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ABSTRACT

Rainbow trout fry Salmo gairdneri were exposed to'estimated 

concentrations of 0, 0.38, 0.75, 1.5, 3.0, and 6.0 pg/liter total PCBs 

for 90 days, and then held in fresh water for another 60 days. Two 

sources of PCBs were used: (1) waste transformer oil containing various 

hydrocarbons plus a 1:2 ratio of the PCBs Aroclors 1254 and 1260, and 

(2) pure technical PCBs of the same Aroclor ratio as in the transformer 

oil.

Survival of fish in transformer oil was much less than that of fish 

in technical PCBs at 90 days. Growth was severely reduced within 30 days 

in the transformer oil, whereas technical PCBs, at the highest 

concentration, did not affect growth until 90 days. Vertebral integrity 

was not affected by exposure to technical PCBs. However, vertebral 

collagen, calcium, and phosphorus increased in fish exposed to transformer 

oil. Abnormal swimming behavior of fish exposed to transformer oil was 

attributed to reduced percent volume of the swimbladder and increased 

sinking factor and density, which consequently caused fish to remain on 

the bottom of aquaria. Exposure to transformer oil decreased hematocrit 

and increased serum cortisol to twice that of controls and of fish exposed 

to technical PCBs. However, exposure to both technical PCBs and 

transformer oil increased disease resistance of fish as measured by flush 

disease challenges (bacteria poured into aquaria water) to Yersinia 

ruckeri on days 45, 60, and 90 of contaminant exposure. When the disease 

organism was injected intraperitoneally, fish exposed to transformer oil

vi



died earlier than control fish or fish exposed to technical PCBs.

Since neither of the PCB mixtures was bacteriostatic or bactericidal

to Y. ruckeri, contaminant-induced mucification of the gills may have 

prevented infection in the flush disease challenges. Although exposure 

concentrations were essentially identical for both PCB sources, fish 

exposed to transformer oil had considerably lower PCB residues than fish 

exposed to technical PCBs, an anomaly attributed to the effects of 

hydrocarbons in the transformer oil on solubility and bioconcentration 

of PCBs. Petroleum hydrocarbons additionally caused severe fin erosion 

in trout exposed to transformer oil. Fins of fish exposed to technical 

PCBs were not eroded.
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INTRODUCTION

Some of the most ubiquitous and persistent environmental 

contaminants belong to the class of organochlorine compounds called 

polychlorinated biphenyls (PCBs). An estimated 1.4 billion pounds of 

PCBs were commercially manufactured in the United States from 1929-1977 

primarily for use as dielectric fluids in transformers and capacitors, 

hydraulic fluids, and plasticizers. In 1977, PCBs were the only group 

of chemicals specifically mentioned by the Toxic Substances Control 

Act, and in 1979, the U.S. Environmental Protection Agency (EPA) banned 

the manufacture, processing, distribution in commerce, and use of these 

chemicals in totally unenclosed systems.

Despite the fact that production of PCBs has decreased steadily 

since 1971, a 10-year survey by the U.S. Fish and Wildlife Service 

revealed that although mean residue values of PCBs have declined in 

fish, maximum values have increased in highly contaminated areas (Schmitt 

et al. 1981). Therefore, the estimated one billion pounds residing in 

serviceable equipment and landfills may continue to threaten our aquatic 

resources for some time.

The presence of PCBs in the environment is well documented in the 

literature. They have been isolated from a variety of aquatic and 

terrestrial species throughout the world. Although the mode of action is 

still unknown for PCBs, several toxicological trends have been 

established. Among aquatic organisms, PCBs are more toxic to some

1
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invertebrates than to fishes (Sanders and Chandler 1972; Stalling and 

Mayer 1972), and toxicity to fishes varies from species to species 

(Hansen et al. 1971; Mayer et al. 1977a). Furthermore, PCBs are more 

toxic to early life stages of fishes than to later life stages (Nebeker 

et al. 1974; Schimmel et al. 1974; Mauck et al. 1978). Since PCBs are 

highly lipophilic, even low concentrations entering the environment can 

accumulate in the food chain (Mayer et al. 1977a). Thus, predators at 

higher trophic levels, such as fishes, can become affected directly from 

the surrounding water and indirectly via the food chain.

In addition, PCBs have been shown to suppress avian and mammalian 

immune responses (Vos, 1972; Vos and Driel-Grootenhuis 1972; Vos and 

de Roij 1972; Koller and Thigpen 1973; Wasserman et al. 1973; Fishbein 

1974; Harris et al. 1976), and are therefore suspected of increasing 

disease susceptibility in higher animals. The increased occurrence of 
r 

diseased fishes inhabiting polluted ecosystems catalyzed a number of 

contaminant-disease interaction studies on aquatic organisms. Ishikawa 

et al. (1975) and Ishikawa and Takayama (1979) induced liver neoplasms 

in medaka Oryzias latipes by the addition of diethylnitrosamine to 

water. Exposure to Aroclor 1254 (Couch and Courtney 1977) and mirex 

(Couch et al. 1975) increased the incidence of a shrimp-specific 

Baculovirus in feral pink shrimp Paneaus durarum. Similarly, bacterial 

Proteus vulgaris and viral (infectious pancreatic necrosis-IPN) infections 

were induced in zebrafish Brachydanio rerio by zinc (Sarot and Perlmutter 

1976), and copper increased the susceptibility of rainbow trout Salmo 

gairdneri to IPN virus (Hetrick et al. 1979) and to enteric redmouth

Yersinia ruckeri bacterial disease (Knittel 1980, 1981). Knittel (1980)
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also found that cadmium increased susceptibility of rainbow trout to 

Y. ruckeri, but zinc (98 pg/liter) either decreased disease 

susceptibility or had no effect (59 pg/liter). However, in studies 

that were not intended to assess contaminant-disease interactions, 

coincidental development of disease was observed in fish exposed to 

Aroclor 1254 (Hansen et al. 1971, 1973; Schimmel et al. 1974; Couch 

1975; Snarski and Puglisi 1976).

Even though the toxicity of PCBs to fishes has been intensively 

studied, only pure technical PCBs have been utilized in most 

experiments. The majority of PCBs enter the environment after long-term 

use, and the resulting waste oil may contain not only PCBs, but other 

chemicals and impurities even more toxic than PCBs (Buser et al. 1978). 

Consequently, we conducted a laboratory study to compare the toxicity of 

technical PCBs and used transformer oil containing PCBs to rainbow 

trout and the effects of these two PCB materials on disease

susceptibility.



MATERIALS AND METHODS

General

Rainbow trout eggs were obtained from the state hatchery at 

Carbondale, Colorado, disinfected with 75 mg/liter of Betadine for 10 

minutes and hatched in Heath incubators at 10 C. The fry used in the 

study were fed brine shrimp nauplii and a commercial diet of Rangen's 

salmon starter 3-times daily ad libitum until 18-days old. During 18-60 

days of age, 'they were fed Rangen’s trout food 3-times daily and twice 

daily thereafter. PCB analyses of the food averaged 0.2 and 0.06 pg/g 

for Aroclors 1254 and 1260 respectively. Photoperiod was regulated to 

16 hours light and 8 hours dark using the lighting system of Drummond 

and Dawson (1970). Well water at the laboratory is characterized by 

pH 7.5, alkalinity 260 mg/liter as CaCO^, and hardness 280 mg/liter as 

CaCO^, and other water quality parameters as described by Mayer et al. 

(1975).

Waste transformer oil was acquired from an oil seep in a transformer 

dump site discharging into the Delaware River in Philadelphia, 

Pennsylvania by the EPA. Gas-liquid chromatography revealed a 1:2 ratio 

of Aroclor 1254 and 1260 (716 and 1,393 pg/ml, respectively) with the 

remainder of the transformer oil being mainly ’’hydrocarbon mineral oil" 

or petroleum hydrocarbons (Tables Al and A2). An identical composite of 

Aroclor 1254 and 1260 (1:2) was prepared from technical material 

provided by Monsanto Company, St. Louis, Missouri. Acetone, the toxicant 

solvent, was purchased from Burdick and Jackson in Muskegon, Michigan.
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Seven days after the median hatch date, sac-fry were acclimated to 

17 C and stocked into three flow-through proportional diluter systems 

(Mount and Brungs 1967). The systems were designed to deliver duplicates 

of five toxicant concentrations and a solvent control. The exposures 

were based on a logarithmic series with a 50% dilution factor between 

concentrations. Toxicant metering into the diluters was accomplished 

by Micromedic^ automated pipetters. Redistilled acetone was used as 

the carrier solvent, and was delivered to control tanks at concentrations 

equivalent to those in the highest chemical exposure (^0.05 ml/liter). 

Following 90 days of exposure, the toxicant delivery systems were cleaned 

and only well water was delivered for an additional 60 days of 

post-exposure. Water was delivered to each aquarium at a rate of 

286 ml/minute, and temperature was maintained at 17+1 C through the use 

of Min-O-Cools and water baths.

The aquaria measured 78 x 32 x 30 cm (L x W x H) with a water depth 

of 21 cm and volume of 57 liters. Each aquarium was divided into three 

chambers— two small chambers for growth and survival measuring 

27 x 16 x 30 cm (L x W x H) and a large chamber for other determinations 

measuring 51 x 32 x 30 cm (L x W x H).

The concentrations of PCBs used in the 90-day toxicity tests were 

based on a previous study with brook trout Salvelinus fontinalis and 

Aroclor 1254 (Mauck et al. 1978). The concentrations were estimated to 

be 0, 0.38, 0.75, 1.5, 3.0 and 6.0 pg/liter total PCBs. Actual measured 

PCB concentrations (+ SE) were <0.1, 0.23 (0.03), 0.37 (0.08), 0.84 

(0.18), 1.5 (0.32), and 2.9 (0.32) pg/liter for technical PCBs; and 

<0.1, 0.28 (0.05), 0.43 (0.06), 0.82 (0.12), 1.6 (0.34), and 3.6 (0.58)
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pg/liter PCBs for transformer oil. Measured PCB concentrations in 

water were determined by capillary gas chromatography (with electron 

capture detection) collected on days 0, 14, 30, 60, and 90 of exposure, 

and the minimum detection limit was 0.1 pg/liter. No major differences 

in the chromatograms of PCBs were found between the technical PCBs and 

PCBs in transformer oil (Fig. Al). The estimated petroleum hydrocarbon 

concentrations in transformer oil exposures were 0, 36, 71, 142, 284, and 

569 pg/liter (Table Al), and the measured concentration of polycyclic 

aromatic hydrocarbons in the highest exposure was 1.7 pg/liter.

The experimental design was a factorially arranged split-plot in 

time with analysis of variance after Steel and Torrie (1960). The main 

plot contained the main effects of PCB type (technical or transformer 

oil), PCB concentration, and the interaction of PCB type and 

concentration. The subplot contained sample time and all possible 

two- and three-way interactions of PCB type, PCB concentration, and 

sample time. Percent mortality data were transformed via the arcsin 

square root transformation before analysis of variance (Snedecor 1967), 

and time to 50% mortality for the disease studies was determined by 

regression analyses. Duncan’s multiple range test was used for mean 

comparisons.

