











Fig. 4.5.5 Blowup of the fall storm data. (A) pH from the SAMI-pH at the reef head
(black). The red bracket shows the storm period and the red box shows the large diel
changes after the storm. The gap in the pH data is due to instrument problems. (B) pCO,
from two SAMI-COss at the reef head (instrument #1 in black, instrument #2 in red).

The dashed black line shows the average atmospheric CO, value from Mauna Loa
(pCO,=385.7 patm). The green line shows estimated open ocean pCO; at the reef
temperature, calculated using the relationship of Olsen et al. (2004). (C) O, from two
Aanderaa O, optodes at the reef head (instrument #1 in black, instrument #2 in red). The
dashed black line shows 100% O, saturation. (D) Temperature (black) from the SAMI-
pH and salinity (red) from the NOAA CREWS mooring at the reef tail site B. (E)
Photosynthetically Active Radiation (PAR) from the NOAA CREWS mooring at the reef
tail site B. (F) Fluorescence from a Chelsea Instruments Minitracka attached to the
SAMI-CO:..
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winter and fall seasons, respectively. Qa, and Qc, were then re-modeled using the
predicted pCO; and pH data (Fig. 4.5.1F). While measured monthly averages of Qa,
were always above 3.0, Q4; is projected to be at the threshold value of 3.0 year-round on
the reef if pCO; increases to 500 patm, which could occur within the next 15 years
(Meehl et al., 2007). These values will put the reef at the extremely marginal
calcification level throughout the year. Calcite saturation is projected to decrease to a

new range of 3.9-5.5 (not shown).

4.5.4 Calcification

In order to determine calcification rates at Media Luna, we compared O, and pH
and pCO; measurements, in terms of DIC. Eqn. (4.1) shows the mass balance for the

system,

ADIC (4.1
H d—T = Laas — Fyem — Feacos
DO (4.2)
H E = Fgas - FNCM
Fyoys = Fuo, * Redfield (4.3)

where H is mixed layer depth, ADIC/dT is the change in DIC per time (either from
oxygen or pH), Fy,s 1s the flux due to gas exchange, Fxcw 1s the flux due to net
community metabolism and Fcacos is the flux due to calcification. The ADIC/dT from
oxygen is calculated from Eqns. (4.2-4.3). The Fxcwm 1s calculated from the flux due to
oxygen (Fnewm 02) multiplied by the Redfield ratio (Redfield). As stated above, salinity

records did not indicate any significant freshwater inputs except for the Fall 2008 storm
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at the end of September, so we neglected the effects of entrainment in our calculations.
The flux due to calcification can be determined from the difference in H ADIC/dT due to
pH and oxygen changes. Changes in oxygen are only affected by Fg,s and Fpem, while
changes in pH and pCO, are affected by all three fluxes shown in Eqn. (4.1). After
correcting the oxygen and pH records for gas exchange the difference in H ADIC/dT is
Fcacos. The oxygen data were corrected for gas exchange and then converted to an O,
flux. This oxygen flux was converted to a DIC flux using a Redfield ration of -106/138.
The in situ pH data were combined with an interpolated Ar record (from discrete
measurements) to model DIC over the winter and fall deployments. This DIC record was
then converted to a DIC flux. Figures 4.5.7 and 4.5.8 shows the DIC fluxes and the

differences between them in two different units.
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Fig. 4.5.7 (A) 8 hour low pass filtered DIC fluxes due to oxygen (black), pH/Asiin (red)
and pCOx/Arglin (green). (B) The difference in DIC fluxes. pH/Arsiin flux-O, flux in
black, pCO,/Arsaiin flux-O, flux in green. Negative DIC difference values indicate
calcification. The dashed black line shows the zero line. The DIC flux is in mol m™ hr''.
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Fig. 4.5.8 (A) 8 hour low pass filtered DIC fluxes due to oxygen (black), pH/Asaiin (red)
and pCO,/Arslin (green). (B) The difference in DIC fluxes. pH/Arsin flux-O, flux in
black, pCO2/Atsain flux-O, flux in green. Negative DIC difference values indicate
calcification. The dashed black line shows the zero line. The DIC flux is in mol m™ day”

