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Copper Sulfate: Liquid or crystals?

By Dave Straus
USDA/SNARC
Stuttgart, Ark.

Copper sulfate (CuS0O4) has been
widely used for disease treatment in
aquaculture, particularly as a treal-
ment for protozoan parasiles and
fungal infections. 1t is also useful
against snails (the intermediate
hosts of fish trematodes) and as a
treatment for off-flavor produced by
blooms of blue-green algae. Copper
can be toxic to fish, and this must be
kept in mind when using it!

The toxicity ol copper to fish,
parasites, snails and algae is strong-
ly influenced by water chemistry.
At low alkalinities, copper stays in
solution longer and less than 0.5
ppm CuS04 may be toxic to fish. At
very high alkalinities, copper quick-
ly forms insoluble compounds, so
doses exceeding 2 ppm may be inef-
fective against target organisms
(parasites, snails, algae, etc.). The
toxicity of CuSO4 is also influenced
by pH. hardness, temperature, and
organic carbon.

To avoid problems with copper
toxicity and solubility in different
waters, copper has been sold in for-
mulations including chelated liquid
products (claiming to reduce toxici-
ty and increase effective half-life)
and non-chelated liquid products
(advertised as delivering copper
ions more effectively); both prod-
ucts are much more expensive than
CuSO4 crystals. Chelated liquid
copper has not been widely used in
the aquaculture industry, but the
non-chelated liquid CuSO4 prod-
ucts are heavily promoted and com-
monly used. In a recently pub-
lished study by Goodwin and Straus
(2006), we compared the toxicity of
a popular non-chelated liquid
CuS04 product and CuSO4 crystals

to fish and parasites,

Two separale experiments were
conducted to evaluate copper toxic-
ity to channel catfish and free-
swimming Ichthyophthirius multi-
filiis or Ich (the stage of Ich that can
be treated); the compounds we used
were CuSO4 crystals and a non-
chelated liquid CuS0O4 product. In
96 hr tests conducted in aquaria at
both low (48 ppm) and high (243
ppm) alkalinity, there was no differ-
ence in toxicity to catfish between
the two products. Likewise, there
was very little difference in toxicity
to free-swimming Ich.  Based on
equivalent concentrations of cop-
per, we found no evidence that the

about 5 times more loxic to catfish
at the lower alkalinity (48 ppm)
than at the higher alkalinity (243
ppm). Copper was aboul 2 times
more toxic to free-swimming Ich at
the lower alkalinity. Because of
this, copper treatments calculated
by the 1/100 rule for protozoan par-
asites may be more reliable at high-
er alkalinities then at lower alkalin-
ities.

Because we were unable to
demonstrate a difference between
CuS04 crystals and the non-chelat-
ed liquid CuSO4 product, it is
important to consider their relative
cosls, Based on mid-April 2007
prices, the copper in CuSO4 crystals

Based on an equivalent concentration of
copper, our results suggest that copper in the lig-
uid product would be no more effective
than CuSO4 crystals, but the liquid product
is 10 times more expensive.

liquid CuSO4 product would be
more effective than CuSO4 crystals.

An interesting finding in this
study was the difference in the
effect that alkalinity had on the tox-
icity of copper treatments to fish
and parasites. Farmers generally
calculate the CuS0O4 dose as 1/100
of the total alkalinity; for example,
at 100 ppm total alkalinity, a treat-
ment dose of 1.0 ppm CuSO4 crys-
tals is used, and at 200 ppm alkalin-
ity, a dose of 2.0 ppm is used. This
calculation relies on the assumption
that toxicity decreases consistently
as alkalinity increases. Our data
show this is true for catfish but not
for free-swimming Ich. Copper was

costs about $1.50/1b, while the cop-
per in the nquid CuSO4 product
costs about $14.80/lb. For equiva-
lent treatmems, tne liquid CuSO4
product is 10 times more expensive.

Anecdotal reports by farmers
sometimes suggest better results
with liquid CuSO4 products at dose
rates much lower than those used
for CuSO4 crystals. However, there
is no scientific evidence that the lig-
uid CuS04 product would be effec-
tive at a dose lower than that used
for CuSO4 crystals. It may be that
these observations are the result of
natural pond-to-pond variability in
disease mortality, but another expla-
nation could be that in some

instances, the CuSO4 cryslals are
not completely dissolved belore
application and seem less effective
than the pre-dissolved commercial
form. This may be especially true
when walter temperatures are low,
because CuS04 crystals dissolve
more slowly in cold water. If this is
the case, pre-dissolving the CuSO4
crystals in water and applying this
solution at the appropriate dose
based on the total alkalinity should
give similar results as the liquid
product; this would prevent any
loss of CuSO4 crystals into the sedi-
ments. As an example, the stock
CuS04 concentration for snail con-
trol along the pond perimeter is 10
Ibs/70 gal water; completely dis-
solving this concentration in a quart
of deionized water while stirring
slowly took 20 minutes at 95°F and
49 minutes at 41°F.

In conclusion, we were unable to
find any scientific evidence that the
liquid CuSO4 product offers any
advantage over CuSO4 crystals
when treating Ich. Based on an
equivalent concentration of copper,
our results suggest that copper in
the liquid product would be no
more effective than CuSO4 crystals,
but the liquid product is 10 times
more expensive. Farmers who pre-
fer the liquid product could achieve
the same benefits by thoroughly dis-
solving CuSO4 crystals prior to
pond application. Future studies
should address effect of liquid cop-
per products to control algae.
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