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(57) ABSTRACT 

A high-flow rate, low-noise, gas sampling apparatus for 
collecting particulate Such as biological, chemical, and 
radioactive material from a gas on a collector Such as an 
impaction collector includes a housing having an inlet and 
an outlet and a fan disposed within the housing for drawing 
the gas into the inlet, past the collector for sampling, and 
exhausting the gas through the outlet. The fan is operable to 
produce a flow of gas through the housing of greater than 
about 50 liters per minute with a noise level emitted from the 
apparatus being less than about 60 decibels. The apparatus 
may be configured as a compact, unobtrusive, portable, 
lightweight apparatus for use in various indoor or outdoor 
locations. The apparatus may also include a sensor for the 
detection of radioactive material collected on the collector, 
a processor for monitoring the sampling, and the apparatus 
may be linked to a communications network Such as the 
Internet. Methods for collecting particulate from a gas are 
also enclosed. 
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FIG. 4 
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HIGH-FLOW RATE, LOW-NOISE, GAS SAMPLING 
APPARATUS AND METHODS FOR COLLECTING 

PARTICULATE IN A GAS 

FIELD OF THE INVENTION 

0001. This invention relates generally to gas samplers, 
and more particularly to gas sampling apparatus and meth 
ods for collecting and detecting particulate in a gas. 

BACKGROUND OF THE INVENTION 

0002 Conventional gas samplers for collecting particu 
late include a housing having a vacuum pump for drawing 
gas past a collector Such as a filter paper, a glass fiber filter 
media, a filter cassette, and an activated carbon cartridge. 
0003) Limitations with such conventional gas samplers 
for collecting particulate include the vacuum pump gener 
ally producing a low flow rate of gas to be sampled, the filter 
becoming clogged, and the vacuum pump being noisy. 

0004 There is a need for further gas sampling apparatus 
and methods for collecting and detecting particulate in a gas. 

SUMMARY OF THE INVENTION 

0005 The present invention provides, in a first aspect, a 
high-flow rate, low-noise, gas sampling apparatus for col 
lecting particulate from a gas on a collector. The apparatus 
includes a housing, and a device disposed within the housing 
for drawing the gas into the housing, past the collector for 
sampling, and exhausting the gas from the housing. The 
device is operable to produce a flow of gas through the 
housing of greater than about 50 liters per minute with a 
noise level emitted from the apparatus of less than about 60 
decibels. 

0006 The present invention provides, in a second aspect, 
a gas sampling apparatus for collecting particulate from a 
gas on a collector and detecting presence of radioactive 
material. The apparatus includes a housing, a device dis 
posed within the housing for drawing the gas into the 
housing, past the collector for sampling, and exhausting the 
gas from the housing. A radioactivity sensor detects the 
presence of radioactive material on the collector. 
0007. The present invention provides, in a third aspect, a 
high-flow rate, low-noise gas sampling apparatus for col 
lecting particulate from a gas on a collector and detecting 
presence of radioactive material. The apparatus includes a 
housing, a device disposed within the housing for drawing 
the gas into the housing, past the collector for sampling, and 
exhausting the gas from the housing. A radioactivity sensor 
detects the presence of radioactive material on the collector. 
The device is operable to produce a flow of gas through the 
housing of greater than about 50 liters per minute with a 
noise level emitted from the apparatus being less than about 
60 decibels. A processor monitors the sampling, and a 
communications interface allows connecting the processor 
to a communications network. 

0008. The present invention provides, in a fourth aspect, 
a method for collecting particulate from a gas in which the 
method includes drawing the gas into a housing, collecting 
particulate on a collector for sampling, discharging the gas 
from the housing, and wherein a flow rate of the gas through 
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the housing is greater than about 50 liters per minute with a 
noise level emitted from the housing being less than about 
60 decibels. 

