 .
Z o D 4£0°0 ¢ ‘ . (0,072T)
T T 000°0 ¢6 002 02 -0 -
< ff,ll B -
0 1 2l2°0 " 09 o
0 T zdz*o ) 08 \, )
0 T #1410 09 .
0 A 940°0 09. °
1 0 L€0°0 . §6 002"  Oh - 02 T
1 T 2020 G6 - .
0 2 1o . 66 R : _ (0,6°11)
4 € 940°0 . 66 - 004 02 - 0 T
- (Rep/usty 2% /3u) ¢ %) (sfep)
£3TTRLa0U UstJ , . potaed 3s93
‘YsTJF peseesTp . T9A8T ayejus .:owPMHzPMW Jo jae3s 3w® poTaad *dueg pue
Jo Jequmy  Jo Jaqumy  IOTYOAxXOYI Y %0 ~“YSTJ JO °*ON 3835  °*oN °3dxd

*ueB3fxo peATOSS]

JO ST8A9T snoTaeA 3 prey pue JoTYoAxoyjzoew Sutupejiuod s3aTp Tejusmixadxo
Toa3u0d 03 posodxe 3NOI] MOQUTEJI w=AHnamh UT POAIISqO 9SEBISTP pue A3Tre8la W, °9 °Tqel

-

A | e e e e

2,

P_‘wlm—



' A
> ' .
\ o A
Table 7. Growth rate based on wet weights during day O - 20
1 of Expt. No. 1 , in which rainbow trout were
exposed to dietary methoxychlor at 95 % 02 satura- ’
tion and at 11.5°C . - .
Methoxychlor Mean Growth Rate Student’s t v A
‘ intake level ' ’ )
. ¥ . (mg/kg fish/day) ( %/day ) (P=0.05)
0 (control) 0.4;
T 0.
. i 0.21 °
0.41
Mean  0.41 \-
0.037 0.36 -
- 0.“5 ~
. 0.2
, > / 0.45 .
’ , . Mean 0.39_ ns
: o )
~ 0.076 | 0.43
) * 0350
i 0.28 -
0.18
i . PN . . Seasatm— ’
§ - Mean 0.35 ns
| 0. 144 0.36 - g
0.39 |
0.23
- Mean 0,33 - ns /
0.272 0.45
. . 0028 !
; .. 0.40
0. 44 ‘
Meah 0.39 - 'ns-
1/ t-test com »aring growth rates of methoxychlor treated
. " :t‘)ish to gbntrols. ) : . ‘ |
\‘ ns=.Not siénificant
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. Table 8. Growth rate based on wet weights during the last )
20 days-of Expt. No. 1 , in which rainbow trout
. previously exposed to dietary methoxychlor were
subjected to reduced oxygen levels at 11.5°C
while being fed a control diet, .
62 Methoxychlor " Mean Growth Rate (%/day)

Saturation» %3;;‘1‘8 }ezg% > : | |
(%) (mg/kg fish/day) Day 20-30 Day 30-40 Day 20-40 i
95 " 04000 0.45 0.87 . 0.66

: 0.037 0.11 0,10 , + 0.09
0.076 0.60 0.60 © 0.60
" 001 ’ 0012 0(37 0-30
' ' 0,272 ! 0.26 0.41 0.33
80 0,000, RTA 0,76 4 0.60
' . 0.037 0.20 0,36 - 0.28 ,
°'°Z6 0,48 0,73~ 0.61 |
0. 144 =0.05 0.42 0.18 . l
0.272 0.35 0.55 0.bg EaN
60 " oo 0.53 0,70 0.62
( ) i A 0003? = 0.29 0051 0-39
0.076 -0.15 0,04 -0,02 ’
0.144 0.15 0,22 0,18, *
> L 0.272 0426 0.19 0,22 |
T 0.000 0.23 - 0,59 0.41 0
E 00037 Onl“l 0.14'8 ’ O.M
0.076 =0,05 0.15 0,05
: _ 0,144 0.16 0.1%4 " 0,15 - .
'0:272 ° 0.14 0.05 0.09
. L / ) '
\ —
/ R =
. L -
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‘ where:
Wy = Britial wet weight of fish,
. W, = final wet weight of fish, .
('t:z - ?tl) = duration of the experiment in days.

"The effects of various dietary levels of methoxychlor on
tl-?g wet. weight gain of ralnbow trout during day 0 ~ 20 of
Expt. No. 1 are shown J.n Table 7« Each growth rate value in
this table represents a mean of all the individual growth
rates in each group of fish (numbering 20 fish per group).
The results indipate that a. 20-day exposure of’ raf’mbow trout
to dietary methoxychlor at 95 % O, saturation (11.570) did
not produce any. significant che.nge"i‘P’ = 0.0_5) in growth rate
as compared with control fish. ﬂ‘I*he mea’ﬁ grow'th~ rate of con-