I
Since Arsain 1S not representative of a calcification At, our pH/Argqin and
PCO2/Arsain DIC fluxes will underestimate the calcification signal. Calcification is
shown as a positive DIC flux difference, dissolution as a negative DIC flux difference
(Fig. 4.5.7B). For the winter season, the O, and pH/Arsin DIC showed small differences
(-0.012-0.010 mol m™ hr', Fig. 4.5.7B). These fluxes are within the margin of error for
the instruments and are therefore not interpreted further as calcification or dissolution.
For the fall season, the DIC flux differences (O,-pH/Arsaiin) Were larger at -0.023 to 0.029
mol m™ hr''. Over the entire fall season there was a net dissolution of -1.0919 mol m™.
Average daily values from periods throughout the fall season (9/20/08, 10/18/08,

11/19/08) showed a net dissolution for the day (-0.037, -0.052, -0.063 mol m™ day™).
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These values compare favorably with daily net dissolution from a variety of reef
substrates (coral rubble, patch reef, sand bottom) from Molokai reef flat in Hawaii during
the winter (-0.020 mol m™ day™) (Yates and Halley, 2006). During the summer at
Molokai reef there was a net calcification of 0.011 mol m™ day™ for a patch reef
substrate. Calcification data were not available for the fall season at Molokai reef. Other
coral reefs have generally shown net calcification over a 24 hour cycle, rather than the net
dissolution seen at Media Luna. On Ishigaki Reef off the southern tip of Japan Kayanne
et al. (2005) found a net calcification of 0.036 to 0.131 mol m™ day™ during the fall. On
the Palau Islands reef off the westernmost group of the Caroline Islands Kayanne et al.
(2005) found a net calcification of 0.097 mol m™ day™ during the summer. On Nature
Reserve Reef in the Northern Red Sea Silverman et al. (2007) found net calcification
rates of 0.06 = 0.02 mol m™ day™ for the summer and 0.03 + 0.02 mol m™ day™ for the
winter. Fig. 4.5.9 shows a blowup of two times during the fall deployment, one showing
lower calcification rates and one showing higher calcification rates. The pH/Asain and
the pCO2/Arsaiin DIC flux records track well with each other (Fig. 4.5.9A) and show very
similar offsets compared to the O, DIC flux (Fig. 4.5.9B), further supporting the accuracy

of the pH and pCO; data.
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Fig. 4.5.9 (A) Blowup of the fall DIC flux for two time periods. O, DIC flux in black,
PH/Arsaiin DIC flux in red, pCO2/Agaiin DIC flux in green. (B) DIC flux differences, O»-
PH/Atgaiin in red, O2-pPCO2/Argain in green. (C) Temperature in black, salinity in red. (D)
PAR data.

Fig. 4.5.9 shows the correlation between the DIC flux difference and PAR for the
lower (4.5.10A) and higher (4.5.10B) fall calcification scenarios. For both scenarios, the
DIC flux moves from net calcification to net dissolution at night when PAR is zero. In
Fig. 4.5.10A, dissolution continued to increase until light levels increased above ~300

umol quanta m™s”'. After this point, the system slowly increased to a small positive DIC

flux difference throughout the remainder of the day. In Fig. 4.5.10B, dissolution started
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to decrease as soon as PAR was above 0 pmol quanta m™ s, moving towards a higher
positive DIC flux difference as the day continued. While these differences are apparent,

more work is needed to determine what is driving these differences within a season.
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Fig. 4.5.10 (A) DIC Flux difference vs. PAR for the lower calcification period. (B) DIC
flux difference vs. PAR for the higher calcification period. O»-pH/Argiin in red, O,-
PCO,/Arsalin in black.

