INTRODUCTION
A
  PRIMARY goal of the Monterey Bay Aquarium Research Institute (MBARI) is to extend the operating depth and duration of ocean scientific instrumentation. The Environmental Sampling Processor (ESP) program utilizes custom designed robotic instruments for in situ identification and quantification of larvae, bacteria and other microscopic organisms in near real time [1], [2]. Collection and analysis in situ avoids the time lag and changes of state that occur when samples are sequestered and transported to the laboratory for analysis. Additionally, as a robotic system, the ESP can be deployed for months, tracking microbial activity over time without the need for human presence.
The ESP instrument This requires processing liters of the ambient seawater through the 500kPa rated fluidic system, resulting in a 50m operating depth limit. As the ESP instrument has numerous valves, fittings and remotely operated pressure seals, it was more feasible to develop a pressure modifying interface that could feed reduced pressure seawater to the instrument rather than redesign the instrument to perform the same functions at much higher pressure. 
To use the ESP capabilities in the deep sea, MBARI developed a 4000m Deep Water Sampling Module (DWSM) that could collect the seawater sample under high ambient pressure and then depressurize that water, so that the ESP instrument could safely filter and identify the microbes present. Out of several concepts, a differential pressure driven system inspired by lungs and the biological process of breathing presented the greatest potential. System design and fabrication found many parallels to lung structures and processes of inhaling and exhaling seawater, even to the point it garnered the nickname, “aqua-lung.”








INTRODUCTION
C
OLLECTING scientific information about life in the deep sea is challenging both technically and logistically, due to pressure, temperature and remote access issues. A mission of the Monterey Bay Aquarium Research Institute (MBARI) is to further scientific knowledge of the ocean through technological innovation. One such innovation is an autonomous robotic device, the Environmental Sampling Processor (ESP), which functions as a microbiology laboratory for in situ identification and quantification of larvae, bacteria and other microscopic organisms in near real time [1], [2]. Collection and analysis in situ avoids the time lag and changes of state that occur when samples are sequestered and transported to the laboratory for analysis. Additionally, as a robotic system, the ESP can be deployed for months, tracking microbial activity over time without the need for human presence.
To function, the ESP is deployed in the ocean inside a pressure housing, but it opens valves and filters a volume of the ambient seawater, concentrating sparse microbes for autonomous detection by Sandwich Hybridization Assay (SHA) and Polymerase Chain Reaction (PCR). The seawater fluidic path through the ESP instrument is only rated to 500kPa, so the basic system is limited to a 50m operating depth.
A science goal at MBARI is to enable the same in situ microbiology research capability in the deep ocean (>50m to 4000m) where the pressure can be 41 MPa. Rather than redesign the fluidic path through the ESP itself, which would have been cost and time prohibitive, we chose a more expedient approach; to develop a pressure-modifying interface that could feed reduced pressure seawater to the instrument. While a depressurizing interface may not be ideal from a science perspective, (decompression may influence microbial community structure) the development of an interface was the most expedient method of getting the current detection technology into the deep sea to test the feasibility of in situ microbial analysis at 4000m.
The decompression interface idea evolved from a 1000m depth version to a 4000m version, called the Deep Water Sampling Module (DWSM). We studied several concepts for the DWSM, evaluating their potential to best meet the science objectives, finally selecting a differential pressure driven system inspired by lungs and the biological process of breathing. System design and fabrication found many parallels to lung structures and processes of inhaling and exhaling seawater, even to the point it garnered the nickname, “aqua-lung.”


I.	INTRODUCTION

Placing instrumentation in the deep ocean is challenging both technically and logistically due to pressure, temperature and access issues.  A goal of the Monterey Bay Aquarium Research Institute (MBARI) is to extend human presence in the deep ocean through technological innovation.  We have developed a robotic device, the Environmental Sample Processor (ESP), which functions as a remote microbiology laboratory for in situ identification and quantification of larvae, bacteria and other microscopic organisms in near real time [1], [2].  The ESP sits in a pressure housing at one atmosphere ambient pressure.  When sampling, valves open to the environment and the ESP filters a volume of seawater, concentrating sparse microbes for autonomous detection.  Because the fluidic path responsible for filtering seawater within the ESP is only rated to 500kPa, the current instrument is limited to a 50m operating depth.   
A science goal at MBARI was to place the ESP in the deep ocean (>50m to 4000m).   Rather than redesign the fluidic path through the ESP itself, which would have been cost and time prohibitive, we decided a more expedient approach would be to develop a pressure-modifying interface that could feed reduced pressure seawater to the instrument.  While a depressurizing interface may not be ideal from a science perspective, (rapid decompression may influence microbial community structure, an issue that needs further study) design of an interface was the quickest way of getting into the deep sea to test the feasibility of in situ microbial analysis at 4000m. 
This interface idea was the genesis of the Deep Water Sampling Module (DWSM).  We studied several concepts and decided on a differential pressure driven system inspired by lungs and the biological process of breathing.  System design and fabrication found many parallels to lung structures and processes of inhaling and exhaling seawater, even to the point it garnered the nickname, “aqua-lung.”







