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FOREWORD

This report describes the analysis of an air auality monitor-

v ing system to determine the effects of several system variables
on the response of the analytical instruments. This air
% quality monitoring system was used by the California Depart-

ment of Transportation to study the relationship of air
pollution to roadway location, design and operation. The
study was performed in cooperation with the Federal Highway
Administration (FHWA) and was largely funded by FHWA. Due
to the nature of the overall project, there will be several

other research reports covering individual aspects of the
project.
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INTRODUCTION

An alr quality monitoring research van was constructed by the
California Department of Transportation's Transportation
Laboratory as part of a research project entitled: "Air
Pollution and Roadway Design, Location, and Operation".

This research van was designed to monitor meteorclogical
parameters and air pollutant concentrations on and adjacent
to freeways. Data obtained in these monitoring operations
are to be utilized in developing and calibrating mathematical
pollutant dispersion models, which are necessary as a highway
design and planning tool.

The research van was initlally designed to draw air samples
from a maximum of 15 points at a sampling site and to analyze

the following pollutants:

Continuous Analysis Intermittent Analysis

1. carbon monoxide 1. ozone
2. sulfur dioxide
3. hydrocarbons (total and
methane)
4. oxides of nitrogen (NO, NO
NOX)

2.’

The research van sampling train includes up to 15 sampling
lines which may be of varying lengths - in practice they range
from about 150 to 600 feet. These lines are connected to a _
vacuum manifold as shown in Figure 1. Samples drawn into the
lines by this vacuum are partlally diverted elther directly
inte the carbon monoxide analyzers or into the bag sampling
chamber. All air flows 1in the sampling train are regulated by
air pressure-actuated valves, depicted as black circles in
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Figure 1. These valves may be operated manually for testing
purposes (Figure 2) or automatically controlled by a small
computer located in the van. During routine sampling, this
computer not only cdntrois valving but also regulates analyzer

operation and stores all acquired data (including meteorological)
on magnetic tape (Figure 3).

Figure 2, Control panel for manual operation of wvalves in

sampling system, Lights on panel indicate when
valves are open.
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Figure 3. The'éomputer system, immediately to the right of
'teletypé at cenfter, controls valving and stores
all acquired data.

The CO analyzers operate continuously, drawing air samples
from whatever inlet line to which they are connected. In
routine sampling_the’valves_are actuated in a manner such
that each analeer samples from a particular inlet line for
1 minute. With all 15 inlet lines and 3 CO analyzers in
operation, every inlet line is sampled every 5 minutes.

Alr samples are drawn into the bags within the bag sampling
chamber ("bagbox") by applying a vacuum to the interior of

the chamber. As the interior pressure of the bagbox drops

below the pressure level within the inlet lines, air is drawn
into the sampling bags located in the bagbox. These bags are
filled gradually over a 15 minute period, at the end of which
‘time the bagbox is pressurized and air samples are pumped out

of the bags, one bag at a time, into any or all of the remaining

1
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analyzers., FEach individual bag is evacuated and its contents
analyzed over a 5 minute interval. The total time required
for analyzing all 15 bags would be 75 minutes. The total
bagbox c¢ycle time, inecluding both filling aﬁd analyzing, is

90 minutes for all 15 bags. In actual practice, all 15 bags
have never been used simultaneously 1in a sampling operation,
and the bagbox has been split into two compartments (9 and 6
bags) which may be operated individually when fewer bag samples
are needed. The bagbox is depicted in Figures 4 and 5.

Figure 4. Bag sampling chamber, with valve system mounted on
side. The upper and lower sections of the chamber
contain 9 and 6 bags respectively, and each section
may be operated independently.
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Figure 5. 1Interior ﬁiew of upper section of bag sampling
chamber., A teflon bag may be seen oh each shelf.

This research van'ﬁresénted some unigue air sampling and
analysis problems'Since the analytical instruments on board
are subjected tb-relatively unusual conditions, ones not
found in typicalfstatibnary monitoring systems. As a
consequence, it was decided to carry out a testing program
to determine how these conditions affect analytical results,
if at all.

At the time this testing program was undertaken, the Caltrans

research van was situated in a mixed single-multiple family
dwelling residential nelghborhood in Los Angeles, in an open,

ChihPDF - www.fastio.com - e B
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unshaded lot adjacent to the Santa Monica Freeway at 4th
Avenue. The van is equipped with air conditioning and a
small heater, but it was felt that the interior temperature
might possibly fluctuate excessively. The van was serviced
with c¢ity power, but line voltage fluctuations were observed
through the course of the day as local consumer use varied.
Air samples were drawn into the van through 15 teflon-tubing
inlet lines of various lengths up to more than 600 feet |
(182.88 meters), with glass-fiber filters attached to the
tubing inlets (sampling inlet locations shown in Figure 6).

In view of all these characteristics and methods of operation,
it was deemed necessary to determine what effects they had, if
any, on air quality data. Specifically, the variables of con-
cern were: (1) van interior temperature, (2) line voltage
fluctuation, (3) cleanliness of the tubing inlet filters,

(4) length of inlet lines (teflon tubes), and (5) sample reten-
tion time in the bagbox.

Limited research had previously been done concerning the effects
of these variables on gases and analyzers; therefore, a series

of tests were made to determine the significance of the variables
in terms of altering analytical instrument readings from the
actual pollutant levels at the points being sampled. Assistance
in this study was provided by personnel from the California |
Department of Health's Air and Industrial Hygiene Laboratory.
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CONCLUSIONS AND.RECOMMENDATIONS

Three different system variables were found to significantly
alter pollutant concentration within the sampling train and/or
affect instrument response. These findings were primarily
based upon regression analysis techniques. First, the respoﬁse
of the Beckman 315BL CO analyzer was determined to be sensitive
to fluectuations in the interior tempergture of the research
van. Secondly, ozone was found to decay with time while

stored in the bagbox. Finally, the length of the sample

intake line affected the 802 concentrations as indicated by

the Tracor 250H analyzer.

The indicated ozone levels on the Rem 612 analyzer fluctuated
excessively when samples'were drawn through the long Teflon
intake lines, although the sampled ozone concentrations were
constant. This fluctuation was of such magnitude that the
van sampling train, as originally designéd, was considered
unsatisfactory for ozone sampling and analysis. The
fluetuation has since been eliminated by drawing samples
directly into the ozone analyzer through a teflon tube
approximately 15 feet (4.57 meters) in length. This limits
ozone sampling to the immediate area of the research van
location.

Regression equations were developed for each instrument which
closely estimated actual pollutant concentratlons, based upon
instrument response and any system variables which were -
determined to be significant.

Since the experiments in this study utllized interference-free
test gases, 1t 1is recommended that further testing be conducted
using ambient air. A limited amount of testing has already been
performed to study the interactivé effects of amblent NO, NO2
and ozone within the sampling train. However, much more data

www . fastio.com
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s required to accurately determine the extent of the
reactions between these gases from the time they enter the
inlet lines untll they reach the analyzers. Some aspects to
be considered are the oxidatlon of NO to N02, the reduction
of ozone, the effects of line length, and storage time in the
bagbox.

e a
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IMPLEMENTATION

The Information obtained in this study has been applied in
the data reduction phase of this research project. The air
quality data collected during the research Project monitoring
operations was input to the regression egquations developed in
this reqgport. The use of these regression equations prov1ded
more accurate determinations of actual ambient air quality
than the raw data alone.