trol fish was 0.41 %/day and ranged: from 0,33 %o 0.39 %yday

"for methoxychlor treated fish,

During day 20 - 40 of Expt. No. 1, the fish were fed a

methoxychior-free diet V{hile the dissolved oxygen concentrat-

ions were reduced. The results were calculated in the same

_ manner as for \the first 20 ddys and Zble 8.shows' the effects

of reduced oxygen and previous expos e to dietary methoxy-
chlor on the wet wexght gain of ra.inbow trout dur:.ng the

last 20 days. The ‘data suggest that the growth.of fish pre-
vioﬁsly exposed . to methoxychlor was more reduced as compared
w11:h control fish at all levels of dlssolved oxygen tested. .
Because of high variation it was not posdible to show a

dose response, and the data was therefore treated in terms b

of ;n alJ;-or-none effects ’ , ¢
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. LI
. There were a few methoxychlor treated groups which grew
' faster than the control fish at 95, 80 and 40 % 0, saturation.

during day 20 - 30 and at 80 and 40 % Oz‘zaturation during
day 20 - 40, Also contrary to all other
the other methoxychlor intake levels, at 0.037 mg/kg fish/

esults obtained at

day growth rates increased with a reduction in percent 02\

- A ~

saturatten.

A two-way analy81s of variance based on changes in wet

. weight carrlqg gut to verify any possible_lnteractiq? bet-
ween methoxych\gr and reduced oxygen showéd\ngi each does
contribute significaﬁtly to a reduction in growth of rain-
bow trout; see Table 9. A highly significant interaction
(P<0,01) exists between methoxychlor and reduced oxygen
) ﬁ resulting in an even further reduction in growth A paired
L o © . data t-test showed that the growth rates of all control

fish during day 20 - 40 had nearly doubled as compared with
day 0 - 20 while_the growth rates of 9 out of 16 methoxy- -

chlpr'treated groups of fish were siéﬁific;ntly\reducéd )
~(P<0.05) during\day 20 - 40 as compared with the results

=

from day 0 = 20. o
// Since the, results were treated in terms of an all-or- . / :.
' none effect, the data representing methoxychlor treated fish

(Table 8) were pooled at each oxygen level in ordqr to obtain
a 1arger gamﬁle number & a t-test conducted in which fhe
growtﬁ 3};!bthoxychlor treated fish (40 fish) was c?mpared

to the .controls (10 f%sh). The analysis showed that the
previouserthoxychlér:treatmeﬁi significantly reduced growth
when compared to ‘dontrols (Table 10) at 95 and 60 % O, sg;-

O
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The relationship in Expt. No.; 1 between the
wet weight gain at various levels of dissolved
oxygen saturation during day 20 - 40 and
dietary methoxychlor to which rainbow trout-
had been previously exposed to during day,

0 - 20- - '




Table 11.

Growth rate based on wet weights during Expt. No.2 %
in which rainbow trout were simultaneously - ' .
w . exposed to dietary methoxychlor ‘and reduced

oxygen over a 20-day period at 12.0°C .

Y

Saturation

S )

Methoxychlor
intake‘leviﬁ

(mg/kg fish/day)

Mean Growth Rate (%/day)

%

Day 0-10 Day 10-20 Day 0-20

.95

80

-0,09
"0005
14
¥0.11
0.09

\ 0.27
-0.07:

-0.08
‘0.01
0.06

0.14
0.12

' =0.18

-0.04

-0,01

0,17
-0%07
-—0.0
042

- 0.09

0,13

-0002

0.14

3

\

0.04

0.00
0.14

T=0410

ﬂO.lS

0.36
0.03
=0.06
0.07
0.05

. 0.1

0.1

-0.05
0.01
0.02

0.21
-0.08
0.03
~0.24
0.00
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uration (P<0.05) and at 80 and 40 % 0, saturation (P<0.1).

T .»?,w»gm»yam -

This response/is graphically illustrated in Figure 6

-~ which suggests a growjp reduction threshold around 0,05 mg/
kg fish/day at 95, 60 and Lo % O2 saturation. The data at
80 % 0, saturation in Table 8 was not included in Figure 6

e S T i e Sl

because of variation which made it impossible toveye-fit a
. ; 1curva. Another threshold occurred around 0.15 mg/kg fish/
é day yhere'an increase of dietary methoxychlor did not further
reduce fish growth; The effect of réduced oxyéep ;lone'i:
“11lustrated bj the lower position of the 40 andléo % 0,
saturation growth curves compgred to the 95 % 0, saturation

curve, ’ °

. ,' ’ In Expt, 2 where rainbow trout were simultaneously

| \exposed to -dietary methoxychlor and reduced oxygen otgr a

: zo-day period, no effect was discernable at 95 % 02 sat-
uration; however at 80, 60 and 40 %~02 saturation the growth
5Egje of methoxychlor treated fis£?\§iiculated in the same

ménner as in Expt. No., 1, was reduced as compared with
‘control fish during day O - 10 and day 10 - 20 (Table 11)s.

