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3.1

3.11

3.111

3.11.2

3.1-7

THERMO ENVIRONMENTAL MODEL 49C OZONE ANALYZER
GENERAL INFORMATION

Introduction

The purpose of this Standard Operating Procedure (SOP) is to document the
Thermo Environmental Model 49C Ozone (O3s) Analyzer procedures used
by the Air Quality Surveillance Branch of the California Air Resources
Board (ARB). The goal of this SOP is two-fold; to formalize 49C Ozone
Analyzer installation, configuration and operation procedures in order to
ensure comparability among all 49C Ozone data, and to describe
supplemental information and modifications to the 49C Ozone Analyzer
Instruction Manual (see References 3.1.7, No. 1), necessary to successfully
integrate the 49C Ozone Analyzer into California’s ambient air monitoring
network. The Thermo Environmental Model 49C Ozone Analyzer
Instruction Manual contains a significant source of information pertinent to
the operation, maintenance and understanding of this instrument, and
therefore the ARB highly recommends a thorough review of the 49C Ozone
(Os) Analyzer Instruction Manual, (see References 3.1.7, No. 1).

Theory

The Model 49C is based on the principle that Os molecules absorb UV light

at awavelength of 254 nm. The degree to which UV light is absorbed is

directly related to Oz concentration as described by Beer-Lambert Law:
1/10=e*"C where...

K = molecular absorption coefficient, 308 cm-1 (at 0°C and 1 atmosphere)

L =length of cell, 38 cm

C = ozone concentration in parts per million (ppm)

| = UV light intensity of sample with ozone (sample gas)

lo= UV light intensity of sample without ozone (reference gas)

The sample is drawn into the Model 49C through the “SAMPLE”
bulkhead and is split into two gas streams, as shown in Figure 1-1. One gas
stream flows through an ozone scrubber to become the reference gas (lo).
The reference gas then flows to the reference solenoid valve. The sample gas
(1) flows directly to the sample solenoid valve. The solenoid valves aternate
the reference and sample gas streams between cells A and B every 10
seconds. When cell A contains reference gas, cell B contains sample gas and
viceversa. The UV light intensities of each cell are measured by detectors A
and B. When the solenoid valves switch the reference and sample gas
streams to opposite cells, the light intensities are ignored for several seconds
to allow the cells to be flushed. The Model 49C cal cul ates the ozone
concentration for each cell and outputs the average concentration to both the
front panel display and the analog outputs.
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Figure3.1.0

Sampls O

Model 49C Flow Schematic
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3.1.13

3.11.4

3.1.15

3.1.1.6

3.1.1.7

3.1.1.8

3.1-9

Cautions
To prevent personal injury, please heed these warnings concerning the 43C.

Always use a third ground wire on all instruments.
Always unplug the analyzer when servicing or replacing parts.

If it is mandatory to work inside an analyzer while it is in operation, use
extreme caution to avoid contact with high voltages. The analyzer has a 110
volt Volts Alternating Current (VAC) power supply. Refer to the
Manufacturer's Instruction Manual and know the precise locations of the
VAC components before working on the instrument, (see References 3.1.7,
No. 1).

Avoid electrical contact with jewelry. Remove rings, watches, bracelets, and
necklaces to prevent electrical burns.

Avoid looking at analyzer’s UV lamp or use protective glasses.

Interferences
No known interferences.

Personnel Qualifications

Two years of college or equivalent with major course work in electronics.
Skills in troubleshooting and schematic reading are required. Six months
of instrument training followed by an additional six months with

minimal supervision. See MBUAPCD Job Description for AM Specialists
1-2; (see References 3.1.7, No. 3).

Equipment and Supplies Needed
See Model 49C Instruction Manual, Chapter 4, (see References 3.1.7,
No. 1).

Instrument Siting Requirements
See Code of Federal Regulations, 40 CFR Part 58, Appendices D and E;
(see References 3.1.7, No. 2).

Data Storage and Transmittal
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Data collected by instrument is transmitted via analog connection to
analog/digital converter and then to a station data logger. Data stored on
data logger is polled hourly via the internet.
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3.1.2

3.121

3.1.2.2

3.1-11

ROUTINE SERVICE CHECKS

General Information

Perform the following service checks routinely using the attached schedule
(Figure 3.1.1) and the procedures documented in 3.1.3. Checks may be
performed more frequently, but should be performed at least at the
prescribed intervals. Also attached is a copy of the Monthly Quality Control
Maintenance Check Sheet (Figure 3.1.2), which you should complete
weekly and forward monthly to your supervisor.

Weekly Checks
Record the initial and final readings on the Monthly Quality Control
maintenance Check Sheet.

1. Zero
With the zero air supply on, alow the Model 49C to sample zero air
until a stable response is obtained. From the Main Menu choose
Calibration. From the Calibration menu choose Calibrate Zero. Press
“Enter” to perform a zero calibration. Press the “Run” pushbutton to
return to the Run screen. Record the stable zero air response from the
datalogger under the “DAS” column in the Monthly Quality Control
Maintenance Check Sheet. Record the instrument display zero under
the “Display” column in the Monthly Quality Control Maintenance
Check Sheet. ZeroDrift(%)=Ao-Z, where AQ is the analyzer response in
percent of scale and Z is the previous recorder response in percent of
scale. Acceptablelimitis4% or less.

2. 03 Background
To display the Oz Background screen, from the Main Menu choose
“Calibration Factors’. Record the Oz Background.

3. Flows
The Flow screen, shown below, displays the current flow rate through
Cell A and Cell B. These flows are measured by internal flow sensors
(see Figure 1-1). To display the Flow Screen, from the Main Menu
choose “Diagnostics’. From the Diagnostics menu choose “Flow”.
Record readings from the flow screen. Press “Menu” to return to the
Diagnostics menu Press “Run” to return to the Run screen. Flows may
range from 0.4 to 1.6 Ipm.
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4.

5.

6.

