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Specimens of Citharichthys stigmaeus, the speckled sanddab,

were taken from Yaquina Bay, Newport, Oregon and exposed for

eight days to dissolved measured concentrations ranging from 2. 9

g/l to 190 g/1 of the polychiorinated biphenyl, Aroclo 1260.

Oxygen consumption was measured to determine any change from

routine levels of respiration. This research produced the following

conchisions: 1) a relationship exists between oxygen consumption and

measured concentrations of Aroclor 1260 in the water as demon-

strated by high negative partial correlations and subsequent signifi-

cant water concentration terms in the regression equations for two of

the four experiments: also, a relationship exists between oxygen

consumption and tissue concentration of Aroclor 1260 as demon-

strated by high negative partial correlations and subsequent signifi-

cant tissue concentration terms in the regression equations for
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three out of four experiments, (because of the inherent variability

in oxygen consumption measurements and difficulties of predicting

PCB concentrations in both water and tissue, the evidence is difficult

to interprete); 2) acetone, used as a solvent for the toxicant, may

change oxygen consumption levels and interfere with determing PCB

effects; 3) after an 'eight day dosing period the concentration of

Aroclor® 1260 in whole body tissue can be described by the equation:

Y = 4.48(1 - e
0365x)

where Y is the concentration of Aroc1or 1260 in the tissue and x is

the measured Aroclor concentration in the water; 4) after eight days

a constant level of Aroclor 1260 is present in the tissue if the

animal is exposed to water levels of Aroc1or 1260 above

approximately 25 p.g/1.
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EFFECTS OF POLYCHLORINATED BIPHENYLS (PCBs)
ON THE RESPIRATION OF THE SPECKLED SANDDAB

(CITHARICHTHYS STIGIvLAEUS)

INTRODUCTION

The intent of this investigation was to determine the possible

effects of polychlorinated biphenyls (PCBs) on the respiration of a

local marine flatfish, the speckled sanddab (Citharichthys stigrnaeus).

Animals taken from Yaquiiia Bay were exposed through a continuous

flow system to several concentrations of dissolved PCBs and mea sure-

ments of their resultant oxygen consumption were used to detect any

effects.

PCBs are an extensively used industrial chemical which have

been produced in large quantities since the 1930's. Due to their

particular physical and chemical properties these compounds have

been utilized in capacitors, transformers, lubricants, and plasti-

cizers. Being very stable they are not easily broken down either

physically or metabolically. This stability that makes PCBs indus-

trially useful is the same property that cause them, once released,

to persist in the environment. Nisbet and Sarofim (197Z) mention

several routes into the earth's ecosystem. Incineration of wastes

containing these compounds liberates them into the air; discharge of

hydraulic fluids and lubricants into waterways and municipal sewage

systems releases them to aquatic systems; and dispQsal in dumps
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and landfills eventually contaminates the surrounding soil. Once in

the environment both physical and biological means of transport dis-

perse them globally. Several reviews such as Edwards (1971) des-

cribe the discovery of PCBs in all types of ecosystems even those

far removed from any industrial activities.

PCBs seem to be as ubiquitous in the marine environment as in

the rest of the earth's ecosystem. Identified in fish samples from

the Baltic Sea (Jensen eta].., 1969), they have also been found in

plant and animal species of the surface layers of the North Atlantic

(Harvey eta].., 1973; Risebrough and Vreeland, 1972) and California

Current (McClure and Barrett, 1 972), in estuarine environments

(Duke etal., 1970; Holden, 1970), along coastal areas (Munson,

1972; Koeman eta].., 1969; Jensen etal., 1969) and in rivers feeding

these regions (Sodergren, 1972). Ultimately the ocean serves as a

sink for these pollutants with the coastal regions being most affected

with higher concentrations (Risebrough and Vreeland, 1972).

The actual levels found in coastal waters tend to be highest in

industrial and municipal areas, especially near sewage outfalls. In

California levels range from 76 p.g/l found in water run through pri-

mary treatment to 92 rig/kg found in actual sludge (Schmidtetal., 1971).

Rivers eventually feeding coastal areas have concentrations ranging

from 0.02 p.g/l to 2.07 g/l (Veithetal., 1971) while offshore the

concentrations are lower ranging from undetectable amounts to



10 ng/l in waters in the California Current (McClure and Barrett,

1972).
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Since the animal chosen for this research is carnivorous (feed-

ing mainly on small crustacea and other animals in the bottom of the

water column), it may be an important link in PCB movement through

certain food chains in Oregon estuaries and on the continental shelf.

Most investigations conducted to determine the biological

effects of PCBs on marine organisms have only considered acute or

chronic toxicity. Such studies have shown varying lethal concentra-

tions among different species. The toxicity of one type of PCB to the

amphipod, Gammarus oceanicus, became evident at concentrations

ranging from 10 .i.g/l to 100 1.g/l in less than 12 days (Wildish, 1970).

Pinfish (Lagodon rhomboides) and spot (Leistomus xanthurus) died

when exposed for 14-45 days to 5 pg/l (Hansen etal., 1971). Ex-

posure to 3. 5 g/l for 35 days resulted in 50% mortality of adult pink

shrimp (Penaeus duorarum) (Nimmoetal., 1971). The dosing levels,

ranging from 5 g/l to 400 g/l, used in this research were chosen to

reflect both environmental and possible toxic concentrations as found

in the above studies.

Certain work done on sublethal effects has shown that particular

PCBs change the activities of fresh water fish ATPases including

Na+_K+ and Mg+Z ATPase which are important in osmoregulation

(Desiah et al., 1971; Koch et al., 1972). Similar changes have been
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seen in certain marine species (Kinter etal., 1972). In brown trout

metabolic effects attributable to PCBs include blood anemia, hyper-

gylcemia, enlargement of the liver, and altered cholesterol meta-

bolism (Johanssonetal., 1972). Nebeker etal., (1974) demonstrated

decreased spawning success in fathead minnows (Pimephales prome-

las) after nine months at concentrations of 1. 8

To help fill this gap of knowledge of sublethal effects, this study

was carried out to determine any change in the oxygen consumption of

C. stigmaeus due to PCBs and the extent of this change as related to

surrounding water levels and subsequent whole fish concentrations.