> No dose response. was obtained and fhe variable data was

treated'in terms of an all-or-none effect, A t-test was

conducted to compare the growth of methoxychlor treated fish
(pboled sample of 40 fish) to the controls (10 fish) at each
‘oxygen level, see Table 12, While there was no significant
reduction in growth of ﬁethbxychlor treated fish when com-

pared to controls‘at 95 % 0, saturation, methéxychlor treat~ "
ment did significantly reduce growth (P<£Q.O5) over controls

at 80 and 40 % 0, saturation and at 60 % (P<0,2).
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The relationship between the wet weight gain at -

various levels of dietary methoxychlor and
dissolved oxygen saturation to which rainbow
trout had been exposed over a 20-day period in
Expto 'NO. 2 . .
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A two-way ‘analysis of variance indicates that there

has beeﬂ ho interaction between methoxychl’oz):"and oxygen

B ‘ in producing an additional reduction in growth, see Tdble
13, This analysis also shows that reduced oxygen did not
xéig'ni:t"ieantly affect growth rates in this experiment while
methoxychlor's\role in growth reduction was highly signif-
icant (P< 0.01) /

Figure 7 illustrafes the\ general trend of the growth

rate where methoxychlor exp;sure has been shown to be sig-

|
nificant by means of a t-test and analysis of ('va;riance‘ in

Expt. No, 2 . An initial drop occurred around 0.05 mg

methoxychlor/kg fish/day and another threshold was encoun-.

tered jaround 0.15 mg/kg fish/day where-an increase in the

concentration of methoxychlor in the diet daid not proc}ue3 ’
- any further reduction in growth at ‘80. 60 and 40 % 0,

IR

saturation. A decrease in ?rowth due to reduced dissolved
‘oxygen coqcentratiohé » whild not significant, is suggested

by the lower position of '-‘:tfhe growth curves at 40 g’nd 60 % o
0, saturation as compared with the curve at 80 % 0, sat-

uration,

. ' Dry weight gain o ‘ - ' +
“ . The effects of dietary methoxychlor and reduced oxygen
levels on thé percent dry weights of rainbow trout are -
~ shown in Table 14, The results ind;cé.te no ‘aifferences
. T due to methoxychlor nor t:}uced ;)xygen in both exper-
| is parallel to the wet weight

iments. The dry weight gai
- gain, meaning differéncés in growth as seen in wedt, weightt/

"
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Table 14, Percent dry weight of rainbow trout exposed to
dietary methoxychlor during day 0 - 20 of both
" Expt. No. 1 and No. 2 and reduced oxygen levels
during day 20 - 40 of Expt. No. 1 and day 0 -
20 of Expt. No. 2 . -,
. .

Methoxychlor - 0,

Dry Weight (% of wet weight)
intake level saturation

. Expt. No. 1° Expt. No. 2
(mg/kg fish/day) ( % ) Day 0-20 Day 20-40 Day 0-20

0 (Contr‘)l) 1904? 21. 09 22, 33
? 19.53 20.39 20.65

20.546. 21.41 21.57

20.86 20.17 21.12

20.32 21.11 - 2143
20.05 20095 R ) 2 088 !
20.50 20,73 20,05
19.83 21.51. 20,74

20.37  22.09 19.85
19.42 .19.61 21.59
18.67  20.92 21.93

2p.24 20,57 . 20.84
20.57  21.34 20,92
19.69  20.96 21,60
20,04 21,09 20.69

© 20,61 21.04 . 21.18
20.29 20.74 21.57
Yoo 20.53 210 2” 21.20
19.84 21.62 22,12
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Table 15.. Fat gains of rainbow trout' in Expt. No. 1 after
exposure to dietary methoxychlor during day 0 -
- 20 at 95 % 0, saturation and reduced oxygen ‘)
during day 20 - 40, :
Methoxychlor 0, ) ﬂe\;nn Fat Gain ( %/day )
\ ° intake level Saturati : )
(day 20-40) \
(mg/kg fish/day) (% ) "\ Day 0 - 20 Day 20 - 40
0 (control) 9 -1.04 3.83’J (
M 80 - -l.l&2 20Z1
60 0.77 2,43
, ’4-0 lo? "1.66
Mean 0.02 ‘ .
= ;0,037 95 _ " 0,61 2,11 f
g0 & -0,23 2,12
60, 1.01 0.79
Mean 0.42
o g g i
60 -1.52 0.68
4o - =0,87 1.90
| ; : ]
Mean 0.05" )
v 0.1 95 Lt =0.68 1.39 "
NN 80 2-59 "0|35
- 60 -1,06 3.39
W, " l}O . 0016 1.50
0.272 95 1.36 0.16 '
' 80 : 1.16 0.83.
* 60 1.22 1.83
"0."‘5 007
M\evan 0.85 |
Y o
p=
-
- j
» k
el ,........,..—-.‘—-- . - ' P b - . °
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pre-experimental sample,
final fat copient of fish,

