
Returning Agency to the Owens Dry Lakebed Through Exploration of the 
Microbial, Chemical, and Art-Making Capacity of a Desiccated Site

In 1913, Owens Lake was subjected to an accelerated drying process fueled by the 
rerouting of its water to the new Los Angeles Aqueduct. Due to the human driven 
desiccation, along with the high salinity of the area, toxic, and often carcinogenic, 
chemicals leach from the surface of the lakebed (Levy et al. 1999)

Dust storms produced on the lakebed containing arsenic and other carcinogens are 
found to contain large amounts of PM-10 pollution, airborne particulate matter with 
a diameter of 10 micrometers or smaller. These PM-10 containing dust storms 
travel to neighboring regions, with the lakebed emitting upwards of 300,000 tons of 
PM-10 pollution per year, 30 tons of which are attributed to arsenic. Exposure to 
PM-10 pollution is demonstrated to have both short- and long-term effects ranging 
from worsening of respiratory diseases, high blood pressure, heart attacks, and 
increased risk of cancer (“Inhalable Particulate.” n.d.). In particular, the Lone Pine 
Paiute-Shoshone tribe has been inequitably impacted by the carcinogenic dust 
storms and human-driven desiccation (Leonard, 2021).
Not only are humans affected by the distinctive biome of Owens Dry Lake, but also 
microbial life. The toxic salt crusts of the dry lake offer an unusual microbial 
environment which allows halophilic, halotolerant, and alkaliphilic microorganisms 
to thrive as well as organisms that can utilize or resist the toxic chemicals present 
such as arsenic. Bacterial arsenic tolerance is possible through the Ars operon, 
which uses reduction to convert arsenate to arsenite (Kabiraj et al. 2022). Bacteria 
can also oxidize arsenite to arsenate through a key enzyme 
called arsenite oxidase, which is encoded by aioA and aioB genes (Kabiraj et al. 
2022).
The major process regulating redox conditions for microorganisms in Owens 
Dry Lakebed is sulfate reduction (Ryu et al. 2006). Sulfate reduction is 
extremely sensitive to the presence of abundant minerals and salt saturation, both 
of which are characteristic of Owens Dry Lakebed (Kulp et al. 2007). This imposes 
several chemical shifts in the cycle. Consequently, sulfide and insoluble sulfur can 
interact, forming soluble polysulfides that are stable in extremely alkaline conditions 
(Sorokin et al. 2011). These polysulfides can then be rapidly oxidized to thiosulfate, 
which acts as a favorable electron donor (Sorokin et al. 2011). Obligatory anaerobic 
and obligatory haloalkaliphilic bacteria perform these reactions, and they can also 
obtain energy by thiosulfate or sulfite disproportionation (Sorokin et al. 2014).
The Optics Division of Metabolic Studio’s ongoing project, the Owens Dry Lakebed 
Developed Print collection, utilizes the briny, alkaline pools of Owens Lake for the 
fixation of film photography prints. In photographic processing, an image is fixed 
(made permanent) after soaking in a solution containing thiosulfate (Pope. 1959).
This promotes the idea of understanding the capacity of, and potentially utilizing, 
microbes to clean up the toxicity of the lakebed. Utilizing photo development as a 
detection tool offers a new method to visualize and understand both the toxins of 
the lake and the microbes, creating a unique piece of art as a product.
This research has investigated the many ways that Owens Dry Lakebed continues 
to have agency, despite human interventions.

-Objectives-

The objectives of our research are multifaceted. Our objectives are to 
examine the diversity of the Owens Lakebed microbiome and understand 
the relation of Owens Lakebed microbes to film fixation, salt composition 
and concentration, pH, and soil texture — as well as examine if and how 
these factors change pre- and post- film fixation. Additionally, we aim to 
assess the growth of Owens Lakebed microbes on media created from 
lakebed soil (SEA).

-Hypotheses-

H1: Microbial biodiversity will differ pre-film-fixation and post-film-
fixation. Additionally, the presence of the Ars Operon will play a 
role in determining microbial diversity present between pre- and 
post- film fixation.

H2: There will be an inverse relationship between the number of 
microorganisms present on the soil extract agar (SEA) plates 
depending on the soils used pre and post photo fixation.

H3: The qualities of photos post-fixation relate to microbial 
population and chemical compositions of the sample sites.

H4: The microbial communities will differ between sites and will be 
influenced by salt compositions and concentrations, pH, and soil 
texture.

Figure 2. Site Map of Owens Dry Lakebed. Photos fixed on Owens Dry Lakebed were 
either held down with rocks (Site 1 and Site 2) or held down with mud (Site 3 and Site 
4). "Post-Site" (PS) water and soil samples were collected at Sites 1-4.

