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ABSTRACT

PESTICIDE RESIDUES IN COHO SALMON EGGS
AND THEIR RELATIONSHIP TO EGG AND
FRY MORTALITY

By

Charles Henry Pecor

During the fall and winter of 1968-69, the pesti-
cide residues in eggs of coho salmon and the mortality of
eggs and fry were investigated. Fertilized egg samples
were collected from 104 individual female salmon from
four Lake Michigan streams, two Lake Superior streams and
one Oregon stream, An additional 96 egg samples were ob-
tained for pesticide analysis only.

Four major pesticide residues were identified and
quantified in the salmon eggs: p,p'-DDT, p,p'-DDD,
p,p'-DDE and dieldrin. The total concentration of these
four pesticide residues in Lake Michigan eggs was approxi-
mately 6 times higher than those in Lake Superior eggs
and approximately 55 times higher than in the eggs from
Oregon.

Among the three systems, the mortality of fry in
Lake Michigan groups was higher than in Lake Superior and

Oregon groups. The Lake Michigan fry mortality was
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characterized by loss of equilibrium, erratic swimming
and prolonged convulsions in response to a disturbance.
The symptoms and mortality appeared abruptly during the
final stage of yolk-sac absorption. Mortality among Lake
Superior and Oregon fry occurred at an earlier age and
did not show these symptoms.

Statistical analysis of the mortality data on the
eight fry groups within Lake Michigan did not show a
correlation between pesticide residue concentration in
the eggs and mortality of fry with the exception of one
group. However, pesticide residue content and mortality
among Lake Michigan fry were both significantly lower in
samples collected later in the spawning run.

No statistical relationship was found between
pesticide residue concentration in the eggs and amount
of fat in the eggs, parent fish length or egg mortality.

Although the data did not show a statistical
correlation between pesticide residue concentrations and
fry mortality, it did show substantial circumstantial
evidence to support the relationship and the results also
suggested that other toxic materials or unknown factors

may be involved in the fry mortality.
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INTRODUCTION

General
Effects of pesticides on reproduction in fish
through chronic exposure to sublethal concentrations have

been shown to occur in nature. Burdick et al. (1964)

concluded the mortality of the lake trout fry (Salvelinus

namaycush) in hatcheries from several New York State
lakes occurred when the ether extract of eggs contained
2.9 ppm or more DDT based on the wet weight of the fry.
Cuerrier et al. (1967) found that when levels of DDT and
metabolites exceeded 400 ppb in trout eggs, fry mortality
ranged from 30 to 90 percent in the 60-day period follow-
ing the swim-up stage. Kleinert (1967) indicated a
possible association between DDT levels in the eggs and

the mortality of walleye (Stizostedion vitreum) eggs

from several Wisconsin lakes, and Johnson and Pecor

(1969) reported DDT residues were a possible cause of

high mortalities of coho salmon fry in Michigan hatcheries
during 1968. Anderson and Everhart (1966) also reported

high DDT residues in landlocked salmon (Salmo salar) in

Lake Sebago, Maine and a failure of recruitment, but
did not observe an abnormal mortality of hatchery

reared fry.
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Several laboratory studies have documented effects
of pesticides on fish reproduction. Allison et al. (1964)

in long-term tests with cutthroat trout (Salmo clarki)

found the mortality of developing fry increased in lots
where the females were exposed to higher doses of DDT.
Macek (1968) reported fry from brook trout fed higher
doses of DDT suffered a greater mortality during the
eight weeks following hatching. Johnson (1967) found

abnormalities developed in medaka (Oryzias latipes)

embryos when the females were exposed to 0.03 ppb endrin
or dgreater.

Other laboratory studies, with live bearers
(viviporous species), have also shown effects of pesti-
cides on reproduction. Mount (1962) stated that endrin
in concentrations as low as 0.5 ppb curtailed repro-

duction in guppies (Lebistes reticulata). King (1962)

found DDT did not prevent reproduction in guppies but
many were born dead or died within several hours.
Boyd (1964) also found different insecticides may

cause mosquitofish (Gambusia affinis) to abort.

