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1. The relatively low-accuracy but high temporal-frequency pHNBS measurements that have been 

collected over the past decade at four sites in Long Bay, SC, can be used as a proxy for total-

scale pH (pHT), the globally accepted pH property for acidification monitoring

a. pHNBS has a strong linear relationship with pHT

2. Two coastal-ocean and two estuarine sites in Long Bay, SC have been experiencing decreasing 

pH and degree of saturation of calcite and aragonite over the past decade

a. Total Alkalinity has a direct relationship with salinity (in addition to 1a)

3. Estuarine sites are more prone to acidification than coastal-ocean sites

4. pH at our study sites co-varies with temperature, dissolved oxygen and salinity

a. pH has an inverse relationship with temperature

b. pH has a direct relationship with dissolved oxygen

c. pH co-varies with salinity

HYPOTHESES

STUDY GOALS

Provide the first 
characterization of 
temporal scales of 
COA in Long Bay, 

SC leveraging long 
term data sets at 
both coastal and 
estuarine sites. 

Validate sensor 
measurements with 
contemporaneously 
collected discrete 

samples for 
Dissolved Inorganic 
Carbon (DIC) and 

Total Alkalinity (TA).

Show that water 
quality 

parameters as 
monitored by 

sensor 
technologies can 
be used for COA 

assessment. 

BACKGROUND RESULTS

Sample Calculated pH (pHT) vs. Sensor Measured pH (pHNBS ) (Figure 1) Total Alkalinity (TA) vs. Salinity (Figure 2)

Calcite and Aragonite Saturation (ΩCA and ΩAR) (Figure 4)Partial Pressure of CO2 (pCO2) and pHT (Figure 3)

One of the major water-quality issues impacting our coast and estuaries is coastal-ocean and estuarine 

acidification. There is currently a lack of Coastal-Ocean Acidification (COA) research on the coast of South 

Carolina (SC) and therefore this project aims to provide the first characterization of COA through 

leveraging decade-long data sets from Long Bay, SC where low pH and low oxygen (Sanger et al. 2012) 

have already been documented. 

DISCUSSION AND CONCLUSIONS
pHT vs. pHNBS (Figure 1)
• Coastal-Ocean Sites (ABW, ASW, CBW, CSW):

• No strong linear relationships found at these sites

• Estuarine Sites (OYL, RGC):

• pHNBS can be used as a proxy for pHT

TA vs. Salinity (Figure 2)
• No linear relationships were found at all sites, potentially due to:

• Carbonate chemistry more complex and more dynamic (Kerr et al. 2021)

• Biogeochemical processes, esp. respiration (Pimenta and Grear 2018)

• Riverine inputs (Xia et al. 2007)

• Terrestrial runoff (Dafner et al. 2007)

• Upwelling groundwater (Viso et al. 2010)

• Wind driven ocean surface currents (Troup et al. 2017)

• Offshore water masses (Sanger et al. 2012)

• Organic alkalinity: organic molecules that contribute to TA (Kerr et al. 

2021)

Eastern Oysters (Gobler and Talmage 2014) (Figures 3 and 4)
• In their early life stages, Eastern Oysters exposed to:

• pCO2 > 750 µatm, pH < 7.93, ΩCA < 2.82 ± 0.06 and ΩAR < 1.83 ± 0.04

• Smaller, slower to metamorphose and less calcified

• Thinner shells and more vulnerable to predation

• Estuarine Sites (OYL, RGC):

• Fell within the detrimental thresholds for pCO2, pH, ΩCA and ΩAR 

• Indicating periodic events where the Eastern Oysters could be 

exposed to acidification events
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Station Acronym
Location in 

SC
Type Platform

Sampling 

Frequency 
Instrumentation

Apache Pier Bottom 

Water
ABW Myrtle Beach

Coastal-

ocean
In-situ deployed 15 minutes YSI EXO sonde

Apache Pier Surface 

Water
ASW Myrtle Beach

Coastal-

ocean
In-situ deployed 15 minutes YSI EXO sonde

Cherry Grove Pier 

Bottom Water
CBW

North Myrtle 

Beach

Coastal-

ocean
In-situ deployed 15 minutes YSI EXO sonde

Cherry Grove Pier 

Surface Water
CSW

North Myrtle 

Beach

Coastal-

ocean
In-situ deployed 15 minutes YSI EXO sonde

Oyster Landing OYL Murrells Inlet Estuary
In-situ 

measurement 
biweekly

Orion Star 

multimeter

Rum Gully Creek RGC Murrells Inlet Estuary
In-situ 

measurement
biweekly

Orion Star 

multimeter

SENSOR SITES

750

7.93
2.82 ± 0.06 1.83 ± 0.04

Eastern Oysters (Crassostrea virginica) thresholds (Gobler and Talmage 2014) 

FUTURE STUDIES
• Need more observations and sampling to detect 

potential acidification trends (Pimenta and Grear 

2018)

• Key biogeochemical properties

• Nutrients (Wanninkhof et al. 2015, Cai et al. 