4.6 Conclusions

The data from Media Luna represent the highest temporal resolution
spectrophotometric pH and pCO, dataset for a coral reef to date, and show that the reef
experiences large variability in both pH and pCO, over the combined annual cycle. Diel
changes in pH (0.02-0.09 pH units) often approached the magnitude of the monthly
seasonal pH changes (0.1 pH units). These values are in the middle to low range of diel
and seasonal pH values observed previously on very shallow reefs (1-2.5 meters)
(Kayanne et al., 2005; Silverman et al., 2007; Yates and Halley, 2006). The water at
Media Luna is deeper (4-5 meters) compared to earlier studies, and the added oceanic
waters likely dilute some of the effects of production and calcification on the reef. The

reefs at La Parguera have also experienced numerous coral bleaching events since the
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1980’s (Winter et al., 1998), which has been shown to cause decreased coral health and
coral death (Hoegh-Guldberg, 1999), leading to decreased pH variability. Half of the
seasonal pH variability was driven by temperature changes. The remaining changes were
due to a combination of local primary production, organic carbon export from
surrounding mangroves and CaCOs production. While coral zonation at La Parguera is
similar to other Caribbean reefs (Garcia et al., 1998), local factors such as mangroves and
terrestrial sediment inputs can have a large impact on local dynamics. Reefs on the
southern coast of Puerto Rico, east of La Parguera, have shown decreased species
diversity and coral cover due to significant terrestrial sediment inputs (Acevedo et al.,
1989).

The reef was a source of CO; to the atmosphere for only two of the three seasons
studied, highlighting the importance of seasonal data in determining annual reef CO,
fluxes. Saturation states modeled from pH and pCO, showed that the reef currently
experiences large daily changes in saturation state, which are correlated with pH and
pCO; diel variability. In comparison, seasonal saturation state changes were mainly
affected by temperature and salinity changes on the reef. Calcification rates were below
measurement limits for the winter but fall rates indicate that the reef experiences a slight
net dissolution during this time. Data were not available to calculate exact summertime
calcification rates, but alkalinity changes between the reef and offshore waters indicate
that calcification rates may be higher during this time. These data showed that the
development of in situ pH sensors has made it possible to accurately define pH variability
on coral reefs. When detailed data such as these are available for more reefs systems, we

will be able to more accurately determine global estimates of pH dynamics on reefs. The
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SAMI-pH data can currently be used to help drive regional climate models, such as the
Caribbean saturation state model of Gledhill et al. (2008), which often do not contain

enough data for coastal and reef ecosystems to make accurate predictions in these areas.
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CHAPTER 5

Summary and Future Work

5.1 Summary

The SAMI-pH was used in numerous field deployments to determine instrument
performance as well as pH variability and inorganic carbon dynamics in the field.
Instrument performance in the laboratory, including measurement of molar absorptivities
and accuracy tests, was determined on five SAMI-pHs for use in ten different field
deployments (Table 2.1.1). The average SAMI-pH accuracy was 0.0027 + 0.0057 pH
units for seawater samples and 0.0053 £+ 0.0018 pH units for Tris buffer samples.
Accuracy of Tris buffer samples increased to 0.0018 + 0.0006 pH units when the Tris
sample was measured at an interval of 15 minutes instead of stating a new measurement
directly after the previous sample.

In the first main deployment, a SAMI-pH was deployed with a Li-COR based in
situ pCO; sensor in Monterey Bay, CA from June-August 2007. The pH and pCO, data
showed large weekly changes (0.32 pH units and 240 patm, respectively) that were
driven by upwelling of deeper waters to the surface. The main focus of this deployment
was to determine the feasibility of using in situ data from the pH-pCO; pair to model the
remaining inorganic carbon parameters, At and DIC, in addition to the calcite and
aragonite saturation states. A salinity-derived At (Asain) Was used as an accuracy check
on the At modeled from pH-pCO; since discrete Ar and DIC samples were not collected
during the deployment. 30-hour filtered At and DIC calculated from pH-pCO, matched
Arsaiin and DIC calculated from pH-Argaiin and pCO2-Asaiin to within 15 pmol kg'1