3.1-12

D 3

A

Flow Screen

Intensities

The Intensities screen, shown below, displays the current intensity in
Cdl A and Cdll B in Hertz. The intensities are read by detectors A and
B, respectively. To display the Intensities Screen, from the Main Menu
choose “Diagnostics’. From the Diagnostics menu choose “Intensities”.

Record the readings from the Intensities screen. Press “Menu” to return
to the Diagnostics menu Press “Run” to return to the Run screen. The
acceptable range is 45,000Hz to 150,000Hz.

Intensities Screen

Alarms

From the Main Menu choose Alarms. Record the instrument Alarms
(Y/N) under the “Alarms’ column in the Monthly Quality Control
Maintenance Check Shest.

Pressure

The Pressure screen, shown below, displays the current bench pressure.
To display the Pressure screen, from the Main Menu, choose
“Diagnostics’ from the Diagnostics menu choose “ Pressure”’. Record
the readings from the Pressure screen. Press “Menu” to return to the
Diagnostics menu and press “Run” to return to the Run screen.
Acceptable range is 200 to 1000 mmHg.

FRESSUEE P525.4 mm Hs

Pressure Screen
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3.1.23

3.12.4

3.1.25

3.1.2.6

3.1.2.7

3.1-13

Sample Particulate Filter
Replace the in-line (5um) Teflon particulate filter. Record filter
replacement under the “Filter change” column in the Monthly Quality
Control Maintenance Check Sheet.

Monthly Checks

Monthly Quality Control Maintenance Check Sheet
Each month, after completing the final week’s checks, forward the check
sheet to your supervisor and to file.

Quarterly Checks

Internal Ozone Generator Calibration
The ozone generator must be calibrated at least once every three months
of operation, upon relocation, and after major repairs. Record the date
of the most recent calibration on the Monthly Quality Control Check
Sheet. The calibration procedure is given in 3.1.5.5.

Semi-Annual Checks

Multipoint Analyzer Calibration (Figure 3.1.5)
The ozone analyzer must be calibrated at least once every six months of
operation, upon relocation, and after major repairs. Record the date of
the most recent calibration on the Monthly Quality Control Check Sheet.
The calibration procedure is given in 3.1.5.3.

Semi-Annual Preventative Maintenance

Preventative Maintenance Check Sheet (Figure 3.1.3)

a. Solenoid Leak Check

b. Use the procedure in Section 3.1.3.4 to check for solenoid valve
leakage. Record the test date on the Monthly Quality Control Check
Sheet. If the solenoid valve leaks, perform an As Is Calibration prior
to solenoid valve replacement.
External Leak Check.
Voltage, Temperatures, Pressure, and As-1Is Flows Checks.
Clean Fan Filter.
Blow out inside of 49C Analyzer.

oD oo

Bi-Annual Checks
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1. Ozone Scrubber
Do not replace ozone scrubbers without an accompanying calibration.
The policy concerning ozone scrubber replacement is given in 3.1.5.2.
The date that the scrubber was replaced should be recorded on the
Monthly Quality Control Check Sheet and the 49C logbook.
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49C Ozone Analyzer Service Schedule

Task

Weekly

Monthly

Quarterly

Semi-

Annually

Bi-
Annually

| Sample Frequency I

| Control Frequency I

| Zero I

| Span I

| BKG I

| Flows I

| Intensities I

| Pressure I

| Particulate Filter Change ||

| Q.C. Checksheet I

XXX XXX XXX X

Ozone Generator
Calibration

| Solenoid Leak Check ||

| External Leak Check ||

| Check Voltages I

| Check Temperatures I

| Check Pressure I

| Clean Fan Filter I

| Blow Out Inside of 49C ||

| Calibration I

XX XXX X X[ X

| Scrubber Replacement ||

X

| U.V. Lamp Replacement ||

| As Needed |

| Solenoid Replacement ||

| As Needed |

| Clean Optics I

| As Needed |

3.1-15

Figure 3.1.1
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FILE#

MONTEREY BAY UNIFIED AIR POLLUTION CONTROL DISTRICT
MONTHLY QUALITY CONTROL MAINTENANCE CHECK SHEET
TEI MODEL 49C OZONE ANALYZER

LOCATION: MONTH/YEAR:
AIRS NUMBER: ID# TECHNICIAN:
ZERO 03 INTENSITIES Alarms | Pressure Filter
Date ASIS FINAL Flow 80-120hkz change
A B
Display | DAS Display | DAS BKG A B Y/N mm/ Hg Y/ N

OPERATOR INSTRUCTIONS:
1. Daily Checks: Airflow (Record Weekly), Data logger. Note in comments all Alarms and repairs.

2. Weekly Checks: Sample Zero and Corresponding DAS Readings; Filter Change; Intensities and system checks:

3. Six Month Intervals Check: Fill out Semi-Annual Check Form,

Use Menu- Diagnostics Mode for readings

External Leak Test and Leak Check Solenoid Valve; Date Tested:

Calibration; Date of Last Calibration:

Use Menu - Calibration Factors
Calibration Factors O3 BKG = O3 COEF =

4. Two Year Intervals Ozone Scrubber and S/S Filter; Date Last Replaced:
5. As Required: Clean Absorption Tubes and Mirrors, and then do External Leak Test of system and record in comments mm/hg reading

DATE

COMMENTS OR MAINTENANCE PERFORMED

Fo

DATE:

rm#572 Rev. 12/22/2004 word REVIEWED BY:

Figure 3.1.2
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File #

MONTEREY BAY UNIFIED AIR POLLUTION CONTROL DISTRICT
TEI 49C OZONE SEMI-ANNUAL PREVENTATIVE MAINTENANCE CHECK FORM

SEMI-ANNUAL CHECKS: AFTER ASIS CALIBRATION

DATE OF TEST:
STATION: INSTRUMENT ID #
AIRS #
External Leak Check Pressure : Below 250 mm hg mm hg
MENU - DIAGNOSTICS
USE OZONE TRANSFER STANDARD Voltages +5 volts dc
Menu- Diagnostics Cell A/B +15 volts dc
SOLENOID LEAK CHECK -15 volts dc
Battery dc
READINGS CELL A CELL B Temperatures Bench
1 (degrees c) Bench Lamp
2 O3 Lamp
3 Pressure mm/hg
4 Flows (Ipm) Cell A
5 Cell B
6 Intensities Cell A
7 Cell B
8
9 ASIS Total Flow
10 Flow A
AVERAGE Percent Diff % Flow B
Final Total Flow
CELL A & B AVERAGE MUST BE WITHIN 3% Flow A
Flow B
COMMENTS:
Clean and inspect instrument. Clean Fan Filter Yes No
Clean and Blow out inside of instrument Yes No .
The instrument log book needs to be completed.
Now ready for final calibration.
Completed by:
Reviewed by: Date:
Form# 573 rev. 8/17/2007 word
Figure 3.1.3
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3.1.3.

