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INSTRUMENTATION DEFINITIONS 

Exterior Equipment 
 

1. Tilting Pole Sample Tower. The tilting pole sample tower 
consists of four main parts: 

 
a. Sample Head. The sample head is the sequential 

sampler, which allows the filter pack (described 
later) to be changed every 24 hours without direct 
operator intervention. The head contains the 
electronics, which control the air valves. A different 
valve is opened for a 24-hour period allowing air to 
flow through a specific filter pack. There are 10 
sample ports on a CAPMoN sample head. One is 
capped and not used (it is there for occasional use in 
special studies or by researchers requiring a sample 
port). The ports are colour coded and accept only a 
matching colour coded stem that is attached to a 
filter pack. This prevents any accidental mixing of 
the filter packs during sample change day. A small 
indicator light identifies the filter pack that is 
currently being sampled (the lamp for the active 
filter is the only one on). 

 
b. Sample Hose and Signal Cable. The sample hose 

and the control signal cable are attached to the 
sample head and are secured to the tilt tower. The 
air/vacuum hose enters the building and passes 
through a moisture trap. The signal cable first enters 
a junction box where it passed through a series of 
spark gap transorbs that are placed in line to prevent 
electrical discharges (static or lightning) from 
flowing back down the cable and damaging the 
electronic equipment inside the building. The 
junction box containing the spark gaps is normally 
located on the tower base, but sometimes it may be 
located on the outside or inside of the building. 

a 

b 

c 

d 
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c. Tilting Mast. The sampling mast is fixed to a tilt 
plate at the 5-metre level. This tilt plate allows the 
operator to lower the sample head in order to 
exchange filter packs without the need to climb the 
tower. A lead counter balance in the base of the tilt 
mast offsets the weight of the sample head so that 
the mast can be raised or lowered without difficulty. 
The mast is secured to the base section, when in the 
upright position, by means of a locking clamp. 

 
d. Base Section. The base section of the tower 

resembles an elongated upside down “U”. This 
section is connected to an anchor section that is 
cemented into the ground. The upper end provides a 
mount for the tilt plate of the tilting mast. The tilt 
plate is secured to this mount by means of U-bolts. 

 
2. Air Filter Packs. Exposed (used) Teflon filter packs (sets of 

eight) are removed from the sample head and shipped to the 
CAPMoN laboratory on a weekly basis. Subsequently 
unexposed (new) filter packs are then loaded into the 
sample head. The filter packs are identical in size and 
construction. They are made entirely of Teflon material. 
The filter packs have 3 stages, each holding a different type 
of filter media. The first filter is made of Teflon and 
collects particulate material. The second filter is a nylon 
membrane, which absorbs gaseous nitric acid. The third 
and last filter is a cellulose fibre membrane impregnated 
with potassium carbonate that captures gaseous sulphur 
dioxide. The connectors that connect the filter packs to the 
sample head are colour coded and match the appropriate 
filter location in the sample head. 

Interior Equipment 
 

3. Moisture Trap. The moisture trap is located immediately 
inside the sample handling building. This device is placed 
in-line to trap any moisture or foreign matter that may be in 
the air stream preventing damage to other equipment. 
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4. Vacuum Sensor. Built by BioTech Ltd., the vacuum sensor 
is contained within a small cream coloured box connected 
to the sample line by a brass tee connector. It is located 
between the moisture trap and the flow controller. Changes 
in the vacuum within the sample line are an indication of 
some restriction in airflow or a leak somewhere in the 
system. 
 

 
5. Mass Flow Controller. The Mass Flow Controller regulates 

the amount of air passing through the filter pack to ensure a 
constant flow rate over each 24-hour sampling period. 

 
 
 

6. Mass Flow Controller Power Supply. Each flow controller 
has a dedicated power supply. The power supply and flow 
controller are calibrated as one unit and should never be 
used in any other configuration. 

 
 

7. Vacuum Pump. The vacuum pump pulls the air through the 
filter pack. The pump operates at full capacity with the 
flow rate controlled by the flow controller.  

 
 

Data Logging, Control and Communication Equipment 
 

8. BioTech Control Unit. The BioTech control unit triggers 
the sequencing of the valves in the sample head and allows 
for the manual selection of the active filter pack. 

 
 
 
 

9. SDM Module. The SDM module acts as an interface 
between the data logger and the BioTech control unit. The 
SDM module is an expansion module that permits the data 
logger to send control commands to the sample head, 
through the BioTech unit. 
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10.  Chart Recorder. The chart recorder provides a visual or 
graphical representation of the voltages/data coming from 
the various instruments at the sampling site. It is an 
excellent quick reference to ensure all the equipment is 
operating correctly. 