initially. However, the pH-pCO, DIC and Ar drifted apart from the other calculated
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values by over 150 pmol kg™ throughout the 69 day deployment, potentially due to
biofouling. In contrast, calculations of short-term DIC variability from 4-hour filtered
pH-pCO; produced reasonable estimates of the short-term variability, based on
comparisons with nitrate. The pH-pCO, pair was used to model the aragonite and calcite
saturation states and values were within a mean of 0.15 + 0.01 and 0.24 £+ 0.15,
respectively, compared to the pCO,-Arsaiin and pH-Argin values. These results showed
that the pH-pCO, combination provides valuable insights into data quality and short-term
Ar and DIC variability as well as calcium carbonate (CaCOs) saturation states, but that
the reliability of long-term predictions of mean At and DIC values from pH-pCO,
requires further research.

During the second main deployment the SAMI-pH and SAMI-CO, were used to
examine diel and seasonal inorganic carbon variability on Media Luna coral reef, Puerto
Rico for two month periods over three seasons in 2007 and 2008. A total of ~18,500
spectrophotometric pH measurements were collected over the three deployments. pH on
the reef was at a minimum of 7.89 during the fall storm season and at a maximum of 8.17
during the winter, with average monthly pH values between 7.99 and 8.10 pH units. Half
of this seasonal variation was driven by temperature, with the remaining changes due to
organic carbon and CaCOjs production. The average diel pH range was 0.08 + 0.03 pH
units, with a seasonal diel minimum and maximum of 0.012 and 0.176 pH units,
respectively. CO, gas fluxes indicated that the reef was a source of CO, to the
atmosphere during the summer and fall seasons, and a sink during the winter. Annually,
the reef was a source of CO,, with a flux of 1.19 mol m> year'l. Calcium carbonate

saturation states were modeled with pH and pCO, and showed seasonal values between
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2.7-5.4 for aragonite and 4.0-7.0 for calcite. Model predictions indicate that aragonite
saturation will be below 3.0 year-round if atmospheric CO, values increase to 500 patm.
The pH, pCO, and O, data were used to examine calcification on the reef during the
winter and fall seasons. During the winter, calcification rates were between -0.012 and
0.010 mol m™ hr!, which is within the margin of error for the instruments. During the
fall, calcification rates were between -0.023 and 0.029 mol m™ hr’!. Mean calcification
for the fall season showed a net CaCQOs dissolution of -1.0919 mol m>. Average rates of
calcification showed that the reef was experiencing net dissolution over a 24 hour period
during the fall. This is in contrast to previous work on reefs (Kayanne et al., 2005;
Silverman et al., 2007), which generally shows net calcification during the summer and

fall, with the exception of Molokai Reef (Yates and Halley, 2006).

5.2. Future Work

With extensive field testing of the SAMI-pH complete, the instrument can now be
used in future deployments with a high confidence in the pH data. As more deployments
are carried out using both the SAMI-pH and in situ pCO; sensors, better evaluations of
the mean long-term accuracy of Ar and DIC modeled from the pH-pCO; pair will be
possible. Preliminary work by Katherine Harris in an upwelling zone off the coast of
Oregon has shown promising results for the long-term accuracy of DIC modeled using
pH and pCO; data. In the future, the pH SAMIs will be deployed in situ with a Tris
buffer pH standard (DelValls and Dickson, 1998). This pH standard will be run
periodically (i.e. once per day to once every several days) to help account for pH drifts

over time, such as those due to instrument fouling. Continued studies of coral reef
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dynamics would ideally be carried out on a reef that is more productive than Media Luna
so that At changes between two sites across the reef would be larger than measurement
errors. Calcification on the reef could then be evaluated using both the alkalinity
anomaly technique (difference in At over time) and the production-calcification method
(differences in modeled DIC from O, and pH-pCO,) as an added accuracy check.
Additional reef work should include off-reef sampling locations to define the inorganic

carbon dynamics of reef end-member waters.
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e-values at the average run temperature

