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Accuracy, reliability, repeatability of results critical for timely
management decisions

Water analysis is becoming common in production aquaculture. At many production facilities, managers measure a
variety of water quality variables such as water temperature, salinity, dissolved oxygen, alkalinity, hardness, dissolved
phosphorus, total ammonia nitrogen, and nitrite. Increasing attention to conditions in culture systems is an indication of a
greater awareness of the importance of water quality in aquaculture and of a desire to improve management.

Most facilities do not have a water quality laboratory or an individual trained in water analysis methodology to make
analyses. Rather, they purchase water analysis meters and kits, and the individual chosen to make the analyses follows
instructions provided with the meters and kits.

Results of water analyses are not useful and possibly detrimental in management decisions unless they are relatively
accurate. Management decisions typically do not require results of as great an accuracy as sought in many applications of
analytical chemistry. For example, knowing the pH within + 0.2 units, total ammonia nitrogen within + 0.2 mg/L, dissolved
oxygen within + 0.5 mg/L, and alkalinity and hardness within + 5 mg/L of the true value usually will suffice in aquaculture.

Several brands of water analysis kits that use small, digital pH meters, digital titrators, and small electronic colorimeters
can achieve the desired degree of accuracy needed in aquaculture. Water quality test kits that rely on titrations done by

counting drops of titrating solutions and measuring color changes on test strips or comparing colors with a color wheel
cannot be relied upon for suitable accuracy.
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Appropriately collected water samples — in terms of location, times and numbers — are very important for
proper water quality analysis.

Achieving accurate, reliable results

A facility may have reliable water analysis meters and kits, and the analyst may follow instructions carefully. Nevertheless,
it cannot be assumed that accurate and reliable results will be achieved. The acquisition of accurate and reliable results
depends upon several conditions as follows: the sample must represent conditions to which culture animals are exposed;
the sample must not change in concentrations of the variables of interest between sampling and analysis; errors made by
the analyst must be no greater than normal analytical errors expected for the analysis.

The first condition can be met if the sample is collected from the location (with respect to both areal position and depth)
where the culture species is located. Of course, some variables may be used in generalized treatments of culture systems.
For example, alkalinity and hardness often are measured for determining the need for liming, and the focus is more on the
entire culture system. For this purpose, several samples should be taken and either combined into a single sample for
analysis or analyzed individually and the results averaged.
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Compliance with the second condition requires the samples to be analyzed as quickly as possible. The most appropriate
way of analyzing temperature, pH, and dissolved oxygen is to use an electronic meter that provides an immediate in situ
result. Samples for salinity, alkalinity, hardness and other stable constituents on the other hand, can be placed in capped
bottles and held for several days without fear of significant changes in concentrations of the variables. Samples for
metabolically active variables such as nitrogen and phosphorus compounds should be analyzed as quickly as possible,
but storage for up to 4 to 6 hr. usually is acceptable if samples are held in an insulated chest on ice.

The third condition for accuracy and reliability depends upon errors in the determination not being greater than normal
analytical error. This condition is not necessarily fulfilled by following exactly the instructions provided with the meter or kit
used for the analysis. It also cannot be verified by observing that two or three replicate analyses of a sample provide
similar results. Rather, some system of quality control must be used to verify that analytical results are accurate.

Need for quality control

Evidence of the need for quality control in aquaculture water analysis was clearly revealed in a recent study by one of my
graduate students (Benjaporn Somridhivej). She prepared standard alkalinity solutions of 20, 80, and 240 mg/L and sent
them to 20 individuals or laboratories that make alkalinity measurements upon request — usually for aquaculture
application. The analysts were asked to do three replicates of each sample, the results of which agreed very closely in all
instances. However, the averages of the replicate analyses usually did not agree well with the concentrations of the
standards. The results ranged from 6 mg/L to 35 mg/L for the 20 mg/L standard, from 22 mg/L to 107 mg/L for the 80
mg/L standard, and from 65 to 297 mg/L for the 240 mg/L standard.

Importance of repeatability

It is important to understand that repeatability (or precision) among the results of the replicate analyses of individual
samples does not assure closeness to the true concentration (or accuracy). Many of those conducting water analyses for
aquaculture apparently assume that precise results are accurate results. This is not necessarily true. Reagents

— especially titrating solutions — used in a procedure may have changed in concentration during storage, instruments
used in analyses may not have been calibrated properly or have lost their calibration, and some other water quality variable
in the sample may have interfered with the measurement. Also, titrating solutions of different strengths are available for
use with samples of different expected concentrations. It is possible without noticing to purchase a titrating solution of
the incorrect strength, or to select from the shelf a titrating solution of the incorrect strength. In any of the situations
mentioned above, replicate analyses of the same sample done by proper technique would give similar results (good
precision), but the results — despite being precise — would not be accurate.

Application of proper techniques with the right equipment and reagents is another key component of proper water quality
analysis.

Most vendors of water analysis kits sell standard solutions for use in verifying the accuracy of pH, salinity, alkalinity,
hardness, phosphorus, ammonia nitrogen, and nitrate analyses. If analyses of standards reveal inaccuracies, the analyst
must check all aspects of the procedure to identify and correct the source of error.=

Dissolved oxygen standards cannot be maintained in a reagent bottle. A sample of freshwater — distilled water preferably
— can be thoroughly agitated in an open container for about 10 min to assure that it is saturated with dissolved oxygen.
The oxygen saturation concentration in the water can be estimated for the altitude and water temperature by aid of a
dissolved oxygen solubility table (available online). An accurate dissolved oxygen meter will read near the saturation
concentration. Further verification of the dissolved oxygen meter can be made by boiling water for a few minutes and
letting it cool quietly standing in a full, capped container. The meter should read zero dissolved oxygen in this water.

| am not suggesting that precision is unimportant. An analyst should be able to obtain similar results for repeated
analyses of the same sample, but precision can be verified by occasional duplicate analyses. It is more important to verify
the accuracy of analyses by frequent verification of the analyst’s ability to measure the concentration of a standard and
obtain a measured value similar to the known value. Of course, standards should be replaced with new solutions at
intervals.
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A proper laboratory setup for water analysis is critical for proper monitoring of water quality in aquaculture
production systems.
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