Chronic Toxicity

Chemical exposure was initiated when fry were 18-days old and 

averaged 30+6 mm total length and 0.25+0.04 g. Twenty fry were stocked 

in each of the two growth chambers and 160 fry in the large chamber. 

Fry in the growth chambers were thinned on days 45 and 90 to 10 and 5,
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respectively. Fish were removed from growth chambers and photographed 

by the method of McKim and Benoit (1971) for total and standard length 

measurements on days 30, 45, 60, and 90 of exposure, and on days 30 and 

60 of post-exposure. In the case of eroded caudal fins, total length 

was measured to the most posterior part of fin tissue (Table A3). 

Weights were determined on eight fish per concentration•at day 90 of 

exposure and both sampling days of the post-exposure period. Mortality 

was recorded daily throughout the study.

Physiology, Biochemistry, and Pathology

On day 90 of exposure, 16 fish per concentration were removed from 

the large chambers to evaluate the effects of the contaminants on the 

percent volume of the swimbladder and corresponding sinking factor and 

density after Jones (1957). Swimbladder, gill, kidney, and liver tissues 

were also removed and fixed in Bouin’s solution for pathological 

examination. The same fish were used to collect blood for percent 

hematocrit and packed leucocytes (Bullock 1978), serum protein (Lowry et 

al. 1951), and cortisol (Beckman Instruments, Inc. 1981) determinations. 

The ratio of packed leukocytes to packed erythrocytes was determined in 

a later study comparing only the high concentration of technical PCBs 

and transformer oil (10 fish each).

Biochemical properties of vertebrae at 90 days of exposure included 

collagen, calcium, and phosphorus on excised backbones. Vertebrae were 

dried to a constant weight at 100 C for 2 hours in a forced-air oven, 

split into two fractions, and weighed. Collagen was isolated by the 

method of Flanagan and Nichols (1962). The isolated collagen was
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weighed and hydrolyzed at 115 C in 2 ml of 6 N HC1 for 16 hours. 

Calcium was determined by the method of Gitelman (1967), and phosphorus 

by the method of Fiske and Subbarow (1925).

Indices of liver enzyme activity were determined for each exposure 

concentration at 90 days. The small liver size at the time of sampling 

necessitated pooling 20 livers per concentration. Microsomal protein 

was measured after the method of Lowry et al. (1951). Aryl hydrocarbon 

hydroyxlase activity was derived by the procedure of Cantrell et al. 

(1976) and cytochrome P-450 according to Estabrook et al. (1972). In 

the later study, hepatosomatic indices (liver weight/body weight x 100) 

were determined on 24 fish per concentration from the high chemical 

exposures and the controls.

Disease Susceptibility

Enteric redmouth disease (ERM) was used to test the effects of the 

two PCB materials on disease susceptibility. Lyophilized ERM bacteria 

Yersinia ruckeri - Hagerman strain were obtained from the Seattle 

National Fishery Research Center and reconstituted with 0.5 ml sterile 

Brain Heart Infusion (BHI) broth (Fig. A5). On day 30 of the study, an 

LD50 of the disease organism was determined on cohorts reared in well 

water. One hundred fish per each of seven aquaria were used for the 

LD50. Water flow to the diluter was discontinued for 20 minutes while 

the inoculum (Y. ruckeri in BHI broth) was added in aliquots of 0, 0.057, 

0.57, 5.7, 57, 570 and 5711 ml. Pouring broth in this manner constituted 

a flush exposure.

Mortalities were monitored for seven days after flush exposure. 

Dead fish were recorded, removed, and cultured to confirm mortality by
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L  tucker!. Affected fish were disinfected by a 1-2 minute dip in 70% 

ethanol. Kidney stabs were streaked for isolation on sterile BHI-agar 

plates and incubated for 48 hours at 18 C, at which time diagnoses were 

confirmed using rabbit ERM—antisera (#11.4, 11.29) prepared by the 

National Fisheries Center, Leetown, West Virginia. Approximately 20% 

of the mortalities were confirmed with the antisera.

At the time of the LD50 disease challenge, optical density (OD) 

measurements were determined on duplicate tubes of inoculum diluted to 

-1 -2 -3
10 ,10 , and 10 with sterile BHI broth and read with a sterile

BHI blank at 600 nm on a Bausch and Lomb Spectronic 100. Information 

from the LD50 mortalities and OD readings provided a basis for disease 

challenges on days 45, 60, and 90 of PCB exposure and days 30 and 60 

of post-exposure. On each challenge day, fish were transferred to a 

diluter with uncontaminated well-water (Fig. 1) and allowed to 

acclimate 3-4 hours. OD measurements were made on the inoculum and 

compared to those obtained from the LD50. The amount of inoculum 

added to each aquarium was adjusted accordingly to yield an estimated 

50% mortality.

In addition to the flush method of disease exposure, the disease 

organism was injected intraperitoneally (IP). An additional 60-day 

chemical exposure was conducted using duplicate controls and the same 

stocks of technical PCB and transformer oil described earlier at a 

concentration of 1.5 pg/liter total PCBs. Water analyzed on days 0, 
• i

30, and 60 of chemical exposure documented actual exposure

concentrations to be 1.6 pg/liter technical PCBs and 1.9 yg/liter PCBs



10

in the transformer oil. Maintenance and transfer of the fish was 

identical to the aforementioned procedure, and placement of fish is 

shown in Fig. 1.

On day 55 of chemical exposure, fish in control aquaria were 

challenged with Y. ruckeri by flush exposure or injection to determine 

the LD50 to be used on the PCB-treated fish. The flush exposure 

duplicated the method previously described. For the LD50 injection, 

-2 -3 -4
inoculum was diluted to 10 ,10 , and 10 with sterile physiological 

saline, and 50 pl were injected IP into each MS-222 anesthetized fish. 

OD measurements were also determined on the diluted inoculum.

Following 60 days of PCB exposure, trout were challenged with Y.

-4
ruckeri by 570 ml in a flush exposure or 50 pl of 10 IP injection. 

Controls for the disease challenge received no treatment, 570 ml of 

sterile BHI broth in a flush exposure, or 50 pl of sterile 

physiological saline injected IP. Observations continued for 10 days 

while dead fish were cultured in the manner previously described. In 

addition, standard length was measured on dead fish. Fish surviving by 

the tenth day following the disease challenge were killed with MS-222, 

lengths were measured, and kidney stabs were streaked on BHI agar to 

determine if survivors were infected with Y. ruckeri.

Two microbiological experiments were completed to determine if either 

PCB mixture was bacteriostatic or bactericidal to Y. ruckeri. Sterile 

blank Bacto discs were placed in solutions of 0.06, 0.6, 6, 60, 600, and 

6000 pg/liter PCBs in acetone and agitated for 48 hours. PCB-saturated 

disks were air dried for another 48 hours and placed on triplicate 

BHI-agar plates inoculated with Y. ruckeri. Plates were incubated for
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Figure 1. Placement of fish for disease challenges.
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48 hours at 18 C. In addition, PCBs were incorporated into sterile BHI 

agar and poured into petri dishes. Actual PCB concentrations were 10, 

100, and 1000 mg/liter total PCBs for each PCB source. Inoculum was 

swabbed onto each plate, and plates were incubated at 18 C for 48 hours.

Residue Dynamics

On days 30, 45, 60, and 90 of PCB exposure and days 30 and 60 of 

post-exposure, 4 fish per tank (eight per concentration) were removed 

and pooled for PCB residue and percent lipid analyses. Total PCBs in 

fish were analyzed by gas-liquid chromatography and calculated according 

to the method of Webb and McCall (1973). A Tracor Model 560 gas 

chromatograph equipped with a Tracor autosampler and an HP3390A 

63 
integrator were used. Detection was by linear-pulsed Niyelectron 

capture. Other parameters were: column - 1 . 8 m x 2 m m i . d .  glass with 

3% 0V-101 on GCQ, 100/120 mesh; temperature - 180C oven, 210 C injector, 

350 C detector; gas - ultrapure nitrogen at 60 ml/minute. Average 

recovery was 95+4.4%, and all residue values were adjusted for recovery. 

Lipid analyses were done gravimetrically.

Octanol/water partition coefficient (P) determinations were used 

to predict the bioconcentration factors of PCBs from the two sources by 

trout (Fujita et al. 1964). P was determined by equilibrium of the PCBs 

in a two-phase system of octanol and water. One and 0.1% solutions of 

Aroclor 1254:1260 (1:2 w/w) without transformer oil and with 4% transformer 

oil solutions were prepared along with 1.0 and 0.1% solutions of p,p’-DDE

as a reference compound. The samples were partitioned in 50 ml 

octanol/500 ml water and duplicate aliquots of both the octanol and water
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phases were drawn and analyzed as to their PCB and p,p’-DDE 

concentration. Gas chromatography conditions were the same as for PCB 

residues in fish.

Determinations of PCB residues and percent lipid in fish, and 

octanol/water partition coefficients were conducted with the methodology 

of and by Analytical Bio Chemistry Laboratories, Inc., Columbia, 

Missouri.



RESULTS

Chronic Toxicity

High concentrations of transformer oil (0.82-3.6 pg/liter PCBs) 

significantly increased mortality by day 45 of exposure (Table 1). 

Only 13% of the fish in the transformer oil survived 90 days of exposure 

(3.6 pg/liter PCBs), compared to 92% survival of control fish. Technical 

PCBs did not significantly increase mortality at any concentration 

throughout the study, although a trend toward increased mortality 

existed in the highest concentration (2.9 pg/liter PCBs).

Growth of trout in length was based on standard length, because of 

caudal fin erosion by the transformer oil. Transformer oil dramatically 

decreased length and weight (Tables 2 and 3) and cumulative growth (Fig. 

A2) at 0.82-3.6 pg/liter PCBs, but growth in low concentrations (0.28-0.43 

pg/liter) approximated that of the controls and those exposed to technical 

PCBs at 90 days. In contrast to transformer oil, technical PCBs 

decreased growth only at 90 days in the highest concentration. 

Interestingly, the lowest concentration (0.23 pg/liter) of technical PCBs 

caused an increase in growth, which has been observed previously in the 

minnow Phoxinus phoxinus (Bengtsson 1979) and coho salmon (Oncorhyncus 

kisutch) fed PCBs (Gruger et al. 1976).

Significant fin erosion occurred in fish exposed to transformer oil 

(0.43-3.6 pg/liter PCBs) as indicated by the ratio of total to standard 

length for caudal fin erosion (Table 4). The ratio approaches a value of

15
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TABLE 1. Cumulative Percent Mortality of Rainbow Trout Exposed 
to Technical PCBs and Transformer Oil.