 
 
 

11. Data Logger. The data logger acquires the data from the 
instruments within the sample handling building. The data 
logger has a limited capacity to store data and eventually 
over-writes the data stored in its memory. The data is 
regularly stored on the tape and normally downloaded 
remotely. 

 
12. The modem is used to facilitate the transfer of data over 

phone lines. The modem synchronizes the sending and 
receiving devices. 

 
 
 
 
 

13. Tape Recorder. The tape recorder records the data collected 
by the data logger. It acts as a back-up data storage device 
and is used to recover data that may be lost during the 
transfer of information by phone or satellite. 
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STANDARD OPERATING PROCEDURES – CAPMON AIR 
FILTER SAMPLING SYSTEM 
 
The Standard Operating Procedures (SOPs) are specific to the 
operation of the CAPMoN air filter sampling system and are 
intended to provide guidelines both for the installation and removal 
of CAPMoN filter packs and the daily operator system verification 
checks. 
 
The air filters are easily contaminated and it is essential that the 
operator abide by the SOPs to ensure contamination is kept to a 
minimum. The air filter system is designed to change filter packs 
automatically each day at 08:00 AM local standard time. Sets of 
filter packs are physically exchanged by the operator once per 
week and the exposed filter packs are sealed and sent to the 
laboratory for analysis. It is very important that the filter packs be 
completely sealed. The whirl-pak bags must be airtight to ensure 
the filter packs are not contaminated during shipping. 

> Filter packs 
must be completely 
sealed! 

 
A Campbell Scientific Ltd. data logger controls the CAPMoN air 
filter sampling system, and is programmed to sequentially switch 
filter packs at 08:00 local standard time (the CAPMoN network 
always operates on standard time). 
 
Air and Precipitation sampling in CAPMoN are co-located (with 
one exception). While the operator is required to visit the site 
between the hours of 07:00 and 09:00 LST to change the 
precipitation chemistry sample bag, the air filter system does not 
change until 08:00 and, consequently, the daily checks are not to 
be performed until after 08:00 LST.  

Daily Operator System Checks: Arrival Between 0700-0900 Hours  
 
On arrival at the sampling site the operator shall: 

1. Inspect the sample tower and mast, making sure that 
everything is intact; 

 
2. Visually check the sample head to determine which filter 

pack is being sampled as shown by the indicator lamp. If 
the lamp is not on, check to see if the source can be tracked 
(no power to the head, burnt out lamp, etc.); 
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3. Check the sample line to ensure that there are no breaks or 

kinks in the line, or any other factors that may adversely 
affect the sample flow; and 

 
4. Observe the surrounding area to see if there are any 

conditions that may impact on the sampling program 
(smoke from fires, construction nearby, vehicle activity, 
noticeable odour, etc.). These should be noted in the field 
notebook and on the sample history form. 

 
Upon entering the sample handling building the operator shall: 

1. Check the vacuum pump. Make sure it is not labouring or 
making a sound different from the normal hum. An unusual 
sound could reflect a problem in the sample line or in the 
pump mechanism itself; 

 
2. Verify the active filter pack number on the data logger by 

pressing in order * 6 39 A, which should be the same 
number as the filter pack with the illuminated indicator 
lamp in the sample head; 

 
3. Verify the flow from this filter pack, using the data logger. 

Press, in order, * 6 3 A. The flow is represented as a 
voltage and would be 1/10th the expected value (i.e.: for 17 
litres per minute the data logger would register 1.7 volts); 

 
4. Verify the flow rate value as indicated on the flow 

controller display; 
 

5. Check the SDM module to ensure that the switches are in 
the correct position, that the indicator lights are on, and that 
the lights correspond to the active filter; 

 
6. Check the chart recorder to ensure that it is properly 

recording the data, that the paper is not jammed, and that 
the ink trace is clear and readable. The flow can also be 
read from the chart recorder display (another verification). 
The flow shows up as a voltage reading on Channel #1; 

 
7. Check the tape recorder to make sure that it is advancing by 

reading the tracking numbers on the tape counter; and 
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8. Record all readings in the appropriate columns on the 
Sample History Form (SHF), using a black ink pen. 

