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Presenter Notes
Presentation Notes
We are the largest radiocarbon dating laboratory in the world and located in Miami, FL. Today we will talk about using radiocarbon techniques to assess coastal blue carbon residence times but first I would like to introduce the R&D team that made some of the techniques you will see here possible at Beta Analytic.
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Presenter Notes
Presentation Notes
Analytical chemist and R&D director Dr Amy Scott, professional geologist Sean Ahearn, Rolando Alvarez, the teams engineer and getting a masters in food science, and my background is in zoology and wildlife ecology. 

We also do a lot of our own sampling for of our projects as you can see here. This was done at a landfill during the testing phase of our hydrocarbon / fuel gas service. Though it is more geared for fuel industries, this service involves methane as well so if you are interested please reach out to me after the session. 



Session Objectives
• Coastal Blue Carbon
• Radiocarbon Dating overview
• Stable Carbon Isotope Ratio (δ13C)
• Emissions 

[CH4], 14CCH4, δ13CCH4
[CO2], 14CCO2, δ13CCO2

• Dissolved Organic Carbon
• Case Studies
• Carbon Offsetting
• Residence Time Accounting Summary

It’s not just for bones…

Radiocarbon
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Presenter Notes
Presentation Notes
Being in research and development, my team and I are always looking for new projects and partners to collaborate with and coastal blue carbon projects are right up our alley and yours! So this is what we will go over today:
What is coastal blue carbon
An overview on Radiocarbon Dating
The stable isotopes of carbon (d13C)
Carbon dioxide and methane emissions 			
Dissolved Organic Carbon [DOC], 14CDOC, d13CDOC
Some radiocarbon studies
What is carbon offsetting
And a final summary of what it all means for you
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Coastal Blue Carbon (CBC) Ecosystems
• Seagrass beds
• Mangrove forests
• Salt marshes
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https://www.climate.gov/news-features/understanding-climate/understanding-blue-
carbon#:~:text=Blue%20carbon%20is%20any%20carbon,surge%20protection%2C%20and%20local%20economies.

Presenter Notes
Presentation Notes
Today we will be focusing on coastal blue carbon ecosystems, which are seagrass beds, mangroves, and salt marshes. These saltwater environments can store organic carbon in their vegetation and soils much more than other ecosystems and for much longer, AND they are all found in Florida, very convenient! These environments are hosts to a massive array of wildlife and even though we are talking about little molecules today, the entire environments’ stability depends on those little molecules and the carbon cycle. In this image you can see new carbon over old carbon, and that is the whole idea behind coastal blue carbon, the long term storage of carbon as a method of reducing greenhouse gas emissions. In a few slides we’ll talk about two of the big emissions, methane and carbon dioxide, circled here. 

Globally, seagrass beds alone can capture carbon up to 35 times faster than rainforests https://www.wwf.org.uk/what-we-do/planting-hope-how-seagrass-can-tackle-climate-change.
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As 14C forms it decays back to nitrogen by beta emission 
with a half life of 5,730 years. This decay is measured and 
provides objective age estimates for carbon containing 
materials using specialized instruments such as an 
accelerator mass spectrometer (AMS).

Radiocarbon Decay and Dating

https://www.radiocarbon.co
m/accelerator-mass-
spectrometry.htm#Advanta
ges

https://sites.ps.uci.edu/kccams/education/

Stable                12C (98.8%)          6 protons, 6 neutrons
Stable                13C (1.11%)          6 protons, 7 neutrons
Radioactive       14C (1x10-10 %)    6 protons, 8 neutrons

Radiocarbon, 14C, is continuously formed in 
the upper atmosphere by the neutron 
bombardment of nitrogen and incorporates 
into the atmosphere as 14CO2
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Presenter Notes
Presentation Notes
Before I break down the carbon pools I would like to give a little background on radiocarbon. 
Radiocarbon (14C) is continuously formed in the atmosphere by cosmic radiation and interacts with oxygen to form 14CO2, carbon dioxide. Plants take in that radiocarbon which animals then incorporate into their tissues. 
When an organism is alive, it maintains a constant ratio between the carbon isotopes because there is still the continuous exchange with the environment, we all have 12c 13c and 14c in us. When the organism dies, it stops exchanging carbon with the atmosphere and the while the stable carbon isotopes remain the same, 14C, radiocarbon begins to decay at a known rate, the half-life. This decay is measured in an instrument called an accelerator mass spectrometer and an age is calculated. 

