AIR SAMPLE TRACKING SYSTEM AND METHOD CROSS REFERENCE TO RELATED
APPLICATIONS [0001]This application claims the benefit of U.S. Provisional Application No.
61/552,264, entitled "Air Sample Tracking System and Method" and filed October 27, 2011, the
contents of which application are incorporated herein by reference. FIELD OF INVENTION [0002]The
present invention relates to devices and methods for monitoring airborne contaminants. In particular,
the present invention relates to devices and methods for logging data relating to '
contaminant-collection subjects, e.g., agar plates, as they collect airborne contaminants, are
incubated, and are subject to air sampling. BACKGROUND OF THE INVENTION [0003]Clean rooms

found in manufacturing, resereRy APE PRSIHRINECS A8 B8N METHOD

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Application No.
61/552,264, entitled “Air Sample Tracking System and Method” and filed October 27, 2011, the

contents of which application are incorporated herein by reference.

FIELD OF INVENTION

[6002] The present invention relates to devices and methods for monitoring airborne
contaminants. In particular, the present invention relates to devices and methods for logging data
relating to contaminant-collection subjects, ¢.g., agar plates, as they collect airborne

contaminants, are incubated, and are subject to air sampling.

BACKGROUND OF THE INVENTION

[6003] Clean rooms found in manufacturing, research, and other facilities are typically
classified into two broad categories based on the static air pressure inside the rooms relative to
atmospheric pressure and/or based on the air pressure in spaces adjacent the clean rooms. A
positive air pressure room is maintained at an absolute air pressure greater than atmospheric
pressure, greater than the air pressure in spaces adjacent the clean room, or both. The positive air
pressure in such rooms is provided by pumping filtered and/or conditioned air into the rooms and
controlling the flow of air out of the rooms. The adjacent spaces, which may be manufacturing
facilities or offices, are typically maintained at or close to atmospheric pressure by heating,
ventilation, and air conditioning (HVAC) systems, or by providing an opening to the

environment that allows the adjacent spaces to equilibrate with atmospheric pressure. Thus, air



classified into two broad categories based on the static air pressure inside the rooms relative to
atmospheric pressure and/or based on the air pressure in spaces adjacent the clean rooms. A positive
air pressure room is maintained at an absolute air pressure greater than atmospheric pressure, greater
than the air pressure in spaces adjacent the clean room, or both. The positive air pressure in such
rooms is provided by pumping filtered and/or conditioned air into the rooms and controlling the flow of
air out of the rooms. The adjacent spaces, which may be manufacturing facilities or offices, are
typically maintained at or close to atmospheric pressure by heating, ventilation, and air conditioning
(HVAC) systems, or by providing an opening to the environment that allows the adjacent spaces to
equilibr St EA JSpPRTIE SRSt StFRTSTOaR HOWHRYHENPIRESISTTREFEREaE MétHoom will flow
toward thedawerplessiesihadjacent rooms or to the atmosphere. [0004]When a positive air pressure
clean room is breached, air flowing to adjacent spaces or the atmosphere is generally not a problem
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that at which filtered and/or conditioned air is pumped into the room. Negative pressure rooms
are often used when there is a concern that contaminants in the air in the room may pose a

potential health threat to human health in adjacent spaces or the environment.

[6006] Notwithstanding the human health and environmental implications, certain types
of manufacturing and research operations must be conducted within a positive air pressure clean
room to satisfy regulatory requirements and industry-adopted good manufacturing and laboratory
quality control standards. For example, state and federal regulations, including those
promulgated by the National Institute for Occupational Safety and Health (NIOSH), may

necessitate the use of positive or negative pressure clean rooms.

{0067} In particular, the U.S. Food & Drug Administration (FDA) requires that
pharmaceutical production be done within the confines of clean rooms that provide for the
validation and certification that manufactured batches of pharmaceutical products are being

produced in a sanitary environment.



[0007]In particular, the U.S. Food & Drug Administration (FDA) requires that pharmaceutical
production be done within the confines of clean rooms that provide for the validation and certification
that manufactured batches of pharmaceutical products are being produced in a sanitary environment.
[0008]Positive and negative air pressure clean rooms have been used for many years. U.S. Pat. No.
4,604,111, for example, discloses a negative pressure apparatus and method for protecting the
environment and populations from airborne asbestos and other particulate contamination inside a
building, which includes an enclosure having a blower to pull air into a filtration unit inside the
enclosure and dispel the filtered air to the atmosphere. U.S. Pat. No. 5,645,480 discloses the general
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which calisgdRdargenvaniakilitidn.caleHated-conaaniRinnsokpaiieoens regulations also
provide for electronic data recording, accuracy, precision, and record-keeping relating to
monitoring the air quality within clean rooms. Similar requirements are imposed on other

industries, such as the biotechnology mdustry.

[0010] U.S. Pat. No. 6,514,721 describes an air sampling device and method for
collecting airborne pathogens and psychrometric data from a room or from remote air samples
where the sample volume is electronically controlled by closely monitoring fan speed. That
patent illustrates a device that draws room air into a sampling device using a pump, which causes
pathogen-containing particulates in the air to impact a growth/inhibitor media (a solid, liquid,
gel, or mixture thereof) stored in a dish that is positioned within the sampling device. The patent
states that previous sampling devices could not achieve a constant volumetric air flow of better
than +/-30% relative to a nominal or set-point flow rate, which caused a large variability in

calculated concentrations of pathogens.

[0011] As U.S. Pat. No. 6,514,721 patent suggests, one of the keys to successfully
monitoring the air quality within a clean room is to ensure that the air flow rate through the air
sampling/monitoring devices is very accurately determined during the time when a volume of air
is collected. That fact is also appreciated in U.S. Pat. No. 4,091,674, which discloses an
electronically timed, positive displacement air sampling pump for use with a wide variety of air
sample collecting devices and in a wide range of environmental conditions. The disclosed

invention is said to provide accurate average flow rate, independently metered total volume,



100111As U.S. Pat. No. 6,514,721 patent suggests, one of the keys to successfully monitoring the air
quality within a clean room is to ensure that the air flow rate through the air sampling/monitoring
devices is very accurately determined during the time when a volume of air is collected. That fact is
also appreciated in U.S. Pat. No. 4,091,674, which discloses an electronically timed, positive
displacement air sampling pump for use with a wide variety of air sample collecting devices and in a
wide range of environmental conditions. The disclosed invention is said to provide accurate average
flow rate, independently metered total volume, operating time register, and audible "rate fault" alarm.
In that patent, accuracy is achieved bétusing a timing circuit coupled with a mechanical bellows.
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one or e ideRtficAtion 1o Hicamrueiseceyes and stores the decoded identification information
from the identification reader in a record in a database. The barcode scanner may be further

configured to transmit location information identifying the location of the scanned one of the one or
more identification tags. The location information is logged by the computer with the decoded

identification information.
SUMMARY OF THE INVENTION

[6013] In accordance with an aspect of the present invention there 1s provided a system
for tracking one or more subjects. The system includes one or more subjects configured to
collect air contaminants. Each of the one or more subjects includes an identification tag encoded
with identification information identifying the each subject and other information regarding the
each subject. The system further includes an identification reader configured to decode the
identification information encoded within the identification tag of a scanned one of the one or
more identification tags. A computer receives and stores the decoded identification information
from the identification reader in a record in a database. The barcode scanner may be further
configured to transmit location information identifying the location of the scanned one of the one
or more identification tags. The location information is logged by the computer with the

decoded identification information.

[0014] In accordance with another aspect of the present invention, there is provided a
system for sampling air at a plurality of locations in a controlled environment. The system
includes one or more air sampling devices, a vacuum source, a controller connected to the
vacuum source, one or more subjects configured to collect air contaminants in the controlled

environment, an identification reader, and a computer configured to receive data from the



[0014]In accordance with another aspect of the present invention, there is provided a system for
sampling air at a plurality of locations in a controlled environment. The system includes one or more air
sampling devices, a vacuum source, a controller connected to the vacuum source, one or more
subjects configured to collect air contaminants in the controlled environment, an identification reader,
and a computer configured to receive data from the identification reader. The one or more air
sampling devices are disposed in a controlled environment, the one or more air sampling devices each
comprising a first identification reader. The controller is configured to be in separate air flow
communication with the one or more air sampling devices via one or more respective vacuum air
tubes. THenESRtENE FardstdEBLCRFTIFORICCHRfiguRdB Esiedpey ate igrabihn KEiRlisdte of air flow from
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presentd@%ﬁgﬁ%ﬁ;to decode the identification information encoded within the identification tag of a

scanned one of the one or more identification tags and to transmit such decoded information to

the computer. The computer receives and stores the decoded identification information in a

record in a database.

BRIEF DESCRIPTION OF THE DRAWINGS

[6015] For the purpose of illustration, there are shown in the drawings certain
embodiments of the present invention. In the drawings, like numerals indicate like elements
throughout. It should be understood that the invention is not limited to the precise arrangements,

dimensions, and mstruments shown. In the drawings:

{00106} FIG. 1 is a schematic diagram of an exemplary facility having a clean room

therein, in accordance with an exemplary embodiment of the present invention;

[0017] FIG. 2 is a schematic diagram of a tracking/logging and air sampling/monitoring
system for use in the clean room of FIG. 1, in accordance with an exemplary embodiment of the

present invention;



[0017]FIG. 2 is a schematic diagram of a tracking/logging and air sampling/monitoring system for use
in the clean room of FIG. 1, in accordance with an exemplary embodiment of the present invention;
100181FIG. 3A is front planar view of an inline flow control module which may be used in the system
of FIG. 2, in accordance with an exemplary embodiment of the present invention; [00191FIG. 3B is a
side cross-sectional view of the inline flow control module of FIG. 3A, in accordance with an exemplary
embodiment of the present invention; 100201FIG. 4A is a front planar view of a wall panel disconnect
which may be used in the system of FIG. 2, in accordance with an exemplary embodiment of the

present invention; . )
[0018] FIG. 3A is front planar view of an inline flow control module which may be used

in the system of FIG. 2, in accordance with an exemplary embodiment of the present invention;

[0019] FIG. 3B is a side cross-sectional view of the inline flow control module of FIG.

3A, in accordance with an exemplary embodiment of the present invention;

[0020] FIG. 4A is a front planar view of a wall panel disconnect which may be used in

the system of FIG. 2, in accordance with an exemplary embodiment of the present invention;

[0621] FIG. 4B is a side cross-sectional view of the wall panel disconnect of FIG. 4A, in

accordance with an exemplary embodiment of the present invention;

[0022] FIG. 5 illustrates an exemplary subject for collecting airborne contaminants, the
subject including a barcode encoded with information regarding the subject, in accordance with

an exemplary embodiment of the present invention;

[06023] FIG. 6 illustrates an exemplary air sampling method, in accordance with an

exemplary embodiment of the present invention;

[0024] FIG. 7 illustrates an exemplary incubation method, in accordance with an

exemplary embodiment of the present invention;

[0025] FIG. 8 illustrates an exemplary method of tracking and logging information
regarding one or more contaminant-collection subjects, in accordance with an exemplary

embodiment of the present invention;

[0026] FIG. 9 illustrates an exemplary table stored in a database within the system of
FIG. 2, the table logging information regarding one or more contaminant-collection subjects, in

accordance with an exemplary embodiment of the present invention; and

[0027] FIG. 10 illustrates an exemplary alternative embodiment of the tracking/logging
and air sampling/monitoring system of FIG. 1, in accordance with an exemplary embodiment of

the present invention.



100211FIG. 4B is a side cross-sectional view of the wall panel disconnect of FIG. 4A, in accordance
with an exemplary embodiment of the present invention; 100221FIG. 5 illustrates an exemplary subject
for collecting airborne contaminants, the subject including a barcode encoded with information
regarding the subject, in accordance with an exemplary embodiment of the present invention;
[0023]FIG. 6 illustrates an exemplary air sampling method, in accordance with an exemplary
embodiment of the present invention; [0024]FIG. 7 illustrates an exemplary incubation method, in
accordance with an exemplary embodiment of the present invention; [0025]FIG. 8 illustrates an

exemplary method of tracking and logging information
DETAILED DESCRIPTION OF THE INVENTION

[6628] None of the conventional devices described above provide the degree of control,
monitoring, reporting, modularity, and remote operation required in the modern clean room. For
example, none of the conventional devices and air sampling methods described above utihizes
multiple air sampling devices with inline flow switches at each air sampling device to separately
and simultaneously measure the air flow realized at each individual air sampling device.
Additionally, none of the conventional devices and air sampling methods described above
provide the ability to simultaneously monitor and control a variable number of air sampling
devices placed at different locations in a clean room from a single, central location that is remote
from the air sampling devices. Finally, none of the conventional devices provide for ¢lectronic
tracking and logging of data relating to subjects (e.g., agar plates) while they are collecting
contaminants in the environment of a clean room or while they are under incubation or air
sampling. Accordingly, there is also a need for an air sampling system and method that allows a
user to separately and simultaneously track and log data regarding a plurality of contaminant-
collection subjects while they are collecting contaminants in the environment of a clean room or

while they incubated or subject to air sampling.

[0029] Several exemplary embodiments of the invention are described for illustrative
purposes, it being understood that the invention may be embodied in other forms not specifically

shown in the drawings.

j6030] Turning first to FIG. 1, shown therein 1s a schematic of an exemplary facility 100
having one or more clean rooms 102 therein, in accordance with an exemplary embodiment of
the present invention. The clean room 102 is surrounded by an adjacent space 104 and the
outdoor atmosphere 106. The adjacent space 104 may be one or more rooms within the same
facility 100 in which the clean room 102 is located and that adjoin the clean room 102, such as,
for example, a separate manufacturing room, another clean room, a finish and fill room, a
research laboratory, offices, etc. The clean room 102 and adjacent space 104 are separated by a

divider, such as a wall 105,



regarding one or more contaminant-collection subjects, in accordance with an exemplary embodiment
of the present invention; 100261FIG. 9 illustrates an exemplary table stored in a database within the
system of FIG. 2, the table logging information regarding one or more contaminant-collection subjects,
in accordance with an exemplary embodiment of the present invention; and [0027]FIG. 10 illustrates
an exemplary alternative embodiment of the tracking/logging and air sampling/monitoring system of
FIG. 1, in accordance with an exemplary embodiment of the present invention. DETAILED
DESCRIPTION OF THE INVENTION 100281None of the conventional devices described above
provide the degree of control, monitoring, reporting, modularity, and remote operation required in the

modem [8# room. Ebe elxarmislemndRdbibthexemmatitfarititveMitissanlaip Sesnsimgintietsdds
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[0032] Turning now to FIG. 2, shown therein is a schematic diagram of a
tracking/logging and air sampling/monitoring system 200, in accordance with an exemplary
embodiment of the present invention. The system 200 is configured for use in tracking and
logging data regarding a plurality of subjects and air sampling and incubation processes applied
to the plurality of subjects. During air sampling, air from the clean room 102 is drawn over the

subjects of the system 200 to collect contaminants present in the air of the clean room 102.