Sample History Form Entry and Maintenance 
 
Please note that sample history forms provide specific information 
that is unique to the filter packs in the box. NEVER use a history 
form from another box. Always keep the filter packs and history 
form together. 

> Never use a 
sample history 
form from another 
box! 

 
Daily Entries: 
 
These entries are made in the body of the sample history form 
(SHF). The top portion of the SHF is completed as outlined in the 
Weekly entries section. 
 

 1.   Sample ID: This refers to the sample ID label that is affixed 
to the Whirl-Pak bag in which the exposed sample is placed 
prior to shipping. This activity is explained in the Weekly 
Duties section - item 17.  

  
 2.  Op Initials: enter your initials here. 
  
3. On Date/Time and OFF Date/Time: These are the date and 

times that filter packs are actively sampled. Record all 
dates using two numbers for year, month and day. For 
example, 21/01/01 would refer to an on date of 21 January 
2001. Record all times using twenty-four hour format. For 
example 08:00 standard time. The data logger 
automatically switches the sample ports at 08:00. Enter 
08:00 as the hour for each sample. 

 
Blank filter – the on/off time is the time of the physical 
change of the filter packs. Use a twenty-four hour format 
for the time. 
 

If the data logger is not controlling the switch-over, the entry 
would be the time that the operator initiated a switch-over. Use 
a twenty-four hour format for the time. 
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4. FLOW: Record the flow rate value indicated on the front 
panel display of the Flow Controller. 

  
5. Tape Counter: Record the tape counter reading. 

 
6. Site Activity: Activities which could impact on the 

samples being collected are noted here. If any of the 
occurrences listed in the table on the back of the form are 
noticed, enter the appropriate code number of  that activity 
on the line that corresponds to the filter for which the entry 
is being made and clarify with additional text if 
necessary(i.e.: code 10  wood smoke drifting over site) 

 
Weekly Entries: 
 

7. Filter Pack CONDITION: this entry is used to indicate the 
tightness check of the filter pack prior to being installed in 
the sample head, and after being removed (pre-Sampling, 
and post-Sampling). If all Filter Packs are tight simply 
check the OK box, otherwise, check the appropriate box for 
the filter number(s) that are not tight. 

8. Filter Condition: enter any defects noted in either pre 
or post sampling, such as tears, punctures, stains etc (see 
Weekly Duties - item 12).. 

 
9. PUMP OFF ZERO. This reading is obtained from the data 

logger by pressing in order * 6 3 A. This reading is taken 
with the pump off, during a weekly sample change (see 
Weekly Duties - item 3).  

 
10. Date Shipped From Site and Shipped By: enter the date you 

shipped the filters to the laboratory, and enter your initials 
in the appropriate box. 

 
11. Field Notes and Troubleshooting: record all pump on/off 

times here as well as any problems noticed with equipment. 
Also note any attempts at resolving these. Record any site 
activities here, if insufficient space is available in the Site 
Activity section. All entries should have a date/time 
reference and initials. 
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12. Seasonal Data: Record information here that will give an 
overview as to the seasonal conditions at your site. 
Complete this section the day the samples are removed 
from the tower. The table on the back of the Sample 
History form outlines each seasonal section. An example 
for Spring where some snow remains on the ground, but 
some new growth is noticed could appear as a check mark 
in the 5-25% snow on ground box as well as a check in the 
5-25% growing ground vegetation.  

 
Weekly Operator Duties:  
 
Please note that sample history forms provide specific information 
that is unique to the filter packs in the box. NEVER use a history 
form from another box. Always keep the filter packs and history 
form together. 
 
Save the envelope to return the completed sample history form to 
the laboratory at the end of the sample period. Make entries to the 
Header portion of the Sample History Form as follows: 
 Station Designator/Box Number - enter the 3 letter station ID for 
your site and the number on the outside of the box you are using. 
Flow Controller Serial Number - enter the CAPMoN ID number 
that is located on the display of the flow controller you are using. 
Fill in first portion of the period covered (the date that the new 
filters were installed). Enter this date as the end date on the 
previous sample history form, as this would be the date you are 
removing the exposed filters. 

 
 
Take the box containing the new set of filter packs outdoors to 
allow it to adjust to the current temperature. During inclement 
weather the box should be sheltered from precipitation as much as 
possible. Return to the sample handling building and: 
 
1. Turn off the vacuum pump. Note the date and time on the 

current sample history form. 
 
