THE STATE UNIVERSITY OF NEW JERSEY

RUTGERS
COOPERATIVE
EXTENSION

New Jersey Agricultural Experiment Station

www.rce.rufgers.edu

FS926

Fact sheet

Use of Oxygen Readings to
Avoid Gas Bubble Disease
in Clam Hatcheries
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Laboratory

The major gases in air and water are nitrogen
(78%) and oxygen (21%). It is obvious that bay
water contains oxygen, because if it didn't phy-
toplankton, shellfish and fish couldn’t live there.
Everyone has seen summer fish kills from insuffi-
cient oxygen, or suffocated clams under dense piles
of seaweed. These organisms, like humans, need
oxygen to carry on the normal functions; however,
water of different temperature, salinity and pressure
holds differing amounts of oxygen and other gases
calledair. Toohighaconcentration of gasor toolow
aconcentration can causeorganismtodie. Whenthe
concentration of a gas, like oxygen, is the exact
amount thewater can hold for the pressure, tempera-
ture, and salinity; the water is considered “satu-
rated”. When there is more gas than the water can
hold, it is “supersaturated”, if there is less it is
“undersaturated”. Pressure canincreasetheamount
of gas per unit volume water contains. Thus the
deeper thewater the more gasthewater can contain.
Water at higher temperature holds less gas per unit
volume because it is less dense. The higher the
salinity the less gas water can hold because the
dissolved salt takes up room the gas could be using.

Asagenera rule of thumb, if oxygen levelsin
the water fall below 5 mg/L you need to aerate the
water. Oxygen moderately above saturation in wa-
ter is not a problem because organisms use oxygen
to breathe. The gas that causes most problems is

nitrogen, because nitrogen isthe dominant gasin air
and water, and it isnot metabolized by the shellfish.
Nitrogen, like oxygen, enters the organism through
the gills, and then is carried to the tissues by the
blood. Once distributed, nitrogen remains in the
tissuewhileoxygenisused up. If nitrogen entersthe
tissue in a supersaturated condition and accumu-
lates, it will respond by coming out of solution into
the organism in the form of bubbles. Divers cal
these bubbles the bends, in shellfish it is called gas
bubble disease.

There are two conditions that commonly cause
gassupersaturation of water in aguaculture systems.

1. Thesuction line or the pump seals have a
small leak. Becausethe pumpiscreating a
suction in order to move the water, air can
besuckedintothewater asit passestheleak
and it isforced into solution asthe water is
pressurized by the pump.

2. Many clam hatcheriesarelocated near sha-
[low baysthat can change temperature rap-
idly. Coldwater holdsmore gasthan warm
water. If temperatures rise quickly, the
amount of gas the water can hold will go
down (the water becomes supersaturated
withgas). Theproblem at most aquaculture
facilitiesisthat intakesaresituated near the

THE STATE UNIVERSITY OF NEW JERSEY

RUTGERS




bay bottom in several feet (or more) of
water. At these depths the gasis under
pressure related to water depth, but the
aguaculturist pumps the water into a shal
low container, upweller, raceway etc. This
release of water pressure causes additional
supersaturation. Thisissimilar to the
“fizz" of bubblesthat is caused by opening
a soda bottle.

Thesimplest way to prevent thisproblemisto
bounce, splash, or cascade the water through air
beforeit reachesthe animals. The bouncing allows
the water to release the gas and approach equilib-
rium with the atmosphere. A second advantage to
thisprocessisthat it also allows oxygen to enter the
water if oxygen levels are below saturation. This
should be a standard practice in all shellfish setting
and nursery systems so that the probability of gas
bubble disease is reduced.

Hard clam culturists are fortunate in that
Mer cenaria has been shown not to be susceptibleto
gas supersaturation up to about 109% (Bisker and
Castagna, 1985). At 115% of saturationlevel, clams
did not grow, and other clam species died at 108%
and 114% of saturation. Itisimportant torealizethat
these experiments were done with 5 mm or larger
seed. Thereisnoinformation onsmaller seed sowe
can only presume that they behave similarly, and
keep gas levels below 105%.