[6033] The system 200 includes a controller 210 (front view shown), a vacuum pump
220, an optional purge pump (not illustrated), an inline flow control base station 230, and a
personal computer (PC) or System Control and Data Acquisition (SCADA) system 240, all of
which may be co-located together in the adjacent space 104, adjacent to or remote from (i.e., not
directly adjacent to) the clean room 102. An example of a controller suitable for use as the
controller 210 is any of the SMA DDC Mult-Location Control Centers made by Veltek

Associates, Inc., Malvern, PA.

[0034] The system 200 further includes a plurality of inline flow control modules 250a,
250b, 250c, and 250d and a plurality of air sampling devices 260a, 260b, 260c, and 260d, all of
which may be co-located together in the clean room 102. In the exemplary embodiment of the
system 200 illustrated in FIG. 2 and described herein, the system 200 comprises four inline flow
control modules 250a through 250d respectively connected to four air sampling devices 260a

through 260d. It is to be understood that the number of inline flow control modules 250a



100291 Several exemplary embodiments of the invention are described for illustrative purposes, it
being understood that the invention may be embodied in other forms not specifically shown in the
drawings. 10030JTurning first to FIG. 1, shown therein is a schematic of an exemplary facility 100
having one or more clean rooms 102 therein, in accordance with an exemplary embodiment of the
present invention. The clean room 102 is surrounded by an adjacent space 104 and the outdoor
atmosphere 106. The adjacent space 104 may be one or more rooms within the same facility 100 in
which the clean room 102 is located and that adjoin the clean room 102, such as, for example, a
separate manufacturing room, another clean room, a finish and fill room, a research laboratory, offices,

etc. Thetlolesgh Afdrhan02iantdipedarispadeluturepehs2fiis seatdyratehbadheselsms 6hviall 105.
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‘641 Application™), entitled “System and Method for Air Sampling in Controlled Environments,
filed Apr. 18, 2011, and published as U.S. Pat. App. Pub. No. 2011/0205073, the contents of

"

which are incorporated herein by reference.

[0035] The system 200 further includes subjects 265a, 265b, 265¢, and 265d, which are
disposed in respective air sampling devices 260a, 260b, 260c, and 2604, at various sites within
the clean room 102. The air sampling devices 260a through 260d are positioned to collect
airborpe contaminants in the clean room 102 using the subjects 265a through 265d. Specifically,
the air sampling devices 260a through 260d are used to collect the air surrounding respective
subjects 265a through 2634, i.e., to draw air over the subjects 265a through 265d during air
sampling, so that contaminants in the air of the clean room 102 at sites of interest are collected
by the subjects 265a through 265d. After sampling air for a desired length of time, the subjects
265a through 265d are incubated if the expected airborne contaminants are bacteria, viruses, or

fungi.

bR 4

[0036] The terms “collecting,” “sampling,” “monitoring,” and the like are not used to
refer just to whole air sampling devices, but also to refer to devices that process the flow of fluid
in order to separate certain gases, vapors, and particulate matter in the fluid for subsequent

analysis and quantification. The terms “air” and “fluid” are used interchangeably to refer to



100331The system 200 includes a controller 210 (front view shown), a vacuum pump 220, an optional
purge pump (not illustrated), an inline flow control base station 230, and a personal computer (PC) or
System Control and Data Acquisition (SCADA) system 240, all of which may be co-located together in
the adjacent space 104, adjacent to or remote from (i.e., not directly adjacent to) the clean room 102.
An example of a controller suitable for use as the controller 210 is any of the SMA DDC Multi-Location
Control Centers made by Veltek Associates, Inc., Malvern, PA. 100341The system 200 further
includes a plurality of inline flow control modules 250a, 250b, 250c, and 250d and a plurality of air
sampling devices 260a, 260b, 260c, and 260d, all of which may be co-located together in the clean
room 1Q2sén, thipexemppatienidsedimibm, Shthemsydte @B iusta dehirEiGiisbdngescribed herein,
the syst ises.four.inline flow control modules 250a through 250d respectively connected
to four aglégté%r%%l%rgg)gg\%ggégﬁ%a through 260d. It is to be understood that the number of inline flow
control modules 250a through 250d and air sampling devices 260a through 260d is not limited by the
system B8 any paiclitliydaisniyast inline AW campomaduse<tostrarelradhisirsgeaitites 260.
Thaat i;s, m&%ﬁstﬁm Eﬁﬂﬂﬁﬂigw@%%M@ﬂiﬁgtfgﬁgbs?am@!yawpm@e{eﬂc@tm&meétmyvzaoatro|
modules 250a through 250n and any number, n, of air sampling devices rou On, wherein n
o profordhy A Ao GRGREE U S G BRORIES, Ls i AN al Sat kg cvice
for colleglinga votumenafaitiRrdiacatiya (Besy steTn 200256 prideadhéntiamBorucobeolbof air sampling
devices 260a throug 0,as inline flow .control jules 250a thr 250n. It is. contemplated,
owevel ey S S A TR St B ne b e B3 s SR e
moduledi25Dise, thetoAdsor madi o theciniinwfiolvioentol odids.85Mis(toidyldduwaeore than one air

sampling device 260. An.ex le of anairsamalin ' i f < alr sampling
devicesgf&%g%%s%ﬁbggj}% %@%@ ?A’gﬁl II;?(? gl%%%&%ﬁ%&?@%%%%i%{é:t&iigﬁ“?,%égmi %%Il(fégystem and
Method demsite8 anmpling tibB o ntr die ddReeironment84 sifec Ahe s8tep0240 aftbpupishédbme U.S. Pat.
App. Pull;mglgi.sg%ys%apSO?B, the contents of which are incorporated herein by reference. [0035]The

system 200 further includes subjects 265a, 265b, 265c, and 265d, which are disposed in respective air

sampling devices 260g, 260b, 260c, and 260d, at various sites within the clean.room 102. The air
sampling)mces 26&31%‘8361%1%?01&) é‘?@%‘é}"ﬁtﬁ%ﬁé&%‘l IR BEHAS RERRAHRERE T the clean room
102 usingdhebsdbjecitRbhadhnalghs263dphpaificalyciie aicisprnplisgdevices 2a6gethraugh 260d

are used to cpllect the air surrounding, respective subjects 265a through 265d, i.e., to draw ajr over the
bject B Eh I SN DR eh A A R oo DS i o e 2 TS et oom 105
at sites aof dnteréstargwcolibetedsbyphe sdbybots 2265 altlnahgt v 26 5ok Mifter datimplimguairfofiandesired
length of. tim subj Sa through e iaqgg If.t IFROfNe contaminants
are baﬁé?%?ﬁ%zgguﬁ ugnﬁsdfsa[rb%oggﬁﬁg ltl%el?r%% ﬁc:osflectin"[g;%%gls%arr?g mg,'fe?f}r%)%qrﬁ%gﬁné% aand the like are
not usedawpling performed by the air sampling devices 260a through 260d.

[0039] The vacuum air lines 215a and 215b are connected across the wall 105 via a wall-
mounted quick disconnect outlet 112A, and the vacuum air lines 215¢ and 215d are connected
across the wall 105 via a wall-mounted quick disconnect outlet 112B. The outlets 112A and

112B are located on the wall 105 in between the clean room 102 and the adjacent space 104,

{6040} The controller 210 connects the inline flow control modules 250a through 250d to
the vacuum pump 220 via a vacuum air line 225. Within the controller 210 1s a manifold (not
shown) that ties all of the individual vacuum air lines 215 together and connects them to the
vacuum side of the vacuum pump 220 via the vacuum air line 225. The controller 210 includes
individual solenoids (not shown) which are associated with the vacuum air lines 215 and are

used to turn on the air flow to each inline flow control module 250a through 250d and their
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refer just to whole air sampling devices, but also to refer to devices that process the flow of fluid in
order to separate certain gases, vapors, and particulate matter in the fluid for subsequent analysis and
guantification. The terms "air" and "fluid" are used interchangeably to refer to gases, vapors, and
particulates. Thus, "air sampler" does not mean that only air is being collected and/or monitored.
[0037]As shown, a separate inline flow control module 250a through 250d is associated with each air
sampling device 260a through 260d. Each air sampling device 260a, 260b, 260c, and 260d is
connected to its respective inline flow control module 250a, 250b, 250c, and 250d by a respective
atrium air flow line 255a, 255b, 255c, and 255d, and each inline flow control module 250a, 250b, 250c,
and 250asseconnettenithedevitrolieb 2bdoogha2@shacthee araouumbiaitiimeo? 5P 4BhpeSc, and
215d, each: I | (Q.6- insi ' ;I-H?) ean room 102
side of t%%bg%g\%gnﬁgég%yﬁg%%éﬁ %%?ﬁg(el%%%%én%%gﬁg%%%%%g\g%ﬁi%%ub'n%%%%ﬁ%ga%j acent space
104 sidesianelayatiens dooughme tisizéeubing hay bisubexagwioosbiihecssritrotentpalBincludes

four mod ik REHR.sHEN AT ERePHHIaH AR desrribes and lustEatechin e, 04 LiAprlisation. Each of

such ports is connéected a res%ectlve one of the vacuum air lines 215a thro%h 215d. Via these ports,

the contfnueb 2038 eurggdelNb( @bt itrraimiromi tie HRichisshngaBstas DevdakrbiRis60d and

through dheiatiumraicflowfings ArRaathRughsZppd Ak the yassim el linesd 1haathiawgh 215d to
provide for the air sampling performed by the air sampling devices 260a through 260d. [0039]The
vacuumCAfRHES 2180 dernh Bl Sratedifedibd ae%g%lw%%}ﬂpfo@maeaﬁwgm“fﬁaﬁsmsdﬁauick
disconnggli eidilel 12 Asanddiie-yaewn air lines 215¢ and 215d are connected across the wall 105 via
a wall-mounted quick disconnect outlet 112B. The outlets 112A and 112B are located on the wall 105

in betw%ﬂﬂ}e clean {%8@0%8(%1%{391@@0%%&358 & ilh%llinline flow control modules 250a
through 250d by way of the inline flow control base station 230 to receive data and commands
from the inline flow control modules 250a through 250d and to provide data to the inline flow
control modules 250a through 250d. The controller 210 includes four communication ports,
each of which is connected to the inline flow control base station 230 via a respective electrical
connection 212a, 212b, 212¢, and 212d. The inline flow control base station 230 is connected to
each of the inline flow control modules 250a through 250d via a respective electrical connection
232a, 232b, 232¢, and 232d. The electrical connections 232a and 232b are connected across the
wall 105 via a connector 114A, and the electrical connections 232¢ and 232d are connected
across the wall 105 via a connector 114B. The controller 210 may contain any of the
functionality of any of the controllers described in the ‘641 Application to control the vacuum

pump 220 and communicate with the inline flow control modules 250a through 250d.

16042] The various inline flow control modules 250a through 250d are shown connected
in a parallel manner to the inline flow control base station 230 via the electrical connections 232a
through 232d, and base station 230 is shown connected in a parallel manner to the controller 210
via the electrical connections 212a through 212d. It is to be understood, however, that the
controlier 210, the inline flow control base station 230, and the inline flow control modules 250a
through 250d can be connected in any suitable manner. For example, in an exemplary
alternative embodiment, the inline flow control modules 250a through 250d have network

addresses, and the controller 210 communicates with the different inline flow control modules
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[0040]The controller 210 connects the inline flow control modules 250a through 250d to the vacuum
pump 220 via a vacuum air line 225. Within the controller 210 is a manifold (not shown) that ties all of
the individual vacuum air lines 215 together and connects them to the vacuum side of the vacuum
pump 220 via the vacuum air line 225. The controller 210 includes individual solenoids (not shown)
which are associated with the vacuum air lines 215 and are used to turn on the air flow to each inline
flow control module 250a through 250d and their respective air sampling devices 260a through 260d
so that any combination of the air sampling devices 260a through 260d can be employed
simultaneously to perform sampling cycles at various locations throughout the clean room 102. In one
exemplafpethtsodiniitd thevsonfribiter paty islcaddrgsietSoaRaraErECararH i AdnREES5a through

255d angyacLYm AEIRG: 2592 ONIR 21RO Calra Sl KehMhéeR.AlbRrSinitL RE@ibcwhieh IS the desired

air flow rate needed to conduct a proper sampling cycle at the air sampling devices 260a through
260d. Ingiistel-éx&mplary embodiment, the controller 210 is configured to allow for the air flow rates
to be individually set, as described below. 100411The controller 210 communicates with the inline flow
control neodsjes 250arthreughpPhOdhyodiayeof thehinkinediolooahantdoabn $tkiichiB8g:tesdiorive data
and commands, from the inling, flgw co ?} m'i odules 250a.through 2 3 9 t(alprg\@ldgg ta to the
inline flo %Blﬁéoﬁor%%eﬁﬂ a8 %66%1 it} gté &%yl}ﬁtélcec?en%rcl) ercf%ﬂefrgcgflgﬁegs four co mun%cation ports,
each of vubiobf istdohnestsddndthe intimpcfiove contedlbasdistdlion Q80rvianadelspddtidhepsetrical
connectian kP it G EheskolNEIC AN JPRIRRasRaaNan FAGis faapedied to each
of the w%':gnlaedz 8@88&%Foﬁa%§éﬁu?e%‘£§%sat roug %0 \/ié a respective electrical connection 232a, 232b,
232c, antb@82el. chhecelantrighPcinneghidnddarelmtipgdasniectopnetiadnacrel s e War105 via a

conneciifiid ﬁf&ds%f‘eﬁ'%H%aa{%ﬁ}n}gg&gﬁ&%%m@é@fé@r&mﬁ@d@ﬁf@é%@w&% 105 via

a connector 114B. The controller 2 ain any of the functionality of any of the controllers

describ@@rishaceay sspphaionsasiiy anevarbRIn ptiRls S0 erhrrPREFHAMS M2 B the inline

flow contialmegules 250aiHeuah 2504, ARAAR TEha Variaws ke diasusantotsmaduies B50a through
250d are shown connected in a parallel manner to the inline flow control baés sta%iéonﬁ%:’:jro ng the
RIS S

electricdhe dpirscllBnsconel 593300 1 BB Qs 29870 mgHce allel

manner g the A ollerithviatherRleatisaneamperionssad 2 Hppeughaildd: thisdo be understood,
however, that the controller 210, the inline flow control bias.el station %30 ?.nd the inlline flow control
SD te 1

moduleSFBREIS OGS SHEAA B EEHRERIH Ry SEltaRle ThaRAE LY SXARN

hahAer Eor example, In an exemplary
alternativeembaginegriic $istimtinedow control modules 250a through 250d have network addresses,
and the controller 210 communicates with the different inline flow control modules

[0044] The base station 230 includes internal interfaces (not illustrated) for interfacing
with the controller 210, and the controller 210 includes internal interfaces (not illustrated) for
interfacing with the base station 230, The base station 230 forwards data (e.g., flow rates, alarm
conditions, ete.) and commands (e.g., to start and/or stop air flow) received from the inline flow
control modules 250a through 250 over respective electrical connections 232a through 232d to
the controller 210 via the respective electrical connections 212a through 212d. The controller
210 receives such data and commands. The base station 230 also forwards data and commands
received from the controller 210 via the electrical connections 212a through 212d to the inline
flow control modules 250a through 250 over respective electrical connections 232a through
232d. Various examples of data and commands transmitted by the inline flow control modules

250a through 250 and the base station 210 are described below.

