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1 INTRODUCTION 

1.1 About This Manual 

This document is organized with the most important information grouped together for easy 
reference by the user. All BC 1054 instrument users should read and understand the sections on 
installation, setup, operation, and field calibrations. Other sections with information on subjects 
such as diagnostics, accessories, and alternate settings should be consulted as needed. An 
electronic version of this manual is also available. 

1.2 Technical Service 

This manual is structured by customer feedback to provide the required information for setup, 
operation, testing, maintenance, and troubleshooting the BC 1054 analyzer. Should additional 
support be required after consulting the printed documentation, please contact one of our expert 
technical service representatives during normal business hours of 7:00 a.m. to 4:00 p.m. Pacific 
Time, Monday through Friday. In addition, technical information and service bulletins are often 
posted on our website. Please contact us and obtain a return authorization (RA) number before 
sending any equipment back to the factory. This allows us to track and schedule service work and 
to expedite customer service. 

 
Contact 
Information: 

Tel: + 541 471 7111 
Fax: + 541 471 7116 
Web: www.metone.com 
Email:service@metone.com 

Address: Met One Instruments, Inc. 
1600 NW Washington Blvd 
Grants Pass, Oregon 97526  
U.S.A. 

 

All BC 1054 monitors have a serial number printed on the product label on the back panel and on 
the calibration certificate. This number will be needed if contacting the technical service 
department to request information about repairs or updates for a specific monitor  
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1.3 About the BC 1054 – Ten Wavelength Black Carbon Monitor  

The Met One Instruments, Inc. model BC 1054 MultiSpectrum Carbon Monitor is a ten-wavelength 
black carbon monitor, which automatically measures and records optical transmission across filter 
media onto which particulate matter has been deposited at ten wavelengths ranging from 370 nm 
to 950 nm. From this information the concentration of black carbon “BC” and particulate matter 
absorbing in the near-ultraviolet regions may be determined. 

 
Figure 1-1 The BC 1054 Front Panel 

In addition to these two industry standard measurements, the BC 1054 includes eight additional 
wavelength measurements.  The additional wavelength channels allow analysis of carbon 
particulate at other wavelengths, as follows: 

Measurement Wavelength BC 1054 Label  Measurement Wavelength BC 1054 Label 

370 nm BC1  590 nm BC6 

430 nm BC2  660 nm BC7 

470 nm BC3  700 nm BC8 

525 nm BC4  880 nm BC9 

565 nm BC5  950 nm BC10 

Table 1-1  BC 1054 BC Measurement Labeling 

Ambient air is drawn into the instrument at a controlled flow rate, generally though a size selective 
PM2.5 or PM1 fractionator. The sampled air is subsequently drawn through a heated inlet section 
and then through special glass fiber filter tape thereby trapping ambient particulate matter. Optical 
transmission at each of the wavelengths shown in Table 1-1 is measured through the filter tape 
thereby allowing BC mass concentrations to be calculated at each wavelength. The filter tape is 
set to advance either at predetermined frequencies (e.g., once per hour) or when sufficient 
particulate matter has been deposited on the tape to cause the attenuation of the selected 
channel to exceed user-selected values. 
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1.4 Safety Warnings 

Optical Warnings:   The BC 1054 monitor employs LED light sources ranging from the near UV 
(370 nm) to the near IR (950 nm). Some of them emit light that is outside the range of normal 
human vision, and thus could present a potential invisible ocular exposure hazard. The UV light 
source is a 15 mW LED, emitting at 370 nm. The infrared sources are a 100 mW near-IR LED 
emitting at 880 nm and a 30 mW near-IR LED emitting at 950 nm. Appropriate precautions should 
be employed. 

A protective housing with this warning symbol fully encapsulates the light sources 
and optics system during normal operation. Whenever the optical module is 
disassembled for cleaning, the main power switch must be turned off and the 

power cord disconnected in order to prevent accidental exposure to UV and IR radiation. 

Electrical Warnings:   The BC 1054 is a 12 Volt DC powered system, and there are no 
hazardous live voltages located anywhere inside the instrument. It is equipped with an external 
desktop power supply module with a 100-240 VAC 50/60Hz input range, and a 12 VDC, 8.5 A 
output. The external AC pump box (115 VAC or 230 VAC model) contains hazardous voltage. 
Disconnect pump box power before opening the pump box to conduct maintenance. 
Neither the BC 1054 instrument, nor the power supply module, are weatherproof and neither 
should ever be exposed to precipitation or wet conditions. 

Thermal Warnings:   The instrument contains a 12 Volt 40-Watt internal heater, in the form of two 
large, gold colored power resistors and a circulation fan located inside the electronics chassis. 
These resistors are usually hot and should not be touched while the instrument is powered on, or 
within several minutes after powered off. 
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1.5 BC 1054 Instrument Specifications 

PARAMETER SPECIFICATION 

Measurement Principle: 

Ten Wavelength Optical Absorption.  
950 nm     BC10 
880 nm     BC9 
700 nm     BC8 
660 nm     BC7 
590 nm     BC6 
565 nm     BC5 
525 nm     BC4 
470 nm     BC3 
430 nm     BC2 
370 nm     BC1 

Measurement Range: 0.01 µg/m3  to 100 µg/m3  BC 

Data Display Resolution 0.1 ng/m3 

 LLD: ≤ 8 ng/m3  at 5 LPM 

Measurement Interval: 1 minute 

Sample Rate: 2 or 5 LPM, user selectable 

Filter Tape: Proprietary treated glass fiber 

Operating Temperature: 0 to +40°C  (inside shelter) 

Inlet Heater: 13 W (setpoints from 25 to 40 °C) 

Ambient Temperature: -30 to +50°C 

Ambient Sensor: Model 597A combination AT/BP/RH digital smart sensor included. 

Sensor Input: Support for digital Wind Speed and Wind Direction inputs 

Internal Data Storage:  365 days of internal data storage. 

Data Download: One USB Flash Drive Port, USB Serial and DB-9 RS-232 serial 

User Interface: Menu-driven interface with 4x20 character backlit LCD display and dynamic keypad. 

Mounting Options: Bench top or equipment rack mountable.   A weatherproof shelter is required. 

Unit Weight: Approximately 40 lbs. (18 kg) 

Unit Dimensions: Height: 10.5” (26.7 cm)   Width: 17” (43 cm)   Depth: 15.8” (40 cm).  

Specifications subject to change without notice. See BC 1054 datasheet for latest published specs. 
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2 BC 1054 INSTRUMENT SETUP & DEPLOYMENT 

The BC 1054 is designed for easy setup and simple configuration for most applications. This 
section describes the basic assembly, setup, and start-up of the instrument.  

2.1 Accessories 

See the accessories section at the back of this manual for more details about parts and 
accessories. The normal configuration of the BC 1054 is supplied with the following standard 
items and accessories: 

 510634 universal input AC to 12 VDC power supply  

 400100 US power cord (2) 

 550065 RS-232 serial communications cable 

 81947-3 span check membrane 

 Model 597A ambient AT/BP/RH combination sensor, with serial sensor cable 

 83055 External AC pump box, 115 VAC (or 83054 for 230 VAC) 

 960025 10mm Pump tubing 

 9441 TSP inlet 

 8936-5 support tube  

 82934 grounded inlet kit (includes 960216 flexible ESD inlet tubing) 

 One roll of 460211 filter tape 

 Rack mount angle brackets 

 Operation manual 

 80328 USB Drivers/Ethernet Configuration CD 

Additionally, the following optional accessories may be included: 

 SCC 112 PM2.5 sharp cut cyclone, 2 LPM 

 SCC 111 PM1 sharp cut cyclone, 2 LPM 

 82336 PM2.5 sharp cut cyclone, 5 LPM 

 82344 PM1 sharp cut cyclone, 5 LPM 

 Dilution flow system 

2.2 Shelter & Mounting Options 

The BC 1054 must be installed in a clean, dry, weatherproof location such as a walk-in shelter, a 
trailer or mobile lab, a mini outdoor shelter, or in a permanent structure. 

Instrument Temperature:   BC 1054 must be operated at temperatures between 0°C and 40°C.  

Rack Mounting:   The BC 1054 may be installed in a standard 19” equipment rack and would 
require six rack-units of space (6U) if done so.  

Benchtop Mounting:   The BC 1054 may also be installed on a table top. Make sure the 
mounting surface is level, and that the instrument is secured so that it won’t “walk” due to 
vibration. Always leave adequate clearance at the back of the unit for access to the data ports, 
power switch, and sampling line.  
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2.3 Sample Inlet Configurations 

The BC 1054 is designed to operate with an in-line PM2.5 or PM1 fractionator through flexible 
tubing connected to the back of the instrument. The fractionators (sharp cut cyclones or SCC) are 
designed to sample at 2 or 5 LPM. There are no special installation requirements for the BC 1054 
other than the monitor be no more than 20 feet away from the source of ambient air being 
sampled and that that source be directly accessible. 

At the sample location, the SCC is coupled directly to the bottom of the 9441 TSP inlet.  It is then 
mounted on the 8936-5 support tube.  The flexible ESD sample tubing is then slipped over the 
barbs on the support tube.  A worm-gear hose clamp (pn: 480773) is used to secure the tubing to 
the support tube.  The other end of the sample tubing is routed to the BC 1054, grounded to a 
terminal on the back of the instrument, and is then installed on the rear of the monitor using a 
push-to-connect fitting (pn: 580399).  See Figure 2-4.  Note that this varies from the configuration 
when using the dilution system (Section 4.2) 

2.4 Setting Up the BC 1054  

The following section describes setting up the BC 1054 in both the standard 2 LPM and 5 LPM 
configurations. See section 2.5 for Dilution Flow setup.  Set up the BC 1054 hardware items and 
accessories as described below: 

1. Connect the SCC to the TSP Inlet:  Install PM2.5 or PM1 SCC onto the bottom of the TSP inlet 
located in the sample area. 

2. Mount the SCC to the Support Tube.  Once the TSP and SCC are coupled, the assembly 
should be mounted on top of the support tube. 

3. Route the Flexible ESD Tubing:  Flexible tubing (pn: 960216) should be routed from the base 
of the support tube in the sample location to the back of the BC 1054.  It should not be 
connected to the inlet fitting at this time.  See Section 2.3. 

4. Ground and Install the Flexible ESD Tubing: Place the inlet tubing grounding assembly (see 
Figure 2-1) over the BC 1054 end of the sample tubing.  Position the clamp between one and 
two inches from the end of the tubing (see Figure 2-2) and tighten it until the clamp grips firmly. 

CAUTION: Do not overtighten the clamp and crush the tubing. 

Insert the tubing into the ½” Push-to-Connect adapter (pn 580399) and connect to the Sample 
Inlet (marked “Sample” on the back of the BC 1054).  Connect the green wire to the right-most 
terminal marked Shield on TB-1 on the back of the BC 1054 (see Figure 2-3). 

 
Figure 2-1                                    

Inlet Tubing Grounding Assembly 

 
Figure 2-2                         

Grounding Clamp Position 

 
Figure 2-3                             

Installed Grounding Assembly 
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5. Connect the 597A AT/BP/RH Ambient Sensor:  The BC 1054 comes with a 597A 
combination ambient temperature, barometric pressure, and relative humidity sensor. The 
sensor must be mounted to be able to monitor the ambient conditions of the area being 
sampled (see Figure 2-4). 

Route the digital sensor cable (pn: 30010-25) from the corresponding connector on the bottom 
of the 597A sensor to the correct terminals on the back of the BC 1054 as shown in Table 2-1. 

597A WIRE BC 1054 TERMINAL 

Red DC PWR 

Yellow RS485A 

White RS485B 

Black GND TB-2 

Green GND TB-1 

White/Brown SHIELD TB-1 

Table 2-1 597A Sensor to BC 1054 
Terminal Wiring Connections 

 

6. Install the AC Pump Box:  Position the pump box near the BC 1054.  The best location for 
the vacuum pump is often on the floor under the rack or bench, but it may be located up to 20 
feet away if desired.  It may be preferable to locate the pump so noise is minimized if the BC 
1054 is in an area where personnel are present. 

Route the clear 10 mm air tubing from the pump to the back of the BC 1054, and insert it firmly 
into the compression fittings on both ends. 

The pump box is supplied with a captive 2-conductor signal cable used by the BC 1054 to turn 
the pump on and off.  It should be connected to the appropriate terminals on the back of the 
BC 1054.  The red wire should be connected to the “PUMP CTRL + RED” terminal and the 
black one to “PUMP CTRL - BLK”. 

Install the AC power connector into the fitting on the pump box.  Plug the other end into the 
appropriate AC power source.  The included US-type modular power cord (pn: 400100) can be 
changed to match local AC connection type, if needed. 

7. Connect the 12V power supply:  Plug the 12V, 8.5A power supply (pn: 510634) into the 4-pin 
power connector on the back panel of the BC 1054. The power supply has a universal AC 
voltage input. The included US-type modular power cord (pn: 400100) can be changed to 
match local AC connection type, if needed. 

8. Configure the BC 1054 Sample Settings:  Determine the appropriate settings for the sample 
environment and required particulate size cutoff. Configure the monitor as needed per Section 
3.5.  

9. Install the filter tape:   Install a roll of filter tape (pn: 460211) as described in Section 2.6. 
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–––  
 
 

Figure 2-4 Typical BC 1054 Installation in a walk-in shelter 
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Figure 2-5 BC 1054 Rear Panel Connections 
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2.5 Setting Up the BC 1054 with the Dilution Flow System 

The following section describes setting up the BC 1054 with the Dilution Flow System.  For 
standard 2 LPM or 5 LPM configurations, follow the instructions in section 2.4.  

Set up the BC 1054 hardware items and accessories as described below: 

1. Connect the Support Tube to the TSP Inlet:  Install the TSP Inlet on top of the support tube.  
The SCC will be mounted directly to the back of the BC 1054 as part of the Dilution Flow 
System assembly. 

2. Route the Flexible Tubing:  Flexible tubing (pn: 960216) should be routed from the base of 
the support tube in the sample location and connected to the inlet fitting in Dilution Flow 
System assembly that will be mounted on the back of the BC 1054.  For now, route the tubing 
to the back of the BC 1054 and lay it aside. 

3. Connect the 597A AT/BP/RH Ambient Sensor:  The BC 1054 comes with a 597A 
combination ambient temperature, barometric pressure, and relative humidity sensor. The 
sensor must be mounted to be able to monitor the ambient conditions of the area being 
sampled (see Figure 2-4). 

Route the digital sensor cable (pn: 30010-25) from the corresponding connector on the bottom 
of the 597A sensor to the correct terminals on the back of the BC 1054 as shown in Table 2-1. 

4. Mount the Dilution Flow System assembly:  Install the Dilution Flow System assembly on 
the back of the BC 1054. 

a. Remove the two screws holding the cover of the assembly in place and then remove 
the Dilution Flow System assembly cover (see Figure 2-6). 

 
Figure 2-6 Dilution Flow System Cover Removal 

  
Figure 2-7 Dilution Flow System SCC Alignment 

b. Align the sharp cut cyclone with the flow inlet on the back of the monitor (Figure 2-7) 
and then press firmly to insert the inlet into the sharp cut cyclone.  When fully 
inserted, the Dilution Flow System assembly will be flush with the rear housing of the 
BC 1054. 
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Figure 2-8 Dilution Flow System 

Mounting Screw Locations 

 
 

Figure 2-9 Dilution Flow System 
Exhaust Adapter 

 

 
Figure 2-10 Dilution Flow System 

Installed 

 

c. Align the mounting holes and install the three mounting screws (Figure 2-8) to secure 
the assembly to the main body of the monitor. 

d. Connect the communication cable to the port in the upper right corner on the back of 
the BC 1054. 

e. Insert the 82793 Exhaust Adapter tube into the exhaust (Figure 2-9). 

f. Install the Dilution Flow System assembly cover and secure it in place with the two 
screws removed in step a.  Use caution to avoid pinching the communication cable 
and internal tubing. 

g. Attach the Push-to-Connect adapter to the Exhaust Adapter tube. 