Exposure Time (days)
concentration Exposure Post--exposure
or ruas
(pg/liter) 30 45 60 90 30 60

Technical PCBs

Control 0.3 0.3 18 18 18 18

0.23 8.3 11 13 13 13 13

0.37 1.3 1.3 1.3 5.1 5.1 5.1

0.84 3.7 3.7 3.7 14 14 . 14

1.5 3.3 5.4 5.4 9.5 9.5 9.5

2.9 0.3 0.3 8.0 36 42 42

Transformer Oil

Control 0.3 0.3 0.3 8.0 8.0 8.0

0.28 0.7 0.7 0.7 0.7 0.7 0.7

0.43 0.7 °-7 5.1 5.1 5.1 5.1

0.82 5.7 12* 16** 16 16 16

1.6 2.8 11 17** 20 20 25

3.6 2.8 47** 59** 87** 100** 100**

*Significantly different from controls (p < 0.05)
**Signifleantly different from controls (p < 0.01)
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TABLE 3. Effects of Technical PCBs and Transformer 
Oil on Growth (Weight) of Rainbow Trout.

Exposure 
concentration 
of PCBs

_ Weight (g)

Exposure (days) ______P os t-exp osur e (days)
(pg/liter) 90 30 60

Technical PCBs

Control 2.6(0.26)a 12(3.6) 18(6.2)

0.23 3.4(1.4) 14(5.0)* 20(7.2)

0.37 2.9(1.1) - 11(3.6) 18(6.4)

0.84 3.0(1.1) 13(4.0) 20(6.3)

1.5 2.4(0.99) 12(3.4) 19(5.2)

2.9 2.4(0.72) 9.5(2.8) 16(6.8)

Transformer Oil

Control 2.6(0.54) 12(5.7) 18(7.3)

0.28 2.2(0.25) 12(3.4) 19(5.7)

0.43 2.0(0.49)* 11(3.0) 17(4.7)

0.82 1.8(0.30)** 6.9(2.6)** 13(5.2)**

1.6 0.8(0.20)** 3.6(0.94)** 8.0(1.8)**

3.6 0.8(0.20)**

*Signifleantly different from controls (p < 0.05)
**Significantly different from controls (p < 0.01)

^ e a n  (SD)
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TABLE 4. Caudal Fin Erosion as Estimated by the Ratio of 
Total to Standard Length in Rainbow Trout Exposed 

to Technical PCBs and Transformer Oil.

Exposure Time (days)
concen­
tration __________ 
of PCBs 
(pg/liter) 30

Exposure

45 60 90

Post-<

30

exposure

60

Technical PCBs

Control 1.18a , 1.16 1.17 1.19 1.19 1.13
(0.04)u (0.03) (0.03) (0.03) (0.02) (0.03)

0.23 1.18 1.16 1.17 1.19 1.19 1.13
(0.05) (0.03) (0.02) (0.02) (0.01) (0.01)

0.37 1.21 1.17 1.16 1.18 1.18 1.15
(0.03) (0.03) (0.04) (0.04) (0.01), (0.03)

0.84 1.20 1.16 1.18 1.20 - 1.19 1.14
(0.05) (0.02) (0.02) (0.04) (0.01) (0.01)

1.5 1.19 1.18** 1.17 1.20 1.18 1.14
(0.05) (0.05) (0.03) (0.04) (0.03) (0.01)

2.9 1.19 1.17 1.17 1.20 1.17** 1.14
(0.03) (0.03) (0.03) (0.03) (0.02) (0.01)

Transformer Oil

Control 1.19 1.16 1.18 1.20 1.19 1.14
(0.04 (0.02) (0.03) (0.03) (0.02) (0.03)

0.28 1.18 1.17 1.13 1.21 1.20 1.14
(0.03) (0.03) (0.03) (0.06) (0.02) (0.01)

0.43 1.15** 1.19** 1.15** 1.18 1.18 1.14
(0.04) (0.03) (0.03) (0.04) (0.02) (0.01)

0.82 1.12** 1.14** 1.12** 1.15** 1.15** 1.13
(0.03) (0.03) (0.03) (0.04) (0.02) (0.01)

1.6 1.09** 1.06** 1.05** 1.10** 1.15** 1.12**
(0.03) (0.03) (0.03) (0.02) (0.02) (0.01)

3.6 1.09**
(0.03)

1.06** 
(0.02)

1.05** 
(0.02)

1.06** 
(0.03)

5fean 
b (SD)

**Significantly different from controls (p < 0.01)
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one as caudal fin erosion becomes more severe. Exposure to even low 

concentrations of transformer oil increased fin erosion significantly 

as early as day 30. Fins were still affected in the post-exposure 

interval of fresh water, but were starting to regenerate by 30 days in 

clean water (Fig. 2). Conversely, technical PCBs did not consistently 

contribute to fin erosion.

Physiology, Biochemistry, and Pathology

Abnormal swimming behavior was observed in fish exposed to 

transformer oil (1.6-3.6 pg/liter PCBs) within 30 days, but was not 

observed in fish exposed to technical PCBs for 90 days. Affected fish 

were sluggish, ate less, remained on the bottom of the aquaria, and 

tended to aggregate in certain areas of the aquaria. By covering one half 

of the tanks with black plastic, the aggregation appeared to be 

a positive-phototaxic response for fish exposed to transformer oil, 

whereas, control fish and fish exposed to technical PCBs tended to occupy 

the darker side. Density, sinking factor, and percent volume of the 

swimbladder were determined to assist in explaining the bottom-dwelling 

behavior of fish exposed to transformer oil (Table 5). The increased 

density and sinking factor of fish exposed to transformer oil and 

decreased percent volume of the swimbladder resulted in the fish losing 

their ability to maintain themselves normally within the water column. 

They were almost totally restricted to the bottom of the aquaria. 

Technical PCB exposure did not affect any of the measured parameters, 

and consequently, did not affect behavior.

Exposure to transformer oil significantly increased vertebral 

collagen, calcium, and phosphorus, all of which increased the mineral:
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Figure 2. Fin degeneration in rainbow trout exposed for 90 days to 
transformer oil and regeneration after 30 days in clean 
wat er. ,
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TABLE 5. Density, Sinking Factor, and Percent Volume of the 
Swimbladder for Rainbow Trout Continuously Eexposed 
for 90 Days to Technical PGBs and Transformer Oil.

Exposure Percent
concentration 
of PCBs 
(pg/liter) Density

Sinking 
factor

volume 
of the 

swimbladder

Technical PCBs

Control 0.964(0.052)b
958(56) 8.3(0.78)

0.23 0.989(0.035) 987(35) 7.6(1.7)

0.37 0.956(0.024) 954(24) 7.4(1.2)

0.84 0.994(0.033) 992(33) 8.1(1.8)

1.5 0.990(0.012) 988(12) 7.6(1.4)

2.9 0.991(0.023) 989(23) 8.0(0.82)

Transformer Oil

Control 0.990(0.024) • 988(22) 8.0(1.3)

0.28 0.982(0.019) 980(19) 8.9(1.1)

0.43 0.993(0.022) 991(22) 7.2(1.2)

0.82 ' 0.982(0.018) 980(18) 8.5(0.68)

1.6 1.036(0.015) 1034(15)** 5.6(1.1)**

3.6 1.050(0.080) 1048 (BO)** 3.7(2.2)**

density of fish -=■ density of water x 1000 
b Mean (SD)

**Signifleantly different from controls (p < 0.01)
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TABLE 6. Biochemical Effects in Rainbow Trout Vertebrae 
Following Continuous Exposure for 90 Days to 

Technical PCBs and Transformer Oil.

Exposure 
concentration 
of PCBs 
(pg/liter)

Biochemical parameter (mg/g dry bone)
Mineral: 
Collagen 

RatioCollagen Calcium Phosphorus

Technical PCBs

Control 259(14)a 249(25) 109(8.5) 1.4(0.1)

0.23 255(24) 272(25) 107(14) 1.5(0.3)

0.37 251(14) 267(32) 97(6.7)** 1.5(0.2)

0.84 264(11) 261(21) 99(8.9)* l,.4(0.1)

1.5 245(13) 277(20) 104(11) 1.6(0.1)

2.9 248(17) 257(35) 100(8.0)* 1.4(0.2)

Transformer Oil

Control 247(23) 229(21) 109(4.7) 1.4(0.2)

0.28 250(20) 246(17) 116(6.6) 1.4(0.1)

0.43 275(25)* 255(28) 116(7.2) 1.4(0.2)

0.82 253(43) 268(38) 114(10) 1.7(0.4)

1.6 283(27)** 316(66)** 127(11)** 1.6(0.2)

3.6 280(54)* 653(130)** 2.4(0.9)**

*Significantly different from controls (p £  0.05)
**Slgnificantly different from controls (p £  0.01)

^ e a n  (SD)
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collagen ratio (Table 6). However, X-ray analyses at 90 days of exposure 

showed no vertebral damage or broken backbones. Although technical PCBs 

significantly decreased vertebral phosphorus in some concentrations, 

they did not greatly impact other biochemical characteristics of 

vertebrae.

Blood and sera analyses indicated trout were affected more by 

exposure to transformer oil than by technical PCBs (Table 7). 

Transformer oil significantly decreased percent hematocrit and the ratio 

of packed leukocytes to packed erythrocytes, whereas the highest 

concentration of technical PCBs did not. Transformer oil increased serum 

cortisol of trout to more than twice that of controls and fish exposed to 

2.9 pg/liter of technical PCBs. Neither PCB material impacted serum 

protein of trout in any consistent manner.

Transformer oil tended to increase liver enzyme activity more than 

technical PCBs (Table 8). Technical PCBs increased cytochrome P-450 more 

than transformer oil, but transformer oil increased aryl hydrocarbon 

hydroxylase activity and the hepatosomatic index more than technical 

PCBs. However, due to the small sample size, the main conclusion is that 

both PCB materials increased liver enzyme activity.

Disease Susceptibility

Several disease mortality trends occurred in trout exposed to both 

PCB mixtures in a flush disease challenge. Disease susceptibility 

decreased with concentration and duration of chemical exposure (Table 9). 

At 90 days of exposure, fish were less susceptible to disease at lower 

concentrations of technical PCB (0.84 pg/llter) than transformer oil.
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TABLE 7. E f fe c ts  of T echn ica l PCBs and Transform er O il on Blood 
and Serum C o n s titu e n ts  in  Rainbow T rout Follow ing a 

Continuous 90-Day Exposure.

Exposure 
c o n c e n tra tio n 
of PCBs 1
^ p g / l i t e r )

le m a to c r it 
(P ercen t J

Packed leu co cy te s
Packed e ry th ro c y te s

P ro te in 
(mg/ml)

C o r t is o l 
(p g /d l)

T echn ica l PCBs

C o n tro l 4 6 (3 .0 ) a 0 .020(0 .007) 40 (5 .6 ) 24(4 .2 )

0.23 45(2 .6) NDb
46(7 .0 )* 20(4 .9 )

0.37 45(2 .6) ND 43(6 .0 ) 31(10)

0.84 46(3 .0 ) ND 44(7 .0 ) 42(6 .2)

1 .5 44(3 .8 ) ND 43(6 .9 ) 39(4 .5)

2 .9 45(3 .0) 0 .022(0 .007) 4 5 (4 .2 )* 28(15)

T ransform er O il

C o n tro l 46(2 .4 ) 0 .020(0 .007) 48(3 .1 ) 28(4 .0 )

0.28 46(3 .8 ) ND 43(3 .9 ) 48(22)*

0.43 47(2 .9 ) ND 48(2 .8 ) 40(12)

0.82 48(5 .0 ) ND 50(3 .2) 40(10)

1.6 41(3 .3)** ND 47(3 .5 ) 57*C

3.6 36(5 .8)** 0.007(0 .004)** 44(3 .4) 72**C

^Mean (SD)
Not determ ined
One pooled  sample

* S ig n if ic a n t ly  d i f f e r e n t  from c o n tro ls  (p <_ 0.05)
* * S ig n if ic a n tly  d i f f e r e n t  from c o n tro ls  (p _< 0.01)
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TABIE 9. Time (Days) to 50% Mortality in Rainbow Trout from 
ERM (Flush Challenge) After Exposure to Technical 

PCBs and Transformer Oil.

