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1 Introduction

This manual includes background information on the BMI Model 4001 Particle into Liquid
Sampler (PILS) and describes how to use the instrument software. A photo of the PILS
as well as a schematic of the system are provided in figures 1 and 5 below. The operating
principles of the PILS are described as are the various key subsystems. Results of chemical
sampling efficiency tests of the PILS are presented. Descriptions of the output data file is
provided along with detailed technical specifications. Miscellaneous technical information is
provided to assist the user in operating the PILS. The various options available for the PILS
are also described. Detailed information on maintaining a healthy instrument, procedures
for cleaning the impactor and handling other instrument issues is given in the sections at
the end of this manual. KEY ISSUES RELATED TO PROPER OPERATION OF
THE INSTRUMENT ARE DESCRIBED THROUGHOUT THIS MANUAL IN
BOLD FACE AND ITALIC FONTS. It is the user’s responsibility to familiarize
themselves with the key operating procedures of the PILS.

Figure 1: Photo of the front of the BMI Model 4001 Particle Into Liquid
Sampler with the two liquid supply bottles on the left and the drain bottle
shown on the right.

2 Background of the PILS

The Particle into Liquid Sampler was originally developed to measure the chemical composi-
tion of water-soluble components of the ambient aerosol. Brechtel Mfg. Inc. has integrated
the PILS droplet impactor and steam generator systems into a complete aerosol sampling
system that can be operated autonomously. The PILS has been extensively tested and a
summary of the tests and historical field data may be found in the paper by Sorooshian et al.,
2006, Aerosol Science & Technology, 40: 396-409 and other references. The PILS can be di-
rectly connected to a user-supplied Ion Chromatography (IC) system, Total Organic Carbon
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(TOC) analyzer or other analytical system to provide on-line composition measurements.
Alternatively, the Auto-collector produced by Brechtel may be purchased as an option to
the PILS to allow liquid sample collection into vials.

The major components of the complete PILS system are shown in figure 1 and include:

1. a steam generation system for producing and injecting steam into the
condensation chamber,

2. the PILS condensation chamber and droplet impactor for growing sam-
pled particles into collectable droplets and collecting them on the quartz
impactor plate,

3. a peristaltic pump to supply liquid to the steam generator, provide the
impactor washflow and liquid sample flow, and handle waste liquid,

4. a debubbler to remove air from the liquid sample flow,

5. a critical orifice to maintain constant sample air flow,

6. a temperature controller to control the steam heater temperature and
a temperature monitor to measure the steam injection tip temperature,

7. instrument software to record the steam heater and steam injector tip
temperatures, and

8. the data logging software to be loaded on a user-supplied Windows
computer.

The PILS may be configured for laboratory, bench top usage, or it may be mounted in a
standard instrument rack. Normally, the PILS sample air flow is controlled by maintaining
critical flow through a critical orifice built into the PILS droplet impactor exit air flow fitting.
A detailed view of the front panel of the PILS chassis is shown in figure 2.

Figure 2: Photo of the front of the BMI Model 4001 Particle Into Liquid
Sampler rack mountable chassis showing the droplet impactor on the left,
the debubbler between the droplet impactor and peristaltic pump in the
middle, and the two temperature controllers on the right side of the front
panel.
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3 Starting the PILS for the First Time

Before operating the PILS for the first time there are a few important procedures that need
to be performed.

1. Visually inspect the inside of the PILS for any components that may
have come loose during shipping.

2. If a shock watch is installed on the back panel verify that it has not
tripped during shipping. If it has, immediately notify Brechtel.

3. Fill the liquid supply bottles with high-quality, 18 mega-ohm water.
The bottle labelled ’Pure H2O+LiF’ feeds the peristaltic pump channel
that supplies washflow to the PILS impactor with pure water spiked
with internal standard (LiBr or LiF, 50 to 200 ppb). The bottle labelled
’Pure H2O’ contains pure water only for the steam generator. The
steam generator pump channel is normally the farthest from the PILS
chassis front panel.

4. Setup the laptop computer near your PILS and connect the RS-485-to-
USB cable to the laptop using a free USB port. Attach the other end of
the cable to the Data connector on the back panel of the PILS. Be sure
to screw the RS-232 connector on the cable to the mating connector
on the rear panel of the PILS to hold it properly in place, otherwise it
will fall out resulting in poor communication. Reference figure 3 for a
photo of the back panel of the PILS.

5. Connect the AC power chord to the back of the PILS. Do not apply
power. Reference figure 3.

Figure 3: Photo of the rear panel of the BMI Model 4001 Particle Into Liquid
Sampler rack mountable chassis showing the 1/2 inch compression fitting for
the sample inlet flow, the vacuum connector (3/8” swagelock), the Data
connection and the AC power connector and switch. The Auto-collector
connector is currently not used and is installed for future expansion.

6. Connect your vacuum pump to the 3/8” swagelock connector labeled
’VACUUM’ on the back panel of the PILS. Reference figure 4.
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7. If an impactor was purchased with the PILS, install the impactor to the
PILS sample inlet on the back panel of the PILS. If the pressure drop
across the impactor will not be monitored, be sure to plug the small
hosebarbs to prevent particle leaks into the system. Do not connect
the hosebarbs together, this will defeat the purpose of the impactor.
The impactor should be shipped with the ports already blocked.

8. Connect your sample air inlet to the compression fitting connector la-
beled ’Sample Inlet’ on the PILS back panel or to the inlet of the
impactor.

Figure 4: Close-up view of the rear panel of the BMI Model 4001 Particle
Into Liquid Sampler rack mountable chassis showing the 1/2 inch compression
fitting for the sample inlet flow, the vacuum connector (3/8” swagelock), and
the AC power connector and switch.

9. Connect the liquid sample PEEK tubing supplied with the PILS to
the liquid sample tubing in the peristaltic pump channel by sliding
the PEEK tubing into the pump tubing. The tube should be labelled.
Connect the other end of the PEEK tubing to a BMI Auto-collector
(optional) to fill vials or to your analytical device so liquid samples may
be analyzed. Alternatively, allow the liquid sample out to drip into a
beaker and manually fill vials when desired for batch sample collection.

10. Verify that the peristaltic tubing installed in the pump to supply the
impactor liquid washflow and the liquid sample outlet flow will pro-
vide an appropriate liquid flow rate for your application. The nominal
liquid flow rate of the peristaltic pump tubing installed at the factory
(orange/red tubing stops) is between 0.4 and 0.5 ml/min. If a slightly
lower flow rate is required, a tee fitting may be installed on the PEEK
line and small bypass (dump) flow delivered to the PILS Drain Bot-
tle through a metering valve. Contact BMI if you require a broader
selection of tubing.
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The PILS is shipped from the factory with all water removed to avoid the possibility
of damage to the various components due to freezing during shipment. Before running the
instrument control software (”BMI PILS 4001.exe”) be sure to fill the water supply bottles.

IMPORTANT: The inorganic vapor denuders (if purchased as an option) are
shipped from the factory uncoated. It is the customer’s responsibility to properly
coat the inside surfaces of the denuder before first use. See the denuder coating
procedure in the appendices for more information.
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Figure 5: Schematic of BMI PILS. Droplet impactor washflow lines shown
with red arrows, while liquid sample out flow lines shown with open blue
arrows.

4 Steam Generator System

The steam generator system consists of four basic parts: the peristaltic pump that supplies
liquid flow to the heater, the heater itself, the steam injection tip and the temperature
controllers mounted in the front of the instrument.

4.1 Peristaltic Pump

One important function of the peristaltic pump (see figure 6) is to feed the steam generator
a controlled amount of MilliQ water to generate steam. The other channels of the pump are
used to supply the PILS droplet impactor washflow, withdraw the liquid sample flow from
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the PILS, and to draw waste water from the PILS body. The potentiometer setting at the
front of the PILS, just below the temperature controllers, controls the rotational speed of
the peristaltic pump. Only adjust the potentiometer while measuring the steam generator
liquid flow rate with a graduated cylinder and stop watch or with some other liquid flow
measuring device.

Figure 6: Top view of the peristaltic pump mounted to the PILS chassis
front panel showing the flow input side of the pump to the left and the flow
output side to the right. Note the correct orientation of the colored tabs
facing downward. The grey-grey collared tubes are waste lines, the orange-
white collared tubes are washflow and liquid sample out flow lines, the red-red
line is the steam generator supply line.