A number of workers have reported there is a
critical period during the development of the fry when
mortality occurs (Allison et als ,1962; Burdick et al.,
1964; Currier et al., 1967; Johnson, 1967; Kleinert, 1967;
Macek, 1968). The critical stage varies with species,

temperature and possibly other parameters not yet



determined but the mechanism is assumed to be the same.
It has been hypothesized that DDT and other persistent
chlorinated insecticides, because of their high solu-
bility in lipids, are concentrated in the conspicuous
0il globules of fish eggs. It is further hypothesized
that organochlorine pesticides are released from the
yolk to the fry during the last stages of development.
Smith (1957) reported that the triglyceride lipids are
metabolized at this stage of development. It is during
a similar critical period or stage of development that
the coho fry from Lake Michigan experienced a high mor-

tality (Johnson and Pecor, 1969).

History of Michigan Salmon

In the fall of 1964 the Michigan Department of
Natural Resources received its first shipment of eyed

coho salmon (Oncorhynchus kisutch) eggs collected from

the Columbia River at the Bonneville Dam, Oregon. The
fry were reared in Michigan hatcheries until the spring
of 1966 when 650,000 were released in two streams
(Platte River, Benzie Co. and Bear Creek, Manistee Co.)
in the Lake Michigan drainage and 200,000 in the Big
Huron River (Baraga Co.) in the Lake Superior drainage.
In the spring of 1967 2.2 million smolts reared from
coho eggs collected at the Cascade River, Oregon and
the Toutle River, Washington, were released in four

Lake Michigan tributaries (Thompson Creek, Schoolcraft






Co.; Platte River, Benzie Co.; Little Manistee and Bear
Creek, Manistee Co.) and one Lake Superior tributary
(Big Huron River, Baraga Co.).

The fall of 1967 produced the first successful
spawning run of mature coho salmon in Michigan. Approx-
imately eight million fertilized eggs were colleéted at
the Platte River, Bear Creek and Big Huron River egg-
taking stations and distributed to hatcheries throughout
Michigan. 1In 1968, 1.95 million émolts were released in
19 Lake Michigan streams, 8 Lake Superior streams and
4 Lake Huron streams. In the fall of 1968 approximately
eight million fertilized eggs were collected from the
second mature run of coho salmen and distributed to
Michigan hatcheries.

The coho salmon has a three-year life cycle.
Juvenile coho salmon are released as smolts when they
are approximately 18 months old and four to six inches
in length. Mature adult salmon after 18 months in Lake
Michigan ranged in size from seven to eleven pounds and
two to four pounds in Lake Superior.

In 1969 attention was focused on the existing
pesticide residue levels in Lake Michigan fishes when
the Federal Food and Drug Administration confiscated a
large shipment of coho salmon because of high total DDT
residues. Recent studies in selected areas of the

Great Lakes have shown the presence of pesticide
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residues in all vertebrate, invertebrate and sediment
samples tested (Hickey et al., 1966; Federal Water
Pollution Control Administration, 1968; Brown and
Hughes, 1969). Carr and Reinert (1968) found DDT
residues in the flesh of all species of Great Lakes
fishes with the residue levels in Lake Michigan fish
two to four times higher than those from the other
lakes. The eggs of coho salmon from Lake Michigan
have total p,p'-DDT, DDD and DDE residues ranging from
3.5 to 7.3 ppm and p,p'-DDT residues of 1.0 to 2.5 ppm
(Johnson and Pecor, 1969; Carr and Reinert, 1968;
Reinert, 1969).

The recent discovery of the presence of poly-
chlorinated biphenyls (PCB's) in tissues of aquatic
organisms and wildlife from various locations around
the world (Koeman et al., 1969; Holmes et al., 1967;
Reynolds, 1969) has led to some confusion regarding the
identification of pesticide residues. PCB's may inter-
fere with gas-liquid chromatographic analysis of chlori-
nated hydrocarbon pesticides by producing residue peaks
with retention times exactly the same as pesticide
residue peaks. Lichtenstein et al. (1969) has also
demonstrated the potential toxic interaction of PCB's
with DDT and dieldrin in insects. Veith (1970) has
shown that chlorophenyl compounds are present in fish

from the Milwaukee River and Lake Michigan with



concentrations as high as 405 ug/gm body weight.
Studies are currently underway at Michigan State Uni-
versity, Pesticide Research Center, to develop methods
of analyzing for the compounds and to evaluate the
effects of these compounds in the environment.