Exposure 
concentration 
of PCBs 
(pg/liter)

Time (days)

Exposure Post-exposure
45 60 90 30 60

Technical PCBs

Control 5.1 5.2 6.1 5.0 >10

0.23 4.6 7.3* 5.2 5.2 5.1

0.37 4.9 7.2 7.7 6.1 6.5

0.84 4.8 6.7 9.2* 7.2 9.7

1.5 5.4 7.0 8.8* 8.4 3.9

2.9 5.7 7.2 10.4** 9.7 8.4

Transformer Oil

Control 4.7 6.3 7.4 5.2 6.2

0.28 5.0 5.8 6.0 6.9 4.4

0.43 4.5 5.6 8.0 4.1 >10

0.82 4.2 5.4 7.8 3.7 3.6

1.6 4.9 5.0 5.3 4.6 4.4

3.6 5.8 9.1* 10.6* — ——

*Significantly different from controls (p £  0.05)

**Significantly different from controls (p < 0.01)
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Previous chemical exposure did not correlate well with disease 

susceptibility in the post-exposure interval.

Bacteriological testing with PCB-impregnated discs and culture 

media indicated that neither PCB material was inhibiting Y. ruckeri 

at concentrations 275,000 times the highest used in the actual chemical 

exposures. Pathological examination indicated contaminant-induced 

mucification of the gills (R. Goede, personal communication) may have 

prevented infection in the flush disease challenges. When Y. ruckeri 

was injected into fish, trout exposed to transformer oil were more 

susceptible to ERM than control fish or those exposed to technical 

PCBs (Fig. 3). Flush exposure results were similar to those previously 

observed at the same concentrations of technical PCBs and transformer 

oil.

Smaller fish died earlier following technical PCB exposure whether 

the disease infection was by flush exposure or injection. Although 

smaller fish died earlier in transformer oil exposures with the flush 

infection, larger fish died earlier when the disease organism was 

injected (Fig. A3). Correlations (r) were low in all cases and ranged 

from -0.04 to 0.48.

Residue Dynamics

Whole-body PCB residues increased with concentration and duration 

of exposure for both technical PCBs and transformer oil (Table 10). 

However, fish exposed to technical PCBs had residues much greater than 

fish in transformer oil at similar exposure times and concentration of 

PCBs. No major differences existed in the relative retention times and
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F ig u re  3. Time to  50% m o r ta l i ty  (expressed  as p e rc e n t of c o n tro ls  -4- SD) 
from ERM (f lu sh  o r in je c te d  ch a llen g e) in  rainbow t r o u t  a f t e r 
a 60-day exposure to  te c h n ic a l  PCBs and tra n sfo rm e r o i l .
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PCB Exposure 
( ^ )
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TABLE 10. Whole-body PCB R esidues (yg/g T issue) in  Rainbow 
T rout Exposed to  T echn ica l PCBs and T ransform er O il.

Exposure 
concen­
t r a t i o n  of
PCBs b g / l i t e r )

Time (days)

______________ Exposure_______________ P o st-ex p o su re
30 45 60 90 30 60

T ech n ica l PCBs

C on tro l 0.32 0.36 0.32 0.40 0.55 1 .0

0.23 3 .3 3 .7 5 .2 5 .9 3 .0 3 .1

0.37 11 12 13 14 6 .1 5 .7

0.84 20 24 •20 25 9.5 10

1 .5 52 45 52 70 26 22

2 .9 92 88 110 120 58 38

Transform er O il

C on tro l 0.27 0.32 1 .8 0.74 0.32 0.48

0.28 0.91 1 .4 1 .4 1.17 0.58 0.93

0.43 1 .8 2 .4 2 .0 2 .8 1 .2 1 .3

0.82 2 .4 3 .5 4 .4 3 .8 1 .6 1 .0

1.6 3.3 5.3 5.7 5 .0 2 .4 1 .8

3 .6 5.7 6 .0 6 .6 12 — —

sample re p re se n ts  a pool of 8 f i s h
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peak areas in chromatograms of PCB residues in fish exposed to technical 

PCBs as compared to transformer oil (Fig. A4). Bioconcentration factors 

of PCBs by trout were 3,300 times in transformer oil compared to 41,400 

times in technical PCBs at the highest concentrations (Table A5). These 

results agree with previous studies (Hansen et al. 1971; Stalling and 

Mayer 1972; Snarski and Puglisi 1976; Mayer et al. 1977a; Mauck et al. 

1978) which have shown technical PCBs to accumulate in fishes 

10,000-61,000 times the water concentration.

Percent lipid accounted for approximately 25% of the difference in 

bioconcentration (Table 11, A4, A5), In general, lipid content of fish 

was lowest at 90 days in trout exposed to transformer oil at 1.6 and 3.6 

pg/liter PCBs. Using octanol/water partition coefficients to predict 

bioconcentration factors, technical PCBs should have bioconcentrated in 

fish 7.3 times more than PCBs from the transformer oil (Fig. 4). The 

average observed difference in bioconcentration factor was 8.8 at 90 days 

of exposure (Table 12), which approximated the theoretical value. PCB 

residues decreased in all fish during the post-exposure period on a 

whole-body concentration basis. However, when dilution by growth was 

taken into account, little or no PCBs were eliminated from the fish after 

60 days in uncontaminated water. These results are consistent with those 

reported by Guiney et al. (1977) in which the half-life of a pure PCB 

isomer (2,5,2’,5’-tetrachlorobiphenyl) was approximately two years in the

rainbow trout.
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TABLE 11. P e rcen t L ip id  in  Rainbow T rout Exposed to  T echn ica l 
PCBs and Transform er O i l . a

Exposure Time (days)
c o n ce n tra t ion 
o f PCBs Exposure Post--exposure
( p g / l i t e r ) 30 45 60 90 30 60

T echn ica l PCBs

C on tro l 5 .6 5 .7 6 .4 8 .0 8 .1 10

0.23 5 .3 6 .1 4 .7 6 .8 8 .8 8 .6

0.37 6 .1 6 .1 7 .1 8 .4 8 .0 9 .0

0.84 5.8 6.5 6 , 9 7.9 7 .5 9 .2

1 .5 6 .2 6 .8 6 .2 8 .0 7.9 6 .0

2.9 5 .8 6.8 7.3 9 .1 8 .8 9 .9

Transform er O il

C on tro l 6 .4 5.6 5 .9 8 .4 6 .7 8 .8

0.28 7.7 5 .4 4.7 8 .6 7.2 9 .0

0.43 5 .1 5.5 5 .5 8 .3 7.9 9 .2

0.82 5 .0 5 .6 5 .6 7 .4 7.6 8 .8

1 .6 3 .9 5 .5 4 .9 5 .4 7 .1 9 .1

3.6 2 .9 3 .2 4 .1 4 .3 — —

^ a c h  sample re p re se n ts  a pool of 8 f i s h
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Figure 4. Octanol/water partition coefficients of technical PCBs and 
PCBs in transformer oil.
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Octanol/water Partition Coefficients

C

w

where: CQ = average concentration of PCBs in octanol

C^ ■ average concentration of PCBs in water

P = 3.69 x 10$ for technical PCBs (t), and

5.04 x 10^ for PCBs in transformer oil (to)

Theoretically, PCBs in the technical material should be bioconcentrated 

7.3 times (Pt / ?t o ) more in fish than PCBs in the transformer oil. The 

average observed difference on a wet-weight basis was 8.8 (+ SD 4.6), 

and 6.6 (+SD 2.0) on a lipid basis after 90 days of continuous exposure.

1. Octanol/water partition coefficient accounted for 83% of the 

observed difference.

2. Lipid content accounted for 25% of the observed difference.
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Exposure

TABLE 12. Ratios of Bioconcentration Factors of PCBs 
(Technical PCBs:Transformer Oil) in Rainbow

Trout Following a 9O-Day Exposure.

concentration 
of PCBs 
(pg/liter)

Wet-weight Lipid
basis basis

Control _  _

0.23 - 0.28 4.22 5.30

0.37 - 0.43 5.81 5.58

0.84 - 0.82 6.42 6.05

1.5 - 1.6 . 14.93 10.04

2.9 - 3.6 12.41 5.87

Mean 8.76 6.57

(SD) (4.64) (1.96)



DISCUSSIQN

Survival and growth of rainbow trout were not affected by a 90-day 

exposure to technical PCBs (0.23-1.5 pg/liter) in the present study, but 

growth was decreased at 2.9 pg/liter. These results are compatible with 

those reported in the literature. Nebeker et al. (1974) found that the 

no-effect concentration of Aroclor 1254 for mortality in fathead minnow 

Pimephales promelas fry was between 1.8 and 4.6 pg/liter. Snarski and 

Puglisi (1976) showed that a 497-day exposure of Aroclor 1254 (<0.94 

pg/liter) did not affect survival, growth, or reproduction of adult brook 

trout or their progeny exposed for 90 days after hatch. In a study by 

Mauck et al. (1978), low concentrations of Aroclor 1254 (<L pg/liter) had 

no effect on growth or survival of brook trout fry, but higher 

concentrations (3.1-13 pg/liter) significantly increased mortality 

following 118 days of exposure. In sharp contrast to technical PCBs, the 

no-effect concentration of transformer oil (based on PCB content) for 

survival of trout was as low as 0.43 pg/liter, and growth was 

significantly decreased in exposures of 0.43-3.6 pg/liter.

Although no toxicity studies of transformer oil were found in the 

literature, several investigators have reported the toxicity of petroleum 

hydrocarbons, which resemble the composition of the transformer oil. 

Hydrocarbons have been shown to accumulate in fish tissues (Neff et al. 

1976; Dixit and Anderson 1977; McCain et al. 1978; Roubal et al. 1978) 

and cause mortality (Blumer 1971; Anderson et al. 1974a,b; Solangi

38
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and Overstreet 1982). When the effects of the transformer oil on growth 

and survival are based on petroleum hydrocarbon content, the results 

are very similar to those found by Woodward et al. (1981) with a Wyoming 

crude oil and cutthroat trout Salmo clarki. Woodward et al. (1981) 

reported that survival of trout was adversely affected by a 30-day 

exposure to 520 pg/liter total hydrocarbons, and growth was decreased at 

150-520 pg/liter. In the present study, survival and growth of trout 

were decreased by exposure to petroleum hydrocarbons within 45 days at 

estimated concentrations of 142-569 pg/liter. However, growth and 

survival were decreased only in the highest concentration of technical 

PCBs, and 90 days were required before those effects were apparent. The 

whole-body PCB residues at that time were 120 pg/g. The highest 

whole-body PCB residue in fish exposed to transformer oil was 12 pg/g. 