5. Connect the inlet tubing.  Route the flexible inlet tubing to inlet located on the Dilution Flow 
System and insert it.  Connect the inlet grounding strap as shown in section 2.4. 

6. Connect the clear flexible tubing from the pump.  Route the flexible tubing from the pump 
to the Push-to-Connect adapter on the Exhaust Adapter tube. 

7. Connect the two-conductor control cable from the pump.  Route the control cable from the 
pump to the BC 1054 back panel as shown in section 2.4. 

Mounting 
Locations 
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8. Connect the 12V power supply:  Plug the 12V, 8.5A power supply (pn: 510634) into the 4-pin 
power connector on the back panel of the BC 1054. The power supply has a universal AC 
voltage input. The included US-type modular power cord (pn: 400100) can be changed to 
another type if needed. 

9. Configure the BC 1054 Sample Settings:  Determine the appropriate settings for the sample 
environment and required particulate size cutoff. Configure the monitor as needed per Section 
3.5.  

10. Install the filter tape:   Install a roll of filter tape (pn: 460211) as described in Section 2.6. 

2.6 Filter Tape Loading and Filter Material Notes 

The BC 1054 carbon monitor uses treated glass fiber filter tape rolls, available from Met One 
Instruments under stock number 460211. It is essential that this tape be used in the BC 1054 in 
order to maintain proper instrument calibration and reproducibility. Since the filter tape advance 
frequency is typically set to depend upon filter-loading, the frequency with which the tape needs to 
be replaced is variable. A roll of filter tape is expected to last from 3 to 12 months, depending on 
the sampling conditions. 

Note:   The BC 1054 tape transport system runs the filter tape from left-to-right.  Notice that this 
places the clean roll on the left side of the monitor. This is the opposite of the configuration used in 
the Met One Instruments BAM-series monitors. 

Warning:   The fiber tape is rolled with the checker pattern on the outside of the roll, and the 
softer side on the inside. If the new roll is installed backwards on the supply reel, then the backing 
material will be on top inside the measurement head, resulting in improper measurement and 
likely filter damage. The instrument cannot identify this incorrect condition. 

Caution:   The LEDs will be ON while the tape is being installed. Keep face and, 
in particular, eyes away from direct proximity of the optical head while the 
lightproof shields are removed. 

 

Install the filter tape into the BC 1054 instrument as follows: 

1. Turn the instrument ON.  Press the STOP softkey to prevent the instrument from entering 
SAMPLE mode.  The optical measurement head will raise automatically. To re-set the Tape 
Remaining Counter, enter the TEST MENU/LOAD TAPE menu (see section 6.8.1). If 
necessary, the optical measurement head can be manually raised and lowered from this 
same menu. 

2. Flip down the tape load access door.  Loosen the two tape reel knobs and remove the reel 
covers. 

3. Install the new filter tape roll onto the left (supply) reel, with the tape coming off of the left 
side of the roll. Route the tape exactly as shown in Figure 2-11.  It should go under the 
black idler, through the slot in the measurement head cover, under the other black idler, up 
over the rough encoder drum, and then down to the take-up reel on the right side. Fasten 
the loose end of the tape to the right edge of an empty core tube installed on the take-up 
reel, with cellophane tape. Make sure that the softer side is UP and the textured side is 
DOWN. 

4. Align the filter tape and take up the slack by turning the left (supply) reel. Reinstall the reel 
covers and flip up the Tape Load Access Door. 
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5. Enter the TEST MENU/TAPE TEST screen. Press the MOVE softkey. Verify that the tape 

spools correctly. Advance at least one turn of filter tape over the take-up core, then exit to 
the main menu. 

 
Figure 2-11 BC 1054 Filter Tape Routing 

 

2.7 Starting and Stopping Sample Operation 

When the back-panel power switch is turned on, the BC 1054 will boot up and display a splash 
screen identifying the instrument.  After three seconds, a timer will display indicating that sampling 
will begin soon.  The timer starts at 60 seconds and counts down in one second intervals.  

2.7.1 Starting Sample Operations 

The BC 1054 will automatically start sampling approximately one minute after being turned on.  To 
start sampling immediately, press the START softkey. To temporarily cancel sampling and enter 
the Main Menu, press the STOP softkey. After 30 minutes of inactivity, the unit will automatically 
resume sampling. 

   
Figure 2-12 BC 1054 Start Up Screens 

 

The unit will advance to a fresh spot of filter tape, turn on the pump, and display WAIT TOP-OF-
MINUTE in the status field. Then the status field will change to SAMPLING… It will take two full 
minutes before BC concentrations will appear. The ▼ down arrow can be used to view the 
additional measurement channels, flow rate, ambient temperature, barometric pressure, relative 
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humidity, wind speed and wind direction (WS and WD will read zero if a digital wind speed/wind 
direction sensor is not installed). 

 

 
Figure 2-13 The BC 1054 Main Sampling Screen 

After powering up and starting sampling, the BC 1054 takes 3-5 hours to warm up and equilibrate 
before optimal measurement stability is achieved.  

The BC 1054 carbon monitor is factory configured with an array of default settings that the 
operator may consider changing before deployment. See Section 3 for details about the user 
interface and the instrument settings.  
 

2.7.2 Stopping Sample Operations 

When the STOP MEASUREMENT option in the main menu is selected, the BC 1054 will ask the 
user to confirm if the sample should be stopped.  If confirmed, the BC 1054 will continue its last 
sample.  Once the sample has finished the BC 1054 will then move the tape to a clean spot.  After 
moving the tape to the next clean spot, the BC 1054 will continue measuring for another 11 
samples.  These 11 records allow the BC 1054 to apply the correction algorithm to the previous 
data so that the measurement readings are reported with corrected concentrations. 

2016-08-16 15:49:06 

 SAMPLING... 

 BC9     115.1 ng/m3 

▼BC1     118.3 ng/m3 

2016-08-16 15:49:06 

▲BC2     113.1 ng/m3 

 BC3     101.6 ng/m3 

 BC4     136.0 ng/m3 

 BC5     117.5 ng/m3 

 BC6     120.2 ng/m3 

 BC7     102.9 ng/m3 

 BC8     118.8 ng/m3 

 BC10     79.2 ng/m3 

 FLOW      5.0 lpm 

 AT       20.6 C 

 BP        974 mbar 

 RH         38 % 

 WS        0.0 m/s 

 WD          0 Deg 

 FLOW TEMP  26.8 C 

 BOX TEMP   27.9 C 

 REMAINING     75% 
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3 BC 1054 USER INTERFACE, MAIN MENU, and SETUP MENU 

This section describes the BC 1054 user interface system and the functions of the MAIN and 
SETUP menu options. 

3.1 The User Interface Keypad and Display Functions 

The BC 1054 user interface consists of a backlit 4x20 character liquid crystal display (LCD) and a 
dynamic keypad. The two white keys under the display are called “softkeys” or “hot keys”. These 
are dynamic keys which change in response to a menu option displayed directly above them on 
the bottom row of the display. The function of these keys depends on which menu is shown on the 
display. 

The four arrow (cursor) keys are used to scroll up, down, left, and right, to navigate in the menu 
system, and to select items or change fields on the screen. The arrow keys are also often used to 
change parameters or increment/decrement values in the menu system.  

The MENU key is used to enter the main menu. The ESC key is used to escape or exit out of a 
menu. The ENTER key enters parameters in a selected field or selects an item in a list. 

  

Figure 3-1 BC 1054 User Interface and Display 

  

ESC MENU 

2016-08-16   16:55:48 

 SAMPLING... 

 BC9      2705.2 ng/m3 

▼BC1      4757.9 ng/m3 

 

ENTER 
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3.2 How to Navigate and Edit Menu Fields 

Field editing in the BC 1054 is slightly different than the methods used in some of the other similar 
Met One Instruments products. 

The flashing cursor ■ is moved to the field to be changed with the ▼▲ keys. Once the desired 
field is highlighted, the ENTER key must be pressed to open it for editing. 

A ▼ symbol will appear next to opened fields where a pick list is available and the ▼▲ arrow 
keys can then be used to cycle through the available choices.  Once the preferred option is 
highlighted, press the ENTER key again to select it and lock the field.  To return to the previous 
menu, press ESC. 

If a numeric field is opened for editing, the cursor will be positioned at the leftmost digit.  Use the 
◄► keys to move the cursor to the digit to be modified and then use the ▼▲keys to 
increment/decrement the value. Once all digits have been set to the required value, press the 
ENTER key again lock the field.  To return to the previous menu, press ESC. 

Use the ESC key to cancel any edit that may be in progress.  The ESC and MENU keys are used 
to exit the current menu and return to the previous menu level.  If the Main Menu is currently 
selected, the monitor will exit to the Main Sampling Screen. 
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3.3 Using the Main Sampling Screen 

The BC 1054 main sampling/operation screen is shown below in 

Figure 3-2.  The current date and time are always fixed at the top line of the display in this screen. 
The up/down arrow keys can be used to scroll to additional viewable parameters. 

 

 
 

Figure 3-2 Main Sampling Screen Format 
 

All ten sample concentrations are reported in units of ng/m3 and the logged concentration values 
update at the end of every minute.  

Note: For firmware preceding version 2.2.0, the concentration values logged to the data file are 
uncorrected concentrations (not corrected for tape loading effects).  Tape loading corrections 
are made using the BC Load Correction post-processing software package on data downloaded 
from the instrument.  Version 2.2.0 and later automatically makes this correction when data is 
retrieved from the monitor. 

The FLOW value is the actual sample flow rate (through the sample filter), in liters per minute. The 
DILUTION is the flow rate of the Dilution Flow System (this will only be displayed if the Dilution 
Flow System is detected by the BC 1054). The AT value is the ambient temperature, the BP value 
is the ambient barometric pressure, the RH value is the ambient relative humidity.  The AT, BP 
and RH values all require that the 597A ambient combination sensor be connected properly and 
are required for instrument operation. These parameters are updated on the display once every 
second.  

2016-08-16 15:49:06 

 SAMPLING... 

 BC9    2705.4 ng/m3 

▼BC1    4757.7 ng/m3 

2016-08-16 15:49:06 

▲BC2     113.1 ng/m3 

 BC3     101.6 ng/m3 

 BC4     136.0 ng/m3 

 BC5     117.5 ng/m3 

 BC6     120.2 ng/m3 

 BC7     102.9 ng/m3 

 BC8     118.8 ng/m3 

 BC10     79.2 ng/m3 

 FLOW      2.0 lpm 

 DILUTION  1.0 lpm 

 AT       20.6 C 

 BP        974 mbar 

 RH         38 % 

 WS        0.0 m/s 

 WD          0 Deg 

 FLOW TEMP  30.6 C 

 BOX TEMP   29.7 C 

 REMAINING    75 % 

Default View 

Scroll to View 
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The WS value is the measured wind speed and the WD value is the measured wind direction.  
Both WS and WD require an optional external WS/WD sensor (part number AIO 2).  Contact Met 
One Instruments for details. 

The FLOW TEMP is the temperature of the air flow measured just after the optical measurement 
head whereas the BOX TEMP is the temperature of the inside of the BC 1054 enclosure. 

REMAINING is an estimate, in percent of the amount of tape remaining. 

3.4 The Main Menu System and Menu Descriptions 

The main BC 1054 menu system can be entered at almost any time by pressing the MENU key. 
Use the ▲▼ arrow keys to move the flashing square cursor to the desired menu option, then 
press the ENTER key to enter the selected sub-menu. 

The functions of the CALIBRATE menu are described in Section 5. The functions of the TEST 
menu are described in Section 6. The functions in the SETUP and other menu options are 
explained in this section and in Section 3.5. 
 

 
Figure 3-3 The Main BC 1054 Menu 

 
START SAMPLE / STOP SAMPLE:   This menu option is used to start or stop the sampling and 
measurement cycle. The unit will display a confirmation screen with the option to cancel before 
either action is taken. If a sample cycle is running, a password may need to be entered before the 
sample can be stopped. See Section 3.5.8 for details regarding the password option.  

  

 CALIBRATE MENU 

 TEST MENU 

 ABOUT 

 

■START SAMPLE 

 VIEW ALARM LOG 

 COPY TO USB DRIVE 

▼SETUP MENU 

Scroll down ▼ to 
view these options 

Visible display area 
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VIEW ALARM LOG:   This menu allows operators to quickly view the error log entries in the BC 
1054. The screen displays the type of error, and the time and date when the error occurred. Scroll 
through the records using the ◄► keys. The ◄ key cycles backward to display the previous 
alarm (in chronological order) while the ► key advances forward to the next alarm.  See Section 
6.1 for descriptions of the alarm types. 

 
Figure 3-4 The BC 1054 Alarm Log 

 

COPY TO USB DRIVE:  This menu allows the user to copy BC 1054 data to a USB flash drive 
located inside the front door, in the upper right corner of the tape transport. See Section 0. 

SETUP MENU:   This is the main setup menu for the BC 1054. All user-settable operation 
parameters in this menu are described in Section 3.5. 

CALIBRATE MENU:  This is the field calibration menu for the BC 1054 temperature, pressure and 
flow measurements, and for setting user K Factors. The calibration audit of the optical system is 
also performed in this menu.  The calibrations in this menu are described in Section 5. 

TEST MENU:  This menu is for diagnostic testing of the tape system, lamps, relays, etc. Except 
for the TAPE TEST and LOAD TAPE screens, these functions are rarely used and are described 
in Section 6.8. 

ABOUT:  This menu option displays the BC 1054 firmware version and revision on the second 
line. The BC 1054 has three separate firmware files.  The third line displays the instrument serial 
number. Use the ▲▼ arrow keys to see the current revision of all firmware installed in the BC 
1054. 

 
Figure 3-5 The BC 1054 About Screen 

  

2016-08-16 11:35:35 

POWER OUTAGE 

 

BC 1054 

82401 R3.0.0 

Y21312 

WWW.METONE.COM 
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3.5 The SETUP MENU  

The BC 1054 setup menu contains the settings and configuration parameters used by the 
instrument. The factory default values may be correct for many applications but should be 
reviewed and altered to suit the specific needs of the local monitoring program, as needed. The 
settings will not be lost if the unit is unplugged or powered down. 

The unit will prompt for the password in order to enter the SETUP menu, if a password has been 
set up by the user (see Section 3.5.8). Use the ▲▼ keys to select the desired sub-menu and 
press the ENTER key to enter. The top SETUP menu is shown below: 

 
Figure 3-6 The BC 1054 Setup Menu 

3.5.1 The SAMPLE Setup Screen 

The SAMPLE settings screen allows users to set the Sample Rate and the Location ID of the unit.  
The Sample Rate is the rate at which the data is sent to the user report and the display.  Setting 
this value to one hour will return hourly data, whereas setting it to one minute will report at a one 
minute sample period.  The location ID is a simple ID number that will appear in the data files.  It 
can be used as a Unit ID number in a network of multiple BC 1054 monitors. The range is 001 to 
999. 

 

 
Figure 3-7 The BC 1054 Sample Screen 

  

 SERIAL PORT 

 MEMORY 

 CLOCK 

 PASSWORD 

 STORAGE PROC 

 HEAT SET POINTS 

■SAMPLE 

 TAPE ADVANCE 

 TAPE LOADING 

▼FLOW 

SAMPLE RATE: 1 MIN 

   LOCATION: 001 
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3.5.2 The TAPE ADVANCE Setup Screen 

The TAPE ADVANCE menu contains settings that determine how and when the filter tape is 
advanced to a fresh spot.  Some of these settings may need to be established based upon 
measured or likely ambient BC concentrations. 