From these results regression equations were developed to describe

any discovered effects.

Experiments have been done on the effects of other pollutants

on oxygen consumption which generally show a depression of oxygen

uptake at low concentrations of the toxicant. Wohlsch.lag and Cameron

(1967) assessed low level stress on the respiratory metabolism of

pinfish (Lagoder rhomboides) and found that slightly polluted sea

water from a highly industrialized bay caused such a depression.

Steed and Copeland (1967), working with the same species, reported

a similar decrease in oxygen consumption (80% of the normal rate)

at a 2% to 6% concentration of effluent from a petrochemical plant;

but at a higher level of 8% (approaching the 48 hr TL) the rate in-

creased to near normal. In another estuarine fish species



(Cyprinodon variegatus) with effluent concentrations at similar high

levels, they found oxygen consumption actually increased above that

in clean water.



MATERIALS AND METHODS

Organism

Citharichthys stigmaeus, the speckled sanddab, was chosen for

this research as a representative fish of the nearshore environment

where it is found both in estuaries and coastal zones along the United

States Pacific coast from southeastern Alaska to southern California

(Clemens, 1961). Examination of catch data of this animal from other

studies done at Oregon State University, shows it to be abundant

throughout the year in Yaquina Bay (Robert Olson, personal comrnuni-

cation) and just as available offshore during summer and fall.

Because of its abundance, quick acclimation to laboratory conditions,

and convenient size (rarely exceeding 15 cm), it makes a versatile

test organism.

C. stigrnaeus is characterized by its broad flat shape, assym-

metrical mouth and migration during juvenile stages of the right eye

to the opposite side of the body. (See Frontispiece.) All these.

characteristics are adaptable to dwelling on a flat bottom. Lagler

(1962) classifies it as Family, Bothidae; Order, Pleuronectiformes;

Class, 0 steichthye s; Phylum, Chordata.

Little is known about the ecology of the speckled sanddab.

Similar to other members of the Bothid family, laboratory observa-

tions show it most active during daylight, carnivorous in nature, and



using visual stimuli to find food (DeGroot, 1971). Examination of

stomachs taken from animals caught offshore showed they contained

mainly euphausids and other faunal evidence indicating feeding in the

water column near the bottom. (See Table 1.)

TABLE 1. Stomach Contents of Citharichthys stigmaeus

Specimen Stomach
Size (cm) Contents

12.8 1 euphausid
1 gastropod

12. 5 2 euphausids
6 fish scales
6 black pellets (eye stalks?)

12.5 2 euphausids

12.5 1 euphausid(mysid?)

12.3 1 mysid(?)

12.0 euphausids

11.7 8 euphausids
2 fish scales

11.5 2 euphausids

10.5 1 euphausid
1 nematode segment (?)

10.5 6 euphausids
I smelt larvae

9. 8 4 euphausids

9. 7 5 euphausids



Studies of another member of the same genus, the Pacific sand-

dab (C. sordidus) show its spawning period extends from July to

September (Arora, 1951). Observations of C. stigmaeus used in

these experiments showed greater numbers of animals in spawning

condition during the summer months.

All test animals used in the final experiments were obtained by

otter trawl from Yaquina Bay at depths of 10 meters, whereas

animals used in the preliminary tests were taken at depths ranging

from 16 to 40 meters off Moolock Beach 10.5 kilometers north of the

bay. All were kept in gravel bed filter type aquaria in the Biological

Effects Laboratory in the Radiation Center at Oregon State University.

Temperature and salinity were maintained at approximately 9 °C and

30%o, conditions found in the bay during the winter. Between cap-

ture and testing, a period of at least two weeks was allowed for

laboratory acclimation. During the last three experiments of this

study, the photoperiod was maintained on a 12 hour cycle. Before

being placed in the dosing apparatus the animals were fed Oregon

test diet (1974 modification as developed by EPA Fish Toxicology

Lab, Lee etal., 1967) at a regular interv3l of two days.

Toxicant

In North America PCBs are manufactured only by Monsanto

Company under the trade name Aroclor . Several types of



Aroc1orare produced by the simplq process oi chlorination of

biphenyls, each designated by four numbers. The first two identify

PCBs and the last two specify the percent chlorination of the mixture

(Nisbet and Sarofim, 1972). In this research, Aroclor 1260 was

used because it is one of the many Aroclor in the water off the

Oregon coast (Claeys, 1972).

PCBs in general are extremely stable and cannot be hydrolyzed

by water, acid, or alkali and can be thermally broken down only at

very high temperatures. Being non-polar, they have very low water

solubility, but easily dissolve in organic materials, such as lipids

(Edwards, 1971). Because of such properties PCBs persist in the

environment, accumulate in the lipids of biota, and tend to adhere

to surfaces rather than dissolve in the surrounding water.

Apparatus and Analysis

Because much of PCB research is in preliminary stages certain

methods and apparatus had to be developed for this particular investi-.

gation. Basic designs of respirometers used in other oxygen con-

sumption experiments were modified to accommodate flat shaped fish

and both the dosing apparatus and PCB chemical analysis were altered

to accommodate the specific dosing levels and subsequent tissue

concentrations used here.
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Dosing Apparatus

A system based upon the Chadwick serial diluter (Chadwick

etaL, 1972) was used for dosing test organisms. It delivers a

regulated continuous flow of toxicant and salt water to five exposure

chambers. The entire system includes: dilution apparatus; toxicant

control system; and mixing and distribution systems to dosing

chambers. The toxicant is delivered from a Mariotte bottle to a

toxicant manifold from which it is diluted with predetermined amounts

of sea water and delivered to exposure chambers in desired concen-

trations. Two control exposure chambers are included: one dosed

with acetone, the toxicant solvent, and the other with clean sea water.