Therefore, it appears that petroleum hydrocarbons, not PCBs, were mainly 

responsible for the decreased growth and survival of rainbow trout 

exposed to transformer oil— assuming that whole-body residues are 

related to effects.

Significant fin erosion occurred in trout exposed to transformer 

oil. Fin erosion has been reported in fish exposed to crude oil (Minchew 

and Yarbrough 1977; Giles et al. 1978) and other petroleum hydrocarbons 

(Woodward et al. 1981). Indications by Giles et al. (1978) were that the 

crude oil altered the exterior microflora and thus, promoted bacterial 

infection of fin tissue. Microscopic examination of cutthroat trout 

exposed to petroleum hydrocarbons (Woodward et al. 1981) did not 

indicate a bacterial infection. No gross inflammatory responses were

observed in the present study, and fin rot caused by bacteria is not
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known to occur at temperatures above 10 C (Bullock and Snieszko 1970). 

Bacteriological testing of affected fins confirmed that fin erosion of 

rainbow trout exposed to transformer oil was not caused by bacteria 

(G.L. Bullock - personal communication). No fin erosion occurred in 

rainbow trout exposed to technical PCBs. However, erosion has been 

observed in other fishes exposed to 5-10 pg/liter technical PCBs such as 

Aroclor 1254 (Hansen et al. 1971, 1973; Schimmel et al. 1974; Couch 

1975). In the present study, the highest concentration of Aroclor 1254 

was approximately 0.4 pg/liter. Because PCB concentrations in the 

transformer oil were comparable to technical PCBs, which did not cause 

fin erosion, we believe that the presence of petroleum hydrocarbons, 

and not PCBs, in the transformer oil caused the observed eroded fins.

Transformer oil-exposed trout exhibited lethargy, reduced feeding, 

minimal movement, and low position in the water column. Increased 

density and sinking factor, and reduced percent volume of the swimbladder 

is a normal characteristic of several bottom dwelling species (Table A6). 

We observed that transformer oil increased the density and sinking 

factor, and decreased the percent volume of the swimbladder of rainbow 

trout, which could account for the lowered position in the water column. 

Trout exposed to technical PCBs were not similarly affected. Woodward 

et al. (1981) also reported a less aggressive feeding behavior in 

crude-oil exposed trout. Similarly, reduced feeding and disorientation 

has been observed in the tidewater silverside Menidia beryllina exposed 

to crude oil and its water soluble fractions (Solangi and Overstreet 

1982). The combination of fin erosion and aberrant behavior could make
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the fish more vulnerable to secondary disease infection and predation 

in the natural environment.

Although exposure concentrations of PCBs were essentially identical 

for both technical PCBs and transformer oil, trout exposed to transformer 

oil had considerably lower PCB residues. Based on octanol/water 

partition coefficients (P), technical PCBs should have bioconcentrated 

7.3 times more in fish than PCBs in the transformer oil. The average 

observed difference was 8.8 times. Therefore, P accounted for 83% of the 

observed difference in bioconcentration of PCBs, suggesting that the 

hydrocarbons in the transformer oil made the PCBs less available— lipid 

content of the fish accounted for the rest of the difference. Many 

polluted harbors, lakes, and rivers generally contain substantial 

petroleum hydrocarbon contamination. The effect of petroleum 

hydrocarbons on the uptake of PCBs could be significant in evaluating 

the hazards of highly polluted waters, since PCB residues in fish in the 

present study did not depict the true degree of PCBs in their 

environment.

Transformer oil caused an increase in collagen and bone 

mineralization whereas technical PCBs did not alter vertebral 

composition. Although transformer oil increased collagen, which is the 

reverse of previous studies with other organic chemicals (Mayer et al. 

1975, 1977b, 1978), the tremendous concomitant increase in mineralization 

indicates potentially deleterious effects. An increase in mineralization 

can result in brittle or poorly developed vertebrae that are more 

susceptible to fracture (Mehrle and Mayer, 1975; Mayer et al. 1977b, 

1978).
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A sequence of physiological alterations has been shown to occur in 

fish attempting to maintain homeostasis during environmental challenges. 

Wedemeyer and McLeay (1981) classified these alterations for use as 

potential indices of stress. Based upon the Wedemeyer and McLeay 

classification, indices that were analyzed in the present study were: 

primary alterations - the release of cortisol; secondary alterations - 

hematological responses; and tertiary effects - disease incidence.

Transformer oil (1.6-3.6 pg/liter) significantly increased 

cortisol secretion, whereas technical PCBs did not. Cortisol is the 

predominant corticosteroid in fish (Fryer 1975) that is produced in 

response to stress to mediate metabolic changes necessary for adaptation 

to environmental challenges (Selye 1950). Previous studies have shown 

cortisol to increase in fish in response to chemical stress by copper 

(Donaldson and Dye 1975; Schreck and Lorz 1978); chromium (Hill and 

Fromm 1968); endrin (Grant and Mehrle 1973); the organochlorine o,p-DDD 

(Yaron and Ilan 1974; Ilan and Yaron 1980); methylmercury (Lockhart et 

al. 1972); and metyrapone (Leach and Taylor 1980). However, Camp et al. 

(1974) reported a decrease in cortisol in catfish Ictalurus punctatus 

exposed to Arodor 1254. The biological significance of the effects of 

cortisol is not fully understood, but it has been suggested that 

elevated cortisol, during long-term stress, may be deleterious (Smith 

1982), and interfere with the immunological response to disease ’ 

organisms (Mazeaud et al. 1977). This trend was observed in the present 

study in fish exposed to transformer oil. Elevated cortisol appeared to 

cause an immunosuppression when the disease organism was injected. We 

did not find a correlation between elevated cortisol and disease
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susceptibility in the flush exposure. However, this would be expected 

if our hypothesis is correct in that bacterial entry was reduced by the 

pathological condition of the gills. '

, Transformer oil decreased hematocrit in rainbow trout, but technical 

PCBs did not* Johansson et al# (1972) and Larsson (1973) reported a 

decrease in hematocrit in brown trout Salmo trutta fed the PCB Chlophen 

A50, and Snarski (1982) reported decreased hematocrit in rainbow trout 

exposed to Aroclor 1254 in water. A decrease in hematocrit has also been 

reported in coho salmon exposed to kraft mill effluent (McLeay 1973), and 

goldfish Carassius auratus exposed to DDT (Zeeman and Brindley 1979, 

Zeeman 1980). McLeay (1973) stated that a decrease in hematocrit could 

result from an inhibition of erythrocyte production, an increase in the 

rate of erythrocyte destruction, or hemodilution. Decreased hematocrit 

in salmonids has been attributed to anemia and hemodilution due to gill 

damage (Wedemeyer and Yasutake 1977). Therefore, the pathological damage 

observed in gills of trout exposed to transformer oil may have induced 

anemia. Also, naphthalene has been shown to have a direct hemolytic 

effect in mammals (Smith 1980), and napthalenes were a major polycyclic 

aromatic hydrocarbon component (35%) in the transformer oil.

Packed leucocytes were decreased (leukopenia) in rainbow trout 

exposed to transformer oil, but were not affected by technical PCBs. One 

of the primary functions of leucocytes is to defend the body against 

pathogens by the production of antibodies. The specific leucocytes 

associated with this response are lymphocytes, which comprise the 

majority of circulating leucocytes in salmonids (Wedemeyer and McLeay 

1981). Total leucocyte numbers do not necessarily reflect changes that
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occur in the lymphocyte series (Ellis 1981), but Weinreb (1958) suggested 

that a decrease in lymphocytes results from the release of corticosteroids 

(cortisol). McLeay (1975) presented evidence that stress-induced 

elevated cortisol in coho salmon could cause a decrease in lymphocytes, 

implying immunosuppression. Our data support the view that immune 

suppression is mediated by corticosteroid (cortisol) release. Trout 

exposed to transformer oil had elevated cortisol and leukopenia, and 

consequently, were more susceptible to disease (injection challenge) 

than those exposed to technical PCBs.

Technical PCBs and transformer oil decreased disease susceptibility 

of rainbow trout in flush disease challenges, but transformer oil 

increased disease susceptibility in an injection challenge. ERM 

presumably enters fishes through the respiratory tissues (G.L. Bullock, 

personal communication), and the pathological condition of the gills 

could have reduced bacterial entry in the flush exposures. This 

hypothesis is supported by Knittel (1980) where zinc suppressed Y. 

ruckeri Infection in steelhead trout. Zinc has been shown to cause 

copious secretions of mucus on the gills of fishes or a breakdown of 

gill epithelium (Eller 1975; Smith 1982) which could reduce bacterial 

entry into the fish. Our results suggest that the route of disease 

exposure (injection versus flush) is an Important consideration in 

contaminant-disease interaction studies. Disease susceptibility was also 

dependent upon concentration of contaminant and duration of contaminant 

exposure as reported by Knittel (1980, 1981).

Previous studies to determine the effect of contaminants on the 

immune response of salmonids have been contradictory. The problem results
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from a lack of standardization among contaminant exposure techniques, 

routes of disease exposure, and parameters examined. Rainbow trout were 

more susceptible to a viral disease (Hetrick et al. 1979) and. a bacterial 

disease (Knittel 1980, 1981) in flush disease challenges following 

exposure to copper or cadmium. However, rainbow trout injected with 

bacteria following copper exposure showed no altered disease 

susceptibility (Snarski 1982). In the same study, PCBs decreased disease 

susceptibility when bacteria were injected, but the concentrations were 

higher (7.3-15 pg/liter) than those in the present study.

Waste transformer oil had a more pronounced effect than technical 

PCBs on survival, growth, disease resistance, and disease-related 

physiological characteristics of rainbow trout. Depending on the 

parameters measured and due to the presence of petroleum hydrocarbons, 

transformer oil was as much as eight times more toxic than technical 

PCBs, when based on PCB content. However, PCBs were still more toxic 

than the transformer oil on an exposure concentration basis, since the 

hydrocarbon concentrations were approximately 200 times greater than 

the PCBs. Toxicity testing of industrial chemicals should, therefore, 

include testing that form of the material that may enter the environment, 

since effects of individual chemicals cannot be evaluated. Contaminant 

monitoring programs with fish should also take into account the impact 

of petroleum hydrocarbons on bioconcentration of other organic 

pollutants, specifically chlorinated organics.



LITERATURE CITED

Anderson, J.W., J.M. Neff, B.A. Cox, H.E. Tatem, and G.M. Hightower. 
1974a. Characteristics of dispersions and water-soluble extracts 
of crude and refined oils and their toxicity to estuarine 
crustaceans and fish. Marine Biology 27:75-88.

Anderson, J.W., J.M. Neff, B.A. Cox, H.E. Tatem, and G.M. Hightower. 
1974b. The effects of oil on estuarine animals: Toxicity, 
uptake, and deprivation respiration. Pages 288-310 in F.J. Vernberg 
and W.B. Vernberg, editors. Pollution and physiology of marine 
organisms. Academic Press, New York, USA.