[0045] The PC or SCADA system 240 is also connected to the base station 230 via an

electrical connection 254 and also includes an internal interface for communicating with the base
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250a through 250d by use of those network addresses via a common connection (e.g. a single
electrical connection 212, such as may be used in an Ethernet network or wireless local area network
(LAN)). [0043JThe exemplary embodiment of the system 200 illustrated in FIG. 2 illustrates four
electrical connections 212a through 212d and four electrical connections 232a through 232d, each of
which corresponds to a respective one of the inline flow control modules 250a through 250d and the
air sampling devices 260a through 260d. It is to be understood that the number of electrical
connections 212a through 212d and electrical connections 232a through 232d is not limited by the

system 200 to any particular quantity of electrical connections. That is, the system 200 is linearly
scalabletaieuBafhntiallikawissuthbbrshsief eiciiticat sdpherimad IDgriten i Miohighg Blsktrical

connections 2323 RO 23R KNI IRTINNS ALACUGN e feRNAar 240 JHhe.ipliRgdaw control base

station 230, and the inline flow control modules 250a through 250d are shown in wired communication

with onePsbsipdbyiths telise Hepreenselanedilasdsd criyeherts Brihe syatedicodbtitaiedmmunicate
wirelessly sio an alespativeexe mRY.cmbadimentgfithe aystenn@ A0 d0Qddd Thribasastation 230

includes internal interfaces (not illustrated) for interfacing with the caontroller 210, and the controller 210
includes'AErhITHIBHALE L (OF MRAST AP HBSHAE MRF Wit B2 St 280 AHPBESe station
230 forwias dgsehater (. g dilmvalesdalars sondiionssaie:ang candmands (o it te stae and/or stop air

flow) receiyed from the inline flow control madule %%\(/) through 250 over respectiye electrical
connectBi{E999% ole}aﬁyf%%&#en%ﬁ(ﬂ%ﬂl&egl ?aéhﬁ'ﬁéa ??ngﬁgaéﬁ\%n gf)e&c1 rl‘%}:\t ’c%lﬁr%aec |8%?s 212a
through 202d a Theabhtolle Al @ xefitivescushisatstanteonuned mas.cohpltasecstation 230 also
forwards d%ta and commands received from the controller 210 via the electrical connections 212a

throughlﬁi d'o the inline flow control modules 250a through 250 over respective electrical
connections 232a through 232d. Various examples of data and commands transmitted by the inline

flow corffi®tehodules Paoiimeoligh sotrahaqfesisthineb 2004 e eefisdsd®ow. 10045]The PC
or SCARQSSIEMIZAIRi RSO conpasiediedhsRasa slationidalvia amglasicalapmagction 254 and

also includes an internal interface for communicating with the base station 230, and, likewise, the

base staBPHIEFOVHAMTHESSIshted Ry PreprcEToT tORAGN TRt IR BE - LB ABA Y Sty 240. The
base stafigm23d Mmay-femanc allidatarodeammhands Rivideshdithermlngftowhcrrigotmodules 250a
through 250 and the controller 210 to the PC or DA syst 40 for tracking and, monitaring the
system SROSHREAPHTRR! t‘h%lé@&ﬁ&“ﬁﬁ@ Hﬁélgﬁﬁ(?%%%ﬁ%%ﬁ?ggdgz Banase (ggb%r%giﬁi%ﬁr%u O‘oy the PC
or SCADAwsysitetia? 4G eAlthdug hthersyriain200sisddser thed-anbitudiratet behéinShétduding the
database 290, it is to be understood.th e syst IS net so limited. In other.exemplary
embodirlﬁiéen]t%,atﬁﬂg}-o(-%:fzetlrﬁeéF{fi %gléqélbereé%]s eg?é%an‘?lgg(?elito g%yo%/bq;]%% a%‘é%(}[}%ﬁjllr%%tg()red ina
computessrsadbis rhédiGRM or 26.9- 29.7 liters/min), then the corresponding inline flow control

module 250a through 250d generates an alarm signal.

[0047] In an exemplary embodiment, each inline flow control module 250a through 250d
includes an 8-second delay before the alarm signal is generated. That delay accounts for
fluctuations that may occur during initial start-up of the system 200. A typical sampling cycle

may last between 10 minutes and 3 hours.

16048} An additional aspect of this exemplary embodiment provides that the base station
230 communicates any data and alarm signals received from the inline flow control modules
250a through 2504 to the other inline flow control modules 250a through 2504, so that they may
activate their respective visual alert indicators and audible alarms, and/or to the controller 210.
The flow rates are communicated to the base station 210, where they are also monitored and

controlled independently by the base station 210.
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100461The inline flow control modules 250a through 250d are configured to independently monitor
various data during operation, e.g., during air sampling. Such data include any flow rates sensed by
the respective inline flow control modules 250a through 250d, alarm signals generated by the
respective inline flow control modules 250a through 250d, etc. For example, the inline flow control
modules 250a through 250d monitor and display the actual flow rate that is realized at their respective
air sampling devices 260a through 260d. If the flow rate in a respective vacuum air line 215a through
215d is off by +1-0.5% (i.e., not within the range of 0.95-1.05 CFM or 26.9- 29.7 liters/min), then the

corresponding inline flow control module 250a through 250d generates an alarm signal. 10047]In an
exempldPP4thbodimriaaenarmiabe comebrmdd dlersoativivlan eEoadriel 88 8&econd

delay beforethealame signalis aenerated,THal dalacagHts frkdustuationsdnat may occur during
initial start-up of the system 200. A gggcal sampliné; cycle may last between 10 minutes and 3 hours.

100481 RhAbrtithsnadhapedmsrth i Ssapialce rdcimRened e disheieiis e S denh 1288

communicalesany Calr and@laresignelzirecaivedfanithe iing lawcontininpedulesBRr0a through
250d to the other inline flow control modules 250a through 250d éhat thge ma}/tr%cti]\ﬁlla%g]their
respectit AR R MRS ARdotsURdaidmie aﬁsﬁlﬁﬁa’t@’ﬂ?e%@ BrSHEIELE oW Pates are

communigateriodiiediesn siasioth 2304 Whiey d dleeyicar efalisalnvonites edrénthed birdiie thindefendently by
the base station 210. 49]Durin ration, the contrgller, 210 alsp monitors data relatjng to air
Samping ) B Te e ERTHR B1n HER S Ao TS I S B ST o,

& Controlier 210 MGATOrS fdw rate%v{hroug ep ontroller 210,
whetherctheriidivid 0abpbatsief floer caietrattesiRbake whyveredtopd ain twhethierthoportd are in an air

?n;[he controller

sampling mode and/or eri% ' n.girfl W error %{é inghg% ir. sampling eyl
210 maﬁ%dt?lﬁ\%l %[egllﬁ?c% gﬁ%ﬁpﬁua%ar%%éﬁéa o station 23 f[c?F sen(ﬁgé1 tot e?lnliné flow control
modules2afacthfoatsty 2604 ei reddudantivn of air flow rates performed by the inline flow control

modules 250a through 250d is independent of the flow rate detection performed by the controller 210
so that tlyadigw rates gyesimprianeaush, mesiearabtvatesalionsfor wagkhaicsanplingdeyice 260a

through 260d during a sampling cycle, thereby adding an addjtional measure of safety through
redungda(f?(’f'?e{’ted to the inlinep ﬂo%v c)(/mtroi base st%tion 23% via an eiecmcamonnect?on 257% %e 9

electrical connection 275 may be a wired or wireless communication. The touchpanel 270 may
be co-located with the controller 210, or otherwise outside the clean room 102, or it may be co-
located with the inline flow control modules 250a through 250d and the air sampling devices
260a through 260d in the clean room 102, as shown in FIG. 2. The touchpanel 270 includes an
interface for communicating with the base station 230 for receiving data from the base station
230 and providing commands to the base station 230 for relaying to their proper destinations. It
is to be understood that the touchpanel 270 may be configured to receive any data and commands

provided to the base station 230 described herein.

[0651}] For example, when the base station 230 and the touchpanel 270 communicate, the
touchpanel 270 may receive data from the controller 210 collected during an air sampling period.
As described above, such data may indicate whether the individual ports of the controller 210 are
powered up, are in an air sampling mode, and/or experience an air flow error during an air
sampling cyele. In that way, the touchpanel 270 can detect the state of activity of each of the
individual ports of the controller 210, thereby allowing a user to determine where in the facility
100 air sampling is being conducted (i.e., which air sampling devices 260a through 260d are

presently being operated, the time associated with a sampling cycle, ete.) and at which air
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[0050]As depicted in FIG. 2, the system 200 further includes a touchpanel 270, which is connected to
the inline flow control base station 230 via an electrical connection 275. The electrical connection 275
may be a wired or wireless communication. The touchpanel 270 may be co-located with the controller
210, or otherwise outside the clean room 102, or it may be co-located with the inline flow control
modules 250a through 250d and the air sampling devices 260a through 260d in the clean room 102,
as shown in FIG. 2. The touchpanel 270 includes an interface for communicating with the base station
230 for receiving data from the base station 230 and providing commands to the base station 230 for

relaying to their proper destinations. It is to be understood that the touchpanel 270 may be configured
to receivenarling dtyiant260mitrands prodicadetootietsase Staticht2 36 &ythitydadiateile[60%1]For

example, when the. base station, 23Q and theiieuchnangl 249, samHNGALE n G IRUEHRANEHR 70 may

receive data from the controller 210 collected during an air sampling%period. As described above, such

data maijoidientte\mnsires 2384rbioRakal Pktetof Hasdbtriomshpasiarddgpidie 4s6p [arbsmiaan air
sampling,mode, and/QiIRXRAMNANGE:AN &iF J&%ﬂﬁ{fg@&%d% SRR SANRIRGLYELe N AlMa e the
touchpanel 276 can detect the state of activity of each of the individual ports of the controller 210,
thereby SA8YIRG P REPEBIHBEShNMESMERS in the facility 100 air sampling is being conducted (i.e.,
which air sampling devices 260a through 260d are presently being operated, the time associated with
a sampliagseycle, etchanchabpuhid? Zrnsamisliriy denvitescd60ptbwaisgleB60ddny erngremsocur. Such
data may,further. indicate the flow rates sensed in the inline flow gontral ules .250a ugh 250d,
sl 6 O A o B e e e e 276
may be bdior dispialedhtaiondp dwla Coldsstdd wiedrig mmaielsatapliong pericdroplother data described
below, g, gl ime.egaitino.companeat olie RYsiam A0 09GP 1IN sPeRRGLAAD ey also be

configured to provide commands to components of the system 200, such e inline flow control

moduleeE0anArougfi P5odcantherorsnles|dOrrshemliag dlap eopte Bvdmiare2 fraed be used to
remotely siarkand SIop SARRIRGALYAIRKR aifRAMPIng.deyiess efadhrength2aqdmithin the facility

100, thereby eliminating the need for the user to access the controller 210 or the inline flow control
modules 2504 tHISUGH PS0aRT SRRt oBER T ' BHEB ERTRRLDHEC R, 3mi &xhegiEry8bodiment,

the touchpanek=Z19 Nlgasy 3iousdNRULEIS| BHON (B [BdRUGNS6[8RR, GMitehes0oiRough
mini-keyboard, that receive input from a user to signal to the contraller ﬁllo Whicﬂ%?sig@ampl'ng devices
t

260a thrdigH B JBErSie P AR toU CHS BT 5B oS TS IR APE SIS Ha WSntroller
210 via Hhe:kasR RN M230y therahytelintinatiag fhalrasdrfar e adertodeavetbeladation (room) of
the touch el 2?9

operate the controller,210 or the.inline flow control modul 50a through 250d.
100531 TR RS BB RAE HL St B0 HPL? T GRL e B
250d.

10053] In an exemplary embodiment, the system 200 further includes a portable barcode
scanner 280 for collecting data regarding the subjects 265a through 265d, a user operating the
barcode scanner 280, and the rooms/sites in which the subjects 265a through 265d are located
during air sampling and incubation periods of the subjects 265a through 265d. The barcode
scanner 280 transmits such data wirelessly to the base station 230 by a wireless channel 285.

The base station 230 may forward data received from the barcode scanner 280 to the touchpanel
270 for real-time display thereon. For example, the data may include identification data, location
data, times and dates of scans, etc. for the subjects 265a through 265d, etc.. The touchpanel 270
receives such data on the subjects 265a through 265d scanned by the barcode scanner 280 via the
controller 210, in real time, and displays it. The touchpanel 270 may be configured to receive a

user selection to view such data for only a selected one of the subjects 265a through 265d. In an
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scanner 280 for collecting data regarding the subjects 265a through 265d, a user operating the
barcode scanner 280, and the rooms/sites in which the subjects 265a through 265d are located during
air sampling and incubation periods of the subjects 265a through 265d. The barcode scanner 280
transmits such data wirelessly to the base station 230 by a wireless channel 285. The base station 230
may forward data received from the barcode scanner 280 to the touchpanel 270 for real-time display
thereon. For example, the data may include identification data, location data, times and dates of
scans, etc. for the subjects 265a through 265d, etc. The touchpanel 270 receives such data on the
subjects 265a through 265d scanned by the barcode scanner 280 via the controller 210, in real time,

and dispsmsplarrabndenpain &1oToaedsseenseniitfuret o receivawysefiselax idncibpyiewpsuch data
for only g sglected ang of e SHRIGS 638 FRSDEAUGA 28R, {B- 3R o GIRRIArY finhedigaent, the barcode

scanner 280 comprises a computer display which prompts the user 500 to scan the subjects 265a
through28Bds1tee 500's barcode 510, and the room/sites barcodes. [0054]In another exemplary
embodiment, the touchpanel 270 includes, or is connected to, a barcode scanner, which is configured
to have fegftjonality simiathe thahelinhedpdrtabie:barbe de cesameel ABHitardes)leciingtataqaegarding

the subjects 2656dthroy§g§h%26gg the user of&he touchpanel ggo anq the room ﬁge%lg{m/ehlch the

subjects()zgg)élli%oroeusg § arehléscg 801%1ﬁﬁn60§ﬁvfamﬁﬁlﬁél ar¥ Slh%%la‘t?on. After sEannlng a barcode

using theabartoslesraife foonnikcted: idnth ectpndinp dneidtj ¢tk feubhpahel 0 thawsmitsthise
scanned data to ase station 230 hy.the. e icale ' [ Y
LS D O S S s R S SO T -
conditiopis #rophae csdmsubaiiomthdia] scamnbum da0ds st ibelgcaitesPaner Sarpiaddgstem 240

includes;Roftyare Haps fckides & IARNEA FeRGERRNIAIDRI NG, SIS (ROLEQIIRABR N R Hy bk System

200, e.g., images representing the front of the controller 210, the inline flow control modules 250a
through2sdac@ ceragpiiee 3w control modules 250a and/or the wall panel disconnects 250a!,
described below), the touchpanel 270, and the portable barcode scanner 280. The PC or SCADA
system giBsnay inclugesetbraartocrabei e P e préseriationsere ey entditbiinendadadsin the base

station 230 for these (ica?godﬁents and dis I%/ the real-time data in the,re resentatio%%oogreate a

real-tim ﬁvcfilfﬁglmroe%ro uction of %%ngf/}gtcerlﬁ Sfﬁgtbeérgf) §&RI§AO§1§§ ec}ﬁafﬁ%ngy also be

configunedrio ¢OAatrohthRCsysttm PA0s witaitat i totheldo sclwaraha7hck@ie56 EfdpdiPL or SCADA
system 12641‘596%%%% 1(')%%? e 8&?&%‘?9&8}9&"&% gp&es %%?e%ai@(), e.g., images representing the front
of the controller 210, the inline flow control modules 250a through 250d {or the inline flow
control modules 250a and/or the wall paﬁei disconnects 250a’, described below), the touchpane]
270, and the portable barcode scanner 280. The PC or SCADA system 240 may include
software to render such representations, receive real-time data from the base station 230 for these
components, and display the real-time data in the representations to create a real-time “virtual”
reproduction of the system 200. The PC or SCADA system 240 may also be configured to

control the system 200, similarly to the touchpanel 270.

