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Abstract 

The BioHawk is a highly automated aerosol collector and 8-channel wet assay bio-identifier 
integrated into a single man-portable case. Samples may be transferred automatically from 
the aerosol collector to the bio-identifier portion under software recipe control, or from a 
sample port provided for the introduction of external liquid samples.  

 
Eight parallel wet assays are performed within a disposable plastic coupon, and each coupon 
may be reused 10 or more times. All reagents and fluids needed for the baseline sandwich 
immunoassay protocols are contained within the coupon in lyophilized form: On first use, 
reagents are automatically hydrated. The system is designed for long-term unattended 
operation and user intervention requirements are minimal to none. 
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1. Introduction 

The BioHawk is a portable, battery-operated 8-channel bioassay system with automated aerosol 
sample collection and analysis capability (Figures 1a and 1b and Table 1). It is designed to detect 
and identify a variety of targets, including toxins, viruses, bacteria, spores, and fungi.  
 
It can be programmed to continuously or periodically test surrounding air for aerosol threats with its 
built-in air sampler and bio detector; to detect and identify targets from a fluid sample manually 
introduced into the bio detector portion; or to accept a fluid for analysis from another sample 
collection system, coordinating the transfer using a bidirectional RS-232 serial data link built into 
the BioHawk. In all cases, assay results for the eight identification channels are typically available 
10 to 15 minutes after a liquid sample has been transferred to the bio detector portion. 
 
Bioassays are performed within a small disposable credit card-sized plastic assay coupon. All 
reagents needed to perform the assays are contained on each card, initially in freeze-dried, or 
lyophilized, form. Prior to use, the instrument performs an automated hydration of these reagents. 
This highly automated approach to reagents, coupled with the programmed assay strategy, allows 
the equipment to be successfully operated by minimally-trained users.  
 
Unlike most other analytical systems that are based on a "use once and discard" philosophy, this 
coupon and the reagents stored within it may be used for 10 or more assay procedures before being 
discarded. Since a single assay coupon can handle up to eight different assays simultaneously, this 
means that up to 80 individual assays may be performed before the coupon is discarded. This 
capability can substantially reduce life cycle cost.  
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Figure 1a. BioHawk aerosol sampler and bio-identifier, front view. 

 

 
Figure 1b. BioHawk aerosol sampler and bio-identifier, back view. 

 



Table 1. BioHawk® General Specifications 

Characteristic Description 

Use Profile 
Indoor/outdoor sample collection, transfer, and assay; storage of 255 
assay recipes; user in full MOPP gear either walking or in moving 
vehicle. 

Collection principle Multi-stage wetted-wall cyclone with enhanced particulate collection.

Assay method 
Disposable wet assay coupon, re-useable up to 15 times. Eight 
simultaneous software-based assays. Antibody or nucleic acid. 
Coupon reseals on removal for archival storage. 

Fluid Handling 
Fluids manipulated under microprocessor control using peristaltic and 
syringe pumps; sample may be oscillated to lower assay time; reagent 
is recovered for reuse. 

Fluids storage Snap on 3-section fluid pack. Clean water: 1 litre; Buffer: 250 ml; 
Waste: 500ml  

Human interface Day/night touch screen LCD display, usable in MOPP gear. 
Digital communication RS-232 bi-directional serial link  
Physical size 35.6 cm W x 36.5 cm H x 17.1 cm D 
Weight 21.7 lbs. dry; 26.7 lbs. with battery and fluids (9.8/12.1 kg). 

Operating/storage 1 to 66°C and -29 to 66°C. Reagent deterioration can reduce upper 
limit significantly. 

Humidity 10% and above. May be operated in rain. 

Survivability MILSPEC 810F; MTBF of about 30,000 hours is determined by air 
sampler fan. 

Data storage Flash memory retains raw/processed data for over 6000 assays. 

Power Consumption 5.6 W at idle; 17.5W with fan operating and one assay performed each 
30 minutes. 

