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Lab: Calibrating the ac-meters (Lab 1)

21 July 2013

I NTRODUCTION
The WETLabs ac-meter, has been until recently, the only commercial in-situ
spectrophotometer (Turner design has recently introduced the iCAM to measure the
absorption coefficient at 9 wavelength). The ac-meters come in two versions, the nine
wavelength ac-9 and the hyperspectral version, ac-s. The ac-meters also come in two
standard length, 25 and 10cm, the latter is intended for coastal and turbid waters. For
more background material about spectrophotometry and the ac-meters please see relevant
appendix below.
Each ac-meter undergoes an absolute calibration at the factory to convert the detected
digital signal into IOP units [m-1] and to obtain the sensitivity of the electronics to
changes in instrument temperature (not to be confused with the temperature-dependent
variations in water absorption . Unfortunately, ac-meters are known to drift away from
the factory calibration as function of time (+/-0.01m-1/100 days, e.g. Twardowski et al.,
1999) requiring that users calibrate the sensors (the instrument sensitivity to temperature
is assumed to be invariant between factory calibration and is not performed by users).
Sometimes, in order to track an instrument, air calibrations are done. While a useful
exercise, such calibration should not be used to derive absolute IOP units, but to track
changes in the instrumentation between absolute calibrations (e.g. due to shipping, or in
between pure water calibrations when pure water is difficult to obtain). The reason is that
air calibration have high uncertainties as they are sensitive to air humidity and quality.
Absolute calibration requires some sort of reference material either to obtain a known
signal (for the ac-meters we use the purest water we can produce, see below).
Independent means of assessing the purity of the calibration material is vital for obtaining
accurate absolute calibrations (e.g. measurements of conductivity, to insure the water has
(almost) no salts).
WATER: the water used should be the cleanest possible, that is, devoid of salts (ions),
particles (including bubbles) and dissolved materials. The problem with such water is that
it is very reactive, and hence, if left for too long will adsorb ions, particles and organic
materials from the tank in which it is stored and from the air. It should therefore be used
within a few hours from making (but with sufficient time to be devoid of bubbles). The
optical properties of water are assumed known (e.g. Pope and Fry, 1999) as well its
sensitivity to temperature (Sullivan et al., 2006) and salts (Morel, 1974, Sullivan et al.,
2006, Zhang et al., 2009).
ACTIVITY:

•
•
•

Observe an instructor taking off the flow sleeves and cleaning an ac-meter
instrument. ASK a question if any aspect of the cleaning is not clear.
Observe an instructor calibrating an ac-meter instrument.
Now, within your group perform several calibrations (i.e. Separate files of stable
pure water readings) of the meter you were assigned.
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•
•
•

Measure the temperature of the water (near after if flows out of the instrument is
best).
Redo: clean/calibrate cycles until you get AT LEAST two calibrations that are
within 0.005m-1 from each other.
If you have time, try the following procedure: pour water directly into the flow
sleeves gently, put the black covers on the flow sleeve and gently rock the
instrument to get rid of bubbles and collect a file. You will use this measurement
to compare calibrations and sample reading with those collected with a flow thru
configuration.

DATA PROCESSING:
Now that you have the data, use an excel spreadsheet to obtain:
1. The median and standard deviation absorption calibration spectra of each sample.
2. The median and standard deviation attenuation calibration spectra of each sample.
3. Perform a temperature correction (see appendix):
acal = ames- ΨT (Tcal-Tfactory)
ccal = cmes- ΨT (Tcal-Tfactory)
QUESTIONS:
1. Is the Milli-Q blank stable (e.g. when comparing between successive cals)?
2. over what time interval? what might cause instability?
3. How does your blank compare to the device file?
4. Why could your blank be different from device file (factory blank)?
5. What are the symptoms of a bad Milli-Q calibration?
6. How do you insure that the tubes and windows are clean?
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APPENDIX (TABLES FROM AC-METER MANUAL)

Coefficient used for ac-9 correction based on Pegau et al., 1997 (computed with an ac-9):
ΨT

.0003

.0002

.0001

.0003

.0001

.0002

-.0001

-.0001

.0027

ΨS,a

.00018

.00008

.00008

.00009

.00004

.00008

.0001

.00007

-.00018

ΨS,c

.00007

-.00007

-.00007

-.00007

-.00008

-.00008

-.00005

-.00007

-.00032

Coefficient used for ac-9 correction based on Twardowski et al., 1999 (computed with an
ac-9):
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