10056] The PC or SCADA system 240 may also be configured to collect and store data
regarding the operation of the components of the system 200 and commands provided by
components of the system 200. Data recorded by the PC or SCADA system 240 may include
data obtained during an air sampling period (the period of time over which the subjects 265a
through 265d collect airborne contaminants from a clean room, such as the clean room 102) and
data obtained during an incubation period (the period of time over which the contaminants in the

subjects 265a through 2654, if they are viruses, bacteria, or fungi, are incubated). Such data may
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regarding the operation of the components of the system 200 and commands provided by components
of the system 200. Data recorded by the PC or SCADA system 240 may include data obtained during
an air sampling period (the period of time over which the subjects 265a through 265d collect airborne
contaminants from a clean room, such as the clean room 102) and data obtained during an incubation
period (the period of time over which the contaminants in the subjects 265a through 265d, if they are
viruses, bacteria, or fungi, are incubated). Such data may include data scanned by a barcode scanner,
data inputted by a user, and data monitored by the inline flow control modules 250a through 250d and
the controller 210. The PC or SCADA system 240 receives the data and commands for storage from

the basénstutiodaaecamedivreduradrircinacdadalase 2ed by ater riehsery mousTaDuiebtained
during apaie SRRIRING-RHOE MaysiciHAe any elitheifallawing. inputied erspannad-data: (1)

identification data of the subjects 265a through 265d obtained by a barcode scanner; (2) location data

of the sEBJERSZE55aITEUYK SBBdUbamBIKY &rgitiassapihthbapaitiig e8RS the date and

time sughelacatian datuesokiained. hemoMien the scan was performed; (4) identification data of the
person operating the barcode scanner; and (5) the date and, optionally, time (obtained by the barcode

scanner, ubject 53 thro 265d expire. Data obtained during the air.samypling.period may
also incliqgé%iny of trﬁé&%v%ﬁlr\nge%r%&;uﬁ’ﬁl r%%ad%?gr:n@}%ge Ilg\?l\{;% lgflfé%gﬁrmé}i\q/%ang g?r%%%pling device
260a thiopgie260de4@)ahdatatds miedtifinesofdite ohdasurgdciiodd fatdsp(dh Rodd alettsyeddms

iopgh:2600:2) O fatso(s)
L] Sore ST b Tar BL e R s e ey SRS ports of

the contisilerieadearannes Ritlsadaisling mif@déy@ts)kséﬁﬁm\ﬂ@m‘r@smme@ by-thdgoigshar 210; and
(7) flow gates defaciad by:thesratiolen 210 diisda hendarsiendulieb e dalp.anddimpgata for the

scan mz%/ be automatically generated b{) an internal electronic clock within the barcode scanner 280,

the baséitatish ZFOMHE tGRNSRHERST BY rarhar Pl snab Ry OAD AHRRRY, such date
and timedata may:Redmantalbgniered Mn%lﬁlg%%ﬁ%iﬂﬁﬂ&%@%%@@ S626N8k HPPRSLData obtained
e

during the incubation period include any of the following: (1) identification data of the subjects 265a
through™2eB et afad by e dlaatie ateahdrisidutdiori MRt sritecsasfétiaroestiitugh 265d
obtainedhbyigkgeneraies b e baiged€lseannes (13 ithe date/aaghiinaensuabd ecaitdnidatacmwas

obtained, i.e., when th an was performed, (4) identification data of the person operating the
parcone S hERF A oTHARE: SA0 4 G ACBER: S HS BE QP CAP I B e anc e data
for the saanroliy b avigmatied|lypgeh endiedibysaif inbetinaltbteetiondnd pokwithir: thetaliende
Slch e g B S b Tk I eSS e e A e S A o e
base statisn @3€cisdiy fatewdpbfrddta dnth cohemadelstredahat thfrdatethed time data for the scan

may be automatically generated by an internal electronic clock within the barcode scanner 280,
the base station 230, the touchpanel 270, or the PC or SCADA system 240. Alternatively, such

date and time data may be manually entered by the user using the barcode scanner.

|0658] Data obtained during the incubation period include any of the following: (1)
identification data of the subjects 265a through 265d obtained by a barcode scanner; (2} location
data of the subjects 265a through 26354 obtained by or generated by the barcode scanner; (3) the
date and time such location data was obtained, i.e., when the scan was performed; (4)
identification data of the person operating the barcode scanner; (5) and remarks entered by a
user. It is to be understood that the date and time data for the scan may be automatically

generated by an internal clectronic clock within the barcode scanner, the base station 230, the
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various components of the system 200 and forwarded to the PC or SCADA system 240, which may log
the data and commands in the database 290 for later retrieval and/or which may provide for real-time
monitoring and display by the PC or SCADA system 240. In an additional exemplary embodiment, the
touchpanel 270 may access the historical data, such as past identification data, location data, dates,
times, etc., logged by the PC or SCADA system 240 in the database 290. Using the touchpanel 270,
an operator may request information about a selected subject 265a through 265d. The touchpanel 270
receives such selection and forwards it to the controller 210. The controller 210 forwards the selection
to the PC or SCADA system 240, which responds with the desired historical data. For example, using

the touclopalmesir2? 07 therdhePiion SélddidaistonPiOs ubjenatdeba thrbulgt 286 dnTrégonmolier 210

respondlﬁégggui%gﬂgflig@gwhg%QQ%@glg%gg@%r.historical times and dates of scans, etc. for
the selected subject 2654 through 265d. The touchpanel 270 displays such historical data. 100601To
facilitate the real-time_monitoring, of the system 200 and the logging of data regarding the system 200,
the PC 8%S8aDA sy&%ﬁ@&@tﬁgaf}&ég ﬁr@)es%{i'fgﬁ’l@’é) AR aR E%aégi&rr S?Gﬂ)%sé(g?gih%leplatform that
is capablgrioipediopsingtthd funectinns 200 npckatiendeafithrekemptiy Brbodiments, ofithe PC or
SCADA system 24Q described herein, e.g., real-ti njtoring. of data and ¢ ands in the system
200, tra Hé}o ﬁg‘ﬁg'@’ %%50%0&%%%&%%}%%5# ¢% éggéyi/as em 5&5%%%%&@@%%@8%&8 recalling
of historfoatdatinstarediinrthe detdbate 290hd HE RCOABGARABY3EMIE40 Michidesla

computer-readable medium comprising. s re code stored.th [eo H%?at \{\@ﬁz gguted by the PC
or SCAB%?%?S%%G%E& lc%%rgé?shfhglﬁ%g%%g?g@ﬁ%%%gﬁ{ 3(1)11?§Oper orm ’asny OE %ﬁ% functionality of the
PC or SGamAsystedia40desoribed daesitimisusicallegephis dicthe furfétdRAigystmed9dor SCADA

system 240hat Browgle (At JmOIEH ARG dhe Ssie 200 iR siaiaRA%sammands in the

database 290, and retrieving stored (historical) data from the database 290 may be stored as

computérlesisdaiieicsbitia & pirgh RrshsThed Bshpn@ i daspvenisehs deerirarapdder raids the

computes-feadabisieesia anfexaadied t Pesfermithafuctions Ofike 6 EGEADAystem 240
described herein. [0061]The computing platform for the PC or SCADA system 240 is desirably a

personat ¥ mpirerepeadyarithitrishirsmariodiey dens srad o a4 Bniwebnenn! g 74idbe

contemplipilinaldbe Rie or BEABARYSBRR4Amay e alapienenRUteRdalatiRC, a Personal
Digital Assistant (PDA), a smart phone, e%é’\?gﬁ%&: cgg SCADA ?g/stem 240 desir includes a

\SSist A : ly
display fOPAHERTEB HEhRGTIREA IR St A dHISS AR LI (RESESRNIS 285 BRd includes a
user inpsdlestdsals @ keyhoardu ey 4rad, it anchserde1ifdisieyusaedihinptitahgtractions for
controlling the system 200, selectively monitoring components of the system 200, or recalling historical

data fror{@g@m databasg, 200 {154 P&;u@g@%m%m%59&5%59&?%%&%%@@% ofRRe

connected to any number of systems 200 at any number of locations, thereby providing a mechanism
for monesmdizmtheortionAglnbriple ¥IS& e O me o HE Mmdwipgiay ceHabiciseBBYHMANd, the same

functionglitymay hepuded Mirrarseeurewabsite Sigm-uhichAnsaheabrematgarnier and control
any number of systems 200 over the Internet from virtually Zpesé location, adding yet another degree

flexibilityhsri eBBkEX BBy AR EDSR SnoeRtar foDs SR SEMAHBI BB S SASHER, there are

respectiyglyiilisiraiega antyiew.and 3 Gidestassseciana e Ri-hedrimrfaudcontrol module
250a, in accordance with an exemplary embodiment of the ;ﬂ,esergt invention. Itis t%éae nderstood
that any*SF&Naf Rt e %%%@&ﬂ%ﬁffa 1856 }}W{é“%i/ Thio66 M5 e

configureédaasadhednlimélow soprabnagsten? 30a itlicistiated dmpliErSl-bhondidianccdegeisbad below.
software code stored thereon that, when executed by the PC or SCADA system 240, causes the
PC or SCADA system 240 to perform any of the functionality of the PC or SCADA system 240
described herein. Thus, all or parts of the functionality of the PC or SCADA system 240 that
provide for remotely monitoring the system 200, storing data and commands in the database 290,

and retrieving stored (historical) data from the database 290 may be stored as computer-readable
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[0063]The inline flow control module 250a includes a housing 310 having a digital air flow switch
interface 320, a stop switch 330, a start switch 340, dual alert/alarm indicators 350 (visual) and 360
(audible), an air flow plug adapter 355, and an air flow switch 380. The inline flow control module 250a
is electrically connected to the base station 230 via the electrical connection 232a and is fluidly
connected to the controller 210 via the vacuum air line 215a and to the air sampling device 260a via
the atrium air flow line 255a, which is removably connectable to the air flow pug adapter 355.
[0064]The digital air flow switch interface 320 is configured for receiving set points for the flow rates in
the vacuum air line 215a and the atrium air flow line 255a from a user. The digital air flow switch

interfac6dDAA RTHES R gt al IORDUEE R abIS MeHA DG Istietb Fe B 2betrRipBHE s aMer to set the

desired ﬁ?éa%eaﬁﬁf&@éu?é@%'Béﬁ@rﬁﬁ@i&%é%ﬂ@%f%@@@@g dbe piEuRalL fay dinedRaacthe digital air
flow switch interface 320 communicates these set points to the controller 210 to control the air flow

throug cuum Ilne 215aan ir flo 55adur ir. samplin
1{?&6&\@” SWItC 5&8“? tin l%t?g {Heqi \%89&) ste [n gs Ctio the

10065] 6 manudl ly actlva &an'air $3 ng per|0(§1rfin eSponse
start switcin346e benmgvanthiﬁiedntmaanﬂrréoﬁh@mmmro} el e%mgﬁdéta&@maidmmiamdtroller

210 via %Qq &a taté ‘Lﬁ%&%}&f[ﬁe iy s{g rd the SI 'i%%atf%?IPCCa SSECAE?% Siem 240 for

logging In ‘the ase W tl\Pa%grsn]:t)he vacuum pump to catise an air flow in
the vacmsaanilﬁ&MSasMaahtﬁlqumu@ belBpter 365 ivdxtttenafiitirdeairatdniticlodzs 3adaptine flow

rate set i the. digial A low SWieh dierfass 320, 0RRIRLE sion sulleh 339 anaEiadhe;sampling cycle

and turns off the vacuum air flow for the air sampling device 260a. When the stop switch 330 is
activatetipalstophsigadidgbeert tethead ortionel Sroevidanbainee MoWPBbiGBIEA $8ation 230, which

may alsg faruaig the Siaral 10 dhe BG: SEARASIe MR AR i0gg '{P]Qtéﬁll RRDPsS g controller

210 closes off the vacuum air line 215a from the vacuum pump 220. The user may abort the sampling

cycle foPipkiisiak deadenme hedatbrsarab akt Adrhaariesieaddas Sigiaied B tH Mot Lontrol

module 2505 connected to any number of systems 200 at any number of locations, thereby providing a
mechanism for monitoring and controlling multiple clean rooms 102 from a single, central
location. And, the same functionality may be provided via a secure website from which a user
can remotely monitor and control any number of systems 200 over the Internet from virtually

any location, adding yet another degree flexibility and accessibility to the present invention.

[6962] Referring now to FIGS. 3A and 3B, there are respectively illustrated a front view
and a side cross-sectional view of the inline flow control module 2504, in accordance with an
exemplary embodiment of the present invention. It is to be understood that any or all of the
inline flow control modules 250b through 2504 in the system 200 may be configured as the
inline flow control module 250a illustrated in F1GS. 3A and 3B and described below.