Power source 

Primary battery BA-5390A/U, 1.05 kg (2.3 lb); lifetime 14 to 45 
hours. 
Rechargeable battery UBI-2590; lifetime is approximately 56% of the 
BA5390A/U primary battery. 
Universal lump-in-cord power supply, 82-265 V (47-63 Hz). 

Alarm Visual LED and 103 dB @0.6m waterproof horn; adjustable. RS-232 
data link. 

Decontamination 
Auto-flush protocols using onboard water or manual flush with 
detergent and/or disinfectant. High-performance pull-through fan 
easily removed if contaminated. 

Sound level 60 dB (A). 
Ancillary equipment Heavy-duty hard-shell transport case with wheels. 
Bioassay Specifications 
Characteristic Description 
Analyte range Toxins, viruses, bacteria, spores, fungi, multi-cellular pathogens. 

Sensitivity Analyte dependent, 1 to 10 ppb typical for toxins, 100 – 100 000 
CFU/ml for bacteria. 

Assay time  Dependent on assay; 10 to 15 minutes typical. 

Reagent storage Reagent stored onboard assay coupon; may be reused up to 15 times 
depending on assay protocol. 

Confirmatory sample Confirmatory sample may be stored in assay coupon or 8cc sample 
vial. 



Air Sampling Specifications 
Characteristic Description 
Air collection rate 325 LPM, nominal. 
Particulates collection 
range 1-10 µm 

Concentration ratio 75,000/min., nominal. 

Liquid inventory 

4 to 5cc. Factory set but adjustable under computer control. Patented 
control process maintains a constant liquid volume in the sampler, 
independent of collection time, temperature, or humidity; useful for 
concentrating trace airborne analytes. 

Air inlet  Screened rectangular opening. Hose adapters available. 

Sample extraction 
On-board 12 cc/min peristaltic pump under manual or remote 
computer control. Vial filling also supported. Air sampling may 
continue during extraction. 

This product is covered by one or more of the following patents: U.S. Patents No. 6,136,611; 
5,430,813; 6,082,185; 6,532,835; 5,061,857; and Japanese Patents No. 3,429,282 and 3,754,440.
 

2. Technical Description 

2.1 Operational Overview 

A schematic diagram of the system is provided in Figure 2. The instrument is made up of several 
subsystems whose individual operations are integrated by an onboard microprocessor-based 
operating system. Macro-level commands may be transmitted to the unit either through a touch pad 
LCD display on the instrument’s top surface, or through the unit’s RS-232 interface. These 
instructions are parsed out to the appropriate subsystems or placed in digital memory for later 
execution.  
 
When an assay coupon is first inserted into the instrument, an optical bar code on the coupon is read 
and the appropriate aerosol collection and bioassay protocols are loaded into working memory from 
the internal computer’s non-volatile memory. Protocol execution is initiated either by manual 
command from the touchpad, or by remote command via the RS-232 link.  
 
Fluids are transferred to and from the coupon and built-in air sampler by a fluidics subsystem 
containing a number of computer-controlled multichannel peristaltic pumps and valves. Peristaltic-
type pumps are preferred due to their inherent ability to simultaneously operate as a pump and shut-
off valve; because their flow direction may be reversed as needed; and because they are easier to 
clean than other pump types. Three different types of fluids are manipulated with these pumps in 
the BioHawk- distilled water, buffer, and sample. 
 
The distilled water and buffer are stored in onboard fluid reservoirs contained in a detachable fluids 
module. One 1000 ml reservoir holds distilled water, while a second 200 ml reservoir is for storage 
of a biological buffer solution. The distilled water is primarily used in the air sampler to compensate 
for evaporation during long collection periods, while the buffer is a biologically friendly cleaning 
fluid for the coupon. A third reservoir in the fluids module is a 500 ml waste tank for storing used 
wash water and discarded fluid samples.  
 
An optically-monitored ‘sandwich’ assay protocol is typically performed within the coupon. In this 
type of assay, which is described in more detail later in the paper, the coupon’s biosensors use 
fluorescently-tagged antibody reactions to determine the concentration of all targeted materials in 



the sample. An advantage of the method is that if the target is not present, then the reagents and 
biosensor may be used again. At present, more than 10 measurements may be made with a single 
coupon before it should be discarded.  