_Dgring day 0 - ?O‘Of Expt. No. 1 , the fat qgins of
mé‘thoiychlor treated fish at 0.037, 0.144 and 0(272
mg/kg fish/day increased as compared with contr £ish’
while 'the rat gain 4t 04 076 mg/kg fish/day (o.'os %/day)
was similar to control data (O 02 %/day), see Table 15.
Higher methoxychlor concentrations in the dietsd ing the

following 20-day period produced a decrease in fat gains
& or?methoxychlor treated fish as compared with controls at

uration.
in fat gain at 0.037,-0. Gfg and 0,144 mg/kg fish/d

however a decrease in fat gains of control fish occurred

Reduced oxygen levels did not produce

with a correspondiﬁg reduction in oxygen saturation whiie
the fat gains of fish at 0;272 mg/kg fish/day inc eased
with a reduction in oxygen saturation.
An all-or-none response prevalled throughout these .
results and a t-test was cpnducted in order to ascertain
“their lqtel of significance. Thus ior day 0 = 20 of Expt.‘

T e
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. . Tablej]’.?v. ' Pat gains of:
’ - taneously exp to dietary methoxychlor .and
X " reduced oxy§en during 20 days in Expt:Q No. 2 .
¥ - ' . \
5 . Methoxychlor 0, Mean Fat Gain  ~%
P . intake level Saturation : '
(mg/kg fish/day). (%) - ( %/day )
i ° .
o '0,000 95 2.15
80 ~0.68 .
v 60 “0.70
4o 0.33
k AR ° ' ‘:: P.‘
‘ ' : 04037 . 95 0,54
- i A 80 -0.0
‘}‘ ‘ 0 60 -008
| K ko 0,18
) - 0,076 95, ' <0,06
Sl & i
o | . ' : o7
F? ' . ' ko~ - 1.47_
| . 0.144 95 -0.480 -
- - , | 8o - -1.03 &
{}. i . ' C , 60 » 00"”3 * R
R . . 4o 0.4 .
| - 0.272 - 95 coy T L
: T . 60 0.42
S ' . - 4o 1.43
-t ’ : ’ .u-n '(
» . . /
h, A

W’

\

nbow trout which were simule
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_No. 1, the,pggled ontrol groups (20 fish) and the pooled\

methoxycﬁibr treated groups (80 fish) were compared, see
" Table 16, with the result that the  fat gain of methoxychlor-

\ treated fish was significantly greater (P<0.05) than that
of control fieh. ?or;tﬁe following test period (day 20 =
40), a similar test {es performed between the control group
v and the pooled methoxychlor treated fiéh at each oxygen
level revealing higher fat gains by control fish than by
" methoxychlor treated fish at 95, 80 and 60 % 0, saturation.
At 40 % 0, saturation the fat gain of control fish was
. howsver significantly less (f<=0.05) thap that of methox&-

chlor treated fish. . ﬂ
In‘Ekpt; No. 2, the fat gains of metﬁoxychlor treated
fish were reduced as- compared with controls at 95 % 02
saturation. see Tab%g 17 ' however no trend was apparent
‘due to methoxychlor treatment. at the other oxygen levels,
{ ‘ h\Redueed oxygen also did not produce any changes in fat
' . gain; therefore a t-test was conducted on pooled data as in
% ' Expt. No. 1 (day 20 - 40) at each oxygen level. The fat
J gains of control fish were- ‘significantly greater (P<=o 05)
.- » than that of methoxychlor treated\fish at 95 60 % 02
‘saturatibn (Table 18) rhile there was no dif

T _control and methoxychlor groups at 80 and

\,
Residual methoxychlor . o

ence between

% 0, saturation.

No residual methoxychlor was detected in any group .
) of fish at day 40 of Expt. No. 1, ndr ‘in any of the
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control groups in both exberiments. The concentrations of

residual methoxychlor based on wet weights in whole body '

homogenates during Expt. No.-l and No. 2 , see Table 19,
indicate that at 95 % O2 saturation an increase 13 the

| concentration of dietary methoiych;oewirodeced e? increase
! in the accumulation of methoxychlor by fish. In Expt. No. 1 ' v
(day 0 -~ 20) the resi&ue levels\bf-methoxychlor ranged from :
0,002 ne/e af/; 076 mg/kg fish/day to 0.07 pe/g at 0,272 mg/

kg fish/day while in Expt. 2 they\ranged from 0.065 to

0.124 pg/g at 95 % 02 saturation. The residue data from

k Expt. No.. 2 also shows that a reduction in oxygen saturation
‘produced 4 further increase in eccumﬁiation of methoxychlor.
Att0.272 mg/kg fish/day , residues‘banged from 01124 ne/g

at 95 % 0, saturation to 0.450 pg/g a: 40 % , this trend

b ; S being repeated at the other methoxychlor intake levels. - .