In 1967 the Michigan Department of Natural
Resources reported an abnormally high mortality of
coho salmon fry in their hatcheries. The mortality
was restricted to fry from Lake Michigan sources.
Similar mortalities were reported in other states where
Lake Michigan salmon eggs were reared. Total losses
in Michigan during this period accounted for 680,000
fry or approximately eleven percent of the original
number of eggs collected (Michigan Department of Natural
Resources, 1968).

The fry mortality occurred one to four weeks
after absorption of the yolk-sac, depending upon the
rearing temperature (Michigan Department of Natural
Resources, 1968). The mortality commenced during the
fifth week after hatching, increased to peak numbers
during the sixth and seventh weeks and decreased by
the end of the eighth week. 1In each case the mortalities
followed the same pattern relative to the development
stage of the fry. The mortalities occurred during the
period when the fry were undergoing a transition from

dependence on yolk nutrition to hatchery diet.



The fry mortalities were characterized by erratic
swimming, loss of equilibrium, hypersensitivity and
cessation of feeding. Many of the affected fish turned
dark but this was not considered to be a specific symptom
because many light-colored fish were also affected.
Death usually followed one ro five days after the onset
of symptoms. The affected fry gradually weakened, sank
to the bottom, many in peculiar flexed positions, and
died. There were no external or internal lesions
observed although some did show degeneration of liver
and kidney tissues but with no apparent correlation with
fry mortality.

Fry reared from Oregon and Lake Superior eggs
did not suffer unusual mortalities and no evidence of
symptoms were observed in these groups even when they
were reared in the same hatcheries with Lake Michigan
fry.

Samples of affected and non-affected fry were
examined by pathologists at the U.S. Fish and Wildlife
Service, Eastern Fish Disease Laboratory in Leetown,
West Virginia. No evidence of an infectious disease
was found in the samples examined (Dr. Kenneth Wolf,
personal communication). Additional tests by fish
pathologists of the Michigan Department of Natural
Resources failed to show any specific pathogen associ-

ated with the mortality. The absence of any apparent






bacterial or viral diseases led to speculation that
insecticide contamination was a possible cause of the

fry mortality.

Objectives

During the fall and winter of 1967-68 a study
was undertaken at Michigan State University to examine
the pesticide residues accumulated in the eggs of the
first mature run of coho salmon in Michigan and the
possible effects these residues might have on the off-
spring (Johnson and Pecor, 1969). Results from this
study showed the presence of pesticide residues in all
egg samples and a possible correlation between pesticide
residues and the mortality of the fry. This study was
regarded as preliminary and exploratory. The present
study was initiated in June 1968 and continued through

July 1969. The major objectives of this research were:

(1) Determine the identity and concentration of
specific pesticide residues in coho salmon eggs
from Lake Michigan, Lake Superior and Oregon

stocks;

(2) Determine the relationship of pesticide residues
in the eggs of individual coho salmon to:
(a) home stream or location sampled

(b) size and age of parent fish






(c) sampling date

(d) mortality of eggs and fry



MATERIALS AND METHODS

Field Collections

Sampling locations and
schedules

This study was based on egg samples collected
from coho salmon in Michigan during the fall and winter
of 1968-69. Samples of coho salmon eggs were obtained
from all major streams tributary to Lake Michigan and
Lake Superior in which mature spawning runs were expected.
This included the Platte River, Bear Creek, Little
Manistee River and Thompson Creek in the Lake Michigan
watershed; and the Big Huron River and Cherry Creek in
the Lake Superior watershed (Figure 1). A shipment of
coho salmon eggs from the state of Oregon was received
by the Michigan Department of Natural Resources to
supplement Michigan plants of salmon. Samples of these
eggs were obtained from the Oden State Hatchery at
Oden, Michigan to serve as controls for this study.

Egg samples were collected at hatchery or egg-
taking stations on each of the streams in conjunction
with routine spawning operations by state hatchery

personnel. With the exception of the eggs from the

10
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Figure 1. A map of Michigan showing the location of
all the streams sampled during the 1968

spawning migration of coho salmon in
Michigan.
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Big Huron River and Oregon, all the samples consisted of
fertilized eggs from individual females for comparison
of hatching success and fry survival with corresponding
subsamples taken for pesticide analysis. Approximately
500 fertilized eggs were obtained from each female.
Samples of unfertilized eggs were also collected from
additional females for pesticide analysis. The Big
Huron River and Oregon samples consisted of single
samples of approximately 2,000 eyed eggs each from a
large number of individual females (Table 1l). Four
subsamples of approximately 50 eyed eggs were collected
from each for pesticide analysis and the remaining eggs
were reared in the laboratory.