 
Figure 3-8 The BC 1054 Tape Advance Menu 

 

The TAPE PERIOD setting is the time interval at which the filter tape automatically advances to a 
fresh spot. When set to AUTO, the unit will advance the tape spot based only on the filter loading 
threshold.  The default operational mode is AUTO tape advance on the UV filter loading threshold.  
The interval can be set to 1, 2, 3, 4, 6, 8, 12, or 24 hours (independent of filter loading). With a 
fixed time interval, the tape will advance at the top of the respective hour demarcation.  For 
example, if set to 6 hour tape advances, tape moves will occur at Midnight, 06:00, 12:00 and 
18:00. 

There may be additional tape advances if the loading threshold is reached before the timed tape 
advance time is reached.  In such cases, the timed tape advance will still occur at the scheduled 
time interval.  If frequent tape advancements due to particulate loading on the tape occur, it is 
recommended to use the Dilution Flow System.  See section 4.2. 

Note: The BC 1054 Tape Period should be set to AUTO for normal operation.  Setting the interval 
to anything else should be used for testing purposes only.  Concentrations reported by the BC 
1054 with the Tape Period not set to AUTO may be inaccurate and not acceptable by most 
standards. 

The SPOT ADVANCE setting is used to determine how many filter spots are advanced when the 
tape moves.  The default setting is 1 and the resulting dirty filter spots will be closely spaced.  
When the setting is set to 2, the unit will leave an extra blank spot between the used spots.  This 
setting should be left at 1 unless the local monitoring requirements mandate wider spacing.  

  TAPE PERIOD:▼AUTO 

 SPOT ADVANCE: 1 
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3.5.3 The TAPE LOADING Setup Screen 

The TAPE LOADING menu contains more settings that determine how and when the filter tape is 
advanced to a fresh spot. Some of these settings may need to be established experimentally 
based on the local sampling conditions. 

 
Figure 3-9 The BC 1054 Tape Loading Screen 

The LOAD ENABLE setting determines if the unit will use the LOAD LEVEL setting as the 
threshold for advancing the filter spot based on particulate loading on the tape.  This is necessary 
to prevent excessive tape loading and is turned ON as the factory default.  If the TAPE PERIOD is 
set to AUTO (see Section 3.5.2) the LOAD ENABLE option will always operate as if it were ON, 
even if it is configured as OFF.  It should only be configured as OFF if automatic filter advances 
based on loading during the selected time interval are unacceptable. 

Note: care should be exercised when setting LOAD ENABLE OFF as longer tape advance 
settings and higher concentration environments can cause filter loading effects that make the 
resulting data unreliable. 

The LOAD LEVEL setting is the carbon loading threshold at which the tape spot will be advanced 
based on filter loading (if LOAD ENABLE is set to ON). As light absorbing particulate matter 
accumulates on the filter spot, it eventually reaches a point beyond which the optical attenuation 
of the spot is greater than the optimal range for the measurement. A load level of 100 corresponds 
to an optical attenuation of 1. The range is 10 to 125 (%). The higher this setting is, the more 
attenuation will be allowed before the tape auto-advances.  The default setting is 100. 

The LOAD CARBON setting determines which of the ten carbon concentrations (see Table 1-1) is 
used in the LOAD LEVEL calculation to determine when to advance the tape based on loading. 
Since shorter wavelengths have greater attenuation, using BC1 (the factory default) as the trigger 
will result in tape changes more often than if, for example, BC9 were used as the trigger. This may 
be undesirable if minimal data interruptions are required. However, using longer wavelengths 
(such as BC9) as the trigger will allow a sample to run to the point where the shorter wavelength 
attenuation becomes excessive.  This can have the undesirable effect of less accurate readings 
for the shorter wavelength channels.  More frequent tape advances will reduce the tape-loading 
phenomenon that results in signal discontinuities each time the tape is advanced but at the cost of 
losing data during the tape advancement cycles.  Care should be taken to select the LOAD 
CARBON channel that offers the best balance of measurement accuracy with minimal data 
interruptions.  BC1 (UV) is the factory default for triggering a tape move and will result in the best 
overall results across all 10 wavelength channels. 

  

  LOAD ENABLE: ON 

   LOAD LEVEL: 100 

  LOAD CARBON: BC1 
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3.5.4 The FLOW Setup Screen 

The FLOW setup screen is shown below. The flow rate may be set to either 2 or 5 LPM and must 
match the flow rate required by the attached PM2.5 or PM1 cyclone.  The factory default is 5 LPM 
but areas with heavy concentrations should consider using the lower flow rate option to reduce 
tape movement frequency due to filter loading (see section 3.5.3). When switching between 5 lpm 
and 2 lpm the flow must be re-calibrated (Section 5.3). 

Extremely high concentrations should use the Dilution Flow System.  If installed, the flow system 
is activated by turning it ON in this screen and then selecting either 50, 60, 70, or 80 percent 
dilution.  See section 4.2 for more details. 

If the dilution system is not present, the dilution enable and dilution percent are not shown. 

 
Figure 3-10 The BC 1054 Flow Setup Screen 

3.5.5 The SERIAL PORT Setup Screen 

The SERIAL PORT setup screen is shown below. These settings affect the configuration for the 
“COMPUTER RS232” and “ETHERNET” ports.  The BAUD setting is the data transfer rate for the 
serial data output. Downloading large data files will take longer at low baud rates, so set it to the 
fastest rate supported by the data collection system. The value can be set to 1200, 2400, 4800, 
9600, 19200, 38400, 57600, or 115200 baud. The “MODEM” port uses a fixed baud rate of 
38,400. 

The FLOW CTRL (flow control) setting is set to NONE for most standard RS-232 serial port 
applications. This setting must be set to RTS/CTS for hardware handshaking when using the 
Ethernet port. The baud rate and flow control settings must also be set to match in the NetBurner 
Ethernet card setup. See Section 7 for more information about configuring Ethernet 
communications and the Met One Instruments 7500 protocol. 

The default settings are 9600 and NONE. 

 
Figure 3-11 The BC 1054 Serial Port Setup Screen 

 
  

FLOW SET POINT 

  SAMPLE: 2 LPM 

DILUTION: OFF 

DILUTION: 50% 

     BAUD: 9600 

FLOW CTRL: NONE 
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3.5.6 The MEMORY Setup Screen – Clearing the Memory 

The MEMORY screen is used to clear/erase files in the BC 1054 memory. CAUTION: This menu 
function will permanently delete the selected files from the instrument memory! 

 
Figure 3-12 The BC 1054 Clear Memory Menus 

 

The FILE value can be set to the DATA LOG, ALARM LOG, or ALL LOGS. Pressing the CLEAR 
softkey will cause the confirmation screen to appear before the selected files are cleared as 
shown in Figure 3-12. 

3.5.7 The CLOCK Setup Screen 

The CLOCK setup screen is used to change the instrument date and time and to calibrate the 
real-time clock. Press the ENTER key to open the fields for editing. Once open, use the arrow 
keys to set the desired date and time and then press the ENTER key again to lock the field. Press 
the SET softkey to save the changes and exit out to the SETUP menu screen. 

 
Figure 3-13 The BC 1054 Clock Setup Screen 

 
The following rules apply to setting the clock from the front panel screen and via the serial 
communication port.   

 Setting the clock while the instrument is sampling is allowed for adjustments less than 10 
minutes. 

 Adjusting the clock by more than 10 minutes requires that the instrument is NOT sampling. 
 
If the clock is adjusted while the instrument is NOT sampling, the time is adjusted immediately. 
 
If the clock is adjusted while the instrument is sampling, adjustments to the real-time clock are 
made in 5 second increments each minute until the correction is complete. 

 A time correction of 1 minute would take 12 minutes to complete. 

 A time correction of 10 minutes would take 120 minutes to complete. 
 
Summary of the Real-Time Clock (RTC) Calibration process: 

 Set the BC 1054 clock to a reference standard. 

 Start Real-Time Clock Calibration 

 After 10 to 30 days (longer is more accurate), complete clock calibration process. 
 
  

FILE:▼DATA LOG 

 

 

  CLEAR 

FILE:▼ALARM LOG 

 

 

  CLEAR 

 

 

CLEAR DATA LOG? 

 

  CANCEL    CLEAR 

 

SET CLOCK 

2016-08-16 18:13:15 

 

 SET  CALIBRATE 
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To calibrate the RTC: 

 

Enter SET CLOCK menu and calibrate RTC to a 
reference time standard (www.time.gov, etc). 
 
Press the CALIBRATE softkey. 
 

 

Press the START softkey. 

 

Current RTC value is stored and STATUS 
changes to RUNNING and displays the time the 
calibration was started.  
After 10 – 30 days, return to the clock calibration 
screen and press NEXT. 

 

Enter the STAND(ard) time 2 minutes in the future. 
When the setting in STAND(ard) matches the 
reference time standard, press DRIFT. 
Press NEXT to show the RTC Calibrate Screen. 

 

ADJUST is the interval when 1 second will be 
added to or subtracted from the RTC. 
Press CALIBRATE.  The Calibrate Clock Warning 
screen will be displayed 

 

Press YES to apply the RTC clock calibration. 
Press NO to exit with no change. 

 
To remove an RTC calibration, Enter the SETUP > CLOCK menu. 
 

 

Press the CALIBRATE softkey to enter the 
CALIBRATE menu. 

SET CLOCK 

2019-06-10 13:34:10 

 

 SET  CALIBRATE 

STATUS STOPPED 

 

 

START       NEXT 

STATUS RUNNING 

START 06-10 13:36:19 

 

START       NEXT 

STAND 06-22 13:40:20 

RTC   06-22 13:42:02 

DRIFT  98.36 ppm 

DRIFT       NEXT 

DRIFT  98.36 ppm 

ADJUST   +0.02:49:27 

 

CALIBRATE       EXIT 

WARNING 

CALIBRATE CLOCK? 

 

YES          NO 

SET CLOCK 

2019-06-10 13:34:10 

 

 SET  CALIBRATE 

http://www.time.gov/
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Press NEXT to view the current RTC calibration. 

 

To remove the current RTC calibration, press 
CLEAR. 
The Remove Calibration warning screen will be 
displayed. 

 

Press YES to remove the current RTC calibration. 
Press NO to exit, keeping the current RTC 
calibration. 

 

RTC calibration screen after being cleared. 

 
 

3.5.8 The PASSWORD Setup Screen 

The PASSWORD setup screen is used to change the 4-digit numeric password used to limit 
access to certain features in the menu system, including the setup menu.  

The default password is 0000. This disables the password and allows full access to all of the 
password-controlled functions. If the password is changed to any value between 0001 and 9999, it 
will subsequently be required for access to these screens.  

 
Figure 3-14 The BC 1054 Password Setup Screen 

3.5.8.1 Recovering a Lost or Forgotten Password 

Should the password ever be lost or forgotten, the Met One Instruments service department can 
assist in password recovery.  Serial communications must be established (see section 1.2) and 
then the RPW command must be sent.  The BC 1054 will provide an encrypted response which 
should then be emailed to the Met One Instruments service department (see section 1.2) for 
decoding. 

  

STATUS STOPPED 

 

 

START       NEXT 

DRIFT  98.36 ppm 

ADJUST   +0.02:49:27 

NEXT  06-26 13:44:23 

CLEAR           EXIT 

WARNING 

REMOVE CLOCK 

CALIBRATION? 

YES          NO 

DRIFT   0.00 ppm 

ADJUST   +0.00:00:00 

 

            EXIT 

PASSWORD:■1000 
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3.5.9 The STORAGE PROC Setup Screen 

This screen provides a means of updating the firmware in the PC104 storage processor.  Contact 
the Met One Instruments service department (see section 1.2) for assistance if it is necessary to 
perform this update. 

 

Figure 3-15 The BC 1054 Storage Proc Setup Screen 

3.5.10 The HEAT SET POINTS Setup Screen 

The HEAT SET POINTS screen provides a means of adjusting the set points of the internal box 
heater and the inlet heater. 

The FLOW TEMP is the temperature of the sample air after it has passed through the inlet heater 
then through the optical measurement head.  This temperature should be set to ~10 °C above the 
maximum ambient temperature in high RH conditions.  The FLOW TEMP available range is 
between 25 °C and 40 °C.  It should be noted that raising the temperature of 100% RH air 10 °C 
will reduce the RH saturation to approximately 60%. 

The BOX TEMP is the target set point for the internal temperature of the box.  The available range 
for this setting is between 0 and 40 °C.  This is a heat only temperature control, so the 
temperature inside the box cannot be cooled below ambient temperatures.  The default value for 
BOX TEMP is 30 °C. 

 

Figure 3-16 The BC 1054 Heat Set Points Setup Screen 
 

 

  

   UPDATE:  ■PC104 

 

 

 CANCEL      UPDATE 

HEATER SET POINTS 

FLOW TEMP: 35 C 

 BOX TEMP: 30 C 

  



Page 32 BC 1054-9800   REV G 

4 BC 1054 AIRFLOW SYSTEM 

The flow control system is a critical component of the BC 1054 measurement. A complete 
functional description is included to assist the user in understanding this system.  

 
Figure 4-1 BC 1054 Flow Diagram 

 

4.1 Airflow Control System Descriptions 

The following flow control systems refer to the flow system shown in Figure 4-1. 

Airflow During Normal Sampling: 

1. Ambient air is drawn into the instrument at 2 or 5 LPM through a TSP inlet, then through the 
PM2.5 or PM1 size fractionator, a stiff support tube (for mounting), and then flexible tubing 
before entering the back of the BC 1054. 



 BC 1054-9800   REV G Page 33 

2. The sample air is drawn through the inlet heater and into the optical measurement module and 
through the filter tape where ambient particulate is deposited onto a small diameter filter spot. 
The filter spot size is optimized for high sensitivity operation rather than for high concentration 
operation. 

3. The sample air exits the bottom of the measurement module, passes through a small debris 
filter, and then flows through the mass airflow sensor where the flow rate measurement is 
made. The CPU converts the mass flow from the sensor into actual volumetric flow based on 
continuous inputs from the model 597A ambient temperature and pressure sensor. 

4. Next, the sample air passes through the flow controller (which controls the sample flow rate), 
through the pulse dampening chamber and out the Exhaust bulkhead to the external pump.  

Filter Spot Changes: 

1. In order to change the filter tape sample spot, the unit turns off the pump and then raises the 
measurement head away from the filter tape. The tape take-up motor advances the filter tape 
to a clean spot. The measurement head is lowered to the closed position on the tape and the 
pump turns back on. This entire process takes less than 1-minute. 

2. After the tape advances, optical carbon reports will resume after 2 minutes.  

4.2 Dilution Flow System Description 

In monitoring environments with extremely high concentration levels, the excessive particulate 
contained in the sample can result in excessive tape loading.  This will result in frequent tape 
advances.  Rapid depletion of the filter tape and potentially bad data are the most immediate 
detrimental side effects.  Over time, there will be excessive buildup of particulate matter inside the 
instrument, too.  This will result in additional maintenance being required and greater wear on 
internal components.  To avoid these issues, Met One Instruments offers the Dilution Flow 
System. 