. The fat content of fish (% of dry weight) has been
. included in Table 19 because of the established link
between the storage of organochlorine pesticides and fat
" content. The fish in Expt. No. 2 ceetained nearly twice
as much fat in comparison to Expt. No..1l (day 0 - 20).
The percentage of methoxychlor stored, also in Table 19,

was calculated in the following manner:

methox;ehlor (%) residue in whole fish (ug/g) X 100
stored = - n
total dietary intake (mg/kg)

—— centage of methoyychlor stored as c*-ed to the
e} - e | u 3 , ) \
) ' ¢ ) ‘ . ‘ . ) 4
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1

) given dose is very low re.nging from 0.1% to 2.19 % in
Expt. No. 1 a.nd from 1, 18 to 8 75 % in Expt. 2 , the
highest values being obtained at L&O % 0, saturation.
Levels of residual methoxychlor determined on fish
liver in Expt. No. 2 at 0.272 mg/kg fish/day followed '
the same trend as the results of whole fish samples in

"that a reduction in oxygen saturation also ‘increased the .

methoxych accumulated in the liver, see Table 20,
The liver residue values ranged from 0.027 ug/g et 95 %
0, saturation to O, 129 pe/g at 40 % 0, sei;uration.

T.abae 20. -Residual methoxychlor in liver and whole fish
samples of rainbow trout simultaneously exp-
osed to 0.272 mg methoxychlor/kg fish/day
and reduced oxygen over a 20-day period in
: Expt. No. 2 . haibi .

02 \ Methoxychlor residue . Methoxychlor

% Saturation in liver sample - residue in o

whole fish =
sample . /

(%) (pe/e) T pe/e)
95 - 0.027 ' 0.124
80 T 0,075 - 0,301
60 0.075 | 0,345
10 0,129 0.450




DISCUSSION

S~

}n this p;esent study of the effects of dietary
methoxychlor and redﬁced dissolved oxygen concentrations
on the growthof rainbow trout, xhefe was no change in the
growth of fish exposed to dietary mé?hoxychlorsgqr 20 days
at 95 % 0, saturation as'cogp;fed with controlsibut a
rgduction in the\growth of methogychlpr.treated fish
occurred during a following 20-déy period while the fish ~ -
were fed a control diet. Exposure to reduced 6xygen levels

pfoduced a much lower growth rate among methoxychlor

‘treated fish as compared wi%h control rates which were
V

also lower than at oxygen saturation. The results of the
effects of dietary methoxychlor and geducéd oxygen levels
on fat gain were inconclusive due to a marked variation
of the data; however the anafysis of residual methoxychlor
has shown that a greater percentage of tﬁe given dose of
methoxychlor was stored at reduced oxygen levels and a
significant portion of the methoxychlor body burden was

associated with liver tissue.

Physiological significance . ' .

\ L4
An error in calculatipg the amount of methoxychlor

required for the various intake levels proved to be

\beneficial. "Twenty=-four hours after the first feeding, an

approximate LD50 of 78.43 mg of methoxychlor/kg of fish

was\byfained. .This value represents a 288 fold increase
> ) .
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{methoxychlor treated fish has, permittec} the use of a t-test

' The fact that a (ﬁlajority of the fish were affected in a

- of methoxychlor on growth as well as its capacity to

. bind with plasma ;L,ipoprot)ein and. are distributed throughout

Y

over the highest concentration used this study (0,272
kg fish/day) and places the exper‘imenta}f concentrations
(04037 to 0.272 mg/kg fish/day) in perspective to the
lethal dose, These /concentrations may-also represent the o
i /cipient effect threshold and therefore at such low levedg, F
nc/)t all the fish respond to methoxychlor exposure which ’ ‘ -
m)é.y in part explain the large varlation in t{\e data of wet :
v;eigh'l: gain and fat gain. Despite the la.rge variance, the

ll-or-none effect obtained in the wet we:.ght gain of
with poolef.l data to statistically valid.at'e".thé results,

detrimental mpanner in the two experiments suggests that
these low levels of dietary methoxychlor are capadle of
contrib“uting stress to an aquatic organism. |

While this study does not actively i}vestigate the
biochemical nor all the p'hysio.logical aspects of methoxy- -
chlor metabolism, & general discussion of pesticide
metabolism is useful in orderto undqr\'stand the effects
accumulate in fish tissue. Figure 8-A illustrates possible
pathways of methloxychlor uptake, metabolism and depuration |
at 95 % oz(safuration( ;luring day 0 - 20 of both experi-

ments. According to Walker (1975) lipophilic pesticides

the fish., This binding is reversible and functions as a



s s ————— R

transp‘ort mechanism. Since methoxychlor is a lipophilic
— co;npound,\it ;nay alsq bind with plasma.lipoprotein once
it is absorbed via the gasiric membrane into the blood
stream, ‘ t k_ ‘]{

In the organism, lipophilic pésticides tend to assoc-
iate with the various li.pid pools and are thus. removed from
circulat:.on (Poécck and Vost 1974). This greater afﬁ.nity
of the lipid pools for methoxychlor as compared with lipo-
protein may upset thelnatural tendency towards the astabl-
ishment of an equi‘.lig «ium and the rat‘el at which methoxy- —
chlor in-the plasma is bound (k1)~and stored in fat ‘ciset:te
may be greater than the rate at which it is return‘ed'(kz)“
to the plasma. In this manner, a large portion of the
metho::.yc};;ler may be removed from circulation. The multi-
function oxidase enzymes (MFO) of the -liver which are
responsible for the metabolism of methoxychlor in fish
(Gardner and Bailey 1975) may metabolize the low level -
present in the plasma before it comes in contact with a

reaction site, . »