0009. The present invention provides, in a fifth aspect, a 
method for collecting particulate from a gas and detecting 
presence of radioactive material in which the method 
includes drawing the gas into a housing, collecting particu 
late on a collector for Sampling, detecting for the presence 
of radioactive material on the collector, and discharging the 
gas from the housing. 
0010. The present invention provides, in an sixth aspect, 
a method for collecting particulate from a gas and detecting 
presence of radioactive material in which the method 
includes drawing the gas into a housing, collecting particu 
late on a collector for Sampling, detecting for the presence 
of radioactive material on the collector, discharging the gas 
from the housing, monitoring the sampling, communicating 
the monitoring of the sampling over a communications 
network, and wherein a flow rate of the gas through the 
housing is greater than about 50 liters per minute with a 
noise level emitted from the housing being less than about 
60 decibels. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011. The subject matter which is regarded as the inven 
tion is particularly pointed out and distinctly claimed in the 
concluding portion of the specification. The invention, how 
ever, may best be understood by reference to the following 
detailed description of various embodiments and accompa 
nying drawings in which: 

0012 FIG. 1 is a front perspective view of a high-flow 
rate, low-noise, gas sampling apparatus in accordance with 
the present invention; 
0013 FIG. 2 is a front perspective view of the apparatus 
of FIG. 1 with the top opened; 
0014 FIG. 3 is an enlarged rear perspective view of the 
apparatus of FIG. 1 with the rear portion of the housing 
removed; 

0015 FIG. 4 is an enlarged partial sectional view of the 
apparatus of FIG. 1 taken along line 44; 
0016 FIG. 5 is an enlarged perspective view of the 
holder and collector in accordance with the present inven 
tion for use in the apparatus of FIG. 1; 
0017 FIG. 6 is a sectional view of portions of the holder 
and collector of FIG. 5: 

0018 FIG; 7 is a diagrammatic illustration of the control 
unit of the apparatus of FIG. 1; 
0.019 FIG. 8 is a front perspective view of another 
high-flow rate, low-noise, gas sampling apparatus in accor 
dance with the present invention; 
0020 FIG. 9 is a front perspective view of the apparatus 
of FIG. 8 with the top opened; 
0021 FIG. 10 is an enlarged sectional view of the 
apparatus of FIG. 8 taken along line 10-10; and 
0022 FIG. 11 is an enlarged perspective view of the 
carousel for holding a plurality of collectors of FIG. 1. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0023. As described in greater detail below, the various 
high-flow rate, low-noise, gas sampling apparatus in accor 
dance with the present invention allow collection and detec 
tion of particulate or aerosol Such as biological, chemical, 
and nuclear material and may be configured as a compact, 
unobtrusive, portable, lightweight apparatus for use in vari 
ous indoor or outdoor locations. The ability of the apparatus 
to provide a high flow rate of gas to be sampled allows 
forming a concentrated sample particularly of Small biologi 
cal material Such as anthrax or radioactive material Such as 
from a dirty bomb compared to a low flow rate gas sampler. 
The use of a fan results in a quiet, low power consumption 
apparatus compared to samplers employing a vacuum pump. 
The apparatus may be inconspicuously installed in busi 
nesses, workplaces, and residences. The apparatus may also 
include a sensor? collector for the detection/collection of 
radioactive material, a processor for monitoring operation of 
the apparatus, and the apparatus may be linked to a com 
munications network Such as the Internet. 

0024 FIGS. 1-3 illustrate a high-flow rate, low-noise, 
gas sampling apparatus 10 in accordance with the present 
invention for collecting particulate from a gas. As illustrated 
in FIGS. 1-3, apparatus 10 generally includes a housing 12 
having an inlet 14 and an outlet 16 (FIG. 3). Disposed 
between inlet 14 and outlet 16 may be a hollow tubular 
shaped member 20 (FIG. 3) having disposed therein a 
device such as a blower or a fan 30 (FIG. 3) for drawing the 
gas into the inlet, past a collector 40 (FIG. 2), through fan 
30, and exhausting the gas through outlet 16. The apparatus 
may be compactly configured having, for example, a height 
of about 11 inches, a width of about 9 inches, and a depth 
of about 7 inches. 

0025 Fan 30 (FIG. 3) may be operable to produce a flow 
of gas through the housing of greater than about 50 liters per 
minute. A Suitable sample of collected particulate may be 
obtained over an 8-hour time period. In addition, the fan may 
provide a flow of gas through the housing of about 100 liters 
per minute, 200 liters per minute, or greater thereby reduc 
ing the time to obtain a sample for analysis. Fan 30 may also 
generate little noise so that a noise level emitted from the 
housing is less than about 60 decibels. In addition, the noise 
level emitted from the housing may be less than about 55 
decibels or lower. To reduce the level of noise from appa 
ratus 10 further, sound reducing material or insulation 50 
(FIG. 2) may be disposed on the inner surface of the 
housing. In addition, a muffler 55 (FIG. 3) may be disposed 
aft of the fan to further reduce the level of noise emitted from 
apparatus 10. A suitable high-flow rate, low noise fan is 
manufactured and available from Ameter-Rotron of Sauger 
ties, N.Y., Model No. MF 501. The use of a fan, as noted 
above, also results in low power consumption and may be 
connected to an AC power Supply (not shown) via an AC 
input connector 58 (FIG. 3), may be powered by a battery 
59 (FIG. 3), and/or may include a backup battery power 
Supply. 