When installed on the back of the BC 1054, a controlled portion of the clean air is mixed with the 
incoming sample air.  Using this feature, the incoming sample concentration levels can be diluted 
between 50 and 80%.  This means that, because the volume of air is carefully controlled, accurate 
measurements can be made with a mere 20% of the full particulate concentration in extreme 
environments. 
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Figure 4-2 BC 1054 Dilution Flow System Diagram 

 

 

 
 

Figure 4-3 Major Components of the Dilution Flow System 
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Airflow During Dilution Sampling: 

1. Air is drawn through the dilution pump and directed through the dilution filter to ensure the 
dilution air is clean. 

2. It then flows through the flow meter at the target flow rate (between 1.0 and 1.6 LPM).  The 
flow rate is controlled by adjusting the speed of the dilution pump. 

3. During normal sampling, after exiting the flow meter, the three-way solenoid valve will direct 
the clean dilution air into the primary sample air intake path.  Here it will mix with the sample 
air diluting the sample. 

a. The three-way solenoid valve is closed during a leak test of the primary sample flow 
path (see section 6.8.4) to isolate it from the testing path.  During this test, the dilution 
pump will not be running. 

b. The three-way solenoid valve also provides an access point for performing flow 
verifications and calibrations of the dilution system (see section 5.4). 

The Dilution Flow System is only useable with a 2 LPM sample flow rate.  If the Dilution Flow 
System is engaged while the BC 1054 is configured for 5 LPM flow, sample flow rate will 
automatically be changed to 2 LPM. 

It is important to note that sharp cut cyclone requires the proper 2 LPM flow rate to perform 
correctly.  When using the Dilution Flow System, the inlet cyclone will not be coupled to the TSP 
inlet as shown in Figure 2-4, but instead is installed directly on the back of the BC 1054 (see 
section 4.2).  This is because the sample flow will now include both the air flow from the sample 
inlet and the dilution air flow paths.  Therefore, the 2 LPM flow rate will only be present after the 
dilution air is added to the sample air. 

For example, if the dilution flow is set to the maximum value of 80%, the dilution flow rate will be 
1.6 LPM.  There will be a flow of clean air at 1.6 LPM being injected into the sample air flow path 
just before the sample air enters the SCC.  The sample flow rate must be adding 0.4 LPM to the 
dilution flow rate in order to maintain the necessary 2.0 LPM required by the SCC.  Therefore, the 
sample airflow upstream of the dilution flow system outlet is only 0.4 LPM.  This is the reason the 
cyclone cannot be deployed in its normal location beneath the TSP inlet. 

By contrast, if the dilution flow were set to 50%, both the dilution flow and the sample flow rates 
would be 1.0 LPM.  This relationship should be considered when determining the sample inlet 
location and routing the sample air flow path inlet tubing.  See section 3.5.4 for engaging the 
Dilution Flow System and setting the level of dilution. 
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5 CALIBRATE MENU  

The BC 1054 has a system of calibration menus which allow the operator to audit or calibrate 
various system parameters for optimal performance. It is recommended that airflow control 
parameters (AT, BP, FLOW) be audited monthly and calibrated quarterly during continuous 
operation. The exact frequency may vary depending on local conditions and the data validation 
requirements established by the sampling program administrator. 

Note: The BC 1054 temperature and pressure calibrations should always be checked before any 
flow calibrations are performed, since the flow calculation is dependent on these parameters. The 
model 597A ambient AT/BP/RH combination sensor must be fully functional and connected 
properly. 

The CALIBRATE MENU option is located in the main BC 1054 menu. The password, if used (see 
Section 3.5.8), is required to enter the menu. The CALIBRATE MENU is shown below: 

 
Figure 5-1 The BC 1054 Calibrate Menu 

5.1 Ambient Temperature Calibration 

The CALIBRATE AT screen is used for field audits or calibrations of the ambient temperature 
measurement of the BC 1054.  

 
Figure 5-2 The BC 1054 AT Calibration Screen 

 

The DEFAULT softkey should be pressed to clear out all previous field calibrations and restore the 
factory calibration for the sensor. Use this prior to beginning the calibration process. 

The AT parameter is the current reading from the 597A temperature sensor. The STANDARD field 
is where the correct value from the traceable temperature standard should be entered, if 
necessary. To correct the AT reading, enter the value shown on the reference sensor in the 
STANDARD field (see Section 3.2) and then press the CALIBRATE softkey. The AT value should 
change to match the STANDARD value when the CALIBRATE softkey is pressed.  

To audit this parameter without making any calibration changes, enter the screen, record the AT 
value, and then press the ESC key to exit. 

  

■CALIBRATE AT 

 CALIBRATE BP 

 CALIBRATE FLOW 

 CALIBRATE DILUTION 

 CALIBRATE AUDIT 

 K-FACTORS 

       AT: 25.4 C 

 STANDARD: 24.0 C 

 

 DEFAULT  CALIBRATE 
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5.2 Barometric Pressure Calibration 

The CALIBRATE BP screen is used for field audits or calibrations of the ambient barometric 
pressure measurement of the BC 1054.  

 
Figure 5-3 The BC 1054 BP Calibration Screen 

 

The DEFAULT softkey should be pressed to clear out all previous field calibrations and restore the 
factory calibration for the sensor. Use this prior to beginning the calibration process. 

The BP parameter is the current reading from the 597A pressure sensor. The STANDARD field is 
where the correct value from the traceable pressure standard should be entered, if necessary. To 
correct the BP reading, enter the value shown on the reference sensor in the STANDARD field 
(see Section 3.2) and then press the CALIBRATE softkey. The BP value should change to match 
the STANDARD value when the CALIBRATE softkey is pressed.  

To audit this parameter without making any calibration changes, enter the screen, record the BP 
value, and then press the ESC key to exit. 

5.3 Flow Sensor Calibration 

Note: The BC 1054 temperature and pressure calibrations should always be checked before any 
flow calibrations are performed, since the flow calculation is dependent on these parameters. The 
model 597A ambient AT/BP/RH combination sensor must be fully functional and connected 
properly. 

The CALIBRATE FLOW screen is used for field audits or calibrations of the sample flow 
measurement of the BC 1054. The temperature, pressure, and leak status must be checked 
before performing any flow calibrations.  See Sections 5.1, 0, and 6.4 for more details on these 
prerequisites. When switching between 5 lpm and 2 lpm the flow MUST be re-calibrated, since 
there is only one flow gain and offset. 

Note: If the Dilution Flow System is installed, the dilution pump will remain OFF when calibrating 
the sample flow.  See section 5.4 for calibration of the dilution flow sensor. 

Flow calibrations require a traceable flow audit calibration device, and traceable standards for 
temperature and pressure. The BGI tetraCal and similar particulate sampler flow calibrators work 
well. Attach the flow meter to the BC 1054 sample inlet. 

   
Figure 5-4 The BC 1054 Flow Calibration Screens 

 

All flow values are in Qa actual volumetric conditions.  

The screen will first display the zero flow mode with the pump OFF. The measured flow will be 
displayed at the top of the screen.  

       BP:  967 mbar 

 STANDARD: 0967 mbar 

 

 DEFAULT  CALIBRATE 

     FLOW:  0.0 lpm 

 

 

 ZERO       CONTINUE 

 

SET POINT:  5.0 lpm 

     FLOW:  5.0 lpm 

 STANDARD:  5.00 

 DEFAULT  CALIBRATE 
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To access the DEFAULT menu item, enter the CALIBRATE FLOW menu.  The cursor will be 
flashing next to the ZERO softkey.  Press the ENTER key to open the ZERO field for editing.  Use 
the arrow keys to scroll down to DEFAULT.  Press ENTER again.  The flow control offset and 
slope can now be set to factory defaults by pressing the DEFAULT softkey. 

Press the ENTER key, change the DEFAULT softkey back to ZERO, and press ENTER again to 
return to the zero flow calibration screen.  Press the ZERO softkey to zero the flow sensor. Then 
press CONTINUE to proceed to the main flow calibration screen and automatically turn the pump 
ON. 

The SET POINT parameter is the target flow rate that the BC 1054 will attempt to maintain. The 
FLOW parameter is the current flow reading from the BC 1054 flow sensor. The instrument should 
automatically regulate to the SET POINT value within a few moments. 

The DEFAULT softkey should be pressed to clear out all previous field calibrations and restore the 
factory calibration for the sensor. Use this prior to beginning the calibration process. 

The STANDARD field is where the correct flow value from the traceable flow meter should be 
entered if the flow does not match within ± 5% of the traceable standard. To correct the FLOW 
reading, enter the value shown on the reference meter in the STANDARD field (see Section 3.2) 
and then press the CALIBRATE softkey. The FLOW value should change to match the 
STANDARD value when the CALIBRATE softkey is pressed.  The monitor will then attempt to 
regulate the FLOW value to match the SET POINT. 

Audit-Only Flow Checks: To audit the flow without making any calibration changes, enter the 
flow calibration menu, record the zero flow value, press the CONTINUE key, allow the flow to 
stabilize, compare the FLOW value to the traceable standard, record the results, and then press 
the ESC key. No flow calibrations are changed if the ZERO and CALIBRATE softkeys are not 
pressed. 

5.4 Dilution Flow Sensor Calibration 

The CALIBRATE DILUTION screen is used for field audits or calibrations of the dilution flow 
measurement of the BC 1054 Dilution Flow System. The sample flow sensor should be calibrated 
before calibration of the dilution flow sensor.  See Section 5.3 for more details. 

This flow calibration requires a traceable flow audit calibration device. The standard must be able 
accept a pressurized flow rate.  A vacuum style of flow measurement will not work for this flow.  
Attach the flow meter standard to the three-way solenoid valve located in the Dilution Flow System 
(see Figure 5-5). 

 

Figure 5-5 Dilution Flow System Air Flow Locations 
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All flow values are in actual volumetric conditions.  Figure 5-6 shows the various screens that will 
be displayed during the dilution flow rate calibration. 

  

  

Figure 5-6 The BC 1054 Dilution Flow Calibration Screens 

The screen will first display the current dilution flow set point and turn on the pump.  If performing 
a flow audit, simply allow the flow to stabilize and verify the flow rate is correct and matches the 
flow standard.  Record the results and press ESC on the front panel to exit back to the Calibration 
menu.  If a calibration needs to be performed, press the CONTINUE soft key to begin the 
calibration process. 

The calibration of the dilution flow is a two-point calibration consisting of the minimum (1.0 LPM) 
and the maximum (1.6 LPM) flow rates.  After pressing CONTINUE, the low flow set point test will 
be displayed and the pump will be adjusted to the 1.0 LPM flow rate. 

The SET POINT parameter is the target flow rate that is trying to be maintained. The DILUTION 
parameter is the current flow reading from the dilution flow sensor. The instrument should 
automatically regulate to the SET POINT value within a few moments. 

The STANDARD field is where the correct flow value from the traceable flow meter should be 
entered if the flow does not match within ± 5% of the traceable standard. To correct the DILUTION 
reading, enter the value shown on the reference meter in the STANDARD field (see Section 3.2) 
and then press the SET key to temporarily store the new set point details.  Press CONTINUE to 
advance to the high flow set point. 

The instrument should automatically regulate to the SET POINT value within 30 seconds.  Repeat 
the comparison and adjustment inputs made during the low flow test. 

If any changes were input to the STANDARD field in either the low or high flow test screens, press 
the CALIBRATE softkey. The DILUTION value should change to match the STANDARD value.  
The monitor will then attempt to regulate the FLOW value to match the SET POINT.  Press the 
CONTINUE softkey to advance to the final audit screen.  The current dilution flow rate and 
measured flow will be displayed again.  Verify they match and also match the standard and then 
press the EXIT softkey to return to the Calibrate menu. 

If difficulty is encountered during the calibration process, the default key can be used.  If the flow 
cannot be calibrated accurately after several attempts, press the DEFAULT key to clear out all 
previous field calibrations and restore the factory calibration for the sensor.  Once reset, perform 
the Dilution Flow System flow calibration process again. 

Audit-Only Flow Checks: To audit the flow without making any calibration changes, enter the 
flow calibration menu and allow the flow to stabilize. Verify the flow rate is correct and matches the 
flow standard.  Record the results and press ESC on the front panel to exit back to the Calibration 
menu. 

SET POINT: 1.5  lpm 

 DILUTION: 1.50 lpm 

  

 DEFAULT   CONTINUE 

SET POINT: 1.0  lpm 

 DILUTION: 1.00 lpm 

 STANDARD: 0.98 

   SET     CONTINUE 

SET POINT: 1.6  lpm 

 DILUTION: 1.60 lpm 

 STANDARD: 1.69 

 CALIBRATE CONTINUE 

SET POINT: 1.5  lpm 

 DILUTION: 1.50 lpm 

  

              EXIT 
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5.5 The CALIBRATE AUDIT Menu – Performing Optical Span Tests 

The CALIBRATE AUDIT menu is used to perform the optical span calibration verification test on 
the instrument using a neutral density filter. This will introduce a known and consistent amount of 
optical attenuation into the measurement system. The 81947-3 Neutral Density Span Check Filter 
tool will be needed to perform this test. 

Note:  No changes to the instrument calibration are made with this process. This is a span check 
only. 

Press the MENU key on the front panel display.  Highlight the CALIBRATE MENU item and press 
the ENTER key on the keypad.  Scroll to the CALIBRATE AUDIT option and press the ENTER 
key again. 

When entering the CALIBRATE AUDIT menu, 
the measurement head should be in the UP 
position.  If it is not, or if the state is unknown, 
press the MOVE button (see Figure 5-7) to 
raise the head and advance the tape one 
position. 

 
Figure 5-7 Entering the CALIBRATE AUDIT Menu 

Flip down the tape slot access door on the measurement module cover as shown in Figure 5-8. 

 

   

Figure 5-8 Opening the Tape Slot Access Door 

Loosen the tape by manually operating the tape supply reel.  Pull the tape forward through the slot 
far enough to be able to lay the tape beneath the cover as shown in Figure 5-9.  Care should be 
exercised to avoid breaking or damaging the tape. 

VERIFY CALIBRATION 

 

 

  MOVE      START 
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Figure 5-9 Loosening the Tape for Cover Removal 

Loosen the two thumb screws on the measurement head module, remove the cover, and then re-
install the tape as normal.  See Figure 5-10. 

   

Figure 5-10 Removing the Measurement Head Cover 

Press the MOVE option (see Figure 5-7) to properly tension the tape and advance it to a clean 
spot. The tape must be moved if a dirty spot is currently under the nozzle. 

When the START key is pressed, the START ZERO screen will be displayed as shown in Figure 
5-11. Press CONTINUE to begin the zero test. 

 
Figure 5-11 The Zero Test Start 

Screen 

 
Figure 5-12 The Zero Test in 

Progress Screen 

 
Figure 5-13 The Span Check Start 

Screen 

The measurement head will lower onto the tape and the display will show the completion time 
remaining (see Figure 5-12) for the blank filter portion of the test.  At the end of the ZERO portion 
of the test, the measurement head will raise and the display will show INSERT ND FILTER as 
shown in Figure 5-13.  

CAUTION:  Be very careful not to move the tape as this will affect the measurement! 

  Closing the door during the measurement will increase repeatability. 

START ZERO 

 

 

           CONTINUE 

ZERO 

  COMPLETE IN 

    1.8 MINUTES... 

INSERT ND FILTER 

 

 

           CONTINUE 
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Insert the Span Check Membrane neutral density filter above the tape.  The alignment tabs will 
insert into notches on the mounting plate and the filter will press squarely against it when properly 
inserted.  See Figure 5-14. 

   

Figure 5-14 Inserting the Neutral Density Span Membrane 

Press CONTINUE and the measurement head 
will lower and begin the span check. The 
display will show the completion time 
remaining for the ND filter test as shown in 
Figure 5-15.  

Figure 5-15 The Span Test in Progress Screen 

At the end of the test, the calibration results 
will be displayed (see Figure 5-16).  The 
values should be within ± 5% of the values 
indicated on the label inside the Span Check 
Membrane holder mounted on the inside of 
the door of the BC 1054.  Use the ▲ and ▼ 
keys to view values for all 10 channels.  
Record the results and then press the 
CONTINUE button. 

