Coastal-Ocean and Estuarine Acidification in Long Bay, South Carolina:
A Comparison of In-situ Water Quality Monitoring with Measured Carbonate System Parameters
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BACKGROUND

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.

RESULTS

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

2500

8.2
2450

8.1 2400

STUDY GOALS

® o | 8.0 | 2350
=017

P =0.02 79
79 80 81 82 83 79 80 81 8.2

2300
34.0

35.0 355 36.0 35.0

Show that water
quality
parameters as
monitored by
sensor
technologies can
be used for COA
assessment.

Validate sensor
measurements with
contemporaneously

collected discrete
samples for
Dissolved Inorganic
Carbon (DIC) and
Total Alkalinity (TA).

Provide the first
characterization of
temporal scales of
COA in Long Bay,
SC leveraging long
term data sets at

both coastal and

estuarine sites.

OYL

°=000 A
P=1.00

OYL

r? =0.68
P = 3.60E-05

5 2600
r-=0.97

P =7.28E-13

2500 |,
VN

2400 ¢

Total Alkalinity (zmol/kg)

2300 |

2200
33.0 34.0 350 36.0

Salinity (ppt)
HYPOTHESES

. The relatively low-accuracy but high temporal-frequency pH,gs 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 (pH-), the globally accepted pH property for acidification monitoring

a. pHygs has a strong linear relationship with pH
. 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)
Estuarine sites are more prone to acidification than coastal-ocean sites
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

Calcite and Aragonite Saturation (Q., and Q,r) (Figure 4)
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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 pH; (Dickson et al. 2007,
Fassbender et al. 2017)

DISCUSSION AND CONCLUSIONS

pH; vs. pHygs (Figure 1)
« (Coastal-Ocean Sites (ABW, , CBW,
* No strong linear relationships found at these sites
« Estuarine Sites (OYL, RGC):
*  pHygs Can be used as a proxy for pH;
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) _ o
Terrestrial runoff (Dafner et al. 2007) Organic alkalinity (Fassbender et al. 2017)

Upwelling groundwater (Viso et al. 2010) * Blackwater rivers

N Wind driven ocean surface currents (Troup et al. 2017) * River plumes (Xia et al. 2007)
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Eastern Oysters (Gobler and Talmage 2014) (Figures 3 and 4)
« Intheir early life stages, Eastern Oysters exposed to:
« pCO, > 750 patm, pH < 7.93, Q-,<2.82 +0.06 and Q,; <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 pCO,, pH, Qcand Qg
« Indicating periodic events where the Eastern Oysters could be
exposed to acidification events

» 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
guality parameters, etc.
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