An attempt was made to sample each stream during
the early, peak and late periods of the spawning runs.
However, the unpredictable timings of the runs prevented
such a sampling schedule. Samples were obtained at the
beginning of the runs and again every 3 to 5 weeks until
the spawning migrations were complete. The dates samples
were collected are shown in Table 1.

Additional samples were collected from the Platte
River for pesticide analysis only. Unfertilized egg
samples were obtained weekly for the duration of the
coho salmon run in that river, extending from September 19

to November 14, 1968 (Table 1).



A
- ¥ sertdwes
ET—-0T 89—/ T—-6 pPaTdwes o3 ecr
31D vuosdwory,r,
INAVE R U SR I SRV SN S o




S90IN0Say TeanjeN JO Juaurrxedsaq uebTyosTW Aq ps3zo9T1T0o satduwes
¥ X%

(ATuo stsiATeue aprtoTrisad I0J 2I9M paxsTaajlse jo0u saTdwes) saTdwes pazTITIISJI
¥

a1dwes a31sodwoo pPo399TT0°
* satdues
69-€~T patdwes ajeq
KIxsyos3zey uspo
NODTIO

aTdures 23Tsodwod 0T’ OT pPo309TT00
* ¥ satdues
69-0Z-1 89-T-T1T pardwes a3eq
I9ATY uoxny HT1g
pue 291D Axasyd
J0oId3dns dIayv1l

<
— 0T’ OT 0T’ OT 8 8 9 0T’ 0T S L 9 9 pP9309TTOD
¥ ¥ X ¥ ¥ X% X ¥ ¥ X ¥ X ¥ ¥ ¥ X ¥ mQHQE.mm
69-%~T ¥T-TT <2T-TT G-IT ¥Z-0T LT-0T OT-0T %-0T GZ-6 89-6T1-6 patdures ajeq
ISATY 933eTd
0T’ 0T 2T’ 0T Z1 p@30aT 100
¥ ¥ satdures
€T-2T1 ¥Z-0T1 89-€-01 peTdwes a3eq
y99I) Ieagq
0T’ 0T 6’ 6 L' ¢ 9 €1 pP9309TT0D
¥ ¥ ¥ sotdures
€1-2T L-TT vZ-0T 0Z-6 89-L-6 patdues a3eq
*y @o3sTUCK OT3IITT
TIT’ 0T ST’ 0T pa3091T0Od
¥ * soTdwes
€1-0T 89~LT-6 paTdwes ajeq

y99x) uosdwoy,
NYDIHDIW 3MVI

*UOWTRS OYod JO unx g§96T 9Y3 Hbutanp
po3oaTT0o sardwes 3Jo odA3 pue Jaqunu aYy3 Y3TIM SuoTi}edOoT pue sajep burrdwes °1 IIgvl



~—

(24

v



15

Sampling procedures

Eggs from individual "ripe" females were gently
stripped into a porcelain pan. A subsample of eggs for
pesticide analysis was taken at this time. The remaining
eggs were fertilized with milt frcm two to three males,
rinsed several times and placed into two-quart glass
jars filled with river water. The jars were then packed
in insulated boxes for transit to the laboratory. 1In
each case, samples from individual females were main-
tained separately.

Eggs fertilized in the field from streams in the
lower peninsula of Michigan were placed in the incubator
within 6 hours after fertilization and those from the
upper peninsula were placed in the incubator approxi-
mately 12 hours after fertilization.

The samples for pesticide analysis consisted of
100 to 150 unfertilized eggs from each female. The
sample was procured from the posterior end of one of
the two ovaries if the eggs were "green" (eggs attached
to ovary) or by a random sample of both ovaries if the
eggs were "ripe" (eggs lying free in body cavity). The
eggs were placed in sealed polyethylene bags with
caution to avoid water and ovarian fluid, and imme-
diately frozen over dry ice. Samples were maintained

in frozen condition until analysis.
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The data recorded for each female included its
fork length and its total weight. A scale sample from
each female was also obtained from the region between
the anterior edge of the dorsal fin and the lateral
line. The age of each female fish samples was deter-
mined from the seasonal annuli formation of the scales
(Rounsefell and Everhart, 1953). Four or five scales
from each fish were washed and mounted between two
microscope slides. The scales were then projected using

a micro-projector and a 43X objective.