The entire system is made of glass and replaceable Tygon tubing to

facilitate cleaning.

Re spir onme ter

A flow-through, salt water respirometer was designed at the

Biological Effects Laboratory for use with many aquatic organisms

and consists basically of a controlled temperature reservoir,

respiration chambers and collection bottles in a controlled tempera-

ture water bath, and a constant level head tank. The respiration

chambers were designed to maintain maximum circulation of water

within the chamber and still accommodate the animal in a natural
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position. A simple wide mouth jar shape was found best with inflow

and outflow tubes running through the stoppered opening. (See

Figure 1..) A BOD bottle, used to collect water to measure its

oxygen content, was placed before and after each chamber in order

to measure the difference in oxygen level as water passed over the

animal.

Aerated, filtered sea water from the reservoir is pumped into

the elevated, constant-level head tank and then flows by gravity to

each of five chambers and collection bottles; the effluent water

returns to the reservoir through tubes. The flow rate through each

chamber is regulated by adjusting the height of the tubes leaving the

constant-level head tank and the teflon stopcocks placed after each

chamber. (See Figure 2.) Water is cooled by both the water bath

and a refrigeration unit in the reservoir. Flow rate is measured by

Gilmont flow meters. The water passing through each chamber is

monitored for oxygen content with a YSI Clark-type polarographic

probe connected to a YSI Model 54 Oxygen Meter (Yellow Springs

Instrument Co.). Permanent plastic components were avoided since

they tend to concentrate Aroclor 126from the water, thus the

system consists of glass, teflon, and replaceable tygon tubing to

facilitate cleaning.
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Figure 1. 300 milliliter respiration chamber used with
Citharichthys stigmaeus.
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Tissue Analysis

The method used for analyzing the particular whole tissue con-

centrations of Aroclor 1260 found in this study was developed in the

Pesticide Analysis Laboratory of Oregon State University Depart-

ment of Agricultural Chemistry. Four basic steps were followed:

1. Dry ice homogeriation of the entire fish sample (Benville

and Tindle, 1970).

2. Lipid separation in Florisil column with 3:1 Celite to

Microcel E and eluted with 6% ether in hexane.

3. Alumina column cleanup with hexane as solute to separate

Aroc10 1260 from other organochlorides (Claeys and Inman, 1974),

4. Analysis on a Hewlett Packard 5700A electron-capture gas

chromatograph to quantify concentrations in tissue samples. The

specifications were: detector temperature, 3030 C; injector tempera-

ture, 2010 C; stainless steel column 1/8" I.D. by 5' (4:1, 1.7%

0V17/0V210 on HPW 100/120 mesh) at 210° C with high purity nitro-

gen carrier gas flowing at 30 cc/mm. The absolute lower limit of

detection using this method is 6 tg/kg of Arocloi 1260. Quantifica-

tion is based on whole wet weight of animal,

Water Analysis

The following method for analyzing Aroclo 260 concentrations

found indosingwater of this study was also developed in the Pesticide
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Analysis Laboratory. The Arocloi 1260 in 500 to F000 milliliter

samples of sea water were extracted with approximately 100 milli..

liters of distilled pentane in a large separatory funnel. All sample

bottles were rinsed with several milliliters of distilled acetone which

was added to the samples; the separatory funnel was rinsed with 10

milliliters of tn-methyl pentane which was also added to the final

sample to insure no loss of PCBs during this procedure. The

finished sample was analyzed on the same gas chromatograph as used

for tissue analysis to quantify concentrations in the original sea water

sample. The absolute lower limit of detection of a 1000 milliliter

sample using this method is . 03 g/l of Aroclor® 1260.

Experimental Procedure

Each experiment was set up as a randomized block design with

5 animals (one for each control and each of three treatment or dose

levels used in a particular experiment) per block and five blocks in

each experiment. Each block of animals was exposed at one time in

the dosing apparatus for eight days, placed into respiration chambers

(one animal per chamber) to acclimate for 24 hours and then had

routine respiration1 determined by taking two readings of oxygen

1 Routine respiration is defined by Fry (1957) as oxygen consumed
by an animal exhibiting only spontaneous movement, not caused
by outside stimulation.
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consumption approximately two hours and three hours, respectively,

into the dark phase of the photoperiod, A two day period elapsed

between blocks. Upon completion of these measurements each animal

was frozen and within two weeks analyzed to determine whole tissue

concentrations of Aroclor 1260. All dosing procedures and sub-

sequent oxygen consumption measurements were carried out at

9°C ± . 5°C and without any feeding. The lack of feeding during a

ten day period was considered acceptable because animals do not

eat for as long as two weeks during initial acclimation.

Due to limitations in the number of respiration chambers and

the statistical necessity of repetition of measurements, animals were

placed in the dosing apparatus in a staggered manner over a period

of ten days, twenty-five animals being used in any one experiment.

A total of four experiments were run, each with different sets of

dose levels as shown in Table 2.

TABLE 2. Theoretical Dose Levels of Aroclor 1260 in Each
Experiment.

Theoretical Dose Levels (g/l)
Experiment 5 25 50 100 200 400

1 I x x x

2 x x x

3
I

x x x

4
I x x
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Due to the chemical nature of PCBs it is difficult to obtain dose

levels in sea water which correspond to values calculated from the

concentrations and volumes added. The measured levels were

approximately 50% to 60% of the calculated amounts. (See Table 3.

TABLE 3. Measured Dose Levels of Aroclor 1260 Used in
Experiments.

Measured Dose
Levels (ig/l)Theoretical Dose

Levels (g/l) mean standard error

5 2.9 .4
25 10.5 1.1

50 25.4 2.5
100 62.0 3.2
200 109.8 5.0
400 190.2 6.5

Preliminary Tests

Three preliminary tests were carried out to determine the con-

ditions in which the final experiments would be performed and to

verify certain procedures. These studies consisted of a short five

day PCB tissue concentration experiment, a determination of routine

respiration of C. stigmaeus and a loss study to determine if this

species dosed for five days would lose a significant amount of

Aroclor® 1260 frorñtheirtissue once placed in uncontaminated sea



water for a 24 hour period.