You can see there are a lot of arrows here, and really that’s the big picture of carbon and the purpose of studying it. There’s a constant cycling and when you track this mobility between the atmosphere and plants and animals and the ocean, you can learn a lot about the environment you’re studying. Let’s get into what you can learn from a single element.



δ13C: Why it Matters
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The stable isotopic ratio of carbon, δ13C, 
is analyzed on Isotope Ratio Mass 
Spectrometers (IRMS) and can be used 
to differentiate the source of carbon in a 
sample.

Ideally, δ13C is used in conjunction with 
other stable isotopes or radiocarbon to 
determine changes in the trophic system 
and impacts from shifts in the hydrologic 
system. 
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C3 C4

Presenter Notes
Presentation Notes
There are multiple isotopes of carbon, but what is the stable isotope ratio, d13C actually used for? This ratio of the stable carbon isotopes, expressed in per mille, can be used to differentiate your sources of carbon. Here you can see how different carbon pools or pathways are distinguishable by their d13c value. Methane for example, usually has a very negative d13C value, that big arrow can actually go beyond -100 per mille.

So how can you use d13c? you are working on a coastal project restoring sea turtle habitats, you know they consume mainly seagrasses so their diet should be mostly C3 plants. A tissue sample is run through the IRMS and produces a value of -12 per mille. This would suggest your sample does not contain a significant amount of C3 plants so you now have an idea that there is something lacking in the sea turtles’ diets and can further look into the local trophic system and identify source shifts. 

Ex is seagrass versus sugarcane



δ13C: Why it Matters
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The stable isotopic ratio of carbon, δ13C, 
is analyzed on Isotope Ratio Mass 
Spectrometers (IRMS) and can be used 
to differentiate the source of carbon in a 
sample.

Ideally, δ13C is used in conjunction with 
other stable isotopes or radiocarbon to 
determine changes in the trophic system 
and impacts from shifts in the hydrologic 
system. 
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C3 C4

Presenter Notes
Presentation Notes
So you can isotopically monitor your progress as you work on restoring! 
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(DIC)

There are many different pools of carbon 
that can be dated. Each one can tell you a 
different aspect on the health of an 
ecosystem based on how the carbon 
cycles through the system. 

CH4, CO2
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Presenter Notes
Presentation Notes
There are many different pools of carbon that can be dated. My main work in R&D has been on methane and dissolved organic carbon so I will be focusing on those analyses but others include dissolved inorganic carbon which is often used in groundwater dissolution studies, and sediments which are important for depth profiling a site. I will get into a study on that analysis later. 


Total Carbon (TC) – all the carbon in the sample, including both inorganic and organic carbon
Total Inorganic Carbon (TIC) – often referred to as inorganic carbon (IC), carbonate, bicarbonate, and dissolved carbon dioxide (CO2). The DIC
Total Organic Carbon (TOC) – material derived from decaying vegetation, bacterial growth, and metabolic activities of living organisms or chemicals. 
Non-Purgeable Organic Carbon (NPOC) – commonly referred to as TOC; organic carbon remaining in an acidified sample after purging the sample with gas.
Dissolved Organic Carbon (DOC) – organic carbon remaining in a sample after filtering the sample, typically using a 0.45 micrometer filter.
Suspended Organic Carbon – also called particulate organic carbon, it is the carbon in particulate form that is too large to pass through a filter.



CBC Emissions: Carbon Dioxide and Methane
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• Methane (CH4) is 28 times more potent at 
trapping heat in the atmosphere.

• The effects of methane fluxes on carbon 
storage are still not well studied in coastal blue 
carbon sites. 