3.1.31

no

3.1.3.2

3.1-18

DETAILED MAINTENANCE AND ALIGNMENT PROCEDURES
The following adjustments are for an analyzer operating on a full scale range of 1.0
ppm. The 49C may be used on the 0.5 ppm range.

Cleaning of Optical Bench

Best results are obtained when the optical bench is cleaned prior to recalibration.
The cleanliness of the bench should also be checked any time the detector
frequencies drop below 80 kHz, since one source of low output is light attenuation
due to dirt in the cell. Dirt particulates are usually effective ozone removers.

To clean the optical bench, follow the procedure below:

Turn off the power and disconnect the power line.

Loosen the knurled nut around the tube and carefully slide out tube.

Push a piece of lens paper down the tube using a 1/4 " Chieceof T
as not to damage the tube. Use a cotton swab to clean the window surfaces
through the holes that the tube fits into.

Both absorption tubes are identical, so they can be replaced in either position.
Replacement of absorption cells is opposite to that of removal. Since the Model
49C is a ratio instrument, and cleaning the absorption tubes does not affect the
calibration, it is not necessary to recalibrate the instrument every time the cells are
cleaned.

Re-install the instrument cover.

NOTE: If windows are severely contaminated, they are best cleaned by removing
the windows from the bench. The windows on the detector side can be removed
by removing the detector block and carefully removing the windows. The
windows on the source side can be removed by removing the source block to gain
access to the windows. It is recommended that the Model 49C be recalibrated if
the optical bench has been completely disassembled. Always perform a leak-check
of the system after any component removal.

Lamp Replacement

The lamp control system of the Model 49C has been designed to operate the lamp
conservatively to increase its life. However, the lamp should be replaced when
any one of the following conditions hold:

No light output.

Inability to adjust lamp position to obtain an output detection frequency of 80
kHz.

Noisy output signal, which has been traced to an unstable lamp (see
Troubleshooting Section 3.1.4). It is not necessary to recalibrate the Model 49C
since it is a ratio instrument and replacing the lamp does not affect the calibration.
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3.1.33

3.1.34

2.

3.1-19

Detector Frequencies and Noise

The Model 49C measures intensity ratios and not absolute values. Therefore, a
large range of detector frequencies are acceptable for proper operation of the
instrument. The nominal values are 80 to 120 kHz. These frequencies can be
monitored from the Intensities screen in the Diagnostics menu. Degradation of
detector frequencies to below 80 kHz indicates either a dirty cell or low lamp
output. In addition to degrading the measured detector frequency, dirt in the cells
can decompose the ozone and give erroneous readings. Therefore, the cells should
first be cleaned and the frequency remeasured. If the frequencies are still low, the
light output can be increased by using the Lamp Setting screen in the service
mode. If the frequency cannot be set above 80 kHz, replace the lamp. To monitor
the lamp noise, choose Intensity Check from the Service Mode menu. The noise
value displayed after 20 seconds should be below 4.0 Hz for a fully warmed-up
lamp (see Troubleshooting Section 3.1.4, if the noise is excessive).

System Leaks and Pump
There are two types of leaks: external leaks and internal leaks.

External Leaks
To test for the presence of leaks around the fittings, disconnect the sample
input line and plug the sample fitting. Disconnect the sample and zero-air
input lines and plug. Also plug the ozone and vent outputs if the optional
internal ozonator is installed. The flows as displayed in the Flows screen of
the Diagnostics menu should slowly decrease to zero. The pressure as
displayed in the Pressure screen should drop to below 250 mm Hg. If the
pump diaphragm is in good condition and the capillary is not blocked, it
should take less than 20 seconds from the time the inlet is plugged to the time
the reading is below 250 mm Hg. Leaks can best be detected by carefully
tightening each fitting until the leak is found.

Leaks through the Solenoid
Leaks across the solenoid valve can be caused by cold-flowing of the Teflon®
across the seat, or by particulates on the seat. To check for leaks through the
solenoid, generate an ozone concentration of about 0.5 ppm through a transfer
standard, feed the ozone into the Model 49C. From the Main Menu choose
Diagnostics. From the Diagnostics menu choose Cell A/B O3. This displays
the concentration as determined in each cell individually. If the Model 49C
has stabilized, the average of ten successive simultaneous readings should
agree to within £3% percent. A balance measurement of better than 3%
indicates that there is no leak across the solenoid. A constant low reading from
one cell indicates an imbalance. The imbalance can be caused either by one
cell or lines to that cell being extremely dirty, or by a leaky valve. If cleaning
the cells and lines does not correct the imbalance, a leaky valve is indicated.
See “Ozone Scrubber Test” below for determination of which of the two
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valves is faulty. To check if the imbalance is caused by an absorption cell,
interchange cells. If imbalanced side switches, imbalance is due to cell, if not,
it is independent of cell and due to other causes as noted below.

3. Confirmation of Leaks through the Solenoid
An independent direct check of the solenoid valve is performed as follows:

a.

o

s Q

Remove the suspect solenoid valve following directions given from
Chapter 8 in the Manufacturer’s Instruction Manual, (see References 3.1.7,
No. 1).

