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Summary

Estuaries exhibit a noticeably high organic alkalinity signature that diminishes towards the ocean where inorganic species dominate alkalinity.%®:” This shift in alkalinity from a low salinity to high salinity
environment has not been sufficiently studied. The goal of this investigation is to better understand the role organic alkalinity plays in the buffering of coastal ecosystems. Ten estuaries that feed into the Gulf of Maine
were selected for sampling ranging from Maine, U.S.A to New Brunswick, Canada. River endmember samples were collected and will be serially diluted with seawater to simulate river water mixing with the ocean. For
each series of dilutions, total alkalinity, organic alkalinity and dissociation constants (pK.,s) will be determined through titration analysis. Understanding the contribution of organic alkalinity to the buffering ability of
estuaries is essential to predict the future resilience of these ecosystems. Acidification in estuaries threatens the habitat of many shellfish and fish species.® This investigation will not only further develop the ability to
estimate the total alkalinity of a coastal ecosystem, but can aid in analysis of estuary health and fisheries management.
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Dissolved CO, + H,0 <@====)» H,CO, Carbonic acid

< Increased concentrations of atmospheric Carbon dioxide (CO,) are driving the Freshwater samples were collected at 15 sites, to represent the river endmembers of the

Alkalin ity HCO,~ + H* Bicarbonate

acidification of coastal ecosystems through the dissolution of CO, in marine waters.>> BOW, _  hso- ten estuaries selected for sampling (Figure 2). The samples will be serially diluted with a
< Alkalinity is the aquatic systems ability to buffer changes in acidity. Total alkalinity is HPO > Sio(o:)_ HPO, cosll e Carbonate saltwater standard to target salinities. Before and after each dilution, a portion of sample
comprised of both inorganic and organic species that neutralize a change in pH through PO 305?:? will be looked at under a microscope for evidence of flocculation. The total alkalinity,
chemical bonding (Figure 1).3 ) S e organic alkalinity and pKa’s for the series of dilutions will be determined through a Gran +
< Inorganic alkalinity is relatively well studied, but much is unknown about organic _ _ Whole titration (Figure 3).%
alkalinity and its potential importance to the buffering of coastal ecosystems. F'%‘:}? %(;tglltz:s;ﬂgﬂyogncr?;??gsssastgizem Figure 3: Procedure of Gran + Whole Titration Analysis
“» Estuaries are key coastal ecosystems under the threat of acidification. With unique acid-
base properties, studies have shown that estuaries display signs of high organic (adapted from NASA). « Hydrochloric Acid (HCI) slowly added until the sample reaches a pH of 3 :
buffering.L® Gran | ° Total Alkalinity calculated from amount HCI used
<+ Organic alkalinity diminishes towards the ocean where inorganic alkalinity dominates. J
Salinity has been hypothesized to cause this decrease in organic alkalinity through
Impacting the acid-base properties of organic alkalinity (Obj. 2) and enhancing _ _ _ _ N
flocculation (Obj. 3).7:9 « Sample stopp_ered and Nlt_rogen gas bubbler inserted to pre:vent re-dlsso_lutlon_ of CO,
Back- | + CO, free Sodium Hydroxide (NaOH) added to sample until a pH of 10 is achieved
OBJECTIVES: Titration Y
1. Quantify the impact of river and ocean water mixing on the organic alkalinity of an
estuary. « HCl is slowly added to the sample until a pH of 3 is reached

2. Determine the effect of salinity on the dissociation constants (pK_s) of organic
alkalinity. Compare pKa values throughout and of different estuaries in the Gulf of
Maine.

3. ldentify the influence of increasing salinity on the coagulation and settling of organic

particles out of solution. | Figure 2: Map of sampling locations.

o Atitration curve is produced, and transferred into MATLAB
 Organic Alkalinity calculated twice

Whole . :
« pKa's calculated from equivalence points

015 - A special thank you to Dr. Joseph Salisbury and Chris Hunt for their continued
. - 7 guidance on this project. Thank you to Sherwood Liu and Robert Byrne at USF for the
Satilla Eo P : : :
o o — analysis of DIC samples. Finally, thank you to the NSF for funding.