0026. As best shown in FIG. 2, a top portion 18 of 
housing 12, may be hingedly-attached to allow an operator 
to readily install and retrieve a collector disposed in the 
housing. The upper portion of hollow tubular-shaped mem 
ber 20 may also include a gasket 22 for sealing the upper 
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portion of hollow tubular-shaped member 20 to the bottom 
of top portion 18 around collector 40. 
0027. With reference to FIG. 4, an impactor cap 20 may 
remove relatively large sized particles from the gas and 
directing the air towards collector 40 such as an impactor 
collector which may be disposed at the bottom of the top 
portion of the housing. Impactor cap 20 includes a cap 22 
which attaches to top portion 18 of the housing and an 
impaction medium 24 through which the gas is initially in 
contact. Medium 24 may include geometry that removes 
particles with a diameter of 10 micrometers or more (0.0004 
inches or one-seventh the width of a human hair). Impactor 
cap 20 (cap 22 and medium 24) may be replaceable or 
disposable, as well as the medium 24 being separately 
replaceable or disposable. 

0028. With reference to FIGS. 4 and 5, collector 40 may 
include a holder 42, a removable sample tray 44 which is 
receivable in holder 42, and a substrate 46 for collecting 
particulate which is receivable in sample tray 44. As best 
shown in FIG. 6, holder 42 includes a nozzle 45 shaped as 
a slit for channeling the air towards substrate 46. Substrate 
46 may be comprised of polyurethane, polyethylene, 
polypropylene, polyester, porous cloth material, or other 
Suitable material. The Substrate may also be a porous mate 
rial about 0.2 millimeters thick or greater. In one configu 
ration, the Substrate may comprise a polyurethane foam 
material having a density of about 0.005 g/cm3 to about 0.1 
g/cm3. Particulate with a size of about 1.0 micron and larger 
may be collected on the substrate. 
0029 Advantages of the impact collector comprising a 
foam material include permitting a high flow rate of air to be 
sampled without clogging the collector or the slit in the 
holder, reducing particle bounce, eliminating the need to oil 
the Substrate, inhibiting an increase in the pressure drop on 
the Substrate as particles are accumulated on the Substrate, 
concentrating the collection of particles in the upper portion 
of the substrate, and allowing the substrate to be formed 
from a generally inert material. While a slit impactor is 
shown, it will be appreciated that other shaped openings may 
be employed, e.g., square or round. Further impact collec 
tors for use in the apparatus of the present invention are 
disclosed in U.S. patent application Ser. No. 09/540.397, 
entitled “Impaction Substrate and Methods of Use.’ issued 
as U.S. Pat. No. , the entire subject matter of which 
is incorporated herein by reference. 
0030. With reference again to FIG. 3, apparatus 10 may 
include a control unit 60 for monitoring the operation of 
apparatus 10. As best shown in FIG. 7, control unit 60 may 
include a processor 62 such as a microcontroller or a 
microprocessor, data storage or memory 64, and various 
input and output devices. A Suitable processor is manufac 
tured by and available from Texas Instruments of Dallas, 
Tex., Model No. MSP430. The data storage or memory may 
be either physically integrated with the processor or con 
structed in stand alone units. 