Trial Pathlength  Avg run

Deployment  SAMI # Date (cm) temp (0C) Ea434 Ea578 Eb434 Eb578 el e2 e3
PR #1 42 2 6/4/2007 0.75 215 17850 186 2278 38228 0.0104 2.1416 0.1276
PR #1 47 1 5/19/2007 1.0 21.9 17761 99 2558 39503 0.0056 2.2242 0.1440
PR #1 47 2 6/4/2007 1.0 21.9 18136 74 2412 39887 0.0041 2.1994 0.1330
PR #2 47 3 11/12/2007 1.0 23.1 17962 135 2702 39817 0.0075 2.2167 0.1504
PR #2 47 5 11/28/2007 1.0 22.8 13764 94 1937 31107 0.0069 2.2601 0.1407
Molasses #1 47 6 5/8/2008 1.0 23.2 18206 117 2532 40666  0.0064 2.2337 0.1391
Molasses #1 47 7 5/14/2008 1.0 18.1 18276 117 2517 41064 0.0064 2.2469 0.1377
Molasses #1 47 8 8/12/2008 1.0 22.9 18043 120 2532 40540 0.0067 2.2469 0.1403
Molasses #1 47 9 8/24/2008 1.0 23.5 17924 119 2490 39749  0.0067 2.2177 0.1389
Molasses #1 47 10 8/28/2008 1.0 24.2 18141 120 2565 40888 0.0066 2.2539 0.1414
Molasses #2 47 11 2/2/2009 1.0 22.9 18535 114 2614 41288 0.0062 2.2276 0.1411
MBARI 13 1 3/7/2007 0.75 20.2 18808 95 2508 41987 0.0051 2.2324 0.1334
MBARI 13 2 3/10/2007 0.75 20.1 18867 89 2556 42794  0.0047 2.2682 0.1355
S. Ocean 13 3 12/19/2007 0.75 22.2 14708 99 1995 32554  0.0067 2.2133 0.1356
Stn Papa #2 13 4 5/8/2008 1.0 23.2 18474 115 2579 40588 0.0062 2.1971 0.1396
Stn Papa #2 13 5 5/14/2008 1.0 17.6 18362 122 2517 40975  0.0067 2.2315 0.1371
PR #2 68 1 11/20/2007 0.75 23.3 18917 74 2468 42252  0.0039 2.2336 0.1305
PR #2 68 2 11/27/2007 0.75 23.1 18782 99 2468 42252  0.0053 2.2496 0.1314
PR #2 68 3 11/27/2007 0.75 22.9 18782 99 2394 41867 0.0053 2.2291 0.1275
PR #2 68 4 12/10/2007 0.75 23.0 18922 102 2429 42151  0.0054 2.2276 0.1284
PR#3 68 5 5/8/2008 1.0 22.9 18299 94 2332 40600 0.0051 2.2186 0.1275
PR#3 68 6 8/24/2008 1.0 24.0 18366 99 2365 40479  0.0054 2.2040 0.1288
Stn Papa #1 59 1 4/6/2007 0.75 20.0 14116 70 1844 31531 0.0050 2.2337 0.1307
Stn Papa #1 59 2 4/6/2007 0.75 20.0 18815 96 2459 41767 0.0051 2.2199 0.1307
PR #3 59 3 8/12/2008 1.00 22.6 17975 114 2340 40129 0.0063 2.2325 0.1302
Stn Papa #3 59 4 1/21/2009 1.00 22.8 18485 132 2435 40877 0.0071 2.2114 0.1317
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e-values temperature corrected to 25 °C
Pathlength ~ Avg run

Deployment  SAMI  Trial # Date (cm) temp (0C) Ea434 Eab78 Eb434 Eb578 el e2 e3
PR #1 42 2 6/4/2007 0.75 215 17928 184 2256 38577 0.0102 2.1517 0.1258
PR #1 47 1 5/19/2007 1.0 21.9 17830 97 2538 39812 0.0054 2.2329 0.1424
PR #1 47 2 6/4/2007 1.0 21.9 18205 72 2392 40196 0.0040 2.2080 0.1314
PR #2 47 3 11/12/2007 1.0 23.1 18004 134 2690 40006 0.0074 2.2220 0.1494
PR #2 47 5 11/28/2007 1.0 22.8 13813 93 1923 31326 0.0067 2.2679 0.1392

