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ABSTRACT

Breeding communities of flagfish (Jordanella floridae) were ex-
posed to adjusted pH levels of 6.0, 5.5, 5.0, 4.5 and 4.0 for 2] days.
Control water (pH 7.5) received no acid treatment. Egg production was
significantly reduced (p<.05) at pH 6.0 relative to control,; and a ter-
minatjon.of spawning occurred below this test level. Control eggs
were incubated at test levels where spawning had not oecurred. Hatch-
ing success was impaired at pH 4.5 with a significant decrease (p<.01)
at pH 4.0, Hatching time was variable but no significant relationship
was found between hatching time and hydrogen ion activity.

Fry mortaliﬁy was :significantly increased (p .01) with decfeas-_
ing pH betweén treatmenf gioups pH 6.0, 5.5 and S.O. All ffy died'wiih-
in 72 hours at pH 4.5 and no fry survived the first 24 houré at pH 4.0.
The final mean weights and lengths of the fry were significantly re-
duced (g<.01) at pH 5.5 relative to control.

Spawning resumed within three days following the return of the pH
4.5 test levels to control conditions. A histological examination of
the ovaries frombthe control and pH 5.5 females revealed no obvious
differences.

Results of the present'étudy.cqnéur with other reproductiye'in-
vestigations 6f flagfish, Srook trout and fathead minnows indicating

a pH decline below 6.5 may result in reproductive impairment.
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INTRODUCTION

Bodies of water within the pH range 6.5 to 8.5 harbor the most suc-
cessful fish populations (Welch, 1952). Field studies of certain water-
ﬁays however, have revealed an accelerated deéline in pH accompanied
by a decrease in thg populations of various aquatic organisms (Sprules,
1975; Beamish, 1974a; Hagen and Langeland, 1973; etc.). These obser-
vations have prompted a full scale investigatipn into the poSsibie acid
sources and their long term effects.

It has been demonstrated that a wide variety of industrial activ-
ities are responsible for the accelerated pH decline found in many bod-
ies of water around the world.

Decreased recfuitment of young fish int; a population has been '
cited as the primary factor leading to the gradual extinction.of fish
populations in acidified waters. Failing fecruitment has been éttributed
to:the inabilit? of females to attain spawning conditions'(Beamish and
Haévey, 1972) and to'é'selective lethal effect on the egg and fry stages
(Jensen and Snekvik, 1972).

The present study was conducted to determine the site of impair-
ment in the reproductive cycle of flagfish (Jordanella floridae) and

establish the felationShip between decreasing pH and the concurrent

decline in fish populations.



LITERATURE REVIEW

Acidification of natural waters

Natural‘acidificatibn

Natural waters ohtain vast quantities of chemicals from their con-
tact with the various types of soils; some are acquired through runcff
and others from the substrate. Owing to the great variety of substances
which makes contact with water, numerous compounds may be present which
contribute ionized hydrogen.

Some inorganic contributors are: the hydrolysis of multivalent
metal ions (Welch, 1952); bacterial reduction of sulfate to HZS (Dugan,
1972); bacterial oxidation of HyS to H2804 (Reid, 1961); and, oxidation
of pyrites found in both clay and coal-bearing strata (Ruttmer, 1963).
Another important source is sphagnum, which is known to accumulate sul-
fur from the atmosphere and release it as sulfuric acid (Reid, 1961).
Volcanoes and certain hot springs may yield acidic waters by adding
gases such as HC1 and SO, (Ruttner, 1963).

There are also numerous organic sources which contribute to the
acidification of water. Anaerobic decomposition of organic material
yields methane gas which can undergo oxidation and contribute ionized
hydrogen. The ability of carbon dioxide (COZ) to combine with #ater
(H,0) to form carbonic acid (H,CO;) (Reid, 1961), makes it one of the

most important acidic constituents in natural waters (Stumm, 1970). Bio-



logical activities such as photosynthesis, respiration and bacterial
decomposition, és well as the physical occurrences of turbulence and
ground seepage, influence pH through their respective abilitieé to de-
crease or increase the concentration of dissolved co,. Extremely  acidic
condifions are not generated by organic matter however, as carbonic
acid is predominantly unionized below a pH of about 6.4 (Barnes ;nd

Romberger, 1968).