Hatchery Procedures

Incubation of eggs and early

fry

The samples of fertilized eggs collected in the
field were reared in the laboratory at Michigan State
University in a l6-tray salmon egg incubator. Each tray
was subdivided into four equal compartments with a fiber-
glass screen material. Thus the incubator had a capacity
to contain egg samples from 64 individual females.

The incubator, supported over an insulated 715-
liter capacity reservoir, comprised a semi-closed
recycling water system. Two submersible pumps delivered
water to the incubators at approximately 7.6 liters/minute.
The water entered the top of the incubators traversed

down through all the trays and emptied back into the
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reservoir. The recycled water in the reservoir was con-
tinuously recharged with fresh water at a rate of
approximately 26.5 liter/hour.

The water supplied to the incubator system was
treated East Lansing municipal well water which was
passed through an activated charcoal filter to remove
residual chlorine and sediments. The water in the
incubator system was maintained at 10.2 ha 0.1°C by a
portable refrigeration unit.

Fertilized egg samples received at the laboratory
were acclimated to the 10.2°C water temperature of the
incubator at a maximum rate of 2.0°C/half-hour. After
acclimatization to the water temperature, individual
samples were gently poured into separate compartments
in the incubators. The number of eggs in the samples
usually covered the bottom of the compartments with one
layer of eggs.

The incubator was in continuous operation from
early September 1968 to early April 1969 when the last
of the sac-frywere transferred to rearing tanks. The
dissolved oxygen content of the water for this period
ranged from 8.8 to 10.8 ppm as determined by weekly
oxygen analysis. There was no measurable difference
between the dissolved oxygen content of the water enter-
ing at the top of the incubator and the water leaving

the incubator at the bottom. Analysis of a water sample
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collected from the reservoir in February 1969 showed a
pH of 7.95 and a total alkalinity of 320 ppm. Chlorine
was not detectable (Table 2).

Records of mortality for each of the egg samples
were maintained on a biweekly schedule throughout the
57 days of development in the incubator, except for the
first 16 days after fertilization when the eggs were too
sensitive to examine. Dead eggs were recognized by the
appearance of white coagulated yolk material. Unfertil-
ized eggs were characterized by a lack of embryonic
development. The mortalities after hatching and before
swim-up were recorded as dead sac-fry.

Early mortality records were not available for
the composite samples from Oregon and the Big Huron River
because the eggs were received only a few days before
hatching. Complete records of mortality during incu-

bation were obtained for all other samples collected.

Fry rearing

The facilities for rearing coho salmon fry con-
sisted of four 2.5m X 0.6m X 0.6m insulated tanks. Each
tank was subdivided into 20 chambers by three rows of
baskets. Each basket measured 25cm X 18cm X 30cm and
was made of 0.32mm mesh nylon netting. The baskets
were suspended in the tanks by rods traversing the

width of the tanks. Rectangular glass-rod frames were
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TABLE 2. Water analysis data for the carbon filter dis-
charge (August 1968) and reservoir water

(February 1969).

Concentration®
Filter Reservoir
pPH 7.5 7.9
Total alkalinity 310 320
Hardness 362 380
Redox potential -50 —-——
Dissolved oxygen 1.0 8.8-10.8
Free CO2 18.0 7.0
Cl ND < 40 ppb ND < 40 ppb
PO4 total 0.9 1.0
Temperature 11.5 10.2

*
All units in ppm with exception of pH, redox

potential (mv at 20°C) and temperature (°C).

ND = Not detected < 40 ppb
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placed in the bottom of the baskets to maintain the
desired position and shape.

The water supplied to the tanks was the same
as that supplied to the incubators (Table 2). Polyvinyl
chloride (PVC) plastic pipe was used to construct a
water distribution system that allowed a controlled flow
of water to be jeted into each of the baskets. A total
flow of approximately 6 liters/min. was maintained
through each of the tanks. The dissolved oxygen con-
tent of the water remained nearly constant at 6.5 ppm I
0.5 ppm and the temperature ranged from 11.5°C to 12.5°C.