Anderson, J.W., D.B. Dixit, G.S. Ward, and R.S. Foster. 1977. Effects 
of petroleum hydrocarbons on the rate of heart beat and hatching 
success of estuarine fish embryos. Pages 241-258 in F.J. Vernberg, 
A. Calabrese, F.P. Thurberg, and W.B. Vernberg, editors. 
Physiological responses of marine biota to pollutants. Academic 
Press, New York, USA.

Beckman Instruments, Inc. 1981. RIA phase cortisol. Beckman Instructions 
015-555323-F. Beckman Instruments, Inc., Fullerton, California, 
USA.

Bengtsson, B.W. 1979. Increased growth in minnows exposed to PCBs. 
Ambio 8:169-170.

Blumer, M. 1971. Scientific aspects of the oil spill problem. 
Environmental Affairs 1. Woods Hole Oceanographic Institution, 
Massachusetts, USA.

Bullock, A.M. 1978. Laboratory methods. Pages 235-267 in R.J. Roberts, 
editor. Fish pathology. Bailliere Tindall, London.

Bullock, G.L. and S.F. Snieszko. 1970. Fin rot, coldwater disease, and 
peduncle disease of salmonid fishes. Fish Disease Leaflet 25, U.S. 
Department of the Interior Bureau of Sport Fisheries and Wildlife, 
Division of Fishery Research, Washington.

Buser, H.R., C. Rappe, and A. Gara. 1978. Polychlorinated dibenzofurans 
(PCDFs) found in Yusho oil and in used Japanese PCBs. Chemosphere 
7:439-449.

Camp, B.J., E. Hejtmancik, C. Armour, and D.H. Lewis. 1974. Acute 
effects of Aroclor 1254 (PCB) on Ictalurus punctatus (catfish). 
Bulletin of Environmental Contamination and Toxicology 12:204-208.

46



47

Cantrell, E., M. Alreu, and D. Busbee. 1976. A simple assay of aryl 
hydrocarbon hydroxylase in cultured human lymphocytes. Biochemical 
and Biophysical Research Communication 70:474-479.

Couch, J.A. 1975. Histopathological effects of pesticides and related 
chemicals on the livers of fishes. Pages 559-584 in W.E. Ribelin 
and G. Migaki, editors. The pathology of fishes. University of 
Wisconsin Press, Madison, USA.

Couch, J.A., M.D. Summers, and L. Courtney. 1975. Environmental 
significance of Baculovirus infections in estuarine and marine 
shrimp. Annals of the New York Academy of Sciences 266:528-536.

Couch, J.A., and L. Courtney. 1977. Interaction of chemical pollutants 
and virus in a crustacean: A novel bioassay system. Annals of the 
New York Academy of Sciences 298:497-504.

Dixit, D. and J.W. Anderson. 1977. Distribution of napthalenes within 
exposed Fundulus similis and correlations with stress behavior. 
Pages 633-636 in Proceedings of 1977 oil spill conference (prevention 
behavior, control, clean-up). American Petroleum Institute, 
Washington, DC, USA.

Donaldson, E.M. and H.M. Dye. 1975. Corticosteroid concentrations in 
sockeye salmon (Oncorhynchus nerka) exposed to low concentrations 
of copper. Journal of the Fisheries Research Board of Canada 32: 
533-539.

Drummond, R.A., and W.F. Dawson. 1970. An inexpensive method for 
simulating diel patterns of lighting in the laboratory. Transactions 
of the American Fisheries Society 99:434-435.

Eller, L.L. 1975. Gill lesions in freshwater teleosts. Pages 305-330 in 
W.E. Ribelin and G. Magaki, editors. The pathology of fishes. 
University of Wisconsin Press, Madison, USA.

Ellis, A.E. 1981. Stress and the modulation of defence mechanisms in 
fish. Pages 147-169 in A.D. Pickering, editor. Stress and fish, 
Academic Press, New York, USA.

Estabrook, R.W., J.B. Peterson, J. Baron, and A. Hildebrandt. 1972. The 
spectrophotometric measurement of turbid suspensions of cytochromes 
associated with drug metabolism. Pages 303-350 in C.F. Chignell, 
editor. Methods in pharmacology, volume 2. Appleton-Century 
Crofts, New York, USA.

Fishbein, L. 1974. Toxicity of chlorinated biphenyls. Annual Review of 
Pharmacology 14:139-156.

Fiske, C.H., and Y. Subbarow. 1925. The colorimetric determination of 
phosphorus. Journal of Biological Chemistry 66:375-400.



48

Flanagan, B., and G. Nichols. 1962. Metabolic studies of bone in vitro. 
IV. Collagen biosynthesis by surviving bone fragments in vitro. 
Journal of Biological Chemistry 237:3686-3692.

Fryer, J.N. 1975. Stress and adrenocorticosteroid dynamics in the 
goldfish, Carassius auratus. Journal of Biological Chemistry 237: 
3686-3692. .

Fujita, T., J. Iwasa, and C. Hansch. 1964. A new substituent constant, 
ir, derived from partition coefficients. Journal of the American 
Chemical Society 86:5175-5180.

Giles, R.C., L.R. Brown, and C.D. Minchew. 1978. Bacteriological 
aspects of fin erosion in mullet exposed to crude oil. Journal of 
Fish Biology 13:113-117.

Gitelman, H.J. 1967. An improved automated procedure for the 
determination of calcium in biological specimens. Analytical 
Biochemistry 18:521-531.

Grant, B.F., and P.M. Mehrle. 1973. Endrin toxicosis in rainbow trout 
(Salmo gairdneri). Journal of the Fisheries Research Board of 
Canada 30:31-40.

Gruger, E.H., Jr., T. Hruby, and N.L. Karrick. 1976. Sublethal effects 
of structurally related tetrachloro-, pentachloro-, and 
hexachlorobiphenyl on juvenile coho salmon. Environmental Science 
and Technology 10:1033-1037. .

Guiney, P.D., R.E. Peterson, M.J. Melancon, and ^J. Lech. 1977. The 
distribution and elimination of 2,5,2',5’[ C] tetrachlorobiphenyl 
in rainbow trout (Salmo gairdneri). Toxicology and Applied 
Pharmacology 39:329-338.

Hansen, D.J., P.R. Parrish, J.I. Lowe, A.J. Wilson, Jr., and P.D. Wilson. 
1971. Chronic toxicity, uptake, and retention of Aroclor 1254 
in two estuarine fishes. Bulletin of Environmental Contamination 
and Toxicology 6:113-119.

Hansen, D.J., S.C. Schimmel, and J. Forester. 1973. Aroclor 1254 in eggs 
of sheepshead minnows: Effect on fertilization success and survival 
of embryos and fry. Pages 420-426 in Proceedings of the 27th 
Annual Conference of the Southeastern Association of Game and Fish 
Commissioners.

Harris, S.J., H.C. Cecil, J. Biteman, and R.J. Lillie. 1976. Antibody 
response and reduction in bursa of Fabricius and spleen weights of 
progeny of chickens fed PCBs. Poultry Science 55:1933-1940.

Hetrick, F.M., M.D. Knittel, and J.L. Fryer. 1979. Increased 
susceptibility of rainbow trout to infectious hematopoietic necrosis 
virus after exposure to copper. Applied and Environmental 
Microbiology 37:198-201.



49

Hill, C.W., and P.W. Fromm. 1968. Response of the interrenal gland of 
rainbow trout (Salmo gairdneri) to stress. General and Comparative 
Endocrinology 11:69-77.

Ilan, Z., and Z. Yaron. 1980. Suppression by organochlorines of the 
response to adrenocorticotrophin of the interrenal tissue in 
Sarotherodon aureus (Teleostei). Journal of Endocrinology 
87:185-193.

Ishikawa, T., T. Shimamine, and S. Takayama. 1975. Histologic and 
electron microscopy observations on diethylnitrosamine-induced 
hepatomas in small aquarium fish (Oryzias latipes). Journal of the 
National Cancer Institute 55:909-911.

Ishikawa, T., and S. Takayama. 1979. Importance of hepatic neoplasms in 
lower vertebrate animals as a tool in cancer research. Journal of 
Toxicology and Environmental Health 5:537-550.

Johansson, N., A. Larsson, and K. Lewander. 1972. Metabolic effects of 
PCB (polychlorinated biphenyls) on the brown trout (Salmo trutta). 
Comparative and General Pharmacology 3:310-314.

Jones, F.R.H. 1957. The swimbladder. Pages 305-322 in M.E. Brown, 
editor. The physiology of fishes, volume 2. Academic Press, New 
York, USA.

Knittel, M.D. 1980. Heavy metal stress and increased susceptibility 
of steelhead trout (Salmo gairdneri) to Yersinia ruckeri infection. 
Pages 321-327 in J.G. Eaton, P.R. Parrish, and A.C. Hendricks, 
editors. Aquatic toxicology: Proceedings of the third annual 
symposium on aquatic toxicology. American Society for Testing and 
Materials, Philadelphia, USA.

Knittel, M.D. 1981. Susceptibility of steelhead trout Salmo gairdneri 
Richardson to redmouth infection Yersinia ruckeri following exposure 
to copper. Journal of Fish Diseases 4:33-40.

Koller, L.D., and J.E. Thigpen. 1973. Reduction of antibody to 
pseudo rabies virus in PCB exposed rabbits. American Journal of 
Veterinary Research 34:1605-1606.

Larsson, A. 1973. Comparative physiology. Locomotion, respiration, 
transport and blood. Proceedings of the International Congress on 
Comparative Physiology, American Elsevier, New York, USA. ’

Leach, G.J. and M.H. Taylor. 1980. The role of cortisol in 
stress-induced metabolic changes in Fundulus heteroclitus. General 
and Comparative Endocrinology 42:219-227.



50

L ockhart, W .L., J .F .  U the, A.R. Kenney, and P.M. M ehrle. 1972. 
M ethylmercury in  n o rth e rn  p ik e  (Esox lu c iu s ) :  D is t r ib u t io n , 
e l im in a t io n , and some b iochem ical c h a r a c te r i s t i c s  of contam inated 
f i s h .  Jo u rn a l of th e  F is h e r ie s  R esearch Board of Canada 
29:1519-1523.

Lowry, O.M., N .J . Rosebrough, A.L. F a r r ,  and R.F. R an d a ll. 1951. P ro te in 
measurement w ith  th e  F o lin  phenol re a g e n t. Jo u rn a l of B io lo g ic a l 
Chem istry 193:265-267.

Mauck, W .L., P.M. M ehrle, and F .L . Mayer. 1978. E f fe c ts  o f th e 
p o ly c h lo rin a te d  b ip heny l Ar o d o r  1254 on grow th, s u rv iv a l ,  and 
bone development in  brook t r o u t  (S a lv e lin u s  f o n t i n a l i s ) . Jo u rn a l of 
the  F is h e r ie s  R esearch Board of Canada 35:1084-1088.

Mayer, F .L . J r . ,  P.M. M ehrle, J r . ;  and W.P. Dwyer. 1975. Toxaphene 
e f f e c t s  on re p ro d u c tio n , grow th, and m o r ta l i ty  of brook t r o u t .  U.S. 
Environm ental P ro te c tio n  Agency, D ulu th , M innesota. EPA-600/3-75-013.