Acidification by industrial wastes

A variety of'gcids are constituents of»many industrial effluents
(Doudoroff and Katz, 1950)'and in many instances are dischargea]directly
into adjacent waterways.

. Coal mining activities exposing pyrite and marcasite (Fésé) have.
also resulted in ﬁhe acidification of many of thernatural watéfways.
ifohrpirite‘présent in the coal-bearing rock, oxidizes in'the presence
of oxygen and water to produce ferrous sulfate (FeSOa) and sulfuric
acid. Further oxidation produces ferric hydroxide [Fe(OH)3] and liber-
ated hydrogen (Barnes and Romberger, 1968). Other reaﬁtiqn mechanisms
resulting in the production of ionized hydrogen have been described by
Hanna (1963) and Barnes and Clark (1964). Cohséquently, rainfall and
the resultant gr;und seepage that comes in contact with the exp&sed‘
coal, becomes highly acidified'and eventually incorporétéd'into the
neighboring waterways. This‘rapid acidification has resulted in a'sig—

nificant reduction in aquatic flora and fauna in many bodies of water



and a complete obliteration in others (Jewell, 1922; Lackey, 1939;
Parsons, 1952; Carrithers and Bulow, 1973; Nichols and Buléw, 1973).

Inasmuch as atmoépheric contaminants have been shown to be trans-
ported in substantial amounts over distances of 1000 to 2000 km (Over-
rein, 1976), the focus of attention has been directed to the sources
and potential envirommental hazards they represent. Precipitation in
southern Norway, Sweden and Finland contains large amounts of H+, S04~
and NO3~ that originate as air pollutants in the heavily industrialized
~areas of Great Britan and central Europe (Holt-Jensen, 1973; Hagen and
Langeland, 1973; Wright et aZ., 1976). As a result of the increase in
atmospherié H,S0,, many lakes in soutﬁeastern ﬁdrway have a pH below
5.0 and sulfate has réplaced bicarbonate (HCO3-)'as the ﬁajbr.anioﬁ
(Wfight*and .GjeSSing; 1976). Sudbury, the worlds largest sinéle source
of‘atmospheric S0, (Summers and Whelpdale, 1976) emits to the atmos-
phere one millionltons of sulfur per annum, chiefly as SOp (Gorham and
Gordon, 1960). This magnitude of 80, emission is reflected iﬁ the sur-
roﬁnding watershed where many lakes have a pH of 1ess»than 4.5 (Beamisﬁ
and Harvey, 1972).

" Many shield lakes and those found in the southern Scandinavian
countries are largely oligotrophic or dystrophic lakes with low buf-
fering capacity (Hagen and Langeland, 1973); With the accumula;ion of
acidic air pollutants iﬁ'snow (Beamish and Harvey, 1972; Elgmork et al.,
1973; Hagen andﬁLangéland; 1973; HothJensen, 1973), these poorly buf-
fered lakes undergo rapid pH declines in the surfacevlayers dﬁ;ing the

critical spring runoff period (Hagen and Langeland, 1973; Hultbﬁrg, 1977).



Atmospheric¢ sulfur oxides are derived principally from the com-
bustion of fossil fuels and the smglting of minerals containing sulfur
1mpuritiés. During combustion, sulfur compounds are oxidized to sulfur
dioxide and very sméll amounts of sulfur trioxide (Revelie, 1974). The
SO2 produced»iﬁ the combustion process is emitted from the stack. There

is no evidence to suggest that SO, in the atmosphere could cause adverse

2
affects in man at the concentrations now present in urban air (Cheng

et al., 1971). However, studies of'atmospherié chemistry have shown that
SO2 doeg not’remain.gnaltergd_in the atwosphe:e, but is converted fo
sulfuric acid (Cheng et al., 1971).

7 The atmospheric oxidation of 802 to stoalinvolvés both ﬁéter and
dissolved oxygeﬁ (Foster, 1969). As the rate and'éubseQuent yield of
this reaction is extremely sloﬁ, it has been suggested that ﬁhe“atmos-
phgfié oxidation of SO, involves othé: féaction processes. The mdsg im-
portant‘are: phbtdéhemical oxidation (Cox and Penkett, 1970; Gerhard

“and Johnstohe, 1955);'cétalytic oxidation (Cheng et al.; 1971)§‘and

catalyic oxidation in the presence of ammonia (NHj) (Junge and Ryan,
1958; Scott and Hobbs, 1967).