In addltion, the ozone monitoring system used was modified as
a result of this study. The original monitoring system, as
described in this report, was found to give rise to serious
fluctuation in the response of the analytical instrument. A
simplified system was substituted which corrected the problem.

11
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 EXPERIMENT DESIGN

Because of the complexities involved in the study, Dr. XKenneth

Kerri¥, Professor of Civil Engineering at Callfornia State

University, Sacramento, was engaged as a consultant to assist
in the statistical design of the experiment on which the study

-was based. These data obtained in the experiment would be

used to formulate empirical equations capable of predicting

"the changes (if any) in indicated concentrations of air
”pollutants from the point of sampling to actual readout of

sample analyzed given any specific set of values for the
variables which we are considering. It was initially determined
that a full Analysis of’ Variance - (ANOVA) would provide the
information desired but would be unfeasible in view of the
great amount of time'and,expense requlred to collect all the

‘samples. Instead of'the'ANOVA, an abbreviated experimental

design was developed by Dr. Kerri, based upon modified text
book methods(l,2). These methods involved the randomized
reduction of the replications that would have been required
for a complete ANOVA.

?ﬁr. Kenneth Kerri is presently a consultant to the
Transportation Laboratory through a State funded contract
to asslst Caltrans in the areas of statistical design and
regression analysis applied to aerometric data.

12
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' The CO analyzeérs were the subject of the First stage in Dr.
Kerri's experimental design. The variables in this deslgn were
voltage to the analyzer, van temperature, length of tubing,

CO ‘concentration at the sampling inlet, and flow rate of the
gas sample through the CO analyzer. Due to the inherent
staﬁility of CO, it was the general consensus of the Caltrans
engineers involved in this'project that soiling of the inlet
filters would not affect CO analysis results; consequently,
this ‘variable was not included in the CO experiment design.
Given three different values for each of these 5 variables
(i.e., 3 flow rates, 3 tubing lengths, etc.) and 3 different
analyzers, a response surface of 3 x 35 or 729 possible data
points exists. Using Hicks'(l) example of "One-third
Replication of a 35 factorial", Dr. Kerri's design reduced
the number of data points to 54 in a random selection process.
The resulting design is shown in Appendix A. Using the same
design, the experiments for the remaining analytical instruments
were comprised of only 18 data points (Appendix A). The
variables considered for these instruments were line voltage,
length of tubing, filter (clean or dirty), pollutant gas
concentration, and van temperature. Except for the condition
of the filter, for which only 2 values were considered, 3
values were assigned to each variable. Separate tests were
also planned for the effects of sample retention time in bags.

~ The ultimate goal of this experimental design was to develop
an equation, based on the analysis of experimental data, taking
the following form:

¥ =Db, + b, x; + by, x, + b3 X3 + by X t b5 Xg + a confidence
Ainterval _

where: Y = actual concentration of pollutant at sampling point

Xy through xs = values of the variables considered
(e.g. line length in feet, van
temperature in °F, etc.)

14
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bo = constant

bl,b2 oo bk = partial regression coefficients.

Interaction terms might also be added if deemed appropriate
or significant. A different equation would be developed for
each different analyzer.

From our initial 54 data points for the 3 CO analyzers and

18 data points for each of the remaining analyzers, multiple
regression analysis techniques would be used to detérmine

the significance of the experimental variables. If some
significance was then apparent or if the number of data points
appeared inadequate, the experimental design could be modified
and/or expanded as necessary.

15
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DATA ACQUISITION

A, CO Analyzers

" The first instruments for which data were acquired were the

Beckman Model 315 BL NDIR CO analyzers (Figure 7). Using the

" 54 data point experimental design, variable values were

obtained in the following manner:

1. Three lengths of tubing (sample intake lines) were
selected froﬁ'the available lines extending from the research
van to various sampling points. During this phase of the
study, the shortest inlet line was 175 feet (53.34 meters) in
length, so this was selected as being representative of a
"short" line length. 1In addition, 225 and 600 foot (68.58 and
182.88 meters) lengths were selected to represent "medium" and
"long" lengths.

2. Three known CO concentrations were provided at the
inlets of the sampling lines (probes) by connecting the inlets
to different bottles of dry nitrogen - CO mixtures. The three
CO concentrations were selected as being representative of low,
moderate and high CO levels found within Southern California
freeway riéht—of—ways. The CO concentrations in the 3 bottles
used for this experiment were verified by the California
Department of Health in Berkeley. The low, medium and high
concentrations were 11.0, 33.0 and 62.5 ppm respectively.

3. Voltage to the analyzers was varied by use of a trans-
former (in parallel with a voltmeter) connected to the

“appropriate terminals in the cilrcuit breaker box of the

research van. Three voltage levels were chosen as being
representative of the largest foreseeable voltage fluctuation
range: 105, 110 and 120 volts.

16
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L, Sample flow rates through the CO analyzers were
varied by the use of rotameters which are permanently mounted
at the sample inlets of the 3 analyzers. Values of 0.5, 1.0
(the recommended flow rate for these analyzers) and 1.5
litres/minute (,.0177, .0353 and .,0530 cu ft/min) were used.
The 0.5 and 1.5 litres/minute (0.0177 and .0530 cu ft/min)
flows were considered the most extreme deviations from the
recommended flow that could occur as a result of incorrect
rotameter adjustment.

5. Van temperatures were regulated by use of the air
conditioners., The small heater in the van was rarely needed
because of the heat output from the electronic equipment within
the van. The normal interior van temperature maintained during
monitoring operations is about 75°F (24°C). Since the maximum
expected temperature fluctuation in the van was + 10°F (5.6°C),
the three temperatures chosen for this test were 65°, 75° and
85°F (18°, 24° and 29°C). YVan temperatures were held at the
specified levels for approximately 2 hours prior to actual
testing. o

The ‘54 data points obtalned in this procedure are detailed in
Appendix B.

17
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Figure 7. Beckman 315 BL NDIR analyzers. The three large
boxes on the left are the sample and reference
cell chambers, and the accompanying electronic
units with meter readouts are immediately to the
right of the chambers.

B. 0, Monitor

3

The next instrument to be checked was the Rem 612 ozone analyzer,

shown in Figure 8. The variable values for this instrument were
obtalned as follows:

18
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1. Three lengths of tublng were selected from émong the
available inlet lines: 150, 225 and 600 feet (45.7, 68.58 and
182.88 meters). By this stage of the experiment, a new 150
foot (45.7 m) inlet line had been added to the research van
sampling train. The 150 foot (45.7 m) tubing was used in this
test instead of the 175 foot (53.3 m) length that had been
used during the CO analyzer eiperiment. This was done to
provide a larger differential between the "ghort" and "medium"
(225 foot (68.58 m)) lengths of tubing.

2. Voltage to the analyzer was varied by use of a
transformer connected to a voltmeter and the analyzer power
input. Voltages used were 110, 115 and 120 V. This voltage

range dilffered from the one used during the CO analyzer checkout

(105, 115 and 120 V) because it was feared that voltages much
less than 110 V could possibly damage the Rem analyzer. In
addition, the city line voltage was never observed to drop
below 110 V when it was monitored during peak demand periods.