IMPORTANT: If you adjust the peristaltic pump speed without verifying
the proper 1.5 ml/min liquid flow rate the steam generation system may not
function properly.

Figure 7: Photo of the peristaltic pump mounted to the PILS chassis front
panel showing the flow input side of the pump. Note the label on the liquid
line supplying the steam generator flow as well as the correct orientation of
the colored tabs facing downward.

IMPORTANT: Do NOT install the peristaltic pump tubing so it is twisted
inside the pump where the rollers will destroy the tubing.

To operate the pump, the potentiometer sets a voltage value that controls the pump
speed. The nominal steam generator liquid flow rate should be set to 1.5 ml/minute using
the potentiometer. The speed is set at the factory and should be checked by the user every
few months during regular usage. Although the user can change the steam generator liquid
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flow rate using the potentiometer, changing the flow rate may adversely influence the tip
temperature control if not done properly.

The steam generator liquid flow rate must be kept at 1.5 ml/minute. The
flow rate should be checked every few months by disconnecting the liquid feed
line from the steam generator and dispensing water into a graduated cylinder
for 5 to 10 minutes. Detailed procedures for checking the flow rate are given in
the appendices.

As seen in figure 8, each peristaltic pump channel has a white tensioning lever that
adjusts the tension on the tubing installed in the channel. The optimum location of the
paddle under normal operation is straight up, perpendicular to the top surface of the pump.

Figure 8: Photo of the peristaltic pump mounted to the PILS chassis front
panel showing the flow output side of the pump. Note the correct orientation
of the white tensioning levers pointing vertically upward as well as the correct
orientation of the colored tabs facing downward.

The one occasion where the liquid flow rate may need to be changed is for high-altitude
operation, or operation under other very dry sample air flow conditions. In this instance the
user may want to increase the steam generator water flow rate slightly. Note that once the
steam heater liquid flow rate it set by the rotational speed of the pump, the washflow and
liquid sample outlet flow rates are only determined by the inside diameter of the peristaltic
pump tubing installed in the pump.

IMPORTANT: The peristaltic pump speed should not be adjusted to main-
tain a specific liquid sample outlet or washflow rate - the pump speed should
only be set to control the 1.5 ml/min steam generator flow rate. Different tubing
inside diameters for the washflow and liquid flow peristaltic pump channels may
be used to change these flow rates.

The peristaltic pump automatically removes accumulated waste water from the PILS
head chamber and impaction area and delivers it to the PILS 1 l waste bottle. It is
extremely important that the waste bottle is emptied between run cycles and
not allowed to overfill. Run cycles longer than 14 hours may result in overfilling of the
reservoir and spilling of liquid water out of the drain bottle. For long run cycles or continuous
operation of the PILS, replace the waste bottle with a large capacity carboy or route the
waste line directly to drain.

IMPORTANT: There are no interlocks to prevent overfilling of the waste
water reservoir.
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Periodically inspect the peristaltic pump tubing with the power off by removing the
cartridges and visually inspecting the tubing. Rotate the orange handles on the peristaltic
pump channels downward to loosen the channel and lift it away from the pump. Note
the correct orientation of the colored tabs on the tubing according to figure 7. Check for
deformed and cracked tubing and replace any tubing that appears damaged. Spare tubing
can be purchased from BMI. Details of the peristaltic pump tubing are provided in table 1.
The peristaltic pump tubing supplied is double segmented (three tabs), which means it can
be installed in the pump in two different positions. Once one section of the tubing has been
used, remove the tube and shift its position so the new section of tubing with the tab stops
is installed in the pump channel.

IMPORTANT: Avoid installing tubes of different inside diameters in the
pump channels controlling the impactor wash flow and the liquid sample outlet
flow. Tubing with the same inside diameter, material and age should be installed
in the two channels controlling the impactor washflow and liquid sample outlet
flow to ensure the flow rates are the same.

Table 1: Peristaltic pump marprene tubing specfications.
Stop Color Inside Diameter Used On Maximum flow Flow rate

(mm) ml/min ml/revolution
Orange/White 0.63 Impactor flow 2.6 0.024
Red/Red 1.14 Steam heater flow 8.8 0.08
Grey/Grey 1.29 Waste lines 10.0 0.95

IMPORTANT: Note that even though flow rates higher than 1.5 to 2 ml/min
are shown in table 1, the steam heater flow rate must be 1.5 ml/min under
normal operating conditions and the impactor washflow and liquid sample out-
let flows must not exceed 2 ml/min under normal operating conditions. Once
the peristaltic pump speed is set by the 1.5 ml/min requirement of the steam
heater, different impactor washflow and liquid sample outlet flow rates are set by
installing tubing with different inside diameters - NOT BY CHANGING THE
PUMP SPEED.

4.2 Temperature Controllers

The heater temperature controller controls the power delivered to the heater and the time
that the heater is on. The tip temperature is controlled by the steam heater temperature
and is only displayed by the temperature controller labelled ‘Steam Tip’. A photo of the
controllers mounted in the PILS is shown in figure 9. The ‘Steam Tip’ temperature controller
does not control anything, it is only used to display the tip temperature. The tip temperature
should be kept within the range 97.5-100 �. The user must manually adjust the temperature
setpoint of the heater temperature controller (labelled ‘Steam Heater’) using the small up and
down arrow buttons on the front of the controller to maintain the tip temperature within the
desired range. The PILS is tested extensively prior to shipment and the heater temperature
controller setpoint should be set to a value producing acceptable tip temperatures. However,
if you find that the tip temperature is lower or higher than the 97.5 to 100 � range, then
manually reset the heater controller setpoint using the up or down arrow button until the
tip temperature reaches an acceptable value. After changing the setpoint, give the system
atleast 15 minutes to respond.

An example of the variation of tip temperature, heater temperature and instrument
pressure is shown in figure 10 below. Excluding periods of extreme pressure change, the tip
temperature should typically be maintained within 1.5 � of the 99 � set point value. The
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Figure 9: Top view of the two temperature controllers mounted to the the
front panel of the PILS chassis. The peristaltic pump motor is shown to the
left of the controllers.

heater temperature trace in the figure has been scaled to the tip temperature for plotting
purposes. Tests at Brechtel show that rapid reductions of instrument pressure (e.g. from
1000 to 680 mb) would result in a significant increase in the tip temperature if the heater
temperature setpoint was not controlled. The user may need to manually reset the steam
heater setpoint temperature under changing sampling conditions to obtain the necessary
range of tip temperatures. For example, a pressure reduction could occur during an ascent
while aircraft sampling.

5 PILS Condensation Chamber, Droplet Impactor and

Debubbler

The PILS condensation chamber and droplet impactor (figure 11) is where the sampled
particles are exposed to a water-supersaturated environment and grown to droplets with
diameters between 1 and 5 µm . The chamber is mounted at a slight angle to facilitate flow
of condensed water on the inside walls to the drain ports so condensate can be removed from
the chamber by the peristaltic pump.

IMPORTANT: When installing the PILS be sure to place the instrument on
a level surface so that the front of the chassis is perpendicular to the table.

After the particles grow they are collected on a quartz impactor plate. The residence
time of droplets inside the chamber is roughly 1 second for a 17 lpm flow rate (15 lpm air
flow and 2 lpm steam flow). The PILS may be reliably operated at air flow rates between
11 and 16 lpm. For high-altitude operation, or operation under other very dry sample air
flow conditions, the user may want to increase the steam generator water flow rate slightly.
During operation of the PILS it is useful to periodically examine the impactor plate and
verify that droplets are being impacted and driven by the diverging airflow to the outer
diameter of the impaction plate.

The droplet impactor is the heart of the PILS liquid sample collection system. It holds
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Figure 10: Example of tip temperature (�, blue) control, heater temperature
(�, red, scaled to tip T) and system pressure (hPa, black, divided by 10)
for a PILS run cycle with a drop in pressure. Note that the average heater
temperature is actually 218 �.