Connect the pump directly to the common port of the solenoid.

Connect the pressure transducer to the normally open port of the solenoid.
From the Main Menu choose “Diagnostics”. From the Diagnostics menu
choose “Pressure”. Note the pressure as Pno.

Connect the pressure transducer to the normally closed port of the
solenoid.

Plug the solenoid power line into the solenoid position on the Power
Supply Board. Make sure the solenoid is activated by choosing Pressure
from the Diagnostics menu.

Note the pressure as Pnc.

If either Pnc or Pno is greater than the pressure determined in the “External
Leaks” section above, the solenoid is faulty.

3.1.35 Ozone Scrubber Test
The efficiency of the ozone scrubber can be determined as follows:

1. Generate a source of ozone of about 0.5 ppm and feed into the instrument. Note
the concentration as C.

2. From the Main Menu choose Service Mode. From the Service Mode menu choose
Intensity Check. From the Intensity Check menu choose Int Reference Gas. Wait
until the frequency is stable. Note the frequency as FREQ 1.

3. Turn ozonator off and wait for the frequency to stabilize. Note the frequency as
FREQ 2.
4, Determine pressure and temperature, note as P and T.

5. The approximate efficiency is given as follows:

% Efficiency =

3.1-20

273+ T) 10° 760 1 FREQ2
P KL 273 FREQI

% 100%

(273 +T)(238.9), FREQ2

_ P FREQ! . 100%

08/05/14



3.1.3.6

3.1-21

Repeat for Cell B with sample flowing in Cell A.

If the instrument passes the balance test of .Leaks through Solenoid. (Section
3.1.5.4) and the measured efficiency is low, replace the ozone scrubber. If the
balance test indicates a leaky valve, and if the efficiency test shows a low
efficiency in the same cell that was low in the balance test, replace sample
solenoid. If the efficiency test shows a low efficiency in the opposite cell that was
low in the balance test, replace the reference solenoid.

Digital to Analog Converter Test

The digital to analog converter test is used to fully test the analog outputs. It is
normally performed only when a problem with the analog outputs is suspected.
From the Main Menu choose Diagnostics. From the Diagnostics menu choose
Test Analog Outputs. From the Test Analog Output menu choose Ramp. The
analog outputs start at -2.3% and then increment by 0.1% every second until it
reaches 100.0%. A linear output indicates that the analog outputs are operating
correctly.
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3.14

3.141

3.14.2

3.1-22

TROUBLESHOOTING

General Information.

The 49C Instruction Manual contains information pertaining to preventive
maintenance, troubleshooting and corrective maintenance (see References 3.1.7,
No. 1). The 49C Instruction Manual should be your first source of information
and performing maintenance and troubleshooting. The Service Department at
Thermo Environmental can also be consulted in the event of problems at (508)
520-0430. In any correspondence with the factory please note both the serial
number and program number of the instrument. Malfunctions can be grouped into
one of four types: Electrical, optical, flow, or peripheral equipment malfunctions.

NOTE: When removing or installing printed circuit boards or other components,

turn the analyzer off and remove the power cord. Some internal components can

be damaged by small amounts of static electricity. A properly grounded antistatic
wrist strap must be worn while handling any internal component.

Troubleshooting Guide

Malfunction
Possible Cause
Action

Does not start up.
a. No power
Check that the instrument is plugged into the proper source (115 or 220
volts). Check instrument fuse Power supply Check voltages from power
supply Digital electronics. Check that all boards are seated properly.
Replace boards one at a time with spare boards to isolate the faulty board.

Cell A or B frequency high.
a. Light adjustment
Readjust Lamp Setting. From the Service Mode menu choose Lamp
Setting.
b. Defective detector
Interchange detectors at Motherboard connectors to determine if detector
is defective.

Cell A and B frequency high.
a. Lamp supply
Check for 1.7 volt peak to peak waveform at lamp current check point on
Lamp Power Supply Board.
b. Digital electronics defective
Replace one board at a time with a spare board to isolate defective board.
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4.

3.1-23

Cell A or B frequency low or zero.

a.

b.

Light adjustment

Readjust lamp setting. From the Service Mode menu, go to Lamp Setting.
One cell excessively contaminated

Clean cell.

Defective detector

Interchange detectors at Motherboard connectors to determine if detector
is defective.

Digital electronics defective

Replace one board at a time with a spare board to isolate defective board.

Cell A and B frequency low or zero.

a.

b.

Dirty cells

Clean cells.

Light adjustment

Check for 1.7 volt peak to peak waveform at lamp current check point on
Lamp Power Supply Board.

Lamp

Remove one cell and look for blue light in hole of input block.

Lamp heater

Check lamp temperature. From the Diagnostics menu choose
Temperatures.

+15 volt power supply

Check +15 volts. From the Diagnostics menu choose Voltages.

Digital electronics defective

Replace one board at a time with a spare board to isolate defective board.

Cell A or B noise excessive.

a.

b.

Foreign material in one cell

Clean cell.

Defective detector

Interchange detectors at Motherboard connectors to determine if detector
is defective.

Digital electronics defective

Replace one board at a time with a spare board to isolate defective board.

Cell A and B noise excessive.

a.

b.

Foreign material in cells

Clean cells.

Lamp failure

Check for 1.7 volt peak to peak waveform at lamp current check point on
Lamp Power Supply Board.

+15 volt power supply

Check +15 volts. From the Diagnostics menu choose Voltages.
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10.

11.

3.1-24

d.

Digital electronics defective
Replace one board at a time with a spare board to isolate defective board.

Pressure transducer does not hold calibration.

a.

b.

Pressure transducer

Replace pressure transducer.

Digital electronics

Replace one board at a time with a spare board to isolate defective board.

Output signal noisy.

a.

Recorder

Sample is varying. Replace or repair recorder. Run Model 49C on stable
ozone source. If quiet, there is no malfunction.

Foreign material in cell

Clean cell.

Sticky solenoid valve

Replace with known good solenoid valve.