2021, Kerr et al. 2021, Hall et al. 2024)

• Chl a (Borges and Gypens 2010, Hall et al. 

2024)

• Direct measurements of pHT (Dickson et al. 2007, 

Fassbender et al. 2017)

• Organic alkalinity (Fassbender et al. 2017)

• Blackwater rivers

• River plumes (Xia et al. 2007)

• Saltwater marshes 

• Capturing seasonal variations, diurnal 

biogeochemical processes (respiration and 

photosynthesis) and tidal influences (Baumann et 

al. 2015)

• Capture low pH and low DO events

• The dynamic nature of these systems makes them 

extremely difficult and expensive to study

• Higher temporal and spatial variability of the 

carbonate system

• Holistic data collection

• Nutrients, carbonate parameters, water 

quality parameters, etc. 

REFERENCES
• Baumann, H., Wallace, R. B., Tagliaferri, T., & Gobler, C. J. (2015). Large natural pH, CO 2 and O 2 fluctuations in a temperate tidal salt marsh on diel, seasonal, and interannual time 

scales. Estuaries and Coasts, 38, 220-231.

• Borges, A. V., & Gypens, N. (2010). Carbonate chemistry in the coastal zone responds more strongly to eutrophication than ocean acidification. Limnology and Oceanography, 55(1), 346-

353.

• Cai WJ, Feely RA, Testa JM, Li M, Evans W, Alin SR, Xu YY, Pelletier G, Ahmed A, Greeley DJ, Newton JA, Bednaršek N. Natural and Anthropogenic Drivers of Acidification in Large 

Estuaries. Ann Rev Mar Sci. 2021 Jan;13:23-55. doi: 10.1146/annurev-marine-010419-011004. Epub 2020 Sep 21. PMID: 32956015.

• Dafner, E. V., Mallin, M. A., Souza, J. J., Wells, H. A., & Parsons, D. C. (2007). Nitrogen and phosphorus species in the coastal and shelf waters of Southeastern North Carolina, Mid-

Atlantic US coast. Marine Chemistry, 103(3-4), 289-303.

• Dickson, A. G., Sabine, C. L., & Christian, J. R. (2007). Guide to best practices for ocean CO2 measurements. North Pacific Marine Science Organization. https://doi.org/10.25607/OBP-

1342

• Fassbender, A. J., Orr, J. C., and Dickson, A. G.: Technical note: Interpreting pH changes, Biogeosciences, 18, 1407–1415, https://doi.org/10.5194/bg-18-1407-2021, 2021.

• Gobler, C. J., & Talmage, S. C. (2014). Physiological response and resilience of early life-stage Eastern oysters (Crassostrea virginica) to past, present and future ocean acidification. 

Conservation Physiology, 2(1), cou004.

• Hall, E. R., Yates, K. K., Hubbard, K. A., Garrett, M. J., & Frankle, J. D. (2024). Nutrient and carbonate chemistry patterns associated with Karenia brevis blooms in three West Florida 

Shelf estuaries 2020-2023. Frontiers in Marine Science.

• Kerr, D. E., Brown, P. J., Grey, A., & Kelleher, B. P. (2021). The influence of organic alkalinity on the carbonate system in coastal waters. Marine Chemistry, 237, 104050.

• Pimenta, A. R., & Grear, J. S. (2018). Guidelines for Measuring Changes in Seawater pH and Associated Carbonate Chemistry in Coastal Environments of the Eastern United States.

• Sanger, Denise & Smith, Erik & Voulgaris, George & Koepfler, Erik & Libes, Susan & Riekerk, George & Bergquist, Derk & Greenfield, Dianne & Wren, Ashley & Mccoy, Clayton & 

Viso, Richard & Peterson, R. & Whitaker, J. (2012). Constrained enrichment contributes to hypoxia formation in Long Bay, South Carolina (USA), an open water urbanized coastline. 

Marine Ecology Progress Series. 461. 15-30. 10.3354/meps09796. 

• Troup, M. L., Fribance, D. B., Libes, S. M., Gurka, R., & Hackett, E. E. (2017). Physical conditions of coastal hypoxia in the open embayment of Long Bay, South Carolina: 2006–

2014. Estuaries and Coasts, 40(6), 1576-1591. https://doi.org/10.1007/s12237-017-0246-x

• Viso, R., McCoy, C., Gayes, P., & Quafisi, D. (2010). Geological controls on submarine groundwater discharge in Long Bay, South Carolina (USA). Continental Shelf Research, 30(3-4), 

335-341.

• Wanninkhof, R., Barbero, L., Byrne, R., Cai, W. J., Huang, W. J., Zhang, J. Z., Baringer, M., & Langdon, C. (2015). Ocean acidification along the Gulf Coast and East Coast of the USA. 

Continental Shelf Research, 98, 54-71. https://doi.org/10.1016/j.csr.2015.02.008

• Xia, M., Xie, L., & Pietrafesa, L. J. (2007). Modeling of the Cape Fear River estuary plume. Estuaries and Coasts, 30, 698-709.


	Untitled Section
	Slide 1