The concentration study indicated a very close relationship

between concentration of the Aroclor®in the dosing water and that

in whole body tissue of the fish. Tissue levels were found to be

approximately 400 times that in the water after five days (See Figure

3). From these findings it was decided to dose the animals for

eight day periods in the final experiments.

Nine degrees (Centigrade) was selected as a temperature re-

presentative of the animals' natural habitat which the respirometer

could maintain most consistently. At this temperature studies were

conducted to determine the range of oxygen uptake by animals,

chosen at random, of different weights. Results are shown in

Figure 4 for six animals.

The loss study indicated a loss of Aroclo 1260 from the fish

tissue to the surrounding water of approximately 0. 17 g/1 after 24

hours with an additional loss of 0. 11 g/ 1 during the following 24

hours. No statistically significant loss from fish tissue was found.

Such small losses into the water were not considered to interfere with

the final experiments which called for holding dosed animals in uncon-

taminated sea water for 24 hours before oxygen consumption measure-

ments were taken. The biomass used in this preliminary study was

near to that used in the experiments, but the volume of exposed water

was about 1/3 of the amount in the respirometer system.
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Figure 3. Tissue concentration of Aroclor 1260 as a function of
measured levels in the water for a five day dosing
period.
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RESULTS AND DISCUSSION

ygen Consumption Measurements

This data from the four experiments was analyzed for three

possible relationships between oxygen consumption and PCB5:

oxygen consumption versus 1) the theoretical dose or treatment

levels of toxicant in the water; 2) the measured levels in the water;

and 3) the resultant measured concentrations in the whole fish tissue.

The type of analysis depended on the particular relationship in

question. For the first relationship an analysis of variance was

applied to the randomized block design to determine significant

differences in oxygen consumption between the treatment levels of

each experiment and each type of control. These comparisons were

integrated into the regression equations used in the analysis by a

design matrix of contrasts. Block differences and wet weight were

included as additional factors because of possible effects on

respiration.

The last two relationships used stepwise regression analysis

as outlined in Draper and Smith (1972) to determine significant linear

predictive equations. Block differences, wet weight of each animal,

the presence of gonads, and, when applicable, an interaction between

weight and tissue accumulations were included as additional factors.

In these final equations block differences were included through a
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design matrix represented in the equation by an average of several

terms added to the constant while weight was added as its own term.

The other factors were eliminated since the interaction term explain-

ed little or no variation when included and preliminary findings

showed no effects of gonad presence on either oxygen consumption or

PCB body residues.

The examination of theoretical dose levels versus oxygen con-

sumption by analysis of variance methods did not lead to conclusive

results. (See Table 4.) In the first experiment a significant

depression of respiration rate from that of the clean control was

shown at all treatment levels (at the 99% level, t-test for the null

hypothesis H :T.=T=O where T. is oxygen consumption rate for

fish exposed to a given PCB water level and Tc is oxygen consunip-

tion of fish from one of the controls). When this comparison was

made with the respiration rate of the acetone control, the differences

became insignificant showing acetone as a possible depressant. In

the second experiment the 100 p.g/l PCB concentration showed a

depression while the 25 p.g/l and 50 i.g/l levels caused an apparent

increase of oxygen consumption when compared to that of the clean

control. Since acetone again caused a depression in respiration rate,

the significance of these trends changed when the comparison was

made between treatment levels and the acetone control. Similar to

the first experiment, the third showed decreased oxygen consumption



TABLE 4. Differences in Oxygen Consumption between Each Control and Theoretical Dose Levels
Demonstrng the Relationship between Oxygen Consumption and Theoretical Dose Levels
of Aroclor') 1260 in the Water.

Oxygen Consumption Differences (mg/hr/g)
Experiment S g/l 25 igIl 50 j.g/1 100 g/l ZOO p.gIl 400 g/1

la) .0311** .0372** .0398** -- -- --
b) .0022 .0084 .0110 -- -- --

2a) -- -.0209 -.0219 .0192 -- --
b) -- -.0394* -.0405# .0006 -- --

3a) -- .0035 -- .0064 .0007 --
b) -- .0178* -- .0207* .0150# --

4a) -- -- .0155 -- .0251# .0104
b) -- -- -.0017 -- .0079 -.0068

a) Clean control comparison
b) Acetone control comparison

# Significant above 80% level
* Significant above 90% level
** Significant above 99% level

r'J
(j.)
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from both controls at all treatment levels, but in this case acetone

substantially (above the 80% significance level) increased it. In the

last experiment all dose levels showed a depression when compared

to the clean control (significantly above the 80% level for 200 i.g/l),

but when compared to the acetone control the difference diminished

or changed sign indicating a depressing acetone effect on oxygen

consumption. This depression of respiration by acetone is expressed

in the first, second, and fourth experiments when the acetone and clean

controls are compared to each other (See Table 5). Only in the first

one where 27 times as much acetone was used as the other experi-

ments is this depression significant (at the 99% level).

TABLE 5. Differences in Oxygen Consumption between Animals of
Each Control and Animals of the Theoretical Dose Levels
Demonstrating the Relationship between Oxy Consum-
ption and Theoretical Dose Levels of ArocloiW' 1260 in
the water.

Differences in Oxygen
Consumption (mg/hr/g)

Experiment (Clean level-Acetone level)

* *
1 .02887

2 .01860

3 -.01432

4 .01718

**
Significant at 99% level.



25

The regression equations relating oxygen consumption to

measured PCB water concentrations explained only 28% to 50% of

the variation present, but showed evidence for two types of effects:

first, a relationship between PCBs and respiration and second, a

large block effect in all experiments. (See Table 6. ) In experiments

#1 and #3 a significant partial correlation (at a level greater than

90%) was found between oxygen consumption and water concentration

(measured dose levels) with respiration decreasing as Aroclo

1260 increased in the water. Also, once block and weight effects

were removed, the i coefficients for the water concentration terms

were negative indicating a similar trend as with the partial correla-

ti.ons. The t-test showed a high significance (at 90% level) for the

presence of water terms in first and third experiments (null

hypothesis H:p. = 0 where p. is the regression coefficient of the

water concentration term).