[0063] The inline flow control module 250a includes a housing 310 having a digital air
flow switch interface 320, a stop switch 330, a start switch 340, dual alert/alarm indicators 350
(visual) and 360 (audible), an air flow plug adapter 355, and an air flow switch 380. The inline
flow control module 250a is electrically connected to the base station 230 via the electrical
connection 232a and is fluidly connected to the controller 210 via the vacuum air line 215a and
to the air sampling device 260a via the atrium air flow line 255a, which is removably

connectable to the air flow pug adapter 355.
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[0067]The digital air flow switch 380 is configured for monitoring the air flow rate in the vacuum air line
215a and the atrium air flow line 255a and for detecting airflow errors (e.g., 1 CFM errors) during a
sampling cycle. Specifically, the air flow switch 380 measures the air flow rate through the vacuum air
line 215a and compares it to the set flow rate. The digital air flow switch 380 generates a flow
alert/alarm when the flow measured for the air sampling device 260a is outside specification (e.g., not
within the range of 0.95-1.05 CFM or 26.9- 29.7 liters/min). The alert/alarm indicators 350 and 360
then indicate. Both a visual alert indicator 350, such as an LED, and an audible alarm 360, such as a
buzzer, are provided to alert the user when the flow rate is out of specification. The alert and alarm

continud it the stofi lswdigh 330 Boactwattbdnor the A rsoomdigiond &lercemdved?mmémow rate
returns {g 1he, desiied Vel (&uldm LichM Arsa8d R SImIm a[?ﬁ@@lz] 9,268Q1dANGE, Yith apgxemplary

embodiment of the inline flow control module 250a, air flow Is only activated and de-activated in the

vacuumdgitgheivioy st ihectiser TARMAIgco pahaity THd Stasplowieh 3rbvanuhrusions Shdtch 330,
respectiviely, RatNYR¥e e JpalcaiMer bhThalih e aiaamPlRG AaNise.2008 0erpesleddo the inline

flow control module 250a ISéI;? erly set up and ready to perform a sampling cycle. However, it should

be apprébistad i thiinsystem EhnBerabandlire§esom it mi bt bepramanises hspeattfiow to other

or all of H&%&QH@%@Q%&QHEMTOQQ@I&&%@@ irayghuasadicanfiguies ag the mlineflguneontrol module
250a in the system 200, either simultaneously or at other times, at any of the inline flow control

module<BHERHR R HBBH AU e RIS 10, the inline flow control base station 230, the
PC or SCADA system 240, or the touchpanel 270. [0069]The air flow plug adapter 355 is provided on
the front#868&]of the hbusimyt3tdtof HE inlinedfiouneowmitl modtiead Bdandlisapap@dio connect to

the atriugn gi, oy 1S 255,I0.RAUNEELIR IR AL ENIoe 008 TR Db adaipter 355 i

preferably‘a quick disconnect so that the atrium air 55a can be quickly connected and

disconneigtesd writlerepiaicddr & tedesbebpsTretinlide Yovhisdritrey phwulvievaBbdbesigse thiwrdted either
internally Qhgwall. 40R SiexieDal oM e ek akthegwathd 0o iR SIe6UeRISEotibe Jnling flow

control module 250a may be sealed inside the housing 310 so that the device may be disinfected like
other pd?ﬂ@’(ﬁszaﬁ tRedsaarasfiorom the vacuum air ling 215a, the air flow plug adapter 355, and the

atrium air flow line 255a at the flow rate set in the digital air flow switch interface 320.

[0066] The stop switch 330 aborts the sampling cycle and turns off the vacuum air flow
for the air sampling device 260a. When the stop switch 330 is activated, a stop signal is sent to
the controller 210 via the inline flow control base station 230, which may also forward the signal
to the PC or SCADA system 240 for logging. In response, the controller 210 closes off the
vacuum air line 215a from the vacuum pump 220. The user may abort the sampling cycle for
various reasons, including that an alert/alarm has been signaled by the inline flow control module

250a.

[0067] The digital air flow switch 380 is configured for monitoring the air flow rate in
the vacuum air line 215a and the atrium air flow line 255a and for detecting airflow errors (e.g.,

1 CFM errors) during a sampling cycle. Specifically, the air flow switch 380 measures the air
flow rate through the vacuum air line 215a and compares it to the set flow rate. The digital air
flow switch 380 generates a flow alert/alarm when the flow measured for the air sampling device
260a is outside specification (e.g., not within the range of 0.95-1.05 CFM or 26.9- 29.7
liters/min). The alert/alarm indicators 350 and 360 then indicate. Both a visual alert indicator

350, such as an LED, and an audible alarm 360, such as a buzzer, are provided to alert the user
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[0070]FIG. 3B shows the internals of the inline flow control module 250a, including the air flow switch
380, which couples the vacuum air line 215a to the plug adapter 355, so that the atrium air flow line
255a may be easily connected and disconnected from the vacuum air line 215a. In an exemplary
embodiment, the air flow switch 380 is a digital air flow switch that may be constructed similarly to the
air flow switches within the controller 210. 100711The air flow switch 380 is configured to detect the
flow rate coming in from the atrium air flow line 255a connected to the plug adapter 355 and passing
through to the vacuum air line 215a. The air flow switch 380 generates an alarm signal if the detected

air flow rate is not within the parameters set by the user, e.g., 1 CFM or 28.3 liters/min. If an alarm
signal isnenéhatiely thite atertiatdnpemiosins Berlainndelare setvateduHdhsFarpmisiyAalis

forwarded, o $he baseStation 230 ba0942 L HRe Llesiical soRnRelion232a icaniratrddp a data port

on the air flow switch 380 and to the alert/alarm indicators 350 and 360. Data regarding the flow rate
detectedieky: thE M ABRESWEFS38®)and alarm conditions generated by the air flow switch 380 are
transmitted, optionally with a date and time stamp, to the controller 210 via the base station 230. In
additionjgiesflow ratarcamingnittératihthe atrmsraiciovdine25Fataridipadeingtmooighdduthe vacuum

air line ais_?#]so sensed and monitored by the.coniroller 210 inde ently fram the flow rate
detectio%ﬁ%‘r%lr el By aﬁf%‘f?é%vgg\l}v%&%'%e}% e 1% ine oW 8%%?%?%%%3 emﬁgbeau%%rthat the flow
rate is simuitsiheopshtandritosedsatitivé 46catichs depingittlsafiplingpoytotelyAllsach dathcardroptional

date and time st may be transmitted he PC ar t ' ion 230 for
storage.c %667?&%%%2?(%%% g%%ngir Tow équ?cﬁogg%&%§§%%%§/¥l%§ %L}r}%rt}l #ﬁ%@v@ﬁﬁ%m the air
samplingrdevice269aulietd atb rsafoimthsavadingravale liibo eSerbetheds bearsatialidrtpalo and the

inline flqy. contral module, 2508 which ds-partichlanxaAvantagpansiehan tcvarkipy ait ine 215a is

within the wall 105 or near noisy equipment such that a break would otherwise be difficult to detect.

The air idwsfarsasrhngtales 288 HRraahSI6f Frriewsd Fatberiplinaile wirSafbmag Hevice 260a
where either thg attiumabHoxHoe 2eatAASNACH WMAIEiHNG 21 5318 HIRKRMEQS NOK RiaREIlY
connected. And, the air flow switch 380 may identify if the vacuum pump 220 is not turned on or

workingPPEBIay S 0B e R Ok acHtBroBle s EaH B e b ipg RRgL Rl fiat S Other
samplingydevicge 28 YT Mg da0, or the touchpanel 270.

[0069] The air flow plug adapter 355 is provided on the front face of the housing 310 of
the inline flow control module 250a and is adapted to connect to the atrium air flow hine 255a to
connect to the air sampling device 260a. The plug adapter 355 is preferably a quick disconnect
so that the atrium air flow line 255a can be quickly connected and disconnected and replaced, if
necessary. The inline flow control module 250a can be mounted either internally to the wall 105
or externally on the face of the wall 105. The electronics of the inline flow control module 250a
may be sealed inside the housing 310 so that the device may be disinfected like other portions of

the clean room 102,

[0070] FIG. 3B shows the internals of the inline flow control module 250a, including the
air flow switch 380, which couples the vacuum air line 215a to the plug adapter 3535, so that the
atrium air flow line 255a may be easily connected and disconnected from the vacuum air line
215a. In an exemplary embodiment, the air flow switch 380 is a digital air flow switch that may

be constructed similarly to the air flow switches within the controller 210.
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[0074]As also illustrated in FIGS. 3A and 3B, the inline flow control module 250a further includes a
barcode scanner 370, which is electrically connected to the electrical connection 232a to communicate
with the base station 230 and the controller 210. As described in further detail below, the barcode
scanner 370 is configured to collect data regarding the subject 265a, such as identification data for the
subject 265a and the date and time the subject 265a was scanned by the barcode scanner 370, for
transmission back to the base station 230. It is to be understood that the barcode scanner 370 may
include functionality that is similar to the barcode scanner connected to the touchpanel 270 and the
barcode scanner 280. 100751Referring now to FIGS. 4A and 4B, there are respectively illustrated a
front viel#f0dad a side Bross-Seoutiontrlidd of confidiprarieldsiccorddovguteraltyrdesigivatdticas 250a’, in

accordapge wifh ﬁWﬁﬁ%%%&ﬂQ&gﬂ@meoél@%ﬁ%ﬁé?@‘SB‘XE&‘BQ&AE AR EERRRIVY LRbediment of

the system 200, the wall panel disconnect 250a"may replace any of the inline flow control modules

250a thesUre 2368 Ehevall Baneldisbolitasrersonanwaunsizadd! foofeectebadlPpain disconnect
250a’ ingldes e AR whighdhe pug adantenssp and thedalcote.scMmesisHa are mounted.

The plug adapter 355 is connected to the vacuum line 215a, which communicates back to the
controll@epaiaietnduafeiarat ke a6 18 ephnelun 1t autrapomRerdis 8 sxe i

communricatesbaskitodhedase station 230. Also mounted to the panel 410 of the wall panel
disconnect 400 is the air sampling device 260a, which is coupled to the plug adapter 355 and the

vacuum,ljpe,#152 by e SR JRNIBE 7200 SOREERHNS YRlLPRNTLHBRAPABL/RIRAS Simpified

380 and to the alert/alarm indicators 350 and 360. Data regarding the flow rate detected by the

air flow switch 380 and alarm conditions generated by the air flow switch 380 are transmitted,

optionally with a date and time stamp, to the controller 210 via the base station 230. In addition,

the flow rate coming in from the atrium air flow line 255a and passing through to the vacuum air

line 215a is also sensed and monitored by the controller 210 independently from the flow rate

detection performed by the air flow switch 380 in the inline flow control module 250a so that the

flow rate is simultaneously monitored at two locations during a sampling cycle. All such data

and optional date and time stamps may be transmitted to the PC or SCADA system 240 via the

base station 230 for storage.

[6673] For example, the air flow switch 380 may identify an error in the flow rate from
the air sampling device 260a due to a break in the vacuum air line 215a between the controller
210 and the inline flow control module 250a, which is particularly advantageous when the
vacuum air line 215a is within the wall 105 or near noisy equipment such that a break would
otherwise be difficult to detect. The air flow switch 380 may also identify an error in the flow
rate from the air sampling device 260a where either the atrium air flow line 255a or the vacuum
air line 215a is kinked or not properly connected. And, the air flow switch 380 may identify if
the vacuum pump 220 is not turned on or working properly. When identified, such problems can

be corrected without affecting any other sampling devices 260b through 260d.

[6674] As also illustrated in FIGS. 3A and 3B, the inline flow control module 250a
further includes a barcode scanner 370, which is electrically connected to the electrical

connection 232a to communicate with the base station 230 and the controller 210. As described
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250a. The wall panel disconnect 250a'does not include start and stop switches, flow monitoring, or
alarming, as the flow control module 250a does. Rather, such functionality resides in the controller
210, the PC or SCADA system 240, or the touchpanel 270. For example, airflow through the atrium air
flow line 255a, the plug adapter 355, and the vacuum line 215a is monitored by a respective flow
control switch in the controller 210. The wall panel disconnect 250a’ does not include a digital air flow
switch, such as the air flow switch 380 included in the inline flow control module 250a. As described in
further detail below, the barcode scanner 370 is configured to collect identification information, such as
information identifying the air sampling device 260a, for transmission back to controller 210 via the
base statidnr280dcia0 B8lévs, desbribedeaivamesrthélininenflgwabtrolkw date se2b0Enthiostigh 250d and
the wall panel dissonnacs A0ALNIRUAN 2500 AR GES, ARRIROHE SHAPIEL HOs Mk system 200
also inciudes an optional barcode scanner connected to the touchpanel 27 ang/or an 5pt|onal
barcode2é8anyisrse8OeAhy bk thersedsaraneier SUAh Far iamugy treondudcocbiidwsel attinel3iiAg ¥othe
subjects 26eauauah AP dunanReiation of e SyRIEALI0R0RAIFG: B Unstiplgsian exemplary
embodiment of the subject 265a, which is subjected (exposed) to the environment of the clean room
102 to cotlsetesrrarpirantssitdie die sruripenshAfou oD yGriRsarras &fhpling period and then
placed into incubation after a period of exposure in the clean room 102 if the contaminants are
bacteriajogivages, andiefdiuingintwaocPidanes withia) dxenmplasypenibetinkitraithe faresestinvention.
The subie%t 265a incll_Jdets a ar.codef266 1WhiClh includes encodtﬁd gmform?tiEPn ?ﬁgu,t the subject
265a. StchIntermal |Sorgiercn%}f/i?ngfﬁ eoaﬁ)‘fv 8 tﬂaen?oﬁés\/?/?ﬁlgl?i&)ggﬁ%%ﬁraﬁlsé%n?jae e the Sllfbject 265a; (2)
a lot numberdhtikevsthibje ek 26bkr (Fmhedimardfithobthesuljert R85 dn(im entdogdiments in which the
subject 265a js an.agar plate): (4).an identification c ide t'gc lon. data) uniquely identifying
the subic B e T R T o
exempldhye pobodimedilts @ jde thificatichd e de Toll therdubjeen2e8a 50k phigara ke the barcode
266a was generated and a unique serial number appended thereto. In an alternative exemplary

embodimgnijthis datgys vaplasss wikkoinr ot rumbeudeO8PLREHsetPRRimaNaasanpiated with a

barcode 510, which is worn on an_ID badge or contained on an ID card. The barcode 510 includes
encodled TG ABRAHE tsbH b6, UK hich i A s SOTRERHE Ao ELte

(identifi¢aiton satahienigoianidratfyngihe HealobRoiemiuareie wltailiesdasaes 3Fnally, the room and
site within the room jn which the subject 2 is lacated may.include a barcode (not.illustrated), which
G SR LU Tomrea R

' e
includes SHESHE SR BB HE Yo SRS tgsunalcc"]uté) Itlgecoa & Y8P the'foom and a

unique |Bigodedorthe gitepaithislthefnbenwvaAlpaoeighsEdGnebtitisStiates thesudiegt@eta Ricluding the
barcode 266a.and d ription,below i e with reference to ubject 265a and the.barcode 266a,
w%'uc 1S COU gﬁ%ﬁigt o] g%:lr}: %%gﬁiern%%g af\il\i/!ag.ﬁe vacuym ﬁn%il?ga%g lﬁe 3.% I%H’leag H()Wdelégg

it is to be understo e erein relating to the subject 265a an arco 66a applies
to the subjcts 265b through 265d and their barcodes 266b through