Digital electronics defective

Replace one board at a time with a spare board to isolate defective board.

Analyzer does not calibrate properly.

a.

b.

Leak or Contaminated scrubber

Perform leak test. Perform scrubber efficiency test. Replace if necessary.
Pressure transducer out of calibration

Recalibrate pressure transducer.

Dirty system

Clean cells and flow components.

Solenoid defective

Perform Confirmation of Leak through Solenoid.

Digital electronics

Replace one board at a time with a spare board to isolate defective board.

Slow response.

a.

b

Averaging time

Verify averaging time is set properly.
Contaminated optical bench

Clean bench and then condition system overnight.
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3.151

3.15.2

3.1.53

3.1-25

CALIBRATION PROCEDURE

A transfer standard, such as an API-401X ozone analyzer/calibrator, standardized
against a primary standard laboratory ultraviolet photometer is used in
calibrations. The response of the analyzer being calibrated is compared to the
response of the transfer standard.

Apparatus:

A transfer standard, such as an API-401X ozone analyzer/calibrator.

One-quarter inch Teflon tubing for airflow connections.

Charcoal zero-air scrubber (Clean air supply).

Calibrated flow device for measuring airflow (Alicat or equivalent).

Spare ozone scrubber.

Calibration report forms (Figures 3.1.5.1 and 3.1.5.2).

Ozone Scrubber Replacement

The policy concerning ozone scrubber replacement is as follows:

Replace ozone scrubbers only at the time of calibration, and only after performing

an As Is Calibration. After replacing an ozone scrubber, perform a multipoint
calibration. Ozone scrubbers are to be replaced every two years, at a minimum.

"As-Is" Calibration

OTHER THAN ROUTINE CHECKS, ANALYZER REPAIRS OR
ADJUSTMENTS SHOULD NOT BE MADE PRIOR TO THE "As-Is"
CALIBRATION.

NOTE: The ozone scrubber and solenoid valve should not be replaced without
first performing an "As-Is" calibration.

Assemble the equipment as per the schematic below and allow zero air to flow
through the system.

While sampling zero air allow both the transfer standard and the analyzer being
calibrated to warm-up for at least one hour. The covers of both instruments
should be on during the calibration, as the calibration is dependent upon the
internal temperature of the analyzer.
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10.

11.

12.

3.1-26

Record the analyzer identification numbers, analyzer settings and any other
pertinent information on the calibration worksheet.

Measure and record the As Is sample air flow rate of the analyzer being calibrated.
Record sample air flow on the calibration worksheet. Connect an 18 inch long
Teflon line (1/4" O.D.) to the vent port of the transfer standard and measure the
vent flow. The vent flow should be greater than 0.5 LPM.

While the analyzer and transfer standard are sampling zero air, record 10
consecutive digital display values in the respective columns labeled "pre-zero”.
Calculate the sum and average of the 10 numbers and record the value on the
calibration worksheet in the respective blocks. Record the average strip chart
(and/or other data acquisition system) reading in the space provided.

Set the lamp intensity control of the transfer to produce an ozone concentration of
approximately 0.8 ppm O3 as read by the transfer standard.

Record ten consecutive digital display values in the columns labeled "1st Pt" for
each analyzer. Calculate the sum and average of the ten numbers and record the
value on the calibration worksheet in the appropriate blocks. Record the average
strip chart recorder (and/or other data acquisition system device) reading in the
appropriate space.

Record data for the "2nd Pt", "3rd Pt" and "4th Pt": after adjusting the ozone

generator output to approximately 800, 400, 200, and 100 ppb, respectively;
calculate and record the sum and average readings.

Repeat step 5 and record the value in the columns marked "post-zero™. Average
the "pre-zero" and "post-zero" readings and use this value as the zero correction.

Calculate corrected averages for the transfer standard analyzer using the formula:

Corrected Average for Transfer Standard = (Average Reading - Zero
Correction) x True Ozone Correction Factor

Calculate the summation of corrected averages for the transfer standard (S1) by
adding the corrected averages for points 1, 2, 3, and 4.

Calculate the corrected averages of the analyzer being calibrated using the
formula:

Corrected Average = Average Reading — Zero Correction

NOTE: IF ASTRIP CHART RECORDER OR DATA ACQUISITION SYSTEM
IS USED FOR PRIMARY DATA RECORDING, THEN THAT DATA
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14.

15.

3.15.4

3.1-27

SHOULD BE USED IN THE CALCULATIONS INSTEAD OF THE METER
READINGS.

These values, in ppb, should correspond to the analyzer's digital display. If not,
check the calibration of the recording device before making adjustments to the
analyzer.

Calculate the summation of corrected averages for the analyzer being calibrated
(S2) by adding the corrected averages for points 1, 2, 3, and 4.14. Calculate the
average percent difference from true ozone:

% Deviation from true ozone = (S2 - S1)/S1 x 100

Calculate the percent change from the previous calibration:

% Change from previous calibration = (new slope - old slope)/old slope x 100
Record the requested information on the front of the calibration report.

Final Calibration

If the percent difference reported in Step 14 above is outside +5%, or if the ozone
scrubber is replaced (see Section 3.1.5.2), repeat the calibration beginning with
Step 3. Refer to Section 3.1.4, Troubleshooting, and the 49C Instruction Manual

for assistance in troubleshooting and repairing the analyzer (see References 3.1.7,
No. 1).
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Figure 3.1.5.1

TRANSFER STANDARD: Model API 401X ID #: SIN: ANALYZER BEING CALIBRATED
Certification Date: TOCF: (net display)+
03 Meas: O3 Ref: Model: TEI 49C ID#: S/N:
Sample Temp: °C A Lamp Temp: °C Intensities A: Display =
Box Temp: °C DCPS: Pressure: Intensities B: Display =
03 Slope: 03 Offset: O Lamp Temp: °C Air Flow A: (Display SLPM)
Sample Flow: CCM 03 Flow: SLPM Air Flow B: (Display SLPM)
By Pass Flow: SLPM Calibration Factors: 03 BKG = 03 COEF =
PRE-ZERO 1% pt. oM py, 3" pt. 4" pt. 5t pt. POST ZERO SETTINGS PRE-ZERO 1% pt. 2" pt. 3" pt. 4" pt, 5" pt. POST ZERO
1% Pt. (500)
2" Pt. (300)
3" Pt. (140)
4" pt. (70)
5" pt, (35)
6
7
8
9
10
0 0 0 0 0 0 0 SUMMATION 0 0 0 0 0 0 0
#DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! _#DIV/O! AVERAGE #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0!
#DIVv/0! | #Div/or | #Div/o! | #Divio!l | #DIviol | #Divior | = | zerocorrection | #DIV/0! [ 2
#DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0Q! | cALiBrATOR CORRECTED AVERAGE DISPLAY #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0!