The second finding reflected the importance of considering

blocks in the experimental design. When the block terms were added

to the equations first, they explained 10% to 33% of the variation

present in the data. An F-test (the significance level above 80%,

with a null hypothesis being the difference between block terms alone

versus all terms in the equation is zero) showed significance in all

four experiments. Another indication of block effect was evident

when these terms had been dropped from the equations. In all of



TABLE 6. Statistical Analysis of te Relationship Between Oxygen Consumption and Measured
Dose Levels of AroclorW 1260 in the Water.

Partial correlation be-
tween oxygen consunip-
tion and tissue concen-

Regression Regression Variation explained tration - block and
Experiment Coefficients Terms by each term weight effects removed

1 Y = +9.85x102 Constant
-2.66x103 Weight
-1,05xl0'3 Water*

Y = (9. 85x10
2) - (2. 66x10 3)x1 - (l.05x103)x2

2 Y +l.09xl0 Constant
-l.65xl03 Weight
-8.24x105 Water

Y= (l.09x10') - (l.65x10 3)x1 - (8.24x105)x2

3 Y=+7.99x102 Constant
-l.79x103 Weight
-1. 53xl0" Water*

Y = (7. 99x10
2) - (1. 79x10 3)x1 - (1. 53x104)x2

Blocks
Weight
Water

Blocks
Weight
Water

Blocks
Weight
Water

10%
2%

18%
40% Total

27%
1%
0%

28% Total

28%
1%

21%
50% Total

-. 48*

-. 07

-. 55*

LI



TABLE 6. Continued

Regression Regression
Experiment Coefficients Terms

4 Y = +5. 98x10'2 Constant
-1.14x103 Weight
-Z.18x105 Water

Y = (5. 98x10 2) - (1. 14x10 3)x1 - (2.18x10 5)x2

* Significant above 90%

x1 Weight term

Measured dose level in water

Variation explained
by each term

Blocks 33%
Weight 3%
Water 2%

38% Total

Partial correlation be-
tween oxygen consump-
tion and tissue concen-
tration - block and
weight effects removed

-.14



the experiments except the first this change reversed the sign of

the weight terms from negative to positive masking their relation-

ship to oxygen consumption.

Both a PCB and block effect on respiration were found in the

equations relating oxygen consumption to whole body tissue concen-

trati.ons. (See Table 7.) A significant (at a level greater than 80%)

negative correlation was present in experiments #1, #3, and #4.

After block effect removal, p coefficients for tissue concentration

terms were negative (except in experiment #2) and the t-test showed

this term significant in these same equations. The importance of

blocks was again reflected in the large portion of variation (20% to

33%) explained by them as well as in the change in sign of weight

terms if blocks were not present. The F-test indicated a significant

(above the 80% level) difference between blocks and other terms in

all but the second experiment.

Closer examination of the data to determine the cause of this

block effect showed a consi.stant decrease in measured PCB water

concentrations with each succeeding block within a dose level of each

experiment. This continuous change in levels of Aroclor 1260

could account for some of the variaticn found in the data.

Since acetone itself is toxic to marine organisms at high con-

centrations, indications of its effect were sought in addition to those

found in the analysis of the various treatment levels. In a comparison



TABLE 7. Statistical Analysis of theelationship Between Oxygen Consumption and Whole Tissue
Concentrations of ArocloiL1 1260.

Partial correlation be-
tween oxygen consunw-
tion and tissue concen-

Regression Regression Variation explained tration - block and
Experiment Coefficients Terms by each term weight effects removed

1 Y = +8.90xl02 Constant
-1.76x103 Weight
-2.19x106 Tissue*

Y (8.90x102) - (l.76x10 3)x1 - (2.19x106)x2

2 Y= +l.06x10 Constant
-l.65x103 Weight
+9.82x107 Tissue

Y (l.06x101) - (l.65x103)x1 + (9.82x107)x2

3 Y = +9.37x102 Constant
-2.70xl03 Weight
-3. 86x106 Tissue**

Y = (9. 37x10
2)

- (2. 70x10 3)x1 - (3.86x106)x2

Blocks
Weight
Tissue

Blocks
Weight
Tissue

Blocks
Weight
Tissue

20%
1%
9%

30% Total

27%
1%
0%

28% Total

27%
2%

22%
51% Total

-. 33#



TABLE 7. Continued

Partial correlation be-
tween oxygen consump-
tion and tissue concen-

Regression Regression Variation explained tration - block and
Experiment Coefficients Terms by each term weight effects removed

4 Y +5. 12x102 Constant Blocks 33% -. 59
-1.48x104 Weight Weight 0%
-3.11x106 Tissue* Tissue 25%

-Z -4 -6 58% Total
Y= (5.12x10 ) - (l.48x10 )x1 - (3.11xlO )x2

# Significant above 80% level
* Significant above 90% level
** Significant above 99% level

x1 Weight term
Tissue term

(J

C
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of regression lines relating wet weight and oxygen consumption for

both clean and acetone controls, the slope of the line for acetone

controls was significantly (at the 99% level) different than that for

the clean control as shown in Figure 5 (t-test for null hypothesis

H :t3 = 3 where is the slope of the equation for the clean controls
0 c a c

and a is the slope for the acetone controls).

Discussion

From the three different analyses for possible relationships

inC. stigmaeus between oxygen consumption and PCBs, there is

evidence for oxygen consumption being related to measured water -

concentrations of Aroclor 1260 and to tissue concentrations of

Aroclo 1260. This evidence includes high negative partial cor-

relations supported by the significance of the respective regression

terms in at least two of the experiments. The results of examining

the relationshipbetween respiration and theoretical dose levels were

equivocal, because of the variability of measured PCB water concen-

trations within most dose levels and because of the high variability

of oxygen consumption found even in control animals.