[0077] The wall panel disconnect 2503’ is simplified from the inline flow control module
250a. The wall panel disconnect 250a’does not include start and stop switches, flow monitoring,
or alarming, as the flow control module 250a does. Rather, such functionality resides in the
controlier 210, the PC or SCADA system 240, or the touchpanel 270. For example, airflow
through the atrium air flow line 255a, the plug adapter 355, and the vacuum line 215a is
monitored by a respective flow control switch in the controller 210. The wall panel disconnect
250a’ does not include a digital air flow switch, such as the air flow switch 380 included in the
inline flow control module 250a. As described in further detail below, the barcode scanner 370
is configured to collect identification information, such as information identifying the air

sampling device 260a, for transmission back to controller 210 via the base station 230,
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266d. Further, although FIG. 5 illustrates the barcodes 266a and 510 as one-dimensional barcodes,
other embodiments in which they are two-dimensional barcodes are contemplated. 100811During the
air sampling period, the user 500 uses a barcode scanner, such as the barcode scanner connected to
the touchpanel 270, the barcode scanner 280, or the barcode scanner 370, to scan the barcode 266a
of the subject 265a to retrieve the information encoded within the barcode 266a. The user 500 may
also use the barcode scanner to scan the barcode 510 to retrieve the information about the user 500
encoded within the barcode 510 and the barcode(s) identifying the location of the subject 265a (room
and site at which the subject 265a is situated). During the incubation period, the user 500 uses the

barcodd®E&Hner to séaniekmibed cbdec28Banbnetlivveatiecinforinaich ehdueeshwittiridevarcode
266a. The Heha R BAY.AlS0343e 16 RArSoNP ScanpriR SOaRIOG RatrRde; 540 ta elteye the

information about the user 500 encoded within the barcode 510 and the barcode(s) identifying the

location’8ftasssinsjedeoaneriorhbarg doecarisnransered s des poshpnslid et/ 200821 The barcode

scannenRegiyesthedniemmatiopencededmitbintiedaraadas as Ppticaly enwareddsignals. The
barcode scanner converts the optically encoded signals to electrical signals encoded with the

informafigAtEEHIRe AuRithih 1her paresieo Shivpa s orpetoa i dradeldi < Me information and

transmits it to the base station 230. The base station 230 forwards the information to the PC or
SCADA[89%88m 240 fBiGstdiligetand/or eaebpiney teadkidigy can d foptiowakyttdcthe wdudhpanel 270 for
real-time presentation. In an,exemplar er{]bggjimqnt the.i fl gt&gﬁ eng, ﬂ%%‘@(é&ﬂmhﬁ baqlrcode 266a
is storeél’[')% 9 tgglg%%?sg%zoﬁ esef/lsté%lé% %_ases%gﬁaﬁ%ﬁﬁime usgr in%rmaiti.on from tehe barcode
510. By d6ggintpavhenai2vheies tiressussiost 2eSe i douakdrnirteessiain inodbiiabkte electronically

track the, subiest 26505 L LXARSEA 1P cANIATIABRRT AN IV BN HABHA AT RIEMPlary

embodiment, the date and times of the scans may be inputted by the user 500 into the barcode

scanneriBALrSERNES HERE empiary ABheimeDyef (BRERIG R tREOsta s RSO stored in the
PC or SGARASYIRR&Ab ARt e IR ANetaed SemRIRSY ABRCUIMERdhesPL 9L BCADA system

240 or the barcode scanner may automatically generate the time stargép. Furthermaore, in exemplary

embodifERHRHR tRel il apyaldbs il tmed (L) SitBiaRendith Sdhh B Tode 5dahAd? 370 or

the bargagderscanner GoRecHd: 3 theatny chpaned Rie ssuicht bamode sadigienambeheanfigured to
provide the location data for the room and sit of_%he scan, (Ih r(?b¥. bviatirgl% the neeq to scan a
barcod e%(‘j’#%‘b%??cﬁ%%ﬁfé‘%’ffﬁ?éep' Err?ﬁ g ¥ G:tnti ication co e?z entification data) uniquely

identifying the subject 265a compared to other subjects which may be sampled by the system
200. In an exemplary embodiment, the identification code for the subject 265a comprises a date
the barcode 266a was generated and a unique serial number appended thereto. In an alternative

exemplary embodiment, this date is replaced with the lot number.

{00801 The user 500 may be associated with a barcode 510, which is worn on an 1D
badge or contained on an ID card. The barcode 510 includes encoded information about the user
500. Such information may include an identification code (identification data) uniquely
identifying the user 500 compare to all other users. Finally, the room and site within the room in
which the subject 265a is located may include a barcode (not illustrated), which includes
encoded information about the room and site, such as a unique ID code for the room and a
unique ID code for the site within the room. Although FIG. 5 illustrates the subject 265a
including the barcode 266a and description below is made with reference to the subject 265a and
the barcode 266a, it is to be understood that description herein relating to the subject 265a and

the barcode 266a applies to the subjects 265b through 265d and their barcodes 266b through
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[0084]Referring now to FIG. 6, there are illustrated exemplary steps of a method 600 of performing air
sampling, in accordance with an exemplary embodiment of the present invention. The method 600 is
described with reference to using the barcode scanner connected to the touchpanel 270, the barcode
scanner 280, or the barcode scanner 370 of the inline flow control module 250a when conducting air
sampling using the inline flow control module 250a. It is to be understood that operation of any of the
inline flow control modules 250b through 250d or the wall panel disconnects 250a’ through 250d'
during air sampling may be similar to the operation of the inline flow control module 250a described
below. [0085]At the start of the air sampling period, the user 500 uses the barcode scanner to scan the

barcode0&b ke tetrialidanghiRforrh dtieyiraiss derberrodns 96varésde soms-dpnsoraloptionally, in the
Step 60, the diserrP0AleaiHses theRarads scanpein scamihe hesaeds:-Sithtergtreye the

information about the user 500 encoded within the barcode 510 and/or to scan barcode(s) located at
the air sampling room/site cqntajnin (Ecatlon | atlon% out th%asr%gn({)lm roomfs%e arﬁjlor to enter

remarks Tegarding the? $tBR Uik A7 &R p%ﬂoscé e ionis red r&hs

rmation, any entere emaréks &nd location
|nformabeﬂ:dsega&dﬂﬂl@rth@seaad%e%&re)niﬂqmdewaﬂdthmmﬂmﬁtestamtheZB&,ser@athm@@@ The base
station 230 forwayd thISI or. he or SCA%S stem_ 24 for§ age and/or real-time
tracklng an%\rlg’t?){)fr?e Gic Bpagn?le (# ér reaﬁ?me presen"f"a%'égré?t The PC or l%%ADHA Islystem 240 stores
this infomuhtiothérbarerely 266ordie tiver dlfavase 20 {0D8B Mt scamminty tiserbilirdodecdesaland the

optional gt Qéffggg% At e als.arcaderhdinsibieatAna i Risat o dieduling fow

control mod e user 500, Step 606. The user 500 depresses the start button 340 to start

the air svdmfmglgymelocrat@mfebﬁwmﬁgfo%ﬁ@érmé%mrﬁlé@émmmﬁs‘@%ﬁéﬂgaﬁje@feﬁ%a which

air flows g fhe,g0 m(;%%%&}gewedthﬁeve@y 4o alelnRedlradt & fiawraiscantin thecnlingsBey control
module 250a’in the Step 606. [0087]At the conclusion of the air samgllng cycle in the Step 606, the

user 500°FBe384hg W@W&fﬂ@l Hifdim ey RptetfafiooscHif i G 8le0 Wird lﬁ’fi‘-ﬁf%‘é‘(rcode(s)

(if presepilocatest Al the pik-sasiing feewéitequmﬁgrﬂ@saamwmaaea@aewm@meampllng
room/site and/or may enter remarks regarding the scan, Step 608. In a 610?51# scanned

informati8Froday b i SrispRe S PRSI RG 1R RaGARR AL ﬁﬁ}l(]j'?ﬁﬁt %\ WP &t obtained in
the scanyiidhenstepieod ase deaaaked)and transmitted to the base station 230. The base station 230
forwards this information to the PC or SCADA system 240 for storage and/or real-time tracking and/or

' the ojiprnel 270 gryga e RIEremalan, TIAMANAG SO condipsILbsRr 200 o

another person transporting t e su Ject 265a to incubation, Step 612. [0088]Referring now to FIG. 7,
there arepitlosiinatadodrdsipaly. stipdutedasiog oo oits the optically encoded signals to

electrical signals encoded with the information contained within the barcodes. The barcode
scanner decodes the information and transmits it to the base station 230. The base station 230
forwards the information to the PC or SCADA system 240 for storage and/or real-time tracking,
and optionally to the touchpanel 270 for real-time presentation. In an exemplary embodiment,
the information encoded within the barcode 266a is stored by the PC or SCADA system 240 in
association with the user information from the barcode 510. By logging when and where the
subject 265a is located, the system 200 is able to electronically track the subject 265a as it is

exposed to contaminants in an environment.

[0083] In an exemplary embodiment, the date and times of the scans may be inputted by
the user 500 into the barcode scanner and sent to the PC or SCADA system 240 to provide a time
stamp to the scan stored in the PC or SCADA system 240. Alternatively, in another exemplary
embodiment, the PC or SCADA system 240 or the barcode scanner may automatically generate

the time stamp. Furthermore, in exemplary embodiments in which the barcode scanner used is
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incubating the subject 265a, in accordance with an exemplary embodiment of the present invention.
The method 700 is described with reference to using the barcode scanner connected to the
touchpanel 270, the barcode scanner 280, or the barcode scanner 370 of the inline flow control
module 250a when incubating the subject 265a. 100891At the start of the incubation period, the user
500 uses the barcode scanner to scan the barcode 266a to retrieve the information encoded within the
barcode 266a, Step 702. Optionally, in the Step 702, the user 500 also uses the barcode scanner to
scan the barcode 510 to retrieve the information about the user 500 encoded within the barcode 510

and/or to scan barcode(s) located at the air sampling room/site containing location information about
the samghingmeopmishaatic/bai énserresnarkorabakdingdhecsoesr. denacSivgty 0%, wiiduanded

informatian, any eRteredJemarks. and Joration NOImAIANFeIaEing i S5AmSIR ATg degpded and

transmitted’to the base station 230. The base station 230 forwards this information to the PC or
SCADANybteierpAb fesbstobaifbian o peeditispent iKY S/t WP daBUCH Barlory enfbpiteal-time

presentation. The PC or SCADA system 240 stores this information in a new record in the database

290. 100ausUAfter scampingiibebancade; 26 Gacansl tHawptioda-iser hareege b0t dosiniusite
barcode %z%the. subgfct 265a is Iace%into incubation by the usber 500,%8%%9@ 706. Durir‘lla the air
a’

incubatiBR PERGH, ¢ eSﬂBBP%%)dr{r)ﬁ‘&%%eaHS%li%% RS T e A S ke T SR IeY

lons/remarks
regardiriththe shbjetiPahRsatickdnaih opticmatyo scinp the barcddedbfcandioedhe batoode(s) (if
present) located iqe incubation room/site, containing location in ion .ahout.the incubation
SR ST S e R S R T
informationivégaFdingttrecosiwsite ohtainplnip thie Stepi08 Serduetuwe thadd erarEmittésito the base

station %%%EQ%{Q&&%E%%%%@Q J?é\;}%‘??h%iﬁiiﬁ%ﬁ%@%ﬂt}%ﬁ%dﬂ%s%%@{h%gﬁy%%‘o?‘t‘}Qefor

storage ana/or real-time tracking and/or to the touchpanel 270 for real-time presentation. [0091]At the
conclusitillofandubstivmethei8er Hooayanvdcdmsnaridcranters o i ol eiBeoRIEaNOB. In the

Step 710 all. scannggduinfonmation ey sntgred isnaksiobservations, and location information
regarding the incubation room/site obtained in the final scan in the Step 708 are decoded and

tsrgrflgn:fﬁgg%g the bafséergt%trisgn 20 0, Thre ba_smtatior(}éﬁsg% forwagﬁ(? thig %cagg%gilon to thetPC (?r_
yStém 240 GLURISIT ARG BESh G SREEr TS HHES BRI 9078 Peal-time
presentationthE harmethdeh 4 60 reaiwsle desivitnikieo R ehos B CADRsystBanc2d0 X6anstesnmgthe records
In the dfanase 2o 1L YIg ShRIehlA2R2BIP o NICR N 9 ARG fognizant department: SRR 1d 6

retrieve the information about the user 500 encoded within the barcode 510 and/or to scan

barcode(s) located at the air sampling room/site containing location information about the

sampling room/site and/or to enter remarks regarding the scan. In a Step 604, all scanned

information, any entered remarks, and location information regarding the scan site are decoded

and transmitted to the base station 230. The base station 230 forwards this information to the PC

or SCADA system 240 for storage and/or real-time tracking and/or to the touchpanel 270 for

real-time presentation. The PC or SCADA system 240 stores this information in a new record in

the database 29(}.

[0086] After scanning the barcode 266a and the optional user barcode 510 and room/site
barcode(s), the subject 265a is placed into the inline flow control module 250a by the user 500,
Step 606. The user 500 depresses the start button 340 to start the air sampling cycle. The air
sampling device 260a samples air surrounding the subject 265a, which air flows to the controller
210 via the vacuum air line 215a at a flow rate set in the inline flow control module 250a in the

Step 606.
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10092]In an exemplary embodiment, the PC or SCADA system 240 is configured to analyze the
records in the database 290 for a room/site to determine any trends in air contaminants. The PC or
SCADA system 240 determines if a number of colonies in the subject 265a meets or exceeds a
predetermined number (an alert level). If so, the PC or SCADA system 240 issues an alert, logs the
alert in the database 290, and notifies the cognizant department of a possible contamination problem
in the room/site. The PC or SCADA system 240 also determines if the number of subjects from a
room/site in alert meets or exceeds, or if the number of colonies in the subject 265a meets or exceeds,
a predetermined number (an alarm level), the predetermined number for the alarm level being greater
than thef@i&teterminéd thamsifsrthd deriicveplibgseye iPGoPSCADAlsyvtent Yl issmss an
alarm, logedfie ARsay nie-fiaiahane 480 andnotliesdbs eoanizamarnerinRn R bR.RqRpIIe

contamination problem in the féom/site.”The alert and alarm levels for each room/site may be set by a
quality desrtesl dlcbarmeamerioo I g srakipiasieistinfertaipthidb steps 804%amliBL0 during air
sampling,gnd;in Hhe/sters, (ataehdQ ﬁg&&%@ﬁ&&%ﬁﬁ,ﬂs&p@@%@s@@i@em@,@me@ﬁﬂéﬂine flow

control module 250a or the barcode scanner connected to the touchpanel 280 also transmits an

identificitfBrMasae: dPhaIsard samakarmdr poab B aksrathasf cratsing bsih i1nRlBA Ehde of the

barcode,stannenidrRnitiesHie:lotations afdhedsaraane seannrieand thenee saedacatiorrsd the scan,
e.g., where air samé)élin or incubation maﬁ?be ta ingﬁplace. In_such embodiEnent, the user 500 need
o inc

not sca1fes B A BuRtar s s e AR RaHoRiRg S T Lioabor St i Butath R & REEiBA% Hormation as
it is autesaatieallydcangmiteo-by hetbaignae] STaNoe Fdim -te Shepsiiih s 10he/daidd ddo.