Molasses #1 47 6 5/8/2008 1.0 23.2 18246 116 2520 40845 0.0064 2.2386 0.1381

Molasses #1 47 7 5/14/2008 1.0 18.1 18430 113 2473 41751 0.0061 2.2654 0.1342

Molasses #1 47 8 8/12/2008 1.0 22.9 18090 119 2519 40749 0.0066 2.2526  0.1392

Molasses #1 47 9 8/24/2008 1.0 235 17957 118 2481 39898 0.0066 2.2219 0.1382

Molasses #1 47 10 8/28/2008 1.0 24.2 18159 120 2560 40968 0.0066 2.2561 0.1410

Molasses #2 47 11 2/2/2009 1.0 22.9 18582 113 2601 41497 0.0061 2.2332 0.1400
MBARI 13 1 3/7/2007 0.75 20.2 18915 92 2478 42465 0.0049 2.2451 0.1310
MBARI 13 2 3/10/2007 0.75 20.1 18977 87 2525 43283 0.0046 2.2808 0.1331

S. Ocean 13 3 12/19/2007 0.75 22.2 14770 97 1977 32833 0.0066 2.2229 0.1339

Stn Papa #2 13 4 5/8/2008 1.0 23.2 18514 114 2568 40767 0.0062 2.2020 0.1387

Stn Papa #2 13 5 5/14/2008 1.0 17.6 18527 118 2470 41712 0.0064 2.2514 0.1333
PR #2 68 1 11/20/2007 0.75 23.3 18954 73 2458 42421 0.0039 2.2381 0.1297
PR #2 68 2 11/27/2007 0.75 23.1 18824 98 2456 42441 0.0052 2.2546  0.1305
PR #2 68 3 11/27/2007 0.75 22.9 18829 98 2381 42076 0.0052 2.2346 0.1265
PR #2 68 4 12/10/2007 0.75 23.0 18967 101 2417 42350 0.0053 2.2329 0.1274
PR#3 68 5 5/8/2008 1.0 22.9 18346 93 2319 40809 0.0051 2.2244 0.1264
PR#3 68 6 8/24/2008 1.0 24.0 18389 99 2359 40579 0.0054 2.2067 0.1283

Stn Papa #1 59 1 4/6/2007 0.75 20.0 14228 67 1813 32030 0.0047 2.2512 0.1274

Stn Papa #1 59 2 4/6/2007 0.75 20.0 18926 93 2427 42265 0.0049 2.2331 0.1282
PR #3 59 3 8/12/2008 1.00 22.6 18028 113 2325 40368 0.0062 2.2391 0.1290

Stn Papa #3 59 4 1/21/2009 1.00 22.8 18534 131 2421 41096 0.0070 2.2174 0.1306
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pH Accuracy - Seawater Samples

Cary pH SAMI pH Difference
Measurement Cary (adjusted SAMI  (adjusted (Cary-
Deployment Date SAMI#  Trial # Temp to 200C) temp to 2000C) SAMI) AVG STDEV
Monterey Bay 3/8/2007 13 1 20.01 7.9052 20.09 7.9036 0.0015
2 19.95 7.9118 20.09 7.9040 0.0078
3 19.96 7.9078 20.08 7.9033 0.0045
4 20.01 7.9053 20.08 7.9039 0.0014
5 19.97 7.9156 20.07 7.9058 0.0098 0.0050 0.0037
PR #2 12/11/2007 68 1 20.35 8.1352 20.39 8.1390 -0.0039
2 20.38 8.1334 20.39 8.1386 -0.0052
3 20.42 8.1370 20.44 8.1371 -0.0002
4 20.42 8.1318 20.41 8.1381 -0.0063
5 20.46 8.1314 20.41 8.1378 -0.0064
6 20.44 8.1316 20.41 8.1366 -0.0049 -0.0045 0.0023
PR #2 12/11/2007 47 1 20.35 8.1352 20.39 8.1392 -0.0041
2 20.38 8.1334 20.37 8.1398 -0.0064
3 20.42 8.1370 20.36 8.1392 -0.0022
4 20.42 8.1318 20.37 8.1387 -0.0069
5 20.46 8.1314 20.37 8.1395 -0.0081
6 20.44 8.1316 20.37 8.1393 -0.0077 -0.0059 0.0023
S. Ocean Gas Ex 12/20/2007 13 1 20.41 8.1512 20.82 8.1498 0.0014
2 20.46 8.1520 20.86 8.1476 0.0044
3 20.52 8.1513 20.84 8.1493 0.0020
4 20.48 8.1546 20.5 8.1450 0.0096
5 20.46 8.1555 20.48 8.1453 0.0102
6 20.52 8.1525 20.47 8.1443 0.0082 0.0060  0.0039
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pH Accuracy - Seawater Samples

