Madeleine Killough
GSA 2018
Presentation notes

Slide 1:
· Hello, my name is Madeleine Killough, and today I am here to talk to you all about the results of my research that show a presence of young, Holocene age organic carbon in arsenic contaminated Pleistocene aquifers. 
· I would like to thank all my coauthors, specifically my mentor (Brian Mailloux), my fellow student researchers at Barnard (specifically Katie Scanlan), as well as researchers at LDEO, University of Dhaka, and Lawrence Livermore National Laboratory.

Slide 2:
· Geogenic As is extremely common worldwide, especially prevalent in Southeast Asia 
· There are a number of proven health effects of As poisoning, including cardiovascular issues, cancers, and skin lesions
· As you can see here, I have included one of the primary methods of arsenic release through iron reduction 
· The presence of organic carbon (OC) allows microbes to reduce iron 3 to iron 2, altering the mineral structure at the binding site, reducing the reactive surface area, and releasing As into the water
·  However – rather than focus on the chemical mechanisms of As release, we are interested in where the microbes get their carbon from

Slide 3:
· To understand why we are asking this question, I will provide some recent research on As contamination in the area
· This graph (using data from the British geological survey) shows depth on the y axis and As concentrations on the x axis
· Most high As concentrations (>50 ug/L) occur between 0-40 m (“shallow wells”)
· Significantly lower concentrations of As are found from 40-150 m (“intermediate wells”) – however there is still a number of recorded concentrations > 50 ug/L… What is driving that contamination?
· *Notably, there is a clay layer at the site we studied (Site M), between the Holocene and Pleistocene aquifers (~27-40 m)
· Traditionally, people in Bangladesh have been drinking from shallow wells (0-40 m) that tap a Holocene aquifer
· However, researchers began noticing high levels of As contamination (>50 ug/L) in these shallow wells
· Many people witched to intermediate wells – normally very low in As
· (Deep ones are usually government installed and not accessible for everybody…)
· However, researchers have recently begun seeing some contamination in intermediate wells  we’re trying to understand why there are some high As measurements in these intermediate wells (where is the carbon coming from?)

Slide 4:
· We know As release is happening through iron reduction and we recognized possible carbon sources, so where is the OC coming from in the Pleistocene aquifer?
· We have three potential sources of carbon:
· Young, surface OC (or coming from Holocene depths) – which would result in radiocarbon ages ~0-1,000 years old
· Old OC buried with the sediment – most likely resulting in OC ages >10,000 years old
· OC and organics diffusing out of the clay – also likely to result in ages >10,000 years old
· In order to identify which of those sources are being utilized by microbes to drive As release, we can analyze three possible biomarkers of OC in the microbes themselves
· PLFA = components of cell membrane, degrade quickly after cell death, collected through sediment samples (but it’s hard to collect samples from the depth we are studying)
· DNA = represents total microbial biomass (including necromass – dead organic material) – we wanted a reflection of the OC taken up at the time of collection
· RNA = reflects active/alive microbial community – as well as OC being used at the time of collection (only dates metabolically active microbes)
· *This study chose to analyze RNA because it was accessible, easily collected through groundwater filtering, and provided the active microbial community at the time of collection

Slide 5:
· Here I am providing some geographical + geological context to our site (Site M)
· Site M is located ~25 kilometers east of Dhaka, a major urban city
· We are extracting samples from Site M, but looking at the results in comparison to Sites T and S on either side 
· Site S is ~300 meters north of Site M
· Site T is ~300 meters south of Site M
· Clay layer disappears at Site T, so it must stop or taper off between Sites M and T
· We can see orange, oxidized sediment (suggesting low amounts of OC at that depth), and grey, reduced sediment (suggesting presence of OC) in these depth profiles
· From observations and hydrological modeling, we know that the water is flowing from south to north (Site T  Site M  Site S)

Slide 6:
· Here is my idealized cross section based on the 3 depth profiles shown on the previous slide
· The green arrows represent the 2 possible pathways that carbon could be taking
· Either leeching out of the clay layer (shown in purple)
· Or moving from the surface or Holocene depths around the clay layer and into the Pleistocene aquifer 
Slide 7:
· To help illustrate the As contamination that we are addressing, I have provided recent As concentration data taken at various depths at Site M
· Depth is on the y axis, and As concentrations (ug/L) shown on a logarithmic scale, are on the x axis
· Generally, oxidized, low OC, Pleistocene sediment has relatively low As concentrations, and these concentrations increase above the clay layer (near the Holocene aquifer)
· However, we are interested in the high As concentrations (50-500 ug/L) found between 40-50 m  in Pleistocene-aged sediment 
· What is driving such high As contamination below the clay in generally low As Pleistocene environments? Where is the OC coming from?

Slide 8:
· Close to 33,860 liters of water were pumped through a water filter at a depth of 51 meters at Site M – a depth about 10 meters below the bottom of the clay layer, tapping the Pleistocene aquifer
· RNA was extracted from the microbial communities captured while filtering the groundwater
· The RNA was isolated and purified through cell lysis, Tris-saturated Phenol: Chloroform procedures, LiCl precipitation
· It was then sent out for radiocarbon dating at the Lawrence Livermore National Laboratory
· We were able to cut the filter in half and send both halves out for radiocarbon dating separately, creating duplicates
· Our method is unique because we need a large sample for dating (~100 ug of RNA) – much larger than for molecular analysis
· We can’t use many of the other kits and columns due to risk of carbon contamination from the gels and other materials

Slide 9:
· [bookmark: _GoBack]Showing radiocarbon results from both duplicates we sent out for dating (from the same filter)
· The relative similarity in the duplicates increases the reliability and our confidence in our procedure and the results
· Both ages were <1,000 years old

Slide 10:
· Here I compare our 2 radiocarbon age results with DOC and methane sample ages 
· Site M DOC at 51 meters = ~1,250 years old
· Site M methane at 51 meters = ~1,900 years old
· I also included sediment and DIC ages, although the sediment sample was taken from 50.6 meters at Site M (slightly above our sampling spot), and DIC was measured from 54.5 m at Site M 
· Sediment Δ14C (‰) = –754 ± 1.4  14C age >10,000 years old (Whaley-Martin et al. 2016)
· DIC = 1,050 years old (Mihajlov, 2014)
· This shows that our RNA dates have similarly young dates as DOC, DIC, and methane at Pleistocene depths, and they are younger than in situ sediment ages 

Slide 11:
· Returning to our 2 hypothesis/possibilities for carbon movement… These were the two pathways we anticipated could be participating in OC presence and As release into the Pleistocene aquifer below the clay layer

Slide 12:
· Our young RNA ages support the hypothesis that young OC is moving from the surface or Holocene depths around the clay layer and contributing to the contamination of the Pleistocene aquifer

Slide 13:
· This was the first time we were able to run duplicates from the same field site
· Duplicates were reproduced, minimizing the range of error within our procedure
· Our RNA radiocarbon results (along with supporting measurements of DOC, DIC, methane, and sediment at similar depths), suggests that there is young OC moving around the clay to Pleistocene depths (although we are not sure what percent of that carbon is DOC, DIC, or methane…), and these potential carbon sources are all significantly younger than the in-situ sediment samples. 
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