 
Figure 2. Functional schematic of BioHawk. 

 
When an assay is performed, a portion of that fluid sample is temporarily stored in a service loop 
within the unit. After the assay has been completed, the user may optionally transfer that portion to 
a sample vial. This sample vial is mounted in a small easily accessed docking port within the unit’s 
wall. A fluid sample saved in this way may then be used in an independent, orthogonal 
confirmatory assay.  
 
Assay data is automatically stored in the main electronic module’s non-volatile flash memory with a 
date and time stamp: The BioHawk has the capacity to save up to 6,000 data sets. Results may be 
transmitted to users through the touch panel LCD display, an audible alarm, a pulsating light, or by 
wireless or RS-232 link to personnel at a remote location.  
 
System operation may also be remotely controlled in real time- virtually every fluid or air handling 
function is capable of being operated remotely. Auxiliary Windows-based software allows the user 
to graphically monitor data recovery while an assay is running. It also provides sophisticated users 
with the ability to customize the various steps involved in running an assay.  
 
While possessing a high level of function and great versatility, the unit is still very easy to use. Most 
global functions such as air sampling and bio detection are performed using multi-step recipes 
developed by Research International and stored in the system's computer memory. The 
unsophisticated user needs only the most fundamental level of training since the internal processes 
and steps are preset through the built-in computerized recipes. For more professional users, bundled 



Windows-based software allows the user to develop their own customized sample collection and 
detection protocols. 
 
The system is truly portable at a field weight of only 12.1 kg and volume of 17 litres. The system is 
capable of 12 to 24 hours of operation on the standard BA5590/U primary battery or UBI 2590 
rechargeable battery: Specific operating time will depend on climatic conditions and use profile. In 
the following sections, the air sampler and bio detector technologies are described in greater detail. 
 

2.2 Air Sampler Features  

The air sampler is a multi-stage wetted-wall cyclone that processes air at a 325 LPM rate, extracting 
particulates and transferring them to a liquid phase of 4 – 5 cc volume (Figure 3). It is essentially 
the same physical structure used in RI’s SASS2300 wetted wall cyclone sampler. The device is 
blow moulded from a cellulose acetate butyrate tubular parison. This method of construction yields 
a structure with a very smooth internal surface that has a minimum of sharp corners and crevices to 
trap captured particulates. In addition, the internal surface undergoes a chemical conversion process 
during manufacture that transforms it to cellulose, thereby providing a hydrophilic interior film with 
low contact angle that minimizes the amount of working fluid needed to maintain all interior 
surfaces wetted. 

 
Figure 3. Air sampler flow schematic. 

 
Distilled water is typically the sampling fluid of choice; no additives or surfactants are required. 
This fluid may then be periodically transferred in part or in whole to the internal bio detector 
section. However, as described earlier, a dropper bottle filling station is also integrated into the 
BioHawk for storage of confirmatory samples. A portion or the entire sample may be transferred 
directly to the dropper bottle for analysis outside the BioHawk shell by an alternative method such 
as lateral flow or nucleic acid detection. The dropper bottle feature and operating software therefore 
allow the BioHawk to be used either as an integrated collector/identifier or only as a sample 
collection and preparation system.  
 



Intimate contact is necessary between the air and water phases of any wet sampler to ensure good 
aerosol collection rates. This adiabatic mixing step means that air exiting the device is very nearly 
saturated in water vapour (100% relative humidity), and that some loss of water over time can be 
expected.  
 
In spite of this, the BioHawk system’s air sampler will not experience any sample fluid volume 
change over very long collection periods of up to several hours between sample transfer events, 
independent of temperature or inlet air relative humidity. This patented feature is accomplished by 
monitoring liquid inventory with a proprietary sensor attached to the cyclone body. When the 
sample water inventory falls below the set point, the sensor initiates clean water transfer into the 
cyclone body from the onboard 1 litre water supply. Water inventories may be maintained within a 
recommended range of about 4 cc to 5 cc with an accuracy of a few tenths of a cubic centimetre. 
Assuming air enters the air sampler at 20C and 50% RH, and exits saturated in water vapour, the 1 
litre water supply will support aerosol collection for a total elapsed time of over 20 hours.  
 