Cary pH SAMI pH Difference
Measurement Cary (ajdusted SAMI (ajdusted (Cary-
Deployment Date SAMI#  Trial # Temp to 20 0oC) temp to 20 0C) SAMI) AVG STDEV
Stn Papa #2 5/12/2008 13 1 19.77 7.9367 19.91 7.9384 -0.0017
2 19.77 7.9349 19.93 7.9383 -0.0034
(Trial #1) 3 19.79 7.9408 19.92 7.9381 0.0027
4 19.81 7.9412 19.91 7.9373 0.0040
5 19.90 7.9437 19.91 7.9372 0.0065
6 19.90 7.9427 19.93 7.9368 0.0059
7 19.94 7.9426 19.91 7.9373 0.0053 0.0028  0.0039
Stn Papa #2 5/14/2008 13 1 20.10 7.9690 19.98 7.9639 0.0051
2 20.12 7.9678 19.96 7.9637 0.0041
(Trial #2) 3 20.08 7.9683 19.98 7.9635 0.0048
4 20.06 7.9675 19.98 7.9636 0.0039
5 20.05 7.9666 19.98 7.9637 0.0028 0.0042  0.0009
PR #3 5/12/2008 68 1 19.77 7.9367 19.82 7.9331 0.0036
2 19.77 7.9349 19.83 7.9329 0.0020
3 19.79 7.9408 19.83 7.9328 0.0080
4 19.81 7.9412 19.83 7.9333 0.0079
5 19.90 7.9427 19.83 7.9339 0.0088
6 19.94 7.9426 19.83 7.9333 0.0093 0.0066  0.0030
PR #3 8/15/2008 59 1 20.42 8.1231 19.82 8.1172 0.0060
2 20.43 8.1198 19.78 8.1152 0.0046
3 20.40 8.1201 19.89 8.1153 0.0048 0.0051  0.0007
Molasses #1 8/15/2008 a7 1 20.42 8.1231 20.11 8.1101 0.0130
2 20.43 8.1198 20.11 8.1089 0.0109
3 20.40 8.1201 20.10 8.1103 0.0097 0.0112 0.0016
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pH Accuracy - Tris Buffer Samples