. 

• Gas compositions are determined on a 
gas chromatography instrument prior to 
analysis.
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Presenter Notes
Presentation Notes
The effectiveness of coastal blue carbon sinks may be counterbalanced by methane and nitrous oxide emissions shown here in red and blue. As you probably know, methane is a very important greenhouse gas, it is actually 28 times more potent than co2 at trapping heat in a hundred year scale, so monitoring its emissions is critical, yet it is not well studied in coastal blue carbon sites. (Which is a big deal since they are some of the ecosystems that can store the most carbon!)

This figure on the left depicts how burial and emissions rates are different for the different gases. (Square meters per day) and as you can see by these different emission rates, methane and carbon dioxide are not distributed or cycled the same way in the ecosystem. Methane is produced by various chemical and microbial processes so you shouldn’t expect the same radiocarbon date for methane and carbon dioxide unless they have similar feedstock sources.

To get a better understanding of how much of your emissions are methane or co2, compositional analysis is performed on a gas chromatography instrument. The image on the right, shows gas concentrations of a landfill gas sample. Based on your project goals, we will either isolate that methane and carbon dioxide or perform a bulk analysis on the mixture. The type of analysis will depend on what you are trying to identify in your project, so you can do individual gas targets to compare biological and chemical processes in the emission sources or you can do a bulk analysis if you just want a general idea on the health of the ecosystem. 

Let’s say you sample the carbon dioxide and methane from a blue carbon site. After the gases are separated at Beta and radiocarbon dated, you find the CO2 is 500 years old but the methane radiocarbon date is 40,000 years old, or fossil. You use these ages comparatively to infer the methane being produced is from an ancient geologic source, not from recent biological processes like the co2. This radiocarbon date implies something is disturbing the carbon sink you are studying because something is bringing up that old carbon from way below, whether it is a natural disturbance like erosion or man-made influence/activity. 
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Coastal Blue Carbon (CBC) Ecosystems
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https://www.climate.gov/news-features/understanding-climate/understanding-blue-
carbon#:~:text=Blue%20carbon%20is%20any%20carbon,surge%20protection%2C%20and%20local%20economies.

Older carbon is sequestered 
in biomass and sediments 
and is not part of the active 
carbon cycle because there 
is no exchange with the 
atmosphere

Presenter Notes
Presentation Notes
Bringing this slide back, you can see how the old carbon I mentioned might come back up and mix with the newer carbon when those lower layers of sediment are disturbed. That old carbon then rejoins the carbon cycle. 



Dissolved Organic Carbon
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The largest pool of organic matter in 
aquatic ecosystems, dissolved 
organic carbon (DOC) originates 
from the incomplete breakdown of 
organic material (terrestrial origin).

https://www.frontiersin.org/files/Articles/812948/frym-10-812948-HTML/image_m/figure-3.jpg

https://www.researchgate.net/figure/Seawall-constructed-behind-mangroves-
Hainan-Island-China-both-eutrophication-and_fig4_327731777
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Presenter Notes
Presentation Notes
We’re going to shift gears from emissions to dissolved organic carbon. This is another carbon pool that can be dated and monitored continuously to track environmental changes. It is the largest pool of organic matter in aquatic ecosystems, fuels aquatic food webs, and is a major component of the Earth's carbon cycling.

How could studying small bits of organic matter be helpful to you? You test water from a pristine, healthy, mangrove forest for DOC radiocarbon analysis as well as concentration, and get an average age of 1000 years bp, before present and a concentration of 15 mg C / L. A storm hits and fish have disappeared. You test the DOC in the mangrove forest again and find it’s no longer 1000 years but 100 years before present. When you test for DOC concentration as well, it has increased to 50 mg C / L. While you would think this increase is beneficial to the environment, the excess in nutrients most likely caused by excess leaf litter falling during the storm has now caused algal blooms and triggered eutrophication, which you might have dealt with working on a coastal project before. You can now work on restoring the ecosystem and can actually track the bioavailability statistically using radiocarbon and concentration data as you restore the environment to healthier levels. 