Figure 11: Top view of PILS head assembly (black heat sink fins surrounding
condensation chamber) inside the chassis
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the jet which accelerates droplets so they impact on the quartz impactor disk (see left side
of figure 2). The stainless steel wick is also housed within the droplet impactor. The
wick facilitates transport of collected droplets from the impactor plate to the PEEK tubing
attached to the debubbler. The standard width of the wick is 0.1 inch (2.5 mm). The
peristaltic pump delivers a wash flow that moves the collected droplets downward toward
the exit PEEK tubing. After continuous operation under heavy aerosol loadings, the quartz
impactor plate can become contaminated with non- or sparingly soluble compounds that
might influence the performance of the liquid sample collection. The impactor plate should
be removed and carefully cleaned when it becomes dirty.

Extreme care must be taken when re-installing the quartz impactor plate -
it is very easy to crush the wick so that liquid sample is no longer collected
properly.

Spare wicks are supplied with the PILS and should be cleaned prior to installation. If the
impactor plate must be removed for cleaning, it should be reinstalled so that is protrudes
0.185-0.195 inch (4.7-4.9 mm) from the clear droplet impactor housing. Use a vernier caliper
to accurately position the quartz impactor plate. While inserting the impactor plate, be
sure to push the O-ring fully against its stop before the plate is close to fully inserted and
before inserting the metal clamping plate that squeezes the O-ring. If the impactor plate is
inserted more deeply into the impactor housing, the wick will be damaged.

Periodic cleaning of the debubbler and replacement of the porous teflon membrane is
recommended. Spare membranes can be purchased from BMI.

6 Liquid Supply Bottles

There are two 1000 ml liquid supply polyethylene bottles used in the PILS (see figure 1.
One bottle is used to store the MilliQ water with LiF or LiBr internal standard and supplies
the peristaltic pump impactor wash flow channel. The second bottle is used to hold pure
MilliQ water for the steam generation system. A third 1 liter bottle is used to collect waste
liquid from the PILS. The steam generation system operates at a nominal flow rate of 1.5
ml/min. The peristaltic pump draws water from the bottle and pumps it through the steam
generation system. The liquid supply bottles supplied with the PILS may be replaced with
larger volume containers as long as the required high water purity is maintained. It is the
users responsibility to verify background concentrations in the water used to operate the
PILS.

The MilliQ water used in the washflow should be spiked with either LiF or LiBr as an
internal standard so that evaporative loss or condensational dilution of water vapor during
droplet collection inside the PILS can be corrected for during data processing. Typical
concentrations of the internal standard are between 50 and 200 ppb, however, the user
should adjust the concentration to match the anticipated liquid sample concentration range
of the PILS samples. Note that the response of the chemical detection system that will be
used to analyze the PILS liquid samples must be characterized for the internal standard
species as well as the species analyzed in the actual samples.

The concentration of the internal standard in the supply bottle as well as in the collected
liquid samples must be measured during each PILS run cycle in order to apply corrections to
measured species concentrations. The concentration of the internal standard in the supply
bottle will change over time due to evaporation of water, therefore, acquire one or two
aliquots of sample from the bottle before and after each run cycle and analyze the samples
with the collected PILS samples.

IMPORTANT: The liquid supply tubes must be inserted so they rest near the
bottom of the liquid supply bottles. A labelled collar is installed on the teflon
tubes to indicate the full insertion point, however, it is the users responsibility
to ensure that the tubes are held properly in place so they remain submerged
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and so foreign material cannot enter the bottles and contaminate the liquids.
Avoid contacting the tube ends with bare hands, as sodium chloride contamination will

result. Over time, ammonia vapor may be taken up by the MilliQ water, resulting in artifi-
cially elevated ammonium concentrations. Replacing the MilliQ water daily helps minimize
the ammonium artifact. Alternatively, the bottles may be housed within a vented secondary
containment with a small volume of citric acid to remove ammonia vapor from the air sur-
rounding the bottles. To facilitate pressure equalization in the bottles, BMI has installed 20
micron porous frits in each bottle cap.

7 PILS Sample Air Flow Control System

The sample air flow at the inlet of the PILS is controlled using a critical orifice welded
into the barbed air exhaust fitting attached to the PILS droplet impactor. A picture of the
fitting and tubing is shown in figure 11. The user should periodically measure the air flow
into the PILS (with steam generation on for a minimum of 30 minutes) to verify that the
measured air flow rate agrees with the expected value within +/-3% over the 11.0 to 16.0
lpm range. Be sure to record the measured flow rate for use in the calculation of ambient
species concentrations.

8 BMI PILS 4001.exe program

The program BMI PILS 4001.exe is the standard way to log temperatures from the PILS.
It is used for ground-based measurements and aircraft measurements where simple, time-
sequential liquid samples are required. A sample front panel display is shown in figure 12.
The software executes when opened and the first step is to initialize the Watlow temperature
controller COM Port. The user must select the correct COM port so that proper commu-
nications can be established. Once the correct COM Port has been selected using the drop
down menu selection, click the ‘START’ button with the mouse. Once the initialization
is complete the user may enter a run # in the white box to help keep track of different
experiments. The run number must be a number and will be recorded to the header of data
file with temperatures saved to the PILS computer. The start time for the current run cycle
is written to the front panel for reference. If the user wishes to save temperature data to
the data output file, select ‘START’ again. The format of the output data file is described
below. To complete a run cycle simply push the shutdown button.

We recommend a 15 minute flushing period before each run cycle to allow the instrument
to come up to temperature and also to allow the steam generation and liquid flow systems
to stabilize. A particle filter may be installed on the PILS inlet during the flushing period
and provides a convenient time to obtain zero air background samples from the PILS.

The tip and heater temperatures are reported (in deg C) on the front panel of the software.
During normal operation the tip temperature remains between 97� and 100 � while the
heater temperature varies about the user-entered heater setpoint. Various messages may
appear in the user message box.

8.1 BMI PILS 4001.exe Operating Procedures

1. Ensure the MilliQ+LiF (or LiBr) and Pure H2O bottles are full

2. EMPTY THE DRAIN BOTTLE AND REATTACH IT

3. Turn on the PILS using the POWER SWITCH on the rear panel
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Figure 12: Front panel display of BMI PILS 4001.exe software.

4. The Steam generator and Peristaltic pump will automatically run when
the ’PWR’ switch is ON.

5. Turn on the AIR PUMP to initiate the air sample flow.

6. Click on the shortcut ”BMI PILS 4001” to start the program, initialize
the COM port by selecting ’START’, enter a unique Run Cycle de-
scriptor (numeric only) if desired, and select ’START’ again to begin
saving temperature data to a file.

7. Visually monitor the steam tip injector temperature and mod-
ify the steam heater controller temperature setpoint upward if
the tip temperature drops below 97�. If the tip temperature
is higher than 100�, reduce the steam heater controller tem-
perature setpoint. We recommend changing the steam heater
temperature setpoint by 5� at a time and monitoring the
change in tip temperature before changing the heater setpoint
further.

8. The software is not required to operate the PILS - it only creates a
convenient record of temperatures during a run cycle.

9 Description of output data file

One file is created during each PILS run cycle, this data file contains recorded tip and
steam heater temperatures from the temperature controllers. The date, time and number
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of seconds since the start of the run cycle are included in first, second and third columns,
respectively, of the data file. The next two columns represent the tip temperature and steam
heater temperature. In the header of the file various run cycle information and descriptors
of the data columns are reported. Be sure to account for liquid sample delay times when
comparing PILS-derived chemical composition data to other data sets that may have different
measurement start times and time resolutions.

10 Chemical Sampling Efficiency of the PILS

Brechtel has tested the chemical sampling efficiency of the PILS by simultaneously sampling
laboratory-generated ammonium sulfate particles with the PILS and a scanning electrical
mobility sizing system (SEMS). The total volume concentration from the SEMS is multiplied
by the density of ammonium sulfate (1.77 g cm−3) to determine the total mass concentration
sampled by the PILS. The results from a calibration test are shown in figure 13. The black
line denotes data from the SEMS while the red histogram denotes PILS data adjusted in
time to account for the liquid sample residence time in the instrument (roughly 300 sec).
Arrows in the figure denote times when a three-way valve was moved either from sample to
filter mode, or from filter to sample mode. The average PILS-observed mass concentration
for the first two samples (denoted by ’S’ in the figure) is 26.8 µg m−3; the SEMS-observed
mass concentration during the same time period is 26.6 µg m−3. The ratio of the PILS-
and SEMS-observed mass concentrations is 1.01, demonstrating good agreement between
independent techniques for measuring the particle mass concentration. Note in figure 13
that the PILS-observed concentration does not instantaneously decrease to zero when the
three-way valve is switched from sample to filter. This is due to the liquid sample residence
time on the quartz impactor plate, in PEEK tubing, in the debubbler, and in the peristaltic
pump tubing. The total liquid sample residence time varies depending on liquid flow rates,
length and inside diameter of tubing. Residence times for each PILS configuration should
be determined by the user.

