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Coastal ocean and estuarine acidification is a major global water-quality 

issue. The waters of the southeastern United States are no exception to 

this significant global growing concern. Our ability to assess the extent 

and intensity of the problem is impeded by a relative dearth of data. 

This is particularly true in the case of South Carolina. As a solution, we 

are assessing current in-situ monitoring programs located at two 

coastal-pier stations and two estuarine stations in Long Bay, SC. The 

time series data from the piers show significant periods of low pHNBS

linked with low oxygen (< 4.0 mg/L, levels stressful to marine life) and 

hypoxia (<2.0 mg/L) during the “hypoxia season” (June to October). 

Depending on the duration of physical conditions, specifically upwelling 

and favorable winds, low oxygen and hypoxic conditions can present 

episodically on a timescale from hours to days. Similarly, data collected 

bimonthly at a nearby estuarine setting, Murrells Inlet, exhibit similar 

concomitant low pH and low oxygen. Existing datasets indicate a pH 

range at our study sites that is sufficiently large compared to the pHNBS

sensor measurement resolution of 0.01 units. For this reason, our 

project aims to test whether the generated pHNBS and ancillary data can 

support the tracking of long-term acidification trends. Sampling for 

dissolved inorganic carbon (DIC) and total alkalinity (TA), concurrently 

with sensor readings, will provide information that can be used in the 

future to determine the mechanistic drivers of acidification in coastal 

and estuarine South Carolina waters. Measurement of pHT, DIC and TA, 

followed by validation, internal consistency, and identification of 

uncertainties, in the future could allow for the implantation of the 

methods used in this project at other pHNBS sensor-sites. Increasing the 

number of monitoring locations will greatly enhance our understanding 

of acidification and its drivers.

Four sites were chosen for this project due to their current water quality monitoring 

programs in Long Bay, SC. In North Myrtle Beach, the two stations are located at Apache 

Pier and Cherry Grove Pier where there are multiparameter YSI EXO sondes that are 

collecting data in both the surface and bottom waters every 15 minutes since 2012 for 

pHNBS, temperature, DO, salinity, turbidity, and chlorophyll. The two sites in Murrells Inlet 

are located at Oyster Landing Beach and Rum Gully Creek which are estuarine stations 

for a volunteer monitoring program that has been sampling biweekly since 2008 for pHNBS, 

temperature, DO, salinity and other water quality parameters using an Orion star 

multimeter.

There is currently a lack of OA research on the coast of South Carolina and therefore this 

project aims to provide the first characterization of coastal ocean acidification (COA) using 

the waters of Long Bay, SC where acidification (seen as low pH) and hypoxia (low oxygen) 

(Sanger et al. 2012) have already been documented. 

HYPOTHESES
1. The relatively low-accuracy but high temporal-frequency pHNBS measurements 

at the four stations can be used as a proxy for total-scale pH (pHT), the globally 

accepted pH property for acidification monitoring. 

2. Acidification is already occurring and has been intensifying in Long Bay, SC 

over the past decade at all four stations and that extreme weather events 

worsen this problem. 

3. Estuarine stations are more prone to acidification than coastal ocean stations. 

4. pH at our study sites correlates with salinity, dissolved oxygen, and 

temperature.

Study site and stations: (a) Segment of South Atlantic Bight; inset covers Long Bay and 

shows the study region; (b) Grand Strand region of South Carolina; insets show the two 

study areas; (c) Murrells Inlet marsh system and locations of the two marsh stations; 

(d) Locations of the two coastal-ocean pier stations in Myrtle Beach and North Myrtle Beach 

(Hannides et al. 2021). 

Time series data from Apache Pier, one of the in-situ coastal 

monitoring sites, during hypoxia season. All three graphs show 

the direct relationship between low DO and low pHNBS (Data 

source: LBHMC 2021; graphs by Libes pers. comm.)

Time series data from Murrells inlet estuarine sites, Oyster 

Landing and Rum Gully Creek. Graphs show the direct 

relationship between DO and pHNBS (Data source: EQL 2021; 

graphs by Libes pers. comm.)

• Discrete samples for DIC and TA will be collected contemporaneously (time matched) 

to current routine observations at our four stations according to Reimer et al. (2017). 

• A Niskin bottle will be used to collect water which will be subsampled to fill 300-mL 

glass BOD bottles. 

• Subsamples will be poisoned with mercuric chloride and stored on ice during 

transport from the field to the laboratory, where they will be stored in a refrigerator 

until shipment to Mote Marine Laboratory for analysis (Reimer et al. 2017, Robbins et 

al. 2018).

Sample Analysis

Data Analysis

Field Sampling

• DIC and TA samples will be analyzed at Mote Marine Laboratory.

• DIC will be analyzed according to Wang and Cai (2004) by a nondispersive infrared 

laser LICOR analyzer after 1 ml of 10% H3PO4 is introduced into the sample and 

the CO2 gas is “stripped” out.

• TA will be measured via Gran titration with HCl to an end point of pH 3.2, also after 

Wang and Cai (2004).

• Estimates of measurement precision and accuracy will be obtained according to 

Wang and Cai (2004). 
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• Measured DIC and TA and the time-matched temperature and salinity from sensors 

will be used to calculate the partial pressure of CO2 (pCO2), pHT, and aragonite 

saturation (ΩAr). pHNBS will be compared to pHT to assess Hypothesis 1 that the 

relatively low-accuracy but high temporal-frequency pHNBS measurements at the 

four stations can be used as a proxy for total-scale pH (pHT). 

• Hypothesis 2 which states that acidification is already occurring at these stations will 

be tested through linear trend analysis and time of detection of trends (Carter et al., 

2019; Sutton et al., 2019). If this hypothesis is confirmed at the stations within the 

scope of this project, it could signify that acidification is occurring in other SC 

coastal waters. 

• A comparison of trends in the coastal-ocean station data to those in the Murrells 

Inlet stations will allow us to test Hypothesis 3, that estuarine stations are more 

prone to acidification than the coastal ocean stations (Hannides et al. 2021). 

• Finally, Hypothesis 4 will be quality control assessed by the strong linear 

relationship preliminarily shown between DO and pH. This will support Hypothesis 4 

in which pH can be predicted from related variables like salinity, DO, and 

temperature using linear and/or multiple linear regression relationships (Hannides et 

al. 2021). 

STUDY GOALS
This study aims to provide the first characterization of temporal and spatial scales of 

OA in Long Bay, South Carolina using long term data sets at both coastal and 

estuarine sites. 

Through discrete sampling for DIC and TA, we aim to validate decade-long data 

sets gathered using sensor platforms and show that water quality parameters as 

monitored by sensor technologies can be used for OA assessment. 

Long Bay, SC is an open embayment located off the coasts of North and South Carolina 

(Sanger et al. 2012, Troup et al. 2017) that allows mixing of coastal and offshore waters. 

Extensive hypoxic events in this area would be unexpected, however, the coastlines of 

the Carolinas are highly urbanized and commercialized making their coastal waters 

extremely susceptible to hypoxia from increased nutrient inputs (Sanger et al. 2012, 

Troup et al. 2017). 

Map of Long Bay, SC (Troup et al. 2017)
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