The combination of the removal of a large percentage .
of methoxychlor from circulation-and-its efficient
metabblisn;, by the MFO system may account for the lack of
effect of methoxychlor exposure on the wet weight gain of
rainbow trout at 95 % 0, saturdtion during the first 20
‘days of bo't}{ Experimen\ts.' Kéuzynski. (1972) reported no

reduction inlgrowth of brook trout, Salvelinus fontinalis; .
\) )
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exposed to dietary methoxychlor levels ranging from 0,01 to
1.00 mg/kg fish/day for 33 days at 7.5°C and Oladimeji and
Leduc (1975) found that a level of 0.67 mg/kg fish/day for

30 days at 10-12.5°C also had no effect on growth of brook
- e ‘

trth fed a 2% ration (percent of wet body weight). But
the ‘fish in fhgse, two studies were forced to swim against a
cu:_'x;ent and the acéo:niaanying inc.reas‘e in the metabolic rate
could have aided the detoxification process.

Kapoor et al.(1970) have reported the chemical pathway-
involved in methoxycﬁlor metabolism in mouse and housefly
but it is assumed that metabolism of metimoxychlo;: in fish»
follows the same pathway. According to Kapoor, g ma jor
difference between DDT and methoxychlor metabolism in fish
is that the metabolit,es of DDT are lipophilic and hence can

be _Is_jt:ored while the water soluyble hydroxy metabolites of
methoiqychlor,are readily. excreyjed primarily through the

urine but possibly through ‘bili.ary’excretion.' ‘Addison et

. 81.(1977) have found that exposure to dietary DDT and DDE

in brook trout, Salvelinus fontinalis, failed to induce the
activity of the MFO system. It is not known whether

methoxychlor exposure can induce MFO activity in fish. "

"Storage of a toxic compound may be protective in the

. short term yet hazardous in the longer term"” (Walker 1975
p.83). The reduction in-wet weight gain of methoxychlor

- 'i\_ . e
treated fish at 95 % 02 saturation during the second test

period in Expt. No. 1 is an example of this phenomenon. - TN

.

\
& i 4
J
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Findlay and deFrietas ‘(1971) have' shokm with DD that the
duration of sto‘i-;ge is not permanehjt because of slow
leakgge into circulating fluids accele_r'ated\ by starvation
and energy expenditure resulting in the mobili‘zation and,
turnover of lipids.

Since in the second test pe‘r_‘iod of Expt. No. i there
waé no longer any ir‘nflux of methoxychlor in‘;:o the lipidg
pool throixgh abso’fption. from the gut, see Figure 8-B, there
was a shift in metho:xychlor flux (k2 > kl) S0 tha‘i: the

‘stored methoxychlor could re-enter the plasma and be trans-

"ported in the blood stream bgund to the lipoprotein in-

order to re-establish an equilibrium. The MFO systﬁem. no
lbnge'r able to cope wi‘t;}; the elevated level of methoxychlor
in the plasma allowed it to reach the various rewction

gites. At high doses, methoxychlor acts kin the” same manner .
as DDT in altering thé pcermea‘bility‘of the nerve axon and

&

interfering with the production of action potentials. It
has also been suggested that methoxychlor can inhibit )
mitochondrial ATPase which is utillzed in ATP synthesis
(Gardner and Bailey 1975). Any reduction in ATP would
seriously affect the energy requirements involved in the
groyth procass.

While a decrease in fish density in the test tanks

" might have been responsible i‘or the increase in.growth oi:’

control fish during day 20 - 40 of Expt. No, 1, it must be
remembered that the treated fish wer'e also'exposed +t0 this

& . .
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same density reduction yet their growth rate either remain-
ed constant’or was reduced during this test period. .These

growth data represent to date the lowest concentrations of

Lo dietary methoxychlor found to have an effect on fish growth

[ at oxygen saturation. \

‘ In general, reduced dissbdlved dxyéen concentrations
mgy.res.trict fish gro&h by inﬂugnk:ing the metabolic-rate.

... According to Beamish et al.(1975) the active metabolic rate”
of fish s:Zas brook trout, Salvelinus fontinalis, and

on, Oncorhynchus nerka, is dependent or)dissolv-
L s " ed oxygen to over 100% saturation but‘ is independent of 02

»

. » - sockeye sa

saturation for fish*such as carp, mr;gu carpio, large-

mouth. bass, Micro erus salmoides, and goldfish, carassius .

- apratus; a.nd b - metabolism is ind)ependent of disso;ved
oxygen over ‘a wider range than active metabolism. Warren N
- ‘ et al. (19?3) reported that growth of Jjuvenile coho salmon. :
Oncorhynchus kisutch, fed small restricted diets was not , oo

affected by low .oxygen Jconcentratiﬂons except at levels . ‘ o

"lower yhan 3 mg/L and Stewart et al.(1967) found that food = - *

conversion efficiency was reduced at oxygen concentrations

‘. " of b m.g/L and lower at 26°C . .