 
Figure 5-16 The Calibration Results Screen 

 

The measurement head will raise and the 
display will indicate when it is safe to remove 
the ND filter as shown in Figure 5-17.   

Remove the filter and then press the EXIT 
button to return to the CALIBRATE menu.  

Figure 5-17 The Calibration Audit Exit Screen 

Should the values fail to be within ± 5%, the most likely reason is inadvertent tape movement 
during the test.  The test should be run again with particular attention paid to maintaining the tape 
stationary.  If the test still fails, contact the Met One Instruments, Inc. service department for 
assistance.  See section 1.2 for contact details. 

ND FILTER 

  COMPLETE IN 

    1.6 MINUTES... 

CALIBRATION RESULTS 

 BC1  1010.9 ng 

 BC2  1130.1 ng 

           CONTINUE 

 BC3  1225.5 ng 

 BC4  1368.1 ng 

 BC5  1405.0 ng 

 BC6  1455.3 ng 

 BC7  1584.6 ng 

 BC8  1654.7 ng 

 BC9  1924.1 ng 

 BC10 2044.5 ng 

           CONTINUE 

REMOVE FILTER 

 

 

             EXIT 
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Loosen the tape supply wheel and lay the tape across the bottom of the enclosure to allow room 
to reinstall the measurement head cover.  Reinstall the cover, open the access door (if necessary) 
and reload the tape per the instructions provided in section 2.6 of this manual. 

5.6 K Factor Calibration 

Each BC 1054 monitor leaves the factory with a calibration certificate containing the K-factors 
used to adjust the referenced BC 1054 monitor to a factory standard. In certain sampling 
situations, it may be desirable to adjust the output readings of one or more channels to more 
closely match a reference instrument under local conditions. The K-FACTORS screen in the 
CALIBRATE MENU may be used to do this.  

 
Figure 5-18 The BC 1054 K-Factors Screen 

 

To select a given wavelength channel, highlight the CHANNEL field and press the ENTER button 
on the keypad.  Use the up and down arrows to cycle through the list to find the desired channel 
(see Table 1-1) and then press ENTER again to select it.  The K-factor for that channel may now 
be entered. 

The K factors are direct multipliers applied to the concentration measurements.  All concentration 
data stored in the BC 1054 will be affected by these K factors.  Only the values reported in the 
CALIBRATE AUDIT menu are not affected by these K factors. 

Note: These user accessible K factors do not replace or modify the factory programmed 
calibration K factors listed on the calibration certificate nor are they applied during the Calibration 
Audit (see section 5.5). 

6  MAINTENANCE and TROUBLESHOOTING 

This section provides information about routine maintenance of the BC 1054, and for performing 
more detailed diagnostic tests if a problem is encountered. The instrument generates error 
messages on the display or in the data log if a failure or other problem is detected. Many times, 
there is a simple solution. Persistent errors often signify a failure that will require investigation. 

6.1 BC 1054 Error & Alarm Event Descriptions 

The BC 1054 contains a system of error and alarm codes that are used to alert the operator to any 
problems with the unit. The errors appear on the display and are stored in the digital alarm log 
with the time and type of the error. Corresponding alarm codes are stored in the data array.  

The Alarm field is reported in data files by a numeric code. If multiple alarms are generated for a 
single data record, the reported alarm value is the sum of the alarm codes. The general alarm 
events are described in Table 6-1.  Certain alarm events may not be posted to the data array if an 
alarm condition terminates operation before the end of a sample.  Please consult the Alarm Log 
for more detailed information when an error is encountered. 

  

   CHANNEL: BC1 

  K-FACTOR: 1.000 
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Code Description Causes Corrective action 

0 No Alarm System fully functional None 

1 Power Failure 
Caused by a power cycle or a 
microprocessor reset. 

Power off/on event logged. 
Ensure unit is provided with stable power 

2 
Digital 
Sensor Link 
Failure 

Digital sensor link failure after 10 
seconds of no communication with the 
597A sensor. 

1. Ensure 597A sensor connection 
on back of BC 1054 are 
correct.  Section 2.4 

2. Ensure 597A sensor connector 
plugged in securely on bottom of 
597A.  Section 2.4 

3. Possible bad 597A.  Obtain 
factory replacement. 

4 
Tape Move 
Failure 

1. Tape roll exhausted 
2. Tape break 
3. Tape loose, not turning encoder 
4. Encoder wheel turns, but not 

measuring tape movement 

1. Install new roll of tape.  Section 
2.6 

2. Re-attach tape to take-up spool.  
Section 2.6 

3. Raise nozzle, tighten tape so it’s 
in contact with encoder wheel.  
Section 2.6 

4. Optical encoder fault.  Refer to 
qualified service technician 

8 Maintenance 
Stop for maintenance during normal 
operation. 

“Stop Sample” logged. Not an error 
condition. 

16 Flow Failure 

Failure when the flow is less than 1.0 
LPM for greater than one minute, when 
the flow is 10% out of regulation for more 
than one minute, or when the flow is 5% 
out of regulation for more than five 
minutes. 

1. Flow controller out of position 
2. Inlet hose kinked or other 

blockage on inlet 
3. Debris filter clogged 
4. Bad pump 
5. Bad flow sensor or flow 

controller 

1. Perform flow audit and allow flow 
controller to regulate flow.  
Section 5.3 

2. Un-kink hose or remove 
blockage, Clean cyclone, clean 
TSP head, replace inlet tubing 

3. Clean or replace debris filter 
4. Replace pump and re-calibrate 

flow. Sections 6.5.1, 5.3 
5. Replace Flow System and re-

calibrate flow. Sections 6.5, 5.3 

32 
Automatic 
Tape 
Advance 

The tape was advanced because of tape 
loading. Scheduled tape advances do 
not generate this notice. 

Automatic tape advance logged. Not an 
error condition. 

64 
Detector 
Failure 

1. Misinstalled tape 
2. Blocked Reference or Sample 

port 
3. Light leak 
4. Hardware Failure 

1. Verify tape is installed correctly.  
Section 2.6 

2. Clear obstructions in the port 
below the tape (Sample detector 
window) or Reference port 

3. Ensure door is closed and light 
shield is properly installed 

4. Refer to qualified service 
technician 

128 N/A   

256 
Sensor 
Range 

A sensor is outside its designated limits. 
Check error log for abbreviation WS, 
WD, AT, RH, BP, FLOW, DFLOW, LED 
T, or DET T. 

1. AIO equipped: if WS, WD, AT, 
RH or BP, replace AIO. 

2. 597A equipped: if AT, RH or BP, 
replace 597A. 

3. If FLOW, DFLOW, LED T, DET T 
refer to qualified service 
technician 
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512 
Nozzle Move 
Failure 

Set when nozzle failed to move up or 
down. 

1. Lift motor not turning: Verify 
connection in cable 

2. Lift motor turning, lift arm not 
moving: Lift bearing slipping on 
shaft, or shaft broken.  Refer to 
qualified service technician 

3. Lift motor turning, lift arm 
moving, nozzle not moving: lift 
bearing broken.  Refer to 
qualified service technician 

4. “UP” and/or “DOWN” opto not 
functioning.  Refer to qualified 
service technician. 

1024 
SPI Link 
Failure 

Internal communication failure with the 
Storage Processor 

1. Re-connect cable between 
80880 and 30030. 

2. Refer to qualified service 
technician 

2048 
Calibration 
Audit 

A user Calibration Audit was being 
performed. 

Calibration Audit activity logged. Not an 
error condition. 

4096 
Storage 
Processor 
Link Failure 

Internal communication failure. 
Refer to qualified service technician (unit 
still functional, data storage reduced to 
14 days). 

65536 Tape Move System advances the filter tape. 
Tape advance logged. Not an error 
condition. 

Table 6-1 Alarm Triggers 

 

Detector Alarm Events:   The detector alarm events are detailed in Table 6-2. Any detector 
failure event will stop machine operation, force a tape advance, and then attempt to resume 
normal sampling.  Detector warnings will be logged but will not interrupt operation. The IR and UV 
detector range is 0.0 to 2500 mV. The limits are as follows: 

Saturation Limit = 2400          Detector Limit = 100          Zero Limit = 20 mV 

Description Causes 

LED Failure 
While an LED is ON, the signal and reference detector readings are below the 
Detector Limit. 

Signal Detector Failure 
While LED 1 is ON, the signal detector reading is below the Detector Limit and 
reference detector reading is above the Detector Limit. 

Reference Detector Failure 
While LED 1 is ON, the signal detector reading is above the Detector Limit and 
reference detector reading is below the Detector Limit. 

Signal Zero Warning When the signal zero is above the Zero Limit. 

Reference Zero Warning When the reference zero is above the Zero Limit. 

Signal Saturation Failure When any of the LED Signal readings is above the Saturation Limit. 

Reference Saturation Failure When any of the LED Reference reading is above the Saturation Limit. 

Table 6-2 Causes for Detector Failure Alarms 

 

Sensor Outside Range Alarm Events:   This alarm occurs if one of the 597A sensor parameters 
registers a value outside of its measurement range, indicating a possible sensor failure. It is 
intended to filter out and catch full scale readings which can occur from the ambient sensors. 

Sensor Minimum Maximum 

AT Sensor -60.0 C 80.0 C 

BP Sensor 400 mbar 1200 mbar 

Table 6-3 Set Points for Out of Range Alarms 
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6.2 Basic Problem Causes/Solutions Table 

The following table contains information on some of the more common BC 1054 problems that 
may be encountered, and some steps to identify and remedy the problems. Met One Instruments 
welcomes user suggestions for new items to include in this section of future manual revisions.  

 Problem: The instrument doesn’t appear to be turning on or starting. 
Cause/Solution:  Make sure the power supply and power cord are properly connected to a good 

electrical outlet. 

 Make sure the power switch on the back panel is in the ON position. It has a red 
indicator light that should be ON. 

 If the instrument is ON, the hum of the internal heater circulation fan should be 
audible. 

 The LCD display should come up any time power is applied. 

 The BC 1054 should start sampling within one minute after power-up. 

 After using the STOP SAMPLE function, sampling will resume after 30 minutes. 

 

Problem: Flow failures or low flow. 
Cause/Solution:  Make sure the pump exhaust is not blocked. 

 Make sure that the tape is properly advancing the dirty spots. See Section 3.5.2 

 DEFAULT the flow sensor calibrations and re-calibrate the flow. If corrupted flow 
calibration parameters are entered into the flow calibration, it may appear that the 
flow system is not working. See Section 5.3. 

 Verify the AT and BP sensor function. Failed ambient sensors will affect the flow. 
See sections 5.1-2. 

 Check the internal debris filter. If it is clogged, remove and clean (or replace) the 
filter element. 

 The sample pump itself will eventually wear out and need to be rebuilt or replaced. It 
should last at least two years under normal conditions.  

 

Problem: Leak check failures 
Cause/Solution:  There is always a small amount of leakage at the filter tape interface. 

 Make sure the upper and lower nozzles are completely clean. 

 Check the push-to-connect tubing fittings inside the instrument. 

 The filter tape can be replaced with a small rubber sheet with a small hole 
positioned under the nozzle. This will eliminate the tape as the leak point to help 
isolate the leak source. 

Note: nothing down-stream of the flow sensor is leak tested during the standard leak test 
procedure. 

 

Problem: Optical system alarms and failures 
Cause/Solution:  A Detector Failure will occur if no filter tape is installed in the measurement head. 

 Detector Failure will occur if an LED has failed, if either the Reference or Signal 
Detectors have failed or if there is a ZERO failure (high background).  First, ensure 
tape is properly installed and covers are correctly installed. 

 Check for obstruction in the port below the tape above the detector window. 
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Problem: Calibration Audit failures 
Cause/Solution:  A Calibration Audit Failure can occur if the filter tape is moved during the Calibration 

Audit procedure.  Care should be exercised to not move or damage the tape when 
performing the calibration audit. 

 A Calibration Audit Failure can occur if the Calibration Audit Membrane (81947-3) is 
inserted incorrectly.  The Membrane should be fully seated against the back plate 
with the forks centered in the slot and the open hole on the LEFT. 

 A Calibration Audit Failure can occur if too much ambient light is allowed to enter the 
instrument during the process.  Ensure the instrument shroud cover is ON and the 
door is closed during both the zero and ND Filter stages of the audit. 

 A Calibration Audit Failure can occur if the ND filter membrane in the 81947-3 span 
check membrane is damaged.  A replacement 81947-3 membrane can be 
purchased from the Met One Instruments Service Department. 

 

Table 6-4 Common Problems and Solutions 

6.3 Suggested Periodic Maintenance Intervals 

Table 6-5 shows the Met One Instruments recommended periods for routine maintenance items. 
Some of these items will need to be performed more or less often depending on local conditions. 
Local monitoring program administrators may need to review these items and establish SOPs 
appropriate for local applications. 

Maintenance 
Item 

Minimum 
Period 

Manual 
Section 

Replace filter tape 
As Required 

(2-12 Months Typical) 
2.6 

Temperature, pressure, and flow audits 2 Months 5.1, 0, 5.3, 5.4 

Span check 2 Months 5.5 

Clean inlet particle traps (cyclone) 2 Months 6.6 

Clean cyclone  3 Months 6.6 

Replace cyclone O-rings As Required 6.6 

Leak test 2 Months 6.4 

Flow, temperature, and pressure full calibrations As Required 5.1, 0, 5.3, 5.4 

Clean the debris filter 1 Year 6.5 

Replace dilution system cartridge filter 3 Years 4.2 

Rebuild external pump As Required 
Contact Met One 

Service Dept 

Replace dilution system pump As Required 4.2 

Replace dilution system flow sensor As Required 4.2 

Factory service As Required 1.2 

Table 6-5 BC 1054 Maintenance Schedule 

6.4 Flow System Leak Checks and Nozzle Cleaning 

NOTE: Leak check should be performed with the tape installed. 

The tape interface nozzles in the optical measurement head should be checked and cleaned on a 
routine basis, in order to prevent flow leaks at the filter tape interface. This requires removing the 
optical light shield and removing the filter tape. With the upper head raised, the parts can be 
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inspected and cleaned with a cotton-tipped applicator if needed.  Be sure to replace the tape prior 
to beginning the leak check. 

The BC 1054 flow contains an easy to maintain flow system (see 
Figure 4-1).  To perform a leak test, remove the flexible tubing 
from the back of the monitor and place the vinyl cap (pn: 770025) 
over the inlet. Navigate to the TEST MENU > LEAK TEST menu 
as shown in Figure 6-2. The FLOW value is the output from the 
internal flow sensor.  

If the Dilution Flow System is installed, the vinyl cap cover cannot 
be used.  Instead, insert the nylon sealing plug (pn: 580183) into 
the tubing inlet.  Be sure to fully insert the plug as shown in 
Figure 6-1. 

 

Figure 6-1 Leak Check 

Sealing Plug Installation 

Press the LEAK ON softkey. This will turn on the pump and stop the flow controller valve from 
attempting to regulate the flow while the vinyl cap is in place. If the Dilution Flow System is 
detected by the BC 1054, this action will also close the three-way solenoid valve in the dilution 
flow path to isolate it from the primary sample path. The PUMP ON key may be used to turn on 
the vacuum pump while leaving the flow controller active. This key will change to read PUMP OFF 
whenever the pump is running. The FLOW value should be 0.5 LPM or less for the leak test to be 
considered passing.  