Two weeks after hatching, approximately 57 days
after fertilization, subsamples of 100 fry selected at
random from each sample were transferred from the
incubator to the rearing baskets. The fry at this
time had a visible yolk-sac and had not yet started to
feed. The fry were offered ground beef liver 3 times
daily for the first week until they were actively feed-
ing. At this time the liver diet was replaced with an
Oregon Moist pellet (3/32 in.) which was ground to a
fine consistency. The Oregon Moist diet was supplemented
with ground liver one to three times weekly throughout
the rearing period.

The condition and behavior of the fry in each
basket were observed every two days and the mortalities

were recorded. The fry were reared under uniform
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conditions so peculiar behavior or mortality of the fry
could be identified. All dead and dying fry were pre-
served in 10 percent formalin. Fry remaining at the
end of the experiment also were preserved.

All eggs and fry were handled similarly and
exposed to the same hatchery procedures and water
temperature regime. The single exception to these
conditions was the first ten samples of Thompson Creek
fry. These fry were reared in ten gallon aquaria divided
by a plastic screen so that two groups could be accom-
modated in one aquarium. The water temperature of these
groups ranged from 13°C to 15°C. This difference from
the other rearing groups was reduced by reporting mor-
tality on the basis of "degree day" (degree day or

temperature unit = [degrees F - 32] x days).

Analytical Methods

Extraction and cleanup of
pesticide residues in
salmon eggs

All organic solvents used in the extraction,
cleanup and analysis were redistilled to remove inter-
fering artifacts (Appendix I). Glassware was washed in
hot water and detergent, rinsed once with distilled
water and twice with acetone.

The egg samples were thawed and a subsample of

approximately 20 unbroken eggs was removed, blotted dry



)

(&4



22

and weighed to the nearest 0.0001 gram. The eggs were
mixed with approximately 20 grams of anhydrous sodium
sulfate and 2 grams of clean ignited sand, and ground

to a dry powder with a mortar and pestle. After thorough
grinding the sample was extracted with four 20 ml portions
of 94:6 petroleum ether:diethyl ether and the fractions
were collected in a 125 ml erlenmeyer flask.

A standard Florisil column (Mills, 1959) was
used in the clean-up procedure. The Florisil was
reactivated at 150°C for at least 24 hours prior to
use. Approximately 6 grams of activated Florisil was
poured into a 25 mm diameter chromatograph column
followed by 3 grams of anhydrous sodium sulfate. The
column was prewetted and rinsed with 50 ml of petroleum
ether which was discarded.

The total extract was added to the Florisil
column. The flask which contained the extract was
rinsed twice with 10 ml portions of petroleum ether
which were added to the column. The column was eluted
with 100 ml of 94:6 petroleum ether:diethyl ether and
the eluate (total approximately 200 ml) was collected
in a round bottom flask as the first fraction. The
column was then eluted with 300 ml of 85:15 petroleum
ether:diethyl ether (the diethyl ether contained 2 per-
cent ethyl alcohol) and this second fraction was

collected in a separate round bottom flask. The flow
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through the column was maintained at approximately

6 ml/minute. Each fraction was then evaporated to

3 or 4 ml on a rotary evaporator and quantitatively
transferred to graduated centrifuge tubes. The first
eluate (6 percent EE/PE), which contained all the pesti-
cide residues except dieldrin, aldrin and endrin, was
suitable for gas-liquid chromatography (GLC) without
further clean-up.

The second eluate fraction (15 percent EE/PE)
which contained the remaining pesticide residues was not
suitable for GLC without additional clean-up. The
second fraction was saponified with 20 percent alcoholic
(95 percent EtOH) KOH and then partitioned with petroleum
ether (Mills, 1961). Approximately 5 ml of alcoholic KOH
was added to the sample and then the centrifuge tube and
contents were placed in a hot water bath (80°C) for about
45 minutes. The contents were then transferred to a
125 ml separatory funnel containing 50 ml of distilled
water and 20 ml of petroleum ether, and gently shaken
for one minute and allowed to stand until the two phases
separated. The aqueous layer was drained into a second
separatory funnel conta<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>