" Pood conversion efficiency maX have. been reduced at . ;

the lowest oxygen levels in Expt. No. 2 but it seems thaij

methoxychlor uptake was not a.ffected. by reduced oxygen ’

| 0 levels as evidenced by the higher levels ﬂf residual '
: methoxychlor at low oxygen saturation. -Stewart et al.(1967) -
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also feport_ed a lower gbntent. of* 1ipids in the ‘tissue_ of.
fish exposed to low oxygen éoncentratio'ns (less"}:haﬁn 4 ‘mg/L
at 26°C). Thus with'a smaller’ 1ipid pool, the methoxychlor
could .not be store& to any great extent and levels in the

plasma would rise. Oxygen al \ng with a flavbprotem NADPH

, a.rgc.l/,cytochrome P 450. a heme protein are jzhe principal
. eompm%pts in the MFO systen '(Nakéigsugawa a.?d Morelli l§26)

P - “
.

+ ’ ! . N .0 :
XH + NADPH + H+ 02 P 1950 .XOH + =NADP + HZO (1) 3

@ &

- This qquation {Walker. 1975) briefly summarlzes the ma;\.n Ve

“

events in '!:he ox1dation process. Any reduction in 02 will

'ha.mper the effec‘biveness of eytochrome P 450 to ca’{alyze ‘

the O-dealkylatlon of methoxychlor. Therefore a combinatloh
of increased levels of methoxychlor in the plasma (k2> kl)
and a redixged efficiency of the HFO system allowed methaxy-
chior to reach the reactlon sites.
Kruzyrfskl (19?.2) reported that brook trout fed dietary
methoxychlor (0.01 - 2,00 mg/kg fish/day) retained between
Lo and 50% of the adm:,nlstered dose while Oladime;]i‘ ‘and

« Leduc (1975) obtained about 12% of the given dose of O, 67’

mg/ kg fish/day‘. In this present study, l - 2% was. retained
at oxygen saturatlon (Table 19). HMore methoxychlor was i -
accumu.lated in fish treated with higher doses of dietary
methoxychlor although the relative f»ercent‘age of the

administered dose remained constant.

Norstrom gt 21.(1976) have.formulated e bioacctmulation |

. ) ! - “ Lo N .




" y ° model equation in orderqto predict uptake and depuratiqn of

.. various pollutants in. ‘the epvironment. o

El

(O S s a
) : . < Tel’, P
- a 3 b
‘ o ) Lo .
) . <
' < . o e §

where W body weight, e

: T . A = sum of all coefgcients involved in upttke, .

“ Wm of. pollutapt in fish.
. den of.
o v kcl.-clearance eoerﬂirént\\" L

" . . - — . %
) ., I this equgtion. the, rate of change of pollutant body o 2 .
~’”.' A burden in the ﬁsh is- approximately equal to the -rate o\f*\ )

uptake from food and water minus the clearance rate. Their

e

,' * e modelvequation makes use of various coefficients which '
represent factorp (environmental modifications) yhich could ' L_ !
alter metabolism and gzgoyl‘th." While equation (2) cannot be |

‘applied to this study, it is quite clear that events which - '

[

”Q‘\ ¢ " hslow. d?vm the depuration rate allow 2 pollutant to accumul-
. ‘ate to.a greater extent. 4n increase in the percentage. of
methoxychlor stored n'on 1 - 2% at 95 % 0, saturation to a .
maxinmm of 8.75% at 40 % 02 saturation sugges'ts that lower
oxygen levels haye reducad the depuration rate (4:3) by - ¥
. J.imiting the ability of the MFO system to metabolize '
) .. methoxychlor. ,
ﬂ? !l'he regidue levils found in the liver( of fish exposed
: to d,tetary methoxychlor (0.272 mg/kg ‘ﬁsh/day) in this ~ .- . 1. o
; study (Table 20) represent 28 to 4o% of the total body |

burden. This suggests that a la.rge percentage of. /the body
burden is undergoing mtabolism by the various detoxifi- ’ ' i




‘%hlor‘storage.is seen at 95 % 02 saturation in this study.

'No. 2. Roberts et 'al.(1977) also observed that tissue

- variation &mong the‘fa'\t gain results in both experiments.
s o ' .,

‘of fat gain data in this study makes it very difficult to
ascertain their significance.

-
'

n

o

cation mechanisms loc;a.ted in the livgr.
The relation between fat content and residual methoxy-

The fish in Expt. No. 2 contained ﬁearly twice Aas much fat
as compaped with Expt. No. 1 and a greater a&ounf of
uﬂat

methoxychlor (absolute) acc ed in the fish in Expt.

retention**éf chlordane in northern redhorse suckers,

Moxostoma macroXepidtum, ‘was _dire.cjtly proportional to the

adiposity of the fish at the start of the experiment..