2. Change the active sample port from #8 to #1 by pressing, in 

order, * 6 39 A C 1 A on the data logger. The display and the 
lights of the SDM module should change accordingly. 
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3. On the data logger, press in order * 6 3 A. This is the channel 
where the flow meter voltage is recorded. With the pump off, 
read the Pump Off Zero value. Enter this value on the current 
sample history form. 

 
4. Set the function switch of the BioTech unit from the RUN 

position to the TEST position. This switching will cause the 
system to automatically advance from one sample port to 
another continuously. Verify that all the sample lamps are 
functioning while doing the sample change. 

 
5. Remove the chart recorder paper tray and remove the chart 

record. Record the station name and date on this document. 
Check that there is sufficient paper in the tray to cover the next 
sample period. If not, change the chart paper.  

 
6. If this is the second sample change since the last change of the 

tape, do a residual dump of data logger data to the tape.  
a) Press in order, * 8 A A A 3 A.  
b) Remove the tape cassette from the tape recorder (press the 

Eject button). Make sure that the station name and off time 
are recorded on the cassette label.  

c) Reset the tape counter to zero. Manually advance the tape 
on the new cassette until the leader has been spooled and 
the brown oxide tape is shown on the take up reel.  

d) Affix a label with the station name and on date/time noted. 
Press the Play and Record buttons simultaneously. 

 
7. Take the empty box for the current active filters and go 

outdoors. Each site has been provided with leather work gloves 
and a hard hat for use by the operator. These should be worn 
every time the sample head is lowered and raised. Lower the 
tilt tower to a height that is comfortable to work at, and secure 
the tower to this level with the rope. A ball is provided at each 
site so that it can be pushed onto the sharp exposed end of the 
lightening rod. This should be done every time the sample head 
is lowered. This is extremely important when there are 
other people on site. 

 
8. Using the plastic bags located in the empty filter box, remove 

the filters one at a time, and place them in the box in their bags.  
a) Do this by first opening a plastic bag and carefully placing 

it over the exposed filter pack.  
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b) Release the quick connect and remove the filter.  
c) Close the bag before placing it in the box. 
d) After the filter pack has been removed and the bag closed, 

check the filter pack for tightness. This check is 
accomplished by trying to screw the 2 halves of the filter 
pack together. If the filter pack can be turned, note this on 
the sample history form.  

 
9. The last filter to change is the #8 filter. Move this filter pack to 

the #1 position. A spare plastic bag is included with every 
sample box and should be used for this action (a clean pair of 
poly gloves can also be used). 

 
> Always use the 
box with the oldest 
date first! 

Note: Check the label on the outside of the shipping box to 
determine which box to use next. Use the box with the oldest 
date. 
 

10. Take the new filter box and carefully remove the new filter 
packs one at a time, and, with the bag still in place, check these 
for tightness (see 8d above). If any filter packs are loose, hand-
tighten, make a note in the field logbook and transcribe later 
onto the sample history form.  

 
11. Open the sample bags and expose the connector end. Do not 

remove the pack from the bag.  
 
12. Take the filter packs and load them into the appropriate 

positions in the sample head. Once all filter packs are installed, 
remove the covering bags, fold them carefully, and place them 
back in the slots in the box where they can be used for the next 
filter change. 

> Never uninstall 
a filter pack and 
replace it with one 
from another box! 

 
Look at the circular end of the filter pack. Inspect the exposed 
filter for cuts, holes or tears. Record the observations on the 
sample history form in the Remarks section. Never uninstall 
the pack and use another one from another box. 
 
If three or more of the filter packs are compromised, repack the 
filter packs and take the next box in order for installation. Call 
the inspector for advice. 

 
13. Remove the ball from the lightening rod, raise the tower and 

secure in place. If not already done, look up and verify that 
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each sample port lamp is illuminated in turn. Document on the 
sample history form any that are out. A supply of replacement 
bulbs is kept on site and any that are burnt out should be 
changed now, before the commencement of sampling. The 
section Sampling Instrumentation and Maintenance describes 
the lamp changing procedures. Take both sample boxes back 
inside the sample handling building. 

 
14. Turn the BioTech unit function switch from TEST back to 

RUN. This change will cease the continuous switching from 
port to port and set it up for normal sampling operations. 

 
15. Make sure that the Pump Off Zero has been recorded. Turn on 

the sample pump and note the time on the sample history form. 
This is the time that sampling has commenced. Also, this time 
to the nearest hour is the On Time for the new Blank filter and 
should be logged on the sample history form. Likewise, use 
this time to log the Time Off of the Blank filter that has just 
been removed, on the previous sample history form.  