If you routinely measure oxygen, temperature
and salinity in your system, oxygen levels can be
used as atracer of nitrogen. Oxygen can be used
becauseall dissolved gassesbehaveasif noother gas
was present; usually, if oxygen islow nitrogen will
below. THISISONLY AN APPROXIMATION-
since oxygen levels, unlikenitrogen levels, canvary
due to biological activity. For instance, before
sunup oxygen readings may indicate
undersaturation (because al organisms including
phytoplankton use oxygen at night) then, if thereis
alarge phytoplankton bloom, in mid afternoon oxy-
gen levels may be supersaturated (because the phy-
toplankton, through photosynthesis, produce more
oxygen than they consume). If either
undersaturation or supersatuation is common in

your system, consider installing passive means of
aeration and degassing.

In the few experiments that have been con-
ducted on bivalves, the percent of saturation of
nitrogen in the water was dlightly higher than the
percent oxygen saturation. Table 1. approximates
thelevel of oxygen at saturated and 110% saturated
conditions at various temperatures and a salinity of
25,30and 32 ppt. If youhavealready installed some
method of degassing the water throughout your
facility and your oxygen readings reach the 110%
levelslisted inthetable, you should consider taking
some additional action to degas the water. If you
have dying animals and supersaturation does not
appear to be the problem please contact your shell-
fish specialist at the University or local extension
agent. They may also be able to supply a list of
companies who sell oxygen testing equipment or
meters.

For New Jersey:

e John N. Kraeuter
Haskin Shellfish Research Laboratory
Rutgers University
6959 Miller Avenue, Port Norris
NJ 08349
856-785-0075 x 131

e Gef Flimlin
Rutgers Cooperative Extension
1623 Whitesville Road, Toms River
NJ 08755
732-349-1152
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Table 1. Oxygen saturation at 25, 30 and 32 ppt salinity and various temperatures. The columns
entitled 110% saturation provide the oxygen valuesfor 110% oxygen saturation at 25, 30 and 32 ppt
salinity. If your DO meter readsin thisrangeat the salinity and temperature combination you should
1. Check the meter, temperature and salinity. 2. Find someway to degasthewater. If oxygenlevels
fall below 5 mg/L you need to aerate the water.

Salinity
Temperature 25ppt 30ppt 32ppt 25ppt 30ppt 32ppt
Degrees C Oxygen Saturation 110% Saturation
5 10.82 10.47 10.33 11.90 11.52 11.36
6 10.56 10.22 10.09 11.62 11.24 11.10
7 10.31 9.98 9.85 11.34 10.98 10.84
8 10.07 9.75 9.63 11.08 0.73 10.59
9 9.84 9.53 9.41 10.82 10.48 10.35
10 9.62 9.32 9.20 10.58 10.25 10.12
11 9.41 9.12 9.00 10.35 10.03 9.90
12 9.21 8.92 8.74 10.13 9.81 9.61
13 9.01 8.74 8.63 9.91 9.61 9.49
14 8.82 8.56 8.45 9.70 9.42 9.30
15 8.64 8.38 8.28 9.51 9.22 9.11
16 8.47 8.21 8.12 9.31 9.03 8.93
17 8.30 8.05 7.96 9.13 8.86 8.76
18 8.14 7.91 7.80 8.95 8.70 8.58
19 7.98 7.75 7.66 8.78 8.53 8.43
20 7.83 7.60 7.49 8.61 8.36 8.24
21 7.69 7.46 7.38 8.45 8.21 8.12
22 7.55 7.33 7.24 8.30 8.06 7.96
23 7.41 7.20 7.12 8.15 7.92 7.83
24 7.28 7.07 6.99 8.00 7.78 7.69
25 7.15 6.95 6.87 7.87 7.65 7.56
26 7.03 6.83 6.76 7.73 7.51 7.44
27 6.91 6.72 6.64 7.60 7.39 7.30
28 6.79 6.61 6.53 7.47 7.27 7.18




Daily Environment Month of

Date Air Water |Sal. %| D.O. | Wind Wind Observations
Temp | Temp Speed | Direction (Rain, Tide, Etc.)

This sheet can be photocopied and used to collect environmental datafor usein determining if the situation
exists for gas bubble disease.
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