 
Figure 6-2 The BC 1054 Leak Test Menu 

 

Once complete, press the PUMP OFF key to turn off the pump.  Slowly release the vacuum in 
the system (by easing off the vinyl cap) before exiting this screen.  The warning screen shown in 
Figure 6-2 will be displayed when exiting the Leak Test screen.  Exiting the Leak Test screen 
before releasing the vacuum will cause the vacuum to be released rapidly.  This can damage the 
tape and suck debris into the sample chamber which may require returning the monitor to the 
factory for service. 

Reconnect the flexible tubing on the back of the monitor and resume sampling operations. 

  

LEAK TEST 

  FLOW:  0.0 lpm 

 

 PUMP ON   LEAK ON 

>>>>> WARNING <<<<< 

SLOWLY RELEASE 

VACUUM 

EXIT 
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6.5 Debris Filter Changes  

The BC 1054 contains a filter in the flow system, as described in Section 4.1. 

 

Figure 6-3 Debris Filter Location 

This internal filter (see Figure 6-3) keeps filter tape debris out of the flow sensor and is not usually 
exposed to ambient particulate. It can be cleaned by turning the end of the housing to open it, 
then blowing any debris off of the element and reassembling. The element can be replaced if 
excessively dirty. 

6.6 Inlet and Cyclone Cleaning  

The BC 1054 inlet cyclones all need to be cleaned periodically. Met One recommends cleaning 
the inlet cyclone particle trap at least once per month in normal conditions. The main cyclone 
cavity should be disassembled and cleaned every three months during continuous use. 

 

     

Figure 6-4 Unscrew and clean particle trap 

 

Clean 
Particle 

Trap 
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Clean the cyclone particle trap by unscrewing the cap from the cyclone body, then wipe it out with 
a cloth or blow it clean with compressed air. Check the O-ring and lubricate if necessary.  If the O-
ring is damaged, replace it using part number 720079 found in the 8658-2 replacement O-ring kit. 

Note: the dilution system cyclone is located behind the exterior cover of the dilution system.  The 
cyclone particle trap can be accessed after removing the outer cover of the dilution system 
mounted on the back of the BC 1054. 

 

     

Figure 6-5 Cyclone disassembly for full cleaning 

 

Full cleaning of the cyclone requires accessing the conical chamber inside. All of the inside 
surfaces must be cleaned. Isopropyl alcohol and cotton-tipped applicators work well. 

Inspect the O-ring in the top of the cyclone body.  Replace if damaged (720081 from 8658-2 O-
ring kit). 

 

 

Figure 6-6 Unscrew and clean particle trap 

 

Inspect O-rings in cyclone inlet.  If damaged, replace (720087 from 8658-2 O-ring kit). 

 

Remove 3 
screws 

Inspect  
O-rings 

Inspect O-ring 

Clean 
inside 
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Figure 6-7 Remove inlet mounting screws 

 

To remove the cyclone in the dilution system for full cleaning, remove the cover from the dilution 
system, then remove the two screws that mount the inlet. 

 

 

Figure 6-8 Pull cyclone away from BC 1054 inlet fitting 

 

Pull the cyclone and mounting bracket away from the back of the BC 1054. 

 

Remove 2 
screws 
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Figure 6-9 Push and hold release ring 

 

Push and hold the release ring on the dilution system inlet “TEE” fitting as the cyclone is pulled out 
of the “TEE” fitting. 

 
 

                 

Figure 6-10 Note nozzle orientation of dilution system cyclone.  Remove screws and clean interior surfaces 
for full cyclone cleaning. 

 

The nozzles are oriented at 90° for the dilution system cyclone.  Note two sets of threaded holes 
on the cyclone body allow re-assembly in both straight and 90° configuration. 

Remove the 3 screws in the top of the cyclone to permit access to the interior of the cyclone for 
full cyclone cleaning. 

After cleaning, reassemble in reverse order.  For dilution system cyclone, ensure the nozzle 
orientation is as shown above, Figure 6-10. 

When service and re-installation is complete on the dilution system cyclone, perform system leak 
check per Section 6.4. 

 

Push and hold release ring 
to remove cyclone 

Remove 3 
screws 

Note 
nozzle 

orientation 

Clean 
inside 

surfaces 
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6.7 Factory Service Interval 

The BC 1054 recommended factory service interval is once every two years. 

Factory service primarily consists of optical system cleaning, optics/detector checks, and a 
calibration check (and recalibration if needed) against a factory standard. As-found calibration 
checks can also be requested. Contact the Met One technical service department to schedule 
service. A Return Authorization number must be obtained before the unit is returned. See Section 
1.2 for contact details. 

 

6.8 TEST MENU Descriptions  

The BC 1054 TEST MENU contains a system of screens that can be used to test the electrical 
and mechanical subsystems for troubleshooting purposes. Other than the filter tape loading 
functions, most of these test screens will never be used unless problems are encountered. The 
leak test is described in Section 6.4. The top TEST MENU is shown below:  

 

Figure 6-11 The BC 1054 Test Menu 

6.8.1 The LOAD TAPE Screen 

The LOAD TAPE menu is used to manually raise or lower the upper optical measurement head to 
allow for installing or replacing the filter tape and for re-setting the Tape Remaining counter.  

   

Figure 6-12 The BC 1054 Load Tape Screen 

 

To re-set the Tape Remaining counter, select YES, otherwise, select NO to maintain the current 
tape counter.  Selecting YES will display the confirmation screen shown above. 

Select YES to confirm tape counter reset, NO to preserve the current reading. 

  

 LOAD TAPE 

 SELF TEST 

 TAPE TEST 

 LEAK TEST 

  LAMP TEST 
 DIGITAL LINK 

 SPI LINK 

 BOX HEAT 

 

ARE YOU LOADING A 

NEW ROLL OF TAPE? 

 

  YES           NO 

 

ARE YOU SURE YOU 

WANT TO RESET THE 

TAPE COUNTER? 

  YES           NO 
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The current tape REMAINING percentage and  up/down status of the nozzle is shown on the 
screen.  

    

Figure 6-13 The BC 1054 Load Tape Screen 

The UP or DOWN softkey can be used to raise or lower the nozzle. This label changes to indicate 
the action that will occur when the softkey is pressed. See Section 2.6 for filter tape loading 
instructions. 

6.8.2 The SELF TEST Screen 

The SELF TEST screen is used to activate an automatic test of most of the BC 1054 subsystems 
in order to verify that the instrument is in operational condition. On this screen, both softkeys 
under the START SELF-TEST label will start the self-test process.  

Once the test is initiated, the instrument will test for properly loaded filter tape and test the function 
of all tape control hardware. The pump, flow sensor, LED light sources and detectors are also 
tested and any detected failures are shown on the display.  If there is no Dilution Flow System 
installed, the self-test results are displayed as shown in Figure 6-14. 

     
Figure 6-14 The BC 1054 Self-Test Screens – No Dilution Flow System 

However, if the Dilution Flow System is detected, the FLOW results will include the expected 
sample flow rate of 2 LPM and next to it will be the configured dilution system flow rate as shown 
in Figure 6-15. 

     
Figure 6-15 The BC 1054 Self-Test Screens –Dilution Flow System Installed 

6.8.3 The TAPE TEST Screen 

The TAPE TEST menu is used to manually advance the filter tape in order to spool up the end of 
a new roll of tape, or to test the tape motor and encoder. Press the MOVE softkey to start the tape 
advance. The amount of travel as measured by the encoder is displayed on the screen. 

LOAD TAPE 

REMAINING:  65% 

NOZZLE DOWN 

    UP 

 

 

 

 

  START SELF-TEST 

  

TAPE: TESTING  

FLOW: 5.0 lpm 

DETECTOR: TESTING 

  STOP  SELF-TEST 

TAPE: OK  

FLOW: OK         

DETECTOR: OK 

  STOP  SELF-TEST 

 

 

 

  START SELF-TEST 

  

TAPE: TESTING  

FLOW: 2.0   1.5 lpm 

DETECTOR: TESTING 

  STOP  SELF-TEST 

TAPE: OK  

FLOW: OK         

DETECTOR: OK 

  STOP  SELF-TEST 
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Figure 6-16 The BC 1054 Tape Test Screen 

6.8.4 The LEAK TEST Screen 

See Section 6.4 for a detailed explanation of the LEAK TEST screen and its use. 

6.8.5 The LAMP TEST Screen 

The LAMP TEST screen is used to test the individual LEDs and photodiode detectors for proper 
functionality, especially if optical system alarms are generated. The Signal and Reference values 
for each wavelength channel are displayed when an LED channel is selected.  For channels BC1 
to BC10, the LED field should be selected to read 01-10, respectively.  To display the LED OFF or 
ZERO values, select LED 00.  Filter tape must be installed for these tests. 

 
Figure 6-17 The BC 1054 Lamp Test Screen 

The SIGNAL value is the voltage output from the main optical measurement light detector located 
directly under the sample spot. The REFERENCE value is the voltage output from the secondary 
reference light detector located under the filter tape, but outside of the sample spot, in order to 
measure and correct for the stability of the light signal regardless of the attenuation due to 
accumulation of PM onto the spot. 

6.8.6 The DIGITAL LINK Screen 

The DIGITAL LINK screen is used to test the serial link between the BC 1054 and the 597A 
ambient temperature/pressure/RH sensor. This is used for testing purposes if digital link errors or 
ambient sensor range errors are being generated by the instrument. Check the 597A sensor cable 
for correct connections at the BC 1054 rear panel terminals. The link status is shown at the bottom 
of the screen. 

 
Figure 6-18 The BC 1054 Digital Link Test Screen 

  

MOVE TAPE 

TRAVEL 016 mm 

 

   MOVE 

 

      LED: 01 

   SIGNAL: 1670.1 mV 

REFERENCE: 1152.0 mV 

 

DIGITAL LINK 

 

 

LINK: GOOD 
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6.8.7 The SPI LINK Screen 

The SPI LINK screen is used to test the interface between the internal storage processor and the 
main CPU board. It includes the overall status at the top along with data header and checksum 
values for factory diagnostic purposes.  The last row shows the number of times that an internal 
link down between the CPU and the storage processor occurred along with the current status.  
The CLEAR softkey can be used to clear out these diagnostic counts.  See Figure 6-19. 

 
Figure 6-19 The BC 1054 SPI Link Test Screen 

6.8.8 The BOX HEAT Screen 

The BOX HEAT screen is used to view the current temperature from the LED (light source) circuit 
board (LED BOARD in Figure 6-20) and the internal box temperature (BOX TEMP in Figure 6-20). 

The BC 1054 has a 40 Watt heater located inside the flow system enclosure in order to elevate 
the temperature inside the enclosure for stability purposes. The current heater power being used 
is displayed as a percentage in the BOX HEAT field as seen in Figure 6-20. 

The heater is composed of two large power resistors mounted on a plate with a circulation fan. 
The fan is always on. The instrument firmware uses a PI loop proportional control output to 
regulate the heater and the temperature inside the enclosure to about 30C based on the Detector 
board temperature. 

 
Figure 6-20 The BC 1054 Box Heat Test Screen 

6.8.9 The FLOW TEST Screen 

The primary purpose of this screen is to allow for testing and troubleshooting of the BC 1054 flow 
controller.  The flow controller is a multi-turn needle valve type controller.  It can be damaged if 
opened or closed too far.  To prevent this, a limit switch will remove power to the controller in the 
Open direction if it opens too far.  However, it will still be possible to move the controller in the 
Close direction. 

If a flow sensor failure is detected, or if the pump is not running, the flow controller cannot be 
adjusted. 

NOTE:  In this screen, the BC 1054 monitors and displays flow in Standard conditions at 0 °C sea 
level.  It does not use the Actual flow value on this screen! 

SPI Link  GOOD 

Header:     24 

ChkSum:      0 

  Down:      0 CLEAR 

 

 BOX HEAT: 37.7 % 

 BOX TEMP: 29.2 C 

LED BOARD: 29.1 C 
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Figure 6-21 The BC 1054 FLOW Test Screen 

DIRECTION: This field determines whether the flow controller will attempt to raise or lower the 
flow rate when the MOVE softkey is pressed.  Use the arrow keys to highlight this field, press the 
ENTER key to make it editable, use the UP and DOWN arrow keys to toggle between INCREASE 
or DECREASE, and then press the ENTER key again to lock the selection. 

FLOW: This display only field shows the current flow rate in Standard conditions. 

TIME:  The duration, in seconds, to move the flow controller motor when the MOVE softkey 
is pressed. The default setting is 5.0 seconds.  To change it, use the arrow keys to highlight this 
field, press the ENTER key to make it editable, use the arrow keys to set the desired movement 
time, and then press the ENTER key again to lock the selection 

The two softkeys have the following functionality: 

MOVE: Rotates the flow controller motor based on the configuration of the DIRECTION and 
TIME fields.  For the settings displayed in Figure 6-21, pressing this key will cause the flow 
controller to raise the flow rate for 5.0 seconds. 

OVERRIDE:  This softkey will bypass the 
safety features for the flow controller and allow 
the valve to be positioned beyond the 
programmed safe limits.  Pressing this softkey 
will display the warning screen shown in 
Figure 6-22.  

Figure 6-22 The BC 1054 OVERRIDE Warning Screen 

The OVERRIDE feature should NEVER be used unless directed to do so by Met One Instruments, 
Inc. personnel.  If used, the outer case must be removed from the flow controller module so that 
the needle valve position can be verified. 

7 DATA RETRIEVAL and COMMUNICATIONS 

This section describes the methods used to retrieve data files from the BC 1054 carbon monitor. 
The unit has a single serial data output which can be routed through the RS-232 data port, 
“COMPUTER RS232”, the RS-232 “MODEM” port, the USB serial converter port, or the Ethernet 
port. This is used for all digital data transfer and may be used with a local computer or digital data 
logger, or with a remote network connection. Access to the data through the serial ports is easy 
using a terminal emulation program (see section 7.3). 

Note: Large data files take a long time to download, especially at low baud rates. Download the 
data on a regular basis and use the fastest baud rate that the connected data collection hardware 
can reliably support. 

  

     WARNING!! 

 POSSIBLE DAMAGE TO 

  FLOW CONTROLLER 

  CANCEL   OVERRIDE 

DIRECTION: INCREASE 

     FLOW: 1.73 lpm 

     TIME: 05.0 SEC 

   MOVE    OVERRIDE 
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7.1 Collecting BC 1054 Data Using a USB Flash Drive 

The BC 1054 can copy data files to a user-supplied USB flash drive. This drive must be inserted in 
the USB port located behind the front door, in the upper right corner of the tape transport.  

From the main menu, select and enter the COPY TO USB DRIVE menu. Use the ▼▲ keys to 
select the PAST field, then press the ENTER key. Use the ▼▲ keys to set the desired number of 
days back to retrieve data (001 to 999 days), or leave it set to ALL to retrieve all data. Press 
ENTER again when done. 

Use the ▼▲ keys to select the FILES field, then press the ENTER key. Use the ▼▲ keys to 
select the ALL, USER, or ARCHIVE data set. Press ENTER again when done.  The FILES fields 
contain the following information: 

USER Selecting this option downloads the User file, the Settings file, and the Alarm file.  
The User file contains the corrected concentrations and is in a format that users 
generally want.  

ALL Selecting this option downloads the Settings file, the Alarm file, the User file, and the 
Data file.  The Data file contains all the raw unformatted fields recorded by the BC 
1054. 

ARCHIVE Contains the raw Linux binary files for all the data recorded by the BC 1054.  This is 
generally only useful for service issues. 

Press the COPY softkey to transfer the selected files to the inserted flash drive. Do not remove 
the drive until the copy is finished!  When the COPY process is complete “100% COMPLETE” will 
be displayed.  See Figure 7-1 for an example of the export screen process. 