No reascnable explanation can be given for the marked

During day O - 20 of Expt. No. 1, the methoxychlor treated
fish at 95 % 0, saturation had much higher fat gains than
controls but under similar axperimentél conditions in Expt.
No. 2, the controls had significantly higher fat gains tha.n
the methoxychlor treated fish. Ma.cek et al.(1970) repor'ted
increased lipogenesis in rainbow trout, Salmo gairdneri,

exposed to DDT and dieldrin over 140 days and Buhler et al.
(1969) also obser(red an increase in the lipid content of
coho salmon. anoMchus kisutch, with an accompanying

increase in the concantratior} of dietary DDT. The variation

The significant interaction between dietary methoxy-
chlor and reduced oxygen levels (Table 9) in Expt. No. 1




s
a

. may be explained by m;ltiple toxicity. This term is usually
applied to the interaction of two or more’toxicants on an I
organism. Obviously oxygen is not a toxicant but a lack of
oxygen can be just as detriﬁenta; to a fish as the effect
‘of a toxicant. Multiple toxicity iqgal;ag\various physiol-
ogical interactions which alter the sequence o ts- -
regarding the binding of a toxicant to the target tissue.
Th;pe interactions_ma; also alter the rate of uptake, . “
metabolism aﬁd depuration of the toxicént (Anderson gpd . .
d'Apollonia 1978).’ | J
The kinetic prpcesseSvillﬁstrated in Pigure 8 have
shown that reduced oxygen 1evq;s infl enced the amount of
imethoxychlor in the plasma. the percentage of the -given

"dose stored and reduced efficiency of the MFO system to

metabolize methoxychlor. While the differences in growth \

*

due to exposure to methoxychlor and reduced oxygen levels

have not been quantified, the growth curves in Figure 6
suggest an additive réspopse to the interaction of . ~
methoxychlor and oxygen depletion. At 0.25 mg/kg fish/day
mathoxychlor reduced growth by about 3.5 ﬁ at 95 % 0, ﬂ ,
aaturatibn'and reduced'oxygen lowered growth of control

fish by about 2.0$}a% Lo'% o, saturation.( Th; growth rate
value at 0.2‘5‘ mg/kg fish/day ( l&o& Oé sa
reduced by:about 5.5% as comparéd with coTtrol fish at 95 %
0, saturation.

b

turation) has been




in a greater body burden. Macek et al.(1977) have def;ned

‘can-enter aquatic organisms through gills directly from thé ' )

. 1
, ion and any uptake from dietary sources. Their study . ’ |
|

© revealed that fish exposed to toxicants such as .kepone,

trichlorobenzene (TGP) would obtain a majority of their
~ body burden through bioconcentration. They-have only

Ectlogical significance

In nature, fish in “streams ahd rivers undergoing
larviciding operations to control blackflies are sub jected
to stress when the organochlorine pesticide methoxychlor »:B

- is utilized. There is no consensus on whether exposure

to a toxicant in the water or via the food chain will result
é%e term bioconcentration-as the ﬁ;ocess in which toxicants

water while the term bioaceumulation includes bioconcentrat—
1e£tophos. di-z-ethyl hexyl pgﬂha;ate (DEHP) and 1 2,4~

|
considered théysituation when‘the toxicant is in the water 1
and in the food at the same time. Larviciding operations ’ ~
with methoxychlor may present fish which inhabit clean
water with a contamlnated food supply caused by the drift- N !
of dead and dying insects who have accumulated methoxy-
chlor in their bodies., Thus investigatiﬁg the effects of
methoxychlor exposure via the diet only was a valid '
approach. e . ‘ ' 1

Reduced oxygen conditions occur in the environment .

due to.organic pollution such as sewage waste and also in
|
the hypolimnion of outrophie 1aﬁes. The findings of this ' |

A )




gtudy increase the" necessity te control’organie pollution =

and other causes of man-made reduced oxygen levels,

~ _While this study has uaed concentrations of methoxy-
chlor as’ found in insect residues as the basis for
selecting the various take levels, it is highly unlik"plir
that fish would be corftinuously: exposed in. nature for

20 daye duration. They However may be exposed for short-
— _er periods at intermittent inte s since any blackfly |
‘ control program requires repeatmications. Over the
o blackﬂy season they may be exposed to and accumulate -
more dleta}y methoxychlor than that utilized in thie study.
The possibility that methoxychlor inhibits ATP
synthesis would mean that energy required for fseding
activity and in metabolism (conversion of food to bedy
tissue) would be greatly reduced with the result of
decreased growth and ultimately the reduction of the
population. — .
This laboratory study suggests that low levels oi/’ \
b dietary methoxychlor in combination With an environ- !
mental stress such.as reduced oxygen could impair the
, \\ » growth of fish in streame and rivers undergoing larvicid-
— : ing operations. Growth is not the most sensitive parsa-
meter which can be measured. but if a toxicant is’ |
\ © - capable or reduoing fish growth, it may afrect .
‘more sensitive parameters such as. reproﬁuction. lDixon '
(1975) has shown with oyanide (HCN) that at concentrat-




-
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ions which did not affect growth, inhibition of oogénesis
- (Lesniak 1977) and spermatogenesj.s' (Ruby et al.1979) did

occur,. , ‘

ES
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