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MEMORANDUM
March 13, 1987

To: Russ Taylor
4 pY
From: Art Johnson’ and Bill Yake

Subject: Report on the 1986 Yakima River Fish Histopathology Study

Here is the final report on a pilot project examining the health of
fish in the Yakima River. The study was conceived and directed by the
Water Quality Investigation Section (WQIS) and funded by EPA Region

10. Dave Terpening was the EPA project officer. The field work was a
cooperative effort smong WQIS, EPA, and Drs. Marsha Landolt and Richard
Kocan of the University of Washington, School of Fisheries, who were
contracted to do the histopathological examination.

Histopathology refers to the application of light or electron micros-
copy to the study of tissue defects. Drs. Landolt and Kocan are recog-
nized experts in this field and have done extensive work in Puget
Sound. They did the histopathology for Ecology's Superfund investiga-
tion in Commencement Bay.

The impetus for the present study was a desire to further evaluate the
significance of elevated levels of chlorinated pesticides in fish from
the lower Yakima River (Hopkins et al. 1985, Johnson et al. 1986) and
its generally recognized poor water quality. Histopathological exami-
nation of fish tissues has proved a valuable tool for identifying
contaminated sites in Puget Sound, but the approach had never been
extended to state fresh waters. Briefly, the study involved field
examination and tissue sampling (blood, spleen, liver, kidney, gonad,
and gill) of carp, largescale suckers and a small number of miscel-
laneous species from the lower Yakima River above Horn Rapids Dam
(river mile 20-23), and largescale suckers from the Yakima River Can-
yon above Rosa Dam (river mile 129). A total of one hundred sixty-
seven specimens were examined. Tissue samples were returned to the
University of Washington where they were examined microscopically for
biological abnormalities. Carp and largescale suckers were selected
for study because fish associated with the bottom sediments tend to
display a higher frequency of lesions and other abnormalities than
species such as trout that live off the bottom,.
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The results of this rather extensive examination of Yakima River fish
are summarized in the attached report as follows:

"The fish...bore no lesions that suggested widespread contaminant
effects. The only organs that might warrant further research
wvere the gonads of common carp. A significant number of female
carp bore atretic (degenerating) ovarian follicles. ... Folli-
cular atresia can be caused by a baffling array of factors in-
cluding environmental conditions (e.g., water temperature,
photoperiod, dissolved oxygen), nutritional deficiencies,
endocrine disorders, parasitism, and contaminant exposure.
Attempting to establish cause and effect relationships under
field conditions would be a difficult and expensive undertaking.
... All other organ systems in all species were either unremark-
able or bore minor lesions that could be attributed to parasitic
and bacterial infections."

Basically, the fish looked healthy. While the findings of this study
should not be construed as a clean bill of health for the Yakima River,
it does suggest that the types of abnormalities of concern in Puget
Sound are not a problem in the Yakima. Furthermore, it appears that

the levels of chlorinated pesticides in fish from the Yakima main stem
are below thresholds for liver and kidney damage that have been associa-
ted with these compounds (Sindermann, 1979; Walsh and Ribelin, 1975).

The histopathology study did not, of course, address other potential
water quality-related concerns in the Yakima such as indirect toxic
effects on fisheries through reduction in food supply, or sublethal
effects such as altered behavior or reduced growth. There remains a
concern for effects on aquatic life from the relative high water con-
centrations of chlorinated pesticides in certain tributaries to the
Yakima as described in Johnson et al. (1986).