 
Figure 7-1 The BC 1054 Flash Drive Export Screens 

 

  

COPY TO USB DRIVE 

 PAST:■ALL DAYS 

FILES: USER 

   COPY 

 

COPY TO USB DRIVE 

 PAST:▼001 DAYS 

FILES: USER 

   COPY 

 

COPY TO USB DRIVE 

 PAST: 001 DAYS 

FILES: USER 

   COPY 

 

COPY TO USB STATUS 

COPY COMPLETE 

100% COMPLETE 

  EXIT 
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7.2 BC 1054 Data Outputs and Data Examples 

The BC 1054 outputs data files, SETTINGS files, and ALARM files. The raw format of these 
stored files is *.txt text (ALARM and SETTINGS) files or *.csv comma separated values format 
(data file) for import into a spreadsheet program. 

The SETTINGS File: 

The settings file contains most of the setup menu parameters for the BC 1054. This file should be 
reviewed periodically to ensure that no settings have been incorrectly changed. It also serves as a 
good data validation record. An example of a BC 1054 settings text file is shown in Figure 7-2. 

  
Figure 7-2 Settings Report 

 

The settings file also contains encrypted Factory Settings at the end of the Settings file report. 
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The ALARM LOG File: 

The BC 1054 alarm log contains the date, 
time, and type of each alarm or error 
encountered during data collection.  

 
Figure 7-3 Alarm Log 

 
The User File: 

The top of the BC 1054 user file contains the header information for the file.  The first line contains 
the name of the report, the second line contains the time stamp at which the report was 
requested, and the third line contains the location id and the serial number of the device. 

Below the file header is the csv column header names which describe the data from each field.  
Below is a description for each header. 

Time is the date and timestamp for the data record. The timestamp is end of the minute.  For 
example, a timestamp of 08:21 would represent data collected from 08:20:00 through 08:20:59. 

BCx(ng/m3) is the reported black carbon concentration for the indicated channel number (1-10).  
This is the corrected concentration that is corrected for tape loading effects. 

DC(ng/m3) is the concentration of channel BC1 minus channel BC9, this channel is also known 
as delta carbon (DC). 

Flow(lpm) is the average sample flow rate for the last minute. 

DFlow(lpm) is the average dilution flow rate for the last minute. 

WS(m/s) and WD(Deg) are the average wind speed and wind direction values from the optional 
WS/WD sensor. 

AT(C), RH(%) and BP(mbar) are the average ambient temperature, relative humidity and 
barometric pressure for the last minute.  These readings are from the 597A AT/BP/RH sensor. 

Status is the alarm status (see Section 6.1). 

 

Note:  Because the concentrations in the user report are corrected, the BC 1054 only reports data 
up to the last tape advance.  The BC 1054 will continue to sample and record data, but data 
output in the user file is only available for correction up to when the last tape advance occurred.     
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The Diagnostic File: 

The top of the BC 1054 data files start with the time and date of the download followed by the 
LOCATION ID and the Met One serial number of the monitor. Next is the data file header that 
indicates the order and content of the data parameter columns. Each row contains one complete 
data record.  See Figure 7-4 for an example. 

Time is the date and timestamp for the data record. The timestamp is end of the minute.  For 
example, a timestamp of 08:21 would represent data collected from 08:20:00 through 08:20:59. 

SZ(mV) and RZ(mV) are the Sample and Reference, respectively, detector zero value (all LEDs 
off). 

SBx(mV) and RBx(mV) are the Sample and Reference, respectively, detector readings when the 
LED for the indicated channel number (1-10) is on. 

ATNx is the light attenuation for LED channel number (1-10) indicated. 

BCx(ng/m3) is the reported carbon concentration for the indicated channel number (1-10).  This 
value is NOT corrected for filter loading.  Filter loading correction can be done using the BC Load 
Correction software package.  Firmware version 2.2.0 and later automatically correct the data 
before reporting it to the USER data file.  Diagnostic file data is always uncorrected. 

Flow(lpm) is the average sample flow rate for the last minute. 

DFlow(lpm) is the average dilution flow rate for the last minute. 

WS(m/s) and WD(Deg) are the 1 minute average wind speed and wind direction values from the 
optional WS/WD sensor. 

AT(C), RH(%) and BP(mbar) are the average ambient temperature, relative humidity and 
barometric pressure for the last minute.  These readings are from the 597A AT/BP/RH sensor. 

LED T(C) and DET T(C) are the LED and Detector board temperatures, respectively. 

FT(C) is the sample air temperature (the Flow Temperature) after the optical measurement 
module. 

Status is the alarm status (see Section 6.1). 
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Figure 7-4 shows the data file output with a complete data record (row) every minute.  Figure 7-4 
shows the data after it has been imported into a spreadsheet for analysis.  This is raw data taken 
directly from the monitor that has not been processed with the BC Load Correction software.  

 

 

 

Figure 7-4 Data File Report 

Because of the number of data fields, Figure 7-4 shows the data file report in two sections for 
readability. 

7.3 Downloading Data Using Terminal Utility Programs 

The BC 1054 supports a system of ASCII based terminal commands and Escape commands that 
can be used to manually collect data records or to remotely change some of the settings in the 
instrument through the serial port. These commands can be manually sent to the instrument 
through HyperTerminal or similar terminal programs such as PuTTY or TeraTerm. They can also 
be programmed into a digital data logger or similar automated system. Most of these functions are 
intended primarily for use with advanced or remote data collection systems and are not usually 
used for routine data collection purposes. There are two modes through which the 7500 protocol 
commands can be used: 

The default RS-232 settings are as follows: 

Baud Rate: 9600 
Data Bits: 8 
Parity:  None 
Stop Bits: 1 
Flow Control: None (should be set to CTS/RTS only when using Ethernet communications) 

7.3.1 User Communication 

In the User Communication (or Terminal) mode, commands are issued by entering a letter or 
number command and then pressing the Enter, <cr>, key.  The <Esc> key is not used when 
sending commands in this mode. 

Press the Enter key three times to enter User Communication mode.  An asterisk character 
appears confirming that the BC 1054 has entered the mode and that the instrument is ready for a 
new command.  Commands will be echoed back from the instrument and an asterisk will appear 
after a command has completed. 

To issue one of the commands listed in Table 7-1, type the command listed and press the Enter 
key.  The command will run and display the requested information or current setting, as 
appropriate. 
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For example, to view the current date setting type the letter D followed by the Enter key.  The 
current date will be reported.  The sequence would appear like this: 

D<cr> 

D 2013-01-18<cr><lf> 

To change a setting, the typical sequence is to type the command, press the space bar one time, 
enter the new value in the same format that is displayed when checking the setting, and then 
pressing the Enter key. 

Continuing the example above, to change the date setting type the letter D, space, and then the 
current date in YYYY-MM-DD format followed by the Enter key.  A confirmation of the new date 
will be reported.  The sequence would appear like this: 

D 2016-02-28<cr> 

D 2016-02-28<cr><lf> 

Pressing <Esc> or Q<cr> will exit terminal mode. 

For a detailed listing of all commands and their formats, consult the BC 1054 7500 document 
(contact the Met One Instruments service department.  See section 1.2). 

7.3.2 Computer Communication 

In the Computer Communication mode, character echo is suppressed.  This means if commands 
are issued in this mode using a keyboard, the characters will not be displayed on the screen as 
the keys are pressed.  The command format includes a checksum to verify data integrity. 

The mode is entered whenever an <Esc> character is sent to the instrument.  Commands are 
issued using the following format: 

<Esc>Cmd p1 p2*cs<cr> 

Computer commands are prefaced with an <Esc> character followed directly by a command 
(Cmd).. After the command there can be zero or more parameter field (p1 and p2) where each 
field is separated by a space. The end of the message is signaled by the Checksum Delimiter 
character (*) followed by the checksum itself (cs). Finally, the command is terminated with a 
carriage return (<cr>). 

A computer command example requesting the Model/Part/Revision numbers would look like this: 

<Esc>RV*1234<cr> 

All command responses are terminated with a checksum.  The above command response would 
have this format: 

BC 1054, 82401, R1.0.0 

CPLD, 81699, R1.0.0 

30030, 82402, R1.0.0 

Storage, 82403, R1.0.2<cr><lf> 
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COMMAND DESCRIPTION 
H Help Menu 

1 Request settings report 

2 Request All data report 

3 Request New data report 

7 Request alarm event report 

C Clear data log file – $ 

D Get/Set date part of the real time clock – $ 

T Get/Set time part of the real time clock – $ 

CA Clear alarm log file – $ 

DS Report data log channel descriptors– $ 

DT Get/Set the date and time of the real time clock – $ 

ID Get/Set location ID or address – $ 

OP Get operation state – $ 

PR Print report – 0-Settings, 1-User, 2-Alarm, 3-Factory Diagnostic 

PW Unlock protected commands 

QH Report Data Record Header 

RV Report Model/Part/Revision 

RQ Get last data record (same as 4 command) 

SB Get/Set baud rate – $ 

SS Get Met One serial number 

ST Get/Set sample time – $ 

SPW Get/Set user password – $ 

FLSP Get/Set flow set point – $ 

FTSP Get/Set flow temperature set point – $ 

SPOT Get/Set number of tape advance spots – $ 

TENA Get/Set tape advance loading enable – $ 

TPER Get/Set tape advance period – $ 

DSCRC Get the data log channel descriptors CRC – $ 

TLOAD Get/Set tape advance loading – $ 

TCARBON Get/Set tape advance loading carbon type – $ 

DFCTL Get/Set dilution control – $ 

DFPCT Get/Set dilution flow percentage – $ 

DFSYS Report Dilution System presence – $ 

K x 
Get/Set User K factor for each channel, x = 1..10, k 1 = BC1,  
k 2 = BC2, etc 

Table 7-1 Available Terminal Mode and Escape Commands 

For a listing of all commands and their formats along with additional in-depth Computer 
Communication details, consult the BC 1054 7500 document contained on the CD included with 
the sampler or contact the Met One Instruments service department.  See section 1.2. 
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Table 7-2 shows the commands associated with editable settings, along with the default value for 
the setting and the settable range: 

DESCRIPTION RANGE DEFAULT COMMAND 
Location ID 1 – 999 1 ID 

Tape advance period (HR) 
0 = Advance on tape loading only 

0, 1, 2, 3, 4, 6, 8, 12, 24 0 TPER 

Number of tape advance spots 1, 2 1 SPOT 

Tape advance loading enable 0=OFF, 1=ON 1 TENA 

Tape advance loading set point (%) 75 to 125 100 TLOAD 

Tape advance loading carbon type 0..9, 0=BC1, 1=BC2, etc 0 TCARBON 

Serial port baud rate 
2=1200, 3=2400, 4=4800, 

5=9600, 6=19200, 7=38400, 
8=57600, 9=115200 

5 SB 

Sample Period 
0=1min, 1=5min, 2=10min, 

3=15min, 4=30min, 5=60min 
0 ST 

User password  0 – 9999 0 SPW 

Ethernet Flow Control 0 = NONE, 1 = RTS/CTS 0 HS 

Number of days of data to copy to USB drive 0 = All data, 1 - 999 days 0 UD 

Flow set point 0=2, 1=5 LPM 1 FLSP 

User K-Factor 
  K 1 = BC1, K 2 = BC2, etc  

K 1 = BC1, K 2 = BC2  0.1 – 9.99 1.0 K x 

Table 7-2 User Editable Settings 

7.3.3 Bayern-Hessen Communication Protocol 

The Gesytec (Bayern-Hessen) Protocol is provided to communicate with a BC 1054 from an 
established network. The protocol is used to retrieve measurement values at some periodic rate. 
This is a polled type protocol. Only the DA command (for Data Query) is supported for data 
retrieval. 

When the DA command is sent, the BC 1054 responds with the current measurement data. The 
command structure for the DA data query command is as follows: 

<STX>DA<address><ETX><BCC>  

The <address> is optional and can be left out completely. If present, the <address> must match 
the Location ID of the monitor (see section 3.5.1). Additional space can be present after the 
address. 

The <address> can be represented with either leading zeroes or leading <SP>’s. The following 
are different acceptable formats of the DA command with the Location ID of 5: 

<STX>DA<CR> 

<STX>DA005<CR> 

<STX>DA<SP><SP>5<ETX><BCC> 

<STX>DA<ETX><BCC> 

The data query string is valid, and will be answered with a transmission, only if the command 
starts with <STX> followed by the characters DA, and the <address> (if present) matches the 
Location ID, and the command is terminated by either a <CR> or <ETX> followed by the correct 
checksum <BCC>. 
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If the query command is terminated with a <CR> the response will also be terminated with a <CR> 
and no <BCC> will be used. If the command is terminated with <ETX><BCC> then the response 
will also be required to terminate with <ETX><BCC>. 

The format of the Response String is as follows. 

<STX>MD[nn]<SP> 

[address]<SP>[measured value 1]<SP>[Status]<SP>[Serial #]<SP>[SFKT]<SP> 

[address+1]<SP>[measured value 2]<SP>[Status]<SP>[Serial #]<SP>[SFKT]<SP> 

… 

<ETX><BCC> or <CR><LF> 

[nn]:    Number of variables to follow. Two digits with leading 0 ie 02. 

[address]:   Location ID, 3 characters, leading zeros are transmitted. 

[Measured value]: In exponential representation. 4 characters mantissa, 2 characters exponent 
each with a sign. The decimal point is implied to be after the first digit and is 
not transmitted. For example, 23.7 would be represented as +2370+01. 

[Status]:  Status consists of two parts, Operation Status and Error Status. These are 
two-character hexadecimal values separated by <SP> which represent status 
byte and error byte conditions indicated by bit positions. These values are 
shown in the accompanying tables. 

[Serial #]:   Three-digit Serial Number with leading zeros. 

[SFKT]:  Space provided for future use in special functions. It currently consists of a 
string of six zeroes. 

An Example follows: 

Inquiry: 

<STX>DA<CR> 

Response: 

<STX>MD03 001 +2578+02 00 00 023 000000<SP> 

002 +5681+00 00 00 023 000000<SP> 

003 +1001+03 00 00 023 000000<CR><LF> 

7.4 Flash Firmware Upgrades 

The BC 1054 has the capability for flash firmware upgrades. This allows the field operator to 
reprogram or update the instrument operating system through the back-panel USB port using the 
Firmware Update Utility program. A Met One Instruments technician may supply the firmware 
update files by e-mail if a bug fix is released, or if additional features are added to the firmware 
program. 

Ensure that the power source to the BC 1054 and the computer will not be interrupted 
during the update process! This may cause the firmware to become inoperative. If this happens 
the unit will have to be returned to the factory. Make sure the USB cable connection cannot come 
loose during the update. 

The following must be performed to update the firmware: 
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1. It is advisable to download and save the data log and alarm log from the instrument before 
proceeding. Note: The firmware update process does not clear the instrument memory. 

2. A PC or laptop with a USB port must be available and the USB drivers for the BC 1054 
installed. Install the Firmware Update Utility program onto the computer by following the 
prompts after following the e-mail link to the Met One FTP site. 

3. Connect the instrument USB serial port to the computer. Make sure that BC 1054 is set to 
the 9600 baud rate. 

4. Run the Firmware Update Utility. From the computer “Start” menu, go to: Programs/Met 
One/BC 1054/BC 1054 Master Program Installer (or similar directory). The program may 
prompt to press ENTER to begin the update. 

5. A “Done!” message will be displayed at the end of the update process. Execution time is 
approximately five to fifteen minutes. 

 

7.5 Ethernet Port Setup and Configuration 

The Ethernet port must be configured with some drivers by the user.  This section will cover 
assigning a static ip address to your device to allow users to connect to their device over their 
network. 

7.5.1 Setting the Static IP Address of Your Device 

This section covers how to assign your static ip to your device.  These steps assume that 
someone (an IT person) has setup a static ip address, a network mask, and gateway that you can 
use to assign to the device.  Follow the steps below to assign this information to your device. 