Mayer, F .L . , P.M. M ehrle, and H.O. Sanders. 1977a. R esidue dynamics and 
b io lo g ic a l  e f f e c ts  of p o ly c h lo rin a te d  b ip h en y ls  in  a q u a tic  organism s. 
A rchives of Environm ental C ontam ination and Toxicology 5:501-511.

Mayer, F .L . , P.M. M ehrle, and R.A. S c h o e ttg e r. 1977b. C ollagen m etabolism 
in  f i s h  exposed to  o rg an ic  chem icals. Pages 31-54 in  R.A. Tubb, 
e d i to r .  Recent advances in  f i s h  to x ic o lo g y : A symposium. E c o lo g ic a l 
R esearch S e rie s  Number EPA-600/3-77-085. U.S. Environm ental 
P ro te c tio n  Agency, C o rv a l l is ,  Oregon.

Mayer, F .L .,  P.M. M ehrle, and P. Logan C ru tch er. 1978. In te r a c t io n s  o f 
toxaphene and v itam in  C in  channel c a t f i s h .  T ran sa c tio n s  of th e 
American F is h e r ie s  S o c ie ty  107:326-333.

Mazeaud,. M.M., F. Mazeaud, and E.M. Donaldson. 1977. Prim ary and 
secondary e f f e c t s  of s t r e s s  in  f i s h :  Some new d a ta  w ith  a g e n e ra l 
rev iew . T ran sa c tio n s  of th e  American F is h e r ie s  S o c ie ty  106:201-212.

McCain, B .B ., H.O. Hodgins, W.D. G ronlund, J.W. Hawkes, D.W. Brown, 
M.S. Myers, and J .H . Vandermeulen. 1978. B io a v a i la b i l i ty  o f crude 
o i l  from ex p erim en ta lly  o ile d  sedim ent to  E n g lish  s o le  (Parophrys 
v e tu lu s ) ,  and p a th o lo g ic a l  consequences. Jo u rn a l of th e  F is h e r ie s 
R esearch Board of Canada 35:657-664.

McKim, J.M. , and D.A. B en o it. 1971. E ffe c t o f long-term  exposures to 
copper on s u rv iv a l ,  re p ro d u c tio n , and growth of brook t r o u t 
S a lv e lin u s  f o n t i n a l i s . Jo u rn a l o f th e  F is h e r ie s  R esearch Board of 
Canada 28:655-662.

McLeay, D .J . 1973. E f fe c ts  of a 12 -h r and 25-day exposure to  k r a f t  pulp 
m il l  e f f lu e n t  on th e  blood and t i s s u e s  of ju v e n ile  coho salmon 
(Onchorhynchus k is u tc h ) . Jo u rn a l of th e  F is h e r ie s  Research Board 
o f Canada 30:395-400.



51

McLeay, D.J. 1975. Sensitivity of blood cell counts in juvenile coho 
salmon (Oncorhynchus kisutch) to stressors including sublethal 
concentrations of pulpmill effluent and zinc. Journal of the 
Fisheries Research Board of Canada 32:2357-2364.

Mehrle, P.M., and F.L. Mayer, Jr. 1975. Toxaphene effects of growth 
and bone composition of fathead minnows, Pimephales promelas. 
Journal of the Fisheries Research Board of Canada 32:593-598.

Minchew, C.D., and J.D. Yarbrough. 1977. The occurrence of fin rot in 
mullet (Mugil cephalus) associated with crude oil contamination of 
an estuarine pond-ecosystem. Journal of Fish Biology 10:319-323.

Mount, D.I., and W.A. Brungs. 1967. A simplified dosing apparatus for 
fish toxicology studies. Water Research 1:21-29.

Nebeker, A.V., F.A. Puglishi, and D.L. DeFoe. 1974. Effect of 
polychlorinated biphenyl compounds on survival and reproduction of 
the fathead minnow and flagfish. Transactions of the American 
Fisheries Society 103:562-568.

Neff, J.M., B.A. Cox, D. Dixit, and J.W. Anderson. 1976. Accumulation 
and release of petroleum-derived aromatic hydrocarbons by four 
species of marine animals. Marine Biology 38:279-289.

Roubal, W.T., S.I. Stranahan, and D.C. Malins. 1978. The accumulation 
of low molecular weight hydrocarbons of crude oil by coho salmon 
(Oncorhynchus kisutch) and starry flounder (Platichthys stellatus). 
Archives of Environmental Contamination and Toxicology 7:237-244.

Sanders, H.O., and J.H. Chandler. 1972. Biological magnification of a 
polychlorinated biphenyl (Aroclor 1254) from water by aquatic 
invertebrates. Bulletin of Environmental Contamination and 
Toxicology 7:257-263.

Sarot, D.A., and A. Perlmutter. 1976. The toxicity of zinc to the 
immune response of the zebrafish, Brachydanio rerio, injected with 
viral and bacterial antigens. Transactions of the American 
Fisheries Society 3:456-459.

Schimmel, S.C., D.J. Hansen, and J. Forester. 1974. Effects of Aroclor 
1254 on laboratory reared embryos and fry of sheepshead minnows 
(Cyprlnodon variegatus). Transactions of the American Fisheries 
Society 3:582-586.

Schmitt, C.J., J.L. Ludke, and D.F. Walsh. 1981. Organochlorine residues 
in fish: National pesticide monitoring program, 1970-74. Pesticides 
Monitoring Journal 14:136-206.



52

Schreck, C.B., and H.W. Lorz. 1978. Stress response of coho salmon 
(Oncorhynchus kisutch) elicited by cadmium and copper and potential 
use of cortisol as an indicator of stress. Journal of the Fisheries 
Research Board of Canada 35:1124-1129.

Selye, H. 1950. Stress and the general adaptation syndrome. British 
Medical Journal 1:1383-1392.

Smith, L.S. 1982. Introduction to fish physiology. T.F.H. Publications 
Inc., Neptune, New Jersey, USA.

Smith, R.P. 1980. Toxic responses of the blood. Pages 311-331 in 
J. Doull, C.D. Klaassen, and M.O. Amdur, editors. Casarett and 
Doull’s toxicology: The basic science of poisons. MacMillan 
Publishing Company, Inc., New York, USA.

Snarski, V.M. 1982. The response of rainbow trout Salmo gairdneri to 
Aeromonas hydrophila after sublethal exposures to PCB and copper. 

Environmental Pollution .(Series A) 28:219-232.

Snarski, V.M., and F.A. Puglisi. 1976. Effects of Aroclor 1254 on 
brook trout, Salvelinus fontinalis. U.S. Environmental Protection 
Agency, Ecological Research Series, EPA-600/3-76-112, Duluth, 
Minnesota.

Snedecor, G.W. 1967. Statistical methods. Iowa State University Press, 
Ames, Iowa, USA.

Solangl, M.A., and R.M. Overstreet. 1982. Histopathological changes in 
two estuarine fishes, Menidia beryllina (Cope) and Trinectes 
maculatus (Bloch and Schneider), exposed to crude oil and its 
water-soluble fractions. Journal of Fish Diseases 5:13-35.

Stalling, D.L., and F.L. Mayer, Jr. 1972. Toxicities of PCBs to fish 
and environmental residues. Environmental Health Perspectives 
1:159-164.

Steel, R.G.D., and J.H. Torrie. 1960. Principles and procedures of sta­
tistics, with special reference to the biological sciences. McGraw- 
Hill, New York City, New York, USA.

Vos, J.G. 1972. Toxicology of PCBs for mammals and for birds. 
, Environmental Health Perspectives 1:105-118.

Vos, J.G., and L. van Driel-Grootenhuis. 1972. PCB-induced suppression 
of the humoral and cell-mediated immunity in guinea pigs. Science 
of the Total Environment 1:289-302.

Vos, J.G., and Th. de Roij • 1972. Immunosuppressive activity of a
polychlorinated biphenyl preparation on the humoral immune response 
in guinea pigs. Toxicology and Applied Pharmacology 21:549-555.



53

Wassermann, M., D. Wassermann, E. Kedar, M. Djavaherian, S. Cucos, and 
S. Ventura. 1973. Effect of organo-chlorine compounds on serum 
proteins. Bulletin of Environmental Contamination and Toxicology 
10:42-50.

Webb, R.G., and A.C. McCall. 1973. Quantitative PCB standards for 
electron capture gas chromatography. Journal of Chromatographic 
Science 11:366-373.

Wedemeyer, G.A. and D.J. McLeay. 1981. Pages 247-275 in A.D. Pickering, 
editor. Stress and fish. Academic Press, Inc., New York, USA.

Wedemeyer, G.A., and W.T. Yasutake. 1977. Clinical methods for the 
assessment of the effects of environmental stress on fish health. 
Technical Paper No. 89 of the U.S. Fish and Wildlife Service, 
Department of the Interior, Washington, DC.

Weinreb, E.L. 1958. Studies on the histology and histopathology of the 
rainbow trout, Salmo gairdneri. I. Hematology: under normal and 
experimental conditions of inflammation. Zoologica, New York 43: 
145-154.

Woodward, D.F., P.M. Mehrle, Jr., and W.L. Mauck. 1981. Accumulation 
and sublethal effects of a Wyoming crude oil in cutthroat trout. 
Transactions of the American Fisheries Society 110:437-445.

Yaron, Z., and Z. Ilan. 1974. Plasma cortisol levels of o,p’-DDD treated 
carp. General and Comparative Endocrinology 22:343.

Zeeman, M.G. 1980. Effects of DDT upon the hematology and immunology of 
the goldfish (Carassius auratus). Doctoral dissertation. Utah 
State University, Logan, Utah, USA.

Zeeman, M.G., and W.A. Brindley. 1979. Effects of DDT on goldfish 
(Carassius auratus) hematology. Encyclia: Journal of the Utah 
Academy of Science, Arts and Letters 56:153.



APPENDIX

All data relating to this study are permanently on file at the Columbia 

National Fisheries Research Laboratory, U.S. Fish and Wildlife Service, 

Route 1, Columbia, Missouri 65201.

54



55

TABLE Al. Polycyclic Aromatic Hydrocarbons and PCBs 
in Transformer Oil.

