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Abstract
Changes in water quality of commercial freshwater baths used to treat Atlantic salmon (Salmo
salar) with Amoebic Gill Disease (AGD) were examined at three aquaculture sites.  The bathing
time ranged from 2.4 to 3.7 hours.  Water pH was significantly greater before than after the
bathing.  Farm site had a statistically significant effect on water pH changes.  Ammonia values
increased slightly after bathing from 0 to 0.25 mg/l at two of the sites, while nitrate and nitrite
levels remained undetectable.  Sodium, potassium and chloride levels differed between sites
and baths. The magnitude of the changes was minimal indicating the ionic balance of the fish is
not adversely affected by the freshwater bathing.

Introduction
While freshwater bathing is normally used to
treat external parasites of marine ornamental
fish only on a small scale, the Tasmanian
salmon industry has developed large scale
procedures used to treat fish affected by
Amoebic Gill Disease (AGD) (Parsons et al.

2000).   Paramoeba pemaquidensis is an oppor-
tunistic, free living organism that can rapidly
multiply on gills of fish, causing disease and
even mortality (Kent et al. 1988).  This amoeba
is associated with AGD in rainbow trout and
Atlantic salmon farmed in sea water in Tas-
mania, Australia (Munday et al. 1990, Clark
and Nowak 1999).  This disease is mostly
treated by freshwater bath (Munday et al.

1990, Noga 1996, Clark and Nowak 1999, Par-
sons et al. 2000).  Commercial bathing involves

fish transfer (usually using a fish pump) from
their original pen to a tarpaulin liner filled
with fresh water.  The fresh water is, at least
before the transfer, oxygenated, up to 200%
saturation.  During bathing the oxygenation
is reduced, most farms aim to drop it to
around 100% saturation by the end of the bath.
Stocking density in the freshwater bath can
be up to 40 kg/m3.  Two to three hours after
the last fish is transferred into the liner, the
bathing treatment is finished and the liner is
dropped.  Although this technology has been
used for more than 10 years, no research has
been done evaluating the quality of fresh
water and its changes during the bathing.

 The maintenance of optimal water quality
during bathing is particularly important due
to the large numbers of fish (in excess of 25000
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fish) that are restricted to a relatively small
volume of water (400 – 900 m3) within the
liner.  This acute transfer from salt to fresh
water is also likely to have an immediate ef-
fect on the ionic balance of the fish.  Sodium
and chloride fluxes are of particular interest
as they move in greatest quantities across the
gills (Wood, 1988).  In fish subject to ion losses
by diffusion to a dilute aquatic environment
(i.e. fresh water), the uptake of sodium and
chloride ions is an important process in the
maintenance of body fluid ionic balance
(Shuttleworth, 1989).

Salmon marine leases in Tasmania need to
have access to fresh water for the bathing.
Most of the sites have their own freshwater
reservoirs or alternatively the pens are towed
to the bathing site.  While both efficiency and
side effects of the treatment could depend on
it, the water quality of these reservoirs has not
been examined previously.  The aim of this
investigation was to determine the changes
in water quality that occur during commer-
cial freshwater bath treatments for Atlantic
salmon with AGD.

Materials and Methods
Samples were collected from commercial
freshwater baths at three salmon marine
leases in Tasmania for water quality analysis.
The bathed fish were showing signs of AGD
and due for treatment according to Tasmanian
salmon industry standards.  From each site,
water samples from three freshwater baths on
different days were collected.  Samples were
collected before commencement of bathing
(prior to the transfer of fish) and just after the
completion of a two-hour bathing period.  A
sample from the reservoir supplying fresh

water to the baths was also collected at each
site.

Water quality was investigated including
water temperature, dissolved oxygen, pH,
ammonia-N, nitrate-N, nitrite-N, sodium,
potassium and chloride concentrations.  Wa-
ter temperature and dissolved oxygen were
monitored throughout the bathing period us-
ing Oxyguard and Technolab meters depend-
ing on the site.  pH was measured using the
ACTIVON model 209pH/mV meter and
PETS salt and fresh water dry tablet test kits
(Australian Pet Supplies Pty Ltd. Smithfield
NSW) were used for ammonia-N, nitrate-N
and nitrite-N analysis.  On one occasion a
HACH DR/2000 Direct reading spectropho-
tometer was used to measure ammonia-N,
nitrate-N and nitrite-N and verified the test
kit results.  Immediate analysis of samples
was not always possible and in such cases
samples were refrigerated (kept at 4ºC) and
analysed within 24 hours.  Sodium and po-
tassium concentrations were analysed using
Atomic Absorption Spectrophotometer Varian
Spectraa 300.  Chloride analyses were con-
ducted using spectrophotometric assay ac-
cording to Zall et al. (1956).

Two-factor analysis of variance (ANOVA) was
used to analyse the differences between and
within sites.  The data were tested for normal-
ity and homogeneity of variances using
Shapiro-Wilk W test before ANOVA.   A pos-
teriori test (Tukey-Kramer HSD) was used to
identify the means that were significantly dif-
ferent.  The results were considered statisti-
cally significant if P<0.05.  Statistical analy-
ses were conducted using JMP v3.2.1 (SAS
Institute INC) software.
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Results
Water quality for the freshwater reservoirs
was different for each site (Table 1), while the
bath conditions were relatively similar with
the bath time ranging from 2.42 to 4.25 hours,
fish biomass from 16553 to 29504 kg and vol-
ume of fresh water from 400000 to 700000 L
(Table 2).