3. The condition of the inlet filters (substituted for
the "flow rate" parameter used with the CO analyzer) was varied
by using elther new fllters, defined as "clean", or heavily
solled "dirty" filters which had previously been in use for an
entire 1l6-hour sampling day.

b, Van temperatures and method of temperature regulation
were the same as those used in the CO analygzer study.

5. Ozone concentrations at the sampling line inlets were
regulated by means of an ozone generation system operated by
personnel from the California Department of Health. Ambient
alr was drawn through a series of scrubbers to remove all back-
ground ozone and oxides of nitrogen, and then through an ozone
generator which could be adjusted to any ozone concentration over
a range of values (Figure 9). The ozonlzed air stream was
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thoroughly mixed and then distributed through a multi-port
manifold. One port led to the sampling line probe connected
to the research van, and'another was connected to a Dasibi
Ozone analyzer (Model 1003-AH) which was used to continually
monitor the concentration of ozone in the airstream. Both

the Dasibi and the Rem analyrzers were calibrated by the
Department of Health immediately prior to this test, using

the Neutral Buffered Potassium Iodide California reference
method. The three ozone concentrations used were approximately
11, 26 and 43 pphm (exact concentrations indicated in Appendix
B). These particular ozone concentrations were selected as
being representative of low, moderate and high concentrations
generally found in this ares.

20
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Figure 8. Shown from top to bottom are the Tracor 802 and
HES permeation standard, the Tracor 250-H SO2
and st analyzer, the Rem 612 ozone analyzer and
‘the Bendix 8101B NO-NOZ—NOx analyzer.

When air samples were belng drawn in through the intake lines,
-the ogzone concentrations indicated on the face of the Rem
analygzer fluctuated continuously, someﬁimes over a relatively
wide range, e.g. 1.2 to 6.4 pphm, with an actual input concen-
tration of 10.5 pphm. Avérage readlngs were obtained by
recording 25 to 35 values at 5 second intervals and then
computing the arithmetic mean of the values. An example of
readout variation is shown in Figure 10,

21
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" After obtaining the 18 data points as deseribed in the original
Eexperimental design, a cursory analysis of the data indicated
, that more data points would be required for a multiple regres-
. sion analysis. When using this type of analysis, larger
- quantities of data significantly reduce the probability orf

.4“ erroneous results. Upon consultation with Dr. Kerri, it was

- ~decided to modify the origilnal- experimental design with the
faddition of 18 more data points, for a total of 36. This design
: modification is desecribed in Appendix A. The effects of bag
istorage on ozone concentrations as well as on The concentrations
- of other gases will be discussed later,

Lc. _~NO% Analyzer

;Thé Bendix-model 8101 B NOx analyzer (Figure 8) was tested in
: much the same way as the Rem O3 analyzer. Except for the test
i gases fed through sample inlet lines, all parameters and their
f&;}values were identical with those used in the Rem experiment.
-':The NOx stream was produced from bottled NO gas, diluted with
- scrubbed air from which all NOx and O3 had been removed (Figure
-11). Using the previcusly mentioned ozone generator, ozone
. could be added to the diluted NO gas whenever a pre-determined
5concentation of N02 in the sample stream was desired. Following
ﬁ?,;dilution with air and the addition of ogone, if needed, the NOX
" stream was thoroughly mixed and then distributed through a
.multi-port manifold, as in the O3 generation system. One port
~was directly connected to gz Bendix NOX analyzer which served
a8 a monitor for the NOX stream being produced, and another
~port was joined to the sample inlet probe connected to the
research-van.--Thisj'latt*er-NOx analyzer and the one located in
the van were calibrated by the Department of Health immediately
prior to this test, utilizing the Saltzman California reference
method.

24

ClibPD www . fastio.com


http://www.fastio.com/

11 @4nb1g
TINVd NOILNTId

NOILVYHIN3D SN Ni
Wdd 001
¥4IV NV371D unon s
Y 3T31GTANA *wcw on TNaA
¥IY NV3ID : *
dWNd 1Sv9 y3131QINNH 1 _ _
_ . 2173INOVW
39014 LYVOD i | | i N T oL
VOIWIHD WSW | ’ SYIEWYHI o19) i
_ INIXIn ¥3ZI0IXG 5
€019 - RIS 3
- TYANYW i U.t
3 1y I $380¥d
- u3zwozo |4 — 3005 Ff | 0L SL¥0d
_ 34NSSIHd \— -~ dnvs
IWITVQO0S i 21 T3INOVA i
431714 ‘
3LV IND118vd |
Hiv NV3TD
NOILVH3IN3D SV9 .NOZlOZ

W3LSAS

25

www . fastio.com

ClibhPDF -


http://www.fastio.com/

" D. HC Analyzer

The Caltrans engineers concerned with this experiment felt that
an abbreviated test procedure would be adequate for the checkout
of the Beckman 6800 analyzer. The reason for this Judgement is
that the Beckman 6800 (Figure 12) is known to be stable under
varying external conditions, and ambient hydrocarbons are
relatively non-reactive over a short term in the absence of
sunliight. The tesﬁ'parameters were limited to filter condition,
gas concentration, and 1line length, with two values of each
parameter (see Appendix B for actual design of experiment and
test results). The twe different gases used in the test con-
tained known concentrations of methane, propane and carbon
monoxide in synthetic air. The concentrations of each compo-
nent in both gases were verified by the Department of Health.
These concentrations were as follows (all figures in parts

per million):

Concentration : Total
Classification co Methane (CH,) Hydrocarbons (THC)

Low - 33 4,7 10.1
High 40 12.0 43.7

The hydrocarbon concentrations in these 2 gas mixtures were

chosen as representative of low and high ambient concentrations
found in the test area. The gases were contained in two pres-
surized tanks which were connected directly to the sample inlet

probes and probe fillters. A total of 8 data points were
collected 1n this test.

-
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Figure 12. Beckman 6800 gas chromatograph for analyzing methane,
total hydrocarbons and carbon monoxide.

E. Sulfur Analyzer

An abbreviated test also was used in the checkout of the Tracor
Sulfur Analyzer (Figure 8), since the concentrations of sulfur
compoﬁnds (802 and st, specifically) were expected to be minimal
in the geographical areas to be sampled. Since highway-generated
emissions of st are negligible, this pollutant was not.considered
during the checkout of the Tracor analyzer. Consequently, only
the analyzer response to 80, was investigated. The S0, test

27
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‘parameters wére gas concentration, filter condition and line

length. @Gas cdncentrations were regulated by Department of
Health personnel using a tank of compressed 802. Gas from the
tank was diluted to the desired concentration with ambient air,
thoroughly mixed, and fed into the sample inlet probes leading
to the wvan (Figure'l3). The SO2 concentrations used in this
eXperiment were approximately 0.1, 0.2 and 0.4 ppm, the latter
figure approaching the Californig l-hour health standard. The
SO2 stream was continually monitored at the source using the
Conductimetric California reference method to ensure that the
desired concentration was entering the inlet line. A total of
18 test points were collected.,

F. Bag Sampling

Ofiginally it had been planned that €O (as measured by the
Beckman 6800), 03, S0,, hydrocarbons, and oxides of nitrogen
concentrations would all be measured in air samples that had
been temporarily stored in inert (teflon or Tedlar) bags, as
mentioned breviously. In current sampling Operations, Ozone
and'SO2 concentrations are being determined from air samples
bulled through a single short line extending only a few feet
outside the van. Air samples for CO analysis by the NDIR

instruments are drawn through the sample inlet lines and

bpumped directly into the NDIR analygzers.