Tris pH
(calc at
Measurement SAMI SAMI Difference
Deployment Date SAMI#  Trial # temp temp SAMI pH  (Tris-SAMI) AVG STDEV
PR #3 8/15/2008 59 1 8.2503 19.98 8.2455 0.0048
Batch 1, Bottle 37 2 8.2493 20.01 8.2439 0.0054
3 8.2497 20.00 8.2432 0.0065
4 8.2497 20.00 8.2442 0.0055
5 8.2497 20.00 8.2455 0.0042
6 8.2497 20.00 8.2455 0.0042 0.0051  0.0009
PR #3 8/15/2008 59 1 8.2503 19.98 8.2451 0.0052
Batch 1, Bottle 21 2 8.2506 19.97 8.2453 0.0053
3 8.2506 19.97 8.2454 0.0052
4 8.2509 19.96 8.2448 0.0061
5 8.2506 19.97 8.2434 0.0072 0.0058  0.0009
PR #3 8/19/2008 68 1 8.2484 20.04 8.2420 0.0064
Batch 1, Bottle 32 2 8.2481 20.05 8.2421 0.0060
3 8.2487 20.03 8.2424 0.0063
4 8.2481 20.05 8.2427 0.0053
5 8.2484 20.04 8.2415 0.0069 0.0062  0.0006
PR #3 8/15/2008 Cary 1 8.2375 20.38 8.2456 -0.0081
Batch 1, Bottle 37 2 8.2359 20.43 8.2448 -0.0089
3 8.2378 20.37 8.2462 -0.0083 -0.0085  0.0004
PR #3 8/15/2008 Cary 1 8.2385 20.35 8.2482 -0.0097
Batch 1, Bottle 21 2 8.2372 20.39 8.2450 -0.0078
3 8.2378 20.37 8.2477 -0.0099 -0.0091  0.0011
PR #3 8/19/2008 Cary 1 8.2407 20.28 8.2515 -0.0108
Batch 1, Bottle 32 2 8.2484 20.04 8.2582 -0.0098
3 8.2481 20.05 8.2577 -0.0096 -0.0100  0.0006
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pH Accuracy - Tris Buffer Samples

Measurement Tris pH (calc at SAMI Difference
Deployment Date SAMI# Trial # SAMI temp temp SAMIpH (Tris-SAMI) AVG  STDEV
Stn Papa #3 1/30/2009 59 1 8.1169 24.19 8.1168 0.0001
2 8.1047 24.58 8.0987 0.0059
3 8.1019 24.67 8.0949 0.0069
4 8.1000 24.73 8.0945 0.0055
5 8.0990 24.76 8.0922 0.0068
6 8.0981 24.79 8.0912 0.0069
7 8.0978 24.80 8.0901 0.0077
8 8.0975 24.81 8.0895 0.0080 0.0060 0.0025
Molasses #2 2/5/2009 47 1 8.2500 19.99 8.2477 0.0023
Batch 1, Bottle 20 2 8.2503 19.98 8.2501 0.0002
3 8.2503 19.98 8.2496 0.0007
4 8.2503 19.98 8.2495 0.0008
5 8.2500 19.99 8.2489 0.0011
-ran on a 60 minute 6 8.2503 19.98 8.2501 0.0002
interval rather than 7 8.2506 19.97 8.2503 0.0004
triggering SAMI 8 8.2503 19.98 8.2483 0.0020
9 8.2503 19.98 8.2486 0.0017
10 8.2503 19.98 8.2490 0.0013
11 8.2500 19.99 8.2491 0.0009
12 8.2503 19.98 8.2482 0.0021
13 8.2503 19.98 8.2487 0.0016
14 8.2503 19.98 8.2486 0.0017 0.0012 0.0007
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pH Accuracy - Tris Buffer Samples

Tris pH
(calc at Difference
Measurement SAMI SAMI SAMI (Tris-
Deployment Date # Trial # temp temp SAMI pH SAMI) AVG STDEV
Molasses #2 2/5/2009 47 1 8.2497 20.00 8.2468 0.0029
Batch 1, Bottle 20 2 8.2497 20.00 8.2482 0.0014
3 8.2500 19.99 8.2475 0.0025
-ran on a 15 minute 4 8.2500 19.99 8.2488 0.0012
interval rather than 5 8.2500 19.99 8.2483 0.0017
triggering SAMI 6 8.2500 19.99 8.2487 0.0013
7 8.2500 19.99 8.2482 0.0018
8 8.2500 19.99 8.2481 0.0019 0.0018 0.0006
Molasses #2 2/5/2009 47 1 8.2497 20.00 8.2487 0.0009
Batch 1, Bottle 20 2 8.2500 19.99 8.2464 0.0036
3 8.2500 19.99 8.2455 0.0045
-Triggered SAMI 4 8.2500 19.99 8.2457 0.0043
immediately after each 5 8.2500 19.99 8.2458 0.0042
each measurement was
finished 6 8.2500 19.99 8.2471 0.0029 0.0034 0.0014
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