From evidence in the literature, some effect of PCBs on

respiration seems probable. For instance, numerous changes in

fish physiology as demonstrated by the work of Desiah etal. (1971),

Johanssonetal. (1972), and Koch etal. (1972), could cause stress
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manifested in changed oxygen consumption rate. Their findings

were evident in water concentrations less than 8.3 .Lg/l or tissue

concentrations of approximately 3 mg/kg, well in the range of this

research. Although no outward signs of stress were reported by

these investigators, Koch noticed internal organ damage. Histolo-

gical studies done on gills of pink shrimp (P. duororum) exposed to

an unknown concentration of Aroclor 1254 showed evidence of club-

bing (thickening of gill tissue at the filaments). Nimmo (personal

communication) and Wildi.sh (1970) found severely necrosed branchiae

in those animals (G. oceanicus) which died in toxicity tests. Both

of these types of tissue damage could interfere with the efficiency

of oxygen uptake from the surrounding water.

This study of oxygen consumption shows minimal PC B effects

on respiration rate, but several factors may be masking their

appearance such as acetone interactions with the PCBs or the large

amounts of unexplained natural variation. There are several sources

of variation in a respiration study which are difficult to detect. One

important one is the small time p eriod within which the oxygen con-

sumption measurements were made. Since the readings were taken

within one hour of each other and a complete turnover of water in

the respiration chamber required more than 45 minutes, the resulting

measurement could easily reflect an atypical circumstance undetec-

table by the investigator. The animals themselves are a major
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source of variation in terms of their history before being brought to

the laboratory, individual reactions to the laboratory conditions,

their state of health and growth stage. Different populations may

have been represented in any one experiment even though all

animals used in any one experiment were collected at one time. The

block effect noted in all equations indicated differences between

supposedly identical subsequent runs of the apparatus. An examina-

tion of the data in the appendix shows that the measured water levels

of PCBs in the dosing chambers tended to decrease during the course

of an experiment and this could be expected to be related to this

noted block effect. High mortality in the last experiment (28%),

not present in the others even though all methods were held constant

throughout the entire study, suggests the presence of undetectable

lethal conditions at that time.

Measurements of PCB Tissue Concentration

In the process of chemically analyzing for the concentration of

Aroclor 1260 in the tissue of those animals used in these experi-

ments, much data were collected showing the whole body accumula-

tions of the Aroclor after an eight day exposure. This material

was subjected to an iterative least squares analysis to determine a

predictive equation relating the concentration of PCBs in the tissue

of the fish to that in the dosing water. The calculations were based
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on the three last experiments leaving out the first because of a dif-

ference in methods where a higher concentratthn (27 times that in

the other experiments) of acetone was used as the solvent in

experiment #1.

These calculations produced the equation:

Y = 4.48(1 e
0365x)

where Y is the resultant concentration of Aroclor 1260 in the

tissue and x is the measured concentration in the water. (See

Figure 6. ) At the water concentration of approximately 25 g/l the

slope of this line begins to decrease rapidly resulting in an asymptote

at the tissue concentration of approximately 4. 5 mg/kg.

In addition to these calculations, statistical analysis was done

to determine the correlation between tissue concentration of PCB

and wet weight of the animals. No significant correlation was

found.

Discus sion

These results show that after an eight day period a constant

level of Arocloil260 is present in the tissue if the animal is

exposed to a water concentration greater than approximately 25 g/l.

The data varies around this asymptote level of 4. 5 mg/kg as shown

in Figure 6.
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The reasons this line forms an asymptote could be chemical,

physiological, or experimental.

Any chemical explanation is much more involved and demands

an understanding of the problems of determining the solubility of

PCBs. Wiese (1974) found the solubility of Arocloi 1254 in sea-

water to be between 24.7 and 28. 1 1.g/l. Schoor (1974) discovered

it to be much lower at 0. 04 p.g/l in water containing 30% NaC1.

This discrepancy may be partially explained by a difference in

methods. Wiese stirred approximately 15 grams of PCBs in a 19-

liter bottle for one to several weeks, ceased stirring to allow

settlement of any excess PCB, and sampled the resultant solution

at intervals over a 42 to 75 day period. Schoor, after mixing initial

solutions, used centriguging techniques to rid the solution of undis-

solved aggregates of PCBs, and sampled the resultant dissolved

fraction. Possibly, Schoor's technique was much more effective

in removing undissolved aggregates and Wiese's findings reflect a

steady state between dissolved PCBs and tiny aggregates maintained

in solution and removable only by centriguging. If such aggregates

are formed in the environment they will not be subject to the high

forces of centrifuging and would be expected to be maintained in

suspension. Therefore, Wiese's findings describe the situation

most likely found in nature.



In this research an organic solvent was added to increase the

solubility of the Aroclol® 1260; but as the acetone flowed through

the diluter it was immediately diluted by at least 50 times. Such

a decrease in concentration could render it useless as a solvent and

Wiese's findings should apply so only approximately 25 1j.g/l of

PCBs may have ever been available to the animals in dissolved or

suspended form.

In his paper Schoor cautions against the use of organic solvents

because they may interfere with the uptake of the test compound by

the organism by hindering the initial adsorption of the PCBs onto

the surface of the gills. In the results describing the relationships

between oxygen consumption and PCBs an acetone effect was detected

which may have been indicative of such an interference at the gills

and possibly hindered PCB uptake into the organism.

The formation of an asymptote in this line may indicate the

animals had reached a saturation point where uptake and subsequent

loss were in equilibrium. Possibly a mechanism for blockage of

the PCBs was activated maintaining levels at whole body concen-

trations of approximately 4. 5 mg/kg.

These results may simply reflect the maximum whole fish

uptake obtainable in an eight day period and if the experiment had

run for longer this formation of an asymptote might have occurred

at a higher tissue level. Comparison of these tissue accumulation
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results with those found in literature is difficult because most studies

are done at a constant dose level (usually less than 5 i.g/l) over a

longer period of time whereas this investigation covered a wide

range of concentrations for the specified time limit of eight days.