In view of the diminished 1ikélihood that SO, and 03 concen—

trations would ever be determined from bag samples, and because
of the apparent stability of hydrocarbons, abbreviated tests

- were used for the checkout of instrument response to these bag

stored gases. An abbreviated test also was selected for check-
ing the effects of bag storage on the indicated concentration
of NO—NOx, 8ince further research was already being planned

in this area (see page gg for more details regarding thisg
research).
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 The parameters considered in these abbreviated tests were
retention time in the bags and gas concentration. Three
retention times (15, 30 and 60 minutes) were used for all of
the tests, and three concentratlions of all gases except hydro-
carbons were used.i Only two methane-propane-C0O gas miktures
were used when checklng the Beckman 6800 response. The
experimental designs and test results are detailed in
Appendix B.

Sampling Line Exposure

The exposure of the transparent teflon ilnlet lines to sunlight
was another system variable with potential impact on O3
samples. Ozone is known to breakdown rapidly in the absence
of sunlight, but the significance of this reaction in the
sampling train was not fully understood. Since most of the
inlet lines were shielded from the sun, instrument responsé
could conceivably be affected. The effects of this line
exposure were investlgated by sampling O3 through a 150 foot
(45.7 m) section of new teflon tubing. The O3 was generated
by Department of Health personnel using the system shown in
Figure'9, and the O3 concentration was measured at the opposite
end of the tubing section with the Rem analyzer in the van.
This test was conducted in both "dark" and "light" conditions,
using three different O3 concentrations under each conditiqn.
Darkness was simulated by coiling the tubing and placing it
inside_an opaque box during O3 sampling. Sampling was then
repeated with the tubing straightened out and completely
exposed to the bright, warm, early afternoon sunlight. The
results of this experiment are discussed in the following
section and tabulated in Appendix B.
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ANALYSIS OF DATA

The principal method used in the analysis of the data obtained
in these experiments was a stepwise multiple linear regression
computer program entitled "STPREG"[3]. This program congidered
each variable individually and tested 1ts significance in
predicting a dependent variable (actual gas concentrations in
this case). If any or all independent wvariables were signif-
icant in this regard they were automatically included in a
regression equation describing the relationship of the
dependent variables with the independent variable, simllar to
the equation form on page 14 . The significance of an
independent variable was based upon the partial P-ratio
computed for that variable as used in the regression equation.
If this partial F-ratio did not exceed a pre~established

level (e.g., 0.05), the computer automatically rejected that
variable from the regression equation, considering it not
significant. The partlial Fwratio is not an absolute measure

of significance in this example, but an indicator of significance.
The pre-established partlal F-ratio level for inclusion was

set so low that only the most insignificant variables would

be rejected outright by the computer. The final decisilon to
include a variable in the regression equation was not made

by the computer, but was based upon t-statistic of the varlable
and the overall P-ratio and multiple correlation coefficients
of the regression equation which includes the respective
variable. These statistical parameters were included in the
STPREG printouts.

Detailed descriptions of these analytical procedures follow:

. A. Beckman 315-BL CO Analyzers
. Prior to running a STPREG program with all 54 items of data,
31
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a quick check was made to determine if there was a significant
difference between the 3 analyzers tested., These data used
for this check were the analyzer meter deflections (which
approximate indicated €O levels) for an actual input CO
conéentration of 33.0 ppm. The first step was to compare the
variances of the 3 analyzers, using Bartlett's Test(2, pp.
160-162).

This test 1s used in lieu of the F test whenever more than 2
variances are being compared. To test the null hypothesis
that there is no signiflcant difference between the variances
of the 3 analyzers, the calculated and eritical X° values were
compared as shown below. These data were separated according
to the actual CO concentrations input to the analyzers.

Concentration, ppm xi@é.—l—?.:. x oritical (gfgﬁ}f?iaﬁge)
11 5.55 5.99
33 8.66 "
62.5 ) Ll'.u3 "

Since x2 cale, >‘x2 crit. at the 33 ppm concentration, the

null hypothgsis was rejected and it was assumed that the
variances between analyzers were different. This nonhomogeneity
was most likely due to a "noisy" analyzer, which still furnished
accurate readings.

The t-test could not be used to compare the data means from
each analyzer because a condition for this test is that all
analyzer variances be the same. As an alternative, a test
was used in which the ratlo of the standard deviations of two
sample means,

S—...

_f; = Tan &

S_

X2
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is considered in determining the significance of the differencé
of the means(2, pp. 150-152). The difference X, - X, is
consldered significant irf

X1~ % . g
S% - S% — “erit.,
1 2 |
where dcrit. is based upon 8, upon the level of significance,
and upon the number of degrees of freedom. The null hypothesis
for this test was that there was no significant difference
between the data means of ahy 2 analyzers, given the same
initial CO concentration. The results of this test are shown

below:

Analyzers

Compared CO Conc. dcalc. dcrit. (gg%siZYﬁl
1-2 11 .52 2. 44
1-2 33 « 30 : "
1-2 - 6205 -97 "
1-3 11 1.49 "
1-3 33 1.04 "
1-3 62.5 .69 "
2-3 11 - 1.43 "
2-3 33 - .68 "
2-3 62.5 1.71 "
Since dcalc. < dcrit. for all cases, it was assumed that there

was no significant difference between the data means from the

different analyzers, thus accepting the null hypothesis. As a
consequence, all the data could be lumped together for STPREG

analysis.
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4

" The output’ from the STPREG program is tabulated beloy:

~t wvalue t

crit, .
Variable C =.05) r P Sy
Meter Deflection 154 2.0 .9989 23840 977
Temperature -5.33 " .9993 18219 .790
Voltage 1.79 " .9993 12671 <773
Flow Rate -1.46 " .9994 9721 .765
Line Length - .88 " .9994 7740 .767

The Values for the above variables comprised the input to the
STPREG program; these variables are listed in the order in
which they entered the regression equation., FEach t value

is indicative of the significance of the respective variable

at the time it entered the regression equation., Since only

the t values for the meter deflection and temperature variables
are greater than the critical ¢ value, these are the only
significant regression coefficients at the 5% level.

The value "r" represents the correlation coefficient between
actual CO values and the estimated values calculated by the
regression equation, The correlation coefficients shewn are
cuﬁulative, meaning that they are applicable to the regression
equation which inecludes the corresponding variable plus all
preceeding variables listed. These coefficients are all highly
significant (rcrit. = 0,4 @ the 5% level of significance), and
increase only slightly after the meter deflection variable has
been introduced to the regression equation.

The F ratios shown are also cumulative and are all well in
excess of the critical F value of 24 at the 5% level of
significance.