A general reduction in pH was observed over
the bathing period (Table 3).  The magnitude
of this reduction however, varied between site
location.  Site A showed the greatest reduc-
tion (1.4 pH units) followed by site B and site
C (Table 3).  There was a notable increase in
pH at all sites from reservoir water to sam-
ples taken before bathing (up to 0.8 pH units
at site A).  The water pH before bathing was
significantly greater than after bathing
(ANOVA, P<0.0001) at all sites.  A significant
difference (ANOVA, P<0.0001) was also found
between sites.  Site A pH was significantly
greater than at site B and site B had pH sig-
nificantly lower than site C.
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Table 1.  Water quality of freshwater reservoirs at
different aquaculture sites.  NA – results not
available.

Table 2.  Bath conditions at different aquaculture
sites.  Results presented as mean and (standard
error), calculated on the basis of three bathings.

Dissolved oxygen decreased over the bathing
period due to the reduction in oxygenation
by bathing staff and the use of oxygen by the
fish.  The standard farm procedure is to oxy-
genate the water to 200% before fish transfer
and then reduce oxygenation so by the end of
the bathing it is down to around 100% oxy-
gen saturation.  This is what happened at sites
A and B, however at site C the saturation was
only 150% before the transfer of the fish (Ta-
ble 3).  Ammonia-N, nitrate-N and nitrite-N
levels were all negligible before bathing.
However, ammonia-N concentrations at site
A and site C increased to 0.25 mg/l.  Sodium
concentrations at both sites B and C increased
over the bathing period, while potassium con-
centrations changed minimally (Table 3).
Chloride concentrations before and after bath-
ing also differed between sites with site B
showing an increase, while site C displayed a
slight decrease in concentrations (Table 3).  At
site B, there was a large variation in the re-
sponse to different baths, with baths 2 and 3
showing decreases in chloride concentration
while bath 1 showed a large increase (Table 3).
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Discussion
The differences in water quality between the
reservoirs could affect water quality changes
during the bath.  The greatest differences in
water quality were reflected by pH of the bath.
Before commencement of bathing pH was
higher than those recorded for dam water at
all sites.  This observation may in fact be
linked to the oxygen levels in the baths.  At
site A and B, where the greatest increases oc-
curred, initial oxygen levels were above 20
mg/l while at site C where only a 0.02 rise in
pH occurred the initial oxygen level was
lower at 14 mg/l.  The increase in pH can be
explained by the fact that at these levels of
oxygenation, particularly those above 20 mg/
l, stripping of carbon dioxide from the water
will occur resulting in increased pH (Brune
and Tomasso, 1991).  The statistical difference
shown between changes in pH at different
sites can be explained by the initial water
quality variations at each site, most likely re-

sulting from the differences in water quality
in the reservoirs, in particular hardness.  Vari-
ations in water hardness (and concomitantly
alkalinity) as a result of difference in carbon-
ate concentration will strongly influence the
potential for changes in pH.  The difference
found in pH before and after bathing shows
the drop occurring at each site is of a signifi-
cant magnitude over the bathing period.
These decreases should not, however, be det-
rimental to the fish as they all fall within the
safe range of pH 5-9 (Brune and Tomasso,
1991).

The decreases observed in dissolved oxygen
values over the bathing period were expected
due to the biomass of the fish within the liner.
Oxygen levels were, however regulated
throughout the duration of the baths and dif-
ferences in this data can be attributed to the
differences in managerial and operational
practices at different sites.  While it may af-
fect water quality, this oxygenation of fresh-
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Table 3.  Changes in water quality during bathing at different aquaculture sites.  Results presented as mean
and (standard deviation), calculated on the basis of three bathings.  NA – results not available.
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water bath is standard in salmon industry so
the same water quality effects would be ex-
pected in all freshwater bathing operations.
Total ammonia-N was the only nitrogenous
compound to show any changes during bath-
ing, increasing from 0 to 0.25 mg/l at site A
and C.  This rise was minimal and well below
the generally accepted recommendation or
toxic level for many aquatic organisms.  Over
the 2 hour duration of the freshwater bath
total ammonia-N was below the 24 hour LC50

for chinook salmon, Oncorhynchus

tshawytscha, (0.36 mg/l and 2.2 mg/l union-
ised ammonia for fresh and saltwater chinook
salmon respectively) (Harader and Allen
1983).  Taking into account the temperature
and pH this still only equates to approxi-
mately 0.8 mg/l un-ionised ammonia (based
on values from Piper et al.. 1982).

In general, water ion concentrations varied
between the sites although there is some sug-
gestion that sodium concentrations obtained
at site B and C increased at the end of the bath-
ing period indicating a modest net efflux.  The
variability between sites and between indi-
vidual baths makes it difficult to draw any
firm conclusions as to the effect of bathing on
water potassium and chloride concentrations.
This may be at least partly due to some (dif-
ferent volume each time and at each lease) sea
water entering the bath through the fish pump
during fish transfer.

Significant changes in pH occurred during
freshwater bathing with minimal changes in
other water quality parameters.  These
changes are likely to be of little physiological
consequence and no side effects would be

expected, particularly in terms of
ionoregulation in Atlantic salmon.   However,
the effect of the variability of the quality of
water used for freshwater bath on the effi-
ciency of the treatment should be further in-
vestigated.  This investigation may explain
why some paramoebae survived commercial
freshwater bath (Parsons et al. 2000) and es-
tablish the water quality necessary for effica-
cious treatment.  There is a need for careful
monitoring of the reservoirs water quality and
the environmental conditions during the bath-
ing to ensure consistent and successful treat-
ment of AGD.
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