#DIV/0! | #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0Q! | %from True DATA ACQUISITION SYS

= ZERO CORRECTION DAS #DIV/0! 25 25 z
Air Flow Sample inlet A-+8: = SLPM (Total Flow Setting) CORRECTED AVERAGE DAS -#DIV/O! #DIV/0! | #DIV/0! | #DIV/0! | #DIV/0!

Flow Calib. ID#: Flow Certification Date:
Corrected Average (Transfer Standard) = (Average Reading - Zero Correction) x TOCF (Calibrator) Summation of Corrected Averages, S1= #DIV/0!
Corrected Average (Analyzer being calibrated) = Average Reading - Zero Correction (DAS) Summation of Corrected Averages, S2= #DIV/0! Cycle Time: 30 Seconds
% Deviation from True Ozone = (52-S1)/S1 *100: #DIV/0! % New Slope = S2/S1*100: #DIV/0!

% Deviation From Previous Calibration = (New Slope - Old Slope) / Old Slope x 100: #DIV/0! %
Date of Last Calibration: Deviation From True During Last Calibration: % Old Slope from last Calibration:

Comments:

Calibrated By: Reviewed By: Date:
Form# 570 rev. 1/10/2011 Excel
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3.1-30

Internal Ozone Generator Calibration/Adjustment

NOTE: It should be understood that some analyzers use an external ozone
source and that this procedure does not pertain to them.

The internal ozonator has been designed to satisfy the current EPA
regulations on biweekly precision and span checks. Before this option can
be used for precision or span checks, it must be certified as atransfer
standard. For detailed information on the qualification and certification of
an ozone-generating transfer standard, refer to the EPA Technical
Assistance Document on Transfer Standards. To adjust the internal
ozonator, follow the directions below:

Connect atransfer standard or primary standard to the “Ozone Out”
bulkhead fitting of the Model 49C.

On the datalogger, select “ Calibrations’, then select “Initiate
Cdlibrations’, then select “Manual Calibrations’. Under “Calibration
Activity” select “Zero”, and under “Parameter(s)” select “O3”. Then hit
“Start Calibration”.

While the analyzer and transfer standard are sampling zero air, record 10
consecutive digital display values in the respective columns labeled "Zero".
Calculate the sum and average of the 10 numbers and record the value on the
calibration worksheet in the respective blocks.

On the datalogger, under “Manual Calibrations’ (see step 2) hit “ Stop”.
Then, under “ Calibration Activity” select “Precision”, and under
“Parameter(s)” select “O3”. Then hit “Start Calibration”. Allow this
value to stabilize.

From the Instrument Control menu choose Oz Level 2. Adjust Level 2 for
the desired level (typically 90 +/-2ppb) — For final calibration only.
Record ten consecutive digital display values in the columns labeled
"Level 1". Calculate the sum and average of the ten numbers and record
the value on the calibration worksheet in the appropriate blocks. Record
the average strip chart recorder (and/or other data acquisition system
device) reading in the appropriate space.

On the datalogger, under “Manual Calibrations’ (see step 2) hit “ Stop”.
Then, under “ Calibration Activity” select “Level 17, and under
“Parameter(s)” select “O3”. Then hit “Start Calibration”. Allow this
value to stabilize.
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10.

From the Main Menu choose “ Instrument Controls’. Fromthe
Instrument Controls menu choose“ OsLevel 1" . Adjust Level 1 for the
desired level (typically 505-515ppb) — For final Calibration only. Record
ten consecutive digital display values in the columns labeled "Level 1".
Calculate the sum and average of the ten numbers and record the value on
the calibration worksheet in the appropriate blocks. Record the average
strip chart recorder (and/or other data acquisition system device) reading in
the appropriate space.

Record the value as [Os]soto be used in the span error equation of step 2 in
the “Periodic Zero and Span Checks’ section above. Note Level 1 setting.
Press “MENU” to return to the Instrument Controls menu.

On the datalogger, under “Manual Calibrations’ (see step 2) hit “ Stop”.
Then, under “ Calibration Activity” select “Zero”, and under
“Parameter(s)” select “O3”. Then hit “Start Calibration”. Allow valueto
stabilize.

While the analyzer and transfer standard are sampling zero air, record 10
consecutive digital display values in the respective columns labeled "Zero".
Calculate the sum and average of the 10 numbers and record the value on the
calibration worksheet in the respective blocks.
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Figure 3.1.5.2

MONTEREY BAY UNIFIED AIR POLLUTION CONTROL DISTRICT File#
TEI 49C OZONE CALIBRATION
APl CALIBRATOR OZONE GENERATOR CALIBRATION DATA SHEET ASIS FINAL
LOCATION: DATE: STATION AIRS NUMBER:
TRANSFER STANDARD Model AP1401x 1D # SIN TEI49C OZONE GENERATOR
Certification Date (TOCF) D # SN
03 Meas O3 Ref Pressure
Sample Temp °C A Lamp Temp °C O LampTemp °C | 0zONE LEVEL SETTINGS L2 % L1 %
Box Temp °C DCPS
03 Slope ——  030ffset 03 generator output flow = SLPM Regulator set at PSI
SampleFlow_____ CCM O3Flow______  SLPM Flow set point 3.5 SLPM
OZONE LEVEL SETTINGS ZERO AIR L2 L1 ZERO AIR
1
2
3
TRANSFER 4
STANDARD s
OZONE
6
READINGS,
7
ppm
8
9
10
Summation
Average
Zero Correction
Corrected Average*, A
Previous Corrected Average, B
% Deviation from Previous Calibration**
* Corrected Average (Transfer Standard)= (Average Reading - Zero Correction) X TOCF . ** 0% Deviation from Previous Calibration = A-B/ B x 100, Calculated for Each Level Setting .
COMMENTS:
Previous Calibration Date:
Calibrated by, Reviewed by Date