Hansenetal. (1971) exposed spot, Leistomus xanthurus, for

56 days to 1 tg/l of ArocloP 1254. If a graph is made of these

published results the rate of uptake begins to fall off after 28 days,

in fact, the whole fish concentrations begin to decrease. (See

Figure 7. ) The significance of these trends is questionable,

though, due to great variability of the data.

In another study (Nimmo, etal,, 1971) involving pink shrimp,

Peariaeus duorarum, where exposure time lasted 22 days at 2. 5

jg/1 of Aroc1oi 1254, the animals absorbed the pollutant in a

simple linear manner with time (r = 0. 90). The whole body concen-

trations showed no decrease in the rate of uptake during this period.

(See Figure 7.

In a third study (Sanders et al., 1972) it is difficult to discern

any trends in the rate of tissue uptake over time. (See Figure 8.

Two invertebrates, glass shrimp (Palaemonetes kadiakensis) and

crayfish (Orconectes nais) were exposed to 1. 2 .i.g/l and 1. 3 g/l

respectively for 21 days..

Possibly in the results from L. xanthurus and 0. naii, a

maximum uptake into the tissues has been obtained. These
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maxima, 37 mg/kg and 6 mg/kg respectively, are both higher

than that found in C. stigmaeus (approximately 4. 5 mg/kg), but

these experiments were run several times longer and different

species are being compared.

One method of comparison between studies is to look at the

concentration factor comparing the water level of PCBs to that

resulting in the tissue. Compared to all the cases above, this

study has factors nsiderably less. For instance, after seven days

exposure the L. xanthurus obtained a factor of 7, 200. After eight

days exposure the P. duorarum had 8, 000 times as much PCB in

its tissue as the surrounding water. Finally the P. kadi.akensis and

0. nais obtained a factor of 13, 700 and 3, 400 respectively within

seven days. In this study the concentration factor was greatest at

the low dosing levels with a factor of 398 decreased to 21 at the

highest levels.

When resultant concentrations of PCB in the tissue are com-

pared between L. xanthurus (the only data given for a fish in the

literature) and C. stigmaeus after equivalent periods of time, they

are close with 7. 2 mg/kg and 4. 5 mg/kg respectively.
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CONCLUSION

This research found evidence relating oxygen consumption to

both measured water concentrations and resultant whole tissue

concentrations of Arocloi 1260. This evidence, for the relationship

between oxygen consumption and water concentrations, includes high

negative partial correlations supported by significant water concen-

tration (or measured dose level) regression terms in the first and

third experiments. For the relationship between oxygen consumption

and tissue concentrations the same respective evidence exists in

the first, third, and fourth experiments.. The strength of this

evidence for PCB effects on routine respiration of C. stigmaeus is

lessened in these experiments by the inherent variability in oxygen

consumption measurements and the difficulties in predicting PCB

concentrations in both water and tissue. Except for block effects,

those additional factors (wet weight, presence of gonads, and, where

applicable, an interaction between weight and tissu concentration)

used in this analysis did not reduce this variation substantially.

Several changes in procedure, methods, and experimental

design can be suggested to reduce this variability so that the above

relationship could be clarified. If all test animals needed in a

particular study are collected at one time, population source would

be more uniform. Simplification of procedure can be achieved by
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dosing and taking subsequent oxygen measurements in the same

apparatus, thus reducing handling of the fish and acclimation periods..

The use of each animal as its own control can possibly reduce the

variability found between animals. Additional information such as

lipid content of the tissue and possible parasitism can be used in the

final analysis. Determination of histological damage of gill tissue

would help to explain the mechanisms of any effects.

The possibility must be considered that during the eight days

of dosing these animals adjusted to the stress of PCBs and acetone

so their oxygen consumption had returned to normal when final

measurements were taken. Thus, even with reduced variability, any

changes in respiration initially caused by PCBs would not be evident

within this particular time period.

The analysis of whole tissue concentration by C. stigmaeus gave

an emperical equation in terms of the relation between concentrations

of Arocloxl26O in the tissue and measured amounts in the water.

Exact biological interpretation of this line is difficult and two types

of additional investigations are needed. First, one with a similar

procedure run for different periods of time and second, a study of

uptake with constant dose levels as a function of time. The latter

would help to clarify the discrepencies between concentraticn factors

noted here and in the literature.
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In both of the above discussions of results the use of acetone

was brought into question. Before an organic solvent is employed

in any effects study, its own effects on the test organism and pos-

sible interaction with the toxicant should be well understood or the

results of the research will not be easily interpreted.

Even though tissue accumulation and respiration effects were

analyzed separately, they are related in terms of what happens to

the animal because PCBs must come in contact with the gills and

perhaps be taken up into tissue before any effects show. The manner

of accumulation can possibly alter subsequent results either

quantitatively or qualitatively. More research is needed to ascertain

the actual biochemical and physiological pathways functioning in

PCB uptake. The uptake pathway and ultimate site of PCBs in the

fish may be important in the expression of the effects.
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APPENDIX



Experiment 1.

Theoretical
Dose Level

(i.g/l)

Oxygen
Consumption
(mg/hr/g)

Tissue
Concentration

(mg/kg)

Water
Concentration

(p.g/l)

Wet
Weight

(g)

Presence
Of Gonads

Clean a .0985 <.01 .09 9.26 yes
Control b . 0998 . 16 . 11 8. 39 rudimentary

c .0793 .03 .14 6.67 no

d .0845 .10 .17 9.34 no

e .1230 .71 .06 7.25 rudimentary

Acetone . 0683 . 02 . 15 8. 15 no

Control .0646 .02 .05 4.78 yes

.0527 .09 .07 10.69 rudimentary

.0635 .03 .18 10.09 no

0945 04 04 5. 40 no

5 .0639 .48 3.35 10.63 no

.0706 .59 3.43 7.20 rudimentary

.0685 1.28 3.14 11.46 rudimentary

.0608 1.61 3.24 7.03 no

.0540 1.04 1.34 12.51 no

u-I

0



Experiment 1. Continued.