 
16. Verify that the flow has returned to the pre-set value (17-lpm) 

by monitoring the flow controller display and by viewing the 
data logger input voltage (* 6 3 A). If everything is fine, press 
* 5 on the data logger to return to the time display. 

 
> The numbering 
sequence always 
begins with the 
Blank filter. 

17. Set the filter packs (still in their bags) on the sample-handling 
bench in preparation for assigning the sample numbers. The 
numbering sequence always begins with the Blank filter. 

 
a) Ensure that the base of the filter pack is flat against the 

bottom seam of the sample bag. 
b) Grasp the sample bag and squeeze as much air as 

possible out of the bag.  
c) Keep a hand around the connector to keep the air from 

getting back into the bag and start turning the closure 
wire. Fold the closure wire over a minimum of three 
times and then fold inwards. 

d) Inspect the work. Make sure there are no holes in the 
bags. Document dirt, moisture, and/or the presence of 
insects. 

e) Label the filter pack bags on the bottom of the sample 
bag using the filter pack base as the target area and 
transcribe the number onto the sample history form. 
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Do not pre number the sample history form before 
placing the labels onto the bags. There is the risk of 
getting the wrong label onto the wrong bag. If any 
label is damaged or unusable, go on to the next label in 
sequence and note the label number that was not used 
on the sample history form. 

 
18. When all log entries are made, collect the return copies of the 

sample history form, the tape (if applicable), and the chart 
record, and place these inside the envelope found in the 
shipping box. Retain the operator’s station copy (pink) of the 
sample history form. Seal the box and affix the pre-printed 
shipping waybill (usually a courier waybill), and send the 
samples back to the lab for analysis.  

 
 
SAMPLING INSTRUMENTATION AND MAINTENANCE 
(TROUBLESHOOTING) 
 
This section will expand on the earlier overview of the sampling 
instrumentation with an emphasis on operator level maintenance 
and troubleshooting.  
 
Sample Head and Tilt Tower:  
   
BioTech Ltd. in Hamilton, Ontario, manufactures the CAPMoN 
sample head (Fig. 1). At 08:00 standard time, the data logger sends 
a command to the BioTech unit via the SDM module.  
  
The BioTech unit then sends a signal to the electronics in the 
sample head, which initiates the sequential changing of the sample 
filter ports. There are no operator serviceable parts inside this 
device. The sample head contains 10 sample ports; 8 active, one 
passive Blank (centre), and one capped port for special or non-
Network studies. The 8 active ports have a small indicator lamp 
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that, when illuminated, gives the operator a visual check that the 
port is active. The lamps require changing from time to time. A 
supply of new bulbs is kept on-site for this purpose, as well as a 
bulb-changing device. The lamps are removed by first removing 
the amber cover then by turning the lamp counter-clockwise 
(similar to changing a household light bulb). The newer sample 
heads are equipped with Light Emitting Diodes (LED’s). Unlike 
the lamps, these require no changing (if one should go out, the 
inspector would replace it on his/her next visit). The LED’s are red 
in colour, unlike the clear bulbs and amber covers on the older 
sample heads. 

Figure 1. The 
CAPMoN sample 
head receives 
signals from the 
BioTech unit. 

 
Operators should inspect the sample head weekly when doing a 
filter change. 
 
1. Look for signs of wear or looseness on the mounting hardware, 

ropes, and locking clamps. 
 
2. Note if there is any difficulty in loading or unloading filter 

packs in the sample ports. From time to time, the ‘O’ rings in 
the quick connects need to be changed and problems loading or 
unloading the filter packs can be attributed to this. 

 
3. Check that the snap closures on the sample head are firmly shut 

and a cotter pin or safety wire is in place to prevent the 
closures from accidentally opening.  
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4. Check all indicator lights to see if they require changing. 
 
5. Check the status of the sample hose and signal cable by 

looking for cracks or tears in the outer covering. Check the 
lightning protection apparatus to ensure that it is firmly 
attached and that there are no signs of wear on the grounding 
cable. 

 
6. Note how the tilt mast lowers and raises. Is this too loose? Too 

tight? 
 
Make any comments necessary on the sample history form that 
would convey potential problems to the CAPMoN staff and the 
Regional Inspectors. If a problem is noted which requires 
immediate attention, telephone the Regional Inspector. 
 