Alﬁﬁpugh the exact mechanism of-SO2 conversion remains somewhat
in question, the‘resultant product (sulfuric acid) and ifé biological
implications have been fully realized. The faét that sulfur fallout
can occur up to several thousand kilometers from the emission s&urce,

the biological impact not only exists near industrialized areas, but

in many remote areas around the world.



Effects of depressed pH on fish -

The loss of fish populations from unexploited lakes, aécompanied‘
by a corresponding decliﬁe in pH, has been demonstratedrin many areas
around the world (Harrisoﬁ'719589 Jenseﬁ énd Sﬁékvik :1972°‘Beaﬁish |
l974a, Nichols and Bu}ow, 1973; Almer et al., 1974; Schofield, 1976).
Attempts to determine the toxic nature of increased hydrogen ion act-
ivity in the environment reveal that several factors need be taken.in-"
to consideration. The degree of toxicity at a given pH level varies
from species to species (Beamish and Harvey, 1972; Almer et al., 1974),
within individuals of a given species (Dunson and Martin, 1973; Rob-
inson et al., 1976; Falk and Dunson, 1977), with size and maturity
(Packer and Dunson, 1972; Robinson et al., 1976), with water hardness,
alkalinity and diséolved CO2 (Lloyd and Jordan, 1964; Mount, 1973;
Nichols .and Bulow, 1973) and with water temperature (Kwain, 1975; Rob-
inson et al., 1976). There is, howevef, sufficient information avail-
able to allow some general conclusions to be made concerning the range
of acidity that is aéceptable/to fishes. Based on intensive éqrveys
(Ellis, 1936; Doudoroff and Katz, 1950; etc.), The Eﬁropean Inlaﬂd
Fisheries Advisory Commission (1969) have established that most fresh-
water fishes can live in waters above pH 5.0. The suitability of water
close to pH 5.0 however, is questionable for the succeésful réproduct—
ion of the more sensitive species.

The loss of fish species from a given body of water may bé at-

tributed to one of two.factors: a direct lethal effect on the existing:
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fish; or, the failure of young fish to be recruited into the population
(Beamish, 1974a). Consequently, the effects.of depressed pH on fish will
be reviewed under two subtitles: 1) The effect of sublethal exposure

ievels, 2) The toxicity of lethal exposure levels.

1) The effeét of sublethal exposure levels

Recruitment failure generally reduces the population of a givén
body of water before the pH reaches levels low enough to kill the lar-
ger fish. This decline is made apparent by the fewer, but larger fish-
es caught (Jensen and Snekvik, 1972; Hagen and Langeland, 1973). Re-.
cruitment failure has been attributed to the inability of the females
to attain spawning cgnditions (Beamish and Harvey, 1972) and a select-
ive lethal effect on the egg and fry stages (Jensen and Snekvik, 1972).
Beamish and Harvey (1972) point out however, that at a given pH level,
all species are not equally affected. The decline in numbers of the
various fish species occurred at different times during their study as
the water becamé increasingly acidic. Studies in fish hatcheries in
southern Norway revealed that salmon species fail to spawn when the»pH'
falls below 5.0. In the pH range 4.7 to 4.8, trout species also stop
spawning (Holt-Jensen, 1973). Johansson and Kihlstrom (1975) suggested
that it might be possible for pike species to spawn within the pH
range 4.0 to 4.5.

Tolerance to acidic conditions does in fact vary from spééies,to

species (Beamish and Harvey, 1972; Almer et al., 1974), but the level



of acidity within their sublethal range appears to determine the effect..
At pH 5.2 the anthead minnow (Pimephales promelqs) failed to spawn, but
a gross examination revealed the females were heavy with eggs and sex-
ually mature (Mount, 1973). Mount (1975) reporte& good egg production

at the pH‘5.9 test level, but the eggs wére extremély fragilé and there_l:
was a marked decrease in per cent hatch. Chronic tests conduc;ed with
brook trout (Salvelinus fontinalis) in acid vaters are also in agree-
ment (Menendez, 1976; Smith; 1978). Down to pH 5.0, brook trout egg
production remained relatively high. Thg lethal effect at pH 5.0 and
above was on the hatchability of eggs and on fry survival. Similar ob-
servations were made by Craig and Baksi (1977) when mature flagfish
(Jordanella floridae) were exposed to a depressed pH gradient.