Form #571 rev. 12/05/2003 word
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3.1.5.6

3.1-33

External Ozone Generator Calibration

The external ozone generator calibrator has been designed to satisfy the
current EPA regulations on biweekly precision and span checks. Before
this option can be used for precision or span checks, it must be certified as
atransfer standard. For detailed information on the qualification and
certification of an ozone-generating transfer standard, refer to the EPA
Technical Assistance Document on Transfer Standards. To certify the
external ozone generator calibrator, follow the directions below:

Connect atransfer standard or primary standard to the calibration manifold
along with the output from the external ozone generator calibrator. Use
calibration form (see Figure 3.1.5.3).

On the datalogger, select “ Calibrations’, then select “Initiate
Cdlibrations’, then select “Manual Calibrations’. Under “Calibration
Activity” select “Zero”, and under “Parameter(s)” select “O3”. Then hit
“Start Calibration”. Allow this value to stabilize.

With the transfer standard sampling “Zero” air, record 10 consecutive digital
display values in the calibration worksheet column labeled "Zero air".
Calculate the sum and average of the 10 numbers and record the values on the
calibration worksheet in the appropriate blocks.

On the datalogger, under “Manual Calibrations’ (see step 2) hit “ Stop”.
Then, under “ Calibration Activity” select “Precision”, and under
“Parameter(s)” select “O3”. Then hit “Start Calibration”. Allow this
value to stabilize.

With the transfer standard sampling “Precision” air, record ten consecutive
digital display values in the column labeled "P". Calculate the sum and
average of the ten numbers and record the values on the calibration
worksheet in the appropriate blocks.

On the datalogger, under “Manual Calibrations’ (see step 2) hit “ Stop”.
Then, under “ Calibration Activity” select “Level 3", and under
“Parameter(s)” select “O3”. Then hit “Start Calibration”. Allow this
value to stabilize.

With the transfer standard sampling “Level 3" air, record ten consecutive
digital display values in the columns labeled "L3". Calculate the sum and
average of the ten numbers and record the values on the calibration
worksheet in the appropriate blocks.

On the datalogger, under “Manual Calibrations’ (see step 2) hit “ Stop”.
Then, under “ Calibration Activity” select “Level 2", and under
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“Parameter(s)” select “O3”. Then hit “Start Calibration”. Allow this
value to stabilize.

9. With the transfer standard sampling “Level 2 air, record ten consecutive
digital display values in the column labeled "L2". Calculate the sum and
average of the ten numbers and record the values on the calibration
worksheet in the appropriate blocks.

10. On the datalogger, under “Manual Calibrations’ (see step 2) hit “ Stop”.
Then, under “ Calibration Activity” select “Level 17, and under
“Parameter(s)” select “O3”. Then hit “Start Calibration”. Allow this
value to stabilize.

11.  With the transfer standard sampling “Level 1 air, record ten consecutive
digital display values in the column labeled "L1". Calculate the sum and
average of the ten numbers and record the value on the calibration
worksheet in the appropriate blocks.

12. On the data logger, under “Manua Calibrations’ (see step 2) hit “Stop”.
Then, under “Calibration Activity” select “Zero”, and under “ Parameter(s)”
select “O3". Then hit “Start Calibration”. Allow value to stabilize.

13.  With the transfer standard sampling “Zero” air, record 10 consecutive
digital display values in the respective columns labeled "Zero air".
Calculate the sum and average of the 10 numbers and record the values on
the calibration worksheet in the respective blocks.
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Figure 3.1.5.3

MONTEREY BAY UNIFIED AIR POLLUTION CONTROL DISTRICT File#
TECO 146 OZONE CALIBRATION
API CALIBRATOR OZONE GENERATOR CALIBRATION DATA SHEET
ASIS FINAL
LOCATION: DATE: STATION AIRS NUMBER:
TRANSFER STANDARD Model AP1401x ID # S/N
Certification Date (TOCF) TECO 146 OZONE GENERATOR
03 Meas 03 Ref Pressure ID # SIN
Egmglgﬁ;rr?l?p—EC EC A Lamp Temp ECO DIAL SETTINGS P L3 L2 L1
Box Temp EC DCPS
03 Slope 03 Offset
Sample Flow CCM O3 Flow SLPM
THUMBWHEEL SETTING ZERO AIR P L3 L2 L1 ZERO AIR
1
2
3
4
5
6
TRANSFER
STANDARD !
OZONE 8
READINGS, 9
ppm 10
Summation
Average
Zero Correction
Corrected Average*, A
Previous Corrected Average, B
% Deviation from Previous Calibration**

* Corrected Average (Transfer Standard)= (Average Reading - Zero Correction) x TOCF.** % Deviation from Previous Calibration = (A-B)/B x 100, Calculated for Each Thumbwheel Setting

Previous Calibration Date:

COMMENTS:

Calibrated by:
form# 565 rev. 08/01/2002
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Reviewed by: Date:
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3.16

3.16.1

3.1.6.2

3.1-37

ACCEPTANCE TEST PROCEDURES

The installation of the Model 49C includes lifting the instrument, unpacking the
instrument, connecting sample, zero, and exhaust lines to the instrument, and
attaching the analog outputs to a recording device. To install optional
equipment, see Chapter 9, "Optional Equipment."

