LOCO chlorophyll and backscattering sensor comparison experiment

Initial Report

Jim Sullivan URI-GSO

June 2005

jsully@gso.uri.edu
Acknowledgements: I would like to thank Jason Graff, Malcolm McFarland and Jan Rines for their assistance in conducting these experiments.

Instruments:

Approximately 15 different chlorophyll fluorescence and backscattering sensors were compared. Most of the sensors were manufactured by WET labs. One Hobi-Labs instrument was also tested.

The WET labs instruments used were:

Wetstar: flow through fluorometer (abbreviated WS)

Eco-VSF: 3 angles (100, 125 and 150º) of backscattering at 1 wavelength (532 nm)

BB1: 1 angle (117º) of backscattering at 1 wavelength (532 or 650 nm)

BB2F: 2 wavelengths of backscattering (470 and 700 nm) at 1 angle (117º), also with a fluorometer

AC9: 9 wavelengths of absorption and attenuation

The Hobi-Labs instrument was a Hydroscat 2: 2 wavelengths of backscattering (470 and 676 nm) at 1 angle (140º) and a relative (uncalibrated) fluorometer

Chlorophyll calibrations:

Prior to the calibration measurements, three 20 liter carboys were inoculated with 50, 150 and 250 mL of an exponentially growing diatom species (Chaetoceros socialis).  This inoculate strength produced the approximate 1x, 3x and 5x chlorophyll concentration range used in the experiment. The cultures were allowed to grow at high light for ~ 4 days before the experiment.  All measurements were made in a 40 L tank. Prior to chlorophyll measurements, the tank was filled with DI and “pure water blank” measurements were made and subtracted from later chlorophyll measurements. The sensors were held in the same orientation and location in the tank for all measurements.  

For the most part, the chlorophyll fluorometers compared very well (see Table 1 and Figure 1 below), with most agreeing within ~ +/- 25% of the average value. Two URI calibrated instruments were used as the comparative baseline. URI’s WETstar (WS-686) has been previously calibrated to chl a fluorescence and culture standards and URI’s AC9 (AC9-143) provided an independent absorption based estimate of chlorophyll concentration (see Sullivan et al. 2005, Applied Optics for description).  The actual chlorophyll a concentration in the three treatments is likely near the average of these two independent estimates, giving: ~ 3, 8 and 19 µg/L chl a for the 1X, 3X and 5X inoculate treatments respectively.

Table 1. Comparison of fluorometers at three chlorophyll concentrations.  




measured Chl a concentration (µg/L) at each treatment
5X

3X

1X

Sensor name
BB2FHYD-144

38.7

16.9

5.2

BB2FAUV-075

31.8

12.9

4.2

WS-353

26.7

12.7

4.7

AC9-143

22.5

8.1

2.9

BB2F-051

21.7

9.8

3.0

BB2F-042

21.4

9.0

3.1

BB2F-031

21.3

8.9

3.0

BB2F-043

20.9

9.5

2.6

BB2F-047

17.1

7.2

2.0

WS-686

16.2

7.5

2.5

BB2F-050

15.4

7.6

2.4

BB2F-045

15.2

7.0

2.4

BB2F-049

14.3

6.4

2.2

BB2F-048

13.3

6.3

2.0
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Figure 1. Plot of Table 1 data.

Two of the BB2F sensors (BB2FHYD-144 and BB2FAUV-075) output notably higher chlorophyll estimates than the other fluorometers.  Note, this was not a case of the two fluorometers being tuned to a higher sensitivity. All of the BB2F chlorophyll sensors were calibrated at the same sensitivity range (4000 max counts).  The older WETstar (WS-353) also output somewhat higher values, however WETstars from its vintage have been know to measure ~1.5 to 2X higher than chlorophyll measurements determined by extraction.  

Backscattering calibrations:

All measurements were made in a black 40 L tank. Prior to backscattering measurements, the tank was filled with DI and “pure water blank” measurements were made and subtracted from later backscattering measurements. The sensors were held in the same orientation and location in the tank for all measurements.  For the comparison, three dilutions of Formazin, an inorganic colloidal turbidity standard, were used (1.0, 0.5 and 0.1 FNU’s).

A number of backscattering sensors were tested with different colored light and measurement angles. These instrumental differences must be taken into account when looking at the comparisons below. In general, backscattering (in this case, β, with units m-1 sr-1) will gradually decrease from the blue (e.g. 470 nm) to red wavelengths (e.g. 700 nm) and from lower (e.g. 100º) to higher (e.g. 150º) backscattering angle.