We think the present study was a worthwhile first attempt to go beyond
the usual monitoring effort where contaminant concentrations are
measured and reported. Future studies of this type in state fresh-
waters might best be directed at evaluating a different class of com-
pounds. Aromatic hydrocarbon contamination in Lake Union is currently
being considered for study in 1987 or 1988.
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INTRODUCTION

The occurrence and significance of biological abnormalities arising
through contaminant exposure has been intensively studied in marine
fish from Washington State (Malins et al., 1982); however, the health
of the state's freshwater species has not been investigated. Studies
of contaminated lakes and rivers in other regionms of the United States
have revealed the presence of pathological conditions in & variety of
aquatic fish species. Dawe et al. (1964) observed bile duct neoplasms
and hepatocellular nodules in white suckers (Catostomus commersonii)
and brown bullheads (Ictalurus nebulosus) of Deep Creek, Maryland.
Sonstegard (1977) noted the presence of oral papillomas in white suck-
ers inhabiting polluted areas of Lake Ontario, and, through retrospec-
tive studies of museum specimens, he was able to document a dramatic
increase in the frequency of gonadal neoplasms among carp-goldfish
hybrids of the Great Lakes. Bauman et al. (1982) found hepatic neo-
plasms in brown bullheads inhabiting a region of Ohio's Black River
that was heavily contaminated by aromatic hydrocarbons. High preva-
lences of hepatocellular carcinoma were also found in Atlantic tomcod
(Microgadus tomcod) of the PCB contaminated Hudson River (Smith et
al., 1979), as well as in sauger (Stizostedion canadense) and walleye
(Stizostedion vitreum) inhabiting lake waters receiving copper mining
wastes (Black et al., 1982). Black (1983) was able to bridge the gap
separating observational studies, in which causal relationships be-
tween contamination and neoplasia are inferred, from experimental
studies, in which cause-and-effect relationships are proven. He was
able to induce hepatocellular and oral carcinomas in brown bullheads
by repeatedly painting captive fish with sediment extract taken from a
portion of the Buffalo River, New York, which contained high levels of
aromatic hydrocarbons. The induced neoplasms were identical to those
that he found in wild bullheads living in the same region of the river.

For the present project, the lower Yakima River was selected as the
site for a pilot study of biological abnormalities in freshwater fish
of Washington. The site was chosen because of its importance as a
fisheries resource, because of its poor water quality, and because of
the finding of elevated organochlorine residues in fish which inhabit
it. Bottom-feeding species were selected for examination because
biological abnormalities have most frequently been detected in fish
which live in close association with sediment (Dawe and Harshbarger,
1975). 1In addition, adult fish were examined rather than juveniles
because most cases of contaminant-associated biological abnormalities
have been found in mature individuals.

MATERIALS AND METHODS

On July 29, 1986, fifty adult common carp (Cyprinus carpio) and fifty
adult largescale suckers (Catostomus macrocheilus) were collected by
electroshocking from the lower Yakima River above Horn Rapids Dam
(river mile 20-23). Seventeen fish of miscellaneous species were also
collected. On July 30, 1986, fifty largescale suckers were collected
within the Yakima River Canyon above Rosa Dam (river mile 129). The
collection sites are shown in Figure 1,




The fish were placed in live tanks aboard the collecting boat and
returned to shore within 20 minutes of capture. They were anesthe-
tized with methane tricaine sulfonate (MS-222), sacrificed by a blow
to the head, and assigned an accession number. A blood sample, ob-
tained by caudal vein puncture, was taken from each fish and used to
prepare smears for hematological examination. The fish were then
measured (total length, mm), weighed (grams), and examined for the
presence of visible external defects. At necropsy, five tissues—-
liver, kidney, spleen, gill, gonad--were excised, examined, and a
portion placed in 10 percent neutral buffered formalin.

Blood films were preserved with methanol, air-dried, and stained with
Leishman-Giemsa dye. Solid tissues were dehydrated through a graded
ethanol series, cleared, embedded in paraffin, and sectioned (5 um) on
a rotary microtome. The tissue sections were stained with hematoxylin
and eosin for microscopic examination. Pathological conditions were
recorded using both verbal descriptions and National Ocean Data Center
(NODC) standardized codes. The severity of each lesion was noted as
was 1ts distribution.