Figure 4A&B. Figure 4A is an example of observational photo analyses completed on photograph fixed at Site 1. 
Descriptors for unique fixation characteristics were developed in collaboration with local art students and the 
Capstone team. 30 px grids were overlayed on the photos. Each square of the grid was determined to either have 
the presence or absence of each characteristic. Figure 4B shows examples of the six fixation characteristics that 
were evaluated with the observational photo analyses.

Figure 3. Reseach Design Schematic: Specific planned experiments used to test our hypotheses.
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Figure 1A&B are photos taken at Owens Dry Lakebed. Figure 1A Photograph of Erin Bentley and Tristan Duke 
collecting samples at Owens Dry Lakebed in July 2022. Photograph taken by Andrew Siegel. Figure 1B Drone 
photograph of the Owens Dry Lakebed taken by John Henry Paluszek.

Figure 5 A-D. Differences in growth on soil extract agar. Fig 5A shows colonies grown from site Pre 2 soil. 
Fig 5B shows colonies grown from site P1S3 soil. microscopic images of the colonies isolated from the plates 
shown in figure 5A&B. Fig 5C corresponds to colonies isolated from P1S3 SEA with Pre 2 
Broth. Fig 5D corresponds to P1S3 SEA with P1S3 Broth.
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The goal of our research set out to compare pre-film fixation and post-film fixation, and against a control that was not part of the film fixation process. However, the pre samples were not obtained from 
the same sites as the post samples as well as some of our “soil” samples were salt crusts containing minimal soil which inhibits our ability to compare microbial diversity and abundance. We note that 
although we compare pre and post to each other during this project, we are doing so with the understanding that to truly see differences in microbial diversity which assists in helping to support 
hypotheses 1 and 3, we would also now need to re-sample the area just before the film was laid on the surface and use the same photo in each site.

The soil microbiology had unexpected genera which can be viewed using the QR code in our conclusions. The use of PCR has the potential to capture relic DNA along with live organisms. Alpha 
diversity was measured using both Shannon and Simpson metrics. Greater diversity of post sites was demonstrated in Figure 6. However, the loss of samples in the pre and control sites may 
have skewed our results. Beta diversity was tested using a PCoA and an ANOVA, but the loss of samples inhibited the ability to view similarity/dissimilarity. All abiotic factors were tested against 
our diversity and no single factor had a significant effect on microbial diversity or abundance which happened to assist in rejecting hypothesis 4. We believe that compounding factors may influence 
these communities.

In answering hypothesis 4, the access to machinery was limited, thus, only the cations of the salts were able to be measured and we were not able to observe the effect of thiosulfate concentrations on 
microbial communities and film fixation. The small amount of calcium and magnesium cations in the salts, <20 ppm, is expected as literature notes that the groundwater lacks these elements, and only 
water was tested for this research (Sorokin et al., 2011). The high sodium values agree with prior research that sodium is the cation present in the dominant salts (Herbst et al. 2014). The sodium and 
potassium ppm values were seen to not vary greatly; however, the P-value could not be determined due to the lack of pre replicates that were able to be measured. Due to the opportunistic nature of 
sampling, there were not enough samples to definitively determine if salt composition and concentration influences the microbial diversity statistically. Based on the samples that were present, it was 
found that salt composition and concentration do not influence diversity.

Through observational photo analyses the photos from Site 1 and from Site 2 were observed to be the most similar based on defining, developmental characteristics. This is interesting as the photos at 
sites 1 and 2 were both treated the same, with the photo prints being held in the water by an uneven layer of mid-sized rocks. The observational photo analyses is limited by several factors. Due to 
joining this project after fixation of prints and collection of samples, some variables were not accounted for. Having the four images fixed on the lakebed be of the same photo would help in reducing 
some of the outside variables. Additionally, due to us being halfway across the country from Metabolic Studio, directly looking at the prints was not an option. Utilizing photos of the prints could have 
skewed what some of the characteristics looked like or not properly shown texture and shine. Due to these limitations, a valid comparison between the photos and the chemical/microbial composition of 
the lakebed was unable to occur to thoroughly address hypothesis 3.

Regarding the operon of interest in hypothesis 1, we used the1109F and 1158R primers to see the presence of these genes which was not there in our two soil samples, which was unexpected. The soil 
samples in comparison to that of the water samples, has significantly less arsenic in the soil than the water (with a p-value of .00027). As a result, it begs the question of whether if we were to run a 
similar test looking for these genes with the water samples, would we end up finding them present or not, and if not then we would have another question on our hands about what allows for the growth 
or these microorganisms in these toxic environments.