100941lllustrated in.FIG. 8 is ethod. 800 by which data rejating .to bject is scanned and
ransfer SO e B UF Soh B S BB S5 AT ORI U oy Rt o the
presentdéngention. The method 800 comprises two Steps 802 and 804. The Step 802 is a scanning
step corresponding to the Steps 602, 608, 702, and 708 of the methods 600 and 700 in which

barcodegig scanneg4sing e L alcaee scaNRG CARRRSIEH L0 IRSIIRUGBPARE] 2/ JheRipseode

scanner 280, or the barcode scanner 370 and decoded and in which data is entered into the barcode

scanner ¥y RENGSER SHCTtRS Brdp sraTdacaatihrahersiaRlary stepodined ity the Steps 604,

610, 7042Rdoh10rat thermaathosls GOQ.akeh (90: iprwhich Watads thansmitRdianng baseatation 230
and then to the PC or SCADA system 240 for storage in the database 290. Tae I;’ . or SCADA system

240 stor@hhEHeRRWELdQrAhR R s ERLEr 266 S P ade SARKLd the Hsmit a

responseincicaiddgiwhstheriheicarrachsuljeabwas2sampled and/or that the subject is not expired.
The response may be displayed on the touchpanel 270, the barcode scanner 280, or the digital air flow

switch i e 320. i Ne,S [ ISS] ethods
500 ancl B0 in areats A by e LB L e and

5. In thellStbir80R 24 Grmritrities o infsiadgdnitatededSteisohe baked biefiantiepthiélscan, the user
500, usiag b, RarePdR SeaNnes,; SLaNsHeRAS S ARERRIDESHRIRE ontheBR-80281 The

barcode scanner decodes the information in the barcode 266a and temporarily stores it. The user 500
retrieve the information about the user 500 encoded within the barcode 510 and/or to scan

barcode(s) located at the air sampling room/site containing location information about the
sampling room/site and/or to enter remarks regarding the scan. In a Step 704, all scanned
information, any entered remarks, and location information regarding the scan site are decoded
and transmitted to the base station 230. The base station 230 forwards this information to the PC
or SCADA system 240 for storage and/or real-time tracking and/or to the touchpanel 270 for
real-time presentation. The PC or SCADA system 240 stores this information in a new record in

the database 290,

[G096] Afier scanning the barcode 266a and the optional user barcode 510 and roonvsite
barcode(s), the subject 265a is placed into incubation by the user 500, Step 706. During the air
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may also enter any remarks regarding the scan. The barcode scanner temporarily stores the inputted
remarks. 100961In an exemplary embodiment of the Step 802, after the Step 802b is performed, the
method 800 skips Step 802c. In such exemplary embodiment, the barcode scanner itself is
programmed with location information. Thus, barcode(s) for the room/site need not be scanned, and
Step 802c may be skipped. Additionally, in this exemplary embodiment, the barcode scanner or the
PC or SCADA system 240 provides the time and date information, although it is contemplated that the
user 500 may enter the time and date into the barcode scanner. The method 800 may proceed to a
Step 802d for scanning the barcode for the user 500. It is contemplated, however, that this step may

also be 'Bwﬁpﬁé@fimvéﬁhﬂbﬁssﬁh iﬁ%@@mﬁﬁi&@mmﬁmﬂﬁ@ W’@péﬁ@?rﬁ%, the barcode scanner
decodegfhenfprmationio e, areade sk and iemperanly siaresiy, Q08 4inanatkes sxemplary

embodiment of the Step 802, after the Step 802b is performed, the method proceeds to the Step 802c.
The uset900 Sedirscodpardié maredddsy o dHaG sunatien 09 mEika BNt HEBarcode scanner

decodesthe-afRrmationge the ey sisharcodrisy endtemnoparily, siosemite ABdiaRalY, in this

exemplary embodiment, the barcode scanner or the PC or SCADA system 240 provides the time and
date infGFH AR R TP leotHemipioraetivariraTdds Bea P En i inedin & asiradtinto the
barcodexscagiaed ke mathadL00 mayRietaach e, Step BR2dHoioscanning e akcode 510 for the

user 500. |t is contemplated, ho r, that this step may alsq be skipped in variations on this
oI B RIRA U i peOR TETE R Bal e S et AUEE 8 RS B e barcode
510 anddechpatelrilysioresitt 0o p8lddteniath.data is inputted and/or scanned in the Step 802, the
method 800 proceeds to the Step 804. In this step, the barcode scanner transmits all scanned

informatiggyipputted ifarmation.aRch ety imariedHe marke fsaihichda e asgstation 230, Step
804a. The base station 230 forwards the information and remarks to the PC or SCADA system 240.

The PCisfSTADARREY#R408rEx1BS Hapell tetibraarneda Haraléion. 200 5188 received data and
stores the1eeeived,JatR 48, R MEWHESH b rmation regarding the incubation room/site obtained in

the final scan in the Step 708 are decoded and transmitted to the base station 230. The base
station 230 forwards this information to the PC or SCADA system 240 for storage and/or real-
time tracking and/or to the touchpanel 270 for real-time presentation. The method 700 concludes
with the PC or SCADA system 240 transferring the records in the database 290 for the subject
265a electronically to the cognizant department, Step 712.

[0092] In an exemplary embodiment, the PC or SCADA system 240 is configured to
analyze the records in the database 290 for a room/site to determine any trends in air
contaminants. The PC or SCADA system 240 determines if a number of colonies in the subject
265a meets or exceeds a predetermined number (an alert level). If so, the PC or SCADA system
240 issues an alert, logs the alert in the database 290, and notifies the cognizant department of a
possible contamination problem in the room/site. The PC or SCADA system 240 also
determines if the number of subjects from a room/site in alert meets or exceeds, or if the number
of colonies in the subject 265a meets or exceeds, a predetermined number (an alarm level), the
predetermined number for the alarm level being greater than the predetermined number for the
alert level. If so, the PC or SCADA system 240 issues an alarm, logs the alarm in the database
290, and notifies the cognizant department of a possible contamination problem in the room/site.

The alert and alarm levels for each room/site may be set by a quality control department.
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[0099]The PC or SCADA system 240 analyzes the data received during the method 800 and provides
a response, via an electronic message, to the room/site, Step 804b. The response may indicate
whether the subject 265a is the correct subject for the room/site and is not expired. The method 800 is
complete. 1001001lllustrated in FIG. 9 is an exemplary table 900 stored in the database 290, in
accordance with an exemplary embodiment of the present invention. The table 900 comprises a
category 910 for date/time data, a category 920 for location data, a category 930 for identification data,
and an optional category 940 for remarks. In the exemplary embodiment illustrated in FIG. 9, the
date/time category comprises a date field 910a and a time field 910b; the category 920 comprises a
room IDIfie%F020a ard ansirerDificid@botintkel.datdgdiy83téemphibéduwified 930w ioe the! D of the

subjectsebaalhrplal ~PRABAA ANGIHA3ACARHNEN QLIRSS K5lnciE HIGhRAMAM the

category 940 comprises a field 940a for remarks. 1001011The table 900 illustrates exemplary data
stored biffiiecPiedrageiprasyetsanpeneihithbdanibasecha80dusnbaaimsniplidenifdatiriubation

periO_dS-cHa&hﬁf &?é%@l?}fé/ &Qﬂh@ﬂi%@%‘ﬁﬁé@%@ﬂ'Qﬁperiklyﬁi%%ﬁ?oé@ﬁd Godd sagbueced of the table
800 includes data obtained during execution of the method 800 in either of the Step 602 of the method

600 or thEE s HetHen Tiobe REceg Jersyame aBer dbR A pérorhilneE B ti%e Step 602 in

the methad €0 of alisampPlitabdhefigld 94 0arkRecerdd indicates dhatraniaoa-pkte dssbject) was
scanned on Fet%uary 16, 2011. The field 910b indicates that the time of the scan was 10:22 p.m. The

fields 9214 A 95 OB iR e bt 2P PRiRS I IS ABAN Al FB SRR S8 RF AN site designated
as "Bengitdrhagdield i930aindicrias that theragar plrteadrad acanef ISMARDE, 6@ the7iald 930b
indicates t a}tl&he person who scanned the agar plate SMA 001 was Tom. Record 2 indicates that the
agar pla?g avinhg an ID of SMA 001 was scanned at the bench in Room 119 a short time (i.e., after
completion of a sample cycle) after the time indicated in Record 1 by a different tech ID.

[00102]H¥¥dids 3-5 Wersrgiedaraidd- dusngiseitdriarvedtithel Sejs7amsitp theuhiethisc RO0df

incubatighy FatRecAdsRs e Seldi9RWa dngioaeshal dheAgan Ripls &@&@Mﬁe@%cﬁ%ﬁwd 920a

indicates that the room has changed to room 104; and the site within room 104 is
of the present invention. The method 800 comprises two Steps 802 and 804. The Step 802 is a
scanning step corresponding to the Steps 602, 608, 702, and 708 of the methods 600 and 700 in
which barcodes are scanned using the barcode scanner connected to the touchpanel 270, the
barcode scanner 280, or the barcode scanner 370 and decoded and in which data is entered into
the barcode scanner by the user 500. The Step 804 is a data transmission step corresponding to
the Steps 604, 610, 704, and 710 of the methods 600 and 700, in which data is transmitted to the
base station 230 and then to the PC or SCADA system 240 for storage in the database 290. The
PC or SCADA system 240 stores the recetved data in the database 290 and may also analyze the
data and transmit a response indicating whether the correct subject was sampled and/or that the
subject is not expired. The response may be displayed on the touchpanel 270, the barcode

scanner 280, or the digital air flow switch interface 320. The method 800 illustrates the scanning

and transmission steps of the methods 600 and 700 in greater detail.

[0095] The method 800 is now described with reference to FIGS. 2 and 5. In the Step
802, a scan in the room/site is initiated, Step 802a. Afier beginning the scan, the user 500, using
the barcode scanner, scans the barcode 266a on the subject 265a, Step 802b. The barcode

scanner decodes the information in the barcode 266a and temporarily stores it. The user 500
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"Incubation.” The field 940a of Record 4 indicates that 2 colonies have been observed in agar plate
SMA 001 during incubation, in which case the colonies have reached an alert level and an alert
message is to be sent to a cognizant quality control department. The field 940a of Record 5 indicates
that 3 colonies have been observed during incubation, in which case the colonies have reached an
alarm level and an alarm message is to be sent to a cognizant quality control department. Thus,
Record 5 indicates that the air around the Bench site in room 119 included airborne contaminants
around the times of 10:22 p.m. through 11:25 p.m. on February 16, 2011 in an amount sufficient to
trigger an alarm. [00103]The table 900 includes data for three other agar plates: SMA 005, SMA 010,
and SMmaYlsTergeRatOre BRI Ogserding theherngdhp A Siv A Oo5T WHIPRIWHY /R¥EtEASn room 119 at
;ite "'-F_M%@&{{&%lﬁ&@.r (_:ollection period (see Field 920a _of Records 6-7) and in room 104 during an
incubation period (see Field 920a of Records 8-10). The field 940a for Record 9 indicates that 2

colonies have been observed during incuhation, an amou hich is deem afe for the L FM site.
The field’§26h for Relb?l TETHIREL RAERLN ﬁ%‘&%@v@%\éﬁ%b&%‘e&g g%%ih%pﬁc%%ﬁlén, in which
case thehealonied Bayekieashadsancalbrtsiehal cndh nvaleticiessagthishtodogdsssnhteaisdgnizant quality

control department. Thus, Record.10 indicates that the,air.around the LEM site in m.119included
oo T B B an
amount sufficeprittactrigyde akipped. [0O1i041THE, Rebordsetiplbbypentaidinethegbarpidte SMA 010,
which was located. in Oms%]rglg ite "FHl 1" i i iINg:peri fisld.f20a of
Recordsscffyfl?ﬁ)o%\%hg |Irr1er8€)m 104%%}?#%[1 a%ﬂﬂ]]%fl?gg%?gﬁﬁ gﬁ%ﬁ%ﬁ%@%ﬁjﬁg@%{%@%écorﬂs 13-15). The
field 94QarfsnRétetdiadthsdisend8mmnentes Byitmb ave Gieinsbderheguisriseieuddton. The field

940 ot Record b5 1adiFales A3 5 €pla0Y1es AR ADSEER STIRGNCHRASAD it which case the

colonies have reached an alert level and an alert message is to be sent to a cognizant quality control
departnienteTiipeR bepry o iRgibit s raryRseiParbRE iR yatitianson ST hcluded

airborne.cRRtAMINANIS iRfOpagIRetinesRf b 0L diauaR 2RO RvAneRdheRiManatede81d in an
amount sufficient to trigger an alert. [00105]Finally, the Records 16-20 pertain to the agar plate SMA

011, whitf {59 RaRE Rgiores it
[6097] In another exemplary embodiment of the Step 802, after the Step 802b is
performed, the method proceeds to the Step 802¢. The user 500 scans separate barcode(s) for the
roomnysite, e.g., clean room ID. The barcode scanner decodes the information in the room/site
barcode(s) and temporarily stores it. Additionally, in this exemplary embodiment, the barcode
scanner or the PC or SCADA. system 240 provides the time and date information, although it is
contemplated that the user 500 may enter the time and date into the barcode scanner. The
method 800 may proceed to a Step 802d for scanning the barcode 510 for the user 500. It is
contemplated, however, that this step may also be skipped in variations on this exemplary
embodiment. If it is performed, the barcode scanner decodes the information in the barcode 510

and temporarily stores it.