RESULTS

External Examination--Carp ranged in length from 310 to 585 mm (mean=
440 mm), and in weight from 550 to 3,580 g (mean=1,750 g). Females
were somewhat more common (54 percent) than males (46 percent). Ex-
ternal lesions were seen in only three fish, and consisted of minor
skin abrasions or, in one instance, a deformed lip.

Largescale suckers at Horn Rapids Dam ranged in length from 345 to 530
mm (mean=448 mm), and in weight from 550 to 2,035 g (mean=1,152 g).
Suckers at the Yakima River Canyon were slightly larger, ranging in
length from 385 to 677 mm (mean=479 mm), and in weight from 625 to
2,345 g (mean=1,377 g). Sex ratios were identical at the two sites
(68 percent female, 32 percent male). Twenty-six percent of the Horn
Rapids suckers had minor integumentary lesions. The lesions were
inflammatory foci which appeared to arise through traumatic injuries.
Hemorrhagic integumentary lesions were noted in 56 percent of the
suckers from the Yakima River Canyon. The lesions were more extensive
than those at the previous site. Histological examination of selected
integumentary tissues revealed extensive hemorrhagic inflammation
extending deep into underlying muscle tissue.

Internal Examination--Upon necropsy, the organs of most fish were
unremarkable to the unaided eye. The major exception pertained to
carp from Horn Rapids Dam in which 41 percent of the females had sig-
nificant numbers of necrotic (dead) eggs in the ovary. Histological
examination of these ovaries revealed follicular atresia of unknown
origin. At the time of necropsy, one female (#27) was described as
having a "very bizarre" ovary. Histological examination of the organ
revealed that the fish was a hermaphrodite, and that the unusual ap-
pearance of the gonad resulted from the co-occurrence of seminal
vesicles and ovigerous follicles. 1In addition to the ovarian lesions,
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one male carp (#28) had an enlarged, firm testis. Bistological exami-
nation revealed that the testicular tissue was extremely fibrotic.
Large areas of the organ exhibited parallel arrays of connective tis-~
sue matrix and fibroblasts. In addition, there were centrally located
necrotic foci which contained pyknotic cells and cells with irregularly
condensed chromatin, A few mitotic figures were observed. The appear-
ance of the tissue, the presence of necrotic centers, and the observa-
tion of mitotic figures suggested that the lesion was a fibroma (a
benign neoplasm of fibroblastic origin).

Carp bore no remarkable lesions with the exception of the previously
noted follicular atresia and possible fibroma. Most of the kidney
sections contalned thyroid centers consisting of colloid-filled fol-
licles. In many fish specles, thyroid follicles are found only within
cephalic tissues; however, they are a normal component of carp renal
tissue. The presence of thyroid centers was noted in the raw data
(cysts, code 002), but thelr occurrence does not represent a patho-
logical defect.

None of the carp tissues, with the possible exception of the previously
noted testicular lesion, bore neoplasms or idiopathic conditions which
were suggestive of contaminant exposure. On the contrary, the tissues
were generally unremarkable or bore minor defects attributable to
parasitism and bacterial infection.

Largescale suckers from Horm Rapids Dam enjoyed generally excellent
health. The only recurring lesion of any significance was the pres-
ence of renal and splenic granulomas, a condition found in 14 percent
of the fish. The granulomas varied in severity, but had a consistent
appearance in both organs. None of the granulomas contained visible
parasites or fungi. They may have arisen from mycobacterial infec-
tion. One fish (#77) had an unusual number of immature leukocytes in
its peripheral blood smear. The numbers of atypical cells were not
high enough to warrant classification as a leukemia; the cause of the
condition is unknown,