< ?l o = ® 600

E 0.1 gi " . _? = 500+

= . o .\.48 ® . Eﬂ | -

'I-'U | L J o E ‘,."' ‘:{' .

= 0.05 4 a = /® Y 300 ) f

< E E o Reterences

. 89.0 ] 200} .
s B < .
0 Mddd b i A PR 100+ * . 1. Cai, W., Wang, Y. and Hodson, R. (1998) “Acid-base properties of dissolved organic matter in the estuarine waters of Georgia, USA.” Geochimica et
: : , . Cosmochimica Acta. 62(3): 473-483.
0 S 10 15 . 12[' 25 30 39 0 20 25 30 35 . — L e 1'3" 2. Cai, W., Hu, X., Huang, W. and Murrell, M. (2011) “Acidification of subsurface coastal waters enhanced by eutrophication” Nature Geoscience. 4(11): 766—
Salinity Arg Observed [pmol kg'!| ° 3 » B % = Ed 770.
3. Dickson, A. (1981) “An Exact Definition of Total Alkalinity and a Procedure for the Estimation of Alkalinity and Total Inorganic Carbon from Titration

: . - . - — . - = . Data." Deep Sea Research Part A. Oceanographic Research Procedures 28: 609-23

Flgure 4 Data from the Satl I Ia Rlver In _Igure 5 Da‘ta from the Baltlc Sea pU"ed Igure 6 Data from the Amazon eStuary 4. Dickson, A., Sabine, C. and Christian, J. (2007) “Guide to Best Practices for Ocean CO2 Measurements” PICES Special Publication 3 IOCCP Report No. 8.
I I I I I 0-191
GeOrgla pU”ed from Cal et al' 1998 frOm KUIInSk_I et al' 2014 Observed DU”ed frOm ShOIkOVItZ et _al' 1978 V\_/hen 5. Duarte, C., Hendriks, I., Moore, T., Olsen, Y., Steekbauner, A., Ramajo, L., Carstenson, J., Trotter, J. and McCulloch, M. (2013) “Is Ocean Acidification an
Overall, organic alkalinity (black dots) organic alkalinity values closely matched water from the Amazon River was mixed Open-Ocean Syndrome? Understanding Anthropogenic Impacts on Seawater pH” Estuaries and Coasts. 36: 211-236
. ; ] - . : - . . . ] - 6. Hunt, C., Salisbury, J. and Vandemark, D. (2011a) “Contribution of non-carbonate anions to total alkalinity and overestimation of pCO2 in New England and

decreases with increasing salinity. Prior that of organic alkalinity values with Atlantic seawater, the flocculation of New Brunswick rivers” Biogeosciences. 8(10): 3069-3076
to the decrease, there is an increase of calculated using pK,s. With increasing humic acids greatly increased with it e Jourmeat of Maine vatoms. 199- tog.g16, o oozl GOL Tihe influence of dissolved organic matier on fhe acid-base system of fhe
OrganiC alkal |n|ty Wlthln the |n|t|a| feW Sa“nlty, ChangeS in pKaS COUId be inCI‘eaSing Sallnlty RemOVing Sp@CleS Of 8. aﬁ:zzug}g({r,bflgfgjé\;g, Hunt, C., and Campbell, J. (2008b) “Coastal Acidification by Rivers: A Threat to Shellfish?” Eos Transaction American Geophysical
ppt increase of salinity. reflected in organic alkalinity values. organic alkalinity available to the system. 9. ig?;;ol/;'g,l%é Boyle, E. and Price, N. (1978) “The removal of dissolved humic acids and iron during estuarine mixing” Earth and Planetary Science Letters.