The high F values indicate that the regression equations

incorporating these variables are highly significant in terms
of estimating actual CO values.
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Sy, the standard error of the estimate, is also a cumulative

~ parameter. The smaller the Sy parameter 1s, the more accurate

is the regression equation in estimating the actual CO concen-
tration. There is very little change in Sy after the intro-
duction of the temperature variable,

Based primarily upon the significance of their calculated &
values, meter deflection and temperature were judged to be the
only statlstically significant variables as used in the regres-—
sion equation. The regression equatlon which includes these
variables, as calculated by the STPREG program is the following:

CO(ppm) = 4.30 - .070(Temp. °F) + .937(% Meter Deflec.)
+ 1.58 ppm |

The confidence interval at the end of the equation equals
+ 2 Sy, where Sy = .790,

Although statistically significant, the temperature variable
actually has only a small effect on the regression equation.
This is illustrated by the relatively small increase in the
correlation coefficlent of the equation when this variable 1is
introduced. In addition, the interior temperature of the wvan
in the field has been consistently maintaihed at 75°F + 5°
(24°C + 2.7°) during its many months of operation since this
study was conducted. Consequently, any temperature effect on
the CO analyzer performance would be minimal, and could
generally be ignored. The exclusion of this variable leaves
only the NDIR instrument output value ag the basis forrdeter—
mining the actual CO value.

The Beckman-supplied calibration curves indicate that the

relationship between NDIR instrument responsge and actual CO
values 1s slightly curvilinear. Since STPREG only calculates
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linear regression equation coefficients, and only one input
variable was very significant in determining acectual CO
concentrations (instrument response), a8 polynomial equation
would more accurately describe the relationship between that
variable and actual CQ concentrations, A computer pProgram
entitled "POLFIT"[3] was used to determine this polynomial
equation, based upon data collecte@ in a second experiment.

In the second experiment, 5 different CO concentrations were
used, all of them verified by the California Department of
Health. These concentrations were 0, 11.0, 33.0, 62.5 and
82.5 ppm, the first value being used to zero the instrument,

- and the latter ones to set the instrument span. Since the

data acquisition system in the research van receives signals
from the CO agnalyzers in the form of output voltage, these
voltage values were used .as measures of instrument response
rather than meter deflection, the two not always being
preclsely equal, The system variables which had earlier been
found to have no significant effect on instrument response
(voltage, line length and flow rate) were held constant. The
van interior temperature was maintained at 75°F (24°C). The
response of all three analyzers to each of the gases was
recorded, and the resulting data were input to the POLFIT
program, '

By use of the least squares method, POLFIT is capable of
fitting the data to a polynominal equation of any degree up
to n-1, where n is the number of data points. Equations of
several different degrees were computed for each of the three
CO analyzers and the polynominals selected as being the most
representative of the €O concentration and voltage output
relationship were those of the third degree.
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. The equations selecteqd are as follows:

Co Analzzers CO vs, Analzzer Vbltage Outgub*

#1 CO (ppm) = .06+20.38v+.01v2-.05v3;»_.38 ppm
#2 CO (ppm) = .02+19.36v+.31v2-.o8v3i.14 ppm
#3 CO (ppm) = -.o5+18.82v+.81v2-16v3i.32 ppm

The choice op the mosgt representative equation Was basged upon
the Standarg error and F-ratio parameters, listeq below,

Cco Analgzer Degree Standard Error - F~Ratio##

1 1 .71 9593
2 .21 56453
3 .19 ' 42664

2 h) .55 15636
2 .27 32630
3 .07 501505

3 1 .60 13033
2 .51 9194
3 16 63505

*The confidence Intervaig used in thege €quations apre actually
12 times the Standarq,

¥#These p ratios ape all well ip eXxcell or Fcrit at the 59
level of 8ignificance CFcrit = 6.4y, This meang that 533
Of these €Quations gpe highly 81gnificant models or actual

co concentrations, baseg upon Voltage ocutput.
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A check was made to agcertain whether the maxima, minima and
1nflectlon points of the 3rd order equatlons were above Or
pelow the 0-5V range. This range 1s the entire span of the

co analyzer output. The maxime and minlma points of the three
gelected equations were determined by getting the fipst deriv-
atives of these equations equal to zZero and solving for V. The
jnflection boints were determined by setting the second deriv-

- ablve equal to 2zerc and solving for v. The following table .

www fastio.com

shows that all these points are indeed outside the 0-5V range:

BEquation Equatlon Equation
Analyzer Maximum - Minlmum inflection Polnt
1 118V -11.6 V ~0.07 V

In conclusion, the third order equatlons developed for each
analyzer by the POLFIT program were found to be the best
equations for estimating actual Co‘concentrations, agssuming
that the van interior temperature remalins abt approximately
75°F (24°C).

B. 'Rem;612 Ozone Analyzer

1. Inlet Line System

The.original experimental design for the ozone analyzer test
provided 18 data points. These data were input to the STPREG
program and the output is gummarized below:

t value tcrit
variables (18 data points) ( =.05) T F Sy
Indicated Ozone 13.3 5,11  .9578 178 3.99
Line_Length .8 .9599 87.9 4,02
Voltage .49 9606 55.7 4.13
Temperature .20 .9607 38.9 4,28

Filter Conditlon p-Level ToO low - - -
for computation '
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These variables are listed in the order in which they entered
the regression equation. Since only the t value for the
indicated ozone variable is greater than t indicated
ozone is the sole variable used 1n the regression equation
which is significant at the 5% level. The correlation
coefficlent » is significant for the indicated ozone variable
(rcrit. = 0.6 @the 5% level) and changes only very slightly
as additional variables are introduced to the regresslon
equation. This latter characteristic stresses the insignificance
of these additional varlables in estimating actual ozone
concentration, 'The F ratios, in the above table are all in
€xcess of the critical F value of 3.1, meaning that the
equations contaihing the respective varlables are significant
in terms or estimating actual 03 values, although all these
équations contain the indicated ozone variable as well as the
additional variable(s) entered,. The values of Sy are shown
to increase as variables other than indicated ozone enter

the regression equation, indicating further that nothing 1s
really gained by the ineclusion of these other varlables.

At this point it was decided that 18 additional data points
would give a better understanding of the factors involved in
fluctuations of the readout on the Rem instrument, mentioned
earlier. It was still felt that variables such as filter
condltion or line length might still pe determined significant,
given more data for analysis. STPREG analysis of the combined
36 data points is summarized in the following table.

’ t value t

crlt, _
Variable {36 data points) { =,05) r F Sy
Indicated Ogzone 8.77 2,03 .8329 77 7.44
Line Length 1.38 .3489 43 T.22
Filter Condition ~-.84 .8524 28 7.25
Temperature -.32 .8529 21 7.36
Voltage -.17 8531 16  7.h7
39 '
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' Once again, indicated ozone iz the only_variable of signifilcance
in the regression equation at the 5% level. But more important
the values of r and F decreased and the values of Sy increased

" in comparison with the output from the 18 data point STPREG
analysis. What thls means 1s that the regression equation
based upon the 36 data points cannot estimate actual ozone
concentrations as accurabtely as the original 18 data point
regression equation could.