Largescale suckers form the Yakima River Canyon also appeared to be
healthy. Only two recurring lesions of any significance were noted:
acute dermatitis (described above), parasitic granulomas. Approxi-
mately 26 percent of the fish had hepatic and renal granulomas. These
granulomas differed from those described at Horn Rapids in their ana-
tomical location and in their morphology. The lesions at Horn Rapids
co-occurred in kidney and spleen while these co~-occured in kidney and
liver. The granulomas in fish from the Canyon frequently bore multi-
nucleated foreign-body giant cells and contained visible parasites.
The parasitic organisms appeared as packets of spherical, darkly baso-
philic cells which often seemed to be intracellular, perhaps within a
histiocyte. The organisms resembled members of the sporozoan group of
protozoa; however, in histological section it was not possible to
identify the organisms with certainty. Parasites morphologically
identical to those found within the granulomas were also seen Iin the
gills. In branchial tissues the organisms incited little or no in-
flammatory response.



No neoplastic lesions or idiopathic conditions that might be sugges-
tive of contaminant exposure were found in suckers from either location.

The seventeen fish of assorted species that were collected at Horm
Rapids bore no remarkable lesions. All appeared to be in generally
good health, with the exception of minor parasitic or bacterial
infections.

DISCUSSION

Fish sampled at two stations on the Yakima River bore no lesions that
suggested widespread contaminant effects. The only organs that might
warrant further research were the ovaries of common carp.

A significant number of female carp bore atretic (degenerating)
ovarian follicles. Follicular atresia occurs when ovarian tissues are
injured. If damage occurs during the process of vitellogenesis (yolk
formation), the follicle cells typically acquire phagocytic proper-
ties, invade the oocytes, liquefy, and then absorb the yolk granules
and ooplasm. If damage occurs after the completion of vitellogenesis,
the follicle cells usually do not become phagocytic. Instead, the egg
becomes opaque and its contents gradually dissolve. Among Yakima
River fish, the second condition was more commom.

Follicular atresia can be caused by a baffling array of factors in-
cluding environmental conditions (e.g., water temperature, photo-
period, dissolved oxygen), nutritional deficiencies, endocrine
disorders, parasitism, and contaminant exposure. Attempting to
establish cause-and-effect relationships under field conditions would
be a difficult and expensive undertaking.

In addition to the above-noted gonadal lesions, one hermaphrodite was
found and one male had a benign testicular neoplasm (fibroma). All
other organ systems in all species were either unremarkable or bore
minor legions that could be attributed to parasitic and bacterial
infections.
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GLOSSARY OF SELECTED TERMS

Atresia--Atresia (ovarian) is the degeneration or resorption of an ovarian fol-
licle before it reaches maturity.

Basophilic--Basophilic refers to those components of a cell which have a stain-
ing affinity for alkaline (basic) dyes. The most commonly used basic dye is
hematoxylin.

Fibroblast--A fibroblast is an immature fiber-producing cell of the connective
tissue. Such cells are often found at sites of chronic inflammation or scar
formation.

Granuloma~-A granuloma is a tumor-like mass of chronic inflammatory tissue with
actively growing fibroblasts and histiocytes. Granulomas are generally spheri-
cal and contain either a microorganism or a foreign body at their center.

Histiocyte-—A histiocyte is a phagocytic cell. When these cells occur in solid
tissues, they are called histiocytes or macrophages. When they occur in periph-
eral blood, they are called monocytes.

Histopathology~-Histopathology refers to the application of light or electron
microscopy to the study of tissue defects., This term contrasts with gross
pathology which refers to examination of tissue defects with the unaided (naked)
eye.

Idiopathic--An idiopathic disease or condition is one whose cause 1s unknown.

Mesangium~-The mesangium is the thin membrane which supports the capillary loops
of the renal glomerulus. In this report, an increase in the thickness of that
membrane is referred to as increased mesangial density.

Neoplasm--A neoplasm (tumor) is a new growth of cells which proliferate auto-
nomously and which serve no useful purpose.

Papilloma--A papilloma is a benign epithelial cell tumor growing from a surface.
They are most often found on the skin and on the internal (luminal) surface of
the gastrointestinal tract,

Pleomorphism~~Pleomorphism refers to morphological variability. 1In the present
study, the term was used to indicate the presence of variability in the diameter
of hepatocellular cell nuclei.