South Florida DOC Case Studies
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CPZ1 and CPZ2 – Collected from 
an isolated freshwater lake less 
than 830 ft from the coast

FRO – Overlook site 
directly on coastline
88.29 pMC = 920 years BP
(before present)

FRM – Mangrove Forest
100.37 pMC = Modern

~ 273 ft

Presenter Notes
Presentation Notes
In the graph on the right, radiocarbon, stable isotope, and salinity results are shown for coastal waters collected by the R&D team. Radiocarbon results are shown as pMC values or percent Modern Carbon. Simply, this is the conversion of radiocarbon ages to a percent form when compared to a modern reference standard. Here you can see one site is over 100 pMC which is not an instrument error, this is due to the bomb carbon effect caused by nuclear weapons testing in the 60’s so radiocarbon ages are calibrated to account for that. For reference, 0 pMC is considered beyond our detectable limit of 43,500 years and includes fossil fuels like coal and crude oil. 

Now this is a great graph to actually show this carbon cycling between two environments. FRM is water sampled from the mangrove forest itself, and FRO is water sampled from a coastline overlook connecting that mangrove forest and the ocean, these are within 275 ft of each other. Here you can see a modern signature, or young age, in the mangrove forest versus the older age in the Overlook site. This shows that there is a mixing of old and new carbon in that waterway between the two ecosystems, meaning that fresh organic matter coming from the mangrove forest is being incorporated in nearby marine sites. so this mangrove forest is helping out with nutrient consumption for nearby marine species. 

CPZ1 and 2 are water samples we collected from a lake about 820 ft from the coast . These waters, based on their salinity in green, very clearly do not mix with marine waters. Their d13C’s indicate more soil CO2 and C3 plant incorporation in the environment than inorganic carbon and you can see based on their DOC concentration above the graph in black that this lake is easily distinguishable by it’s higher content in degraded organic matter. 



South Florida DOC Case Studies
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CD – Cypress Dome
While they are not considered coastal blue carbon sites, 
cypress domes can sequester a lot of carbon in their 
deep, water-logged roots.

Site 4 – Stormwater Treatment Area
Human activity and agricultural runoff are more present 
in treatment areas and disturbance is evident in this 
study based on the radiocarbon age depicting a mixing of 
old and new carbon. 

Presenter Notes
Presentation Notes
More waters collected by R&D in south florida! This study provided isotopic evidence on pristine versus disturbed environments. The blue bars on the graph are just from an internal calibration during our testing phase of this service so don’t mind that. A modern age for the cypress dome tells us that there is a constant cycling of “fresh” carbon while Site 4 shows a mix of old and new carbon with a pMC of 78.48. So let’s say we retest Site 4 for DOC analysis and get a much older radiocarbon date, like 30 pMC. You should definitely go to the area and look for someone dredging or dumping petroleum because something is going on in that water. 



Sediment Depth Profiling using Radiocarbon

14

• Reclamation of tidal marshes
resulted in a 70% loss of
sediment carbon stocks.

• Carbon stock losses caused by
reclamation may go undetected
without in-depth analysis.

• “New” carbon in reclaimed sites
was more degradable than in
pristine tidal marshes.
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Presenter Notes
Presentation Notes
This study applied radiocarbon dating techniques to a tidal marsh and confirmed that remineralization which prevents carbon storage is at a higher risk of happening in a reclaimed site. If eroded, the exposure of the older carbon stocks in reclaimed land to surface bacteria and oxygen will make them more vulnerable to this remineralization than the younger carbon buried in intact tidal marshes (TrevathanTackett et al., 2017). So imagine you are on this reclaimed land, you can visually see there are holes and gaps in dried soil from vegetation loss. All that instability in the ground is just more room for oxygen to occupy and interact with the stored carbon to produce carbon dioxide. Older carbon has been out of the carbon cycle for a long time, so adding it back to the atmosphere causes a much higher net increase in carbon dioxide and methane emissions versus the younger carbon which is already being actively cycled. 