The reason for this decrease in accuracy was that ozone
readings onh the face of the Rem analyzer were markedly more
erratic and the fluetuations larger than when the first 18
data points were collected, The same averaging method was
used as before to arrive at a single indicated O3 value to
compare agalnst the actual 03 concentration entering the
intake line. There was no malfunction or loss of calibration
by ﬁhe Rem'instrument, as verified by Department of Health
personnél who checked the analyzer out completely before each
set of data was collected. It was theorized that, during
routine sampling, certain gases or aerosols 1n the sampling
stream had been adsorbed on the inner walls of the sampling
lines, and that these adsorbates were somehow capable of
affeéting ozone'concentrations wlthin the lines. Ambilent air
from above and adjacent to the Santa Monlca Freeway had been
sampled through these lines for a cumulative time span of
approximately 800 hours between ozone data set collections.
This latter factor may explain the greater readout fluctuations
when the second data set was belng céllected.

In order to verify'the theory that the used intake line was
affecting the ozone concentrations, a 150 foot (45.7 m)
length of new teflon tubing was temporarily substituted for
one of the older lines, and known ozone concentrations were
pumped through the tubing to the Rem Analyzer at the standard
flow rate 'of 10 litres/minute (.35 cu.ft./min.). This test

; Lo,
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was performed with the tubing exposed to sunlight and theh,
repeated with the tubing in total darkness. The O3 readings
on the Rem Analyzer were very ateady and the indicated values
were quite close to the actual O concentrations provided
(see Appendix B). It élso was apparent that a relatively
short darkness residence time Capproximately 0 seconds) did
not decrease O3 concentration sigﬁificantly; in fact,
concentrations appeared to increase very slightly in the dark
condition, bub this could be attributed to normal instrument
error.

2 03 Bag Storage

As would be expected, the ozone concentration in alr éamples

‘ stored in teflon bags deteriorated significantly with time.
mThe decay rates appeared to be approximately 10-20% for 15
minutes, 33% for 30 minutes and 50% for 60 minutes. Since only
s limited amount of ozone bag storage data were collected, 2
regression analysls of this data was not feasible. Never-
theless, 1t is quite apparent that ozone hreaks down rapldly
when stored for even short periods of time in relatively
inert materials.

In summary, 1t appears that ambient ozone concentrations
cannot be accurately determined by gsampling through the long
inlet line and bagbox systen. Not only does ozone appear to
treak down rapldly in bag storage; but ozone readings on the
Rem analyzer fluctuate excessively when samples are drawn
through the inlet 1linesS. This fluctuation characteristic
apparently becomes moIe pronounced the longer the inlet lines

. ape in service.
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Bendix 8101p NO - NO_ analyger

1. Inlet Line System

L , : tcrit.
Gas © Variable t_value ( =,05) r_ F Sy
NO Indicateq NO 56.5 2.03 9947 3198 .097
Filter Condition 1.8 .9952 1714 .094
Line Length -~ 0.6 «9953 . 1120 .0g95
Temperatyure 0.2 .9953 816 .096
“Voltage . F level too low - ~ -
for computation
NO, Indicateq NO 8.0 2,03 9895 1602 .ggy
Fiiter Condigion 1.9 .9906 863 .081
Temperatyure 1.4 .9911 594 .080
Voltage 0.4 .9912 434 .081
Line_Length 0.3 .89912 338 .082
NOX Indicated NO 51.1 2,03 - +8936 2613 .09g
Filter Condilfiop 1.1 +9938 1317 559
Voltage 0.4 .9938 853 .100
. 0.4 99038 623 .101

Length

The only ¢t values which exceed tcrit. are those for the indieateq
NO, NO2 and NOx variables, Consequently, these are the only
Significant varlables inp the regression equations which estimate
the actual concentrations of NO, N02, and NO
reinforceqd by the fact that r doeg not increase measurably
after the indidated NO, NO2 or NOx variable hag been introduced;
similarly, there 1is little change in Sy after the introduction
of’ the indicateq NO, NO2, or NOx Variable to the respective
regression equations,
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Significantly different from 0 ang 1l respectively. This

computer program, developed by Frazier[3], is a linear regression
brogram entitled LINREG. The output from LINREG 1s summarized
below,. '

NO Regression Eguation: y = ~.03+1.1lxi.20*, where y is
actual NO concentratlon (ppm) and x 1s the indicated
NO concentration,.

v 95% Confidence Limits
y=intercept: -.08 R .02
Slope: L.07 R 1.15

NO2 Regression Equation : 'y = —.09+1.12xi.20*, where y is
the actual NO2 concentration (ppm) and x ig the
indicateq NO2 concentration,

95% Confidence Limits
Y-intercept: -.15 , ~.0h
- Slope: 1.06 1.18

NOx Regression Equation: y = —.03+1.llxi.18ppm*, where
¥ 1s the actual NOX concentration (ppm) and x is the
indicated NOx concentration.

95% Confidence Limits
Y-intercept: -.08 s .02
Slope: 1,07 N 1.15

¥The confidence intervals inecluded after each regression
equatlon are plus or minus 2 times the standard error of the
mean, ,
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Since the 95% confidence limits for the slopes of these regres-
sion equations do not fall on either side of 1.0, the slopes of
these equations are significantly different from unity. The
95% confidence limits for the y-intercepts of the NO and NO,
regression equations do encompass zZero, S0 the intercept terms

may be dropped from these two equations. The net results is as
follows:

1. NO(ppm} = 1.1l(Indicated NC, ppm) * .20 ppm
2. N02(ppm) = =,09 ppm + 1.12 (Indicated NO2,ppm) + .20 ppm
3. NOxCppm) 1.11 (Indicated Nox, ppm) + .18 ppm

2. NOx Bag Storage ¢

The.effects of storage time 1in teflon bags on synthesized NOX
concentrations Ci.e., interference-free gases) proved To be
minimal. Use of the STPREG program showed that the only signifi-
cant variable for estimating actual amblent concentrations was
the indicated NO, NOE’ or NOx concentration. At this point the
LINREG program was used to determine whether the y-intercept and
slope of the q?gression equation were signiflcantly different

from 0 and 1 respectively. The output from this analysis is
summarized below:

NO Regression Equation {Bagbox): ¥ = -.005+l.0hxi.12ppm*,
where y i1s the actual NO Qoncentration (ppm), and x 1s
the indicated NO concentration.

95% Confidence Limits
y=intercept: -.08 s .09
Slope: .98 ., 1.09

by

ClibPD www fastio.com


http://www.fastio.com/

NO2 Regression Equation (Bagbox): y = =.005+1.02x+,08ppm#*,
where y is the actual NO2 concentration (ppm) and x is
the Indicated NO2 concentration.

95% Confidence Limits
y-intercept: -,06 .05

Slope: .96 s 1.07

NOx Regression Equation (Bagbox): y = —.Ol+.99xi.07ppm*,
‘ where y 1s the actual NO, concentration (ppm) and x is
the indicated NOx concentration.