BioTech Control Unit:      
 
The BioTech control unit (Fig. 2) receives a command from the 
data logger, via the SDM module, and triggers the control signal to 
the sample head for advancing the filter ports. This unit can be set 
 

 

Figure 2. The 
BioTech control 
unit receives 
commands from 
the data logger. 

 
into a Test mode, which allows it to operate independently from 
the data logger/SDM module. This feature permits manual 
operation (switching) should the data logger become 
unserviceable. There are currently two models of control units in 
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service. The newer models are rectangular and have two rotary 
switches on the front panel. The older models are nearly square 
with a sloping face. They have only one rotary switch and one 
toggle switch. Regardless of the model used, they both perform the 
same functions. 
 
On the back of the control unit are two large connectors, one male 
and one female. The control cable from the sample head connects 
to the female plug. The male is there to allow on-site trouble 
shooting or system testing by the Regional Inspector. There is a 
nine pin D connector that allows the SDM module to connect to 
the control unit. This connector is only active in the RUN mode. A 
dual purpose AC power plug and On/Off switch is also located on 
the back. This assembly also houses the unit’s fuse box. Two fuses 
are located here, one active, and the other a spare. On the newer 
models a small green indicator light is mounted above the nine pin 
D connector. This light is on when the unit is running and 
everything is functioning normally. If the light is dim or off 
completely, there is a problem in the sample head. The Regional 
Inspector should be contacted and informed that there is a fault in 
the sample head. Older, refurbished models will have the green 
indicator light located on the top of the front panel. 
 
On both models there is a Manual Selector Switch numbered from 
1 to 8, and with 2 additional positions, Vac Chk and Auto. Under 
data logger control (normal) the switch is set to Auto. For manual 
operation, set the switch to the appropriate filter pack number for 
the sample day. The switch will have to be changed daily in order 
to change filter packs in this setting. The Vac Chk setting allows 
for a manually done vacuum check. 
 
The final switch is the rotary or toggle Test/Run switch. This 
switch, when in the Test position, switches from port to port to 
allow a check of the switching and the indicator lights in the 
sample head, during the weekly checks. When in this position 
only, the four red indicator lights become active. These indicator 
lights are a binary indicator to see which filter pack is active. The 
lights will light up differently from position to position. There is a 
binary decode on the front panel of the unit. A zero in this decode 
indicates a light is on, whereas a 1 indicates that the light is off. 
For example, a 0010, which indicates position #3, would have the 
four lights as such: on on off on. 
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Flow Controller: 

Figure 3. The 
Hastings model 
HFC203 flow 
controller power 
supply/display 
control module. 

 

      
The mainstay in the network is the Hastings model HFC203 flow 
controller. This controller consists of two components, the power 
supply/display control module (Fig. 3), and the sensor. The sensor 
is physically connected to the airflow sample train (Fig. 4). The 
control module is connected to the sensor by means of a control 
cable. Through this cable, the module supplies the power to the 
sensor and receives information from the sensor that is then 
converted to a digital signal and displayed on the front panel. A 
connection at the rear of the module sends the flow voltage data to 
the data logger. The control module is configured at the 
manufacturer to operate two different flow controllers. However, 
only the first (#1) position has been configured to operate the flow 
sensors used. None of the controls on this module should be 
touched, adjusted or altered by the operators. 

> Do not tamper 
with the controls 
on the control 
module! 
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Figure 4. The 
sensor is 
connected to the 
airflow sample 
train. 

 
A second flow controller is present at all stations. This second unit 
is a back up in case the first unit should fail. If this happens, notify 
the Regional Inspector. The operators can replace the flow 
controller, if requested to do so by the Regional Inspector. Please 
note: the flow controller power supply and the sensor are a 
matched pair and both must be used together. 
 
1. First turn off the pump. Note the time off on the log sheet. Also 

indicate that a flow controller change is occurring. 
 

2. Turn off the flow controller power supply. Unhook the signal 
cable at the back of the module. Unplug the power supply from 
the AC power outlet. 

 
3. Disconnect the flow hoses on either side of the sensor unit. 

These are quick-connect fittings. Pull the knurled lock back 
and pull the hose connector free. 

 
4. If the control cable needs to be removed in order to remove the 

sensor, undo the small screws on top of the connector and pull 
the plug free. 

 
5. Remove the control module and sensor and replace them with 

the new backup units. Take special care that the arrow on the 
sensor points in the direction of the flow (i.e.: in the direction 
to the pump).  
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6. Make all connections, and then turn on the control module 

(make sure that the channel selector switch is on #1, that the 
display switch points to Flow and that the toggle switch is in 
the AUTO position). It takes the flow controller about 30 
minutes to warm up. Flow values may fluctuate until this time 
has passed. When turning on the pump, remember to note the 
time on the sample history form. 