Lifting

A procedure appropriate to lifting a heavy object should be used when lifting the
analyzer. This procedure consists of bending at the knees while keeping your
back straight and upright. The analyzer should be grasped at the bottom, in the
front and at the rear of the unit. Do not attempt to lift the analyzer by the cover
or other external fittings. While one person may lift the unit, it is desirable to
have two persons lifting, one by grasping the bottom in the front and the other
by grasping the bottom in the rear.

Unpacking

The Model 49C is shipped complete in one container. If, upon receipt of the
analyzer, there is obvious damage to the shipping container, notify the carrier
immediately and hold for inspection. The carrier, and not Thermo Environmental
Instruments Inc., is responsible for any damage incurred during shipment. Follow
the procedure below to unpack and inspect the instrument.

1. Remove the instrument from the shipping container and set on a table or
bench which will allow easy access to both the front and rear of the
instrument.

Remove the instrument cover to expose the internal components.
Remove any packing material.

Check for possible damage during shipment.

Check that all connectors and printed circuit boards are firmly attached.
Re-install the instrument cover.

SourwWN
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3.1.6.3

Setup Procedure

1.

Connect the sample line to the SAMPLE bulkhead on the rear panel (see
Figure 2-1). Ensure that the sample is not contaminated by dirty, wet or
incompatible materials. All tubing should be constructed of FEP Teflon®, 316
stainless steel, borosilicate glass, or similar tubing with an OD of 1/42and a
minimum ID of 1/82 for all sample lines and components. The length of the
tubing should be less than 10 feet.

NOTE: Gas must be delivered to the instrument at atmospheric pressure. It may be
necessary to employ an atmospheric bypass plumbing arrangement, as shown in Figure

3.1.6.2.

2. Connect the EXHAUST bulkhead to a suitable vent. The exhaust line should
be 1/4” OD with a minimum ID of 1/8”. The length of the exhaust line
should be less than 10 feet. Verify that there is no restriction in this line.

3. Connect a suitable recording device to the rear panel terminals. See
Chapter 3, "Operation™ for more information about the pin-out of
the rear panel terminal.

4, Plug the instrument into an outlet of the appropriate voltage and frequency

CAUTION: The Model 49C is supplied with a three-wire grounding cord. Under no
circumstances should this grounding system be defeated.

3.1-38
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Figure 3.1.6.1. Model 49C Rear panel with Optional Internal
Ozonator
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Figure 3.1.6.2. Atmospheric Dump Bypass Plumbing
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3.1.6.4

3.1-40

Analog Output Cover Installation

This analog output cover must be mounted over the analog outputs to comply
with 89/336/EEC Directive. This procedure describes how to install the user-
supplied analog output cable in the instrument's analog output cover. The
following shielded cables or their equivalent are recommended:

Cable Gauge No. of Conductors
Alpha #1741C 20 2
Alpha #1746C 18 2
Alpha #5320/2C* 20 2
Alpha #51 52C* 20 2
Alpha #5162C* 18 2
Alpha #1743C 20 4
Alpha 1747/4C 18 4
Alpha #5320/4C 20 4
Alpha #5154C 20 4
Alpha #5164C 18 4
Belden #8208 18 2

* Maximum shielding. Under harsh environments, maximum shielding may be
required. The following tools are required:

Small screwdriver
Wire stripper

Electrical tape or heat shrink tubing

The user-supplied shielded analog output cable must be properly grounded by
coming into full contact with the cable clamp (mounted to the analog output
cover). To ensure full contact, the shielding must be exposed and folded back
over the cable as shown in Figure 3.1.6.3.

HEAT SHRINK TUBING \

INSULATION /

1.50cm
MINIMUM

—~

SHIELDING SIGNAL WIRE

Figure 3.1.6.3. Shielded Cable with Shielding Pulled Back
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Follow the procedure below to prepare the shielded cable:

no

Remove about 1.8 cm of insulation from the cable.

Fold back the shielding.

Use electrical tape or shrink tubing to hold the shielding in place. Be sure
at least 1.5 cm of shielding is exposed.

Strip each signal wire.

Follow the procedure below to connect the shielded cable to the 8-position header:

1.

NSO~ WN

Pass the shielded cable through the cable clamp on the analog output
cover, as shown in Figure 3.1.6.4.

Figure 3.1.6.4. Exploded View of Analog Output Cover Installation

Insert the bare signal wire into the slot of the header.
Tighten down the corresponding set screw.

Repeat steps 2 and 3 for each signal wire.

Plug the header(s) into the analog output connectors.

Install the analog output cover using the four #6 screws with star lock washers.

Position the cable shielding so that it comes in contact with the cable clamp.

Tighten down the cable clamp onto the shielding, as shown in Figure 3.1.6.5.
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Figure 3.1.6.5. Properly Installed Shield Cable

9. Install cable clamp into shield cover and secure. Be sure there
is good electrical conductivity between clamp and shield cover.

The following is a parts list of components in the analog output cover

assembly:
Part No. Description Qty.
7592 Analog output cover 1
11519 8-Position header 2
5889 #6 Star lock washers 4
5820 6-32X3/8" screw 4
14549 Cable clamp 1
3.1.65 Startup
1. Turn the power on.
2. Allow 30 minutes for the instrument to stabilize.
3. Set instrument parameters such as operating ranges and averaging times to

appropriate settings. For more information about instrument parameters,
see Chapter 3, "Operation."

4, Before beginning actual monitoring, perform a multipoint calibration as
described in Chapter 4, "Calibration."
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3.1.7 REFERENCES

1. Thermo Electron Corporation, Environmental Instruments. December 1, 2003.
P/N 9999, Model 49C UV Photometric O3 Analyzer Instruction Manual.
Franklin, MA.

2. U.S. Environmental Protection Agency. Code of Federal Regulations; 40 CFR
Part 58.

3. Monterey Bay Unified Air Pollution Control District (MBUAPCD).
MBUAPCD Job Description for AM Specialists 1-2. Personnel Qualifications.
MBUAPCD, Monterey, CA.
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