11 Using the PILS with an Ion-Chromatography or

Other On-line Chemical Analysis System

The Brechtel PILS may be used with a wide variety of chemical analyzers to perform on-line
measurements of aerosol chemical composition. The PILS has been coupled to a variety of IC
systems, water-soluble organic carbon analyzers, liquid-capillary waveguides for absorption
and species-specific probes and other unique sensing systems.

11.1 Ion Chromatography Systems

The majority of PILS applications involve the use of ICs. It is important to use the PILS
peristaltic pump to draw liquid sample through the IC sample loop and not to ’push’ sample
through the loop, as the peristaltic pump could pressurize the IC column during injection.
The PEEK tubing from the debubbler that would normally be connected to the peristaltic
pump should instead be connected directly to the IC sample loop inlet port fitting of the IC.
The sample outlet port of the IC sample loop should be connected to the PILS peristaltic
pump liquid sample flow channel. In this way, the peristaltic pump will draw liquid sample
through the IC sample loop, allowing the IC to inject small volumes of sample when required
without negative interactions between the two instruments. Keep the PEEK tubing runs
as short as possible to minimize pressure drops and residence times through the system. A
guard column or in-line liquid filter (0.5 micron pore size) should be used to protect the
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Figure 13: Mass loadings of ammonium sulfate laboratory aerosol sampled
simultaneously by a scanning electrical mobility sizing system (black pluses)
and the BMI PILS (red histogram). ’T’ denotes a time when the PILS was
transitioning from Filter to Sample mode (or vice versa), ’F’ denotes a filter
sample, and ’S’ denotes a vial where the three-way valve was set to sample.
Arrows denote times when the three-way valve was moved either from sample
to filter mode, or from filter to sample mode.

column from insoluble material. Currently, there is no direct communication between the
PILS and the IC. The PILS is operated continuously and the IC is configured to perform
the desired analysis. The liquid flow from the peristaltic pump liquid sample channel not
used by the IC may be routed to another analyzer, the Brechtel Auto-collector to fill vials,
or to the PILS waste bottle.

11.2 Water Soluble Organic Carbon Monitors

The Brechtel PILS has been successfully interfaced with on-line methods to measure water
soluble organic carbon (WSOC). This generally entails determining the minimum liquid
sample flow rate requirements of the WSOC device and ensuring this value is less than the
maximum deliverable liquid sample flow from the PILS (about 2 ml/min). If the WSOC
device requires a higher liquid flow then an additional peristaltic pump may be used to add
ultrapure MilliQ water to the PILS liquid sample flow. The next consideration is flow rate
matching. In practice, if the WSOC device requires 1 ml/min, the PILS should be configured
to deliver 1.25 ml/min, or some other value slightly higher than 1 ml/min, so that a ’tee’
liquid fitting can be installed on the line between the PILS and WSOC device inlet to allow
the excess liquid flow to go to a waste bottle. This setup ensures that the WSOC device
will not ’pull’ or ’push’ on the PILS liquid sample handling system and that unacceptable
pressure gradients do not develop between the two instruments. A final consideration is air
bubbles in the liquid sample line. Ensure that the PILS delivers air-free liquid sample to the
WSOC device, as many of these units are sensitive to entrapped air.
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12 Auto-collector (optional)

The Auto-collector may be purchased as an option to the PILS and is designed to allow
individual sample vials to be filled with liquid sample during a PILS run cycle. The basic
components of the Auto-collector include the vial carousel turntable, the needle assembly,
the vial holding carousel, control electronics and software. A photo of the front of the
Auto-collector is provided in figure 14. The rear of the Auto-collector is shown in figure 15.

Figure 14: Photo of the front of the Auto-collector with all covers installed.

The Auto-collector has several different sample vial volume options: 1 ml, 2 ml, 10 ml,
and 12 ml. One ml vials come in polyethylene while 2 ml vials come in amber glass; both
vials are held in 80 position carousels. Nominal sample collection times for 1 and 2 ml
vials are between 30 seconds and 30 minutes. A photo of the Auto-collector with small vials
installed is provided in figure 17. The 10 ml vials function with the same basic Auto-collector
configuration used for the smaller vials, except that a different vial-holding carousel, with 38
positions, is used in place of the 80 vial carousel. The 10 ml vials are made from borosilicate
glass optimal for ground-sampling applications where multiple-hour sample times for each
vial are desired. The 12 ml vials are made from polypropylene and come with special snap
caps with punched holes that need to be covered with Parafilm during sampling. The caps
with holes are replaced with solid caps to store samples. The 12 ml polypropylene vials are
recommended when the potential sodium artifact from glass vials is problematic. The same
vial-holding carousel is used for the 10 ml and 12 ml vials. A photo of the Auto-collector
with 12 ml vials installed is shown in figure 19.

In order to remove accumulated liquid sample from the catch basin under the auto-
collector needle, a small water trap is installed to the rear panel of the auto-collector and
collection of the water into the water trap bowl is assisted by a small air flow provided
through a critical orifice (0.008” dia, 0.4 lpm) assembly that is tee’d into the PILS vacuum
pump line by the user. As shown in figure 16, the fittings provided with the auto-collector
will allow vacuum suction to draw water from the auto-collector so it accumulates in the
water trap plastic bowl for about 2 hours before the trap will be completely full. When
full, the trap should be unscrewed from the black threaded head piece and the waste water
discarded.

The PEEK liquid sample outlet tubing from the peristaltic pump is attached to the PEEK
union in the back of the auto-collector needle assembly so that liquid flows from the PILS
to the needle (see figure 18). The Auto-collector is controlled via RS232 communications
and requires one AC power connection. The Auto-collector is shipped with an executable

20



Figure 15: Photo of the back of the Auto-collector showing the small water
trap used to collect any liquid sample accumulated in the needle drip basin,
the rear of the needle assembly (to the left), and the serial communications
and power hookups to the right.

Figure 16: Photo of the back of the Auto-collector showing the small water
trap and the orifice assembly attached to a swagelock tee that should be
installed in the vacuum line to the PILS vacuum pump.
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program allowing the fill time for each vial to be set by the user as well as the number of
vials to fill. It is up to the user to calculate the vial fill volume based on the liquid sample
flow rate settings of the PILS.

IMPORTANT: The Auto-collector software does not communicate with the
PILS and therefore has no information about liquid flow rate. It is up to the
user to configure the vial fill time properly so that the vials are filled with an
appropriate volume of water.

Figure 17: Photo of the Auto-collector with an 80-vial carousel installed.

Nominal sample collection times for 10 and 12 ml vials are between 30 seconds and 12
hours. The maximum sample time for an individual vial is set by the minimum droplet
impactor wash flow rate that still allows liquid sample to be consistently drawn from the
PILS. The minimum wash flow rate is roughly 35 microliters/minute.

During normal ground-based operation, the Auto-collector is placed to the side of the
PILS on a table top. For rack mount applications, the user may attach the aluminum
baseplate to a rack shelf via four screws that pass through the aluminum baseplate of the
Auto-collector

IMPORTANT: Use only the aluminum caps and silicone/PTFE septa pro-
vided by BMI when 10 ml vials are used in the PILS Auto-collector. Further-
more, it is critical that the crimping tool supplied with the PILS be used to crimp
the caps to the 10 ml vials. The crimping tool has been adjusted so that the
caps cannot accumulate more than 1 atm of positive pressure during filling. If
the caps are crimped too tightly, the aluminum seal may burst, potentially con-
taminating the sample. The threaded stop on the crimping tool should protrude
no less than 0.7 inches (1.8 cm) from the nut used to fix it in place.

IMPORTANT: When installing the vial-holding carousel to the carousel turn
table, be sure to properly align the locating pin on the turn table with the
small hole in the vial-holding carousel. Improper installation of the carousel will
cause the needle to strike the carousel resulting in damage and failure of the
Auto-collector. See figure 20 for proper orientation.