A histological examination revealed a reduction of mature ova in
breeding communities of flagfish held for three weeks in depressed pH
conditions. (Ruby et al., 1977).

Field observations revealing a reduction of fish growth in'écid-
ified waters‘(Campbell? 1961; Beamish, 1974b) are consistent with lab-
oratory findings (Menendez, 1976; Smith, 1978). I; was earlier thought
that the reduction in fish growth was the result of a reduction in tﬁe
available food supply. Menendez (1976) and Smith (1978) report that an
abundant food supply was readilyyavailable to the fish at dll test lév—;
els and that the reduction in growth was a result of a decrease in feed-
ing activity. White‘suckers (Catostomus commersoni) held for several
months in sublethal concentrations of acid also exhibited a reduction

in feeding intensity (Beamish, 1972).
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‘High séruﬂ calcium levels norméll& associated wi;h maturing fe-
male fish (dguri and Takada, 1967); were abgent in female white suckers
exposed to acid waters (Beamish, 1974a; Lockﬁart and Lutz, 1977). Beamish
(1974a) suggested a change in the normal serum calcium of female Whit?[;l
sqckers contributed to the fgﬁrodﬁctive’failqre of fishes iﬁ his Sfudy_ﬁ’
lékes. Beamish (1974a) also found the oécurrgnce of.spinai deformities in
the white sucker and fathead minnow populations as the pH of One,;est
lake approached 5.0. These spinal deformities could be the result of

low serum calcium levels.

2) The toxicity of lethal exposure levels

Fish mortalities may be expected below a pH of 5.0. Some species,
however, have been found to live in waters with a pH below'4.0.;(Nic~_‘
hols and Bulow, 1973). |

As demonstrated in the previous section, in an increasingly acid-
ic environment there is a corresponding decrease in the-feedingractiv-
ity of fish; Smith (1978) reported that the feeding activity of brook
trout terminated after a short exposure to pH 4.0 and at thié test lev-
el, he attributes actual death in part to starvation.

Packer and Dunson (1970) suggested that the inability of brook
trout to live in waters with a pH less than 5.0 is related to a drop
in blood pH (acidemia). Brook trout exposed to an environmental pH of

3.0 to 3.3, exhibited a drop in mean blood pH from 7.39 to 6.97 (Packer

and Dunson, 1970). Smith (1978) however, found that following long term
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exposure to pH levels as low as 4.0, brook trout were able to maintain:
normal blood pH levels.

Excessive sodium (Na) loss in brook trout exposed tb pH 2;0 to 3.5
has also been repofted (Packer and Dunson, 1970).,Brook'trout, blaced
in a saline solution (150mM NaCl), lived longer at pHA3.25, butrnot ét__r
pH 2.0. As a result, it was suggested that the loss of body.Na is of
secondary importance as the cause of death when fish are exposed to ‘ex~
tremely acidic conditions. | |

Packer and Dunson (1972) suggested that the lethal effect qf-ex-.
tremely acidic waters is an inhibition of oxygen (02) uptake, Potassium
cyanide (KCN) treatment‘which results in anoxia, occurred in about the
same time as death caused by exposure to very low pH. A common explan-
atiop of fish'death at low pH has been suffocation due to coagulation
of mucus on the gills (Westfall, 1945). There are however, other ex-
planations which could account for énokia. Acidemia, which hasvbeén
demonstrated in brook trout exposed to very acidic waters (Packer and

Dunson, 1970), would decrease the O, carrying capacity of the blood and

2
consequently the 02 uptake. As anoxia and sodium loss have been linked
together (two primary exchange elements at the gill epithelium), simple
destruction of gill epithelium at these extremely corrosive pll levels
may possibly be an alternative explanation. .

It has been suggested by Doudoroff and Katz (1950) that the in-
creased CO2 tension and not the increased hydrogen ion activity is the

lethal factor involved when fish are exposed to these extremely low pH

levels..
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MATERTALS AND METHODS

Methods developed at the Environmental Research Laboratory -
Duluth (Duluth, Minneseta), were applied for chronic testing with the

flagfish.

Physical and chemical systems

The test facility comprised a header tapk, a diluter, a toxicant
delivery system énd 24 holding tanks.