In determining our hypothesis 2 and 3, although there were no arsenic metabolizing genes present in our samples, bacterial colonies were still able to grow on some of the soil extract agar that was 
created from the sites. Growth was only observed on the plates made of soil from the post fixation samples, while no growth was seen on the agar created from the pre fixation samples. The pre 
fixation samples had a significantly higher amount of arsenic than those post fixation (with a p-value of .0044). This significant difference along with the results of our growth experiment could indicate 
that the film fixation process itself reduces the presence of the arsenic that could have been preventing microbial growth on the pre-fixation samples.

• Amalgamating factors or microbe-to-microbe 
interactions might correlate to microbial 
diversity since single abiotic factors had no 
significant impact.

• Shifts in both chemical make-up and microbial 
diversity pre- and post-film fixation samples may 
indicate that the fixation process is affecting the 
surrounding environment.

• We theorize other genes may play a role in arsenic 
metabolism thus explaining the seemed absence of 
the aioA gene.

• It is likely the organisms present in Owens Dry 
Lakebed are mostly unculturable.

• The lower amount of arsenic in the post fixation 
photos may suggest that the process or the microbes 
involved in the process are reducing arsenic levels.

• These data further the sentiment that a land often 
perceived as a wasteland is teeming with life. For 
more information on the genera present in the 
Owens Dry Lakebed, scan the QR code below.
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Figure 6 A&B. The alpha diversity of the water samples. Both figures 
clearly indicate higher diversity in pre samples which addresses the first 
hypothesis.

Figure 7. The phyla diversity and abundance of the water pre and post sample 
groups is compared. Post sample groups have more phyla represented such 
as cyanobacteria, spirochetes. 

Figure 8 A&B. Alpha diversity of control, pre, and post soil samples using 
Shannon and Simpson metrics to demonstrate differences in the 
microbial communities of the sample groups. The pre sample group had 
the most diverse community compared to post and control sample 
groups. This also tested the first hypothesis.

Figure 9. Phyla diversity and abundance of soil control, pre, and post film 
fixation illustrates the noticeable differences between all three sample groups. 
This suggests that post site samples have less Proteobacteria and more 
Firmicutes than control or pre site samples.  

Figure 10 A-E. Cations Present in Pre and Post Water Samples. Figure 10 A illustrates that the 
levels of arsenic in each sample were all extremely high regardless of pre or post fixation. Figure 
10B illustrates that the amount of calcium present in the pre fixation sample was significantly higher 
than any of the post samples. Figure 10C illustrates the different magnesium level, with post 4 
having the highest and post 3 the lowest amount. Figure 10D illustrates the levels of Potassium 
present between each sample. All samples showed high amounts of potassium, with post 1 notably 
higher than the rest. Figure 10E illustrates that the levels of sodium between all samples was 
relatively equal.

Figure 14A-D. 14A is the photograph fixed at Site 4. 14B is the photograph 
fixed at Site 2. 14C is the photograph fixed at Site 3. 14D is the photograph 
fixed at Site 1.

Fig. 14A Fig. 14B Fig. 14C

Fig. 14D

Figure 15. Illustrates the percentage of the lakebed fixed photo that each 
unique characteristic occupies. Site 1 has the highest amount of coffee 
stain/immiscibility characteristics. Site 2 mostly has coffee stain/ immiscibility with 
some burn characteristics. Brown splatters and coffee stain/immiscibility was seen 
in the Site 3 photo. The Site 4 photo has two unique characteristics.

Figure 12A-D. The pH and electroconductivity were measured for water soil. Figure 12A illustrates the 
pH of Pre and Post sites for water all samples had similar pH, yet Pre site samples had a narrower 
range. Figure 12B illustrates the pH of the Pre, Post, and Control sites for soil. Post site 3 samples had 
the most variability and control site samples had the least variability. Figure 12C illustrates the 
electroconductivity of the pre and post sites for water. Pre site samples had higher salinity, and Post2 
had the lowest. Figure 12D illustrates the electroconductivity of the Pre, Post, and Control sites for soil. 
The Pre site samples had the lowest salinity, and the Post3 site soil samples had the highest. These 
results along with the phyla data do not support other fourth hypotheses.

Clay
Silt
Sand

Figure 13. Exhibits the jar test to 
measure soil texture which 
addresses the fourth hypothesis. 
All soil samples were determined 
to be 36% sand, 50% silt, and 
14% clay: loam.

Figure 11. A table of cations present in the water samples tested using the ICP-OES.
*The standard curve for calcium and magnesium is 20 ppm, and both cations should be considered 
under 20 ppm.
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