12.1 Auto-collector Software

Brechtel provides software to control the Auto-collector. A screenshot of the Auto-collector
software is shown in figure 21.

To operate the Auto-collector and software follow these procedures:

1. ensure your PILS is fully warmed up and delivering liquid sample to
the Auto-collector needle
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Figure 18: Photo of the back of the Auto-collector needle assembly and
location of the union fitting to connect the PEEK tubing from the PILS
peristaltic pump.

Figure 19: Photo of the Auto-collector with 12 ml vials installed.
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Figure 20: Photo of a properly installed vial-holding carousel showing the
small locating pin properly resting inside the mating hole on the carousel.
Note the arrow cutout on the carousel turn table points to the locating pin
for easy reference.

2. connect the USB-to-Serial converter to a computer and determine the
COM port number assigned to the converter

3. connect the AC-to-DC power converter to your AC wall socket and the
small DC power connector to the back of the Auto-collector electronics
box through the access hole cut in the back panel of the Auto-collector

4. run the BMI-Auto Collector.vi software, select the correct COM port
at the top and select ’START’ to initialize the port and to home the
needle and carousel

5. change the starting position, vials to fill, vial fill time, carousel size and
starting vial number to values that meet your needs

6. click ’Save Settings’ if you want the above values to be your default
values the next time the software runs

7. Once the above settings are made, select ’START’ again to begin op-
erating the Auto-collector

During operation, the software will report the current vial number being filled (based
on the user-entered starting vial number), the current carousel position and how many vials
have been filled. The number of vials remaining to be filled as well as the time remaining
for the current vial fill to complete are also reported on the front panel. Any error messages
are reported to the User Message field and the current status of the hardware (filling, pause,
raising needle, rotating carousel, etc.) is shown in the Hardware Status field. Each time the
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Figure 21: Front panel of the Auto-collector control software.

Auto-collector software is run, a log file is created in the user-designated directory so that a
record is maintained of each vial fill time. The basic configuration of the Auto-collector is
also written to the top of the log file.

IMPORTANT: Be sure to configure the carousel size to the correct setting
(38 or 80 vial carousel) in software. Incorrectly setting the carousel size will
cause the needle to be damaged and failure of the Auto-collector.

To pause sampling, click the ’STOP’ button. Reclicking the ’START’ button will resume
sampling. To immediately stop the Auto-collector, click the ’Shutdown’ button.

13 Impactor (optional)

If purchased as an option with the PILS, the impactor prevents particles larger than a certain
maximum size from entering the instrument sample air flow inlet. If large particles are not
prevented from entering the instrument, they may create a potentially interfering chemical
artifact by overwhelming measured species concentrations.

IMPORTANT: It is highly recommended that the PILS always be operated
with either a 1 µm or 2.5 µm size-cut impactor on the PILS inlet.
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Brechtel offers impactors with a variety of cut sizes that operate with different air flow
rates. Note that, BRECHTEL DOES NOT supply a differential pressure sensor to read the
pressure drop across the impactor. To monitor the potential for impactor jet clogging, the
user should connect the pressure ports of the impactor to a differential pressure monitoring
device with a full scale measurement range of about 30” of water (1 psi). Alternatively,
the two pressure-monitoring ports may be sealed and no differential pressure measurement
performed.

IMPORTANT: Do not connect the two impactor differential pressure mea-
surement ports together.

To monitor the pressure drop across the impactor, attach tubing to the small hosebarb
on the inlet to the impactor to the high pressure port of the pressure sensing device. Attach
tubing to the small hosebarb on the exit of the impactor to the low pressure port of the
sensing device. The particle pre-impactor should be inspected regularly for build-up of
particulate matter and cleaned to prevent clogging. The impactor cleaning procedure is
provided in a section below.

IMPORTANT: Familiarize yourself with the typically observed pressure drop
(3-30 mb) measured across the impactor under normal sample air flow operating
conditions. If the pressure drop begins to increase, clean the impactor plate!

14 Denuders (optional)

Inorganic and organic vapor denuders may be purchased as an option to the PILS and
are used to remove potentially interfering gasses from the airflow before the sample air
enters the PILS condensation chamber. The denuders are off-the-shelf products and require
rejuvenation after exposure to air containing sufficient concentrations of vapors that the
denuder surfaces become inactive. The PILS is shipped with uncoated denuders if this
option is purchased. Under normal sampling conditions, the inorganic vapor denuders require
removal and rejuvenation once every 7 to 14 days of continuous sampling time.

The rejuvenation frequency must be increased under high sulfur dioxide, ni-
tric acid, or ammonia vapor concentration sampling conditions.

The inorganic vapors denuder rejuvenation scheme is described below. The organic vapor
denuder contains 15 carbon impregnated paper strips that should be removed and replaced
with new strips about once per year. Apply new vacuum grease to the Oring in the organic
vapor denuder when replacing the carbon strips.

15 Shipping the PILS

The PILS has several systems that are sensitive to intense shock and vibration; therefore,
it should only be shipped in its original shipping container and via Air-Ride Truck and/or
aircraft.

IMPORTANT: Be sure and save the original packaging in case the unit needs
to be returned.

All water must be drained from the bottles and PEEK tubing before packaging the
PILS for shipment. A small amount of water in the PILS itself is generally acceptable. All
fittings should be plugged (e.g. cover with parafilm) and the impactor should be removed
for shipping. Before closing the box, cover the PILS with a large plastic bag in case the
box is exposed to wet conditions. We suggest that a new shock watch be installed on the
outside of the PILS box prior to each shipment to monitor exposure to intense shock and
vibration. Note that the PILS shipping box has been carefully designed to reduce exposure to
damaging vibrations. The foam platforms have a useful lifetime of several years and should
be monitored to verify they are not damaged. If the foam becomes damaged, call Brechtel
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to order a replacement box. Always ship the PILS using the original shipping container. Do
not allow the PILS to be exposed to freezing conditions during shipment.

16 Appendix: Installing Hardware Drivers and the BMI

PILS Software

The software necessary to operate the PILS and Auto-collector (if purchased) are pre-loaded
on the instrument laptop and should not need to be reinstalled. If reinstallation is necessary,
contact Brechtel to download the installer software. It is important that the hardware
drivers are installed first to ensure that the PILS software can properly communicate with
the instrument. Follow the procedures below to load the software onto your computer.

1. Obtain the installer from Brechtel and save it to the computer that will
be used to communicate with the PILS.

2. Run the installer,the hardware driver for the USB-to-RS485 converter
used to communicate with the Watlow temperature controllers should
be automatically installed

3. Plug in the USB-RS485 converter cable to a free USB port on your com-
puter. Verify that Windows automatically loads the driver and reports
success, then the process is complete. If the driver is not automatically
found, contact Brechtel.

4. To install the PILS software, simply complete installation using the
executable Installer.exe.

5. Installation of all software should now be complete. Before running the
BMI PILS 4001.exe software, it is important to verify the COM port
numbers that have been assigned to the USB to serial converter that
was installed, see the next step.

6. In the control panel from the Windows Start Menu, choose System and
then choose Hardware. Select Device Manager to see a list of installed
hardware. Expand the ‘Ports’ menu. The USB-RS485 converter should
be shown with its assigned COM port number. Make a note of the port
number so the correct COM port can be assigned in the BMI PILS
4001.exe software. The converter used for the temperature controllers
is often named ‘USB Serial Port (COM#). The PILS software will not
operate correctly unless the correct COM port value is used. If you
enter the wrong COM port in the software, don’t worry, just change
the value.

17 Appendix: PILS Peristaltic Pump Liquid Flow Rate

Measurement Procedures

The tubing in the peristaltic pump will stretch over time with use. Changes in the tubing
may impact the liquid flow rate delivered by the pump for a given speed. Follow these
procedures to verify the peristaltic pump liquid flow rate:
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1. With no power applied, remove the top cover panel and disconnect
the teflon steam liquid feed line from the peri pump tube at the barbed
union fitting just inside the front panel of the PILS. Pull the peri tubing
out through the hole in the front panel so it can be inserted in to the
graduated cylinder.

2. Add 1 ml of water to a 10 ml graduated cylinder as a ’start volume’ and
tape the graduated cylinder to the bench top next to the peri pump so
it won’t fall over.