95% Confidence Limits
y-intercept: -.04 s .06
Slope: .96 , 1.03

Since the 95% confidence limits for the y=-lintercepts and slopes
of these regression equations lie on either side of 0 and 1
respectively, it can be assumed that they are not significantly
different from 0 and 1, and the regression equations are super-
fluous. It can also be assumed bthat the indicated gas concen-
xratlons are not different from the actual gas concentrations
which entered the bags. When the entire sampling line-bagbox
system is utilized, only the three numbered regression equations
on the previous page need be utilized to estimate actual NO, NO

2
and NOx concentrations, given the indicated concentrations,

¥The confidence intervals included after each régression equation
are plus or minus 2 times the standard error of the mean.

s
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The NO gas used as a sample source durlng this testing program
was partlally oxidized with O3 to form NOE' Some effects of
continued oxidation of NO in the sample inlet lines were noted
in these data. This brought up the possibility of NO oxidation
in the intake lines during routine sampling, due to ambient
ozone. The performance analysls of the Bendilx instrument was
generally conducted under ideal condltions, with all interfering
gases removed from the sample stream. It was decilded that a
complete analysis must also include realistic conditions, such
as sampling the amblent air "soup", or mixture of normal
atmospheric'gases plus pollutants,

Research has been iniltiated to study the interactive effects
of ambient ozone and nitric oxide wlthin the sampling system.
The goal of this study 1s to be able to predibt the change in
the ambient NO/NO2 ratio from the time 1t enters the intake
line until 1t reaches the analyzer inside the research van.
This ratio change would prospectively be a function of ambient
ozone concentration, line length, retention time in the baghbox
and/or other possible parameters.

The testing procedure for this particular study involves
measuring NO, N02, NOx and O3 concentrations in the ambient
air adjacent to inlets of the research van sampling lines.
These amblent concentrations are then correlated with the
~NO, NO2 and NOx values indicated by the Bendilix 8101B NO-NOx
analyzer.

These data collected thus far Indicate that relatively little
NO is oxidlzed to NO2 wlthin the sampling train, although
these data are admittedly limited. During the course of this
Study,-ambient ozone levels ranged from zero to .06 ppm,
Oxldes of nitrogen concentrations were at a maximum (0.2-0.4
ppm) in the early morning when no ambient ozone could be

6
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detected, but NO—NOx levels were approaching the minimum
detectable (.02-.04 ppm)} by the time 03 concentrations |
peaked in the afternoon. There were no significant changes
in NO, NO2 or NOx concentrations in ambient air samples which
were stored in the bagbox for periods of up to 16 hours.

D. Beckman 6800 @as Chromatograph

1. Inlet Line System

The response of the Beckman Analyzer to the variables
considered was as expected - indicated CO and hydrocarbon
concentrations (as indicated by output voltage) were nearly
indentical to actual concentrations in g1l respects. The
STPREG program was not utilized since there was so little
fluctuation in gas concentrations through the system that it
was obvious by inspection of these data that neither filter
condition nor line length had any signifilcant effect. The
largest fluctuations noted were with total hydrocarbons, but _
at no time did the Indicated THC concentrations deviate from
the actual by more than 7%. Even this deviation was quite
possibly due to instrument error. For all practical burposes,
the gas concentrations indicated by the Beckman 6800 analyzer
could be considered as identical to the actual concentrations
entering the intake line.

2. HC Bag Storage

There was no discernable decay 1n either CO or hydrocarbon
concentrations after alr samples had been stored in the bagbox
for periods of up to 60 minutes. 'The maximum indicated
reduction 15 the concentration of a stored gas was less than
5%, which could be explained by instrument error. Silnce any
concentration changes during storage appeared negligible by
inspection, the STPREG program was not used to analyze these -
test data.

b7
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‘E. Tracor 250-H Sulfur Analyzer

1. Inlet Line System

Data from the Tracor experimént were input to the STPREG program
and the output is summarized below:

' o tcrit.
Variable t value { =0.5) r F Sy
Indicated SO2 21.2 2.11 .983 Lhg .023
Line Length - 3.7 : .991 4313 017
Filter Condltlion F level too - - -
low for
computation

The t values for both the'indicated 802 and line length
variables are greater than tcrit.’ verifying that these two
variables are significant at the 5% level as used 1n the
regression equation. Fillter condition is insignificant. The
regression equation which includes the significant variables

1s as follows:

Actual 802(ppm) ="A‘l.32 [Indicafed SO, (ppm) ]
“+.00008 [Line Length (ft.)] + .03ppm*

2. 'S0, Bag Storage

The highly abbreviated test of 502 decay in teflon bags
‘indicated very little decrease in 802
samples were stored in the bags for 60 minutes (Appendix B).
There were far too few test points to perform an adequate
statistlecal analysis of these data, butl it appears that the
decay of 802‘(1n_interference-free air samples) 1s negllgible
when samples are stored in teflon bags.

concentration even when

- ¥The confidence intérval used in this equation is + 2 times
the standard error of the mean.

48
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V. SUMMARY'

g sampling variables were determined through

The followin
ificant 1ln estimating actual

regression analysis to be slign
ambient pollutant concentrations:

49
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The NDIR carbon monoxide analyzers function well within the
sampling system, provlided lnternal research van temperatures
are maintained at a fairly constant level (75°F + 5°) (24°C +
2.7°). The output, in voltage form, must be used in a poly-
nominal expression to estimate the actual CO concentration.
The actual concentration 1ls estimated with a high degree of
accuracy by this expression. '

Based on independent studies of 03 decay 1n the 1ntake lines
and the bagbox, it was determined that ozone could not be
routinely sampled through the long intake line system or the
bagbox due to excessive fluctuations 1n the indicated concen-
trations. 1In actual practice, ozone was sampled through a very
short (15 feet) (4.6 m) inlet line and pumped directly into the
analyzer. Thls method eliminated fluctuatlon problems.

Using interference-free test gases, the indicated NO, NO2 and
NOx concentrations were used as the independent variables in

regression equations which provide very good estimates of actual
concentrations,

The output from the Beckman 6800 analyzer (indicated concen-
tration) for CO and HC was not significantly different from
the actual gas concentratlons input to the system, and these
data could be used wilithout modiflecatilon.

Although there 1s evidence of considerable decay of SO2 through
the intake lines, the regression equation developed for S0, is
capable of estimating actual concentrations from the indlcated
values. No decay of 802 in the bagbox was apparent in these
very limited data collected.
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APPENDIX A
EXPERIMENT DESIGNS
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1. Experimental Design for CO Analyzers

Treatment Temp., CO Concs Flow Rate*¥ Line Length##
No. o d Voltage ppm litres/min. ft.
1 65 120 11 1.0 600
2 75 110 11 1.4 175
3 85 105 11 0.5 225
b 65 120 33 0.5 175
5 75 110 33 1.0 225
6 85 105 33 1.4 600
7 65 120 62.5 1.4 225
8 75 110 62.5 0.5 600
9 85 105 62.5 1.0 175
10 65 120 11l G.5 225
11 75 105 11 1.0 600
12 85 120 11 1.4 175
13 65 120 33 1.0 225
14 75 105 33 0.5 175
15 85 110 33 1.4 600
16 65 120 62,5 1.0 175
17 75 105 62.5 l.4 225
18 85 110 62.5 0.5 600

¥ °Cc = (°F -32) x 5/9
#%¥ cu.ft./min = litres/min x 0.03532
¥*%®¥ m = 't x 0.30480

Repeat above treatments for each of 3 analyzers for a total
of 54 data points.
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2. Experimental Design for Analyzers Other than CO
(Initial 18 Points)

Treatment Temp., Gas Fllter Line Length#*¥

No. OF#¥ Voltage Conc. Cond. Pt.
1 65 120 med. clean 600
.2 75 115 hilgh dirty 150
3 85 110 low clean 225
4 65 120 low dirty 150
5 75 115 med, clean 225
6 85 110 high dirty 600
7 65 120 high clean 225
8 75 115 low dirty 600