 
Chart Recorder:       
 
A Cole-Parmer strip chart recorder (Fig. 5) provides a visual 
record of the performance of the air sampling system with time. 
 

 

Figure 5. A Cole-
Parmer strip chart 
recorder provides 
a visual 
performance 
record of the air 
sampling system. 

 
This record allows operators, inspectors, and data analysts to 
graphically see if there are any problems in the system at a glance. 
The weekly zero check verifies the integrity of the sampling 
system (no leaks), while the daily filter pack switching verifies that 
the data logger and BioTech are working. The stability of the trace 
of the airflow can be used to identify possible problems with the 
pump or with the filter packs themselves. Operator maintenance of 
this instrument is kept to a minimum, requiring only periodic 
ribbon changes and paper refills. The Regional Inspector checks 
and services this instrument during regular inspection trips. 
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Changing the Chart Paper and Ribbon: 
 
There are only two duties that the operators need to perform on the 
chart recorder; those being changing the ribbon and the chart paper 
as required. The Regional Inspector performs all the other 
maintenance required. 
 

Chart Paper Changing Procedure: 
 
1. Supplies of chart paper are kept on each site. To change the 

chart, take a new box and remove the chart paper from it. Fan 
the chart paper to ensure that the pages will feed freely once 
installed.  

 
2. Open the front door of the chart recorder and pull the internal 

assembly forward using the handle located at the bottom of the 
unit. When doing this, hold the chassis of the chart recorder to 
prevent it from sliding forward as well. Locate the keypad on 
the side of the assembly and press the On/Off soft key to halt 
the recording. 

 
3. Locate the small release tab (white arrow on it) and press it in 

the direction of the arrow to release the chart paper magazine. 
The magazine swings upwards and outwards. Lift the magazine 
from the recorder. 

 
4. Gently pull the Plexiglas feed guide forward and then lift the 

stainless steel retainer bracket so that the old chart paper can be 
removed and the replacement paper inserted. Care must be 
taken to ensure that the paper is feeding correctly. There are 
two gear drive wheels, one located on each side of the chart 
paper magazine, both with different sprocket teeth. Make sure 
that the paper is oriented so that the holes in the paper match 
the sprocket teeth on the gear wheels. Holding the paper in 
place close the stainless steel retainer, then raise and close the 
Plexiglas feed guide. 

 
5. Slide the magazine back into the recorder chassis so that the 

two tabs on either side of the magazine fit into the notches on 
the chassis body. Swing the magazine downwards until the 
release tab locks into place. Note the date on and the station 
name on the chart paper. 
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6. Press the On/Off soft key to restart the chart recorder. Locate 
the Chart Feed soft key and press and hold it to check that the 
paper is feeding freely and will not jam. Release this key and 
slide the chassis back into the housing. Close the door. Note on 
the sample history form the date and time that the paper had 
been changed. 

 
Chart Ribbon Changing Procedure: 

 
1. A supply of spare chart ribbons is also maintained at each 

CAPMoN site. When the time comes to replace a ribbon, 
follow the procedures above to turn off the recording action of 
the chart recorder. 

 
2. The illuminated display of the chart recorder swings forward 

and to the right. Gently grasp the left side of the display and 
pull it forward and swing it to the right so that it is out of the 
way. 

 
3. Remove the chart paper magazine as outlined above, and set it 

aside. 
 
4. The ribbon is located on a swivel pivot mechanism. To remove 

the ribbon, use a thumb and index finger to hold the pivot arm 
still. Place a thumb on the pivot arm and an index finger on the 
chassis and squeeze gently. With the other hand (again the 
thumb and index finger combination works well) grasp the 
ribbon cartridge and pull it firmly forward and slightly 
downwards. It will pop out of the retaining clips that hold it to 
the chassis. Discard this ribbon. 

 
5. Remove the new ribbon from the box and inner plastic 

covering. Orient the ribbon so that the small wheel adjustment 
is on the left side. Holding the pivot arm as before, slide the 
right hand side into the holder, and then swing the left side into 
place. The retaining clamps will click and hold it in place. Use 
the adjusting wheel to tighten the ribbon under the print head. 