2.3 Bio detector Description 

As described earlier, several computer-controlled peristaltic pumps shuttle fluids as needed between 
the fluids module’s storage and waste tanks and the air sampler, sample port, and sample coupon 
portions of the system.  
 
The instrument's sample coupon is a disposable 8-channel fluorometric bioassay element (see 
Figure 4) composed of an optically transparent bottom half and a black top half. Twelve coupon 
access penetrations of about 1.2 mm each provide fluidic communication between the coupon and 
the instrument. Each penetration is sealed with a self-healing septum that maintains hermetic 
conditions within the coupon when it is not mounted in the instrument. When the coupons are first 
mounted in the instrument, twelve blunt needles in the coupon docking bay pierce the septa and 
establish the necessary fluidic connections.  

 
Figure 4. BioHawk bioassay coupon. 

 
All target-specific reagents are contained within four 350 ul reagent reservoirs integral to the 
coupon. These reservoirs are formed when the top and bottom coupon halves are bonded to one 
another. This hermetic bond is created through the application of a relatively new laser welding 
technique.  
 



Briefly, the two coupon halves are pressed together and then subjected to an intense line of near-IR 
laser light that is scanned across their contacting faces. This causes the black-coloured polymer to 
melt and fuse to the clear polymer. Once the focused line of light has passed over the entire coupon 
assembly, a hermetic bond is created wherever the top and bottom halves were pressed together and 
exposed to the laser beam. The entire process is completed in slightly over 15 seconds. Due to the 
high speed of the process and the poor thermal conductivity of the coupon polymer, lateral heating 
and damage of sensitive areas or materials are not issues. We have found that lyophilized reagents 
ink jet sprayed into the reservoir cavities prior to sealing are essentially unaffected by the welding 
process if those areas are optically masked.  
 
The eight independent bio-identification channels consist of eight proximal/distal physical regions 
on four elongated non-planar optical waveguides. These waveguides are moulded as an integral part 
of the optically transparent bottom coupon half. During manufacture and before laser welding, 
monolayer coatings of capture antibodies specific for the target materials are deposited on the inner 
waveguide surfaces, and fluorophore-tagged antibody reagents are ink jet sprayed into the reservoir 
cavities, after which the latter are lyophilized. 
 
When a new coupon is first inserted into the instrument, buffer wash water from the buffer reservoir 
is pumped into each of the four reagent reservoirs and a mixing protocol performed that creates a 
well-mixed reagent solution in each coupon reservoir. Since each reservoir services two sensor 
areas, the reagent solution is typically a mixture of two different target-specific secondary antibody 
solutions. While this could theoretically lead to the two antibody species cross-reacting, we have 
found this not to be a problem in practice. 
 

2.3.1 Sandwich Assay 

Coupons currently being manufactured are designed to support optical waveguide-based ‘sandwich’ 
assay protocols (see Figure 5). In this type of multi-step assay, the first step is to pump sample fluid 
into the coupon and to incubate the biosensor surfaces with this solution. During this period, the 
monolayer of capture antibodies immobilized on each detection surface will trap a portion of its 
targeted material, if it is present in the sample. After this incubation has been completed, the coupon 
is washed with buffer and a fluorophore-tagged secondary antibody solution is introduced. These 
antibodies will attach to surface-bound target material captured in the first step. Otherwise, the level 
of non-specific attachment is very low. After this antibody solution has been removed and stored for 
later reuse in the reagent reservoirs, the detection surfaces are again washed and flooded with 
buffer. This sequence of fluidic operations takes from 10 to 15 minutes, typically. 
 