10 65 120 low dirty 225

11 75 - 110 med, clean 600

12 85 115 high dirty 150

13 65 120 ned. clean 225

14 75 110 low dirty 150

15 85 115 high clean 600

16 65 120 med, dirty 150

17 75 110 high clean 225

18 85 115 low dirty 600

¥oC = (°F -32) x 5/9
%% m = ft, x 0.30480
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3. Modified Experimental Design for Analyzers Other
than CO (Additilonal 18 Points)

Treatment Temp. , Gas Filter Line Length#*#
No. op# Voltage Cone, Cond. Ft.
19 85 120 low - dirty 150
20 65 115 low clean 225
21 75 110 low clean 600
22 65 120 med. clean 150
23 75 1158 med. dirty 225
24 85 110 med, dirty 600
25 75 120 high clean 150
26 85 115 high ¢clean 225
27 - 65 110 high dirty 600
28 75 120 low clean 150
29 85 110 low dirty 225
30 65 115 low dirty 600
31 75 120 med. dirty 150
32 65 110 med., clean 225
33 85 115 med, clean 600
34 65 120 high dirty 150
35 75 110 high dirty 225
36 85 120 high clean 600

¥0C = (°F -32) x 5/9
¥k m o= ft, x 0.30480
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., Abbreviated Experiment Design for Hydrocarbon'Analyzer

(8 points)
Treatment Temp. , Gas Filter Line Length,¥#
N No. OF¥ Conc. _Condition Ft,
1 75 high clean 225
2 low clean 225
3 high dirty 225
4 low dirty 225
5 high clean 600
6 low’ clean 600
7 high dirty 600
8 Y low dirty 600

Note: Analyzer operated at unmodifiled line voltage levels.

* 75°F = 24°C

%% 225 ft = 68,6 m and 600 £t = 182.9 m

ClihPDF - www .fastio.com
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5. Abbfeviated:ﬁxperiment Design for Sulfur Analyzer
(18 points)

Treatment Temp., - QGas Filter Line Length,##
No. O Conc' ' Condition Pt.
1 75 high clean 150
2 med. clean
3 low clean
4 high dirty
5 med, dirty
6 low dirty Y
7 high clean - 225
8. med, clean
9 low clean

10 high dirty

11 med., dirty

12 low dirty Y
13 high clean 600
14 med, clean

15 low clean

16 high dirty

17 med, dirty N 7
18 / low dirty Y

¥ 759F = a4o(
¥4 150 £t = 45,7 M., 225 £t = 68,6 m. and 600 £t = 182.9 m,
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The following pages list the instrument response in terms of
meter or voltage readings for each respective treatment

number. The combination of wvariables comprising each treatment
number was described in Appendix A.
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APPENDIX B

TEST RESULTS
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1. CO Analyzer Test Results (5l Data Points)

Meter Readings, % Full Scale

i Treatment No. Analyzer #1 Analyzer #2 Analyzer #3
. 1 10.7 11.8 9.6
2 11.8 11.3 11.0

3 ‘12.5 11.1 ~11.8

b 32.3 33.3 31.5

5 3.7 34.3 34,0

6 35.2 33.7 34,7

7 63.6 65.2 63.0

8 65.0 65.2 64,6

9 65.8 . 65.L 65.4

10 10.5 11.6 9.9

11 12.1 11.8 11.0

12 12.5 11.2 12.0

i3 32.7 33.7 31.9

14 34,5 33.7 33.2

15 35.2 33.7 34.7

16 63.6 65.1  63.0

17 65.0 66.0 65.0

18 65.5 64.8 65.1
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2. CO Analyzer Results - Actual Concentration versus
Voltage Output

Actual CO Cone. (ppm) Analyzer No. Qutput Voltage#
0] 1 0.00
0 2 0.00
0 3 0.00
11.0 1 0.53
11.0 2 0.56
11.0 3 0.58
33.0: 1 1.63
3.0 2 1.68
33.0 3 1.67
62.5 1 3.13
62.5 2 3.20
62.5 3 3.16
- 82.5 1 4,22
-82.5 2 4,30
-82.5 3 4,25

*Range of Output Voltage = 0-5.0 volts,
CO Analyzer set on 0~100 ppm scale.
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3. Ozone Analyzer Test Results

Treatment Actual O, Concn. Avg. Indicated 03
No. (ppﬁm) Conc. (pphm)
1 26,0 12.5
2 42.5 28.3
> 3 10.9 6.2
Y 11.0 6.2
5 26.0 16.2
6 43,0 30.0
7 43.0 34.3
8 10.5 3.8
9 26.0 15.0
10 11.0 4.6
11 3L.2 9.7
12 43.0 26.9
13 26.0 14,0
14 10.4 7.6
15 13,0 35.1
16 26.0 14.9
17 43,0 37.4
18 11.0 3.7
19 11.0 7.2
20 11,0 1.3
21 11.6 4,9
22 26,0 8.4
23 26.0 9.2
24 26.0 9.3
25 43.0 22.9
26 43,0 31.2
27 43,0 19.6
28 11.0 T3
29 11.0 7.9
30 11.0 1.3
31 26.0 17.7
32 26.0 by
33 26.0 2.1
34 43.0 28.9
35 43,0 21.2
36 43.0 5.8
s
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i, Effect of Bag Storage on Ozone

. Low O3 Concentration
Storage Time 15 min, 30 min : 105 min

Actual Conc. 10 10 10
Indic. Conc. 7.5 6.7 2.3

Medium 0q Concentration

Storage Time 15 Min. 30 min. 60 min,
Actual Conc, 26 25 26

Indic. Conec. 22 18 18

High O3 Concentration

Storage Time 15 min. 30 min. 60 min,
Actual Cone. 51 51 50
Indic.‘Conc. 48 33 22

Note: Interior van temperature was approximately'?5°F during
test. All concentrations are in units of parts per hundred
million (pphm). "Actual concentrations™ are those initially
stored in the‘bags, and "indicated concentrations" are those
indicated by the analyzer in the van when bag samples are
analyzed at the end of the Specified storage time.
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5. Effect of Unused Teflon Tubing on Ozone

Note: O3 was sampled through 150 feet (U457 m) of bPreviously
unused tubing in both dark and light conditions.

Light Condition

light
dark
light
dark
light
dark

www . fastio.com

11
11
26
24
51
50

Conc., Actual
(pphm)

65

Conc,, Indic.
(pphm)

12
12.5
25
26
49
54
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10. Sulfur Analyzer Test Results

1 Treatment No. 802 Conec. Actual S0, Cone, Indicated

(pphm) 2 (pphm)
N 1 35 25
2 20 15
3 7.0 5¢3
4 35 25
5 20 15
6 7.0 5.0
7 40 32
8, 19 C 12
9 9.5 : 5.5
10 Lo , 29
11 19 12
12 9.5 5.0
13 35 22
14 20 11
15 10 5.5
16 35 22
17 20 13
18 10 5.5
5
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11. Effect of Bag Storage on Sulfur Dioxide

80, Conc., Actual S0, Conc., Indicated Retention Time

(pphm} (pphm) (min.)
7.6 7.6 30
7.6 | 7.6 60

21 _ 18 15

17 . ' 14 _ 30

35 36 15

Note: Interior temperature of van was approximately
75°F (24°C) at time of test.
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