 
6. Replace the chart paper magazine. Swing the display panel 

back into place. Locate and press the On/Off soft key to restart 
the recorder. Monitor the recording to verify that the ribbon is 
properly seated and that the print trace is visible. 
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7. Slide the chassis back into the housing and close the door. Note 
on the sample history form that a ribbon change has occurred. 

 
Data Cassette Recorder: 
     
Each station has a cassette tape recorder (Fig. 6) used as a data 
backup for the air sampling system. A supply of blank cassette 
tapes is maintained at each station. If the supply is getting low, 
inform the Regional Inspector and he/she will send a new supply. 
There is only one operator required function and that is replacing 
the tape once every two weeks. When it is time to change the tape, 
use the procedures as outlined in the Weekly Duties section.  

  

Figure 6. The data 
cassette recorder 
is used as a data 
backup. 

 
Vacuum Pump:       
 
There are two vacuum pumps located at each station, one active 
and one as a spare (Fig. 7). The Regional Inspector performs all 
servicing for this piece of equipment. These dual stage pumps are 
designed to pull a large volume of air. The CAPMoN network uses 
the flow controller to limit the volume to desired values. The pump 
is designed to run continuously. If the pump is running erratically, 
or making an unfamiliar noise, shut it down by turning off the 
power switch. Notify the Regional Inspector, and then do a pump 
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change. The pump is connected to the sample system by means of 
a quick connect fitting. This connection is identical to those 
located on the flow controller. To remove the pump, slide the 
knurled knob back and pull the stem of the hose connector free. 
Unplug the electrical cord and replace the pump with the back up 
pump. Make notes on the sample history form as required, giving 
date and time of the pump change. Restart the replacement pump 
and verify that the flow reaches the normal sampling rate. 
 

 

Figure 7. The dual 
stage vacuum 
pumps pull in 
large volumes of 
air. 

 
Vacuum Sensor: 
 
The vacuum sensor is contained within the small rectangular box 
and is connected to the vacuum line by a brass tee situated between 
the moisture trap and the flow controller (Fig. 8). The hose from 
the ‘Tee” connector to the vacuum sensor should be inspected 
regularly to make sure it is secure and intact. 
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Figure 8. The 
vacuum sensor is 
inside the small,  
rectangular box. 

 
Moisture Trap:     
 
The moisture trap (Fig. 9) is located in the vacuum line just before 
the vacuum sensor and flow controller. The glass bell of the 
moisture trap should be checked weekly to make sure that there is 
no foreign matter or liquid visible inside.  
 

Figure 9. The 
moisture trap is 
situated in the 
vacuum line. 
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Data Logger:     
 
The Campbell Scientific CR-21X-L data logger controls the 
CAPMoN Air filter sampling system (Fig. 10). The data logger is a 
microprocessor that initiates the daily sample changes as well as 
recording and storing the hourly data from all the peripheral 
devices connected to it. An internal battery maintains operation of 
the data logger in times of power outages. A charging unit keeps 
these batteries charged under normal conditions. A red indicator 
lamp on the side of the logger indicates that the charger is working. 
Any problems noticed (blank display, loose or broken wires, 
charger not working, etc.) should be brought to the attention of the 
Regional Inspector. 
 

Figure 10. The 
Campbell 
Scientific CR-21X-
L data logger 
controls the air 
filter sampling 
system. 

 
 
The data logger is a stand-alone instrument and requires very little 
interaction from the operator aside from functions mentioned in 
preceding sections. It is connected to the sample head through an 
interface, the SDM module. 
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SDM Module: 
 

The SDM Module (Fig. 11) is an expansion module/interface that 

Figure 11. The 
SDM module is the 
interface between 
the data logger 
and the sample 
head. 

 permits the 21 X data logger to send control commands to the 
sample head unit through the BioTech control module. Only 4 
ports are used on this device. The binary decode for the ports is the 
same as for the BioTech unit (see BioTech section). 
 
Modem: 
 
The modem (Fig. 12) is also connected to the data logger. Daily, a 
computer at CAPMoN dials every data logger in the Network and 
downloads the data. There are no operator accessible parts here 
except for the signal cable.  
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Figure 12. The 
modem allows data 
downloading to a 
computer at 
CAPMoN. 
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ZeroQCNet: 
 
This Raw data is then input into a Web site as a graphical display 
(Fig. 13) so that the Regional Inspectors and the CAPMoN 
technical staff can view the operation of every station. This 
viewing is a means of discerning problems as or before they occur, 
so that down time can be minimized. 

 

Figure 13. An 
example of the 
graphical display 
of raw data on the 
website. 
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