De—éhlorinated water was delivered‘under‘pressure to a 340 liter
polypropylene header tank (Fig. 1), which was lﬁcated directly above
the diluter. This ar;angement provided a gravity flow of water froﬁ
the header t#nk to level I of the diluter. Diluter filling and the sub-
seqhent refilling of the header tank were controlled by a one half
inch diametér'solenoid valve and a one inch diameter solenoid valve re-
spectively. These solenoids were in turn controlled by a five minute,
electrical timer.

Located within the header tank was a thermostatically controlled,
4.5kw stainless steel immersion heatgr. With only one twentieth of the
header tank volume released each cyéle, the heater was capable of pro-
viding a 10°C‘boost‘in water temperature. Two, 30 em airstones were

located in the header tank to maintain a high level of dissolved ox-

ygen.

The "equal volume" diluter employed in this study has been de-
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scribed by DeFoe (1975). The diluter consisted of three levels (Fig. 2).
Level I metered out two liters of water ihto each of éix (1. D. lﬂéﬁ X
10cm X 25cm high) cells with the excess water spilling into a seventh
cell. The seventh and only cell of levél I to "fire" at this time, fio-;-
oded the siphon initiator cell of level iI.-The-float_switch in fhe si; "
phon initiator cell wbich was tripped by the initial flooding‘of the
cell and the subsequent '"firing" of the cell,‘ériggeféd the ﬁneuﬁatic L
injector siétem. The '"firing'" of the siphon initiator cell aiéo‘gen- "
erated a vacuum in the vacuum manifold (venturi vacuum Fig. 2), re-
sulting in the simultaneous delivery of water from the remainihg six
cells of level I to ;orresponding cells»ofvlevel 11.

The water delivered from level I to level II. and the water acid
mix delivered from level II to level III was accomplished via stand-
pipe siphons. The siphons consisted of an inner 10mm O. D. downpipe and
an outer 18mm 0. D. glass tube. Level three provided a secopdary mix of
the acid and water and delivered an equal volume (500ml) to each of the
duplicate adult and progeny test tanks via four, 6mm O. D. gooseneck
siphons located in each of the six cells. This system provided a 90% re-
placement in each test tank in approximately 12 hours.

The pneumatic injector system emploved to deliver the sulfuric
acid has been described by Smith et al., (1977). Each syringe was cal-
ibrated to deliver a given volume 6f sulfuric acid in each cycle, main-
taining the prescribed pll levels in the test tanks. No acid was deliv-
ered to the control test tanks. The exhaust phase of each acid deliver?

permitted each syringe to refill from a 60 liter polypropylene reser-
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yoir containing 0.1N sulfuriC'aqid. The reservoir waé filled every third
day. | -

The test tanks consisted of a duplicate set of six spawning tahks:
and a éorresponding'set of progeny Canks..Figure 3;illgstrates tbe
randam assignment of test tanké, with dﬁpliéaﬁeé érranged oﬁ eitﬁef
side of the diluter. Spawning and progeny tanksiwere the same size, ap~- -
proximately 55cm X 30cm X 25cm high, with a watér volume of 3dl11ters.€

Each spawning tank could be divided iﬁ half by a removable.glasé |
partition, with the inflow and outflow pipes located on opposite sides.
A centrally located, 7.5cm opening ;overed by No. 20 mesh étainless
steel screen allowed water circulation from compartment to compartment
when the partitions were in place. The pfogeny tanks, located béneathf
the corresponding spawning tanks, were divided by a similar glass patt-
ition. |

In order to maintain test tank temperatufes at 26°C, each test
. tank was equipped with a 100w‘immersib1e heater. In addition, a small"
airstone was placed in each test tank.

The laboratory had ceiling fixtures, each containing anm equ81 conh‘
bination of Sylvania Gro-lux and General Electric Chroma 50 fluorescent
tubes. Two, 1.5m long fixtures were placed above each bank of spawning
tanks and fiﬁted with General Electric Chroma 50 fluorescenf tubes. All
lights were controlled by a Tork timef. In addition, a light circuit
with three‘incaﬁdescent fulbé was connected to a seperate Tork timer
used‘to simulate dawn and dusk. The regulaced length of the photo-

period was 16 hours of. ''daylight" and eight hours of darkness and was



14.

maintained throuéhout the experiment.