1. Connect CAT5 Ethernet cable between local network and Ethernet connector on the wiring 

panel of the device.   

2. Insert the supplied USB/Ethernet Driver CD (part 80328) into your PC. The following menu 

window should appear: 
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3. Click on the Ethernet Config button. The following screen will appear: 

 

 
 

4. The “Select a Unit” box displays a list of available static IP addresses on the network.  Units 

with a “DHCP” mean they need to be configured and units without the “DHCP’d” means 

they have already been configured and you shouldn’t change them unless you know what 

you are doing.   

a. When setting up the device for the first time, it will have an ip address of 0.0.0.0 and 

will be displayed in red as shown in the screen shot above.   

b. If your device isn’t showing up in the list, confirm that you have enabled Ethernet in 

the device’s setup screen (not all devices need this step). 

5. Select your device from the Unit list.  It should be the ip address with a “DHCP’d” in it and 

an address of 0.0.0.0, because that unit is ready to be configured. 

6. Type in your assigned static IP address in the IP window.  Be sure to write this number 

down as you will need it later. 

7. Type in a Network Mask in the Network Mask window, this may vary depending how your 

IT department has set up your network.  Typical network mask is 255.255.255.0. 

8. Set the gateway and DNS based on your company’s network settings. 

9. Set the baud rate to the unit’s port baud rate.  This can be adjusted in the device’s settings. 

10. Select your device from the unit list and press the Set button to change the IP address of 

your device. 

11. If the device disappeared from your list, press the search again button until it appears again 

with your newly assigned ip address. 

12. Select the unit from the list and press the launch webpage button.  This will launch the 

Netburner’s Ethernet configuration page. 

13. At the top of the page, go to the Serial tab. 
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14. For Port 0, set the data port to RS-232, set the baud rate to match your device’s baud rate, 

and the flow control to RTS/CTS.   

15. For Port 1 set the dataport to DEBUG and match port 0 settings for the rest.  

16. Press the ‘submit new settings’ button to save your changes.  You should now be able to 

communicate with your device via Ethernet using your assigned static ip address and the 

set port number (default is 23).   

17. To check the assigned port number, launch the Netburner Page and go to the Network tab.  

The Listening network port for Port 0 under incoming TCP Settings is where you can set 
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the port number.  For example, in the screen shot below the port is set to 10023

 

7.5.2 Setting up a Virtual COM Port 

A virtual COM Port allows users to designate a COM port for their existing Ethernet setup for a 

Met One device.  This is not necessary to be able to talk to your device, this just creates an 

alternative method for connecting to your device if TCP/IP is not an option for some software 

applications.  This section covers the drivers needed and the steps necessary to set up a virtual 

COM port for your device. 
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7.5.3 Installing Virtual COM Drivers 

 

1. From the Drivers CD (shown above), click the Ethernet Drivers button.  This will launch the 

Ethernet driver installation.  If you downloaded the drivers from our website, run the 

VirtualCommPort-2.1.exe found in your zip file. 

2. Press next to continue with the wizard. 

 

3. Select your own installation path or use the default path: C:\nburn\VirtualCommPort 
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4. Select which operating system you are using. 

 

5. Press Next to finish installing the Ethernet drivers. 

 

6. Wait for installation to finish and press finish to complete the installation. NOTE: A PC 

reboot may be required for the Ethernet drivers to function correctly.  We recommend 

restarting your PC after this step. 
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7.5.4 Configuring Virtual COM Software 

1. After restarting your PC, head to your installation folder and open NBVirtualCommPort.exe 

 

2. Press the Add button 

3. Select Client connection for the connection type. 

 

4. Under Select serial port, choose the COM port you would like to assign to your device. 
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5. Under Connection name, enter a descriptive name for this virtual com port. 

 

6. Make sure “Create as virtual port” is checked. 
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7. Enter your static ip address and port number into the Remote host name/port section. 

 

8. Press Add to add this TCP/IP address. 

9. Press Apply to add this virtual COM port 

10. Now your setting should be displayed on the main page of the program.  You can use the 

refresh button on the right hand side to refresh the status of the virtual port.  As you can 

see in the image below, it found my settings to be 38400 baud, no parity, 8 databits, and 1 

stopping bit.  After talking to my device, I was able to refresh and see the amount of data 

sent/received. 
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8 ACCESSORIES and PARTS 

The following parts are available from Met One Instruments for maintenance, replacement, 
service, and upgrades. If unsure about a part, please contact the technical service department. 
Some of these parts may require technical skills or special instructions before use or installation. 

Description 
Part 

Number 
Graphic 

Filter Tape Roll 460211 

 

Span Check Membrane 81947-3 

 
Debris Filter Assembly 580356 

 Debris Filter, Replacement Filter Element Only 580292 

Fuse, 8A 590862 
 

Flow Control Assembly 82322-1 

 

External AC Pump Box, 110 VAC 83055 

 External AC Pump Box, 220 VAC 83054 

Replacement AC Pump Assembly, 110 VAC 83058 

 
Replacement AC Pump Assembly, 220 VAC 83057 

Pump Re-build kit 83305 

 
Inlet Support Tube 8936-5  
Sharp Cut Cyclone, PM 1, 2 LPM SCC 111 

 

Sharp Cut Cyclone, PM 2.5, 2 LPM SCC 112 

Sharp Cut Cyclone, PM 1, 5 LPM 82344 

Sharp Cut Cyclone, PM 2.5, 5 LPM 82336 

Dilution Flow System 82480 

 

Plug, Push-To-Connect, 1/2" OD, Red 580183 

 

Cap, Vinyl, 1/2" ID x1/2" Long, Black 770025 
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TSP Inlet 9441 

 

Straight Fitting (Mates Tubing to the cyclone) 580399 
 

Hose Clamp 480773 

 

Tubing, Polyurethane, ESD, 90A, 1/2" x 3/8" 960216 

 

Grounded Inlet Tubing Kit 82934 

 

Ambient Temperature, Pressure, RH Combination 
Sensor 

597A 

 

597A Digital Sensor Cable, 25 foot length 30010-25 

 

Power Supply, AC/DC Switching Adapter, 12V, 8.5A 510634 

 

Flow Sensor Assembly (Dilution System) 9049-5 

 

Pump Module, Dilution Flow System 82885 

 

Solenoid, 3 Way, Dilution Flow System 82886 

 

Filter, Dilution Flow System 82887 

 



 BC 1054-9800   REV G Page 79 

Inlet cyclone O-Ring replacement kit 8658-2 

 

Serial Cable, RS-232, DB-9 Male to Female 550065 

 

Fan, Box Heater Circulation 590080 

 

USB Cable 500784 

 
BC Load Correction Software CD – Only needed for early 
firmware versions.  Firmware version 2.2.0 and beyond 
automatically compensate for filter media loading. 

82478 
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9 PRINCIPLE OF OPERATION 

 
Rosen, et. al.i established the relationship between the attenuation of laser light through quartz 
filters onto which ambient particulate samples containing soot had been collected and the 
concentration of “graphitic carbon” of the same samples thereby establishing the viability of optical 
BC monitoring techniques as determined by Raman scattering.  
 
Gundel, et. al.ii later demonstrated reasonable linear correlation over a wide concentration range 
between measured attenuation of graphitic carbon collected onto quartz filters and “BC” 
concentrations determined by thermo-optical methods leading to an estimate of its “specific 

attenuation” 𝜎.   
 
BC concentration in the BC 1054 is determined by measuring the change in optical transmission 
as BC-containing particulate matter accumulates onto a filter and then converting this 
transmission data into BC concentration. In the Met One Instruments BC filter tape is used which 
extends the possible period of unattended operation to several months under most conditions.  
 
In the BC 1054 transmission of light coming from light emitting diodes is measured across filter 
tape onto which sampled aerosol containing BC is being accumulated. Reference transmission 
across a clean portion of the filter tape is simultaneously measured. As BC accumulates onto the 
filter tape light transmission across the portion of the tape onto which BC is accumulating relative 
to the reference transmission will decrease.  
 

9.1 Mass Calculation 

 
There is not a universally agreed to soot reference material “SRM” that could be used to calibrate 
filter-based optical thermal-optical EC or filter-based BC analyzers such as the BC 1054.iii Since a 
precise definition of soot does not exist, its exact quantification cannot be made. Instead, filter-
based BC monitors such as the BC 1054 report BC concentrations based on a presumed 
relationship between measured optical attenuation through the filter tape as BC accumulates and 
ambient BC levels based on historical measurement data collected by thermo-optical methods, 
which are themselves only semi-quantitative. The default calibration settings on the BC 1054 are 
derived from those. The mass attenuation cross section “MACS” and its wavelength dependence 
are derived from the empirical relationship shown in Equation 1 based on absorption onto quartz 
filter media and thermo-optical measurements.iv v 
 

Equation 1:  MACS Relationship 

𝜎(𝑚2𝑔−1) =
14,625

𝜆(𝑛𝑚)
 

 
BC is calculated by measuring the changes in transmission of light through the portion of the filter 
accumulating particulate matter relative to the transmission of light through a portion of the filter 

not accumulating particulate matter. The relative measured intensity, 𝐼𝑡 is defined as the measured 
signal at time 𝑡 through the filter accumulating the PM divided by the measured signal at time 𝑡 of 
light through the reference as shown in Equation 2.  
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Equation 2:  Measured Relative Intensity 

𝐼𝑡 =
𝑆𝐵(𝑡) − 𝑆𝑍(𝑡)

𝑅𝐵(𝑡) − 𝑅𝑍(𝑡)
 

 
 
𝑆𝐵(𝑡) is the measured signal at time “t” with the illumination source on through the sampled filter 
spot. 𝑆𝑍(𝑡) is the measured signal at time “t” with the illumination source off through the sampled 
filter spot. 𝑅𝐵(𝑡) is the measured signal at time “t” with the illumination source on through 
reference portion of the filter and 𝑅𝑍(𝑡) is the measured signal at time “t” with the illumination 
source off through the reference portion of the filter.  
 

 Equation 3:  Attenuation 

𝐴𝑇𝑁(𝑡) = −𝑙𝑛 [
𝐼𝑡

𝐼0
] 

 

𝐴𝑇𝑁(𝑡) as defined in Equation 3 is calculated from the change in measured optical transmission 
through the filter that occurs over the time period Δ𝑡 as PM accumulates. The filter-based aerosol 

absorption coefficient of the collected particulate matter is defined in Equation 4. 𝐴 is the cross 

sectional area of the filter spot, 𝑄 is the volumetric flow rate, and  
Δ𝐴𝑇𝑁

Δ𝑡
 is the measured change in 

attenuation during time Δ𝑡.  
 

Equation 4:  Aerosol Absorption Coefficient 

𝑏𝐴𝑇𝑁 =
𝐴

𝑄

Δ𝐴𝑇𝑁

Δ𝑡
 

 
The filter-based aerosol absorption coefficient of the collected particulate matter is known to differ 
significantly from the true aerosol absorption coefficient of black carbon. Weingartner, et. al. 
describe an empirical formula used to connect the two in Equation 5.  
 

Equation 5:  True Aerosol Absorption Coefficient 

𝑏𝑎𝑏𝑠 = 𝑏𝐴𝑇𝑁

1

𝐶 ∙ 𝑅(𝐴𝑇𝑁)
 

 

𝐶 is the part of the difference between the true aerosol absorption coefficient and the filter-based 
aerosol absorption that is constant and depends only on the filter medium. 𝑅(𝐴𝑇𝑁) is the part of 
the difference between the true aerosol absorption coefficient and the filter-based absorption 
coefficient that is not constant, but instead is attenuation-dependent.  
 
BC concentration is determined by dividing true aerosol absorption coefficient by the mass 
attenuation cross section as is shown in Equation 6.  
 

Equation 6: Mass Calculation 

𝑀𝐵𝐶 =
𝑏𝑎𝑏𝑠

𝜎𝑎𝑏𝑠
=

𝑏𝐴𝑇𝑁

𝜎𝑎𝑏𝑠 ∙ 𝐶 ∙ 𝑅(𝐴𝑇𝑁)
= [

𝐴

𝑄 ∙ 𝜎𝑎𝑏𝑠 ∙ 𝐶 ∙ 𝑅(𝐴𝑇𝑁)
]

Δ𝐴𝑇𝑁

Δ𝑡
 

 

In the BC 1054, the spot size 𝐴, the flow rate 𝑄, the mass absorption coefficient 𝜎𝑎𝑏𝑠, and the filter 
tape constant 𝐶, are constants. Therefore the BC concentration 𝑀𝐵𝐶 is calculated by multiplying 
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the change in attenuation over time 
Δ𝐴𝑇𝑁

Δ𝑡
, as is measured by the BC 1054 by the inverse of 

𝑅(𝐴𝑇𝑁) and a proportionality constant [
𝐴

𝑄∙𝜎𝑎𝑏𝑠∙𝐶
].  

9.2 Instrument Calibration 

 
The Met One Instruments BC 1054 has as its default calibration values the historically used mass 
absorption cross sections “MACS” shown in Equation 1 but adjusted for the change in filter media. 
This is shown in Equation 7 and Equation 8. Note that 𝐶𝑞𝑢𝑎𝑟𝑡𝑧  = 2.14. 

 
Equation 7:  Filter Media Influence on MACS 

𝜎(𝑚2𝑔−1) =∙ 𝜎𝑎𝑏𝑠 ∙ 𝐶𝑞𝑢𝑎𝑟𝑡𝑧 =
14,625

𝜆(𝑛𝑚)
 

 
and  
 

Equation 8:  True Aerosol MACS used in BC 1054 

𝜎𝑎𝑏𝑠(𝑚2𝑔−1) =
6,834

𝜆(𝑛𝑚)
 

 

 𝜎𝑎𝑏𝑠 is set to 7.770 m2/g for 880 nm illumination. In order to calculate the true aerosol absorption 

coefficients for other illumination wavelengths a 1/ wavelength dependence is presumed.  
 

The true aerosol mass absorption coefficients 𝜎𝑎𝑏𝑠 used in the BC 1054 are shown in the table 
below. For the glass fiber tape used by the BC 1054 C=2.61. 
 

MACS Values for BC 1054 

(nm) 𝜎𝑎𝑏𝑠 (m2/g) 

370 18.48 

430 15.90 

470 14.55 

525 13.02 

565 12.10 

590 11.59 

660 10.36 

700 9.77 

880 7.77 

950 7.20 
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9.3 Filter Media and Loading Effects 

 
The convenience of using filter-based methods to measure BC is somewhat offset by several 
measurement artifacts caused by interaction between sampled BC and the filter media, non-
linearity of response between measured absorption and BC concentration at high BC filter 
loadings, scattering of non-absorbing particulate matter and other issues. Non-linearity of 
response is often referred to as the “filter loading” effect and is more apparent in highly time 
resolved data where high BC concentrations are being tracked. The filter-loading effect for BC 
measurements may be mitigated somewhat by frequent tape advances.  
 
For firmware versions preceding 2.2.0, the raw BC 1054 data may be processed into filter loading 
compensated data and 𝑀𝐵𝐶 by determining 𝑅(𝐴𝑇𝑁) as shown in Equation 6. This is done with the 
BC Load Correction software retrospectively. For data in which the measured attenuation is very 
close to 0 or when highly time resolved data is unnecessary 𝑅(𝐴𝑇𝑁) ≈ 1 and post processing of 
the data is unnecessary. A large quantity of data is generally batched processed with BC Load 

Correction in order to determine 𝑀𝐵𝐶.  Note that firmware version 2.2.0 and above automatically 
correct the data before reporting the values and no longer need this software processing. 
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