[0098] After all data is inputted and/or scanned in the Step 802, the method 800 proceeds
to the Step 804. In this step, the barcode scanner transmits all scanned information, inputted
information, and any inputted remarks as a batch to the base station 230, Step 804a. The base
station 230 forwards the information and remarks to the PC or SCADA system 240. The PC or
SCADA system 240 creates a new record in the database 290 for the received data and stores the

received data in the new record.
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in room 2120 at site "Fill 2" during an air sampling period (see Field 920a of Records 16-17) and in
room 104 during an incubation period (see Field 920a of Records 18-20). The field 940a for Records
19 and 20 indicates that one colony has been observed during incubation. Thus, Record 20 indicates
that the air around the Fill 2 site in room 2120 included airborne contaminants around the times of 1:10
p.m. through 1:15 p.m. on February 16, 2011 in an amount not sufficient to trigger and alert or alarm.
[00106]lt is to be understood that the system 200 and the methods 600 through 800 are not limited to
use with subjects 265a through 265d which are incubated. Thus, although the subjects 265a through
265d may include liquid impingers, such as agar plates, they may also instead use air filters,

glass-plH@SfhpactorsT eaBearicS idadtorsicor Aferaatlsarn gledateresinadify wigtberectstaftinants.
Further .{{ is,i8\Rg.undeisiaed fnakiheUacking.andnentioring afdne supisels 268a dyugh 265d

described herein may be used in an exemplary alternative embodiment of the system 200, generally
designatedy ipdirate rhadioobe el hst theRited senedIfer Peocayatadnd suppesPBcdnd a
pluralitypfdping fioveeantephpnedules 250a, 250b, 250c, and 250d. Instead, in the system 200', the
subjects 265a through 265d collect contaminants via other methods. The subjects 265a through 265d

are tracked, monitored, and | ring collection angd, i ation acgording to the.method 600
throughkgeéjbﬁu ing the hgt?gct)e eglgcﬁgar#léﬁg,g eexgénr?t% 2?%5%% F@ %ﬁ%&%«ab‘%ag?/gtseom%m, and the
database:@804dn:thei Sy steme2@nyithduidineati e trmplirsgneomponentd bf thieles§8ternn2@ixes a
[00107]Althou S : is.d ' g/ i i 0 the subjects 265a
throughcféqgg Ig{gli@ifgg%%%ég %\%U(ﬁ%&%@ g%@@r@?@@&?ﬁ%@%ﬂ%&%& are the user 500

(barcodéls1djcatidittatroomd suanptisitel cit¢g oty 4 Q frdepsiadd- thathh e syandsry 200 simetlimited to use

with bf{rﬁﬁgﬁﬁteﬁ?ﬁﬁqfl@.eé]tiﬁgﬂg%ﬂﬁg%ﬁégoi‘%%ﬁﬁ%?@% adstaarmeoniemplaiedidn paffernative
embodiment, the sgéstem 200 includes an RFID reader, rather than barcode readers, and all of the

barcodesigEoTef ier ey el G e BodmiBhisih Wh it etaeriticiftion tags are
barcodes,itjs4Q heiuadeisigadithabtbe hareosies mess e dinass drr srdasitad Sme) @ 2D (matrix)

barcodes, [00108]These and other advantages of the present invention will be apparent to those
skilled iR Arerdhand foreg oy <Pcihe SR8 RCEHHARTBRTISTSS (B BIGhIEaF Y those skilled in

the art that changes or modifications may be made to the above-described embodiments without
departingdiditi the broad tshiedfivelbsneeptexehthlanndeatiored by thdRCLmderstdod sy thiginvention

R e
the table 900 illustrated in FIG. 9, each record of the table 800 includes data obtained during
execution of the method 800 in either of the Step 602 of the method 600 or the Step 702 of the
method 700. Record | was generated during performance of the Step 602 in the method 600 of
air sampling. The field 910a of Record 1 indicates that an agar plate (subject) was scanned on
February 16, 2011. The field 910b indicates that the time of the scan was 10:22 p.m. The fields
920a and 920b indicate that the agar plate was located in a room 119 and at a site designated as
“Bench.” The field 930a indicates that the agar plate had an ID of “SMA 001,” and the field
930b indicates that the person who scanned the agar plate SMA 001 was Tom. Record 2
indicates that the agar plate having an ID of SMA 001 was scanned at the bench in Room 119 a

short time (i.e., after completion of a sample cycle) after the time indicated in Record 1 by a

different tech ID.

[00162] Records 3-5 were generated during performance of the Step 702 in the method
700 of incubation. For Records 3-5, the field 930a indicates that the agar plate was SMA 001;

the field 920a indicates that the room has changed to room 104; and the site within room 104 is
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What is claimed is: 1. A system for tracking one or more subjects, the system comprising: one or
more subjects configured to collect air contaminants, each of the one or more subjects comprising an
identification tag encoded with identification information identifying the each subject; an
identification reader configured to decode the identification infoiivation encoded within the identification
tag of a scanned one of the one or more identification tags; a computer configured to receive and
store the decoded identification information from the identification reader. 2. The system of claim 1,
wherein: the identification tag of each of the one or more subject comprises an identification code
uniquely identifying the each subject, the identification reader is further configured to decode the

identificatisntetive-eritodeld/itin oh&geafdaddierifibationakagicakgve bagreabsaipeten redurther
configurgd Loshagei andiHeie secrdadidentfication aede fiRmibridentlicaiier rardar -

alert message is to be sent to a cognizant quality control department. The field 940a of Record 5
indicates that 3 colonies have been observed during incubation, in which case the colonies have
reached an alarm level and an alarm message is to be sent to a cognizant quality control
department. Thus, Record 5 indicates that the air around the Bench site in room 119 included
airborne contaminants around the times of 10:22 p.m. through 11:25 p.m. on February 16, 2011

in an amount sufficient to trigger an alarm.

[00163] The table 900 includes data for three other agar plates: SMA 005, SMA 010, and
SMA 011. The Records 6-10 pertain to the agar plate SMA 005, which was located in room 119
at site “LFM” during an air collection period (see Field 920a of Records 6-7) and in room 104
during an incubation period (see Field 920a of Records §-10). The field 940a for Record 9
indicates that 2 colonies have been observed during incubation, an amount which is deemed safe
for the LFM site. The field 940a for Record 10 indicates that 5 colonies have been observed
during incubation, in which case the colonies have reached an alert level and an alert message is
to be sent to a cognizant quality control department. Thus, Record 10 indicates that the amr
around the LFM site in room 119 included airborne contaminants around the times of 10:26 p.m.

through 11:30 p.m. on February 16, 2011 in an amount sufficient to trigger an alert.

[60104] The Records 11-15 pertain to the agar piate SMA 010, which was located in room
2120 at site “Fill 17 during an air sampling period (see Field 920a of Records 11-12) and in room
104 during an incubation period (see Field 920a of Records 13-15). The field 940a for Record
14 indicates that no colonies have been observed during incubation, The field 940a for Record
15 indicates that 1 colony has been observed during incubation, in which case the colonies have
reached an alert level and an alert message is to be sent to a cognizant quality control
department. Thus, Record 15 indicates that the air around the Fill 1 site in room 2120 included
airborne contaminants around the times of 1:00 p.m. through 2:15 p.m. on February 16, 2011 in

an amount sufficient to trigger an alert.
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3. The system of claim 1 or 2, wherein: the one or more subjects are respectively disposed in one
or more locations, each location comprising an identification tag encoded with location information,
the identification reader is further configured to decode the location information encoded within the
identification tag of a scanned one of the one or more location tags; and the computer is further
configured to receive and store the decoded location information from the identification reader. 4. The
system of claim 3, wherein the computer is further configured to: compare the received decoded
location information to the received decoded identification information to determine whether the
subject corresponding to the scanned identification tag is properly located according to the decoded

location[ffit#flation; ndlly, traReeaidaniridicatiem ¢ sheeiat prthE MhdthbrvheRitjeltesidesponding
to the scapned iqeptfication;ipeig RIRPEINIGAERGRIIINGJorNRdeeadre k leealionsintgrpation. 5.

The system of claim 3, further comprising a database for storing scanned information received from

the |denﬁ*ﬁﬁ@ﬁbh%é@”é%\%é?@%‘i’%ﬁ%“dlﬁﬁ%ié?ﬁ@@éﬁ@p%@ﬁﬁﬁﬁ?é@ﬁ df6rdind e disvetf fahtification
informatiQu ¢ [ e-@oatiam tafes mation: bR ASIRKLKLENR @B asRing incubation. Thus, Record

20 indicates that the air around the Fill 2 site in room 2120 included airborne contaminants

around the times of 1:10 p.m. through 1:15 p.m. on February 16, 2011 in an amount not

sufficient to trigger and alert or alarm.

[00106] It is to be understood that the system 200 and the methods 600 through 800 are
not limited to use with subjects 265a through 265d which are incubated. Thus, although the
subjects 265a through 265d may include liquid impingers, such as agar plates, they may also
instead use air filters, glass-plate impactors, cascade impactors, or inertial samplers for collecting
airborne contaminants. Further, it is to be understood that the tracking and monitoring of the
subjects 265a through 265d described herein may be used in an exemplary alternative
embodiment of the system 200, generally designated in F1G. 10 as 200°, that does not include a
controller 210, a vacuum pump 220, and a plurality of inline flow control modules 250a, 250b,
250c, and 250d. Instead, in the system 200°, the subjects 265a through 265d coliect
contaminants via other methods. The subjects 265a through 265d are tracked, monitored, and
logged during collection and incubation according to the method 600 through 800 using the
barcode scanners, the controller 230, the PC or SCADA system 240, and the database 290 1n the

system 200" without the air-sampling components of the system 200,

[60167] Although the system 200 is described as including a barcode scanner and the
subjects 265a through 265d are described as including respective barcodes 266a through 2664 as
are the user 500 (barcode 510) and the rooms and sites, it is to be understood that the system 200
is not limited to use with barcodes. Other identification tags and identification readers are
contemplated. In an alternative embodiment, the system 200 includes an RFID reader, rather
than barcode readers, and all of the barcodes are replaced by RFID tags. Iurther, in
embodiments in which the identification tags are barcodes, it is to be understood that the

barcodes may be linear barcodes (as shown) or 2D (matrix) barcodes.
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6. The system of claim 5, wherein the computer stores a time stamp in the record in the database. 7.
The system of any one of the preceding claims, further comprising: an inline flow control module; and
a controller connected to the inline flow control module via a vacuum line to provide vacuum pressure
to the inline flow control module and via an electrical connect, wherein the identification reader is
located on the inline flow control module. 8.A system for sampling air in a controlled environment, the
system comprising: one or more air sampling devices disposed in a controlled environment, the
one or more air sampling devices each comprising a first identification reader; a vacuum source;

[066108] These and other advantages of the present invention will be apparent to those

skilled in the art from the foregoing specification. Accordingly, it is to be recognized by those

skilled in the art that changes or modifications may be made to the above-described

embodiments without departing from the broad inventive concepts of the invention. It is to be

understood that this invention is not limited to the particular embodiments described herein, but

is intended to include all changes and modifications that are within the scope and spirit of the

invention.
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a controller connected to the vacuum source configured to be in separate air flow communication with
the one or more air sampling devices via one or more respective vacuum air tubes, the controller
comprising a manifold configured to separately control an actual rate of air flow from the one or more
air sampling devices to the vacuum source via each of the one or more respective vacuum air tubes to
selectively direct air flow from each of the one or more respective vacuum air tubes to the vacuum
source; one or more subjects configured to collect air contaminants in the controlled environment,
each of the one or more subjects comprising an identification tag encoded with identification
information identifying the each subject; a mobile identification reader configured to decode the
identification iMGhEIABAL&Ied within the identification tag of a scanned one of the one or more
identification tags; and a computer configured to receive and store the decoded identification
infoiination from the identification reader. 9. The system of claim 8, wherein: the identification tag

of each pf the g &ézﬂ%ﬁ%&ﬂﬁﬁ&%ﬁ;@@%ﬁ?@sﬁﬁﬁé%?%ﬁé‘%}%?&nc&gﬁp&'ﬂiﬂ ely identifying the each

subject, the identification reader is further configured fo decode the identification code encoded
within the scanped,jdeniificationtach@Rdled o collect air contaminants, each of the one or more

subjects comprising an identification tag encoded with identification information identifying the
each subject;

an identification reader configured to decode the identification information encoded
within the identification tag of a scanned one of the one or more identification tags;

a computer configured to receive and store the decoded identification information from

the 1dentification reader.

2. The system of claim 1, wherein:

the identification tag of each of the one or more subject comprises an identification code
umquely identifying the each subject,

the identification reader is further configured to decode the identification code encoded
within the scanned identification tag, and

the computer is further configured to receive and store the decoded identification code

from the identification reader.
3. The system of claim 1 or 2, wherein:

the one or more subjects are respectively disposed in one or more locations, each location

comprising an identification tag encoded with location information,

-35.



the computer is further configured to receive and store the decoded identification code from the
identification reader. 10. The system of claim 9, wherein: the one or more subjects are respectively
disposed in one or more locations, each location comprising an identification tag encoded with location
information, the identification reader is further configured to decode the location information encoded
within the identification tag of a scanned one of the one or more location tags; and the computer is
further configured to receive and store the decoded location information from the identification reader.
11. The system of claim 10, wherein the computer is further configured to: compare the received
decoded location information to the received decoded identification information to determine whether

the subject corfesidenidiisgtientrradardn hedhieranficaiohteadpiofr direlopdbeniadoavebrdineciede
decoded location information; and _
within the identification tag of a scanned one of the one or more location tags; and
the computer is further configured to receive and store the decoded location information

from the identification reader.

4. The system of claim 3, wherein the computer is further configured to:

compare the received decoded location information to the received decoded identification
information to determine whether the subject corresponding to the scanned identification tag is
properly located according to the decoded location information; and

transmit an indication of a result of the whether the subject corresponding to the scanned

identification tag is properly located according to the decoded location information.

a. The system of claim 3, further comprising a database for storing scanned information
received from the identification reader, wherein the computer is further configured store the

received identification information and the location mformation in a record in the database.

6. The system of claim 5, wherein the computer stores a time stamp in the record in the

database.
7. The system of any one of the preceding claims, further comprising:

an inline flow control module; and

a controller connected to the inline flow control module via a vacuum line to provide
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transmit an indication of a result of the whether the subject con-esponding to the scanned identification
tag is properly located according to the decoded location information. 12. The system of claim 10,
further comprising a database for storing scanned information received from the identification reader,
wherein the computer is further configured store the received identification information and the location
information in a record in the database. 13. The system of claim 2 herein the computer stores a time
stamp in the record in the database. 14. The system of claim 10, wherein one or more air sampling
devices are configured to sample air surrounding any of the one or more subjects, decode the
identification information encoded within the identification tag of a scanned one of the one or more
identificatiomtagssssm trathsimts:¢Hdenoded idehtifieat oreinforievation amthésformation regarding the

air sampling to the computer.
wherein the identification reader is located on the inline flow control module.

8. A system for sampling air in a controlled environment, the system comprising:

one or more air sampling devices disposed in a controlled environment, the one or more
air sampling devices cach comprising a first identification reader;

a vacuum source;

a controller connected to the vacuum source configured to be in separate air flow
communication with the one or more air sampling devices via one or more respective vacuum air
tubes, the controller comprising a manifold configured to separately control an actual rate of air
flow from the one or more air sampling devices to the vacuum source via each of the one or
more respective vacuum air tubes to selectively direct air flow from each of the one or more
respective vacuum air tubes to the vacuum source;

one or more subjects configured to collect air contaminants in the controlled
environment, each of the one or more subjects comprising an identification tag encoded with
identification information identifying the each subject;

a mobile identification reader configured to decode the identification information
encoded within the identification tag of a scanned one of the one or more identification tags; and

a computer configured to receive and store the decoded identification information from

the identification reader.
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9, The system of claim 8, wherein:

the identification tag of each of the one or more subject comprises an identification code
uniguely identifying the each subject,

the identification reader is further configured to decode the identification code encoded
within the scanned identification tag, and

the computer is further configured to receive and store the decoded identification code

from the identification reader.

10. The svstem of claim 9, wherein:

the one or more subjects are respectively disposed in one or more locations, each location
comprising an identification tag encoded with location information,

the identification reader is further configured to decode the location information encoded
within the identification tag of a scanned one of the one or more location tags; and

the computer is further configured to receive and store the decoded location information

from the identification reader.

11.  The system of claim 10, wherein the computer is further configured to:

compare the received decoded location information to the received decoded identification
information to determine whether the subject corresponding to the scanned identification tag is
properly located according to the decoded location information; and

transmit an indication of a result of the whether the subject corresponding to the scanned

identification tag is properly located according to the decoded location information.
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12.  The system of claim 10, further comprising a database for storing scanned information
received from the identification reader, wherein the computer is further configured store the

received identification mmformation and the location information in a record in the database.

13.  The system of claim 12, wherein the computer stores a time stamp in the record in the
database.
14.  The system of claim 10, wherein one or more air sampling devices are configured to

sample air surrounding any of the one or more subjects, decode the identification information
encoded within the identification tag of a scanned one of the one or more identification tags, and

transmits the decoded identification information and information regarding the air sampling to

the computer.
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