3. Set the loose end of the peri tube into the top of the graduated cylinder.

4. Ensure that liquid is available in the steam generator liquid supply
bottle.

5. Verify that the tube supplying water to the peri pump from the bottle
is submerged.

6. Procure a stopwatch to time the liquid volume dispense time.

7. Turn on power to the PILS and start your stop watch. The peri pump
will automatically begin pumping liquid. Operating the steam heater
without water flow will not damage the unit. Start the timer when you
see water drops first dispensing into the graduated cylinder.

8. For a 5 minute dispense, 7.5 ml should accumulate (8.5 ml measured)
for a 1.5 ml/min flow rate. Stop the peri pump by turning off power
and stop the stopwatch at the same time power is removed and measure
the volume dispensed in the graduated cylinder.

9. If the measured flow rate is different than 1.5 ml/min by more than
5%, adjust the potentiometer and repeat the measurement until the
measured flow rate is 1.5 ml/min.

18 Appendix: PILS Particle Pre-Impactor Cleaning

and Usage Procedures

The purpose of the impactor is to remove particles from the sample flow larger than some
desired size. The Brechtel Model 8000 and 8003 impactors (see figure 22) have been designed
and manufactured for a nominal 50% cutoff aerodynamic diameters between 1 and 10 µm for
a particle density of 1.5 g/cc, and total flow rates between 5 lpm (low flow version) and 17
lpm (high flow version) for upstream pressure and temperature conditions of 1000 mb and
25 �, respectively. The assembly fits inside a 2.5” diameter cylindrical volume roughly 6”
long. Models are available with different cut-size and flow rate characteristics. Note that the
impactor body and bottom of the nut assembly are both labeled with the impactor cut size so
that components of different impactors are not easily mismatched.

The 50% cutoff size corresponds to the particle size where one-half of the particles are
collected on the impaction plate while the remaining particles pass through the impactor
to the downstream sampling system. The cut-size of the impactor depends on the particle
Stokes number, which depends on the air velocity through the impactor jet, the square of
the particle diameter, particle density, the viscosity of air, the diameter of the jet, and the
Cunningham slip correction factor. Through the pressure and temperature dependence of
the air viscosity and the Cunningham slip correction, the cut-size depends on the pressure
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and temperature operating conditions of the impactor. Plots are provided below in figure
23 demonstrating the variation of impactor cut-off size with pressure and temperature.

18.1 Installation of the Impactor

The impactor attaches to the user’s sample inlet using a user-supplied 0.5” swagelock or
other compression fitting (see figure 22). A reducing union fitting may be used to adapt
tubing sizes other than that on the impactor inlet and outlet tubing but we recommend the
use of 0.5” OD sample tubing as steps in tubing inner diameters can result in significant
particle losses.

The user’s sample inlet flow should be connected to the upstream side of the impactor,
which is the 0.5” OD tube in-line with the long axis of the impactor. The downstream
side of the impactor is the port exiting at 90 degrees to the long-axis of the impactor. The
downstream side should be connected to the PILS sample inlet fitting. Avoid tubing bends
in the inlet sample tubing upstream of the impactor whenever possible.

The small pressure port tubes protruding from the 0.5” OD tubes are used to measure the
pressure drop across the impactor. Monitoring the pressure drop can be used to determine
the flow rate through the impactor and can also serve as an indicator of impactor jet clogging.
Under normal operating conditions the pressure drop across the impactor is roughly 3-20 mb.
An increase in observed pressure drop with time normally indicates the onset of jet clogging.
If the pressure drop across the impactor will not be monitored, then each of the pressure
port tubes must be blanked-off or otherwise closed, preferably using swagelock union fittings
and plugs. Do not connect the high and low pressure ports to each other, doing so will allow
flow to bypass the impaction plate and cause the impactor to operate improperly.

The impactor has been fabricated using an ultra-high vacuum brazing process that pro-
duces extraordinarily clean metal surfaces and also slightly anneals the stainless steel mate-
rial. Care must be taken to avoid bending or overly stressing the tubes, especially the small
pressure port tubes and the 0.5” OD tubes, when tightening swagelock or other fittings or
attaching flexible tubing to hose-barbs. The pressure port tubes can be bent if a significant
off-axis force is applied during installation.

18.2 Operation of the Impactor

Operation of the impactor involves simply drawing the required flow rate through the im-
pactor body. Verify that the impactor installation is leak free by operating the impactor
with a HEPA filter upstream and a CPC or other particle detector downstream to verify
that no artifact counts are recorded. All impactors are leak checked under high vacuum
conditions (5x10−5 torr) at BMI prior to shipment. The loading on the impaction plate
must be monitored daily and the plate cleaned to prevent clogging of the jet. The required
frequency of cleaning will depend on the ambient particulate mass loading and it is the user’s
responsibility to clean the impactor plate when needed. The cleaning procedure takes only
5 minutes.

The impaction plate (figure 22) is the surface that can be seen through the jet (small
hole seen through impactor inlet-the high pressure side of the impactor). The impactor is
disassembled to access the impaction plate by unscrewing the large nut at the bottom of the
impactor body until the nut and attached impactor plate assembly can be separated from
the impactor body. Do not operate the sampling system during impactor cleaning. Upon
reassembly, the nut must be tightened snugly until it can no longer be turned and will rest
directly on a metal stop inside the impactor body so that the impaction plate is always
positioned at the correct distance from the impactor jet. Take care that the appropriate
impactor plate/nut assembly is assembled to the correct impactor body assembly. It is
possible to assemble the impaction plate/nut assembly for the low-flow impactor into the
body of the high-flow impactor (or vice versa). Both the impactor body and the bottom of

29



the impactor plate assy (under the nut) have been labeled with the appropriate model letter
to avoid mixing components.

Jet clogging will be indicated by an increase in the measured pressure drop across the
impactor and could result in pulling a vacuum on the sampling system. Do not allow impactor
jet clogging. During normal operation of the impactor in low ambient loading conditions
(i.e. <5000 cm−3total number concentrations and low mass concentrations of coarse mode
aerosol), the impactor plate should only need to be cleaned about once per day or every
few days. Under higher loading conditions, particularly under high mass loadings, clean the
impactor plate more often as needed. Familiarize yourself with the typically observed pressure
drop measured across the impactor under proper operating conditions. If the pressure drop
begins to increase, clean the impactor plate! Clean the impactor plate with a lint-free cloth
and methanol. After cleaning the impactor plate, apply a very light coating of clean high
vacuum grease to the impactor plate to reduce particle bounce. Do not use vacuum grease
on the impaction surface if organic vapors or artifact organic particulate matter from the
grease could potentially contaminate your sample. The impactor body has been designed
with a well to collect some of the particles that bounce from the impaction surface. A small
amount of vacuum grease has been applied to the O-ring at the bottom of the impaction
plate assembly to facilitate leak-free operation. If the impactor body inside surfaces have
accumulated particulate matter, or if the jet appears partially blocked, clean using methanol
and plastic tools.

Figure 22: Photo of the Impactor indicating major components.

30



Figure 23: Variation of 1 µm High-Flow (diamond) and Low-Flow (square)
Impactor Cut-Off Sizes with Pressure & Temperature. Impactors with other
cut sizes may be scaled using the values in the plots.

19 Appendix: Inorganic Vapors Denuder Rejuvena-

tion Procedures

The two annular glass denuders (URG-2000-30-242-3CSS) are coated with one of two solu-
tions for the removal of potentially interfering acidic and basic gases.

For the removal of the acids (nitric, nitrite, sulfur dioxide , acetate, HCl, formic and
oxalic acid), a coating solution is used containing 2% sodium carbonate in a solution of 500
ml deionized water, 20 ml of glycerol, and 750 ml of methanol.

For the removal of bases (ammonia), phosphoric acid is substituted for the sodium car-
bonate in the solution mixture described above. At a flow rate of 15 lpm, the denuders are
typically changed-out after 1 week of continuous operation. Monitoring concentrations of
ammonium and nitrate in PILS zero-air samples will provide an indication of the need to
rejuvenate the denuders.