Theoretical Oxygen Tissue Water Wet Presence
Dose Level Consumption Concentration Concentration Weight Of Gonads

(g/l) (mg/hr/g) (mg/kg) (p.g/l) (g)

25 .0525 1.35 10.85 7.56 no

.0389 2.56 7.70 9.07 no

.0479 2.45 6.01 11.53 no

.0651 2.66 5.14 9.73 rudimentary
.0882 2.27 5.85 7.35 no

50 .0465 4.79 23.12 4.91 rudimentary
* -

.0637 8.22 21.40 5.56 no

.0624 11.66 28.10 10.59 rudimentary

.0722 3.26 23.00 4.81 no

* Animal died in diluter apparatus.

a Block #1
b Block #2
c Block #3
d Block #4
e Block #5



Experiment 2.

Theoretical Oxygen Tissue Water Wet Presence
Dose Level Consumption Concentration Concentration Weight Of Gonads
(g/l) (mg/hr/g) (mg/kg) (p.g/l) (g)

Clean a .0754 .03 <.03 9.77 no
Control b .0605 .07 <.03 11.20 no

C - - - -

d .1178 .03 <.03 7.20 no

e .0738 .03 <.03 7.06 yes
Acetone .0451 .02 .07 8.27 no
Control .1087 .92 .05 10.05 yes

.0820 .02 .04 9.58 yes

.1283 .07 .03 10.10 yes

.0711 .04 <.03 3.68 yes
25 .1244 .30 12.50 10.39 yes

.0922 1.09 12.70 11.71 yes

.1063 1.36 11.50 9.55 yes

.1156 1.93 6.40 9.12 no

.1158 1.03 6.00 9.25 no

"I



Experiment 2. Continued

Theoretical Oxygen Tissue Water Wet Presence
Dose Level Consumption Concentration Concentration Weight Of Gonads

(g/l) (mg/hr/g) (mg/kg) (pg/l) (g)

50 .1463 3.00 25.60 7.45 yes
.0944 4.68 24.80 12.67 yes

**

.1014 2.59 17.30 12.49 yes

.0609 1.45 16.40 10.79 yes
100 .0507 3.40 60.50 10.34 no

.1050 4.95 60.70 9.40 yes
0631 2. 27 60. 70 8. 32 yes

.1297 4.07 46.20 8.19 no

.0688 6.70 45.30 7.04 no

# Mechanical difficulty in respirometer
** Died in respirometer

a Block #1
b Block #2
c Block #3
d Block #4
e Block #5 u-I



Experiment 3.

Theoretical Oxygen Tissue Water Wet Presence
Dose Level Consumption Concentration Concentration Weight Of Gonads

(ig/l) (mg/hr/i) (mg/kg) (rig/i) (g)

Clean a .0438 .04 <.03 10.81 no

Control b .0393 .04 <.03 13.33 yes
c .0338 .09 <.03 12.48 yes
d .0768 .05 1.27 14.02 no

e .0634 .10 1.27 15.53 no

Acetone . 0695 02 . 25 9. 50 no

Control .0513 .03 .05 12.57 yes
.0760 .04 .04 13.87 no

.0706 .04 .20 13.87 no

.0637 .03 .20 15.14 yes
25 .0386 .99 15.30 11.80 no

.0427 2.46 16.89 10.32 no

.0483 1.65 15.70 13.93 no

.0485 1.31 14.38 15.18 yes
.0607 1.82 11.15 15.44 no



Experiment 3. Continued

Theoretical Oxygen Tissue Water Wet Presence
Dose Level Consumption Concentration Concentration Weight Of Gonads

(g/l) (mg/hr/g) (mg/kg) (ig/l) (g)

100 .0455 3.16 61.47 11.60 yes
.0370 3.04 73.45 11.06 rudimentary
.0524 4.92 76.11 11.82 no

.0355 3.97 67.75 13.03 yes

.0636 3.26 68.13 14.14 yes
200 .0197 4.23 128.18 11.30 yes

.0382 3.69 116.99 11.84 yes

.0361 4.71 119.92 13.63 no

.0523 5.39 109.59 15.03 yes

# Mechanical difficulty in respirometer.

a Block #1
b Block #2
c Block #3
d Block #4
e Block #5

U,
U,



Experiment 4.

Theoretical Oxygen Tissue Water Wet Presence
Dose Level Consumption Concentration Concentration Weight Of Gonads

(.g/l) (mg/hr/g) (mg/kg) (i.g/l) (g)

Clean a .0559 .03 .10 15.14 rudimentary
Control b ** - - - -

c .0495
.L.

.04 .09 15.75 no

U-

e ** -

-

-

-

-

-

-

Acetone .0449 .03 .06 15.03 no

Control .0578 .02 .09 13.95 rudimentary
.0433 .02 .86 7.64 yes

# - -

.0543 .03 .08 18.52 no

50 .0335 3.63 29.13 13.40 no

* - - -

.0465 3.08 46.85 14.82 yes

.0165 3.64 45.99 16.36 yes
** - - -

Ui
0'



Experiment 4. Continued

Theoretical Oxygen Tissue Water Wet PresenceDose Level Consumption Concentration Concentration Weight Of Gonads(g/l) (mg/hr/g) (mg/kg) (g/l) (g)

200 .0346 4.32 125.05 14.67 no
.0286 4.13 117.69 14.94 no

.0349 4.03 107.11 11.90 rudimentary

.0315 7.21 92.93 15.41 no

.0273 3.57 76.30 18.58 no
400 .0559 1.65 207.03 13.86 no

** -

.0262 4.96 194.70 15.79 no
**

.0586 4.13 170.38 18.85 no

* Animal died in diluter apparatus
** Animal died in respirometer
# Mechanical difficulty in respirometer

a Block #1
b Block #2
c Block #3
d Block #4
e Block #5 Ui

-J




