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Increased Neurotoxin Accumulation at Higher Levels of the Food Chain

ICM & Biotoxin transfer through the food web
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Neurological Disorders and Death Result from Shellfish Poisoning

Amnesic Shellfish Poisoning (ASP)

Caused by: Pseudo-nitzschia (Diatom)

Symptoms: Confusion, disorientation, seizures, breathing difficulty,
coma, death

Paralytic Shellfish Poisoning (PSP)
Caused by: Alexandrium (Dinoflagellate)

Symptoms: Lack of muscular coordination, slurred speech, death by
paralysis of breathing muscles
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Current Method for Phytoplankton Monitoring

Manually collecting seawater samples and observing it under a

light microscope

Limitations

Requires lots of manpower and a laboratory
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Distribution of Toxic Phytoplankton in California

Figure 1. Distribution of toxin-producing phytoplankton in Southern
California during September, 2016.
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Relative Abundance of Known Toxin Producers

Alexandrium Species Pseudo-nitzschia Species

Rare (less than 1%) \ Present (less than 10%)

Present (between 1% and 10%) Common (between 10% and 50%)

Common (between 10% and 50%) Abundant (greater than 50%)

. Abundant (greater than 50%)
For areas with multipl {i ions. species dance
at each station is mpicu’nmd as follows:

{a,p) = Abundance for Alexandrium and Pseudo-nitzschia.
eg., (c,p) = common, present; {(a,-) = abundant, not observed

@ Single Sampling Station

(@) Multiple Sampling Stations

[@] Offshore Sampling Station
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Holographic Imaging Flow Cytometer

Automated monitoring system using
digital holography.

High-throughput: 100 ml/hr at 3 fps

Field-portable

Real-time image analysis

LEDs image sensor microfluidic chip

hhmi

laptop
mirror (facing down) \

power cable USB cable
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Principle of Digital Holography
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Principle of Digital Holography
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Principle of Digital Holography
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Challenges of Motion Blur in Flow Monitoring

Red=48 W
Green=55W
Blue=43W
Total = 14.6 W

With motion blur Without motion blur
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Overview of Image Processing Algorithm

raw full field-of-view image

monocolor monocolor

holograms reconstructions
Step 1 RGB reconstruction

segmented

background-subtracted image RGB hologram

Step 2
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Background Subtraction Removes Static Objects from the FOV

raw full field-of-view image

.
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Background Subtraction Removes Static Objects from the FOV

background-subtracted image

13



UCLA hhmi
Segmentation of Detected Objects in the Image

e FEach hologram of the target objects in the field of view is detected and segmented

full field-of-view image segmented holograms
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Auto-focus & Reconstruction

e For each object, we use an algorithm to iteratively search for the correct focus
e In the end, we obtain in-focus images of each region of interest

full field-of-view image segmented holograms
810 um 690 um 620 pm
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Display and Save Detected Objects

e FEach reconstructed algae can be displayed for the user to see, and 1s saved for

later viewing

16



UCLA

On-site Testing of Algae Concentration

(a) RGB reconstruction microscope image
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(b) RGB reconstruction microscope image

Alexandrium

hhmi
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Summary

e We are monitoring toxic algae concentration along the Los Angeles coastline

e We have developed a field portable imaging flow cytometer to provide real-time,
on-site results

® Our system can image ~100 mL/hour of seawater and provide microscope image of
every organism inside it
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