To rejuvenate the denuders follow the following procedure:

1. remove the denuders from the sample inlet

2. remove the aluminum denuder bodies from the teflon end caps with the
1/2” swagelock fittings

3. wash four solid denuder end caps

4. install one solid end cap on each denuder

5. fill each denuder with MQ water, install the other cap and rotate the
denuder (30 times over 1 minute) to allow the water to wash the inside
surfaces

6. undo the caps and empty the water from the denuders
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7. repeat the last two steps 3 times with MQ water and then 3 times with
clean Methanol

8. allow the denuder to dry either by sitting overnight in a laminar flow
hood or by passing dry, filtered, chemically-scrubbed air through it

9. visually verify that no water droplets remain inside the denuders

10. dry the solid end caps

11. replace one end cap on each denuder

12. add 50 ml of the acidic-gasses coating solution to the denuder labeled
for use with acidic-gasses and install the second solid end cap

13. rotate for 1 minute and remove the liquid (dispose of properly)

14. allow the denuder to dry under a clean hood or pass dry, filtered,
chemically-scrubbed air through it.

15. repeat the last three steps on the second denuder with the basic-gasses
coating solution

20 Appendix: Organic Vapors Denuder Rejuvenation

Procedures

The square cross-section aluminum organic vapor denuder contains fifteen carbon-impregnated
paper strips that should be replaced on an annual basis. New strips may be purchased from
BMI. Be sure to remove fibers from the new strips using clean, compressed air prior to
installation.

To replace the carbon paper strips follow these steps:

1. remove the organic vapor denuder from the sample inlet

2. remove the four screws holding the end plate with the swagelock fitting,
do not remove the other end plate

3. carefully slide the cartridge of strips out of the aluminum body

4. blow out the aluminum body with clean compressed air, visually check-
ing that no contamination remains

5. remove the old paper strips from the cartridge assembly

6. blow dry or wipe with methanol the cartridge assembly with strips
removed

7. before handling the new paper strips, put on latex gloves

8. carefully blow off any loose fibers from the new strips using clean com-
pressed air

9. install the new paper strips into the cartridge, carefully inserting the
metal rod spacers between each strip
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10. slide the cartridge assembly back into place

11. remove gloves

12. apply a very small amount of Oring grease to the Oring in the aluminum
end plate

13. apply a small drop of fresh loctite to the four denuder end plate screws

14. re-attach the aluminum end plate with the four screws, making sure
they are tight

15. reinstall the denuder into the sample inlet

21 Appendix: Droplet Impactor Wick Replacement

and Quartz Plate Cleaning Procedures

During normal operation of the PILS, the stainless steel wick surrounding the circumference
of the quartz impactor plate will become loaded with undissolved particulate matter. The
quartz impactor plate can also begin to appear grey in color due to the impaction and
sticking of soot and other particles. Periodically inspect the wick and quartz for cleanliness
and verify that the liquid sample collection system is operating properly (no air in liquid
sample outlet flow from peristaltic pump and expected liquid sample flow rate).

To replace the wick and clean the quartz plate, the acrylic piece holding the quartz
impactor disk does not need to be removed. Follow these procedures to remove the quartz
plate and replace the wick:

1. Loosen and remove the two 6-32 stainless steel allen head cap screws
holding the black anodized aluminum ring around the quartz plate.
These screws are screwed into the acrylic piece holding the quartz.
Gently remove the aluminum ring. Store in a safe place.

2. Grasping the outside of the quartz plate, carefully rotate counterclock-
wise and pull towards you. The quartz plate has an O-ring around it
that should come out with the plate. If the O-ring comes loose from the
quartz, be sure to catch it. Try to pull straight out and avoid cocking
the quartz at an angle.

3. You should now be able to see the wick resting in a counterbore cut into
the acrylic droplet impactor body. Use a pair of very sharp tweezers
to grasp the wick at the overlap point of the ends and remove the wick
from the acrylic piece.

4. Rinse the new wick in isopropyl alcohol for 15 minutes and then triple-
rinse with 18 megaohm water.

5. Obtain the BMI wick rolling tool and follow the instructions that came
with the tool (or view the installation on You Tube). The basic steps
are also outlined below:

6. Wipe the inside of the acrylic body with a clean wipe and rinse with
water.
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7. Roll the wick around the wick changing tool so the ends overlap at the
small notch cut into the outside edge of the tool. Use tweezers to grab
the wick at the overlap and gently pull the wick straight off the tool.

8. Insert the new wick into the acrylic body being careful not to bend the
wick. Position the wick so that the overlap region is located away from
the wash-flow entrance and sample-flow exit holes.

9. Verify that the wick is seated properly around the circumference of the
bore in the acrylic body. It must rest directly against the acrylic with
no air pockets underneath the wick.

10. Rinse the various surfaces of the quartz with isopropyl alcohol and
triple-rinse with pure water.

11. Apply a very small amount of O-ring grease the quartz O-ring.

12. Reinstall the O-ring around the quartz by resting the O-ring on a flat,
clean surface and pushing the quartz into the O-ring.

13. Using a very small screw driver, re-install the quartz plate, using the
screw driver the push the O-ring into the gap between the outside
diameter of the quartz and the inside diameter of the acrylic.

14. Very carefully insert the quartz plate until it seats against the wick. It
is extremely important that the quartz plate be in full contact with the
wick. While holding the quartz with your index finger and thumb, use
the screwdriver to push the O-ring up against its sealing surface. Do
not over-insert the quartz, or push on the quartz with too great a force,
or the wick will be crushed. If you bend the wick during installation
of the quartz you must repeat the procedure with a new wick. Be sure
the O-ring around the quartz is fully seated before re-attaching the
aluminum ring.

15. Once the quartz is fully installed. Slide the aluminum ring over the
quartz. Once the flange on the aluminum piece is flush up against
the O-ring surrounding the quartz plate, rotate the aluminum so the
clearance holes match up with the threaded holes in the acrylic.

16. Do not use loctite on the allan head cap screws holding the aluminum
ring to the acrylic, loctite will disintegrate the acrylic.

17. Re-install the two 6-32 screws, with both flat and lock washers, holding
the aluminum ring to the acrylic. Do not over tighten as the acrylic
will crack.

18. Run the PILS for at least one-hour after changing the wick. Then
re-check your background concentration levels to verify leak-free oper-
ation. We also recommend repeating the ammonium sulfate calibration
study just to be sure the droplet collection system is operating prop-
erly. Verify the peristaltic pump liquid sample outlet flow rate agrees
with expected values.
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22 Appendix: Droplet Impactor Replacement Proce-

dures

Removal of the acrylic piece holding the quartz impactor disk may be necessary to inspect
proper mating between the fine-mesh wick and the quartz plate or to clean the quartz
impactor disk and wick. Follow these procedures to remove the acrylic piece (with quartz
installed):

1. Unscrew the two PEEK nuts and carefully pull them from the acrylic
- note how the PEEK tubing extends beyond the dark blue ferrule.
This is done purposefully to minimize the liquid residence time and
minimize contact of the liquid water with the acrylic. If the nuts are
too difficult to break loose by hand, use a pair of pliers.

2. When pulling the lower PEEK nut and tubing from the acrylic piece,
do not worry about letting it ’snap back’ as the design prevents the
PEEK tube from contacting the wick.

3. Wrap both nuts and PEEK tubing ends in parafilm to keep them from
getting dirty.

4. Loosen and remove the four 4-40 stainless steel allen head cap screws
holding the acrylic piece to the black anodized aluminum droplet jet
body. Store in a safe place.

5. Grasping the outside body of the acrylic carefully rotate counterclock-
wise and pull towards you. The acrylic has a step and O-ring indexing
the inside diameter of the black aluminum and this joint is tight. Try
to pull straight out and avoid cocking the acrylic at an angle.

6. With your index finger, make one circumferential wipe of the inside
surface of the black aluminum that contacts the O-ring of the acrylic
piece.

7. If the O-ring on the replacement acrylic piece does not have vacuum
grease on it, remove it (with a plastic tool to avoid scratching the O-
ring groove) and wipe vacuum grease on the O-ring. Only a very small
amount of grease is needed.

8. Procure a small plastic screwdriver or O-ring handling tool to help you
during the installation of the new acrylic piece.

9. Holding the new acrylic piece flush up to the mating black aluminum
piece, push and slowly rotate about 30 degrees to insert the acrylic into
the aluminum. Watch the O-ring to ensure it isn’t bulging out and
getting pinched between the two pieces. If this occurs, use a plastic
tool to push the O-ring into the O-ring groove of the acrylic.

10. Once the flange on the acrylic piece is flush up against the black alu-
minum, rotate the acrylic so the clearance holes match up with the
threaded holes in the aluminum.