Urolithiasis~-Urolithiasis is the formation of urinary calculi (kidney stones).
The calculi are usually abnormal concretions made of mineral salts.




KEY TO HISTOPATHOLOGY DATA TABLE

SPECIES

WO, PN

SEX

[ A

ORGAN

NN WN - O

Common carp
Largescale sucker
Largemouth bass
Channel catfish
Northern squawfish
Chiselmouth
Goldfish
Smallmouth bass
Bridgelip sucker

Male
Female
Undetermined

All organs
Liver
Kidney
Spleen
Gi11

Gonad
Blood

Skin

SEVERITY

1
2
3
4

Minimal
Mild
Moderate
Severe

LESIONS

001
034
065
074
124
200
219
234
235
261
306

309
356
359
406
482

726

734
902
905
950
959

No visible lesions

Trichodinid parasites
Follicular atresia
Unidentified protozoan parasite
Unidentified parasite
Inflammation

Granuloma

Mononuclear cell infiltrate
Dark macrophage Infiltrate
Fibrosis

Increased glomerular mesangial
matrix

Necrosis

Calcium deposits

Urolithiasis

Nuclear pleomorphism
Hepatocellular 1ipid vacuoliza-
tion (NOTE: This is not a
pathological condition, but
rather it represents normal
physiological variation.)
Increased numbers of melanin-
macrophage centers
Regeneration

Cyst formation

Aneurysm

Vascular congestion

Hemorrhage

DISTRIBUTION

1 Focal
2 Multifocal
3 Diffuse
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SITE  SPECIES NUMBER LENGTH WEIGHT SEX LESIONS SEV DIST

(mm) ()
HORN
RAPIDS
DAM I | 425 1475 2 1-482 4 3
1-234 ! 2
2 S0 2100 I 1-482 4 3
4-905 I 2z
4-034 ! 2
3 585 3380 2 1-482 4 )
1-234 ! l
1-074 ! l
4-905 ! 2
4 45 2475 2 1-482 Z 3
2-219 | 2
4-034 ! 2
5-063 3 2
3 36z 1060 I 1-482 2 5
5 S30 2430 I 1-482 4 3
2-726 2 3
4-905 | }
7 445 1650 1 1-482 4 3
3-726 2 3
8 425 1530 2 1-482 2 3
' 1-234 3 I
2-234 2 |
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47 415 1425 1-482 4 3
3-726 2 3
43 430 1800 [-482 4 3
1-234 2 l
2-234 2 2
4-034 | 2
49 335 825 1-482 2 3
1-234 2 2
4-905 I 2
30 330 830 1-482 2 3
4-905 2 2
HORN
RAPIDS
DAM 2 S1 470 1130 1-482 4 3
=309 3 2
S2 445 800 1-482 I 3
1-219 3 2
2-219 4 2
3-219 4 2
33 466 1100 1-482 2 3
1-234 2 2
34 435 1000 1-482 4 3
1-234 2 |
2-234 3 2
3-930 2 3
335 410 925 1-482 3 3
3-950 2 3
7-200 3 !
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g6 435 1275 [-482 2 3
1-219 2 |

1-309 2 2

2-726 2 k)

2-219 2 I

97 443 1200 1-482 3 3
3-726 2 3

3-219 2 l

4-905 2 2

98 4435 1130 1-482 2 3
1-219 2 I

2-726 2 3

2-219 2 2

99 430 1130 1-482 2 3
1-234 2 2

100 406 1130 =432 4 3
1-219 2 2

2-210 2 |

YAKIMA

CANYCON 2 101 335 2105 1-482 4 3
1-219 3 2

2-219 3 2

3-930 2 3

102 440 1000 1-482 2 3
1-234 2 2

2-726 3 3

2-234 2 I

103 435 1325 1-482 4 3
7-939 3 l
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