Chemical

Concen­
tration 
in stock 
(pg/g)

Estimated 
concentra­

tion in 
highest 
exposure 

(pg/liter)

Polycyclic aromatic hydrocarbons 2,886 8.2

Acenaphthylene 40 0.11

Ac ephenanthrylene 29 0.082

Anthanthrene 0.6 0.002

Anthracene 25 0.071

Benz[aj anthracene 43 0.12

D ibenzanthracenes NDa —

Biphenyl 1.0 0.003

Chrysene/triphenylene 45 0.13

Dibenzofuran 61 0.17

C-2 Dibenzofurans ND —

Methyldibenzofurans ND —

Dibenzothiophene 242 0.69

C-2 Dibenzothiophenes ND —

Methyldibenzothiophenes ND —

Benzo [ b_] nap tho[2,3-cl ] thiop ene 10 0.28

Phenanthro [ 1,2-_b ] thiophene 12 0.034

Fluoranthene 135 0.38

Benzofluoranthenes 49 0.14

Benzo[ghi]fluoranthene 40 0.11
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Table Al (Continued)

Chemical

Concen­
tration 
in stock 
(pg/g)

Estimated 
concentra­

tion in 
highest 
exposure 

(pg/ 
liter)

Methylpyrenes and Fluoranthenes ND —

Fluorene 75 0.21

C-2 Fluorenes ND —

Benzo[a]fluorene 28 0.080

Benzo[bj fluorene 42 0.12

Methylfluorenes ND —

C-2 Naphthalenes 258 0.73

C-3 Naphthalenes 747 2.1

C-4 Naphthalenes ND —

1-Methylnaphthalene 12 0.034

2-Methylnaphthalene 8 0.023

Perylene 4 0.011

Benzo[^hi]perylene 9 0.026

Phenanthrene 192 0.54

C-2 Phenanthrenes 254 0.72

C-3 Phenanthrenes ND —

Benzo [jc] phenanthrene 7 0.020

Methylphenanthrene 413 1.2

Pyrene 28 0.080

Cyclopenta[cd]pyrene 9 0.026
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Table Al (Continued)

Chemical

Concen­
tration 
in stock 
(hg/g)

Estimated 
concentra­

tion in 
highest 
exposure 

(pg/ 
liter)

Benzo[a]pyrene 38 0.11

Benzo[e]pyrene 26 0.074

Indeno[1,2,3-cd] 3 0.008

Polychlorinated biphenyls ' ' 2,109 6.0

Aroclor 1254 716 2.0

Aroclor 1260 1,393 4.0

Total hydrocarbons 1,000,000
2,800b

^ot detected

Estimated petroleum hydrocarbon exposure concentrations in the trans­
former oil were 0.18, 0.35, 0.70, 1.4, and 2.8 mg/liter based on measured 
polycyclic aromatic hydrocarbons in the highest exposure concentration 
(1.7 pg/liter).
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TABLE A2. Inorganic Contaminants in Technical PCBs and 
Transformer Oil Containing PCBs.

Element

Concentration 
in stock 

________ (pg/ml)

Es timated 
concentration in 
highest exposure 

_____ water (pg/liter)___

Technical 
PCBs

Transfor­
mer oil

Technical 
PCBs

Transfor­
mer oil

Ag <0.1 <0.1

Al <0.5 7.7 0.23

As <0.5 <0.5

B <0.5 <0.5

Ba <0.01 3.7 0.011

Be <0.01 <0.01

Bi <1.0 <1.0

Ca <0.1 23 0.069

Cd <0.1 <0.1

Co <0.1 <0.1

Cr <0.1 3.1 0.009

Cu 0.2 31 ' 0.001 0.093

Fe <0.2 <0.2

Hg 0.021 <0.001

K <5.0 <5.0

Li <0.1 <0.1

Mg 22 1.9 0.066 0.006

Mn <0.01 0.28 0.001

Mo <0.5 <0.5

Na <0.5 <0.5
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Table A2 (Continued)

Estimated
Concentration concentration in

in stock highest exposure
______ (pg/ml)  water (pg/liter)______ 

Technical Transfer-____________ Technical Transfer-
Element PCBs mer oil PCBs mer oil

Ni <0.1 0.3 0.001

P <0.5 <0.5

Pb <0.5 19 0.006

Sb <1.0 <1.0

Se <1.0 <1.0

Si <0.2 <0.2

Sn 19 <0.5 0.057

Sr <0.01 0.47 0.001

Ti <0.1 0.55 0.002

T1 <1.0 <1.0

V <0.1 9.1 0.027

Zn <0.1 5.1 0.015
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TABLE A3. E ffe c ts  of T echn ica l PCBs and Transform er O il 
C ontaining PCBs on Growth (T o ta l Length, mm) 

of Rainbow T ro u t.

Exposure 
co n cen tra— 
tio n  of
PCBs 
( y g / l i t e r )

Time (days)

_______________ Exposure________________ P ost-ex p o su re
30 45 60 90 30 60

T echn ica l PCBs

C ontro l 51b 62 69 87 101 118
( 3 .9 ) C (4 .1 ) (7 .1 ) (9 .4 ) (10) (12)

0.23 53 64 73* 96 108 123
(4 .7 ) (5 .9 ) (6 .4 ) (12) (13) (15)

0.37 52 63 69 81 101 118
(4 .1 ) (4 .9 ) (6 .0 ) (2 .7 ) (10) (14)

0.84 53 64 71 89 107 124
(3 .5 ) (4 .8 ) (5 .2 ) (9 .1 ) (10) (12)

1 .5 52 63 71 84 103 121
(3 .8 ) (6 .0 ) (7 .6 ) (9 .0 ) (9 .1 ) ( ID

2.9 51 62 69 78 94 115
(4 .2 ) (5 .4 ) (7 .5 ) (4 .7 ) (9 .6 ) (15)

Transform er O il

C o n tro l 53 63 70 84 100 120
(4 .8 ) (5 .3 ) (6 .5 ) ( ID (13) (16)

0 .28 52 64 71 87 104 123
(4 .0 ) (4 .3 ) (5 .3 ) (8 .8 ) (9 .2 ) ( ID

0.43 49** 63 68* 82 99 116
(4 .0 ) (4 .6 ) (5 .6 ) (7 .4 ) (8 .6 ) ( ID

0.82 45 56** 59 (* 69 85 105
(3 .6 ) (5 .0 ) (5 .3 ) (10) (12) (16)

1 .6 39** 45** 47** 50** 68** 89**
(4 .0 ) (4 .2 ) (5 .8 ) (4 .9 ) (5 .0 ) (5 .6 )

3 .6 34** 37** 37** 39**
(3 .2 ) (4 .8 ) (4 .6 ) (8 .3 )

^ T o ta l le n g th  was measured to  th e  most p o s te r io r  p a r t  o f th e  caudal f i n 
Mean

CSD ’
* S ig n if ic a n t ly  d i f f e r e n t  from c o n tro ls  (p £  0 .05)

* * S ig n if ic a n tly  d i f f e r e n t  from c o n tro ls  (p < 0.01)
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TABLE A4. PCB Residues (pg/g Lipid) in Rainbow Trout Exposed to 
Technical PCBs and Transformer Oil Containing PCBs.

Each sample represents a pool of 8 fish

Exposure Time (days)
c o n c e n ­
tration Exposure Post-exposure
of PCBs
(yg/liter)

30 45 60 90 30 60

Technical PCBs

Control 5.7 6.3 5.0 5.0 6.8 10

0.23 62 61 111 87 34 36

0.37 180 197 ' 183 167 76 63

0.84 . 345 369 290 316 127 109

1.5 839 662 839 875 329 367

2.9 1,586 1,294 1,509 1,319 659 384

Transformer Oil

Control 4.2 5.7 30 8.8 4.8 5.4

0.28 12 26 30 20 8.1 10

0.43 35 44 36 34 15 14

0.82 48 62 78 51 21 11

1.6 85 96 116 93 34 20

3.6 197 188 161 279 — — —
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TABLE A5. Bioconcentration Factors of PCBs in Rainbow Trout 
Exposed for 90 Days to Technical PCBs and Transformer 

Oil.

Exposure 
concentration
of PCBs 
(pg/liter)

Wet-weight 
basis

Lipid 
basis

Technical PCBs

Control — —

0.23 25,600 378,300

0.37 37,800 451,300

0.84 29,800 376,200

1.5 46,700 583,300

2.9 41,400 455,800

Transformer Oil

Control —

0.28 6,100 71,400

0.43 6,500 81,000

0.82 4,600 62,200

1.6 3,100 58,100

3.6 3,300 77,500
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TABLE A6. Density, Sinking Factor, and Percent Volume of 
the Swimbladder for Different Fishes.a

Species Density
Sinking 
factor0

Percent 
volume 
of the 

swimbladder

Freshwater

Carassius auratus (goldfish) 0.991 991 8.3

Rutilus rutilus (roach) 1.001 1001 9.0

Fundulus heteroclitus 1.000 1003 7.0
(mummichog)

Perea fluviatilis (perch) 1.004 1004 7.5

Tinea tinea (tench) 1.008 1008 7.7

Marine

Mugil auratus (mullet) 1.010 980 5.6

Zeus faber (dori) 1.018 992 4.3

Conger conger (eel) 1.027 1001 4.7

Fundulus heteroclitus 1.023 1003 5.0
(mummichog)

Gadus luscus (cod) 1.030 1003 4.9

Crenilabrus melops (wrasse 1.033 1006 4.9

Onos mustela (cod) , 1.050 1023 1.1

Pleuronectes platessa (plaice) 1.063 1036 Absent

. Cottus bubalis (s culpin) 1.077 1050 Absent

Callionymus lyra (dragonet) 1.084 1055 Absent

a Jones, F.R.H. 1957. The swimbladder. Pages 305-322 in M.E. Brown, edi­

tor. The physiology of fishes, volume 2. Academic Press, New York, 

bUSA.
Density of fish f density of water X 1000
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Figure Al. Gas chromatograms of PCBs in exposure water containing an
estimated PCB concentration of 0.75 pg/liter.
PCBs, measured concentration of 0.37 pg/liter;

A = technical 
B = PCBs in

transformer oil, measured concentration of 0»43 pg/liter.
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Figure A2. Cumulative growth (based on standard length) of rainbow trout 
as affected by technical PCBs and transformer oil containing 
PCBs.
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Figure A3. Influence of fish size (standard length, mm) on time to die 
from infection with ERM following a 60-day exposure to technical 
PCBs and transformer oil.
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Figure A4. Gas chromatograms of PGBs in rainbow trout containing similar 
total PCB residues. A = fish containing 5.2 pg/g PCBs and 
exposed for 60 days at 0.23 pg/liter technical PCBs; B = 
fish containing 5.0 pg/g and exposed for 90 days at 1.6 pg/liter 
PCBs in transformer oil.
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Figure A5. Flow diagram to challenge rainbow trout with Y. ruckeri.
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Flow diagram to challenge rainbow trout with Y. ruckeri.

1. Reconstitute lyophilized 
Y. ruckeri with BHI broth
48 hours prior to challenge.3

2. Streak for isolation on 
BHI agar plates; incubate 
48 hours at 18 C.

3. Transfer remainder to 50 ml 
BHI broth; incubate 24 hours 
at 18 C with stirring.

4. Transfer 5 ml to 1 liter BHI 
broth; incubate 24 hours at 
18 C with stirring.

5. Slide agglutination with 
ERM-ant is erum.

6. Optical density: dilute to 
10 , 10“2 , and 10" 3 with BHI

broth. Determine amount 
needed for disease challenge 
to yield 50% mortality in 
control fish.

7. Challenge fish with disease.

8. Culture dead fish isolates 
(kidney stab streaked on BHI 
agar plates. Incubate plates 
48 hours at 18 C.

9. Slide agglutination with 
ERM-ant iserum.

a Lyophilized bacteria was originally obtained from moribund rainbpw: 

trout infected with Enteric Redmouth disease.
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