11. Do not use loctite on the allen head cap screws holding the acrylic to
the aluminum, loctite will disintegrate the acrylic.
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12. Re-install the screws, with both flat and lock washers, holding the
acrylic to the aluminum. Do not over tighten as the acrylic will crack.

13. Re-attach the PEEK nuts and tubing. Note that the PEEK tubing
must slide inside the hole machined into the acrylic. You cannot push
the tubing too far, so you cannot damage the wick. The PEEK tubing
should be positioned within 1 or 2 mm of the wick.

23 Appendix: Steam Generator Assembly Removal Pro-

cedures

Follow the instructions below if you determine that the heater used to generate steam within
the steam generator assembly is no longer working.

1. Shut down the instrument and remove the power cord.

2. Remove the top panel and disconnect the teflon water supply tube from
the 1/8” swagelock elbow, disconnect the heater power connector and
the thermocouple connector. Cut the tie wrap holding these connectors
if necessary.

3. Using a pair of small wire cutters, remove the small diameter stain-
less steel tie wire wraps holding the reddish-orange silicone insulation
around the steam injector tubing going from the outlet of the steam
heater assembly into the PILS head. Make sure no stray pieces of metal
tie wire fall into the chassis.

4. Unwrap and store the pieces of silicone insulation as you remove them
so you can use them again, make a sketch of how the pieces were in-
stalled so you know how to put them back on. Be very careful of the
small diameter thermocouple wire coming out of the PILS head, if you
stress it too much, it can break.

5. Using a backing wrench on the middle of the swagelock union fitting
joining the heater exit tube to the steam injector tube going into the
PILS head, loosen nut on the steam heater assembly side of the union
fitting, leave the union fitting connected to the tube going into the PILS
head. Be very careful not to overly stress the 1/8” OD stainless tubing
going into the PILS head assembly, if you bend this tubing you may
alter the position of the tip inside the PILS head where the steam is
injected. Either way, once you have the new steam heater installed, you
will take apart the PILS condensation chamber and watch the steam
being injected so you know that the jet is collinear with the aerosol
sample flow.

6. Loosen the two bracket screws holding the steam generator assembly to
the metal bracket bolted to the bottom of the chassis. This will loosen
the whole assembly, so cradle the assy in your left hand as you remove
the screws so it doesn’t fall out.

7. Slide the loosened heater assembly straight back from the PILS head
to clear the union fitting and allow the 1/8” OD stainless tube exiting
the steam assy to clear the fitting.
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The above procedures should leave you with the steam assy in your
hand. Pack it up in a small box and ship it to Brechtel after contacting
us to obtain a Return Materials Authorization (RMA) number.

24 Appendix: Configuring the Watlow Temperature

Controllers

The two Watlow temperature controllers built into the PILS will come pre-configured from
the factory with the optimum settings. However, if the controller settings are accidently
changed, follow the instructions below to reset the settings to the correct values. Note that
the Watlow controller manual should have been included on the USB stick or CD shipped
with your unit.

1. Instrument must be powered ’on’.

2. Push and hold the two up and down arrows at the same time for 6
seconds until ’A1SEt’ is seen on the display. Do not release when
A1Oper is shown.

3. Use the green button to scroll through menus until ’SEn’ is seen and
verify setting is ’tc’. Use the up or down button to select ’tc’ if not
shown.

4. Use the green button to scroll through until ’Lin’ is seen and verify
type is set to ’H’, which corresponds to a Type K thermocouple. Us
the up or down button to select ’H’ is not shown.

5. Press the infinity key once to scroll up one menu unitl ’CoM SEt’ is
seen. Use the up/down buttons to select ’CoM SEt’ if not shown.

6. Hit the green key until PCol is shown on the right side of display.

7. Use the up/down arrow to change the setting to ’Std PCol’ (standard
communication protocal)

8. Hit the green buttom, Ad.S should be shown on the right side of dis-
play. Use the up/down buttons so the display reads ’1Ad.S’ (default
address=1), this is the correct address for the heater controller. If you
are setting the tip controller, use the up/down arrow to change the
address to ’2’. The two controllers MUST have different addresses,
otherwise the software will not communicate properly.

9. Hit the green key. Verify value ’1’ under ’Map’. Use up/down arrows
to set value ’1’ if not shown.

10. Press green key until NU.s is shown. Verify nonvolatile save=YES
(should be default). Use up/down arrows to change if needed.

11. Use default baud rate

12. Use infinity button to go up one menu level. Press up/down arrow until
glbl Set shown
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13. Press the green key until c-f is shown - set the display temperature to
Celsius using up/down buttons.

14. Press the infinity button and use up/down buttons until ’A1.SEt’, press
the green key 5 times until ’dec’ is shown on right side.Use up/down
buttons to set the display precision to 0.0.

15. Hit infinity key to exit from menu structure.

Table 2: Estimated annual costs to maintain the BMI PILS. Replacement
frequency of 0.5 means once every 2 years.

PILS Maintenance Costs
Item Cost Replacement Cost per

per Item Frequency (/yr) Year
Organic Denuder Carbon Paper Strips $90.00 1 $40.00
HEPA filter $80.00 0.5 $35.00
PEEK Tubing $12.00 0.3 $3.60
Fuse $1.00 1 $1.00
Steam injector Assembly $550.00 0.5 $275.00
Wick $15.00 2 $30.00
Peristaltic pump tubing $180.00 1 $180.00
Quartz impactor disk Oring $1.00 1 $1.00
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Table 3: Technical specifications of the BMI PILS.
Component Specification
Pre-Impactor Cut Size 1.0 or 2.5 µm
PILS/Pre-Impactor Design Flow Rate 12-16 lpm
PILS Inlet Flow NO STEAM 15.9 lpm
PILS Inlet Flow WITH STEAM 13.0-15.5 lpm
Droplet Impactor cut size 1.0 µm
Residence time of liquid on impactor plate <15 sec
Steam Generator flow rate 1.5 ml/min
Peristaltic Pump LiF+MilliQ
Water Wash flowrate range 0.04-2 ml/min
Peristaltic Pump Liquid Sample flowrate range 0.03-2 ml/min
Waste Condensate collection rate 1.22 ml/min
PILS air exhaust Temperature 35 �
Residence time of sample/1” PEEK tubing (0.12 ml/min) 2.4 sec
Characteristic time for liquid diffusion in PEEK tubing 11 min
Temperature Controller DAQ Communication USB-to-RS485
Tip temperature 98.0 to 100.0 �
Heater Temperature (controlled by computer) 100-300 �
Set point temperature of Heater over
temperature protection switch 165-175 �
Physical Specifications
Size (width x height x depth) 17x7x12 inch
PILS Instrument Weight 20 lbs
Electrical Specifications
Supply Voltage 115 or 230 VAC
Current (heater oscillates) 1.5-2.5 amps
Operating Temperature Range 15-43�

39


	Introduction
	Background of the PILS
	Starting the PILS for the First Time
	Steam Generator System
	Peristaltic Pump
	Temperature Controllers

	PILS Condensation Chamber, Droplet Impactor and Debubbler
	Liquid Supply Bottles
	PILS Sample Air Flow Control System
	BMI PILS 4001.exe program
	BMI PILS 4001.exe Operating Procedures

	Description of output data file
	Chemical Sampling Efficiency of the PILS
	Using the PILS with an Ion-Chromatography or Other On-line Chemical Analysis System
	Ion Chromatography Systems
	Water Soluble Organic Carbon Monitors

	Auto-collector (optional)
	Auto-collector Software

	Impactor (optional)
	Denuders (optional)
	Shipping the PILS
	Appendix: Installing Hardware Drivers and the BMI PILS Software
	Appendix: PILS Peristaltic Pump Liquid Flow Rate Measurement Procedures
	Appendix: PILS Particle Pre-Impactor Cleaning and Usage Procedures
	Installation of the Impactor
	Operation of the Impactor

	Appendix: Inorganic Vapors Denuder Rejuvenation Procedures
	Appendix: Organic Vapors Denuder Rejuvenation Procedures
	Appendix: Droplet Impactor Wick Replacement and Quartz Plate Cleaning Procedures
	Appendix: Droplet Impactor Replacement Procedures
	Appendix: Steam Generator Assembly Removal Procedures
	Appendix: Configuring the Watlow Temperature Controllers