By comparing fluorescent signals emitted by the waveguide sections before and after incubation 
with the secondary reagent, the presence (or not) of target material is determined. Florescent 
reporter molecules attached to surface-bound targets are excited using a method called evanescent-
wave interrogation. This is accomplished by launching 635 nm laser light into each waveguide at an 
angle that is only slightly below the angle of total internal reflection. This creates an electric field 
adjacent to the wetted inner waveguide surface, and excites any fluorophores within the field’s 
extent. A fraction of the stimulated emission is emitted in an outward direction, through an 
excitation-attenuating filter and onto an array of photo detectors mounted parallel to the coupon’s 
clear face within the instrument. The aggregate signal from each array associated with a discrete 
biosensor section is then collected using analogue current-to-voltage convertor electronics with a 
resolution of about 0.1 pA. These signals are then converted to digital values and their time-varying 
values stored as a permanent record of each assay. The difference between final and starting signals 
may subsequently be compared to ‘action’ levels defining varying degrees of assurance that the 
target material has indeed been detected; or if a dose/response curve is developed, target 
concentrations in the sample can be quantified. 



 
Figure 5. Waveguide-based bio detection process. 

 

2.3.2 Recipe Development 

Assay recipes consist of a series of instrument commands that can be considered a rudimentary 
programming language offering complete control over the unit (see Table 2). The air sampling, 
fluidics, signal detection, data acquisition and data analysis requirements of an assay protocol are 
automated with these recipes. Once developed, this command set for aerosol collector and bio-
detector operation is assigned a unique name and is transferred to the on-board BioHawk 
computer’s flash memory to support field operations. Each such recipe may be up to 200 commands 
long. 
 
A System Software program for use on a remote PC is provided that allows users to run protocols 
from a host computer and to develop custom recipes. Hardware and electronics may be controlled 
directly via the RS-232 communications link, thereby providing an interactive environment where a 
programmer can straightforwardly modify steps in a recipe and in a short time, determine the 
modification’s effect.  
When a coupon is inserted into the BioHawk, several important pieces of information related to the 
coupon’s bar code must be present for the instrument to operate properly. In particular, the specific 
set of assay protocols or recipes that can be run must be identified. The BioHawk currently supports 
three different operating scenarios and requires that recipes be present for each.  
 
A ‘Standard’ recipe is used if there is a fixed aerosol collection period, followed by a bioassay of 
the collector’s liquid sample. The entire collection and identification process is automated in the 
‘Standard’ recipe. In the second supported scenario, a ‘Manual Fan’ recipe is used if the aerosol 
collector has been operated manually for a user-selected time period prior to the bioassay being 
performed. In this second type of use, the BioHawk will automatically extract a sample from the 
aerosol collector and perform a bioassay on that sample. For the third scenario, a ‘No Fan’ recipe is 
used if the liquid sample to be assayed did not originate from the aerosol collector, but was instead 
manually or machine-transferred to the BioHawk’s Sample Reservoir. 



Table 2. The BioHawk’s software-controlled device command set. 

Laser nnnn 
Wait n 
Alarm text 
LogData 
HaltData 
Mark 
RunFan 
HaltFan 
Loop n o 
RunFan 
HaltFan 
AgitateSample n o 

AgitateReagent n o 
BufferPump text 
SamplePump text 
WaterPump text 
WastePump text  
ReagentPump text n 
CouponValve text 
PurgeValve text 
BuffSamSpeed n 
WasteSpeed n 
ReagentSpeed n 
ReagentPumpSteps text, n 

 

3. Conclusion 

A sophisticated self-contained aerosol collector/identifier has been designed and built that can 
identify in 10 to 15 minutes, up to eight different bio-analytes in a liquid sample of about 3cc. 
Samples may be automatically transferred to the bio-identifier portion from the built-in collector, or 
manually or automatically injected into the bio-identifier from another source. The air sampling, 
fluidics, signal detection, data acquisition and data analysis requirements of an assay protocol are 
automated using software recipes that can be easily modified and downloaded from a host 
computer.  
 
The heart of the system is a disposable credit card-sized bioassay coupon that can be used for more 
than 10 measurements before being discarded. All reagents needed to perform the eight assays are 
onboard the coupon, and fluids are communicated to the coupon via a number of resealing septa 
integral to the coupon. 
 
The system is designed for portable equipment applications, as demonstrated by its field weight of 
only 12.1 kg and volume of 17 litres. 
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