Temperature, dissolved oxygen, and pH were,reco:ded daily, Dis-»
olved oxygen readings were taken with ayY. S.‘i. #54A dissolved oxv-
gen meter.

A radiometer pH electrdde (#GK2301C)'was iﬁcétéd in each ofithe
spawning test tanks. The six eleétrodes (alternating from bank to
bank weekly) were connected to a Bach-Simpson SAS1l switching unit. A
Radiometer pH M63 pH meter, connected to the switching unit provided
a scan of all test lgvels every three minutes. This allowed for a com-
pensating adjustment on the injector as soon as a deViétion occufred at
any test level. !

Monthly water samples were collected from each test tank and an-
alysed fye hardness, alkalinity, chloride, pH, conductivity, sodium,
potassium, calcium, magﬁeSium‘and sulfate by the Thundef Bay Regional
Laboratory of)the Onatrio Ministry of the Environment.

The spawning substrates were constructed of green orlon yarn which
was pre-boiled to remove excess dye. The yarn was tightly wrapped in
parallel strands on a_lOcm X 15cm "V" shaped stainless steel frame.

Egg incubation aups were constructed from 120ml, 5cm O. D.; round
glass jars with the bottoms removed. Stainless steel screen (No. 40
mesh) Qas fastened to the Bottom with silicone seal. The centérs‘of the
bakelite caps were removed with similar screening attached over the
opening. A stainless steel hook was fastened to eédh cap; providing a
point of attachment for the.S—shaped.stainless steel.rod_Wﬁich‘wasyin

turn attached to a "swivel snap' on the rocker arm assembly.
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The rocker arm assembly (Fig. 4) consisted of 12.7mm aluminum rod
which served as the main shaft and was suspended above each bank of
progeny test tanks. Collars were machined from 25.4mm aluminum rod with
the inside diaméfer slightly larger than 12.7mm. This allowed the ¢oi-
 lars to rotate freely on the shaft. Each collér contained a seﬁ screw
allowing it to be fixed in desired lateral and vertical positions. Two,
6.4mm aluminum rods, each with two points of attachment for egg éups,
were press fitted into each collar. The egg cﬁps were attached to the
rods by swivel snaps. This atraﬁgemgnt allowed a maximum of'lﬁ cups to-
be suspended in each progeny tank. This unit was powered by a five rpm
electric motor with cam, connected to the main shaft by a two piece
linkage system.

Fry retainers were constructed from winchester acid bottles. The
bottoms and tops ﬁere removed leaving a 13cm high cénter section. No.
40 mesh stéinless steel screen was attached to the bottom. The same
screen was wrappea around the top of the fry retainer to.eztend the
sidewall height an additional 3cm. Three glass vials; 6cm in height,

- were fastened to the bottom of each fry retainer which extended the top
of the screen above the surface of the water. All parts were agtached'

by means of silicone seal.

Biological system

Fifty males and 130 female flagfish were obtained from the Environ-
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mental Research Laboratory - Duluth, Duluth, Minnesota. The males were
initially kept seperate from the females. Following a one week accli-
mation period, the males and females were :andomly united and distrib-
uted among the duplicate'tést tanks.

Throughout the experiment, the fish were fed on a diet»of newly
hatched brine shrimp (Artemia saZina)»and frozen adult brine shrimp,'
five times daily. All tanks received equal rations. Excess food and
debris were siphoned from the tanks each morni;g.

Following a one month growth and maturity period, the fish were
selectiveiy'culled (ie. similar size fish’of both sexes were retained)
to é ratio of five females to two males per test tank. In the event
of ény problem with the selected bfeeding stock, excess fish‘were dis-
tributed andbﬁaintained in two, 75 liter static tanks. At this time the
spawning substrates were placed in each tank.

The substrates were removed and examined for eggs each afternoon.
Clean substrates were returned to each tank immediately following re-
moval. Following an initial period of erratic spawning, the substrates
were removed from all test tanks, then replacedvoné'week later to a-
chieve synéhronous spawning in all test tanks.

To facilitate egg removal, substrates were transferred to a shal-
low glass aquarium (12cmﬂX 38cm X 13cm high), containing water ffom
their respéctiVe‘tesf tanks. Eggs were seperated from the substrate by
a scraping mﬁtibn of the hand. The eggsrwere‘<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>