0031. As illustrated in FIG. 7, the various input devices 
may include a housing sensor 70 such as an electrical Switch 
for detecting the opening and/or closing of the top portion of 
the housing and a differential pressure sensor or pressure 
transducer 72 for measuring the pressure drop across the 
collector. Housing sensor 70 and pressure transducer 72 may 
be used for setting the time and date of the beginning of a 
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sampling process, setting the time and date of the ending of 
the sampling process, and/or setting the time and date of an 
opening of the top portion of the apparatus or detection of a 
change in flow of gas through the apparatus during the 
sampling process, e.g., which may indicate a malfunction of 
or tampering with the apparatus such as blocking of the inlet 
during the running of a sampling process. In addition, 
opening the top portion of the housing may automatically 
stop the sampling process, e.g., stop the blower and record 
ing the stop time of the sampling process. 
0032. Other input devices may include a collector inter 
face 74 for connecting and transferring data to and from a 
combination collector and integrated circuit/memory 76. 
Data transferred from the processor and to the combination 
collector and integrated circuit/memory may include the 
start time and date of the sampling process, the ending time 
and date of the sampling process, location of the sampler, 
etc. The uploading to the integrated circuit/memory may 
occur automatically upon opening of the top portion of the 
housing. Combinations of collector and integrated circuit/ 
memory are described in U.S. Pat. No. 5,717,147, the entire 
subject matter of which is incorporated herein by reference, 
and the features thereof may be incorporated into the col 
lectors of the present invention. 
0033. Another sensor may include a Geiger counter or 
radioactivity sensor 78 for detecting and signaling, in real 
time, the presence of radioactive material passing through 
the apparatus or presence of radioactive material in collec 
tion of particulate on the substrate. The radioactivity sensor 
may be, for example, disposed within tubular-shaped mem 
ber 20 (FIG. 3), disposed adjacent to substrate 46 (FIG. 4), 
attached to the bottom of the top portion of the housing or 
attached to holder 42. A suitable radioactivity sensor is 
manufactured and available from LND, Inc. of Oceanside, 
N.Y., Model No. 713. Alternatively, each replaceable holder 
and Substrate may include a radioactivity sensor operably 
connectable to control unit 60. Still another sensor may 
include a power Supply sensor for detecting a loss of 
electrical power to the apparatus. Yet another sensor may 
include a particle counter for counting the number of par 
ticles/volume of gas such as Model GT-531 manufactured 
and available from Met-One Instruments, Inc., Grants Pass, 
Oreg. 

0034 Control unit 60 may also include a computer inter 
face 80 such as an RS-232 connector or infrared port to 
allow an operator to connect the apparatus to a laptop 
computer or other handheld device for transfer of data 
therebetween Such as site information, time, date, and other 
parameters. 

0035 Control unit 60 may also include a remote com 
munications interface 82 such as a modem or wireless 
transmitter for remotely uploading or downloading data, 
periodically or in realtime, over a communications network 
84 Such as a local area network, global communications 
network, or the Internet. 

0036 FIGS. 8 and 9 illustrate another high-flow rate, 
low-noise, gas sampling apparatus 100 in accordance with 
the present invention for collecting particulate from a gas. In 
this illustrated apparatus, apparatus 100 generally includes a 
housing 112 having an inlet 114, and an outlet 116 disposed 
on the bottom of the housing. With reference to FIGS. 9 and 
10, a device such as a blower or a fan 130 creates a vacuum 

Jun. 8, 2006 

in housing 112 for drawing the gas through inlet 114 (FIG. 
9), past one of a plurality of collectors 140 (FIG. 9), through 
fan 130, through a muffler 155 (FIG. 10), past a Geiger 
counter or radioactivity sensor 157 (FIG. 10), and out the 
bottom of the housing via a chamber 115 disposed along the 
side of housing 112. 
0037 Fan 130 may be operable to produce a flow of gas 
through the housing of greater than about 50 liters per 
minute. In addition, the fan may provide a flow of gas 
through the housing of about 100 liters per minute, 200 liters 
per minute, or greater, and generate little noise so that a 
noise level emitted from the housing is less than about 60 
decibels and desirably less than about 55 decibels. To further 
reduce the level of noise from apparatus 100, sound reducing 
material or insulation 150 (FIG. 9) may be disposed on the 
inner surfaces of the housing in addition to muffler 155. A 
suitable high-efficiency fan for use in apparatus 100 is 
described above in connection with apparatus 10. 
0038 A top portion 118 of housing 112, best shown in 
FIG. 9, may be hingedly-attached to readily allow an 
operator access to a carousel or revolving case for installing 
and retrieving a plurality of collectors disposed in the 
housing. The upper portion of the sides of housing 112 may 
include a gasket 122 for sealing the upper side portions of 
housing 112 to the bottom of top portion 118. An impactor 
120 may provide filtering of relatively large sized particles 
from the gas being sampled as described above in connec 
tion with apparatus 10. 
0039. With reference to FIG. 11, collector 140 may 
include a holder 142, a removable carousel or rotatable case 
144 which is received in holder 142, and a plurality of 
substrates 146 disposed in carousel 144. Holder 142 
includes a nozzle (not shown) shaped as a slit for channeling 
the gas towards substrate 146. Further impact collectors for 
use in apparatus 100 of the present invention are disclosed 
in U.S. patent application Ser. No. 09/540,397, entitled 
“Impaction Substrate and Methods of Use, issued as U.S. 
Pat. No. , the entire subject matter of which is 
incorporated herein by reference. 
0040. With reference again to FIG. 10, apparatus 100 
may include a control unit 160, such as described above in 
connection with apparatus 10, for monitoring and control 
ling the operation of apparatus 100, and transferring data 
between apparatus 100 and other computers via a commu 
nications network. In addition, with reference again to FIG. 
11, the carousel is rotated by a servomotor 175 operably 
connected to the carousel via a timing belt 177. The control 
unit of the apparatus may control the position of each of the 
collectors, for example, so that sampling may occur over a 
continuous 24 hour time period, or periodically, e.g., every 
8 or 12 hours. 