Given past cross-calibration work, we expected that the WET labs sensors should agree to within +/- 10% or less of the average measured β, and in fact, the majority of the sensors met this expectation (see Table 2 and Figure 2 below).  The same two BB2F sensors (BB2FHYD-144 and BB2FAUV-075) that output high chlorophyll values also output higher than expected β values. However, their β estimates were not that far out of line and were only ~ 15-20% higher than the average β.  One WET labs BB1 sensor (BBRT-033) output much lower than expected β values (~50%) and may require recalibration or service in the near future.  It is also possible that this is a measurement sensitivity issue with this particular sensor.  Either way, the magnitude of BBRT-033 field measurements must be regarded with this cross-calibration in mind.

The Hobi-Labs HS-2 also measured lower than the average β of the WET labs sensors at similar colors, but the HS-2 measures at a greater backscattering angle than the WET labs sensors (i.e. 140º vs. 117º), so this was expected.  The closest comparison to the HS-2 would be to the multi-angle EcoVSF-030 which has a 150º (532 nm) measurement channel.  In this case, the HS-2 should read slightly higher β at 470 nm and slightly lower β at 676 nm than the EcoVSF β at 150º (532 nm).  The HS-2 does seem to bracket the EcoVSF measurement nicely in the Formazin standards (see Figure 3).

Table 2. Comparison of backscattering sensors at three Formazin concentrations (FNUs). The data is grouped to nearest wavelength.




measured β ( m-1 sr-1) 



sensor design

sensor name

1.0 FNU
0.5 FNU
0.1 FNU
angle(º)
λ(nm)

BB2FHYD-144

0.0093
0.0047
0.0009
117

470

BB2FAUV-075

0.0096
0.0048
0.0010
117

470

BB2F-031

0.0081
0.0041
0.0008
117

470

BB2F-042

0.0082
0.0041
0.0008
117

470

BB2F-043

0.0083
0.0042
0.0009
117

470

BB2F-045

0.0081
0.0041
0.0008
117

470

BB2F-047

0.0081
0.0041
0.0008
117

470

BB2F-048

0.0083
0.0041
0.0008
117

470

BB2F-049

0.0084
0.0042
0.0009
117

470

BB2F-050

0.0078
0.0039
0.0008
117

470

BB2F-051

0.0082
0.0041
0.0008
117

470

HS-2


0.0065
0.0030
0.0008
140

470

EcoVSF-030

0.0075
0.0038
0.0007
100

532

EcoVSF-030

0.0070
0.0035
0.0007
125

532

EcoVSF-030

0.0054
0.0027
0.0005
150

532

BB1-020

0.0075
0.0037
0.0007
117

532

BB1-019

0.0072
0.0036
0.0007
117

532

BB1-018

0.0076
0.0037
0.0007
117

532

BBRT-033

0.0021
0.0010
0.0002
117

650

BB2FHYD-144

0.0042
0.0021
0.0005
117

700

BB2FAUV-075

0.0044
0.0023
0.0005
117

700

BB2F-031

0.0036
0.0018
0.0004
117

700

BB2F-042

0.0040
0.0020
0.0004
117

700

BB2F-043

0.0037
0.0019
0.0004
117

700

BB2F-045

0.0041
0.0020
0.0004
117

700

BB2F-047

0.0038
0.0020
0.0004
117

700

BB2F-048

0.0038
0.0019
0.0004
117

700

BB2F-049

0.0041
0.0021
0.0004
117

700

BB2F-050

0.0040
0.0020
0.0004
117

700

BB2F-051

0.0040
0.0020
0.0004
117

700

HS-2


0.0029
0.0017
0.0005
140

676
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Figure 2. Plot of Table 2 data. Data is grouped to nearest wavelength. Note: in the 700 nm group, BBRT-033 actually measures at 650 nm and HS-2 at 676 nm and only the 125º EcoVSF (532 nm) measurement is shown.
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Figure 3. Sub-comparison of the HS-2 and EcoVSF.  The HS-2 measurements should bracket the EcoVSF 150 green estimate.

While backscattering cross-calibrations in Formazin standards are useful, ideally we want to compare the instruments in a real world mix of organic/inorganic particles with a natural particle size distribution. This was examined somewhat by comparing the backscattering measured in the different phytoplankton culture treatments used in the chlorophyll comparison.  This comparison is shown in Figure 4 below.  As expected, there was more variability in the estimates of β, however, the results were mostly similar to the Formazin calibration.
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Figure 4. Backscattering values measured in the different phytoplankton culture treatments.

Summary: Overall, the majority of the instruments compared very well (Kudos to WET labs production people). If time permits, it may be useful to do a similar in-water comparison all available optical sensors during the field exercise.  It would only require that the different groups sample spatially close at agreed upon depths.