Remineralization is breaking down of carbon to more labile or looser particles. 



Other Considerations: Disturbance Impacts
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• Coastal blue carbon environments 
can accumulate sediments over 
long periods of time. These 
sediments are low in oxygen and 
can store carbon for much longer 
than other environments (carbon 
sink). 

• If the peat soil is degraded or 
dried, not only is it more 
vulnerable to fire, but it also results 
in habitat loss and disrupts the 
ecosystem’s trophic system.

Inorganic 
Carbon

Organic 
Carbon
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https://www.evergladesfoundation.org/post/everglades-restoration-water-and-cimate-change

Presenter Notes
Presentation Notes
In one study in the everglades, soil degradation levels were monitored after a drainage event. Oxygen moved in and broke down organic matter faster than it could be produced by plants in dried peat soil, releasing more carbon dioxide into the atmosphere and adding to greenhouse gas emissions. If too dry, peat soils are also vulnerable to fire, resulting in an immediate release of carbon dioxide, nitrogen, and phosphorus. So basically, keep wetlands wet. 





Carbon Offsetting
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Carbon offsetting is the process of 
reducing or removing GHG emissions 
in an area as compensation for a 
companies’ own emissions. 

“This project removes carbon from the atmosphere by 
reforesting degraded farmlands in Guatemala. All rubber 
trees planted are kept for an average of 40 years and at the 
end of their sap-producing life will be used for Forest 
Stewardship Council (FSC) certified furniture production and 
the site will be replanted”. 

https://www.climateimpact.com/global-projects/sustainable-rubber-tree-reforestation-guatemala/

(Verified Carbon Standard)

Carbon credits provide incentive for 
reducing carbon emissions by 
assigning a monetary value per 
credit. Carbon markets are available 
internationally and regionally. 
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https://www.climateimpact.com/services-projects/carbon-credits-explained-what-they-are-and-how-they-work/

Presenter Notes
Presentation Notes
Carbon offsetting. Carbon offsetting is the process of compensating for your own organization’s GHG emissions by reducing or removing emissions in another area. This carbon offsetting is then given a monetary value by way of carbon credits. 
The tonne of carbon dioxide equivalent per carbon credit can then be used to demonstrate how a company has met its internal reduction targets.

Sustainable reforestation is a prime example of carbon offsetting. In this example, the rubber tree plantations remove carbon from the atmosphere as trees grow on what was previously degraded land and the funding company earns credits each issuance cycle when the overall carbon stocks are maintained above baseline levels by the standing trees.

So carbon credits are obtained by measuring emission rates and radiocarbon evidence can support carbon credit claims and proposals but so far it is heavily underutilized in this aspect. 

(Verified Carbon Standard (VCS) Program is the world’s most widely used greenhouse gas (GHG) crediting program. Other programs include Gold Standard and Plan Vivo.)




Coastal Blue Carbon Accounting Summary
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By accounting for the carbon residence time in a coastal blue carbon 
ecosystem, one can:

• Track bioavailability and rehabilitate natural coastal ecosystems

• Confirm a sites’ carbon capturing capabilities to preserve the area from 
manmade disturbances

• Promote carbon offsetting and overall GHG reduction

• Determine carbon cycling efficiency between ecosystems 
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Presenter Notes
Presentation Notes
While coastal blue carbon accounting by radiocarbon analysis can provide evidence for carbon credits, any project involving coastal preservation would benefit from radiocarbon dating. Continuous monitoring of the carbon cycling in these coastal environments can help determine trophic disturbances, fossil fuel contamination, and carbon contributions of one environment into another. Radiocarbon is a very underutilized and niche field, but I hope this session brought a little more attention to it and its significance in protecting our ecosystems. 
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THANK YOU FOR 
LISTENING

Questions?

info@betalabservices.com | 
www.radiocarbon.com
ebrizuela@radiocarbon.com 18

Presenter Notes
Presentation Notes
Thank you for listening. Feel free to reach out after the sessions, if there’s a project you’re working on, I want to hear about it. 

http://www.radiocarbon.com/
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