0041. The apparatus of the present invention, once set up 
by initializing the control unit, allows an operator to open 
the apparatus, exchange one or more collectors, and close 
the apparatus. The various collectors are desirably remov 
able from the holders in the apparatus and placed in a tube, 
container or other transport device having, for example, a 
sealable end or ends to inhibit exposure to an operator, 
contamination by the operator, and contamination during 
transport prior to analysis. In addition, the portability of the 
sampling apparatus allows readily deploying a plurality of 
sampling apparatus over an area Such as around an event in 
which a large number of people are gathered. 
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0042. Thus, while various embodiments of the present 
invention have been illustrated and described, it will be 
appreciated to those skilled in the art that many changes and 
modifications may be made thereunto without departing 
from the spirit and scope of the invention. 

1-41. (canceled) 
42. A method for collecting particulate from a gas and 

detecting presence of radioactive material, the method com 
prising: 

drawing the gas into a housing: 
collecting, in the housing, particulate on an impaction 

collector for sampling; 
detecting for the presence of radioactive material on the 

collector; 
discharging the gas from the housing; and 
analyzing the particulate collected on the collector for 

biological material. 
43. The method of claim 42 wherein the collecting 

particulate comprises collecting biological particulate. 
44. The method of claim 42 wherein the drawing the gas 

comprises drawing the gas with a fan. 
45. The method of claim 42 further comprising monitor 

ing the sampling. 
46. The method of claim 45 further comprising commu 

nicating the sampling over a communications network. 
47. A method for collecting particulate from a gas and 

analyzing for presence of biological material, the method 
comprising: 

drawing the gas into a housing: 
collecting, in the housing, particulate on a collector for 

Sampling: 
discharging the gas from the housing: 
analyzing for the presence of biological material on the 

collector; and 
wherein a flow rate of the gas through the housing and 

past the collector for sampling is greater than about 50 
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liters per minute with a noise level emitted from the 
housing being less than about 60 decibels. 

48. The method of claim 47 wherein the collector com 
prises an impaction collector. 

49. The method of claim 47 wherein the flow of gas 
through the housing is greater than about 100 liters per 
minute. 

50. The method of claim 47 wherein the flow of gas 
through the housing is greater than about 200 liters per 
minute. 

51. The method of claim 47 wherein the noise level 
emitted from the housing is less than about 55 decibels. 

52. The method of claim 47 wherein the drawing the gas 
comprises drawing the gas with a fan. 

53. A method for collecting particulate from a gas and 
analyzing for presence of biological material, the method 
comprising: 

drawing the gas into a housing: 
collecting, in the housing, particulate on a collector for 

Sampling: 

discharging the gas from the housing; and 
wherein a flow rate of the gas through the housing and 

past the collector for sampling is greater than about 50 
liters per minute with a noise level emitted from the 
housing being less than about 60 decibels. 

54. The method of claim 53 wherein the collector com 
prises an impaction collector. 

55. The method of claim 53 wherein the flow of gas 
through the housing is greater than about 100 liters per 
minute. 

56. The method of claim 53 wherein the flow of gas 
through the housing is greater than about 200 liters per 
minute. 

57. The method of claim 53 wherein the noise level 
emitted from the housing is less than about 55 decibels. 

58. The method of claim 53 wherein the drawing the gas 
comprises drawing the gas with a fan. 

k k k k k 


